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PREFACE. 


The  character  and  scope  of  the  Handbook  may  be  judged  better  from  a  brief  inspection  of  the 
present  volume  than  from  any  detailed  description  which  I  might  be  able  to  give.  It  is  essentially  a 
collection  of  articles — some  brief,  others  of  considerable  length — treating  of  many  of  the  more  impor- 
tant topics  in  regard  to  which  medical  men  are  likely  to  desire  information.  In  selecting  these  topics, 
and  in  determining  how  much  space  should  be  allotted  to  each,  I  have  been  guided  by  the  following 
considerations  :  In  the  first  place,  the  size  of  the  entire  work — eight  volumes  of  about  eight  hundred 
pages  each — precluded  the  possibility  of  treating  exhaustively  all  the  topics  for  which  one  might  fairly 
consider  it  necessary  to  make  provision.  In  the  presence  of  this  difficulty  I  was  obliged  to  choose  be- 
tween two  courses  :  either  to  retain  a  reasonably  full  list  of  topics,  and  give  to  each  its  proper  share  of 
space  ;  or  to  curtail  the  list,  and  so  gain  enough  space  for  a  fairly  satisfactory  and  thorough  treatment 
of  at  least  the  more  important  subjects.  The  former  plan,  which  to  many  would  appear  to  be  the  more 
natural  one  of  the  two,  and  which  is  in  fact  the  one  generally  pursued  in  works  of  a  similar  character, 
leads  inevitably  to  the  production  of  a  book  containing  articles  so  brief  and  so  lacking  in  fulness  of  in- 
foi-mation  that  the  reader  cannot  fail  to  experience  more  or  less  disappointment  in  them.  The  latter 
plan,  on  the  other  hand,  is  open  to  the  objection  that  the  reader  will  now  and  then  search  in  vain  for 
information  in  regard  to  some  topic  in  which  he  is  interested.  Between  these  two  plans  I  have  not 
hesitated  to  choose  the  latter.  The  objections  which  may  be  brought  against  it  seem  to  me  to  be 
fewer  and  of  less  weight  than  those  which  are  inseparable  from  the  more  strictly  symmetrical  plan  of 
construction.  The  advantages,  on  the  other  hand,  appear  to  me  to  more  than  compensate  for  the  de- 
fects. Under  this  plan  the  editor  feels  himself  at  liberty  to  use  his  own  judgment  in  regard  to  the 
selection  of  topics  and  in  regard  to  the  degree  of  importance  which  shall  attach  to  each.  In  the  next 
place,  it  has  seemed  to  me  desirable  to  bear  in  mind  the  varied  tastes  and  professional  wants  of  those 
who  are  likely  to  make  use  of  the  Handbook.  While,  therefore,  I  have  given  the  lion's  share  of  the 
space  to  matters  of  a  practical  nature — the  diagnosis  and  treatment  of  disease — I  have  not  forgotten  to 
make  ample  provision  for  such  departments  as  medical  botany,  cHmatology,  embryology,  physiological 
a,nd  pathological  chemistry,  applied  anatomy,  medical  jurisprudence,  military  and  naval  surgery. 

In  harmony  with  these  considerations  I  have  not  hesitated  to  leave  out  separate  articles  on  some 
of  the  topics  which  appear  as  independent  headings  in  other  works  of  a  similar  character  ;  and,  on  the 
other  hand,  I  have  introduced  articles  on  many  topics  which  are  not  discussed  in  any  of  the  treatises 
which  ordindTrily  find  their  way  into  the  libraries  of  medical  men. 

In  working  out  the  problem  which  was  set  before  me  as  editor,  I  have  derived  not  a  little  as- 
sistance from  Quain's  "Dictionary  of  Medicine,"  from  Eulenburg's  Real  Encyclopddie,  and  from 
Jaccpud's  Nouveau  DicHonnaire  de  MMecine  et  de  Chirurgie  Pratiques.  I  have  also  received  valuable 
aid  from  Drs.  Charles  Sedgwick  Minot,  James  J.  Putnam,  and  W.  P.  Bolles,  of  Boston  ;  Drs.  William 
Osier  and  Arthur  Van  Harlingen,  of  Philadelphia  ;  Dr.  John  Green,  of  St.  Louis  ;  Surgeons  Charles  A. 
Smart,  B.  A.  Clements,  and  Alfred  A  Woodhull,  of  the  United  States  Army ;  and  Drs.  Frank  P.  Foster, 
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Huntington  Sichards,  D.  Bryson  Delavan,  Edward  Curtis  and  Mr.  Benjamin  Vaughan  Abbott,  of  New 
York,  to  all  of  whom  I  desire  to  express  publicly  my  thanks.  In  the  difficult  task  of  correcting  the 
proof-sheets,  I  have  been  aided  by  Drs.  William  H.  Flint,  Huntington  Richards,  and  Thomas  L.  Sted- 
man,  of  this  city.  I  also  take  pleasure  in  acknowledging  the  assistance  afforded,  in  the  department 
of  Climatology,  by  Hon.  H.  B.  Small,  of  Ottawa,  Canada ;  Professor  J.  C.  Smock,  of  New  Jersey,  and 
many  others  whom  I  have  not  the  space  here  to  mention. 

It  also  gives  me  pleasure  to  acknowledge  the  generous  manner  in  which  the  publishers  have 
acceded  to  all  my  requests  and  suggestions  in  regard  to  the  construction  of  the  book  ;  some  of  these 
requests  involving  a  considerable  increase  in  the  expense  of  publication. 

This  volume,  as  will  be  noticed,  is  not  self-indexing.  Without  a  reasonably  exact  knowledge  of 
the  contents  of  the  remaining  seven  volumes,  it  would  not  be  possible  to  introduce  such  a  running 
index,  or  at  least  one  that  would  be  sufficiently  complete  to  be  really  useful.  It  seemed  to  me,  therefore, 
that  much  valuable  space  might  be  saved  by  omitting  altogether  the  independent  cross-references  {i.e., 
those  which  constitute  separate  headings),  and  introducing,  instead,  at  the  end  of  the  work,  a  reason- 
ably fuU  index. 

Finally,  I  desire  to  call  attention  to  the  running  titles  at  the  upper  corners  of  the  pages.  These 
are  intended  to  aid  the  reader  in  searching  for  a  particular  topic,  and  they  are  therefore  placed  where 
they  can  be  most  easily  seen  in  turning  over  the  pages  rapidly.  The  upper  title  always  indicates  the 
first  topic  on  the  left-hand  page,  and  the  lower  one  the  last  topic  on  the  right-hand  page. 

A.  H.  B. 

New  Yoke,  August  31,  1885. 
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Aachen. 
Aactaen. 


AACHEN  (Fr.  Aix-la-Chapelle),  renowned  for  the  num- 
ber, variety,  and  singular  efficacy  of  Its  springs  since  the 
days  of  Charlemagne,  has  maintained  its  ancient  repute, 
and  in  our  own  times  ranks  as  one  of  the  most  valuable 
of  health  resorts.  It  is  a  city  of  Bhenish  Prussia,  near 
the  western  border  of  the  empire  (Lat.  50°  47'  N.,  Long. 
6°  12'  E.).  Its  elevation  above  the  level  of  the  sea  is 
about  565  feet.  Its  name  is  derived  from  the  Teutonic 
Aa,  Aach  =  water  (Latin,  Aqua).  The  great  quanti- 
ties of  thermal  waters  which  well  up  from  numberless 
springs  in  its  immediate  vicinity  justify  the  appellation. 
The  most  noteworthy  of  the  springs  are  the  Kaiserquelle, 
having  a  temperature  of  55°  C.  (131°  F.),  Quirinusquelle, 
50°  0.  (123°  F.),  Rosenquelle,  47.5°  0.  (117.5°  F.),  and 
the  Corneliusquelle,  45.5°  C.  (114°  F.).  Their  waters 
supply,  in  addition  to  the  Elisenbrunnen,  which  has  a 
temperature  of  53°  C.  (127.5°  F.),  eight  sumptuously 
arranged  bathing  establishments,  of  which  those  known 
as  the  "  Kaiserbad"  (rebuilt  in  1864),  the  "  Konigin  von 
Ungarn,"  the  "Neubad,"  and  the  "  Quirinusbad "  are 
the  most  prominent.  The  waters  are  all  of  them  but 
slightly  impregnated  with  carbonic  acid  gas  ;  their  chief 
saline  constituent  is  sodium  chloride.  They  contain, 
besides,  a  small  proportion  of  bromine  and  iodine.  Sul- 
phur is  an  important  component  part.  The  Kaiserquelle 
contains  it  in  greatest  abundance ;  but  in  all  of  the  springs 
the  amount  and  chemical  condition  of  the  sulphur  pres- 
ent are  subject  to  great  and  frequently  varying  change. 
The  presence  of  sodium  carbonate  in  the  water  points  to 
the  proximity  of  extinct  Eifel  volcanoes.  The  chemical 
composition  of  all  the  waters  varies  only  within  very 
narrow  limits.  According  to  the  analysis  of  J.  von 
Liebig,  the  Kaiserquelle,  which  may  serve,  for  all  prac- 
tical purposes,  as  a  standard  for  the  others  also,  contains 
in  10,000  parts  of  water : 

Sodium  chloride S6  101 

Sodium  bromide 0.036 

Sodium  iodide 0.005 

Sodium  sulphide    O-OSS 

Sodium  eulubate 2.836 

Potassium  sulphate - lo27 

Sodium  carbonate no 

Lithium  carbonate 0.029 

Magnesium  carbonate 0.506 

Calcium  carbonate 1-579 

Strontium  carbonate n  noc 

Ferrous  carbonate n?e5 

Silica  hydrate 0.661 

Organic  matter U.  (b9 

Total 40.791 

Carbonic  oxide  (free  and  partially  free) B.OOO 

Traces  of  fluorine,  boron,  and  arsenic.    There  is  probably  an  organic 

sulphide  (allyl)  present  in  minute  quantity. 

The  action  of  the  Aachen  thermal  water  on  the  econ- 
omy is  analogous  to  that  of  any  chloride  water  of  the 
same  temperature.  By  reason  of  its  alkalinity  it  does 
not  generally  disturb  the  stomach.  The  sulphates  fre- 
quently produce  a  slight  aperient  effect ;  but  where  baths 
are  taken  simultaneously  with  the  habitual  drinking  of 
the  waters,  this  laxative  action  is  annulled,  and  a  slight 
constipation  not  infrequently  ensues.  The  sodium 
sulphate  is  probably  the  great  factor  in  producing 
therapeutic  effects  in  torpid  conditions  of  the  abdominal 
VoL  L-1 


viscera,  "particularly  on  the  mucous  membranes  of  the 
intestinal  tract.  Its  presence,  although  in  minute  quan- 
tity, is  easily  appreciated  by  the  senses.  The  sulphate 
is  either  absorbed  unchanged,  or  is  decomposed  into 
hydrogen  sulphide,  and  taken  into  the  blood-current  as 
such :  in  either  case  it  promotes  metamorphosis  of  the 
blood-disks  and  albumen,  and  has  a  distinct  solvent 
action  on  metallic  deposits  in  the  tissues.  The  researches 
of  Guntz  have  shown  that  the  internal  use  of  Aachen 
waters  promotes  the  secretion  of  urea,  and  it  follows  that 
protein  decomposition  is  accelerated  in  proportionate 
ratio.  This  is  further  proven  by  the  appearance  or  in- 
crease of  xanthin  in  the  urine  of  Aachen  patients.  In 
hydrargyrosis,  the  drinking  of  the  water  of  the  Kaiser- 
quelle produces  elimination  of  mercury  by  the  kidneys. 
■  For  purposes  of  local  treatment  the  waters  are  used  as 
baths,  which  are  taken  in  stone  basins.  There  are  no  in- 
tegumentary irritants  in  the  waters  ;  hence  there  are  no 
immediate  local  effects.  Neither  is  the  temperature  at 
which  the  bath  is  taken  high  enough  to  act  by  its  caloric 
property ;  but  the  sulphur,  which  in  the  bath  water  is 
suspended  in  the  most  minute  particles,  adheres  to  the 
skin,  and  finds  lodgment  in  the  pores,  but  it  is  still  an 
open  question  whether  it  is  possible  for  the  sulphur  to 
find  its  way  into  the  absorbents  in  this  way.  The  alka- 
line reaction  of  the  bath  imparts  emollient  properties  to 
it ;  it  exerts  also  a  solvent  action  on  the  sebum  and  other 
fatty  skin  elements,  and  promotes  absorption  in  this  way ; 
and  this  may  explain  why  inunctions  immediately  fol- 
lowing the  bath,  are  so  remarkably  prompt  in  their  action. 
The  temperature  of  the  bath  usually  varies  from  38°  to 
36°  C.  (91.4°  to  96.8°  F.) ;  it  rarely  fails  to  act  as  a  seda- 
tive. A  method  of  bathing  peculiar  to  Aachen  consists  in 
the  application  of  a  douche  in  a  manner  differing  from 
that  pursued  in  any  other  place.  A  stream  of  warm  water 
is  poured  from  a  hose  upon  the  bather  for  ten  or  fifteen 
njinutes,  from  a  height  varying  from  five  to  ten  metres 
(16  to  83  ft.).  The  streams  used  vary  in  diameter  from 
three  to  nine  millimetres,  and  the  temperature  of  the 
water  ranges  from  35°  to  37°  C.  (95°  to  98°  F.).  For  a 
period  of  from  five  to  twenty  minutes  the  douche  is  kept 
playing  upon  the  back  and  limbs,  and  especially  over 
the  affected  regions.  At  the  same  time,  massage  and 
shampooing  are  carried  out  by  a  skilled  attendant.  The 
mechanical  and  thermic  effects  of  these  procedures  are 
made  manifest  by  reddening  of  the  skin  and  profuse 
diaphoresis.  They  are  very  agreeable  to  the  patient, 
and  do  certainly  act  as  a  lymphatic  stimulant.  They 
promote  absorption  of  chronic  inflammatory  products, 
and  of  syphilitic,  rheumatic,  and  gouty  new-formations  ; 
and  it  is  this  tissue  metamorphosis  which  is  the  object  of 
an  Aachen  cure  and  which  is  hardly  attainable,  in  the 
same  degree,  at  any  other  bath  on  the  Continent. 

Syphilis  is  not  treated  exclusively  by  the  water  cure  : 
inunctions  with  mercurials  and  the  internal  administra- 
tion of  mercury  and  potassium  iodide  are  resorted  to 
simultaneously ;  and  although  such  a  complex  treat- 
ment would  seem  to  prove  nothing  as  ^o  the  waters 
themselves,  experience  has  shown  that  the  specific  treat- 
ment alone  is  not  as  efficacious  as  the  combined  specific 
and  thermal  treatment.    The  same  statement  will  hold 
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good  with  regard  to  gout,  rheumatism,  acne,  eczema, 
furunculosis,  metallic  deposits  and  their  systemic  effects  ; 
and,  lastly,  with  regard  to  all  diseases  of  the  abdominal 
viscera  characterized  by  engorgement,  hypertrophy,  and 
new  growth.  The  singular  effectiveness  of  the  Aachen 
baths  has  led  to  the  artificial  preparation  of  the  same, 
but  neither  the  prepared  Aachen  bath  water  nor  the 
Aachen  soap  produces  the  least  effect,  excepting  in  the 
imagination  of  the  patient.  The  water  of  the  ' '  Elisen- 
brunnen  "  is  bottled  for  export.  Aachen  enjoys  another 
advantage  which  is  of  some  moment :  it  is  situated  in  a 
mild  latitude,  where  no  great  variation  of  temperat^ire  is 
ever  experienced  ;  it  is  rarely  visited  by  epidemics  ;  in 
the  main  there  is  plenty  of  space  around  the  houses  ;  in  a 
word,  it  is  admirably  adapted  for  a  place, of  sojourn  in 
the  winter  months,  and  the  number  of  guests  who  fre- 
quent it  during  this  season  of  the  year  is  gradually  be- 
coming greater,  so  that  it  can  hardly  be  said  that  there 
is  a  limited  season.  (The  preceding  account  is  derived 
from  Eulenberg's  "Real  Encyclopadie.") 

Hemry  Fleisehner. 

ABDOMEN. — Medical  and  Surgical  Appldbd  An- 
atomy.— The  term  abdomen  is  applied  to  the  cavity 
bounded  above  by  the  diaphragm,  below  by  the  iliac  fossae 
and  brim  of  the  true  pelvis,  behind  by  the  luinbar  verte- 
brae, and  at  the  sides  and  front  by  the  abdominal  mus- 
cles. The  space  thus  included  extends  upward  far 
under  the  chest-walls.  Its  summit  is  formed  by  the  con- 
vexity of  the  diaphragm,  which  reaches  upward  to  the 
level  of  the  fifth  right  chondro-sternal  articulation.  A 
horizontal  section  of  the  body  at  this  level  will  shave  off 
just  a  thin  slice  of  liver  covered  by  the  diaphragm.  On 
the  left  side  the  arch  of  the  diaphragm  reaches  but  as 
high  as  the  level  of  the  junction  of  the  sixth  rib  with  the 
sternum.  Posteriorly  the  vertebral  column,  covered  by 
the  crura  of  the  diaphragm,  projects  into  the  abdominal 
cavity.  The  distance  from  the  umbilicus  to  the  lumbar 
vertebrae  is  scarcely  more  than  two  inches.  The  lateral 
portions  of  the  posterior  wall  are  formed  by  the  psoas, 
which  rests  closely  against  the  sides  of  the  bodies  of  the 
lumbar  vertebrae,  as  well  as  the  quadratus  lumborum,  a 
thin  plane  of  muscle  lying  between  the  posterior  portion 
of  the  crest  of  the  hip-bone  below  and  the  last  rib  above, 
and  the  apices  of  the  transverse  pi-ocesses  of  the  lumbar 
vertebrae  toward  the  middle  line.  The  sides  and  front  of 
the  abdomen  are  formed  by  the  three  flat  muscles,  the  ob- 
liquus  externus,  obliquus  internus,  and  the  transversalis, 
united  at  the  linea  semilunaris  to  enclose  the  fourth  ab- 
dominal muscle,  the  rectus,  which  is  the  anterior  bound- 
ary of  the  belly- wall.  The  space  thus  enclosed  contains 
the  stomach,  the  intestines,  the  liver,  the  spleen,  the 
pancreas,  the  kidneys  and  their  ducts,  the  vessels  of  the 
trunk,  nerves  and  lymphatics. 

Superficial  Anatomy  of  the  Abdomen. — The  belly 
is  convex  on  its  anterior  surface,  more  especially  so  in 
the  corpulent.  Unusual  prominence  of  the  lower  part 
of  the  belly  is  often  seen  in  those  whose  chests  are  shal- 
low. Infants  are  normally  pot-bellied,  owing  to  the 
relatively  large  size  of  the  solid  viscera,  as  well  as  to  the 
narrowness  of  the  pelvis.  In  rickets,  as  in  other  condi- 
tions of  malnutrition  in  children,  the  belly  becomes  very 
prominent,  partly  from  a  depression  of  the  liver  and 
spleen,  partly  by  reason  of  the  anterior  curvature  of  the 
spine  and  the  fact  that  the  intestines  in  this  disease  are 
commonly  distended  with  gas.  In  cretins  the  belly  is 
pendulous  from  laxity  of  the  skin,  and  after  pregnancy, 
ascites,  and  ovarian  dropsy  the  abdominal  wall  tends  to 
remain  permanently  flaccid.  Retraction  of  the  anterior 
abdominal  wall  is  seen  in  diseases  accompanied  by  much 
emaciation.  In  tubercular  meningitis  it  is  a  very  marked 
symptom,  helping  to  distinguish  it  from  enteric  fever,  in 
which  there  is  usually  tympanitis.  In  peritonitis  gas 
distends  the  cavity,  and  abdominal  respiratory  move- 
ment ceases.  Various  kinds  of  skin  eruption  appear 
upon  the  surfece  of  the  abdomen.  Herpes  zoster  is  seen 
upon  one  or  other  side  of  the  trunk,  following  the  course 
of  the  intercostal  nerves.  The  rash  of  typhoid  fever  is 
dotted  over  the  front  of  the  abdomen.    Often,  when  ab- 


sent in  front,  it  is  to  be  found  over  the  lumbar  region, 
and  the  same  may  be  said  of  the  syphilitic  secondary 
rash.  Tinea  versicolor  sometimes  descends  from  its  fa- 
vorite position  on  the  front  of  the  chest,  and  spreads  out 
upon  the  abdomen.  In  the  vicinity  of  the  navel,  scabies 
is  often  met  with,  while  eczema  prefers  the  scrotal  in- 
tegument. 

The  pit  of  the  stomach  is  that  depression  in  the  middle 
line  just  below  the  ensiform  appendix.  Here  the  skin 
is  tender  and  sensitive.  A  blow  upon  the  scrobiculus 
cordis,  as  the  older  writers  called  it,  is  dangerous.  The 
solar  plexus  lies  underneath  the  pit  of  the  stomach.  In  a 
few  cases  fatal  results  have  immediately  followed  an  in- 
jury of  this  nature.  The  epigastrium  is  the  seat  of  pain 
m  stomach  affections  generally,  and  to  it  is  referred  the 
feeling  we  call  hunger,  and  that  condition  impossible  to 
define,  nausea.  The  ingestion  of  irritant  poisons  is  fol- 
lowed by  burning  pain  at  the  pit  of  the  stomach.  Con- 
versely, counter-irritation  in  this  region  will  relieve  gas- 
tric pain  and  nausea.  There  are  few  remedial  agents  so 
efficacious  as  a  mustard  poultice  to  the  pit  of  the  stomach 
in  severe  gastralgia,  whether  of  organic  origin  or  not. 
What,  then,  is  the  connection  between  the  stomach  and 
the  skin  of  the  epigastric  region  ?  The  sympathetic 
nerves  which  supply  the  stomach  are  the  branches  of  the 
coeliac  plexus,  which  is  derived  from  the  fore  part  of  the 
great  solar  or  epigastric  plexus.  The  semilunar  ganglion 
is  part  of  the  solar  plexus  ;  it  receives  the  great  splanch- 
nic nerve,  the  origin  of  which  is  from  the  lower  thoracic 
ganglia.  Each  of  these  thoracic  ganglia  is  connected  to 
the  nearest  anterior  root  of  the  spinal  nerves.  Now  it 
happens  that  the  skin  of  the  epigastrium  is  supplied  by 
these  very  same  nerves,  viz.,  from  the  fourth  to  the 
seventh  intercostal  nerve.  There  is  therefore  a  com- 
plete nervous  circuit  from  the  mucous  membrane  of  the 
stomach  to  the  skin  of  the  epigastrium. 

In  the  .jnid-line  in  front  is  the  depression  of  the  linea 
alba,  the  abdominal  furrow.  At  about  its  centre  is  the 
umbilicus,  the  remains  of  that  opening  in  the  abdominal 
wall  through  which  there  passed  the  structures  connect- 
ing the  embryo  with  the  internal  surface  of  the  ovum. 
The  linea  terminates  below  in  the  symphysis  pubis,  and 
above  in  the  tip  of  the  sternum.  In  this  median  depres- 
sion, the  linea  alba,  the  incision  is  made  in  all  cases 
where  the  surgeon  has  to  open  the  abdominal  wall,  as  in 
ovariotomy,  Caesarean  section,  and  other  operations.  The 
prominence  formed  by  the  rectus  muscle  lies  on  each 
side  of  the  furrow.  In  thin,  muscular  subjects  the 
transverse  marks  on  the  rectus  are  plainly  perceptible. 
There  are  usually  three  of  these  cross-marks— one  at  the 
level  of  the  navel,  one  just  below  the  ensiform  appendix, 
and  a  third  between  these  two  points.  In  the  living 
body  not  more  than  two  are  commonly  perceptible. 

The  abdominal  aorta  lies  a  little  to  the  left  of  the 
middle  line,  with  the  inferior  vena  cava  on  its  right  side. 
The  bifurcation  takes  place  opposite  the  middle  of  the 
body  of  the  fourth  lumbar  vertebra,  three-quarters  of  an 
inch  below  and  to  the  left  of  the  umbilicus.  This  point 
is  nearly  on  a  level  with  a  line  drawn  from  the  highest 
point  of  the  iliac  crest  to  the  other.  A  line  drawn  from 
it  to  the  midpoint  between  the  iliac  spine  and  the  sym- 
physis pubis  indicates  the  direction  of  the  common  and 
external  arteries.  The  upper  third  of  this  line  represents 
the  common,  and  the  lower  two-thirds  the  external  iliac. 

The  cffiliac  axis  arises  from  the  aorta  at  a  point  four 
inches  above  the  uinbilicus.  Posteriorly  it  corresponds 
to  the  lower  part  of  the  body  of  the  last  dorsal  vertebra 
opposite  the  first  lumbar  spine.  Immediately  below  the 
coeliac  axis  is  the  pancreas,  which  crosses  the  arch  of 
the  aorta  and  the  vertebral  column  at  a  point  between 
three  and  four  inches  above  the  umbilicus.  Below  the 
pancreas  is  the  superior  mesenteric  artery,  two  or  three 
inches  above  the  navel.  One  inch  above  the  umbilicus 
the  duodenum  crosses  the  aorta.  Immediately  beneath 
the  duodenum,  about  one  inch  above  the  navel,  the 
inferior  mesenteric  artery  is  given  off.  At  the  outer 
border  of  the  prominence  formed  by  the  rectus  muscle  is 
a  shallow  depression  on  each  side,  the  upper  ends  of 
which  are  bent  in  toward  the  middle  line.    This  is  the 
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linea  semilunaris,  the  point  where  the  aponeuroses  of  the 
ahdominal  fasciae  unite  just  before  they  diverge  to  form 
the  sheath  of  the  rectus.  Its  direction  corresponds  with 
that  of  a  slightly  curved  line  drawn  from  the  tip  of  the 
ninth  costal  cartilage  to  the  spine  of  the  pubes.  In 
former  days  incisions  for  paracentesis  were  made  in  the 
linea  semilunaris.  In  one  reported  case  at  least,  the  tro- 
car struck  the  epigastric  artery,  just  as  it  crossed  the  line. 
The  operator  was  the  illustrious  Cline. '  The  prepara- 
tion is  to-day  in  the  Museum  of  St.  Thomas'  Hospital. 

The  spine  of  the  pubes  is  an  important  landmark.  In 
the  male  subject  it  is  to  be  felt  from  below  by  tucking 
up  the  scrotal  tissues  with  the  forefinger.  The  line  of 
the  adductor  longus,  which  is  made  manifest  by  abduc- 
tion of  the  thigh,  leads  up  to  it.    The  spine  having  been 


Fio.  1. — Superficial  Abdominftl  Veins  distended  from  Intra-tboracic 
Pressure.  The  superficial  thoracic  veins  are  also  enlarged,  though 
not  represented  by  the  engraver. 

found,  the  external  ring  may  be  felt  immediately  to  its 
outer  side.  In  the  normal  condition  of  parts  the  tip  of 
the  finger  should  feel  a  slight  depression  over  the  ring, 
and  when  the  patient  coughs  anything  like  a  distinct 
impulse  should  not  be  felt.  When  a  patient  has  had  a 
rupture  for  some  time,  the  sharp  edges  of  the  ring  dis- 
appear, and  the  finger  slips  easily  through  the  opening 
into  the  abdominal  cavity.  The  spine  of  the  pubes  is  on 
a  horizontal  line  with  the  upper  edge  of  the  great  tro- 
flhanter.  The  internal  ring  corresponds  to  a  point  upon 
the  surface  midway  between  the  anterior  superior  spinous 
process  of  the  ileum  and  the  symphysis  pubis  and  half 
an  inch  above  Poupart's  ligament.  Between  the  two 
rings  the  epigastric  artery  takes  its  course  from  its  origin 
from  the  external  iliac  artery  upward  and  inward  to- 
ward the  umbilicus.  Passing  over  Poupart's  ligament, 
and  superficial  to  the  deep  abdominal  (Scarpa's)  fascia 


are  the  branches  of  the  femoral  artery  and  vein  which 
ascend  up  the  abdominal  surface,  the  superficial  epi- 
gastric and  superficial  circumflex  iliac.  These  veins  be- 
come enlarged  when  there  is  obstruction  to  the  circula- 
tion in  the  abdomen.  Figure  1  is  a  portrait  of  my  patient, 
Jean  Larance,  aged  fifty-nine,  in  whose  case  thoracic 
aneurism  was  diagnosed.  The  superficial  abdominal 
veins  are  as  thick  as  one's  little  finger,  and  are  very 
tortuous.  The  superficial  epigastric  vein  becomes  lost 
in  the  enlarged  venous  plexus  on  the  surface  of  the 
thorax ;  the  superficial  circumflex  iliac  vein  is  directly 
continuous  with  the  axillary  veins.  Billroth  records  a 
similar  case  of  enormous  enlargement  of  superficial  ab- 
dominal veins.  The  autopsy  showed  the  presence  of  a 
malignant  bronchocele  in  the  upper  part  of  the  chest, 
causing  pressure  upon  the  innominate  vein  on  the  left 
side. 

Regions  of  the  Abdomen  and  their  Contents. 

For  purposes  of  description  the  abdomen  has  beeh 
divided  into  nine  regions.  The  landmarks  from  which 
the  boundary  lines  of  these  are 
to  be  drawn  vary  according  to 
difl'erent  authors.  The  most  satis- 
factory directions  are  as  follows : 
Draw  a. horizontal  line  on  a  level 
with  the  lowest  part  of  the  tho- 
racic wall  on  each  side,  another 
horizontal  line  on  a  level  with 
the  highest  part  of  the  iliac  crests. 
Bisect  Poupart's  ligament,  and 
through  each  point  of  bisection 
draw  a  vertical  line  upward. 
The  abdominal  surface  is  thus 
divided  into  nine  regions,  named 
as  in  the  diagram. 

The  Right  Htpochondkiac 
Region. — This  region  contains 
the  greater  part  of  the  right  lobe 
of  the  liver,  whose  convexity  is 
in  relation  with  the  concavity  of 
the  diaphragm,  the  hepatic  flex- 
ure of  the  colon,  and  part  of  the 
right  kidney.  "That  surface  of 
the  liver  which  is  now  called  upper,  corresponds  with 
the  surface  in  contact  above  with  the  diaphragm,  and  in 
front  with  a  portion  of  the  anterior  chest- wall.  Morb- 
id adhesions  between 
the  liver  and  dia- 
phragm are  of  not  un- 
common occurrence, 
notably  in  cirrhosis, 
where  the  junction  of 
the  two  surfaces  en- 
ables the  branches  of 
the  portal  vein  to 
communicate  with 
the  veins  of  the  dia- 
phragm. These  vein? 
take  the  course  of  the 
phrenic  arteries,  on 
the  left  side  often 
joining  the  left  renal 
vein.  Portal  engorge- 
ment is  in  this  way 
partly  relieved.  Fre- 
richs  has  been  able  to 
make  out  this  com- 
munication in  every 
case  in  which  he  has 


Fig.  3.— Outline  of  the  Front 
of  the  Abdomen,  showing 
the  Division  into  Begions. 
1,  Epigastric  region ;  2,  um- 
bilical ;  3,  hypogastric ;  4, 
4,  right  and  left  hypochon- 
driac ;  5,  5,  right  and  left 
lumbar ;  6,  6,  right  and  left 
iliac.    (Proiri  Quain.) 


Pia.  3.— Area  of  Hepatic  Dulness  Viewed 
Anteriorly.  A,  B,  right  mammary  line ; 
C,  D,  median  line ;  B,  splenic  dulness ;  P, 
cardiac  dulness.    (After  Murcbison.) 


injected    the    portal 

vein. 
Hepatic  Dulness. — 

The  upper  margin  of 
hepatic  dulness  on  percussion  is  not  exactly  defined. 
The  flat  note  elicited  on  percussion  over, the  liver  be- 
comes gradually  clear  as  we  percuss  upward,  the  reason 
being  the  fact  that  a  margin  of  clear  lung  overlaps  the 
convex  upper  surface  of  liver.    The  line  at  which  abso- 
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lute  dulness  ceases  is  spoken  of  as  the  upper  margin  of 
hepatic  dulness.  This  line  is  not  quite  horizontal,  but  is 
somewhat  arched.  "  Commencing  posteriorly  at  about 
the  tenth  or  eleventh  dorsal  vertebra,  it  ascends  gradually 


Fig.  4. — Area  of  Hepatic 
Dulness  viewed  from 
tile  Bight  Side.  A,  B, 
right  axillary  Hne. 


Fig.  5, — ^Area  of  Hepatic  Dulness 
viewed  Posteriorly.  A,  B,  right 
dorsal  line  ;  G,  splenic  dulness  ;  D, 
left  kidney;  B,  right  kidney;  F, 
descending  colon;  G,  ascending 
colon. 


toward  the  axilla  and  nipple,  and  then  again  descends 
slightly  toward  the  middle  line  in  front"  (Murchison). 
In  the  right  mammary  line,  which  is  an  imaginary  straight 
line  let  fall  vertically  from  the  right  nipple,  the  upper 
margin     of     hepatic 

dulness  is  situated  in  I 

the  fifth  intercostal 
space.  In  the  median, 
line  in  front,  it  usual- 
ly corresponds  to  the 
base  of  the  ensiform. 
cartilage,  or  rises 
slightly  above  it.  To 
the  left  of  the  ster- 
num, the  upper  mar- 
gin of  liver  dulness  is 
lost  in  that  of  the  heart 
(see  Epigastric  Re- 
gion) ;  "  but  a  line 
drawn  from  the  upper 
margin  of  hepatic  dul- 
ness in  the  middle  line 
to  the  apex  of  the 
heart,  will  usually  cor- 
respond to  the  line  of 
separation.  In  the 
right  axillary  line,  a 
line  falling  perpen- 
dicularly from  the 
centre  of  the  axilla. 


ninth  right  costal  cartilage,  close  to  the  outer  edge  of 
the  rectus  abdominis. 

The  size  of  a  liver  is  usually  measured  by  the  extent 
of  dulness  in  the  right  mammary  line,  which  in  an  or- 
dinary adult  is  about  4  inches,  and  by  that  in  the  axil- 
lary and  dorsal  lines,  which  measure  respectively  4^  and 
4  inches. 

Paris  in  the  Transverse  Fissure  of  the  IMer. — From  be- 
fore backward  there  are  found  in  the  transverse  fissure 
of  the  liver  the  bile-duct,  the  hepatic  artery,  and  the 
portal  vein.    These  structures  lie  between  the  layers  of 
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the  upper  margin  of  j-,a,  6._Horizontal  Section  just  above  the  Body  of  the  First  Lumbar  Vertebra 
hepatic  dulness  corre-  Dwight.) 

sponds  to  the  seventh 

intercostal  space,  or  more  rarely  to  the  seventh  rib.  In  the 
right  dorsal  line,  or  a  line  falling  perpendicularly  from  the 
angle  of  the  scapula,  when  the  arm  is  dependent,  it  cor- 
responds to  the  ninth  intercostal  space  or  the  ninth  rib  " 
(Murchison).  Percussion  and  palpation  determine  the 
lower  margin  of  hepatic  dulness.  In  the  right  mammary 
line  it  corresponds  roughly  to  the  lower  margin  of  the 
thoracic  wall.  In  the  right  axillary  line  it  is  opposite 
the  tenth  interspace,  and  in  the  right  dorsal  line,  the 
twelfth  rib.      The   gall-bladder   projects   opposite  the 


Fig.  7. — The  Liver  of  a  Toung  Subject,  sketched  from  below  and  behind. 
(From  "  Quain's  Anatomy.")  B.  Z.,  right  lobe ;  L.  £.,  left  lobe ;  Z.  S., 
lobe  of  Spigelius ;  Z.  C,  caudate  lobe ;  L,  Q.,  quadrate  lobe  ;  p,  portal 
fissure;  M./.,  umbilical  fissure;  /.  d.  ».,  fissure  of  the  ductus  veno- 
sus  ;  ff.  6i.,  gall-bladd%r ;  v.  c.  i.,  vena  cava  inferior ;  /,  g,  impression 
on  the  under  surface  of  the  left  lobe  corresponding  to  the  stomach  ;  c, 
position  of  the  cardia  ;  t.  o.,  projection  of  the  posterior  surface  of  thq 
left  lobe  against  the  lesser  omentum  (tuber  omentale,  His)  ;  i.  c,  im- 
pressio  colica  ;  i,r,,  impressio  renalis;  i.  s,  7*.,  impressio  supra-renalis ; 
P}^  P^i  i?^,  P^t  lines  of  reflection  of  the  peritoneum ;  +,  surface  of  the 
liver  uncovered  by  peritoneum. 

the  gastro-hepatic  omentum  at  its  right  border,  in  front 
of  the  foramen  of  Winslow.  The  duct  lies  most  to  the 
right  side,  the  artery  toward  the  left.  There  are  many 
lymphatics  and  nerves  in  the  transverse  fissure.     These 

important  structures 
are  so  closely  related 
that  alterations  in  size 
or  shape  of  one  affect 
the  function  of  the 
others.  The  hepatic 
artery  may  be  the  seat 
of  an  aneurism,  which 
may  press  upon  the 
vein  and  cause  portal 
obstruction  and  its 
attendant  symptoms, 
or  upon  the  bile-duct 
and  cause  obstructive 
jaundice.  An  hepatic 
aneurism  has  been 
known  to  burst  into 
the  gall-bladder  (Fre- 
richs).  The  lymphatic 
glands  in  the  trans- 
verse fissure  may  en- 
large and  obstruct 
either  duct  or  portal 
vein.  Neighboring 
tumors  of  all  sorts 
act  in  the  same  way. 
Concretions  in  the 
bile-ducts  may  ob- 
struct the  portal  vein, 
Into  it,  an  occurrence 
the  death  of    Ignatius 


(From 


or   even   ulcerate   their    way 

which  is  said  to  have  caused  . _.    „ 

Loyola.  The  close  relation  of  the  hepatic  flexure^ofthe 
colon  to  the  duct  explains  the  fact  that  an  overloaded 
bowel  may  cause  jaundice.  The  nerves  of  the  liver  are 
derived  from  the  ccellac  plexus  of  the  sympathetic  and 
the  vagus,  more  especially  the  left,  which  sends  some 
filaments  between  the  layers  of  the  gastro-hepatic  omen- 
tum to  join  the  hepatic  plexus.  The  connection  of  the 
nerves  of  the  liver  with  the  solar  plexus,  and  indirectly 
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with  the  splanchnic  nerves,  serves  to  explain  the  pain  in 
and  about  the  right  shoulder  which  is  felt  in  some  dis- 
orders of  the  liver,  the  skin  of  the  parts  about  the 
scapula  being  supplied  by  the  upper  dorsal  spinal  nerves, 
which  are  in  direct  communication  with  the  origin  of 
the  splanchnics. 

The  hepatic  artery  conveys  the  main  supply  of  blood 
for  the  nourishment  of  the  organ.  It  may,  however,  be 
occluded  without  causing  serious  interference  with,  the 
functional  activity  of  the  liver.  The  collateral  circula- 
tion, when  there  is  complete  or  nearly  complete  obstruc- 
tion, may  be  kept  up  by  (1)  accessory  hepatic  arteries, 
which  are  sometimes  met  with  coming  from  the  gas- 
tric arteries,  less  frequently  from  neighboring  arteries ; 
(3)  the  anastomoses  of  the  pyloric  artery,  provided  the 
obstruction  be  beyond  the  giving  oflE  of  that  branch ; 
(3)  possibly  the  portal  vein  may  in  sucli  a  case  nourish 
and  keep  up  the  secreting  functions  of  the  liver.  The 
reverse  is  positively  true.  The  hepatic  artery  can  sup- 
ply the  liver  with  sufiBcient  blood  to  carry  on  its  func- 
tions when  the  obstruction  of  the  portal  vein  occurs. 

The  hepatic  veins  which  collect  the  blood  from  the 
lobules  of  the  liver  open  into  the  inferior  vena  cava  by 
an  oblique  entrance,  which  serves  as  a  valve.  In  cases 
of  abdominal  tumor  the  effects  vary  as  to  the  relation 
of  the  pressure  to  this  junction  of  the  hepatic  vein.  If 
the  tumor  compresses  the  inferior  vena  cava  above  the 


Fio.  8. — The  Pancreas  and  Adjoining  ViRcera,  seen  from  before.  (From 
Quain.)  The  stomacb,  the  greater  part  of  the  Rmall  intestines,  and 
the  transverse  colon  have  been  removed.  P.,  pancreas ;  d.,  duo- 
denum;  d.j.^  its  iunction  with  the  jejunum  ;  above  the  duodenum 
and  between  it  and  the  head  of  the  pancreas  are  seen  the  bile-duct, 
portal  vein,  and  hepatic  artery ;  aac.  col.^  deac.  coL,  ascending  and 
descending  colon;  apl.,  spleen;  r.  X:.,  Z.  X;.,  right  and  left  kidney; 
s.  n,  8.  ri,  right  and  left  suprarenal  capsules ;  pt.^  peritoneum,  at 
the  back  of  the  abdominal  cavity  ;  7n.,  line  of  reflection  of  the  mesen- 
tery ;  the  line  of  reflection  of  the  transverse  mesocolon  is  seen  along 
the  lower  edge  of  the  pancreas  and  crossing  the  duodenum. 

hepatic  vein  the  result  will  be  a  damming  up  of  the 
blood-current  in  the  liver  as  well  as  in  the  general  cir- 
culation. (Edema  of  the  lower  extremities  and  portal 
obstruction  will  both  occur.  If,  on  the  other  hand,  the 
pressure  be  below  the  hepatic  vein,  then  cedema  of  the 
feet  will  be  the  most  prominent  symptom. 

The  Portal  Vein. — There  are  no  valves  in  the  portal 
vein.  Its-left  branch  is  joined  in  the  longitudinal  Assure 
of  the  liver  by  the  so-called  round  ligament,  which  is 
really  the  obliterated  umbilical  vein.  This  latter  is 
sometimes  open  during  adult  life.  Osier  ("Montreal 
General  Hospital  Reports,"  vol.  i.)  reports  a  case  of 
cirrhosis  of  the  liver  where  the  collateral  circulation  was 
carried  on  by  means  of  an  enlarged  umbilical  vein.  At 
the  navel  this  enlarged  vessel  became  continuous  with 
the  deep  epigastric  vessels  of  the  left  side.  The  trib- 
utaries of  the  portal  vein  originate  in  the  stomach,  intes- 
tines, pancreas,  and  spleen.  It  is  made  up  of  the  superior 
and  inferior  mesenteric  and  splenic  veins,  joined  by  the 
pyloric  and  gastric  veins,  and  sometimes  by  the  cystic 
vein  from  the  gall-bladder.  All  these  viscera,  then,  would 
suffer  interference  of  function  were  there  to  be  impeded 
circulation  in  the  portal  vein.  This  condition  is  com- 
monly met  with.  Its  causes,  from  its  anatomical  rela- 
tions, are  easily  understood,  and  the  symptoms  pro- 
duced thereby  are  such  as  might  be  expected  to  be  met 
with  after  consideration  of  the  sources  of  its  tributaries. 


1.  Engorgement  of  the  gastric  and  mesenteric  veins 
gives  rise  to  catarrh  and  hemorrhages  from  the  mucous 
membrane  of  the  stomach  and  bowels.  3.  Ascites  from 
the  over-distention  of  the  veins  that  return  the  blood 
from  the  peritoneum.  3.  The  spleen  is  enlarged  from 
obstruction  of  the  current  in  the  splenic  vein.  4.  An 
attempt  is  made  to  carry  on  the  current  by  enlargement 
of  the  abdominal  veins.  5.  Hemorrhoids  from  stagna 
tion  in  the  hemorrhoidal  plexus,  the  superior  hemor- 
rhoidal vein  being  a  tributary  of  the  portal  vein. 

The  hepatic  duct  leaves  the  liver  and  passes  down  in 
front  of  the  portal  vein,  between  the  two  layers  of  the 
gastro-hepatic  omentum,  behind  the  first  part  of  the 
duodenum.  A  stone  in  the  duct  may  work  its  way 
into  the  stomach  and  be  expelled  by  vomiting.  Pistulse . 
into  the  duodenum  are  not  uncommon,  indeed  a  calculus 
may  ulcerate  into  the  duodenum  and  cause  death  by  ob- 
struction of  the  small  intestine. 

The  Epigastmo  Region. — In  this  region  the  re- 
mainder of  the  right  and  nearly  all  the  left  lobe  of  the 
liver  are  found.  In  the  middle  line  of  the  trunk  the 
heart  rests  upon  the  upper  surface  of  the  liter,  separated 


Fig.  9. — The  Portal  Vein.  (From  Wilson.)  The  pancreas  drawn  down 
to  show  the  splenic  vein  behind  it.  1,  Inferior  mesenteric  vein, 
passing  behind  3,  the  pancreas,  to  terminate  in  3,  the  splenic  vein ; 
4,  the  spleen ;  5,  gastric  veins  opening  into  the  splenic  vein ; 
6,  superior  mesenteric  vein;  7,  descending  portion  of  the  duo- 
denum ;  S,  its  transverse  portion  crossed  by  the  superior  mesenteric 
vein  and  part  of  the  trunk  of  the  superior  mesenteric  artery  ;  9,  por- 
tal vein ;  10,  hepatic  artery ;  11,  ductus  communis  choledochus ; 
13,  division  of  the  duct  and  vessels  at  the  transverse  fissure  of  the 
liver ;  13,  cystic  duct  leading  to  the  gall-bladder. 

from  it  by  the  pericardium,  the  diaphragm,  and  the  peri 
toneum,  this  last  extending  three-quarters  of  its  way 
back  between  liver  and  diaphragm  before  its  reflection 
The  left  ventricle  and  right  auricle  of  the  heart  are  in 
close  relationship  with  the  liver,  and  there  passes  through 
it  the  inferior  vena  cava.  This  relation  is  illustrated  by 
a  remarkable  case  quoted  by  Treves.  "  A  loose  piece  of 
liver,  weighing  one  drachm,  was  found  in  the  pul- 
monary artery.  The  patient  had  been  crushed  between 
two  wagons ;  the  liver  was  ruptured  and  the  diaphragm 
torn.  A  piece  of  the  liver  had  been  squeezed  along  the 
vena  cava  into  the  right  auricle,  whence  it  had  passed 
into  the  right  ventricle,  and  so  into  the  pulmonary  ar. 
tery.  The  heart  was  quite  uninjured."  A  needle  thrust 
through  the  abdominal  wall  at  the  tip  of  the  xiphoid 
appendix,  from  before  backward,  would  most  probably 
pass  through  the  diaphragm,  the  left  lobe  of  the  liver, 
the  lobus  Spigelii,  the  diaphragm  again,  the  vena  azygoa 


A-bdomen. 
Abdomen. 


BBFERBNCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


jiajor,  and  strike  the  lower  edge  of  the  tenth  dorsal  ver- 
tebra. The  lower  margin  of  the  liver  in  the  epigastric 
region  extends  in  contact  with  the  abdomen  in  a  line 
from  the  ninth  right  to  the  eighth  left  costal  cartilage, 
and  in  the  middle  line  its  depth  below  the  subcostal 
angle  may  be  roughly  estimated  at  3^  or  4  inches,  about 
a  hand's  breadth.    On  the  right  of  the  epigastric  region 


tio.  10.— Horizontsl  Section  through  the  Upper  Part  of  Abdomen. 
(From  Treves,  after  Eiitdinger. )  a,  Liver ;  &,  Btomach  ;  c,  transverse 
colon  ;  tZ,  spleen ;  e,  kidneys ;  /,  pancreas ;  ff,  inferior  vena  cava ;  A, 
aorta,  with  thoracic  duct  behind  it. 

is  found  the  gall-bladder,  opposite  the  ninth  cartilage, 
close  to  the  margin  of  the  rectus  muscle.  Underneath 
the  liver  on  the  right,  and  under  the  diaphragm  on  the 
left  of  the  space,  the  stomach  is  situated,  occupying  from 
time  to  time  a  varying  position.  Its  two  orifices  are 
found  in  the  epigastric  region ;  the  cardiac,  usually  a 
fairly  fixed  point,  is  behind  the  seventh  left  costal  car- 
tilage, one  inch  from  the  sternuln;  while  the  pyloric 
end  is  continually  shifting  its  position,  being  found  two 
or  three  inches  below  the  ensif omj  appendix,  and  mov- 


ifie.  11.— View  of  the  Abdominal  Viscera  from  Behind,  after  removal  of 
the  Spinal  Column  and  the  whole  of  the  Posterior  Wall  of  the  Abdo- 
men, the  Peritoneum  being  left,  (Prom  Quain,  after  His.)  jP,,  pan- 
creas; /",  its  head;  d.,  duodenum;  9t„  stomach;  spi.,  spleen;  R.  X., 
right  lobe  of  the  liver ;  L,  S.j  Spigelian  lobe  ;  v.  c.  i.,  vena  cava  in- 
ferior; p,  ?*.,  portal  vein ;  &.,  common  bile-duct;  i.  r.,  impression  for 
the  right  kidney  on  the  posterior  surface  of  the  liver  (the  situation  of 
the  two  kidneys  is  well  sliown  by  the  corresponding  impressions  in  the 
cut) ;  asc.  CO?.,  aeac.  eol.,  ascending  and  descending  colon ;  pt.,  back 
of  the  perit<meum  ;  m.,  line  of  reflection  of  the  mesentery  seen 
through ;  VIII,  IX,  X,  XI,  the  corresponding  ribs;  U.,  ilium. 

ing  toward  the  right  as  it  becomes  distended.  The  first 
and  second  parts  of  the  duodenum  are  deeply  placed. 
A  horizontal  cut  through  the  abdomen,  one  inch  below 
the  ensiform  cartilage,  shows  the  transverse  portion  of 
the  duodenum,  situated  in  a  square,  of  which  the  four 
sides  are  formed,  in  front  by  the  hepatic  flexure  of  the 
colon ;  to  the  right  by  the  liver,  behind  by  the  kidney, 


and  toward  the  middle  line  by  the  pancreas.  (See  Fig. 
11.)  At  the  back  of  the  epigastric  region  the  abdominal 
aorta  and  vena  cava  inferior  lie  against  the  bodies  of 
the  twelfth  dorsal  and  first,  second,  and  third  lumbar 
vertebrae.  A  needle  passed  in  one  inch  below  the  ensi- 
form appendix  and  pushed  horizontally  backward  to  tho 
spine  would,  after  passing  through  the  integuments, 
wound  (1)  linea  semilunaris,  (2)  the  left  lobe  of  the  liver, 
(3)  the  stomach,  (4)  the  anterior  and  posterior  layers  of 
the  lesser  bag  of  the  peritoneum,  (5)  the  coeliac  axis,  (6) 
the  aorta,  (7)  the  junction  of  the  twelfth  dorsal  and  first 
lumbar  vertebrae. 

The  pancreas  extends  horizontally  across  the  epigastric 
region,  being  curved  forward  from  side  to  side,  over 
the  arch  of  the  vertebral  column,  like  a  towel  thrown 
across  one's  arm.  Its  horizontal  level  is  about  three  or 
four  inches  above  the  umbilicus.  In  a  horizontal  section 
of  the  frozen  body,  through  the  first  lumbar  vertebra, 
the  saw  splits  the  pancreas  from  end  to  end. 

The  spleen,  in  its  upper  and  inner  part,  and  a  small 
portion  of  the  kidneys,  are  also  included  in  the  epigastric 
region. 

The  Left  HypocHOiTDRiAC  Begion. — The  upper  and 
anterior  portion  of  this  region  is  occupied  by  the  stomach, 

which  is  covered  to- 
ward the  right  side 
by  a  small  part  of  the 
left  lobe  of  the  liver. 
The  spleen  is  packed 
away  in  the  outer  and 
back  part  of  the  re- 
gion. To  the  front 
of  the  spleen  lies  the 
stomach;  to  its  left 
side  the  tail  of  the 
pancreas  and  the  left 
kidney.  The  cardiac 
end  of  the  stomach  is 
situated  opposite  the 
seventh  costal  carti- 
lage of  the  left  side, 
one  inch  from  the 
sternum.  When  full, 
the  stomach  occupies 
the  left  hypochondri- 
ac and  epigastric  re- 
gions, a  small  portion 
projecting  into  the 
right  hypochondriac 
region.  It  lies  partly 
in  apposition  with 
the  anterior  wall  of 
the  abdomen,  and 
partly  underneath  the 
liver  and  diaphragm, 
and  above  the  trans- 
verse colon.  The  relations  of  the  stomach  vary  with 
its  distention.  As  it  fills,  the  surface  which  was  for- 
merly anterior  becomes  superior,  and  the  great  curve 
comes  to  the  front.  The  pyloric  end  is  pushed  over 
nearly  three  inches  to  the  right  of  the  median  line 
when  the  stomach  is  distended,  but  when  it  is  quite 
empty  the  pylorus  remains  on  the  left  of  the  linea  alba. 
When  a  gastric  ulcer  is  present,  and  threatening  to  per- 
forate. Nature  often  attempts  to  stop  the  leak  by  attaching 
the  stomach  to  neighboring  organs.  Thus  adhesions  to 
the  diaphragm,  to  the  pericardium,  the  liver,  the  colon, 
are  not  uncommon.  Sometimes  the  process  goes  too  far, 
and  fistulous  communication  between  the  stomach  and 
these  other  cavities  is  the  result.  The  close  relation  of 
the  stomach  with  the  viscera  immediately  behind  it,  the 
pancreas,  the  left  kidney,  and  the  spleen,  renders  difficult 
the  accurate  diagnosis  of  the  diseases  to  which  these 
parts  are  subject.  It  is  not  uncommon  to  find  malignant 
disease  of  the  pylorus  attacking,  at  the  same  time,  the 
spleen,  liver,  and  kidneys.  In  connection  with  gastrot- 
omy  and  gastrostomy,  the  relation  of  the  stomach  to  the 
abdominal  wall  is  of  importance.  That  part  of  the  ab- 
dominal wall  with  which  the  stomach  is  in  apposition 


Fio.  12.— View  of  the  Abdominal  Organs 
from  in  Front.  (From  Banney,  after 
Luschka.)  The  numerals  are  placed  upon 
the  respective  ribs,  I.,  the  stomach:  II., 
duodenum;  III.,  ileum;  IV.,  colon;  V., 
sigmoid  flexure. 
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corresponds  to  a  triangle  upon  the  surface  of  the  body, 
of  which  the  sides  are  formed  on  the  right  by  the  edge 
of  the  liver,  on  the  left  by  the  cartilage  of  the  eighth  and 
ninth  ribs,  and  below  by  a  horizontal  line  passing  be- 
tween the  tips  of  the  tenth  costal  cartilages.  Gastric 
fistulse  usually  occur  in  this  space.  The  operation  is 
generally  performed  by  an  incision  in  the  triangle  above- 
mentioned,  along  the  course  of  the  left  linea  semilunaris, 
from  the  sternal  end  of  the  intercostal  space,  between 
the  eighth  and  ninth  ribs,  vertically  downward,  along 
the  border  of  the  rectus.  The  stomach,  being  reached  in 
this  way,  is  withdrawn  far  enough  to  prevent  the  escape 
of  its  contents  into  the  abdominal  cavity.  In  gastros- 
tomy the  stomach-wall  is  stitched  to  the  margin  of  the 
incision,  and  subsequently  an  opening  is  made  into  it. 

The  spleen  lies  between  the  stomach  and  the  ribs, 
beneath  the  diaphragm,  and  above  the  kidney  and  the 
colon,  in  contact  with  the  diaphragm,  from  which  it  is 
Separated  by  peritoneum,  and  connected  with  the  pan- 
creas by  its  vessels.  The  peritoneum  encloses  the  spleen 
in,  as  it  were,  a  bag,  of  which  the  front  portion  is  de- 
rived from  the  anterior  layer  of  the  gastro-hepatic  omen- 
tum, and  the  back  portion  is  continuous  with  that  part 
passing  over  the  back  of  the  kidney.  On  the  surface  the 
spleen  is  situated  opposite  the  ninth,  tenth,  and  eleventh 
ribs  of  the  left  side,  and  at  its  upper  edge  is  separated 
from  them  by  the  diaphragm,  and  also  by  the  margin  of 
the  lung.    The  highest  and  lowest  points  correspond  to 


Fio.  13. — The  Pancreas  and  Adjoining  Viscera  from  Before.  (Prom 
Quain.)  The  stomach,  the  greater  part  of  the  small  intestines,  and 
the  transverse  colon  have  been  removed.  P.,  pancreas ;  d,,  duodenum ; 
d.i.,  its  jnnction  with  the  jejunum ;  above  the  duodenum,  and  between 
it  and  the  head  of  the  pancreas  are  seen  the  bile-duct,  portal  vein,  and 
hepatic  artery ;  aac.  col.,  dene,  col.^  ascending  and  descending  colon ; 
«pZ.,  spleen;  f.  A:.,  I.  *.,  right  and  left  kidneys;  «.  r.,  ".  r.,  right  and 
left  suprarenal  capsules ;  pt.^  peritoneum  at  tlie  back  of  the  abdominal 
cavity  ;  m.,  line  of  reflection  of  the  mesentery  ;  the  line  of  reflection 
of  the  transverse  mesocolon,  as  seen  along  the  lower  edge  of  the  pan- 
creas, and  crossing  the  duodenum. 

the  level  of  the  ninth  dorsal  and  first  lumbar  spines. 
The  longest  diameter  is  directed  forward  and  downward, 
following  the  direction  of  the  tenth  rib.  The  spleen 
rarely  if  ever  can  be  depressed  below  the  free  border  of 
the  costal  cartilages ;  hence,  unless  enlarged,  it  cannot 
be  felt  by  the  hand.  The  percussion  note  of  the  spleen 
is  by  no  means  as  flat  as  that  obtained  from  the  liver, 
especially  in  the  case  of  children  ;  in  fact  the  upper  third 
of  the  organ,  covered  by  lung,  even  in  expiration,  is  not 
to  be  defined  by  percussion.  The  notches  or  depressions 
on  the  surface  of  an  enlarged  spleen  serve  to  distinguish 
it  from  any  other  tumor  in  the  left  hypochondriac  re- 
gion. As  a  rule,  there  is  one  large  fissure  to  be  made 
out  by  palpation,  as  well  as  one,  sometimes  two,  smaller 
ones. 

The  Right  Ltjmbak  Region. — The  ascending  colon 
is  situated  far  back  up  against  the  posterior  abdominal 
wall,  in  relation  with  the  right  kidney  and  the  quad- 
ratus  lumborum ;  the  front  of  the  region  is  occupied  by 
the  ileum.  The  ascending  colon  is  deeply  placed,  being 
external  to  the  peritoneum,  and  bound  down  by  it  to  the 
quadrattis  lumborum,  but  in  some  instances  the  intestine 
is  more  free,  there  being  a  mesocolon,  which  is  sometimes 
several  inches  long.  The  right  kidney  is  also  extra-peri- 
toneal ;  it  rests  upon  the  eleventh  and  twelfth  ribs,  the 
crura  of  the  diaphragm,  psoas,  and  quadratus  lum- 
borum, and  is  covered  in  front  by  a  thick  investment  of 


adipose  tissue  and  the  peritoneum.  The  upper  end  of 
the  kidney  makes  its  impresm  renalis  upon  the  under 
surface  of  the  right  lobe  of  the  liver ;  the  anterior  sur- 
face is  in  relation  with  the  ascending  duodenum  and 
the  hepatic  flexure  of  the  colon.  A  study  of  the  rela- 
tions of  the  kidney  (see  Fig.  14)  will  show  that  the  or- 
gan could  be  operated  upon  from  behind,  or  even  re- 
moved, without  necessarily  wounding  the  peritoneum  or 
injuring  an  organ.  In  hydronephrosis,  and  in  cases 
where  any  large  cyst  exists  in  the  substance  of  the  kid- 
ney, puncture  should  be  practised.  The  trocar  should 
be  inserted  into  any  spot  where  the  skin  looks  thin  and 
soft,  but  in  the  absence  of  any  such  indication,  no  better 
place  can  be  selected  on  the  left  side  than  an  inch  in 
front  of  the  last  intercostal  space  ;  but  if  the  tumor  be 
of  the  right  side,  this  is  too  high,  as  the  liver  would 
probably  be  traversed.  "  On  the  left  side  the  spleen, 
under  ordinary  circumstances,  runs  no  risk  of  being 
punctured  by  inserting  the  needle  well  in  front  of  the 
eleventh  intercostal  space.  Where  the  right  kidney  is 
to  be  tapped,  the  needle  should  be  inserted  half  way  be- 
tween the  last  rib  and  the  crest  of  the  ileum,  between 
two  and  two  and  a  half  inches  behind  the  anterior  supe- 
rior spine  of  the  ileum.  This  spot  is  on  a  level  with  the 
front  of  the  bodies  of  the  lumbar  vertebrae,  and  a  needle 
here  passed  horizontally  inward  will  be  altogether  in 


FlQ.  14. — ^Horizontal  Section  through  Second  Lumbar  Vertebra,  showing 
the  Relations  of  the  Kidneys.    (Prom  Dwight.) 

front  of  the  kidney.  It  may,  however,  with  safety  he 
conjectured  that  in  any  case  of  hydronephrosis  of  the 
right  side  requiring  to  be  tapped,  if  the  trocar  be  inserted 
at  this  place  and  directed  somewhat  forward,  the  peri- 
toneum and  colon  will  be  sufficiently  in  front  to  escape 
injury,  the  liver  will  be  safely  out  of  reach  above  and 
the  kidney  behind,  while  the  dilated  pelvis  of  the  kidney 
will  be  tapped  at  its  anterior  and  lower  part "  (Mr.  Henry 
Morris).' 

The  kidneys  present  many  varieties  both  in  shape  and 
size.  They  have  been  found  unequal,  lobulated  as  in 
the  lower  animals,  or  even  joined  together  across  the 
middle  line  forming  the  horseshoe  kidney,  or  abnormally 
placed,  the  single  kidney,  for  example,  having  been 
found  entirely  on  one  side  of  the  vertebral  column,  or 
even  in  the  lumbar  region  or  pelvis. 

The  MoatiTig  Kidney. — A  glance  at  Fi^.  14  will  show 
that  the  kidney  might  with  no  great  difficulty  be  dis- 
placed either  forward,  carrying  its  peritoneal  covering 
before  it,  so  as  to  form  a  mesonephron,  or  upward  or 
downward.  This  condition  is  more  common  in  women 
than  in  men.  Its  presence  may  be  inferred  when  a 
reniform  tumor  is  met  with  in  the  abdomen,  and  when 
the  percussion  note  over  one  or  other  lumbar  region  is 
clear.  The  right  kidney  is  more  frequently  out  of  place 
than  the  left. 

The  renal  arteries  are  subject  to  many  variations,  the 
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most  important  being  tlie  presence  of  two  arteries  on 
each  side  entering  the  kidney  at  its  upper  and  lower  ends. 
This  abnormality  should  not  be  forgotten  in  the  opera- 
tion of  nephrectomy.  The  renal  veins  pass  inward  from 
the  kidney  in  front  of  the  arteries  to  join  the  vena  cava 
nearly  at  right  angles.  The  left  renal  vein  receives  the 
spermatic  vein  of  its  own  side,  an  arrangement  which 
has  been  thought  to  be  the  cause  of  varicocele,  and 
which  is  accounted  for  by  the  history  of  the  descent  of 
the  testicle.  In  foetal  life  the  left  kidney  and  the  left 
testis  lying  the  one  directly  above  the  other,  send  their 
emulgent  veins  to  join  one  another  before  crossing  the 
middle  line.  The  descent  of  the  testis  converts  the  acute 
angle  at  which  the  left  spermatic  vein  joins  the  renal 
into  a  right  angle. 

The  renal  plexus  and  the  least  splanchnic  nerve  supply 
the  kidney.  The  lumbar  pain  of  kidney  disease  may  be 
accounted  for  by  the  fact  that  the  lesser  splanchnic 
nerves  originate  from  those  sympathetic  ganglia  which 
are  connected  with  the  lower  dorsal  (eleventh  and 
twelfth)  spinal  nerves,  which  supply  the  skin  in  the 
dorsal  region.  The  renal  plexus  of  the  sympathetic  is 
derived  from  the  semilunar  ganglion,  but  some  of  its 
fibres  come  from  the  aortic  and  the  solar  plexus.  Why 
does  irritation  in  the  kidney,  e.g.,  the  presence  of  cal- 
culus, cause  pain  shooting  into  the  testis  ?  The  answer 
is  found  in  the  fact  that  the  spermatic  plexus  is  con- 
nected with  the  renal  plexus.  The  deadly  sickening  sen- 
sation experienced  when  the  testis  receives  a  blow,  or  is 
squeezed,  is  due  to  the  connection  of  the  spermatic 
nerves  with  the  solar  plexus,  by  means  of  the  aortic 
plexus  as  well  as  by  the  above-mentioned  means  of 
communication.  In  fact,  the  testis  belongs  to  the  ab- 
domen. This  so-called  "testicular"  sensation  is  merely 
what  would  be  experienced  if  any  of  the  solid  viscera 
were  subjected  to  sudden  severe  pressure. 

The  Umbilical  Region. — The  transverse  colon  crosses 
the  upper  part  of  the  region  inclining  upward  toward  the 
spleen.  The  third  part  of  tjie  duodenum  lies  behind 
the  colon  in  the  middle  line  crossing  the  aorta  beneath 
the  superior  mesenteric  artery.  The  small  intestines  are 
disposed  at  the  sides  of  the  space,  being  suspended  in  the 
mesentery  which  lies  close  to  the  anterior  wall  of  the  ab- 
domen, with  the  great  omentum  in  front  of  it.  The  ab- 
domen is  very  shallow  in  the  umbilical  region.  In  a  tall, 
muscular  man,  the  distance  between  the  skin  and  the 
lumbar  vertebrse  in  the  vicinity  of  the  navel  is  but  about 
two  inches  or  less.  The  bodies  of  the  lumbar  vertebrse 
project,  and,  as  it  were,  push  the  small  intestines  to  one 
or  other  side.  In  the  retracted  abdomen  a  penetrating 
wound  may  reach  the  backbone  without  necessarily  in- 
juring the  intestine,  or,  in  fact,  any  structure  except  the 
abdominal  wall,  the  omentum,  and  the  peritoneum. 
Hennen  records  the  "recovery  of  a  soldier  who  had  been 
shot  through  the  abdomen  by  a  ramrod,  which  passed  in 
anteriorly  and  actually  stuck  in  one  of  the  transverse 
processes  of  the  vertebrae,  from  which  it  was  not  disen- 
gaged without  the  application  of  some  force."  Green 
records  a  fatal  case  of  impalement :  a  spike  passed 
through  the  abdomen  and  deeply  indented  the  third  lum- 
bar vertebra,  after  having  torn  the  common  iliac  vein  ; 
none  of  the  viscera  were  injured.  A  needle  pushed 
horizontally  into  the  abdomen  at  the  umbilicus  will 
most  likely  wound  the  great  omentum,  the  transverse 
colon  at  its  lowermost  part,  pierce  the  mesentery,  possi- 
bly touch  the  superior  mesenteric  artery,  the  aorta,  and 
penetrate  the  disk  between  the  third  and  fourth  lumbar 
vertebrse. 

In  connection  with  the  umbilical  region,  the  great 
omentum  and  the  mesentery  may  be  considered  in  their, 
medical  and  surgical  relations.  The  gastro-colic,  or 
great  omentum,  is  commonly  described  as  consisting  of 
the  two  layers  of  peritoneum  continued  from  the  an- 
terior and  posterior  walls  of  the  stomach  downward  to 
the  lower  part  of  the  abdomen,  where  they  are  reflected 
backward  and  pass  upward,  the  two  posterior  layers  to 
separate  and  to  enclose  the  transverse  colon.  The  omen- 
tum consists,  therefore,  of  four  layers  of  serous  mem- 
brane, containing  fat,  which  varies  in  amount  according 


to  the  quantity  of  adipose  tissue  present  generally  in  the 
individual.  The  great  omentum  is  frequently  the  pro- 
truded viscus  in  herniae,  more  especially  in  those  occur- 
ring at  or  near  the  umbilicus  ;  in  some  cases  it  en- 
velops the  protruded  intestine,  and  forms  a  sac  for  it. 
The  mesentery  encloses  almost  the  whole  extent  of  the 
small  intestine,  and  attaches  it  to  the  back  of  the  abdo- 
men, supporting  its  vessels  and  nerves.  The  duodenum 
is  not  contained  in  the  mesentery  ;  its  first  part  is  en- 
veloped like  the  stomach,  of  which  it  is  really  the  con- 
tinuation ;  the  second  part  is  covered  by  peritoneum 
but  in  front,  while  the  third  part,  that  which  crosses  the 
abdominal  aorta,  lies  between  the  layers  of  the  trans- 
verse mesocolon,  and  then  beneath  the  superior  mesen- 
teric vessels.  The  mesentery,  after  surrounding  the  je- 
junum and  the  ileum,  is  attached  to  the  spine  at  the  left 
side  of  the  body  of  the  second  lumbar  vertebra,  and  ex- 
tends downward,  from  left  to  right,  to  the  sacro-iliac 
joint ;  between  its  two  layers  are  found  the  trunk  and 
branches  of  the  superior  mesenteric  vessels,  branches  of 
the  sympathetic  nerves,  lymphatic  vessels  and  glands ; 
of  the  last  the  largest  surround  the  superior  mesenteric 


Fio.  15.— Horizontal  Section  through  the  Body  at  the  Level  ot  the  TJm- 
bilicup.  (After  Braune."!  ff,  Spine  of  fourth  lumbar  vertebra  ;  6,  disk 
between  third  and  fourth  vertebree ;  c,  umbilicus ;  d,  quadratus  lum- 
borum  ;  e,  psoas ;  /,  external  oblique,  with  internal  oblique  and  trans- 
versalis  beyond  ;  fif,  rectus ;  A,  descending  colon  ;  i,  transverse  colon ; 
J,  aorta  ;  k,  inferior  vena  cava ;  I,  ureter. 

artery.  Inflammatory  conditions  of  the  intestines  give 
rise  to  glandular  enlargements,  which  are,  in  fact,  buboes, 
and  act  as  buboes  do.  In  some  cases,  absorption  not 
bein^  completed,  the  glands  shrink  into  hard  nodules, 
and  in  typhoid  fever  those  which  receive  the  absorbents 
from  the  lower  part  of  the  ileum  are  enlarged  and  in 
rare  cases  suppurate.  It  must  be  remembered  that  en- 
larged mesenteric  glands  may  produce  anomalous  ab- 
dominal symptoms  by  pressure  upon  vessels  and  nerves. 
The  ileum,  as  compared  to  the  jejunum,  is  narrower, 
its  coats  are  thinner  and  paler,  and  its  valvulae  con- 
niventes  are  smaller.  A  given  length  of  jejunum  weighs 
more  than  the  same  length  of  ileum,  consequently  the 
ileum  is  more  frequently  intussuscepted.  The  jejunum 
and  the  ileum  vary  greatly  in  their  liability  to  ulceration, 
the  jejunum  being  rarely  or  never  diseased ;  hardly  a 
single  instance  of  primary  ulceration  of  this  bowel  has 
been  recorded,  while  the'  ileum  is  remarkably  liable  to 
disease.  Meckel's  diverticulum  is  a  protrusion  of  the 
intestinal  waU,  which  is  often  met  with  opposite  the 
umbilicus  ;  it  is  all  that  is  left  of  the  omphalo-mesen- 
teric  duct  which  connected  the  yelk-sac  with  the  foetal 
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intestine  ;  the  persistence  of  this  structure  is  thought  to 
be  the  origin  of  umbilical  rupture. 

The  Left  Lumbab  Region. — The  relation  of  parts  in 
this  region  does  not  materially  differ,  from  that  in  the 
right  lumbar  region.  By  an  opening  in  the  left  loin  the 
descending  colon  may  be  reached,  and  that  -without 
wounding  the  peritoneum,  for  the  gut  lies  up  against  the 
outer  edge  of  the  quadratus  lumborum,  the  peritoneum 
covering  its  anterior  portion  only.  The  extent  of  gut 
uncovered  by  serous  membrane  varies  considerably,  but 
on  the  left  side  the  existence  of  a  mesocolon  is  less  likely 
than  on  the  right.  The  operation  generally  known  as 
lumbar  colotomy  is  performed  in  this  way :  The  colon 
is  first  to  be  mapped  out.  Find  the  centre  of  the  iliac 
crest,  take  a  point  half  an  inch  behind  it,  and  from  that 
point  draw  a  vertical  line  upward  to  the  margin  of  the 
ribs.  After  this  line  has  been  marked  with  ink,  an  in- 
cision about  four  inches  long  is  made  diagonally  down- 
ward across  its  centre ;  the  mid-point  of  the  incision 
should  correspond  to  the  centre  of  the  line.  The  mus- 
cular walls  of  the  abdomen  are  then  divided  in  such  a 
manner  that  the  extent  of  division  at  the  bottom  of  the 
cut  should  correspond  with  that  at  the  surface,  lest  the 
surgeon  should  have 
to  hunt  for  the  gut 
at  the  bottom  of  a 
conical  pit.  The  fat 
surrounding  the  pos- 
terior part  of  the 
colon  will  then  be 
found,  its  thickness 
depending  on  the  fat- 
ness of  the  patient. 
On  its  division  the 
colon  will  be  found. 
The  intestine  is  then 
seized,  stitched  to 
the  margins  of  the 
wound  and,  lastly, 
opened.  The  parts 
divided  in  the  opera- 
tion are :  1,  Areolar 
tissue ;  3,  the  latis- 
simus  dorsi  at  the 
posterior  part  of  the 
incision  ;  3,  the  ex- 
ternal oblique  mus- 
cle toward  the  ante- 
rior third ;  4,  the  in- 
ternal oblique ,  5,  the 
origin  of  the  trans- 
versalis  and  the  fas- 
cia lumborum ;  6,  oc- 
casionally the  quad- 
ratus lumborum ;  7, 
the  layer  of  adipose 
tissue  which  covers 
the  intestine  ;  8,  the 
colon. 

The  Right  Iliac 
Region. — The  csecum  rests  upon  the  iliacus  and  the 
psoas,  occupying  the  right  iliac  fossa.  The  peritoneum 
covers  it  in  front  and  laterally ;  posteriorly  it  is  connected 
with  the  subjacent  fascia  by  a  quantity  of  loose  connec- 
tive tissue,  and  is  in  relation  with  the  nerves  of  the  lum- 
bar plexus.  The  extent  of  the  serous  covering  varies 
greatly.  At  times  there  is  a  mesocsBcum,  but  cases  are 
reported  where  this  mesocsecum  was  long  enough  to 
allow  the  csecum  to  enter  an  inguinal  hernia.  The  struc- 
tural peculiarities  and  the  anatomical  relations  of  the 
caecum  are  specially  favorable  toward  the  occurrence  of 
accumulations  of  the  solid  and  liquid  contents  of  the  in- 
testine, which  lead  to  the  production  of  pressure  symp- 
toms. A  csecum  full  of  hard  matter  has  been  known  to 
cause  ulceration  of  large  blood-vessels,  while  pressure  on 
nerves  has  given  rise  to  retraction  of  the  testis.  Accu- 
mulations, too,  are  likely  to  set  up  inflammation  of  the 
wall  of  the  intestine  ending  in  perforation  and  the  es- 
cape of  fecal  matters  into  the  loose  areolar  tissue  which 


Fig.  16. — Posterior  View  of  the  Trunk,  Rhow- 
ing  the  Relative  Positions  of  the  Principal 
Thoracic  and  Abdominal  Viscera.  (From 
a  drawing  by  B.  J.  Godlee.)  The  trachea 
and  lungs  are  indicated  by  thin  lines ;  the 
aorta  by  thick  lines ;  the  liver,  pancreas, 
and  spleen  by  broken  lines ;.  the  cesopha- 
gnSfStomach,  and  descending  colon  by  thick 
dotted  lines,  and  the  kidneys  by  thin  dotted 
lines ;  X  X ,  seventh  cervical  and  first  lum- 
bar spines. 


lies  between  the  posterior  wall  of  the  abdomen  and  the 
csecum.  Pus  formed  in  this  region  can  work  its  way 
along  the  back  part  of  the  abdomen,  either  perforate  or 
pass  behind  the  diaphragm,  enter  the  pleural  cavity,  or 
finding  its  way  into  a  bronchial  tube  be  the  cause  of 
f  secal  expectoration.  The  pus  in  perityphlitis  may  take 
a  downward  course,  passing  into  the  pelvis  and  perfora- 
ting the  rectum,  or  out  of  the  pelvis  along  the  pyrif  or- 
mis  muscle  presenting  itself  in  or  below  the  buttock,  or 
above  Poupart's  ligament,  or  below  it  travelling  along 
the  psoas  and  iliacus  muscles. 

The  vermiform  appendix  proceeds  from  the  left  side 
of  the  lower  and  posterior  part  of  the  csecum,  to  which 
it  is  attached  by  a  mesentery ;  the  latter  being  in  some 
cases  unusually  long  allows  the  appendix  to  hang  into 
the  pelvis.  The  attachment  of  this  free  end  is  a  com- 
mon cause  of  strangulation  by  adhesion  ;  foreign  bodies 
finding  their  way  into  this  little  diverticulum  set  up  an 
inflammation  which  is  often  the  starting-point  of  a 
general  peritonitis.  - 

It  has  been  observed  in  fatal  cases  of  perforation  of 
the  appendix  vermiformis  that,  though  the  concretion 
is  lodged  in  the  middle  or  upper  part  of  the  appendix, 
yet  the  perforation  is  found  at  the  end.  This  has  re- 
cently been  explained  on  anatomical  grounds  by  Dr. 
Fenwick  in  his  recent  lectures  "  On  Cases  of  Difficult 
Diagnosis,"  in  the  Laricei,  December  6,  1884.  "  Now 
the  appendix  is  supplied  with  blood  by  means  of  a  small 
mesentery  of  its  own,  which  sometimes  terminates  be- 
fore the  extremity  of  the  process,  so  that  the  end  must 
derive  its  nutriment  from  the  blood-vessels  of  the  part 
nearer  to  the  csecum,  and,  under  such  conditions,  any 
acute  inflammation  or  ulceration  that  obstructs  the  cir- 
culation must  tend  to  rapid  disorganization  of  the 
structures.  That  this  is  by  no  means  an  uncommon 
cause  of  the  perforation  is  shown  by  the  fact  that  in  the 
majority  of  cases  the  perforation  is  found  at  the  extrem- 
ity, and  very  rarely  near  to  the  csecum." 

The  ileo-colic  valve  prevents  regurgitation  into  the 
small  intestine,  the  colon  being  usually  the  part  of  in- 
testine distended  in  tympanites. 

The  Htpogastkic  Region. — The  bladder  surrounded 
by  small  intestine  occupies  the  lower  and  central  part  of 
this  region.  (See  Pelvis.)  It  is  commonly  stated  that 
this  organ  comes  into  the  abdomen  merely  when  dis- 
tended. In  a  vertical  median  section  of  a  frozen  body, 
that  of  a  tall,  thin  man,  I  found  the  bladder  occupying 
a  considerable  space  in  the  abdomen  above  the  sym- 
physis pubis  ;  a  horizontal  section  at  the  top  of  the 
symphysis  would  have  almost  divided  the  organ  into 
equal  parts. 

The  Left  Iliac  Region. — The  sigmoid  flexure  is 
loosely  connected  by  a  mesocolon  to  the  abdominal  wall, 
so  that  its  position  is  by  no  means  constant.  Occasion- 
ally it  is  found  upon  the  right-side,  the  intestine  having 
crossed  the  abdomen  completely  before  making  its  down- 
ward bend.  The  colon  is  narrowest  just  at  the  sigmoid 
flexure,  a  part  often  the  seat  of  cancerous  stricture,  and 
a  part  more  liable  to  obstruction  by  twist  or  volvulus 
than  any  other  of  the  whole  tube.  The  ureter,  the  sper- 
matic and  iliac  vessels  lie  beneath  the  sigmoid  flexure ; 
hence  an  overloaded  condition  of  the  lower  part  of  the 
intestine  has  been  thought  to  have  been  the  cause  of 
varicocele  as  well  as  of  milk  leg.  Recently  the  iliac 
vessels  have  been  compressed  by  means  of  a  lever  intro- 
duced per  rectum,  for  the  purpose  of  controlling  hsemor- 
rhage  in  amputations  of  the  hip  (Davy). 

The  Abdominal  Walls. 

The  lateral  cutaneous  branches  of  the  lower  inter- 
costal nerves,  five  or  six  in  number,  supply  for  the  most 
part  the  skin  of  the  abdomen.  After  penetrating  the 
muscles  they  lie  beneath  the  fat,  and  divide  into  anterior, 
lateral,  and  posterior  branches.  The  largest  of  the  cu- 
taneous branches  is  that  given  off  by  the  twelfth  dorsal 
nerve,  which  is  found  near  the  iliac  crest.  The  first 
branch  from  the  lumbar  plexus,  the  ileo-hypogastric,  by 
its  iliac  branch  supplies  the  skin  over  the  highest  part 
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of  the  iliac  crest,  and,  by  its  hypogastric  branch  the 
surface  over  the  region  of  that  njime.  The  inguinal 
branch  of  the  ileo-inguinal  nerve  supplies  the  skin  on  the 
inner  side  of  the  groin,  as  well  as  that  upon  the  scrotum 
and  penis  in  the  male,  or  labia  in  the  female,  communi- 
cating with  the  inferior  pudendal  nerve.  Near  the  mid- 
dle line  of  the  abdomen  the  anterior  cutaneous  branches 
of  the  dorsal  nerves  make  their  appearance  through  the 
deep  structures. 

In  the  clinical  study  of  spinal  disease,  the  knowledge 
of  the  distribution  of  these  nerves  becomes  of  very  gl'eat 
importance.  One  of  the  earliest  symptoms  of  caries  of 
the  vertebral  column  is  an  ill-defined  superficial  pain  ex- 
tending around  the  trunk,  more  severely  felt  upon  one 
side  than  another,  taking  up  its  position  most  frequently 
upon  the  chest,  the  epigastric,  or  the  umbilical  region. 
Careful  mapping  out  of  the  painful  area  might  lead  to 
detection  of  the  exact  point  of  disease  in  the  spine.  In 
spinal-cord  affections  the  seat  of  the  lesion  may  be  dis- 
covered by  a  careful  study  of  cutaneous  reflexes.  Irri- 
tate the  skin  in  the  epigastrium,  a  dimpling  on  the  cor- 
responding side  of  the  region  is  the  common  result.  The 

mechanism  o  f 
the  reflex  act  is 
in  such  a  case 
perfect.  Persist- 
ent absence  of 
such  action 
points  to  disease 
mthe  dorsal  part 
of  tile  cord,  high 
up,  for  these  epi- 
gastric cutane- 
ous nerves  are 
derived  from  the 
fourth  to  the 
sixth  or  seventh 
dorsal  nerves. 
Similarly,  loss 
of  skin  reflex 
over  the  abdom- 
inal surface,  be- 
tween the  mar- 
gin of  the  ribs 
and  Poupart's 
ligament,  is  evi- 
dence in  favor 
of  a  lesion  lower 
down  in  the 
cord,  this  area 
being  supplied 
by  the  branches 
of  the  eighth  to 
the  twelfth  dor- 
sal nerves.  Gir- 
dle  sensations, 
when  felt  in  the 
line  of  distribu- 
tion of  the  abdominal  cutaneous  nerves,  similarly  in- 
dicate lesion  in  the  lower  half  of  the  dorsal  part  of  the 
cord  corresponding  externally  to  that  space  between  the 
upper  border  of  the  fifth  dorsal  spine  (seventh  dorsal 
nerve)  and  the  lower  border  of  the  tenth  dorsal  spine. 
"  Girdle  sensations  may  be  felt  at  different  levels,  the 
umbilicus  corresponding  with  the  tenth  dorsal  nerve, 
and  the  ensiform  area  with  the  sixth  or  seventh  dorsal 
nerve"  (Bastlan).  When  the  lumbar  part  of  the  cord  is 
involved  there  are  no  girdle  pains. 

The  blood-supply  of  the  skin  of  the  abdomen  is  derived 
from  the  intercostal  arteries  which  accompany  the 
nerves,  and  from  those  branches  of  the  femoral  which 
pass  from  below  upward — the  superior  external  pudic, 
the  superficial  epigastric,  and  the  superficial  circumflex 
iliac.  Superficial  branches  of  the  internal  mammary 
and  deep  epigastric  are  found  joining  these.  The  super- 
ficial abdominal  veins  correspond  in  extent  and  direction 
with  the  arteries  ;  they  appear  to  be  valveless,  inasmuch 
as  the  blood  seems  to  run  both  ways  in  them.  When 
enlarged  by  obstruction  of  the  vena  cava"  the  veins 


Fio.  17.— View  of  the  Anterior  DivisionB  ct  the 
Dorsal  aha  some  of  the  othor  Spinal  Nerves 
from  Before.  (From  Hursohfeld  and  L6veill6.) 
The  pectoralfs  major  and  minor  muscles  have 
heen  removed;  on  the  right  'side,  the  rectus 
abdominis  and  internal  oblique  muscles  are 
shown. 


transmit  the  blood  upward,  while  in  the  normal  con- 
dition of  parts,  the  direction  of  the  current  is  down- 
ward. 

There  are  no  lymphatic  glands  in  the  abdominal  wall. 
The  superficial  vessels  of  the  lower  part  of  the  trunk,  to- 
gether with  those  of  the  gluteal  region,  perineum,  and  gen- 
ital organs  empty  themselves  into  the  superficial  inguinal 
glands,  which  are  arranged  in  two  sets,  a  superior  set 
above  Poupart's  ligament,  an  inferior  or  vertical  set  be- 
low it.  The  former  are  ranged  in  a  line  parallel  to  the 
ligament,  the  latter  surround  the  saphenous  vein  and  re- 
ceive the  lymphatic  vessels  of  the  lower  limbs.  The 
superficial  lymphatics  of  the  upper  part  of  the  ab- 
dominal wall,  commencing  about  the  level  of  the  um- 
bilicus, ascend  to  the  lowest  glands  of  the  axillary  set, 
which  lie  upon  the  serratus  magnus,  near  the  long 
thoracic  artery  at  the  lower  border  of  the  pectoral 
muscle.  The  line  of  glands  upon  the  subscapular  ves- 
sels receive  the  lymphatics  of  the  back  of  the  abdomen. 

The  Abdominal  Fascia. — The  superficial  fascia  of 
the  abdomen  consists  of  two  layers  :  1.  A  subcutaneous 
layer  in  no  way  distinct  from  that  covering  the  body 
generally.  This  layer  contains  much  fat,  even  in  thin 
subjects.  3.  A  deep  layer,  which  in  many  anatomical 
and  surgical  works  is  spoken  of  as  the  superficial  fascia 
of  the  abdomen,  but  which  is  more  commonly  known  as 
Scarpa's  fascia.  This  fascia  contains  much  elastic  tissue, 
which  in  the  lower 
animals  is  highly 
developed,  form- 
ing the  tunica  ab- 
dominalis,  a  struc- 
ture which  aids  in 
the  support  of  the 
viscera.  Scarpa's 
fascia  lies  in  direct 
apposition  with 
the  aponeurosis  of 
the  external  ob- 
lique muscle  of  the 
abdomen,  to  which 
it  is  attached  by 
very  loose  connec- 
tive tissue  which 
would  easily  allow 
the  passage  of  pus. 
About  the  umbili- 
cus the  fascia  is 
adherent  to  the 
other  abdominal 
fasciae.  In  the 
middle  line  inf  eri- 
orly  it  gives  off 
that  fibro  -  elastic 
band,  theligamen- 
tum  suspensori- 
um,  and  becomes 
continuous  with 
the  superficial  fas- 
cia of  the  penis  as  well  as  with  the  dartos  of  the  scro- 
tum. On  the  front  of  the  groin  Scarpa's  fascia  descends 
over  Poui)art's  ligament,  and  becomes  attached  below 
to  thefascia  lata  of  the  thigh ;  at  the  external  abdomi- 
nal ring  it  becomes  prolonged  over  th6  cord  along 
with  the  subcutaneous  layer,  which,  as  it  approaches 
the  scrotum,  loses  its  fat.  The  united  layer  finally 
forms  the  musculo-fibrous  bag,  the  dartos  of  the  scro- 
tum. _  The  attachments  and  connections  of  this  fascia 
explain  the  course  taken  by  extravasated  urine  into  the 
perineal  tissues  beneath  the  deep  layer  of  the  superficial 
fascia  of  the  perineum.  The  membranous  is  the  part  of 
the  urethra  which  usually  gives  way,  the  urine  leaks 
between  the  layers  of  the  triangular  ligament,  where  the 
canal  is  weak  and  where  it  is  least  supported  by  neigh- 
boring structures.  The  extravasated  urine  afterward 
works  its  way  through  the  anterior  layer  of  the  tri- 
angular ligament  at  the  point  where  it  is  perforated  by 
the  urethra.  The  fluid  is  in  this  way  now  situated  be- 
tween the  deep  layers  of  the  superficial  perineal  fascia  ; 


Fia.  IS.— Superficial  Plan  of  the  Begion  of  the 
Groin.  (After  L6veill6.)  o,  &,  The  obliquus 
externus  and  its  aponeurosis,  which  latter,  at 
c,  crosses  the  fibres  of  its  fellow  of  the  other 
side,  and  at  d  forms  the  pillars  of  the  ring ; 
e,  spermatic  cord ;  /,  fir,  suspensoi-y  ligament 
of  the  penis ;  A,  crural  aroh ;  i,  fascia  lata ; 
J,  fascia  cribriformis ;  m,  superficial  epigastrio 
artery. 
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it  cannot  pass  into  the  ischio-rectal  fossa,  because  the 
triangular  ligament  winds  around  the  transversus  perinei 
muscle,  to  become  directly  continuous  with  the  deep 
layer  of  the  superficial  fascia ;  nor  can  it  run  down  the 
thighs,  because  these  two  layers  of  fascia  are  firmly  ad- 
herent to  the  ramus  of  the  ischium  and  pubes.  The  only 
path  left  for  the  urine  is  upward  into  the  scrotum,  for 
the  dartos  is  continuous  with  the  deep  layer  of  the  super- 
ficial perineal  fascia.  The  scrotal  and  penile  tissues 
are  now  Infiltrated.  The  leakage  increases.  Where 
next  ?  The  dartos  is  continuous  with  both  the  abdominal 
fasciae,  the  urine  passes  readily  under  them,  and  mounts 
up  on  the  surface  of  the  belly.  Why  does  not  gravity 
exert  its  influence  then,  and  allow  the  fluid  to  run  into 
the  thighs  ?  This  move  is  prevented  by  the  attachment 
of  Scarpa's  fascia  to  the  fascia  lata  just  below  Poupart's 
ligament. 

The  ABDOMiNAii  Mttscles. — The  tendinous  intersec- 
tions of  the  rectus  have  been  mentioned  as  being  in  some 
persons  perceptible  during  life.  The  most  constant  of 
these  inscriptions  are  one  at  the  umbilicus,  another  on  a 
level  with  the  tip  of  the  ensiform  appendix,  and  a  third 
immediately  between  the  first 
two.  The  rectus  is  a  polygas- 
tric  muscle,  each  intersection 
receiving  a  separate  nerve  sup- 
ply and  being,  under  certain 
circumstances,  capable  of  in- 
iependent  action.  Phantom 
tumors  are  found  In  the  rec- 
tus more  frequently  than  in 
any  other  muscles,  and  are 
very  difiicult  to  recognize. 
Abnormal  conditions  of  the 
nerve  supplying  one  segment 
of  the  muscle  will  develop  a 
tumor  which  is  "firm,  nearly 
hard,  constant  in  its  charac- 
ters and  place,  often  painful, 
and  distinctly  pulsating  like 
an  aneurism"  (Paget).  The 
sheath  of  the  rectus  is  formed 
by  the  aponeurosis  of  the 
neighboring  muscles.  Pos- 
teriorly the  sheath  is  deficient 
at  its  upper  end,  where  the 
muscle  is  in  contact  with  the 
cartilages  of  the  ribs,  and  infe- 
riorly  for  a  space  correspond- 
ing with  its  lower  fourth. 
These  surfaces  of  the  rectus 
which  are  devoid  of  covering 
are  penetrated  above  by  the 
internal  mammary,  and  below 
by  the  deep  epigastric  arteries. 
The  sheath  keeps  the  muscle 
in  its  place,  and  by  strength- 
ening the  abdominal  wall  pre- 
vents the  more  frequent  oc- 
currence of  hernia.  Possibly 
the  deficiency  of  the  sheath  at 
the  lower  fourth  of  the  muscle 
intensifies  its  expulsive  action 
upon  the  uterus  and  the  bladder.  Pus  at  times  forms  in, 
and  is  limited  by,  the  sheath  of  the  rectus.  In  the  re- 
duction of  a  knuckle  of  intestine  in  abdominal  wounds 
through  this  muscle,  the  surgeon  must  be  careful  lest 
he  push  the  gut  into  the  rectus  sheath,  and  so  defeat  the 
object  of  his  manipulations. 

The  External  AbdominaZ  Oblique  takes  the  direction  of 
the  external  Intercostals  of  the  thorax ;  it  arises  from 
the  outer  surface  of  the  eight  lower  ribs  by  serrations, 
four  or  five  of  which  interdigitate  with  the  serratus 
raagnus,  and  three  or  four  with  the  latissimus  dorsi. 
The  lowest  digitation  is  connected  with  the  cartilage  of 
the  twelfth  rib.  The  posterior  fibres,  almost  vertical, 
are  inserted  into  the  external  margin  of  the  crista  ilii  for 
about  the  anterior  half  of  its  length.  The  rest  of  the 
muscle  inclines  forward,  and  is  attached  to  the  whole 


Fio.  19.— Deep  Muscles  of  the 
Forepart  of  the  Trunk  and 
Shoulder.  (From  Quain.)  c, 
Symphysis  pubis;  /,  anterior 
superior  iliac  spine  ;  12,  origin 
of  the  serratus  magnus ;  13, 13, 
on  the  right  side,  the  rectus 
abdominis;  on  the  left  side, 
13',  13',  the  divided  ends  of 
the  same  muscle,  a  portion 
being  removed ;  14,  pyramida- 
lis  muscle  exposed  on  the  left, 
side ;  15,  on  the  right  side,  the 
internal  oblique  muscle;  15', 
origin  of  its  lower  fibres  from 
the  deep  surface  of  Poupart's 
ligament;  15",  conjoined  ten- 
don of  the  internal  oblique 
and  transversatis. 


length  of  Poupart's  ligament  below,  and  in  the  mid-line 
of  the  body  joins  with  its  fellow  of  the  opposite  side. 
The  posterior  border  of  the  external  oblique  is  free. 
At  its  lower  end  it  occasionally  forms,  with  the  iliac 
origin  of  the  latissimus  dorsi  and  the  ileum,  a  triangular 
space  known  as  the  triangle  of  Petit,  through  which 
lumbar  hernia  has  been  known  to  protrude.  The  apo- 
neurosis of  the  external  oblique  occupies  the  front  of  the 
abdomen  anterior  to  a  line  drawn  from  the  eighth  rib  to 
the  forepart  of  the  crest  of  the  ileum  ;  it  is  narrower  in 
the  middle  than  at  either  upper  or  lower  end,  and  joins 
the  linea  alba  along  the  middle  line  of  the  body.  The 
aponeurosis  is  thin  above,  and  is  continued  from  the 
surface  of  the  rectus  to  form  the  covering  of  the  pecto- 
ralis  major  and  the  ribs ;  as  it  descends  it  increases  in 
strength,  and  its  fibres  become  gathered  together  in  a 
firm  band  between  the  spine  of  the  pubes  and  the  iliac 
crest  forming  Poupart's  ligament.  The  aponeurosis 
splits  just  above  the  spine  to  allow  the  passage  of  the 
spermatic  cord.  The  external  abdominal  ring  will  be 
described  in  connection  with  the  groin. 

The  course  of  the  fibres  of  the  internal  oblique  is 
directly  the  reverse  of  those  of  the  external  oblique. 
Its  aponeurosis  lies  directly  on  the  transversalis  muscle, 
and  in  the  neighborhood  of  the  symphysis  pubis  is  not 
to  be  separated  from  it.  Between  the  internal  oblique 
and  the  transversalis  will  be  fourtd  the  lower  inter- 
costal, the  ileo-hypogastric,  and  ileo-inguinal  nerves,  as 
well  as  the  branches  of  the  circumflex  iliac  artery. 

The  Oremaiter,  a  suspensory  muscle,  consists  of  fibres 
continuous  with  those  of  the  lower  border  of  the  in- 
ternal oblique.  Externally  it  arises  from  Poupart's 
ligament  below,  and  in  part  beneath  the  internal  ob- 
lique. Internally  it  is  attached  to  the  front  of  the 
pubes,  rejoining  the  tendon  of  the  internal  oblique. 
Between  these  points  of  attachment  it  forms  loops 
which  descend  in  front  of  the  spermatic  cord,  and  of 
which  some  few  reach  the  level  of  the  testicle.  These 
looped  bundles  of  fibres  are  united  by  areolar  tissue,  so 
as  to  give  rise  to  a  covering  on  the  front  of  the  cord, 
the  cremasteric  fascia.  The  cremaster  Is  subject  to 
many  variations.  In  some  cases  but  a  few  fibres  are 
seen  descending  from  its  outer  attachment,  in  others  the 
muscle  not  only  lies  upon  the  cord,  but  behind  it  and 
upon  its  sides.  The  action  of  the  cremaster  is  to  raise  the 
testis.  The  muscle  is  supplied  by  the  genital  branch  of 
the  genito-crural  nerve,  whose  cutaneous  division  sup- 
plies the  skin  on  the  upper  part  of  the  thigh.  Irritation 
of  the  skin  in  this  region  ought  to'  be  followed  by  slow 
retraction  of  the  testis.  This  cremasteric  reflex  is  best 
seen  in  the  young.  Its  absence  is  a  point  in  the  evi- 
dence of  the  existence  of  disease  or  injury  of  the  cord 
above  the  first  and  second  lumbar  nerves.  The  pres- 
ence of  these  reflexes  (plantar,  cremasteric,  abdominal) 
is  proof  that  the  reflex  path  through  the  cord  is  not 
seriously  interrupted,  but  we  cannot  simply  infer  from 
their  absence  that  this  path  is  impaired.  The  reflex  ex- 
citability of  the  cord  varies  much  In  different  indi- 
viduals, is  always  greatest  in  early  life,  and  is  often 
lessened  in  the  old  (Gowers). 

The  fibres  of  the  transversalis  run  directly  backward 
and  forward.  Posteriorly  its  aponeurosis  Is  in  connec- 
tion above  with  the  lower  border  of  the  last  rib,  and 
with  the  lumbar  fascia,  the  strong  aponeurotic  envelope 
of  the  quadratus  lumborum  and  the  erector  spinse, 
which  is  attached  to  the  spines  of  the  transverse  pro- 
cesses and  sides  of  the  bodies  of  the  lumbar  vertebrse, 
and  below  to  the  ileo-lumbar  ligament.  The  transver- 
salis on  its  inner  surface  is  lined  by  the  transversalis 
fascia,  which  separates  it  from  the  peritoneum. 

The  abdominal  cavity  is  lined  by  the  transversalis 
fascia,  which  is_  thick  below,  but  as  it  approaches  and 
covers  the  diaphragm  it  becomes  thin.  At  the  outer 
part  of  Poupart's  ligament  it  is  attached  to  the  perios- 
teum of  the  crest  of  the  ileum  where  it  comes  into  con- 
tact with  the  iliac  fascia,  and  passes  below  Poupart's 
ligament  at  its  middle,  forming  the  anterior  part  of  the 
sheath  of  the  femoral  vessels  and  of  the  femoral  canal. 
Pus   beneath  the  transversalis  fascia   is  limited ;  the 
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outer  edge  of  the  psoas  prevents  its  going  backward ; 
the  attachments  below  of  the  fascia  to  the  bone  and 
Poupart's  ligament  prevent  its  passing  downward ; 
gravity  prevents  its  ascent.  Such  abscesses  most 
commonly  point  just  above  the  iliac  crest  or  Poupart's 
ligament.  It  must  be  remembered  that  the  transver- 
salis  fascia  furnishes  one  of  the  coverings  of  the  cord, 
so  that  pus  may  force  its  way  along  the  inguinal  canal 
and  cause  its  distention. 

If  the  reader  will  look  at  Fig.  20  he  will  perceive 
that,  in  front  of  the  quadratus  lumborum,  there  is  a 
strong  taacm— the  lumbar  fascia — continuous  externally 
with  the  origin  of  the  transversalis,  that  there  is  a  layer 
behind  the  muscle,  between  it  and  the  erector  spinsE, 
and  that  this  last  muscle  itself  derives  a  covering  from 
the  spine  of  the  lumbar  vertebrae.  For  purposes  of  de- 
scription the  lumbar  fascia  has  been  divided  into  three 
layers.  The  first  extends  over  the  anterior  surface  of 
the  quadratus  lumborum,  arising  from  the  root  of  the 
transverse  processes  of  the  lumbar  vertebrae,  and  is  con- 
tinuous at  the  outer  edge  of  the  quadratus  with  the 
origin  of  the  transversalis.  The  middle  layer  is  the  ten- 
don of- the  transversalis,  arising  from  the  tips  of  the 
transverse  processes  in  the  lumbar  region  ;  it  lies  be- 
tween the  quadratus  and  the  erector  spinae,  and  gives 
origin  to  the  posterior  apo- 
neurosis of  the  internal 
oblique.  The  posterior 
layer  is  attached  to  the 
spines  of  the  vertebrae, 
covers  the  posterior  sur- 
face of  the  erector  spinae, 
and  becomes  on  its  outer 
side  continuous  with  the 
middle  layer.  That  layer 
of  the  lumbar  fascia  which 
covers  the  anterior  surface 
of  the  quadratus  lumbo- 
rum gives  origin  to  the 
tendinous  margin  of  the 
diaphragm,  and  is  called 
the  ligameutum  arcuatum 
externum.  The  posterior 
layer  gives  origin  to  the 
latissimus  dorsi  and  serra- 
tus  posticus  inferior. 

LuMBAB  Abscess. — Ab- 
scess in  connection  with 
disease  of  the  vertebrae 
points  either  in  the  lum- 
bar region  (lumbar  ab- 
scess) or  in  the  groin  (psoas 


Fig.  21.  —Sketch  of  the  Human 
Embryo  of  the  Tenth  Week, 
showing  the  Coil  of  Intestine  in 
the  Umbilical  Cord.  (From 
Quain.)  The  amnion  and  vil- 
lous chorion  have  been  opened, 
and  the  embryo  drawn  aside 
from  them.  The  vitello-intes- 
tinal  duct  with  the  omphalo- 
mesenteric vessels  are  seen  pro- 
jectmg  into  the  rudimentary 
umbilical  cord. 


Fia.  '20. — Section  throuRh  the  Intervertebral  Disk,  between  the  Third  and 
Fourth  Lumbar  Vertebrffl.     (Dwight.) 


The  course  of  pus  in  lumbar  abscess  is  deter- 
mined by  the  arrangement  of  the  fasciae  and  muscles  at 
the  back  of  the  abdomen.  Its  common  course  is  out- 
ward, separating  the  erector  spinae  from  the  quadratus, 
or  perforating  the  latter  and  reaching  a  point  beyond  the 
margin  of  the  erector.  Here,  covered  in  by  the  lumbar 
aponeurosis,  it  may  form  a  considerable  swelling  in  the 
flanks,  or,  working  its  way  into  the  origins  of  the  abdo- 
minal muscles,  slip  between  them  and  point  upon  the 
groin  above  Poupart's  ligament ;  the  pus  being  guided 
along  the  course  of  the  nerves.  The  twelfth  dorsal 
nerve  and  the  first  lumbar  artery,  after  crossing  in  front 
of  the  quadratus  at  its  outer  edge,  perforate  the  posterior 
aponeurosis  of  the  transversalis,  and  enable  the  pus  to 
reach  a  point  between  the  latissimus  dorsi  and  the  exter- 
nal oblique.  The  ilio-hypogastric  nerve  takes  a  similar 
course.  , 

Psoas  Abscess. — The  anterior  lamella  of  the  fascia 
lumborum  lies  in  front  of  the  quadratus,  and  at  its 
outer  edge  forms  the  origin  of  the  transversalis  abdom- 
inis. The  psoas  muscle  lies  to  the  innpr  side  of  the 
quadratus ;  its  fascia  is  a  distinctly  enclosing  sheath, 
which  below  is  continuous  with  the  iliac  fascia,  and 
both  pass  under  Poupart's  ligament.  When  abscess 
forms  in  the  neighborhood  of  the  spinal  column,  espe- 
cially in  the  lumbar  region,  it  usually  collects  under 
this  sheath,  in  many  cases  occupying  it,  splitting  up  and 


absorbing  the  psoas,  and  passing  downward  beneath 
Poupart's  ligament,  so  as  to  point  in  the  groin,  usually 
to  the  outer  side  of  the  vessels.  In  other  words,  a  psoas 
abscess  follows  the  course  of  the  anterior  crural  nerve, 
which  lies  in  the  structure  of 
the  psoas  muscle.  The  psoas 
fascia  is  continuous  with  that 
covering  the  iliacus,  the  lat- 
ter passing  over  the  muscle 
beneath  Poupart's  ligament, 
to  form  the  posterior  layer  of 
the  sheath  of  the  femoral  ves- 
sels. It  should  be  noted  that 
the  common  and  external 
iliac  vessels  are  above  the 
iliac  fascia,  and  rest  upon  its 
abdominal  surface,  while  the 
anterior  crural  and  other  ab- 
dominal nerves  are  situated 
within  the  fascia. 

The  Umbilical   Ring.— 
The   umbilical   ring    is  the 
opening  through   which  in 
embryonic  life  communica- 
tion was  kept  up  between  the  uterus  and  the  foetus.    At 

that  period  there  passed 
through  it  the  omphalo- 
mesenteric duct,  the  om- 
phalo-mesenteric  vessels, 
the  tubular  communica- 
tion of  the  bladder  with 
the  allantois,  called  the 
uraohus,  the  umbilical  ar- 
teries and  veins.  The  om- 
phalo-mesenteric  duct  was 
once  wide,  and  at  about 
the  third  month  of  utero- 
gestation  contained  a  coil 
of  the  small  intestine. 
Thus,  as  a  matter  of  fact, 
umbilical  hernia  was  at 
that  period  of  life  a  nor- 
mal condition.  The  in- 
complete shrinking  of  the 
canal  allows  this  form  of 
rupture  to  take  place,  and 
accounts  for  the  fact  that 
it  is  in  the  vast  majority 
of  cases  congenital.  Ac- 
quired umbilical  hernia 
occurs  most  commonly  in 
very  stout  persons  or  in 
those  women  who  have  borne  many  children,  owing 
to  the  stretching  to  which  the  linea  alba  has  been 
subjected.  In  such  cases  protrusion  of  the  omentum 
nearly  always  occurs,  either  through  the  ring  itself  or 
through  the  abdominal  wall  in  the  immediate  neighbor- 
hood of  it.  A  congenital  umbilical  hernia  usually  dis- 
appears as  the  child  grows,  but  acquired  ruptures  of  this 
kind  are  sometimes  very  large  and  frequently  irreduci- 
ble. The  coverings  of  an  umbilical  hernia  consist  merely 
of  skin  and  expanded  linea  alba.  The  peritoneum  of  the 
hernial  sac  is  very  thin,  and  tends,  especially  in  a  case  of 
long  standing,  to  be  firmly  adherent  to  the  hernial  open- 
ing, so  that  in  herniotomy  it  must  of  necessity  be  opened. 
In  certain  cases  the  omphalo-mesenteric  duct  is  closed  in 
but  part  of  its  extent.  The  intestinal  end  of  the  duct 
remains  wide,  forming  the  diverticulum  of  Meckel,  but 
in  rarer  cases  the  extremity  of  the  diverticulum  is  con- 
nected with  the  umbilicus.  Cases  are  on  record  of  the 
passage  of  faeces  from  the  navel,  as  well  as  of  bile  and 
even  gall-stones. 

Incomplete  obliteration  of  the  urachus  accounts  for 
those  cases  in  which  urine  passes  from  the  bladder 
through  the  umbilical  ring.  An  exaggeration  of  this 
condition  constitutes  what  is  known  as  extroversion  of 
the  bladder.  The  abdominal  wall  from  the  navel  to  the 
pubes  is  deficient ;  the  posterior  wall  of  the  bladder 
with  the  opening  of  the  ureters  becomes  visible,  being 
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pvessed  outward  by  the  weight  of  the  superincumbent 
intestines. 

B.  i.  MacBonnell. 

1  Lectures  on  the  Principles  and  Practice  of  Surgery,  by  Sir  Astley 
Cooper.    London,  1830. 

2  London  Lancet,  March  l."!,  1884. 

8  See  case  reported  by  Mr.  Monllin.    Lancet,  vol.  i.,  1884. 

ABDOMEN,  Wounds  and  Contusions  of. — Injuries 
to  the  abdomen  will  in  this  article  be  considered  under 
the  heads  of :  1.  Contusions  of  the  abdominal  parletes. 
2.  Injuries  to  the  viscera.  3.  Superficial  wounds  of  the 
parietes  (without  penetration  into  the  peritoneal  cavity). 
4.  Wounds  opening  into  the  peritoneal  cavity.  5.  Wounds 
opening  into  the  peritoneal  cavity,  with  protrusion  of 
viscera. 

1.  Contusions  of  the  abdominal  parietes  may  be  caused 
by  blows,  kicks,  falls  against  protruding  bodies,  or  .by 
heavy  bodies  falling  upon  or  passing  over  the  abdomen, 
or  by  spent  balls  or  bullets.  With  regard  to  such  con- 
tusions, even  though  apparently  slight,  we  must  be  care- 
ful in  treatment  and  guarded  in  prognosis.  Leaving  out 
of  consideration  for  the  present  all  danger  of  visceral 
complication,  we  cannot  always  measure  the  amount  of 
injury  to  the  deeper  tissues  of  the  abdominal  walls  and 
their  peritoneal  lining.  We  may  have  extensive  extrava- 
sation of  blood  between  the  layers,  or  such  laceration  of 
the  muscular  or  other  tissues  as  to  give  rise  to  trouble- 
some sloughing  or  burrowing.  We  may  have  peritoni- 
tis, arising  either  from  primary  injury  to  the  peritoneum 
itself,  or  by  extension  from  superjacent  tissues.  If  ex- 
travasation is  great,  and  especially  if  it  is  at  the  same 
time  circumscribed,  we  shall  have  fluctuation ;  but  we 
may  have  blood  in  broad,  thin  layers,  which  will  not 
give  this  sensation.  We  should  also  observe  whether 
there  is  any  depression  indicative  of  division  of  muscle. 
If  we  find  either  of  the  above  conditions  well  marked, 
it  may  be  necessary  to  resort  to  such  operative  procedure 
as  shall  bring  them  under  the  next  class  of  injuries, 
where  they  will  be  further  considered. 

In  the  treatment  of  injuries  of  the  abdomen  the  fol- 
lowing general  indications  are  presented  :  To  procure 
absolute  rest,  both  mechanical  and  physiological ;  the 
arrest  of  haemorrhage ;  the  evacuation  of  pus  and  other 
morbid  products ;  the  derivation  of  blood  by  counter- 
irritation  ;  to  combat  collapse  and  exhaustion.  By  at 
once  securing  absolute  rest  in  the  recumbent  posture,  we 
shall  lessen  the  tendency  to  extravasation,  promote  the 
repair  of  the  lacerated  tissues  and  their  restoration  to 
vitality,  and  diminish  subsequent  inflammatory  action. 
Freedom  from  pain  and  physiological  rest  may,  if  neces- 
sary, be  induced  by  opium  (gr.  j.  to  ij.  every  three  or 
four  hours),  or  morphia  may  be  given  hypodermically. 
Minute  doses  of  atropine  are  often  added,  to  check 
vomiting  ;  to  prevent  collapse,  ammonia  and  other  stim- 
ulants may  be  administered. 

If  there  is  reason  to  suspect  slow  extravasation,  cold 
may  be  applied  for  a  short  time,  but  we  must  be  careful 
not  to  lessen  too  much  the  vitality  of  the  tissues  ;  and  it 
must  bo  borne  in  mind  that  very  hot  applications  are 
also  of  great  service  in  the  arrest  of  haemorrhage.  By 
some  it  has  been  recommended  to  make  gentle  pressure 
by  means  of  a  bandage  and  a  broad  compress  of  cotton 
batting,  or  other  light  material ;  this  may  be  of  service 
both  in  arresting  haemorrhage  and  securing  rest,  but  it 
must  be  moderate. 

A  rather  novel  expedient  has  been  resorted  to  by  some 
practitioners,  that  of  imprisoning  blood  in  the  arms  and 
legs  by  means  of  elastic  bands,  so  applied  as  to  retard 
the  return  of  venous  blood  from  them  to  the  trunk,  the 
object  being  to  lessen  the  amount  of  blood  in  haemor- 
rhage and  in  congestion  or  inflammatory  action.  The 
trial  of  this  contrivance  has  not  been  suflBciently  exten- 
sive to  warrant  any  positive  conclusion  regarding  it. 
Haemostatics  may  also  be  given,  care  being  taken  not 
to  induce  vomiting.  As  it  is  of  importance  to  secure 
prompt  haemostasis,  one  large  dose  of  acetate  of  lead,  say 
thirty  to  sixty  grains,  may  be  given,  followed  by  ergot, 
gallic  or  sulphuric  acid,  or  hamamelis,  in  repeated  doses. 


After  haemorrhage  has  ceased,  collections  of  fluid  blood 
may  with  advantage  be  removed  by  the  aspirator. 

Should  peritonitis  supervene,  we  shall  generally  have 
increased  and  deep-seated  pain,  aggravated  by  continu- 
ous steady  pressure,  or  by  extension  and  flexion  of  the 
thighs ;  anxious,  pinched  countenance ;  tympanites  ; 
dry,  brown  tongue ;  high  temperature ;  quick,  wiry 
pulse,  and  vomiting.  Although  it  is  always  understood 
that  some  of  the  symptoms  of  a  given  disease  will  at 
times  be  absent,  yet  we  are  so  accustomed  to  look  for 
high  temperature  in  peritonitis  that  it  may  be  worth 
while  to  remark  here  that  cases  will  occasionally  occur, 
and  proceed  to  a  fatal  termination,  with  sub-normal  tem- 
perature ;  it  is  in  cases  of  traumatic  peritonitis  (with 
their  severe  shock)  that  this  is  most  apt  to  occur.  On 
the  occurrence  of  peritonitis,  the  first  of  the  indications 
stated  above  is  instinctively  acted  upon,  the  abdomen 
being  tense,  the  breathing  thoracic,  and  the  legs  drawn 
up  to  avoid  pressure.  It  is  well  that  greater  rest  be 
secured  at  times  by  placing  pillows  or  other  supports 
under  the  patient's  knees,  relieving  the  muscles  of  the 
thighs  and  legs.  Opium  has  often  been  characterized  as 
the  "sheet  anchor"  in  the  treatment  of  peritonitis;  and 
the  expression  is  so  apt  that  we  may  be  pardoned  for  re- 
peating it  here.  It  should  be  administered  freely  in  the 
forms  before  indicated  ;  to  it  are  sometimes  added  at  the 
outset  small  doses  of  calomel,  say  one  grain  ;  besides, 
atropine,  bismuth,  and  cerium  are  often  given  to  control 
vomiting ;  later  on,  turpentine  may  be  of  service,  espe- 
cially if  there  is  much  tympanites,  and  we  are  sure  that 
there  is  no  wound  of  the  stomach  or  intestines.  In  the 
early  stage  of  traumatic  peritonitis,  if  there  has  not  been 
much  haemorrhage,  cardiac  sedatives  may  be  given.  Gen- 
eral bleeding  has  not  now  many  advocates  ;  but,  if  used 
at  all,  it  would  be  in  cases  of  the  character  just  described, 
and  in  such  cases,  too,  leeches  may  be  applied  to  the 
abdomen. 

Counter-irritants  and  hot  fomentations  should  be  con- 
stantly applied.  A  good  and  very  common  mode  of 
fomentation  is  to  have  two  bags,  which  will  cover  the 
abdomen  and  hang  slightly  over  the  hips  ;  they  should 
hold  a  layer  of  bran  or  hops  about  four  inches  thick,  and 
should  be  heated  alternately  in  a  steamer  the  lid  of 
which  is  not  completely  closed  down.  When  pain  is 
subdued,  they  may  be  replaced  by  poultices  or  a  layer  of 
cotton  batting.  Some  of  these  applications  should  be 
kept  on  until  pain  has  been  entirely  absent  for  some 
days,  it  being  borne  in  mind  that  peritonitis,  whether 
acute  or  sub-acute,  is  very  treacherous.  (For  fuller  re- 
marks on  peritonitis  and  its  treatment,  the  reader  is  re- 
ferred to  the  article  on  that  subject.) 

To  return  to  the  consideration  of  the  tissues  of  the 
abdominal  walls :  if  there  is  subsequently  any  indication 
that  suppuration  is  about  to  take  place,  light  emollient 
poultices  should  be  applied,  and  we  should  watch  care- 
fully for  the  formation  of  pus  and  secure  its  evacuar 
tion.  If  we  consider  the  nature  and  relations  of  the 
tissues  of  the  abdominal  parietes,  we  will  see  how 
careful  we  must  be  to  prevent  burrowing  of  matter 
or  absorption  of  septic  material.  The  various  details 
of  diagnosis,  exploration  and  evacuation  of  pus,  drain- 
age, and  aseptic  irrigation  usual  in  the  treatment  of 
suppurating  wounds  in  general  must  be  here  employed. 
(See  article  on  Wounds.)  Attention  must  also  be 
paid  to  constitutional  treatment :  the  patient  must  be 
sustained  by  tonics  and  good  nourishment,  and  care 
must  also  be  given  to  the  eliminative  organs  and  to 
the  sanitary  surroundings.  (See  Air,  Ventilation,  Bath- 
ing, etc.) 

In  "  Holmes's  Surgery,"  Mr.  George  Pollock,  Sur- 
geon to  St.  George's  Hospital,  discusses  at  length  the 
popular  belief  in  sudden  deaths  arising  from  blows 
on  the  abdomen,  and  especially  on  the  epigastrium, 
without .  organic    lesion :    death    from    such    blows    is 

fenerally  attributed  to  the  shock  to  the  solar  plexus, 
[r.  Pollock  expresses  himself  as  being  very  sceptical 
as  to  whether  such  deaths  do  occur  without  some  or- 
ganic injury,  and  is  very  certain  that  they  are  at  least 
very  rare  occurrences. 
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2.  Contusions  and  ruptures  of  abdominal  viscera  may 
result  from  the  same  causes  as  contusions  of  the  ab- 
dominal parietes.  Mr.  Erichsen  applies  the  name  of 
"  bufEer  accidents"  to  a  class  of  cases  occurring  in  rail- 
way employes  caught  between  approaching  cars.  Occar 
sionally  such  injuries  are  produced  by  causes  other  than 
external  violence  ;  rupture  of  the  gall-bladder  from  gall- 
stones is  a  common  occurrence,  and  the  writer  has  in 
his  possession  a  liver  with  an  extensive  laceration  from 
this  cause.  In  this  case  death  resulted  from  peritonitis  ; 
large  quantities  of  blood  and  small  calculi  were  found 
scattered  throughout  the  abdomen,  two  very  large  cal- 
culi being  embedded  in  the  liver.  Other  examples  are 
rupture  of  the  bladder  from  retention  of  urine  ;  and 
perforation  of  the  stomach  and  intestines  from  ulcera- 
tion. There  is  also  in  the  Museum  of  the  Toronto 
School  of  Medicine  the  spleen  of  an  elderly  woman  in 
which  the  cause  of  rupture  is  said  to  have  been  fright 
from  the  occurrence  of  a  fire  in  close  proximity  to  the 
woman's  residence. 

Rupture  of  the  gall-bladder  or  of  the  ductus  commu- 
nis choledochus  is  almost  invariably  fatal.  The  symp- 
toms are  great  pain  in  the  immediate  neighborhood, 
anxiety,  and  rapid  collapse. 

Rupture  of  either  the  liver  or  spleen  alone  is  not  neces- 
sarily attended  with  much  pain.  If  the  wound  is  slight  it 
may  heal  without  the  occurrence  of  grave  symptoms  ■;  if 
extensive  we  are  very  likely  to  have  f  aintness  and  collapse 
from  loss  of  blood  and  from  the  injury  to  the  peri- 
toneum ;  and  if  the  patient  survive  this  stage  we  will 
subsequently  have  from  the  same  causes  violent  peri- 
tonitis with  the  symptoms  before  described.  Injuries  to 
the  spleen  are  also  apt  to  be  followed  by  secondary  mis- 
chief. It  will  be  understood  that  in  the  remarks  made 
regarding  the  course  of  these  injuries,  they  are  spoken 
of  without  reference  to  any  modifying  influence  from 
their  being  accompanied  by  corresponding  wounds  iu 
the  abdominal  parietes. 

Rupture  of  the  stomach,  if  in  a  healthy  condition,  is 
of  rare  occurrence.  The  size  of  the  wound  will  be 
modified  by  the  amount  of  food  in  the  stomach  at  the 
time  of  the  accident.  Vomiting  of  blood  generally 
occurs,  but  not  invariably.  The  injury  causes  deatid 
either  from  haemorrhage  or  from  the  escaping  contents 
causing  fatal  peritonitis.  Cases  are  on  record  in  which 
post-mortem  examination  has  revealed  the  fact  that  rupt- 
ure had  taken  place  between  the  lines  of  attachment  of 
the  layers  of  the  omentum,  death  having  been  delayed 
for  some  time  and  having  finally  resulted  from  the  forma- 
tion of  pus,  which  found  its  way  by  ulceration,  in  some 
cases  into  the  peritoneal  cavity,  causing  great  distress 
and  rapid  collapse,  and  in  others  forming  a  gastric  fistula 
discharging  externally  through  the  abdominal  walls. 

Wounds  of  the  intestines  are  the  most  common  fatal 
lesions  of  abdominal  viscera  met  with,  and  will  form 
the  subject  of  a  separate  article. 

In  wounds  of  the  kidneys  the  consequences  and 
symptoms  will  vary  with  the  position  and  extent  of  the 
wound.  In  all  cases  we  may  have  profuse  haemorrhage 
and  troublesome  vomiting.  If  the  anterior  portion  be 
injured  and  the  peritoneum  ruptured,  the  passage  of  urine 
into  the  cavity  of  the  latter  will  cause  severe  peritoneal 
symptoms ;  if  the  posterior  portion,  we  shall  have  ex- 
travasation of  the  urine  into  the  cellular  tissue,  followed 
by  extensive  suppuration.  Bloody  urine  will  be  a  pretty 
constant  symptom. 

Rupture  of  the  bladder  will,  similarly  to  wounds  of 
the  kidneys,  give  rise  to  different  results  according  as 
it  occurs  above  or  below  the  line  of  peritoneal  reflection./ 

Emphysema  sometimes  occurs  from  flatus  finding  its 
way  through  a  rent  both  in  the  inner  surface  of  the  ab- 
dominal wall  and  some  portion  of  the  alimentary  canal. 

In  addition  to  the  general  indications  of  treatment 
mentioned  in  the  early  portion  of  this  article  as  ap- 
plicable to  all  injuries  of  the  abdomen,  there  is  one 
which  is  common  to  wounds  of  the  viscera,  namely, 
to  check  the  passage  of  the  secretions  and  contents 
of  the  viscera  into  the  abdominal  cavity,  and  to  di- 
vert them  out  of  the  body  by  natural  or  artificial  chan- 
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nels.  Pull  doses  of  opium,  hsemostatics,  and  the  othel 
remedial  measures  and  precautions  before  referred  to 
will  assist  us  in  the  first-named  direction.  Opinion 
does  not  yet  seem  to  warrant  us  in  ordinary  practice  to 
open  the  abdominal  cavity  ior  exploratory  purposes, 
even  with  the  hope  of  remedying  conditions  which  we 
have  every  reason  to  believe  will  otherwise  end  in  death. 
The  following  procedures  are,  however,  commonly  re- 
sorted to  when  occasion  arises  :  free  incisions  into  the 
cellular  and  muscular  tissues  in  the  region  of  the  kid- 
neys and  bladder,  and  into  the  abdominal  walls  to  get 
rid  of  extravasated  urine,  pus,  or  other  irritating  ma 
terials.  We  must  be  careful  in  making  these  not  to 
wound  the  epigastric  artery  or  other  blood-vessels  of 
any  size.  Incision  of  the  lower  part  of  the  abdominal 
cavity  has  been  resorted  to  by  several  surgeons  to  allow 
of  the  escape ,  of  urine  in  cases  of  rupture  of  the 
bladder.  This  has  sometimes  been  effected  by  an  in- 
cision below  Poupart's  ligament.  By  some,  among 
whom  may  be  mentioned  Vincent  and  Slee,  more  ex- 
tended incisions  have  been  fecommended,  for  the  pur- 
pose of  exposing  the  bladder,  removing  extravasated 
blood  and  urine,  cleansing  the  pelvic  and  abdominal 
cavities,  removing  any  foreign  body  which  may  be  in 
them  or  in  the  bladder,  and  uniting  by  suture  any 
rent  that  may  be  in  the  latter.  In  the  last-named  step 
the  edge  of  the  wound  must  be  turned  in,  bringing  the 
peritoneal  surfaces  in  contact,  and  close  sutures  used, 
as  in  wounds  of  the  intestines  (g.  «.).  In  wounds 
both  of  the  kidneys  and  bladder  a  catheter,  frequently 
changed  or  cleansed,  must  be  kept  constantly  in  the 
bladder  for  two  weeks  or  more,  and  for  some  weeks 
longer  frequent  catheterization  must  be  practised. 

3.  In  wounds  of  the  abdominal  parietes  not  entering 
the  abdomen  it  will  be  evident,  from  considerations  simi- 
lar to  those  already  made,  that  it  is  of  the  utmost  im- 
portance to  arrest  all  haemorrhage  before  closing  the 
wound.  After  carefully  cleansing  it  and  removing  all 
foreign  material,  the  mouths  of  bleeding  vessels  must 
be  found,  and  closed  by  torsion  or  ligatioh.  If  neces- 
sary, hot  water  may  be  applied  to  the  bleeding  surface  : 
all  oozing  must  be  stopped.  If  any  muscles  have  been 
divided  they  must  be  reunited  by  suture ;  this,  not  only 
for  securing  muscular  action,  but  so  that  the  weakened 
abdominal  wall  may  not  allow  of  hernial  protrusion. 
In  any  case  the  wound  must  be  brought  together  by 
sutures  extending  to  the  deepest  portion  of  it ;  the 
quilled  suture  answers  well.  A  compress  and  bandage 
may  then  be  applied ;  carbolized  cotton  answers  well  for 
the  compress.  It  may  be  necessary  to  flex  the  thighs  by 
supporting  them  with,  pillows,  so  as  to  relieve  the  wound 
of  tension.  Precautions  as  to  rest,  position,  and  other 
points  mentioned  when  speaking  of  contusions,  must 
not  be  overlooked. 

4.  In  wounds  opening  into  the  peritoneal  cavity  our 
first  care,  after  hsBmorrhage  has  been  arrested  and  the 
wound  cleansed,  should  be  to  determine,  as  far  as  prac- 
ticable, and  as  far  as  circumstances  seem  to  require, 
whether  there  has  been  any  lesion  to  the  viscera.  The 
extent,  position,  and  character  of  the  wound,  and.  the 
thickness  of  the  abdominal  wall,  may  be  such  that  wo 
are  enabled  readily  to  determine  whether  or  not  such 
lesion  exists.  The  nature  of  the  wound  and  of  its  pro- 
ducing cause  may  do  us  the  same  service,  or  we  may 
have  protrusion  of  the  viscera,  so  that  they  may  bo 
readily  examined.  The  question  may  have  been  deter- 
mined in  the  afflrmfltive  by  the  escape  from  the  wound 
of  feculent  matter,  of  food— partly  digested  it  may  be— 
of  bile  or  of  urine,  or  there  may  be  haemorrhage  from 
within  the  cavity  ;  and  it  is  well  that  the  patient  should 
be  so  turned  for  a  time  that  the  wound  may  be  in  a  de- 
pendent position,  so  as  to  allow  of  the  escape  of  any  of 
the  above-named  fluids.  The  duty  of  the  surgeon  is 
clear  under  each  of  the  conditions  above  alluded  to,  and 
will  be  described  presently. 

But  supposing  that  they  do  not  exist,  and  that  there  is 
reason  to  suspect  that  there  may  be  injury  to  the  viscera 
or  to  some  blood-vessel  in  the  abdominal  cavity.  What 
is  then  the  proper  course  ?    In  the  days  when  men  ap- 
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plauded  the  saying,  "Abdominal  surgery  is  abominable 
surgery,"  the  maxim  of  giving  the  poor  unfortunate  "  the 
benefit  of  the  doubt "  was  thought  to  be  best  carried  out 
by  leaving  the  doubt  unsolved.  But  as  the  statistics  of 
each  succeeding  year  show  a  great  increase  in  the  per- 
centage of  recoveries  from  operations  on  the  abdomen, 
and  a  great  increase  in  the  number  and  extent  of  such 
operations,  the  opinion  is  now  becoming  prevalent  that 
there  is  less  risk  in  doing  what  is  necessary  for  a  proper 
exploration  and  cleansing  of  the  abdominal  cavity  than 
there  is  in  closing  that  cavity,  while  we  are  not  certain 
but  that  we  are  leaving  a  ruptured  viscus  or  blood-vessel 
to  discharge  its  contents  into  it,  and  produce  results  de- 
scribed when  speaking  of  rupture  of  viscera.  If  there  is 
grave  reason  to  suspect  the  existence  of  such  a  condition, 
and  we  cannot  otherwise  come  to  a  determination,  it 
will  be  desirable  to  administer  an  anaesthetic,  enlarge  the 
wound  or  make  another  in  some  suitable  position,  and 
examine  carefully  the  viscera  in  the  track  of  the  wound 
and  its  neighborhood.  In  undertaking  such  an  explora- 
tion, the  air  of  the  room  should  be  made  warm  and 
moist.  The  pouring  out  of  hot  water  in  pans  will  be  of 
assistance  in  rapidly  providing  the  heat  and  moisture. 
The  desirability  of  this  mode  of  procedure  must  be  very 
apparent  when  we  consider  the  serious  consequences 
which  may  result  from  overlooking  such  an  injury ;  and 
the  progress,  experience,  and  results  in  abdominal  sur- 
gery in  recent  years  justify  such  a  proceeding. 

If  there  be  any  discharge  of  blood  or  feculent  matter, 
we  must  not  abandon  our  search  until  we  have  found 
the  seat  of  rupture  in  the  alimentary  canal,  when  it  must 
be  treated  in  the  manner  to  be  described  in  the  article  on 
Wounds  of  the  Intestines.  The  course  to  be  pursued, 
if  there  be  discharge  of  the  urine,  has  already  been  re- 
ferred to.  If  there  be  any  haemorrhage,  we  must  search 
for  its  source  and  ligate  with  antiseptic  ligature  any 
bleeding  vessel.  The  cavity  of  the  abdomen  must  be 
cleansed  by  irrigation  and  the  use  of  sponges,  absolutely 
clean,  freed  from  sand  or  other  extraneous  material,  and 
rendered  antiseptic.  The  irrigation  will  be  with  water 
raised  to  such  a  temperature  that  it  will  be  of  blood-heat 
when  discharged  into  the  abdominal  cavity ;  this  will 
be  best  efiEected  by  the  nozzle  of  a  syringe  passed  into  the 
most  dependent  portions  of  the  cavity,  the  fluid  welling 
up  and  escaping  from  the  wound.  It  is  by  some  pro- 
posed to  add  a  little  table-salt  and  white  of  egg  to  the 
water,  by  others  to  add  a  disinfectant ;  if  the  latter,  then 
the  solution  should  be  very  weak,  as  any  portion  left  is 
liable  to  be  absorbed.  The  writer  has  seen  alarming 
symptoms  from  a  small  quantity  of  solution  of  carbolic 
acid  retained  in  the  meshes  of  cellular  tissue  in  a  wound. 
All  blood  and  other  extraneous  material  having  been  re- 
moved, the  wound  must  be  closed.  The  only  additional 
point  to  be  noted  here  is,  that  the  sutures  should  pass 
through  the  abdominal  wall,  piercing  the  peritoneum, 
say  a  quarter  of  an  inch  from  the  inner  lips  of  the 
wound,  and  these  lips  being  everted  so  that  peritoneum 
shall  be  apposed  to  peritoneum ;  otherwise,  instead  of  a 
smooth  peritoneal  surface  presenting  inward,  there  will 
be  the  roughened  edge  of  other  and  wounded  tissues : 
the  rule  is  the  opposite  of  that  to  be  observed  for  union 
in  a  mucous  or  integumentary  surface.  The  same  pre- 
cautions are  now  to  be  observed  as  in  the  previous 
classes  of  injuries  of  the  abdomen. 

5.  The  viscera  most  commonly  extruded  from  abdom- 
inal wounds  are  intestine  and  omentum  ;  sometimes  stom- 
ach, liver,  or  spleen.  The  extruded  viscera  must  be  care- 
fully examined,  any  wounds  in  them  treated  as  already 
described,  foreign  substance  adhering  to  them  carefully 
washed  away,  bleeding  arrested,  the  viscera  returned,  and 
the  cavity  cleansed  and  closed  as  before.  If,  however, 
any  portions  of  the  viscera  are  so  bruised,  lacerated, 
or  strangulated  that  they  will  become  gangrenous,  they 
must  not  be  returned.  If  the  intestine  is  in  such  a 
condition,  an  artificial  anus  may  be  formed.  (See  Wounds 
of  Intestine.)  In  the  case  of  a  stomach  in  a  similar 
condition,  if  anything  at  all  is  done,  the  formation 
of  a  gastric  fistula  may  be  attempted  by  sewing  the 
margins  of   the  wound   in  the  stomach  to  those   of 


the  external  wound,  peritoneum  being  apposed  to  peri- 
toneum. The  case  of  Alexis  St.  Martin  is  too  well 
known  to  be  here  more  than  alluded  to.  In  all  cases 
where  the  stomach  is  known  to  have  been  injured  we 
should,  while  giving  it  rest,  keep  up  the  patient's  strength 
by  nutrient  enemata. 

Cases  are  on  record  where  portions  of  liver  and  spleen, 
and  even  the  whole  spleen,  have  been  removed,  and  re- 
covery has  taken  place. 

Portions  of  injured  omentum  are  frequently  removed 
without  ill  result,  and  if  there  is  any  doubt  about  the 
vitality  of  any  such  portion,  it  should  certainly  be  ex- 
cised, the  omentum  being  firmly  ligated  on  the  proximal 
side  of  the  injured  portion,  either  by  a  single  ligature  or 
by  a  double  one  passed  through  the  substance  of  it,  the 
halves  being  ligated  separately.  Some  surgeons  use 
whip-cord,  and  leave  the  stump  in  the  wound  ;  but  the 
preferable  way  is  to  use  stout  carbolized  catgut,  and  re- 
turn the  stump  into  the  abdomen. 

In  returning  the  viscera  the  part  last  protruded  must 
be  returned  first,  and  so  on,  little  by  little,  until  the 
whole  mass  suddenly  slips  in.  It  is  sometimes  necessary 
to  enlarge  the  opening  slightly  or  divide  constricting 
bands.  This  must  be  done  carefully,  as  in  operations 
for  hernia.  If  the  intestines  or  stomach  be  much  dis- 
tended with  flatus  an  aspirating  needle  may  be  used. 
Viscera  should  not  be  exposed  longer  than  is  absolutely 
necessary ;  and,  if  any  delay  occur,  they  should  be  cov- 
ered by  cloths  dipped  out  of  warm  water.  The  same  is 
true  of  exposure  of  the  abdominal  cavity  itself. 

While  there  are  such  differences  of  opinion  as  to  the 
necessity  for  carbolic  spray  in  abdominal  surgery  as  are 
exhibited  in  the  views  of  Mr.  Lawson  Tait  and  Professor 
Lister,  for  example,  it  is  needless  to  say  that  no  delay 
should  he  incurred  in  waiting  to  arrange  for  it ;  but  the 
abdominal  wound  should  be  closed  with  all  possible  de- 
spatch, having  first  been  thoroughly  cleansed. 

Rupture  of  the  diaphragm  is  attended  with  sharp  pain, 
and  usually  with  difficulty  of  breathing.  It  is  generally 
followed,  after  a  time,  by  extrusion  of  some  of  the  ab- 
dominal viscera  into  the  thoracic  cavity.  The  signs  will 
vary  with  the  seat  of  the  laceration  and  the  nature  of 
the  organs  extruded.  The  impulse  of  the  heart  may  be 
heard  more  to  one  or  other  side,  according  as  it  is  pushed 
out  of  place  by  these  extruded  viscera.  In  the  lower  part 
of  the  thoracic  cavity  there  will  be  absence  of  respiratory 
murmur  and  abnormal  dulness  or  resonance,  according 
as  spleen  or  liver  in  the  one  case,  or  stomach  or  intestine 
in  the  other,  has  been  extruded.  Death  may  result  from 
haemorrhage,  peritonitis,  pericarditis,  or  pleuritis,  or 
from  strangulation  of  the  viscus  involved.  Nothing  can 
be  done  beyond  following  out  the  indications  referred  to 
in  the  first  part  of  this  article. 

Further  consideration  of  injuries  to  the  abdomen  and 
abdominal  viscera  from  explosive  missiles  will  be  found  in 
the  articles  on  Gunshot  Wounds,  Wounds  of  Intestines, 
and  Peritonitis.  Wm.  Oldright. 

ABDOMINAL  TUMORS.  Interpreting  the  above  title 
in  its  broadest  sense,  the  writer  designates  by  it  all 
abnormal  abdominal  enlargements,  whether  general  or 
local.,  .  Referring  the  reader  to  the  articles  on  diseases 
of  the  abdominal  organs  for  the  morbid  anatomy,  prog- 
nosis, and  treatment  of  abdominal  tumors,  the  writer 
proposes  to  briefiy  tabulate  the  distinctive  etiological 
and  clinical  features  upon  which  their  practical  differen- 
tial diagnosis  may  be  based.  Selecting,  in  most  cases, 
a  prominent  tumor  of  a  given  organ,  he  will  endeavor  to 
collate  those  morbid  conditions  most  likely  to  be  mistaken 
for  it,  and  to  contrast  their  distinguishing  physical  signs 
and  salient  rational  symptoms  with  those  of  the  tumor 
in  question.  He  will  then  subjoin  a  brief  description  of 
other  tumors,  affecting  the  given  organ,  which  present 
only  remote  resemblances  to  the  typical  enlargement 
chosen,  and  of  those  possessing  no  special  analogy  to 
other  tumors.  In  other  cases,  the  various  tumors  of 
organs  will  be  described  without  reference  to  any  typical 
enlargement,  and,  usually,  in  the  order  of  their  frequency 
and  importance. 
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In  examining  abdominal  tumors  we  may  employ 
posture.  Inspection,  palpatioii,  auscultation,  percussion, 
mensuration,  rectal  injections  of  fluid  or  gas,  aspiration, 
and,  rarely,  exploratory  incisions. 

The  position  best  adapted  to  the  relaxation  of  the  ab- 
dominal walls  is  that  of  recumbency,  the  head  being 
somewhat  elevated  above  the  hard,  plane  surface  upon 
which  the  trunk  reclines,  while  the  thighs  are  flexed  and 
everted.  Complete  muscular  relaxation  may  be  obtained 
by  anaesthesia.  The  lateral,  prone,  stooping,  or  erect 
positions  may  sometimes  aid  in  bringing  abdominal 
tumors  into  prominence. 

Inspection  reveals  changes  in  the  size,  form,  and  move- 
ments of  the  abdomen.  Changes  in  form  may  afford 
important  information  relating  to  the  local  or  general 
character  of  a  tumor.  Abdominal  enlargements  naturally 
limit  the  abdominal  respiratory  movement,  or,  if  painful 
and  tender,  cause  its  complete  arrest.  Inspection  occa- 
sionally shows  the  gastric  and  intestinal  vermicular 
movements. 

_  By  palpation  evidence  is  obtained  regarding  the  posi- 
tion, consistency,  depth,  size,  outline,  mobility  or  fixa- 
tion, smoothness  or  nodosity,  and  tenderness  or  insensi- 
tiveness  of  tumors.  Impulses  from  aneurisms,  the  hy- 
datid^ fremitus,  and  fluctuation  are  also  perceived  by 
the  aid  of  palpation.  Palpation  should  be  gently  prac- 
tised in  order  that  no  spasm  of  the  abdominal  muscles 
be  excited.  The  ball  of  the  fingers  should  be  horizon- 
tally and  evenly  applied,  as  pressure  with  the  vertically 
directed  finger-tips  may  cause  pain  and  muscular  con- 
traction. Deep  palpation  may  be  best  performed  by 
superimposing  the  fingers  of  the  disengaged  hand  upon 
those  In  direct  contact  with  the  abdominal  wall.  The 
patient  having  been  then  instructed  to  make  a  series  of 
eflicient  expiratory  efforts,  the  fingers  are  further  de- 
pressed at  the  occurrence  of  each  expiration.  By  this 
gradual  process  the  fingers  may  finally  even  be  brought 
into  close  contact  with  the  aorta  "and  the  vertebral  column. 
An  enlarged  liver  or  spleen  may  sometimes  be  grasped 
between  the  fingers  and  thumb,  the  latter  resting  upon 
the  organ  while  the  former  are  inserted  beneath  it.  The 
kidneys  may  be  seized  in  a  similar  manner,  the  fingers 
and  thumb  of  one  hand  being  applied  posteriorly  and 
anteriorly,  respectively,  to  the  lumbar  region.  Vaginal 
palpation  yields  information  regarding  abdominal  en- 
largements originating  in  the  pelvis,  and  Simon's  intra- 
rectal method,  combined  with  external  manipulation, 
enables  the  examiner  to  explore  almost  the  entire  ab- 
dominal cavity.  Auscultation  discloses  aneurismal  mur- 
murs, friction  sounds,  the  hydatid  fremitus,  and  various 
intra-uterine  sounds.  By  means  of  percussion  the  con- 
tours of  tumors  are  mapped  out  and  the  differentia] 
diagnosis  between  solid,  fluid,  and  gaseous  enlargements 
established.  Mensuration  shows  the  exact  amount  of 
enlargement  or  diminution  undergone  by  tumors  within 
definite  periods.  Fluid  or  air  may  he  injected  into  the 
large  intestine  in  order  that  the  position  of  the  latter, 
relatively  to  renal  or  ovarian  tumors,  may  be  better  ap- 
preciated. Aspiration  and  analysis  of  the  fluid  contained 
In  abdominal  tumors,  is  an  auxiliary  diagnostic  measure 
of  great  importance.  Bkploraiory  incisions  are  occa- 
sionally made  for  the  purpose  of  ascertaining  the  charac- 
ter of  tumors  and  of  deciding  as  to  the  advisability  of 
their  removal.  The  discovery  of  one  abdominal  tumor 
should  never  deter  the  diagnostician  from  instituting  a 
thorough  search  for  other  enlargements,  similar  or  dis 
similar  in  nature  and  affecting  the  same  or  other  organs, 
The  following  order  will  be  adopted  in  the  writer's  de 
scriptlon  of  abdominal  tumors  :  1.  Tumors  of  the  Liver, 

3.  Tumors  of  the  Stomach.     3.  Tumors  of  the  Kidney 

4.  Tumors  of  the  Spleen.  5.  Tumors  of  the  Pancreas, 
6.  Tumors  of  the  Intestine.  7.  Tumors  of  the  Omentum 
8.  Tumors  of  the  Bladder.  9.  Tumors  of  the  Uterus.  10, 
Tumors  of  the  Ovary.     11.  Miscellaneous  Tumors. 

1.  Tumors  of  the  Livbk. 

Cancer  and  othbr  Malignant  Tumors. — Cancer  of 
the  liver,  which  is  usually  secondary  to  that  of  the  stomach, 
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intestine,  uterus,  ovary,  or  mamma,  and  Is  of  the  medullary 
variety,  attacks  males  and  females  with  equal  frequency, 
occurs,  generally,  between  the  ages  of  forty  and  sixty, 
in  those  possessing  an  hereditary  tendency,  and  presents 
the  following  signs  and  symptoms  :  On  inspection.  In 
advanced  cases,  the  right  hypochondrium  is  ordinarily 
seen  to  be  unduly  prominent,  and  the  respiratory  move- 
ments of  the  right  side  diminished.  These  signs  are 
absent  in  cases  unattended  by  heijatic  enlargement.  On 
palpation,  the  liver  is  found  unsymmetrically  enlarged, 
extending  below  the  free  border  of  the  ribs,  and  oc- 
casionally even  reaching  beyond  the  umbilicus.  Hard 
nodules,  tender  and  sometimes  umbilicated,  are  often 
felt  upon  its  surface,  but  maj'  be  absent  In  central  or 
colloid  carcinoma.  "The  nodules  may  be  soft  or  fluctu- 
ating. "Bj percussion  the  area  of  hepatic  dulness  is  found 
to  be  increased,  in  advanced  cases  nearly  or  quite  reach- 
ing the  iliac  crest,  occupying  the  epigastrium,  and  even 
invading  the  left  hypochondrium.  On  auscultation,  a 
friction  sound,  due  to  perihepatitis,  may  be  perceived. 
In  rare  cases  no  signs  are  discernible.  Bymptoms. — Pain, 
dull  and  constant,  or  lancinating  and  paroxysmal.  Is 
either  localized  in  the  organ  or  radiates  Into  the  right 
shoulder,  the  back,  the  abdomen,  or  the  lower  extremities  ; 
sometimes  only  weight  and  tension  are  complained  of, 
and,  rarely,  no  abnormal  sensations  are  present.  Hepatic 
enlargement  is  usually  rapidly  progressive.  Ascites  oc- 
curs in  fifty  per  cent,  of  all  cases ;  hepatogenous  icterus 
is  present  with  almost  the  same  frequency.  Gastritis 
and  enteritis  may  result  from  portal  congestion,  or  from 
primary  gastric  or  Intestinal  cancer ;  hsematemesis  and 
melaena  owe  their  origin  to  the  same  sources.  Hy- 
draemia,  subcutaneous  ecchymoses,  haemorrhage  from 
mucous  surfaces  and  haemorrhoids  are  occasional  symp- 
toms. The  temperature  is  normal  or  subnormal,  except 
In  the  presence  of  inflammatory  complications.  Dysp- 
noea, painful  respiration,  and  cardiac  palpitation  result 
from  encroachment  upon  the  intrathoracic  space,  and 
from  implication  of  the  peritoneum  and  pleura.  The 
inguinal  and  cervical  glands  are  sometimes  enlarged. 
(Ederaa  of  the  lower  extremities  is  a  late  symptom. 
Emaciation  is  ordinarily  extreme,  the  cachexia  evident, 
and  asthenia  progressive.  None  of  the  above  svmptoms 
are  constant:  Other  malignant  hepatic  tumors,  as  lym- 
phadenoma  and  sarcoma,  present  such  close  resemblances 
to  cancer  that  their  differentiation  is  rarely  possible. 
Diagnosis.—Cancer  of  the  liver  may  be  mistaken  for 
hepatic  abscess  or  hydatids;  for  amyloid,  syphilitic, 
cirrhotic,  and  fatty  liver  ;  for  hypertrophy,  hyperplasia 
congestion,  or  malposition  of  the  organ  ;  for  obstruction 
of  Its  ducts  ;  for  enlargements  of  the  gall-bladder,  right 
kidney,  colon,  omentum,  stomach,  spleen,  ovary,  or  pan- 
creas ;  for  faecal  impaction  or  abdominal  aneurism. 

Abscess  ov  the  Liver  is  dLstinguished  from  cancer 
by  its  smaller  average  size,  its  smooth  surface,  its  more 
rapid  development,  and  its  fluctuation  ;  by  the  absence 
of  ascites,  of  primary  cancer  elsewhere,  of  cachexia  and 
generally,  of  jaundice  ;  by  the  discovery  of  pus  on  as- 
piration, and  by  the  history  of  residence  in  a  warm 
climate,  of  injury  to  the  right  hypochondrium,  of  ante- 
cedent pylephlebitis,  pyasmla,  or  ulcerations  in  the 
stomach,  intestine,  or  gall-bladder.  The  discharge  of 
pus  m  considerable  quantity  from  the  stomach,  bowels, 
bronchial  tubes,  or  renal  pelvis,  or  Into  the  peritoneum 
pleura,  or  pericardium,  simultaneously  with  the  rapid 
subsidence  of  the  tumor,  is  a  symptom  of  great  diagnostic 

Hydatid  tumors  ai-e  globular,  smooth,  and,  when 
large,  fluctuating.  They  often  present  the  hydatid  fremi- 
tus, Ihecolorless,  saline,  non-albuminous,  neutral  or  al- 
kaline, and  occasionally  saccharine,  liquid  withdrawn  the 
specific  gravity  of  which  varies  from  1.007  to  1.015  con- 
tains echinococcl  booklets.  Hydatids  grow  more  slowly 
than  cancer,  and  are  unattended  by  pain,  tenderness  (un- 
less inflamed),  by  nodular  Induration,  cachexia,  hsema- 
temesis, melaena,  or  ascites.  Jaundice  is  rare  and  fever 
usually  absent.  Hydatids  may  remain  latent.  The  above 
remarks  relative  to  the  rupture  of  hepatic  abscesses  ap- 
ply with  equal  force  to  that  of  hydatid  cysts 
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The  amyloid  liver  increases  slowly  in  size.  It  is 
smooth,  indurated,  and  uniformly  enlarged ;  its  edge  is 
sharply  defined  and  its  form  preserved  ;  it  is  painless. 
Icterus,  fever,  and  the  cancerous  cachexia  are  'wanting. 
Ascites  occurs  in  one-quarter  of  the  cases,  according 
to  Bartholow,  and  cedema  of  the  lower  extremities  is 
apt  to  precede  the  hydroperitoneum.  The  spleen  is  en- 
larged ;  diarrhoea  and  waxy  disease  of  the  kidneys  are 
present.  Phthisis,  syphilis,  protracted  suppuration,  es- 
pecially that  of  bone,  or  chronic  malarial  poisoning  have 
pre-existed. 

The  syphilitic  livek,  with  amoiATA,  presents  in- 
durated nodules  simulating  cancerous  ones,  hut  not  um- 
bilicated.  The  organ  is  smaller  than  in  cancer,  and  even 
smaller  than  the  normal  liver.  There  is  a  history  of 
specific  disease ;  the  spleen  and  lymphatic  glands  are  en- 
larged ;  the  liver  is  not  tender  ;  icterus  and  ascites  are 
generally  lacking.     The  progress  is  slow. 

HypBKTEOPHic  ciKKHOsis  OF  THE  LIVER  causcs  Uni- 
form enlargement.  The  surface  of  the  organ  is  smooth, 
or  but  slightly  granular ;  there  is  no  tenderness  or  not- 
able pain ;  jaundice  is  usually  a  prominent  feature ; 
ascites  is  ordinarily  slight  or  absent,  but  may  be 
marked;  the  spleen  is  invariably  enlarged.  The  dura- 
tion of  the  disease  is  greater  than  that  of  carcinoma, 
and  there  is  a  history  of  alcoholic  excesses. 

Fatty  Litbk. — The  enlargement  is  uniform  and  less 
marked  than  in  cancer  or  in  amyloid  degeneration  ;  the 
surface  is  smooth,  yielding,  and  insensitive,  the  border 
blunted,  the  shape  of  the  organ  preserved  ;  ascites  and 
pain  are  not  present ;  icterus  is  rather  rare  ;  the  spleen 
is  of  normal  size.  The  history  is  that  of  intemperance 
in  food  or  drink,  of  indolence,  of  phthisis,  or  of  a  seden- 
tary life. 

Congestion  of  the  Liver. — (a)  Acute  Congeatum  or 
Active  EJypermnia. — In  this  case  the  organ  undergoes 
uniform,  moderate,  rapid,  and  temporary  enlargement ; 
it  is  smooth  and  resisting ;  it  is  generally  somewhat 
painful  and  sensitive ;  its  normal  contour  is  retained  ; 
jaundice  is  usually,  ascites  and  fever  almost  always,  ab- 
sent. Among  the  causes  of  active  hyperremia  are  trau- 
matism, malarial  and  other  blood  poisons  ;  according  to 
Frerichs,  injury  to  the  semilunar  ganglia  ;  high  tempera- 
ture, over-indulgence  in  alcohol  and  stimulating  foods, 
and  suppressed  menstruation,  (b)  Ohronie  Congestion  or 
Passive  Mypermnia. — The  etiology  of  this  condition  fur- 
nishes the  key  to  its  diagnosis,  and  embraces  all  causes 
of  obstruction  to  the  hepatic  circulation.  Chief  among 
the  latter  are  dilatation  of  the  right  ventricle,  with  tri- 
cuspid insufficiency,  due  to  valvular  disease  of  the  left 
heart,  or  to  an  obstructed  pulmonary  circulation  ;  the 
latter  may  be  referable  to  emphysema,  chronic  pleurisy, 
or  extensive  fibroid  induration  of 'the  lung.  Feeble 
cardiac  action  and  pressure  exerted  upon  the  inferior 
vena  cava  by  mediastinal  tumors  are  other  causes.  The 
liver  is  uniformly  enlarged,  in  the  first  stage,  some- 
times to  a  considerable  extent ;  its  surface  is  smooth  and 
sensitive  on  pressure,  its  outline  regular,  its  consistency 
firm.  Icterus  is  rare  ;  ascites,  gastritis,  enteritis,  hsema- 
temesis  and  haemorrhoids  frequent ;  the  liver  pulsates  ; 
the  spleen  is  enlarged ;  in  the  later  stages,  the  liver  is 
reduced  in  size,  having  undergone  the  changes  known 
as  ' '  red  or  cyanotic  atrophy."  If  the  chronic  congestion 
be  due  to  malarial  poisoninff,  the  physical  signs  are  es- 
sentially as  stated  above.  The  spleen  is  notably  enlarged, 
there  is  a  history  of  antecedent  malarial  disease,  and 
pigment  may  be  detected  in  the  blood.  Cerebral  dis- 
turbances, diarrhoea,  albuminuria,  and  melsena,  symp- 
toms incident  to  melanaemia,  are  sometimes  observed. 

Hypertrophy  and  Hyperplasia  of  the  Liver. — (a) 
Leukcemic. — The  enlargement  of  the  organ  is  marked  and 
symmetrical,  the  surface  smooth  and  insensitive ;  the 
spleen  is  hypertrophied  and  the  blood  presents  the  pa- 
thognomonic characters  of  leucocythsemia ;  the  lym- 
phatic glands  are  enlarged;  in  pseudo-leucocythsemia 
the  liver  presents  the  same  physical  signs,  but  the  blood 
does  not  contain  an  excess  of  white  corpuscles,  (b) 
Simple  Hypertrophy.— The  liver  is  simply  abnormally 
large,  sometimes  attaining  twice  its  normal  size  in  all  its 
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dimensions ;  it  is  smooth  and  insensitive.  No  symptoms 
attend  this  form  of  enlargement,  which,  according  to 
Klebs,  occurs  at  times  in  drunkards.  According  to  the 
same  authority,  hypertrophy,  unattended  by  hyperplasia 
and  presenting  essentially  the  same  physical  features, 
complicates  diabetes  mellitus. 

Malpositions  op  the  Liver. — These  may  be  either 
congenital  or  acquired  and  are  ordinarily  due  to  trans- 
position of  the  organ,  to  depression  from  tight  lacing 
and  interthoracic  diseases,  or  to  upward  displacement, 
occasioned  by  ascites,  excessive  tympanites,  or  abdominal 
tumors.  Relaxation  of  the  hepatic  ligaments  from  preg- 
nancy and  chronic  peritonitis  may,  according  tO  Meissner, 
constitute  a  predisposing  cause.  Malpositions  will  be 
diagnosticated  from  genuine  hepatic  tumors  by  the  fact 
that  the  liver  preserves  its  normal  size,  consistency,  and 
usually  its  natural  sensibility,  and  by  a  consideration  of 
the  causes  operative  in  each  case.  A  sense  of  abdomi- 
nal weight  and  discomfort  is  generally  complained  of. 
Sometimes  the  notch  separating  the  right  and  left  lobes 
can  be  recognized. 

Enlarged  Liver  prom  Obstruction  op  the  Bile- 
DUCTS.^This  is  either  a  temporary  or  a  permanent  con- 
dition, resulting  from  a  variety  of  causes,  chief  among 
which  may  be  mentioned  gastro-duodenitis  with  tume- 
faction of  the  mucous  lining  of  the  ducts,  impacted  cal- 
culi, cicatrices  following  ulceration  of  the  ducts,  parar 
sites  and  tumors  growing  in  the  biliary  passages,  enlarged 
lymphatic  glands,  tumors  of  the  stomach,  duodenum, 
omentum,  liver,  kidney,  or  pancreas,  impacted  faeces, 
contracting  peritoneal  tiands,  perihepatitis,  abdominal 
aneurlsims,  uterine  and  ovarian  tumors.  The  liver  is 
enlarged  in  all  its  dimensions,  being  smooth,  tender  on 
pressure,  and  painful ;  the  gall-bladder  is  sometimes 
distended  and  sensitive  to  the  touch ;  jaundice  remains 
long  after  the  disappearance  of  the  obstruction,  in  cases 
of  temporary  occlusion,  and  is  a  persistent  symptom  in 
permanent  closure  of  the  ducts.  The  enlargement  dis- 
appears with  the  removal  of  the  obstacle  to  the  exit  of 
the  bile  or  may  give  place  to  atrophy  of  the  livery  if  the 
occlusion  be  permanent. 

Enlargement  op  the  Gall-bladder. — This  may 
be  due  to  distention  from  the  accumulation  of  bile,  of 
serous  fluid,  as  in  hydrops  eystidis  fellcB,  of  inflammatory 
products  or  of  gall-stones,  and  to  cancer.  In  the  first 
two  cases  there  is  a  history  of  antecedent  biliary  colic, 
the  rounded  or  pyriform  shape  of  the  gall-bladder  is 
evident,  jaxindice  and  hepatic  enlargement  are  present, 
except  when  the  cystic  duct  is  alone  occluded,  the  evac- 
uation of  the  bile  may  sometimes  be  effected  spontane- 
ously or  by  careful  pressure,  and  tenderness  is  localized 
over  the  pear-shaped  tumor,  which  is  of  rapid  growth, 
movable,  soft,  and  fluctuating.  Ascites  and  splenic  en- 
largement are  absent.  The  examination  of  fluid  with- 
drawn by  aspiration  will  establish  the  diagnosis  and 
reveal  the  character  of  the  bladder's  contents.  If  cystic 
distention  be  due  to  calculi,  there  is  generally  a  history 
of  the  passage  of  gall-stones,  and  the  tumor,  although 
nodular  and  indurated,  is  neither  painful  nor  sensitive. 
It  does  not  increase  in  size  and  is  not  attended  by  ascites, 
jaundice,  or  cachexia.  If  carcinoma  be  the  cause  of  the 
enlargement  it  can  hardly  be  distinguished  from  hepatic 
cancer,  unless  plainly  limited  to  the  gall-bladder.  The 
diagnostic  problem  is  further  complicated  by  the  usual 
simultaneous  involvement  of  the  liver. 

For  the  diagnostic  features  of  enlargements  in  organs 
other  than  the  liver,  most  liable  to  be  mistaken  for 
hepatic  tumors,  mz. ,  cancer  of  the  intestine  and  omentum, 
enlargements  of  the  stomach,  pancreas,  kidneys,  spleen, 
and  ovaries,  faecal  accumulations,  and  abdominal  aneu- 
risms, the  reader  is  referred  to  the  remarks  contained  in 
this  article  and  in  that  on  abdominal  aneurisms  regard- 
ing the  subjects  just  enumerated. 

3.  Tumors  of  the  Stomach. 

Cancer  op  the  stomach,  which  is  almost  always 
primary,  is  the  most  frequent  of  all  primary  carcinomata. 
It  is,  generally,  of  the  scirrhous  variety  and  usually  in- 
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volves  the  pyloric  extremity,  lesser  curvature,  and  pos- 
terior surface.  It,  however,  attacks  the  cardiac  orifice 
in  about  ten  per  cent,  of  all  cases,  and  occasionally  de- 
velops in  the  greater  curvature.  It  is  sometimes  of  the 
colloid  or  cylindrical  epithelial  variety.  It  rarely  occurs 
before  the  fortieth  year,  is  most  frequent  between  the 
ages  of  fifty  and  sixty,  attacks  males,  by  preference,  and 
shows  a  marked  tendency  to  hereditary  transmission. 
Signs. — A  tumor  is  discoverable,  by  palpation  and  per- 
cussion, in  seventy-five  per  cent,  of  all  cases,  according 
to  Da  Costa,  and  in  eighty  per  cent.,  according  to  Brin- 
ton.  The  tumor  is  usually  hard,  nodular,  and  immova- 
ble, varying  in  size  from  that  of  a  small  hen's  egg  to  that 
of  a  man's  clenched  hand,  is  ordinarily  sensitive  to  press- 
ure and  located  somewhat  to  the  right  of  the  median 
line,  between  the  umbilicus  and  the  free  border  of  the 
ribs.  It  may,  however,  often  be  detected  in  the  right 
hypochondrium,  sometimes  in  the  left  hypochondrium, 
occasionally  even  lower  than  the  umbilicus,  and,  rarely, 
as  low  as  the  anterior-superior  iliac  spine  or  the  hypogas- 
trium.  It  is  not  depressed  by  forced  contraction  of  the 
diaphragm.  If  the  pyloric  extremity  be  the  seat  of  the 
disease  those  symptoms  and  signs  of  gastrectasia,  else- 
where detailed,  are  present.  Byrwptoms. — Pain  at  the  site 
of  the  neoplasm  is  rarely  absent ;  it  may  be  lancinating, 
with  paroxysmal  exacerbations,  or  dull  and  gnawing; 
when  present  it  is  hardly  ever  intermitting ;  it  often 
radiates  into  abdominal  regions  other  than  those  occupied 
by  the  tumor,  or  into  the  back,  and  sometimes  possesses 
excruciating  intensity ;  it  is  not  materially  affected  by 
the  ingestion  of  food.  Vomiting  occurred,  according  to 
Brinton,  in  eighty-seven  per  cent,  of  his  recorded  cases  ; 
when  the  fundus  or  greater  curvature  is  involved  it  may 
be  wanting  ;  in  cancer  of  the  cardiac  orifice  emesis  is 
very  constant,  taking  place  immediately  after  the  intro- 
duction of  food,  while,  in  pyloric  carcinoma  it  occurs 
only  after  a  longer  or  shorter  interval ;  vomiting  does 
not  relieve  the  pain ;  the  egesta  often  contain  blood, 
usually  in  small  quantity,  presenting  the  appearance  of 
cofEee-grounds  ;  genuine  hssmatemesis,  such  as  attends 
ulcer,  is  rarely  observed.  Anorexia  and  indigestion, 
emaciation,  obstinate  constipation,  alternating  with  diar- 
rhoea, flatulence,  enlargement  of  lymph-glands  and  de- 
velopment of  secondary  cancerous  growths,  moderate 
fever,  progressive  asthenia,  and  cachexia  complete  the 
clinical  history,  the  end  of  which  is  death,  usually  within 
a  year,  although  some  cases  may  be  protracted  to  one 
and  a  half  or  two  years.  Differential  Diagnosis. — Those 
enlargements  of  the  stomach  most  liable  to  be  con- 
founded with  cancer  are  due  to  chronic  interstitial  gas- 
tritis, to  acute  circumscribed  parenchymatous  gastritis, 
to  gastrectasia,  and  to  other  malignant  "growths.  Gastric 
ulcer  and  chronic  diflluse  gastritis  must  also  be  differ- 
entiated from  cancer. 

Gastkic  ttlcbr  may  be  distinguished  from  carcinoma 
by  the  following  facts  :  It  is  independent  of  heredity ; 
attacks,  preferably,  young  women  ;  presents  no  tumor ;  is 
not  attended  by  fever,  but  by  pain,  which  is  more  violent, 
more  intensified  by  food,  more  relieved  by  emesis,  and 
more  frequently  intermittent  than  that  of  cancer.  Vomit- 
ing occurs  more  constantly  in  ulcer,  at  a  shorter  Interval 
after  food,  and  relieves  the  pain  more  certainly  than  in 
carcinoma  ;  hsematemesis  is  more  frequent  and  abundant 
in  ulcer,  which  may  have  a  longer  course  than  cancer 
and  end  in  recovery.  Anorexia  is  less  constant  in  ulcer, 
and  enlargement  of  lymph-glands  is  not  observed.  Ema- 
ciation and  cachexia  are  not  marked ;  tenderness  is  lo- 
calized. 

Chkonic  gastritis  is  differentiated  from  cancer  by 
the  following  points :  Pain  and  soreness  are  diffused  and 
constant,  but  slight,  and  are  aggravated  by  food  ;  emaci- 
tion  is  not  marked,  and  cachexia  is  absent ;  vomiting  is 
less  frequent,  and  heematemesis  very  rare  ;  there  is  no 
gastric  tumor,  and  no  enlargement  of  the  lymphatic 
glands ;  there  is  slight  pyrexia,  with  furred  tongue  and 
constant  thirst ;  the  course  is  protracted,  sometimes  for 
many  years,  and  may  end  in  recovery. 

Chronic  Intbrstitial  Gastritis  and  Hypertrophic 
Stenosis  oy  the  Pylorus. — A  discrimination  between 


these  comparatively  rare  diseases  and  cancer  wntiicuU  is 
not  alwavs  possible;  the  etiology,  however,  presents 
some  points  of  difference.  In  the  former,  or  jWroid  in- 
duration, there  is  no  history  of  hereditary  malignant  dis- 
ease, but  sometimes  one  of  excessive  indulgence  m  alco-  , 
holies  ;  the  patients  are  usually  younger  than  in  cancer, 
their  average  age  being,  according  to  Dr.  Brinton,  only  . 
thirty-four  ;  the  course  of  the  disease  is  longer  than  in 
cancer ;  pain  and  tenderness  are  less  marked,  while 
hsematemesis  is  rare,  and  the  cancerous  cachexia  absent ; 
the  introduction  of  only  small  quantities  of  food  causes 
a  sensation  of  distention,  and  emesis  frequently  soon  fol- 
lows ;  there  are  no  evidences  of  secondary  tumors,  and 
no  glandular  enlargements  ;  emaciation,  from  inanition, 
progresses  rapidly  ;  a  movable,  smooth,  slightly  sensi- 
tive, indurated  tumor,  presenting  the  form  of  the  con- 
tracted stomach,  occupies  the  normal  site  of  that  organ, 
and  yields  a  less  decidedly  tympanitic  note  than  the 
healthy  stomach.  In  hypertrophic  stenosis  of  the  pylorus 
a  small,  smooth,  indurated,  movable,  and  more  or  less 
sensitive  tumor  can  be  felt  in  the  position  corresponding 
to  that  of  the  pylorus,  while  the  remainder  of  the  organ 
gives  the  signs  of  dilatation  presently  to  be  described. 
In  this  case,  obstinate  constipation  and  profuse  vomit- 
ing, long  after  eating,  of  partly  decomposed  aliment, 
only  containing  blood  in  very  exceptional  cases,  but 
often  sarcinm  ventriculi,  are  cardinal  symptoms. 

AcnTB  Circumscribed  Parenchymatous  Inflamma- 
tion OP  THE  Stomach  ;  Abscess. — This  disease,  which  is 
one  of  great  rarity,  may  be  either  idiopathic,  in  which 
case  it  occurs  preferably  in  middle-aged  men  addicted 
to  excesses  in  drink,  or  secondary  to  pyaemia,  acute  infec- 
tious diseases,  or  hemorrhagic  infarction.  The  abscesses 
may  be  single  or  multiple,  acute  or  chronic ;  diffuse 
purulent  infiltration  of  the  gastric  parieties  also  occurs, 
but  presents  so  little  resemblance  to  cancer  as  to  render 
its  present  consideration  unnecessary.  The  differential 
symptoms  and  signs  between  abscess  and  carcinoma  are 
as  follows  :  In  the  metastatic  or  secondary  variety  there 
is  the  history  of  antecedent  pysemia,  but  the  subsequent 
clinical  features  are  identical  with  those  of  idiopathic 
abscess ;  in  abscess,  the  access  of  gastric  disease  is  an- 
nounced by  a  chill,  which  may  be  repeated  at  irregular 
intervals  ;  this  is  not  true  in  cancer  ;  the  temperature  is 
often  greatly  elevated,  reaching  104°  or  106°  F.,  while 
in  cancer  it  is  slightly  raised,  or  not  at  all ;  the  egesta 
in  emesis  from  abscess  do  not  contain  blood  as  in  cases 
of  cancer,  but  pus  in  large  quantity,  in  the  event  of 
rupture  into  the  stomach ;  pain  and  tenderness  are  often 
more  severe  than  in  cancer,  especially  if  the  peritoneum 
be  involved ;  the  course  of  idiopathic  abscess  is  generally 
acute,  extending,  according  to  Dr.  A.  Flint,  on  the 
average  only  from  Iwo  to  ten  days ;  the  duration  of  car- 
cinoma is  usually  many  months ;  the  abscess  may  fluc- 
tuate, which  is  rare  in  cancer,  the  latter  ordinarily  being 
of  the  scirrhous  variety ;  sudden  subsidence  of  the  tumor, 
attended  by  the  vomiting  of  considerable  pus,  is  a  strong 
though  not  decisive  point  for  abscess  ;  the  latter  is  not 
attended  by  the  cancerous  cachexia,  by  hepatic  disease, 
or  by  enlarged  lymph-glands. 

Dilatation  op  the  Stomach. — This  is  a  source  of 
abdominal  enlargement  which  often  results  from  can- 
cer, but  is  not  very  likely  to  be  mistaken  for  it  if  de- 
pendent upon  other  causes.  According  to  Kussmaul's 
classification,  it  is  either  hypertrophic,  as  is  the  case 
when  the  pyloric  obstruction  leading  to  the  gastrectasia 
is  compensated,  or  atrophic,  when  paresis  of  the  mus- 
cular walls  or  uncompensated  obstruction  exists.  Its 
leading  physical  sign  is  an  unsymmetrical  prominence  of 
the  left  side  of  the  abdomen,  occupying,  chiefly,  the 
hypochondriac  and  umbilical  regions  ;  the  epigastrium 
is  often  depressed  or  flattened  ;  undulatory  movements, 
usually  proceeding  from  left  to  right,  may  sometimes 
be  seen,  and  these  exaggerated  peristaltic  phenomena, 
which  are  more  distinctly  revealed  by  palpation,  occur 
most  frequently  after  meals.  If  the  stomach  be  empty, 
the  peculiar  gastric  tympanitic  resonance  is  elicited  over 
an  enlarged  area,  or  if  the  organ  contain  solids  and 
fluids,  there  is  flatness  below  and  tympanitic  resonancd 
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above  the  level  of  the  fluid,  while  a  splashing  sound  is 
obtained  by  succussion ;  metallic  tinkling,  proceeding 
from  the  stomach,  may  be  heard  if  fluid  be  swallowed 
by  the  patient  at  the  moment  of  auscultation  ;  the  exact 
contours  and  dimensions  of  the  dilated  stomach  may  be 
ascertained  by  Frerich's  method  of  evolving  gas  within 
the  organ,  which  consists  in  the  successive  introduction 
of  one  half  drachm  of  bicarbonate  of  soda,  dissolved  in 
lukewarm  water,  and  of  fifteen  or  twenty  grains  of  tar- 
taric acid,  likewise  in  solution.  The  leading  symptom  of 
obstrucUm  gastrealasia  is  profuse  vomiting,  at  intervals 
varying  from  some  hours  to  several  days,  of  partially  di- 
gested aliment,  in  process  of  fermentation  and  putre- 
faction, containing  torulm  cerevisieB  and  sarcinm  mntriculi 
in  considerable  qiiantities  ;  there  is  a  sense  of  oppression 
at  the  epigastrium,  which  is  only  partly  relieved  by  eme- 
sis,  as  the  stomach  js  hardly  ever  completely  evacuated  ; 
pyrosis  is  present,  thirst  and  constipation  persistent, 
and  dyspnoea,  from  pressure  on  the  diaphragm,  occa- 
sional ;  the  appetite  is  generally  excellent,  but  emacia- 
tion is  rapidly  progressive ;  there  is  no  localized  in- 
durated enlargement;  pain  on  pressure  is  slight  or 
absent,  unless  in  cases  of  acute  dilatation  ;  the  com- 
plexion is  often  clear ;  heematemesis  is  very  rare,  and 
no  glandular  tumors  are  perceptible.  In  atonic  dilatation 
there  may  be  no  emesis,  but  merely  epigastric  oppression 
and  eructations,  sour  or  tasteless,  together  with  the 
physical  evidences  of  gastric  enlargement  and  of  the 
continual  pressure,  within  the  organ,  of  a  varying 
amount  of  fluid  and  gas  ;  constipation  is  constant ; 
emaciation  and  asthenia  are  less  marked  than  in  the 
former  variety.  The  diagnosis  may  be  facilitated  by  a' 
consideration  of  the  etiology,  which  embraces,  for  ob- 
structive gastrectasia,  earcm/yma  mntriculi,  ulcers  result- 
ing in  cicatricial  contraction  of  the  pyloric  extremity  of 
the  duodenum,  fibroid  induration  of  the  pylorus,  tu- 
mors of  organs  adjacent  to  the  stomach,  as  of  the 
pancreas,  liver,  omentum,  and  gall-bladder ;  adhesions 
from  old  peritonitis,  tractions,  exerted  by  hernias  and 
polypi,  on  the  pyloric  extremity.  Spastic  pyloric  con- 
traction and  the  pressure  of  a  wandering  kidney  are 
rare  causes  of  obstructive  gastrectasia.  The  chief 
causes  of  atonic  dilatation  are,  according  to  Kussmaul, 
paralysis  of  the  gastric  motor  nerves,  weakness  of  the 
gastric  muscles  from  impaired  nutrition  in  fevers  and 
chronic  diseases,  diminished  irritability  of  the  peristaltic 
nerves  or  nerve-centres,  and  reflex  inhibition  of  gastric 
peristalsis.  Habitual  over-distention  and  chronic  gastritis 
are  also  efficient  predisposing  causes  of  atonic  gastrec- 
tasia. Those  tumors  of  neighboring  organs  most  fre- 
quently mistaken  for  cancer  and  other  tumors  of  the 
stomach  are  enlargements  of  the  left  lobe  of  the  liver 
and  of  the  pancreas,  aneurisms,  fKcal  accumulations, 
besides  tumors  of  the  spleen,  right  kidney,  peritoneum, 
and  intestine.  These  are  described  under  their  respec- 
tive titles. 

3.    TUMOKS  OF   THE   KiDNEY. 

These  may  be  classified  as  solid  and  cystic  tumors. 
The  former  variety  embraces  carcinomata  and  other 
malignant  neoplasms,  syphilomata,  tubercles,  and  large 
calculi.  To  this  class  may  be  appended  movable  kidney. 
The  chief  tumors  of  a  cystic  character  are  pyonephrosis 
and  abscess,  hydronephrosis,  hydatids,  and  true  cystic 
degeneration.  All  of  these  conditions  produce,  when 
sufficiently  developed,  a  lumbar  tumor  corresponding 
to  the  site  of  the  diseased  organ,  which  may  be  dis- 
covered by  palpation.  The  extent  of  enlargement  may 
be  ascertained  by  percussion,  for  which  the  prone 
position  is  most  favorable.  The  cystic  tumors  will 
often  fluctuate,  and  the  fluid  character  of  their  contents 
is  demonstrated  by  the  hypodermic  needle.  An  en- 
larged right  kidney  may  be  mistaken  for  hepatic  tumors, 
for  impacted  faecal  matter  in  the  hepatic  flexure  of  the 
colon,  for  ovarian,  pyloric,  or  ometital  tumors,  and  for 
perinephritic  and  psoas  abscesses.  An  enlarged  left  kid- 
ney may  be  confounded  with  faecal  impaction  in  the 
splenic  flexure,  tumors  of  the  left  ovarjr,  and  splenic  en- 
largements.   A  renal  tumor  may  be  distinguished  from 


enlargements  of  the  liver  by  its  immobility  during  deep 
inspiration,  by  its  position  inside  of  the  colon  on  the 
right  and  behind  it  on  the  left  side,  and  by  its  relation 
to  the  ribs,  between  which  and  the  enlargement  the 
palpating  fingers  may,  generally,  be  inserted  during 
forced  expiration.  Psecal  masses  are  in  the  course  of 
the  colon,  retain  an  indentation  imprinted  by  the  finger, 
and  are  removed  by  cathartic  remedies.  Ovarian  tu- 
mors first  appear  in  the  iliac  regions  and  grow  upward, 
are  in  front  of  the  colon  and  present  other  characteristic 
features  elsewhere  detailed.  Pyloric  and  omental  tu- 
mors, as  well  as  perinephritic  and  psoas  abscesses  and 
splenic  tumors,  present  certain  distinctive  features,  for 
which  the  reader  is  referred  to  the  remarks  devoted  to 
these  subjects. 

Solid  Rbistal  TuMOKS. — Cancer. — Symptoms  and  Signs  : 
The  renal  enlargement  is  either  smooth  or  nodular,  in- 
durated or  soft,  and  is  sometimes  even  fluctuating ;  it  is 
behind  the  colon,  or  to  its  inner  side ;  it  is  generally  sen- 
sitive, immobile  on  deep  inspiration,  fixed  by  adhesions, 
of  rapid  growth,  and  often  of  great  size,  extending  from 
the  lumbar  into  adjacent  regions.  Primary  cancer  is 
ordinarily  unilateral,  and  does  not  produce  metastases ; 
children  under  ten  years  are  most  often  affected,  and 
next  in  order  of  frequency  persons  above  fifty  years  ; 
the  disease  is  usually  non-hereditary  and  primary,  espe- 
cially in  children,  but.  may  be  secondary,  arising  either 
by  continuity  or  by  metastasis  from  other  abdominal 
and  pelvic  carcinomata ;  albuminuria,  alone  or  with 
hsematuria,  is  frequent ;  renal  haemorrhage  is  sometimes 
profuse ;  there  is  intense  pain,  which  occasionally  radi- 
ates down  the  ureter  or  into  the  lower  extremities  ;  the 
constitutional  symptoms  of  cancer  are  more  or  less 
plainly  manifest.  Sarcomata  of  flie  kidney  are  rare,  and 
present  essentially  the  same  clinical  features  as  cancers, 
except  that  they  rarely  occasion  haematuria.  Benal 
gummata  do  not  often  attain  a  sufficient  size  to  be  per- 
ceived by  palpation,  are  not  painful,  are  coincident  with 
other  local  manifestations  of  a  general  syphilitic  dyscra- 
sia,  and  yield  to  constitutional  treatment. 

Benal  Tuberculosis. — A  renal  tumor  due  to  tubercles, 
when  of  sufficient  size  to  be  accessible  to  palpation, 
is  ordinarily  sensitive,  and  may  be  either  hard  or  soft ; 
it  is  generally  nodular,  occupies  the  usual  position  of  the 
kidney  relatively  to  the  colon,  and  is  secondary  to  tuber- 
culosis of  the  lungs,  vertebrae,  testicle,  prostate,  bladder, 
or  vasa  def erentia ;  it  may,  however,  in  rare  instances  be 
primary  ;  it  attacks  males,  in  the  majority  of  cases,  and 
is  more  frequently  developed,  according  to  Stewart,  in 
the  right  kidney.  "The  prominent  rational  symptoms  are 
haematuria,  pyuria,  cheesy  and  granular  detritus  in  the 
urine,  pain  in  the  kidney,  hectic  fever,  asthenia,  emacia- 
tion, and  possibly  bacilli  tuberculosis  in  the  urine. 

Benal  Calculi. — One  renal  calculus,  or  several  cal- 
culi, retained  in  the  pelvis  may,  rarely,  attain  dimensions 
even  surpassing  those  of  the  healthjr  kidney,  thus  sub- 
stituting for  the  latter  a  hard  insensitive  tumor,  either 
smooth  or  nodular,  the  differential  diagnosis  of  which  is 
best  established  by  the  exclusion  of  carcinoma,  syphilo- 
ma, and  tubercle,  which  affections  present  the  signs 
and  symptoms  already  described.  The  previous  history 
may  furnish  valuable  evidence  of  antecedent  or  existing 
pyelitis  or  renal  colic. 

Movable  Kidney. — This  form  of  renal  ectopia,  some- 
times designated  by  the  terms  wandering  and  floating 
kidney,  usually  presents  itself  in  hysterical,  middle-aged 
multiparse,  and  on  the  right  side.  The  physical  signs 
are  those  of  a  mobile  tumor,  possessing  the  form,  out- 
line, and  peculiar  sensibility  of  the  normal  kidney,  gen- 
erally located  in  the  hypochondriac  or  the  umbilical 
region,  either  behind  or  to  the  outer  side  of  the  colon. 
At  the  normal  site  of  the  organ  a  hollow  is  observed,  and 
tympanitic  resonance  is  obtained,  tut  the  former  disap- 
pears, and  the  latter  is  replaced  by  the  natural  dulness 
if  the  kidney  be  forced  to  assume  or  spontaneously  regain 
its  usual  position.  Bartholow  states  that  the  kidney  de- 
scends on  deep  inspiration,  ascending  again  with  the 
ensuing  expiratory  act.  The  leading  symptom,  by  no 
means  constantly  present,  is  pain,  either  of  a  dragging 
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character  and  located  in  the  hypocliondrium  or  radiating 
into  the  testicle  and  thighs,  and  especially  severe  in  walk- 
ing. Sometimes  the  pain  is  very  acute,  and  accompanied 
with  vomiting,  headache,  rigors,  nervous  shock,  and 
hsematuria  ;  in  this  case  the  tumor  is  often  swollen  and 
peculiarly  tender.  The  kidney  may  compress  the  vena 
portBB,  the  vena  cava,  or  the  howel,  thus  occasioning 
ascites,  cedema  of  the  lower  extremities,  and  obstipation. 
Gystia  Senal  Tumors. — These  are  pyonephrosis  or 
renal  abscess,  hydronephrosis,  hydatids,  and  renal  cysts, 
each  of  which  presents  a  fluctuating  nephritic  enlarge- 
ment. The  differential  diagnosis  of  these  affections 
may  ordinarily  be  established  by  a  careful  consideration 
of  the  constitutional  symptoms,  and  by  analysis  of  the 
urine  or  of  the  fluid  withdrawn  from  the  tumor. 

Pyonephrosis  an^  renal  abscess,  of  sufficient  size  to 
produce  perceptible  tumors,  are  generally  accompanied 
by  local  sensitiveness  and  by  the  usual  constitutional 
symptoms  of  suppuration.  The  enlargement  is  com- 
monly smooth  and  globular,  rarely  nodular,  and  may 
attain  the  size  of  a  child's  head.  In  pyonephrosis  the 
urine  voided  from  the  bladder  is  normal,  if  complete 
obstruction  of  the  affected  ureter  exist,  otherwise  it  con- 
tains pus,  blood,  and  epithelial  cells  ;  the  sudden  appear- 
ance of  the  latter,  accompanied  by  renal  colic  and  coin- 
cident with  rapid  subsidence  of  the  tumor,  is  strongly  in 
favor  of  pyonephrosis,  although,  the  same  phenomena 
may  attend  renal  abscess.  The  pre-existence  of  pyelitis 
or  of  renal  colic,  due  to  calculi,  and  the  demonstration 
of  some  condition  capable  of  obstructing  the  ureter, 
point  to  pyonephrosis.  An  antecedent  surgical  injury 
of  the  lumbar  region,  followed  by  the  development  of  a 
fluctuating  renal  tumor,  the  urine  long  remaining  nor- 
mal, would  indicate  the  existence  of  renal  abscess.  As- 
piration and  microscopical  examination  of  the  fluid 
withdrawn  from  the  tumor  demonstrate  the  presence  of 
pus  in  either  case. 

Sydi'onephrosis.— This  condition  is  generally  unilateral, 
is  caused  by  the  accumulation,  within  the  pelvis,  of  the 
renal  secretion,  and  is  uncomplicated  by  inflammation. 
Its  causes  may  furnish  a  clue  to  the  diagnosis.  They 
are  congenital  or  acquired  obstructions  of  the  ureter, 
either  partial  or  complete.  The  existence  of  congenital 
obstructions  can  rarely  be  ascertained.  Among  the 
causes  of  acquired  obstruction  are  impacted  calculi,  the 
pressure  of  pelvic  tumors,  especially  those  of  uterine 
origin,  stricture  of  the  urethra,  cystic  diseases,  as  cancer 
and  hypertrophy,  which  obstruct  the  oriflces  of  the 
ureters,  and  cicatricial  contractions  of  the  latter.  The 
tumor  is  fluctuating ;  sometimes  of  large  size,  insensitive, 
usually  smooth,  but  occasionally  nodular  and  lobulated  ; 
constitutional  symptoms  and  local  pain  are  absent.  The 
urine,  which  is  ordinarily  normal,  may  be  suddenly 
augmented  in  quantity  by  the  removal  of  the  obstruction, 
the  lumbar  enlargement  simultaneously  disappearing. 
The  fluid  obtained  by  aspiration  is  free  from  blood  and 
pus,  and  commonly  contains  urinary  constituents,  al- 
though these  may,  in  very  rare  instances,  be  wanting. 

Hydatids  of  the  Kidney. — A  tumor,  varying  in  size  from 
that  of  an  orange  to  that  of  an  adult's  head,  is  found, 
according  to  Roberts,  in  only  one-third  of  these  rare 
cases.  The  tumor  is  generally  smooth,  painless,  fluctu- 
ating, elastic,  and,  at  first,  insensitive ;  it  may,  rarely, 
present  the  hydatid  thrill.  When  adhesions  are  formed 
the  tumor  excites  pain  from  inflammation  and  ulceration, 
and  it  may  rupture  into  the  pelvis,  stomach,  or  intestine, 
the  characteristic  fluid  being  then  evacuated  through 
these  channels.  The  disease  is  unilateral,  and  especially 
attacks  men.  There  are  no  constitutional  symptoms, 
unless  suppuration  of  the  sac  or  secondary  adhesive  in- 
flammation occur.  The  urine  is  normal,  unless  rupture 
into  the  renal  pelvis, takes  place,  when  the  echinococci 
booklets  are  detected,  the  tumor  meantime  subsiding. 
The  passage  of  the  booklets  to  the  bladder  may  excite 
venal  colic,  and  their  arrival  in  the  viscus  often  produces 
vesical  tenesmus.  Fluid  withdrawn  by  aspiration  pre- 
sents the  characteristic  appearances  noticed  in  the  de- 
scription of  analogous  hepatic  tumors. 

Benal  cysts  closely  resemble  hydronephrosis  in  signs 


and  symptoms,  but  no  cause  for  obstruction  of  the  uretel 
is  demonstrable.  The  cysts  do  not,  generally,  occasion 
constitutional  symptoms,  except  in  the  advanced  stages, 
when  they  may  lead  to  uraemia.  The  cysts  are  painless, 
smooth,  insensitive,  and  fluctuating ;  the  urine  is  com- 
monly slightly  albuminous' or  bloody,  and  of  low  specific 
gravity ;  its  quantity  is  often  abnormally  large.  The 
fluid  obtained  by  aspiration  differs  from  that  withdrawn 
in  hydronephrosis  in  frequently  containing  pus  and 
blood,  but  may  possess  a  distinctly  urinous  character. 

4.    TUMOKS  OF   THE   SPLBBN. 

These  are  either  temporary  or  permanent.  The  former 
class  embraces  rapidly-developed  and  temporary  splenic 
enlargements,  due  to  physiological  congestion,  inflam- 
mation, and  acute  febrile  processes.  'The  latter  class 
includes  enlargements  from  chronic  malarial  poisoning, 
leucocythsemia,  pseudo-leucocythsemia,  obstruction  to 
the  portal  circulation  incident  to  hepatic,  pulmonary,  or 
cardiac  diseases,  waxy  degeneration,  cancer,  syphilo- 
mata,  tubercles,  hydatids,  and  splenic  ectopia.  The 
splenic  enlargement  common  to  all  the  above-mentioned 
conditions  occasions  a  feeling  of  weight  in  the  left  hypo- 
chondrium,  and  is  revealed  by  inspection,  which  often 
shows  a  more  or  less  marked  prominence  over  the  normal 
site  of  the  organ,  and  in  the  neighboring  abdominal  and 
thoracic  regions.  Palpation  reveals  the  form  of  the 
spleen,  which  it  retains  even  when  greatly  enlarged,  its 
consistency,  its  notched  anterior  border,  its  descent  dur- 
ing deep  inspiration,  its  mobility  on  change  of  posture, 
unless  this  be  prevented  by  adhesions,  the  rounded  char- 
acter of  the  tumor's  lower  border,  and  the  possible  upward 
displacement  of  the  heart.  Percussion  accurately  defines 
the  exact  limits  of  the  organ,  which  may  sometimes 
reach  the  iliac  fossse.  The  various  splenic  tumors  must 
be  distinguished  from  each  other  rather  by  their  con- 
comitant conditions  than  by  their  individual  physical 
characters. 

(a)  Tempokaet  Enlaegbments.  —  Physiological  con- 
gestion, leading  to  temporary  enlargement,  occurs  habit- 
ually after  eating,  and  at  the  menstrual  epoch,  but  is 
accompanied  by  no  pain,  tenderness,  or  other  abnormal 
symptoms.  Inflammatory  splenic  enlargements  may  be 
either  local  or  general.  They  are  due  to  traumatism,  the 
history  of  which  can  easily  be  obtained,  to  extension  of 
inflammation  from  neighboring  organs,  to  hemon-hagic 
infarctions,  or  to  embolism  in  pysemic  endocarditis.  In 
the  last  two  cases  abscesses,  fluctuating  and  yielding  pus 
on  aspiration,  may  be  formed,  and  will  excite  the  ordi- 
nary constitutional  symptoms  of  suppuration  ;  the  tu- 
mors are  usually  painful  and  sensitive ;  the  existence 
of  perisplenitis  is  shown  by  the  discovery  of  a  f rjction- 
sound,  occasioned  by  the  respiratory  movements  of  the 
diaphragm  and  by  the  occurrence  of  lancinating  pains. 
The  abscess  may  rupture  into  the  stomach,  bowel,  or 
peritoneum.  In  the  flrst  and  second  cases  pus  will  be 
rejected  by  vomiting  or  in  the  evacuations  ;  in  the  last 
instance  peritonitis  rapidly  supervenes.  If  the  abscess 
be  small,  the  above  signs  and  symptoms  may  be  absent, 
and  the  diagnosis  be  impracticable.  Perinephritic  ab- 
scesses majr  offer  insuperable  obstacles  to  a  correct  dif- 
ferential diagnosis. 

The  splenic  enlargements  dependent  upon  acute  febrile 
diseases  occur,  most  frequently,  in  connection  with 
malarial,  typhoid,  and  puerperal  fevers  and  in  pyaemia, 
but  are  often  observed  in  the  eruptive  fevers,  in  diph- 
theria, cerebro-spinal  fever,  pneumonia,  erysipelas,  and 
acute  miliary  tuberculosis.  The  presence  of  symptoms 
characteristic  of  these  diseases,  with  the  usually  rapid 
subsidence  of  the  tumor,  after  defervescence,  will  de- 
monstrate the  acute  nature  of  the  enlargement. 

(b)  Pbrmanbnt  Enlargements. — The  chronic  splenic 
enlargement,  familiarly  known  as  ague-cake,  will  be 
distinguished  by  thfi  history  of  past  or  present  acute 
malarial  attacks,  and  by  the  existence  of  the  malaria? 
cachexia  ;  pigment-particles  may  be  discovered  in  the 
blood.  In  levAMcythoemia  and  pseudo-leucocythamia,  the 
lymphatic    glands  are  hypertrophied,  as   well  as  the 
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spleen,  aad  in  the  former  disease  the  white  corpuscles 
wUl  be  present  in  abnormally  large  proportions  in  the 
blood.  Anasarca,  fever,  and  haemorrhage  from  mucous 
surfaces  are  quite  constant  advanced  symptoms  of  both 
conditions.  Splenic  tumors,  dependent  upon  portal 
obstruction,  will  be  accompanied  by  the  symptoms 
characteristic  of  the  mca'bid  conditions  producing  the 
obstruction ;  these  are  mainljr  mitral  and  tricuspid 
valvular  lesions,  fibroid  phthisis,  chronic  pleurisy  with 
retraction,  pulmonary  emphysema,  obstruction  of  the 
inferior  vena  cava  by  thoracic  tumors,  cirrhosis  of  the 
liver,  pylethrombosis,  pylephlebitis,  and  such  hepatic 
tumors  as  exert  pressure  directly  on  the  portal  vein. 
Other  symptoms  of  portal  obstruction  will  facilitate  the 
diagnosis,  especially  gastro-enteritis,  hemorrhoids,  as- 
cites, and,  in  the  case  of  portal  congestion  from  intra- 
thoracic disease,  the  symptoms  of  chronic  renal  con- 
gestion. The  a/myloid  spleen  is  developed  in  connection 
with  waxy  degeneration  of  the  liver,  intestines,  and 
kidney,  which  will  present  a  familiar  train  of  symptoms, 
and  which  are  etiologieally  dependent  upon  chronic 
suppurative  processes  or  syphilis.  Cancer  of  the  spleen 
is  rare  and  always  secondary  ;  its  existence  will  be  in- 
ferred if  a  tender  and  painful  splenic  tumor  be  de- 
veloped consecutively  to  carcinoma  of  abdominal,  pel- 
vic, or  thoracic  viscera.  Ghimmata  in  tie  spleen  im- 
part no  distinctive  characters  to  the  splenic  tumor,  but 
the  presence  of  syphilomata  in  other  organs  or  tissues 
and  the  history  of  constitutional  infection  will  facilitate 
the  diagnosis.  Tubercles  are  developed  in  the  spleen 
during  general  tuberculosis,  but  offer  no  pathognomonic 
signs ;  their  existence  may  be  assumed  in  the  absence 
of  other  causes  for  splenic  enlargement  and  in  the  pres- 
ence of  symptoms  of  acute  tuberculosis.  Hydatids  of 
the  spleen  are  generally  coincident  with  their  existence 
in  the  peritoneum  or  liver ;  they  may  present  the 
hydatid  thrill  and  fluctuation ;  the  discovery  of 
booklets  in  the  fluid  withdrawn  from  the  tumor  estab- 
lishes the  diagnosis.  Splenic  ectopia  is  due  to  increased 
size  and  weight  of  the  organ  incident  to  various  mor- 
bid conditions.  The  tumor  presents  the  characteristic 
splenic  contour  and  smoothness,  but  is  usually  tender 
and  accompanied  by  other  symptoms  produced  by 
pressure  on  adjacent  organs.  The  abdoniinal  tumors, 
most  frequently  confounded  with  splenic  enlargements, 
are  those  of  the  left  lobe  of  the  liver,  of  the  stomach, 
particularly  cancer ;  of  the  kidney,  the  omentum,  the 
pancreas,  the  ovary,  and  tumors  due  to  f secal  impaction 
in  the  splenic  flexure  of  the  colon.  For  the  diagnosis 
of  these  enlargements  the  reader  will  please  see  the  re- 
marks under  their  respective  titles. 

5.    TUMOBS  OF   THE  PaNCBEAS. 

These  tumors  frequently  oppose  insurmountable  dif- 
ficulties to  the  diagnostician' on  account  of  their  depth, 
their  rarity,  and  the  ambiguity  of  their  symptoms.  Those 
pancreatic  diseases  producing  perceptible  tumors  are 
cancer,  cystic  degeneration,  and  acute  or  chronic  inflam- 
mation. All  of  these  morbid  conditions  produce  im- 
movable epigastric  tumors,  unaffected  by  deep  inspira- 
tion, and  occasional  symptoms  of  all  are  glycosuria  and 
fatty  diarrhoea  due  to  interference  with  the  pancreatic 
digestive  functions.  All  the  tumors  may  occasion  grave 
disturbances  by  compressing  neighboring  organs. 

Cancer  of  tJie  pancreas  is  commonly  secondary  to  gas- 
tric, omental,  retroperitoneal,  or  hepatic  carcinoma.  It 
is  generally  of  the  scirrhous  variety,  attacks  men  over 
forty  years  of  age,  by  preference,  is  usually  developed, 
if  primary,  in  the  head  of  the  organ,  and  may  involve 
any  adjacent  viscus.  The  tumor,  present,  according  to 
Bartholow,  in  one-third  of  the  cases,  is  transverse  and 
sensitive.  The  neighboring  lymph-glands  may  be  en- 
larged and  cachexia  apparent ;  pain,  often  radiating  into 
the  back,  is  present  and  is  aggravsrted  by  the  erect  post- 
ure ;  it  is  frequently  paroxysmal  and  is  intensified  by 
deglutition,  coughing,  or  the  assumption  of  the  abdomi- 
nal decubitus,  and  is  relieved  when  the  body  is  bent 
forward.    Emesis,  jaundice,  constipation,  gastrectasia, 


ascites,  cedema  of  the  lower  extremities,  and  pancreatic 
cysts  may  result  from  pressure  on  the  stomach,  ductus 
communis,  duodenum,  portal  vein,  vena  cava,  and  pan- 
creatic duct. 

A  pancreatic  cyst  produces  a  spherical,  insensitive,  uni- 
form or  lobulated  epigastric  tumor,  unattended  by  pain 
or  symptoms,  other  than  glycosuria  and  fatty  diarrhoea, 
and  commonly  referable  to  obstruction  of  Wirsung's 
duct  by  pancreatic  calculi,  by  the  pressure  of  neighbor- 
ing neoplasms,  or  by  interstitial  inflammation.  It  may, 
according  to  Bristowe,  attain  the  size  of  an  orange. 

Chronic  interstitial  infkt/mmation  of  the  pancreas  gives 
rise  to  an  indurated,  painless,  and  insensitive  enlarge- 
ment in  the  epigastrium,  possibly  accompanied  by  the 
symptoms  already  described  as  common  to  all  pancreatic 
tumors.  Acute  pancreatitis,  which  may  result  from  the 
abuse  of  mercury  or  may  occur  as  a  complication  of 
puerperal  and  essential  fevers,  presents  a  soft,  painful, 
tender,  fluctuating  tumor,  often  attended  by  emesis  and 
pyrexia.  Pancreatic  tumors  are  to  be  distinguished  from 
cancer  of  the  pylorus,  abdominal  aneurism,  omental  tu- 
mors, and  biliary  calculi.  Pyloric  carcinoma  usually 
presents  more  marked  gastric  symptoms,  with  hsemate- 
mesis  and  melssna ;  the  pylorus  is,  however,  often  in- 
volved simultaneously  with  the  pancreas.  The  charac- 
teristics of  abdominal  aneurisms  are  stated  in  the  article 
on  that  subject.  Omental  tumors  are  more  superficial 
and,  if  tuberculous  or  cancerous,  excite  chronic  peri- 
tonitis. The  diagnostic  features  of  biliary  calculi  wiU 
be  found  in  the  article  devoted  to  that  affection. 

6.    TlTMORS  OF  THE  INTESTINE. 

The  intestinal  tumors  possessing  the  greatest  clinical 
interest  are  due  either  to  cancer,  faecal  impaction,  or  to 
various  forms  of  obstruction.  Intestinal  sarcomata, 
myomata,  fibromata,  adenomata,  lipomata,  angiomata, 
papillomata,  and  cysts  also  occur,  but  the  first  of  these 
can  hardly  be  differentiated  from  cancer,  and  the  others 
are  ordinarily  of  such  small  size  as  to  escape  detection. 

The  diagnosis  of  intestinal  ca/ncer  must  be  mainly  based 
upon  its  situation  and  its  symptoms.  It  is,  generally, 
inherited  and  primary,  is  developed  after  the  fortieth 
year,  most  frequently  attacks  the  rectum,  sigmoid  fiex- 
ure,  andcsecum,  but  is,  sometimes,  found  in  the  duo- 
denum and,  rarely,  in  the  jejunum  or  ileum.  Pain, 
intestinal  obstruction,  the  presence  of  a  sensitive  tumor, 
constipation  followed  by  diarrhoea,  and  cachexia  are 
common  to  all  intestinal  carcinomata,  wherever  situated, 
although  these  symptoms  are  not  constant.  If  the  rectum 
be  the  seat  of  the  new-growth  it  will  be  easily  discovered 
and  microscopically  examined ;  the  pain  may  radiate 
into  the  thighs  and  testes,  the  fasces  will  be  ribbon-shaped 
early  in  the  disease,  and  later  will  be  mingled  with  blood, 
pus,  and  putrid  particles  of  the  cancer.  Should  the  first 
portion  of  the  duodenum  be  involved  there  may  be 
emesis,  the  ^ecta  sometimes  presenting  the  appearance 
of  coffee-grounds,  or  icterus  from  occlusion  of  the  com- 
mon bile-duct.  IHagnom. — Intestinal  cancer  must  be  dif- 
ferentiated from  aneurisms,  fsecal  tumors,  carcinomata, 
and  other  tumors  of  neighboring  abdominal  organs,  from 
floating  kidney,  enteritis,  and  intestinal  ulceration,  and 
from  all  other  causes  of  intestinal  obstructioij.  Enteritis 
and  ulceration  can  be  excluded  by  the  absence  of  tumor, 
constipation,  and  cachexia  in  those  diseases.  The  diag- 
nosis of  the  other  morbid  conditions  simulating  cancer 
is  presented  in  connection  with  their  general  description. 

P.ffi:cAL  TxtMOBS. — These  are  situated  in  the  colon,  and 
most  frequently  at  the  sigmoid,  splenic,  or  hepatic 
fiexures,  and  in  the  csecum.  The  tumor  will  be  found 
in  the  course  of  the  bowel,  its  long  diameter  correspond- 
ing to  that  of  the  intestine ;  it  may  be  nodular,  but  is 
not  sensitive,  and  can  be  indented  by  the  finger  ;  owing 
to  its  inelasticity  the  fsecal  mass  retains  the  digital  inden- 
tation. The  tumor  can  often  be  displaced  in  the  axis  of 
the  intestine  ;  diarrhoea  may  be  present  from  irritation, 
although  constipation  is  the  rule.  The  absence  of  ca- 
chexia, constitutional  symptoms,  and  pain  facilitate  the 
exclusion  of  cancer  and  of  other  intestinal  obstructions. 


2] 


/Ibdominal  Tumors. 
Abdominal  Tumors. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Free  purgation  usually  completely  removes  the  tumor, 
which  often  spontaneously  changes  its  position. 

Intestinal  Obstkuction. — The  classification  of  in- 
testinal obstructions  here  adopted  is  derived  from  the 
lectures  of  Dr.  H.  B.  Sands.  It  embraces :  1.  Errors  of 
position,  as  intussusception  and  volvulus.  2.  Compres- 
sion from  bands,  diverticula,  accidental  rings,  internal 
hernias,  benign  or  malignant  tumors.  3.  Obturation  from 
foreign  bodies,  polypi,  gall-stones,  enteroliths,  or  fsecal 
masses.  4.  Strictures  of  the  bowel,  either  fibrous  or 
malignant.  The  symptoms  of  invagin-ation  are  some- 
what different  from  those  of  other  obstructions.  They 
ordinarily  supervene  rapidly,  the  patients  being,  usually, 
children  who  have  suffered  for  some  days  from  diar- 
rhoea. The  symptoms  are,  chiefly,  severe  localized 
pain  ;  the  development  of  a  tender,  rather  soft  abdomi- 
nal tumor,  which  yields  a  dull  note  on  percussion,  may 
cliange  its  form  or  position,  and  is  most  frequently 
found  in  the  right  iliac  fossa ;  emesis,  sometimes  ster- 
coraceous  and  diarrhoeal,  or  sanguinolent  evacuations 
which  may  contain  gangrenous  shreds  or  masses.  The 
leading  symptoms  of  the  other  varieties  of  obstruction  are 
obstipation  ;  vomiting,  which  appears  early,  is  bilious  at 
first  and  may  remain  so  if  the  obstruction  be  high  up  in 
the  small  intestine,  but  which  comes  late  and  becomes 
stercoraceous  if  the  small  bowel  be  occluded  low  down, 
or  the  colon  at  an}'  part  of  its  course  ;  the  formation  of 
a  sensitive,  painful  tumor,  dull  on  percussion,  if  the  ob- 
struction be  not  too  high  in  the  small  intestine  ;  increas- 
ing tympanites  above  the  tumor,  singultus,  lowered 
temperature,  and  finally  collapse.  The  diagnosis  re- 
lates both  to  the  nature  and  the  situation  of  the  ob- 
struction. The  existence  of  invagination  may  be  in- 
ferred if  obstruction  suddenly  occur  in  a  child  pre- 
viously affected  with  diarrhoea,  and  be  accompanied  by 
bloody  stools ;  a  rectal  examination  may  confirm  the 
diagnosis.  Volvulus  is  sometimes  induced  by  violent 
muscular  exertions,  as  in  jumping  or  lifting.  If  the 
liistory  points  to  pre-existing  peritonitis,  or  to  other  ab- 
dominal tumors,  obstruction  from  compression  is  probable. 
Should  there  be  a  history  of  biliary  colic,  obstruction 
by  a  gall-stone  or  by  fsecal  masses  developed  around  a 
calculus  is  assumed.  The  pre-existence  of  ulcers  points 
to  strictures  of  the  bowel.  The  situation  may  be  deter- 
mined by  exact  localization  of  the  original  tumor,  but 
this  often  fails.  In  obstruction  of  the  duodenum  or 
jejunum  the  urine  is  scanty,  the  abdomen  undistended, 
and  the  ejecta  bilious  in  character ;  if  the  caecum  be 
the  seat  of  the  occlusion  the  large  intestine  will  be 
empty,  but  the  latter  will  be  distended  throughout  if 
the  rectum  be  obstructed  ;  if  a  rectal  tube  can  be  made 
to  penetrate  a  foot  or  more,  the  rectum  and  sigmoid  are 
free ;  if  the  colon  can  be  distended  throughout  by  in- 
jected air  or  water,  it  is,  of  course,  unobstructed. 
Simon's  method  of  manual  intrarectal  examination  may 
furnish  important  information.  Differential  Diagnosis. 
— The  chief  conditions  with  which  obstruction  may  be 
confounded  are  peritonitis,  acute  gastritis,  hepatic  and 
renal  colic,  enteritis,  external  hernia,  simple  enteralgia, 
and  gastralgia.  Peritonitis  is  characterized  by  great 
tenderness,  high  temperature,  and  incompressible  pulse, 
a  peculiar  decubitus,  and  facies.  Acute  gastntis  is 
marked  by  elevation  of  temperature,  and  by  great  ten- 
derness and  heat  of  the  epigastrium  ;  there  is  no  ob- 
stinate constipation,  but  often  diarrhoea ;  the  ejecta 
are  not  stercoraceous.  In  liepatie  colic  there  is  no  tym- 
panites, fascal  vomiting,  or  obstipation  ;  the  pain  begins 
suddenly,  radiates  from  the  right  hypochondrium  to  the 
right  shoulder,  or  into  the  back,  and  ceases  abruptly ; 
there  may  be  jaundice  and  colorless  stools  ;  bile  is  found 
in  the  urine  and  the  calculus  is  perhaps  detected  in  the 
evacuations.  In  renal  colic  there  is  no  fever,  tympanites, 
faecal  emesis,  or  constipation  ;  the  pain,  which  begins 
and  ceases  abruptly,  radiates  into  the  penis  and  thighs  ; 
the  urine  is  often  bloody,  and  may  contain  uric  acid 
crystals  or  the  offending  calculus  ;  the  testicle  is  re- 
tracted. Enteritis  is  accompanied  by  diffused  abdominal 
pain  and  tenderness,  by  diarrhoea  and  an  elevated  tem- 
perature, but  not  by  emesis  or  tympanites.    Inguinal 


and  femoral  hernias  are  excluded  by  a  thorough  physical 
examination.  Enteralgia  and  gastralgia  are  devoid  of 
the  leading  symptoms  of  obstruction,  while  the  pain  of 
these  neuralgic  affections  is  paroxysmal  and  may  be 
relieved  by  pressure. 

7.  TCMOKS  OF   THE    OmBNTUM. 

The  omental  tumors  most  deserving  of  attention  are 
cancer,  tubercle,  and  hydatids.  Fibromata,  hsematomata, 
myxomata,  dermoid  and  simple  cysts  are  also  developed 
from  the  omentum,  but  are  so  rare  as  not  to  claim  con- 
sideration in  this  place. 

Omental  cancer,  a  rare  disease,  as  compared  with 
tubercle,  is  usually  secondary  to  cancerous  degeneration 
of  other  abdominal  organs  or  of  the  sexual  apparatus, 
but  may  be  primary,  particularly  if  of  the  colloid  variety. 
Its  siyns  are  those  of  tumors,  either  nodular  or  diffuse, 
which  sometimes  attain  large  dimensions,  are  bilateral, 
superficial,  tender,  movable,  unless  bound  down  by 
peritoneal  adhesions,  and  often  accompanied  by  par- 
oxysmal pain  and  peritoneal  friction-sounds. 

Omental  tubercles,  although  occasionally  primary,  gen- 
erally merely  constitute  one  local  manifestation  of  general 
tuberculosis,  the  point  of  departure  for  which  may  have 
been  the  lungs  or  the  genito-urinary  organs.  The  tuber- 
culous nodules  are  too  minute  to  be  certainly  disclosed 
by  physical  exploration.  Cancer,  tubercle,  and  hydatids 
excite  chronic  peritonitis,  which  is  often  insidious  in 
development,  and  latent  as  regards  symptoms;  cancer 
and  tubercle  present,  in  addition,  their  familiar  trains  of 
constitutional  symptoms,  and,  generally,  evidences  of  the 
primary  disease.  In  tuberculosis  there  is  more  frequently 
pleuritis,  diarrhcea,  fever,  emesis,  and  tympanites  than  in 
cancer,  and  the  average  age  of  the  patients  is  less.  The 
fluid  withdrawn  from  the  peritoneal  cavity  in  cancer  is 
said,  by  Foulis  and  Thornton,  to  contain  characteristic 
groups  of  large,  budding  cells. 

Hydatids  of  the  omentum  may  present  the  characteristic 
fremitus,  and  yield  fluid  containing  echinococci  booklets ; 
they  excite  less  constitutional  disturbance  than  cancer 
or  tubercle,  but  may  exceed  either  in  size.  Ascites  is 
often  mistaken  for  chronic  peritonitis,  secondary  to  omen- 
tal tumors  ;  it  is,  however,  not  accompanied  by  fever, 
pain,  or  abdominal  tenderness.  Ascites  is,  moreover, 
caused  by  cirrhosis  of  the  liver,  or  by  obstruction  to  th( 
hepatic  circulation  from  intrathoracic  diseases,  whicl' 
also  occasion  splenic  enlargement,  gastro-enteritis,  and 
distention  of  the  superficial  abdominal  veins. 

8.  TUMOKS  or  THE  Bladdbk. 

New-growths  in  the  bladder  are  cancerous,  tuberculous, 
villous,  or  fibrous  in  nature,  but  do  not  occasion  suf- 
ficient enlargements  to  justify  their  inclusion  among 
abdominal  tumors.  Vesical  cancer  is  generally  secondary 
to  other  pelvic  carcinomata,  and  causes  cystitis,  enlarge- 
ment of  lumbar  glands,  and  sudden,  abundant  hemor- 
rhages. Cystic  tubercles  are  secondary  to  tuberculous 
deposits  in  other  genito-urinary  organs,  or  occur  in  gen- 
eral tuberculosis.  Villous  tomors  produce  long-continued 
parenchymatous  hemorrhages.  Mbroids  occasion  cystitis 
and  dysuria. 

A  distended  bladder  occupies,  first,  the  hypogastrium, 
and  gradually  invades  the  adjoining  regions.  The  tumor 
is  oval,  central,  flat  on  percussion,  smooth,  painless,  and 
insensitive,  until  an  extreme  degree  of  distention  is 
reached,  and  sometimes  fluctuating.  Catheterism  estab- 
lishes the  differential  diagnosis  between  vesical  distention 
and  ascites  or  uterine  tumors.  Distention  should  always 
be  sought  for  in  delirious  or  comatose  patients,  and  will 
often  be  found  in  cases  of  incontinence  following  atony. 
In  these  cases  the  history  of  frequent  urination  some- 
times causes  the  physician  to  overlook  the  necessity  for 
physical  exploration. 

9.  UTBBrNE  Tumors. 

The  principal  causes  of  uterine  enlargements  are  preg- 
nancy, hydatidiform  mole,  retained  dead  foetus,  retained 
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menstrual  or  serous  fluid,  fibromata,  flbro-cystomata,  car- 
cinomata,  sarcomata,  and  physometra.  If  the  uterine 
abdominal  tumor  be  of  small  size  it  will  occupy  the 
hypogastrium,  unless  adhesions  from  antecedent  peri- 
uterine inflammation  or  other  abdominal  enlargements 
exert  such  traction  or  pressure  upon  it  as  to  displace  it 
into  one  of  the  inguinal  regions. 

If  normal  pregnancy  exist  it  will  be  revealed,  after  the 
fourth  month,  by  the  foetal  heart-sounds,  the  uterine 
soufile,  ballottement,  and  the  foetal  movements,  together 
with  the  familiar  mammary  and  cervical  changes  ■,  the 
tumor  is  firm,  non-fluctuating,  and  inelastic.  If  s,  dead 
faius  be  retained  in  utero,  the  history  will  be  that  of 
normal  pregnancy  up  to  a  certain  time,  after  which  no 
evidence  of  foetal  vitality  or  of  progressive  uterine  en- 
largement can  be  obtained.  Having  undergone  either 
maceration  or  mummification,  the  foetus  may  be  expelled 
before  the  expiration  of  the  normal  period  of  utero- 
gestation,  or,  having  been  transformed  into  a  lithopcedion, 
may  be  indefinitely  retained.  The  hydaiidiform  mole, 
when  of  large  size,  is  distinguished  by  the  occurrence 
of  uterine  contractions,  resulting  in  the  expulsion  of  a 
muco-sanguinolent  fluid  containing  the  cysts  peculiar  to 
this  disease,  possibly  by  the  presence  of  slight  fluctua- 
tion, by  unusually  rapid  enlargement  of  the  uterus,  by 
the  failure  of  ballottement,  and  by  the  absence  of  foetal 
heart-sounds.  If  the  tumor  be  due  to  retained  menstrual 
fluid,  the  signs  of  pregnancy  will  be  absent,  the  dis- 
charge at  each  menstrual  epoch  will  be  insignificant  or 
absent,  intense  pain  will  recur  at  each  period,  and 
physical  examination  will  disclose  obstruction  of  the 
genital  canal.  The  history  will,  also,  often  point  to 
some  antecedent  inflammatory  disease  of  such  a  nature 
as  to  have  occasioned  occlusion  of  the  genital  passage. 

The  accumulation  of  a  serous  disaha/rge  from  the  en- 
dometrium, in  old  women,  will  present  the  above  signs 
and  symptoms  without  periodicity  or  severe  pain. 

The  connection  of  uterine  neoplasmata,  which  have  not 
involved  neighboring  viscera,  with  that  organ  is  shown 
by  the  displacement  of  the  tumor  when  the  uterus  is 
moved  either  by  the  palpating  finger  or  the  uterine 
sound,  by  the  elongation  of  the  uterine  cavity,  ascer- 
tained with  the  probe,  and  by  the  results  of  abdominal  pal- 
pation, vaginal  exploration,  Simon's  intra-rectal  method, 
or  by  a  combination  of  these  methods  of  examination. 
The  symptoms  of  pregnancy  are  absent.  Uterine  fl^oids 
attack  the  body  or  fundus  of  the  organ,  by  preference, 
and  cause  irregular,  unsymmetrical  enlargement ;  their 
consistency  is  firm ;  they  are  usually  developed  between 
the  thirtieth  and  forty-fifth  year.  Negresses  are  especially 
predisposed.  The  chief  symptoms  are  metrorrhagia  or 
menorrhagia,  pain  from  pressure  on  the  pelvic  nerves, 
uterine  tenesmus,  dysmenorrhoea,  leucorrhoea,  and  hy- 
drorrhoea.  I%rocystomata  of  the  uterus  may  present 
obscure  fluctuation  and  yield  fluid  on  aspiration,  which 
does  not  possess  the  characters  of  ovarian  fluid ;  their 
growth  is  more  rapid  than  that  of  fibromata,  and  their 
size  usually  greater.  Uterine  earoin/ymata  attack  aged 
multiparse  possessed  of  an  hereditary  predisposition ; 
they  generally  afEect  the  cervix,  but  may  invade  the 
body  and  fundus,  when  they  become  accessible  to  ex- 
amination through  the  abdominal  walls  ;  they  are  hard 
and  nodular  until  ulceration  occurs,  after  which  an  ir- 
regular and  bleeding  ulcer  remains ;  the  microscope 
decides  the  character  of  the  neoplasm.  Menorrhagia, 
metrorrhagia,  fetid  discharge,  and  cachexia  are  the  chief 
rational  symptoms.  Sarcomata  always  develop  in  the 
uterine  body,  are  generally  soft  and  friable,  though 
sometimes  hard  ;  the  cervix  is  dilated,  and  the  uterine 
cavity  enlarged  ;  there  are  present  menorrhagia,  metror- 
rhagia, uterine  tenesmus,  and  an  offensive  discharge ; 
the  microscope  establishes  the  diagnosis.  Physometra  or 
l)jmpanites  Uteri. — This  rare  condition,  dependent  on 
the  presence  of  air  or  gas  in  the  uterine  cavity,  is  shown 
by  the  existence  of  tympanitic  resonance  over  the  entire 
organ.  Tympanites  uteri  occurs  during  labor,  as  the 
result  of  the  entrance  of  air  through  the  ruptured  mem- 
branes, and  is  either  due  to  the  air  alone  or  to  the  gases 
which  are  the  product  of  putrefactive  processes  excited 


by  the  presence  of  air,  heat,  and  moisture  in  utero.  The 
pains  grow  feeble  or  cease  in  physometra,  there  is  an 
offensive  discharge  from  the  uterus,  and  septic  symptoms 
ensue.  Ovarian  tumors,  spurious  pregnancy,  ascites, 
cysts  of  the  broad  ligaments,  and  salpingitis  may  be 
mistaken  for  uterine  tumors. 

10.    OVAKIAN  TtTMOKS. 

These  enlargements  occur  with  greater  frequency  than 
all  other  abdominal  tumors.  They  appear  first  in  the 
iliac  fossae,  and  gradually  extend  to  the  adjoining  regions. 
On  inspection  they  present,  early  in  the  disease,  an  ir- 
regular, unilateral,  more  or  less  globular  projection.  In 
the  later  stages  this  prominence  may  occupy  all  the  ab- 
dominal regions,  being  especially  marked  in  the  middle 
line.  The  tumors  may,  according  to  their  structure,  be 
hard  and  unyielding,  or  soft  and  fluctuating.  They  are 
movable,  unless  adhesions  have  formed  between  them 
and  neighboring  viscera,  and  may  be  either  sensitive  or 
insensitive,  painful  or  the  reverse.  Flatness  on  percus- 
sion exists  over  the  tumor,  and  does  not  change  place 
with  alterations  in  the  patient's  position.  Tympanitic 
intestinal  resonance  is  found  above  the  tumor  and,  often, 
on  either  side  of  it.  The  uterus  is  generally  movable, 
of  normal  size,  and  displaced  backward  or  laterally.  It 
is  often  found  behind  the  ovary,  as  is  the  large  intestine. 
"An  aortic  impulse  may  be  imparted  to  the  enlarged 
ovary. 

Ovarian  neopltismata  are,  according  to  the  classification 
of  Thomas,  either  solid  or  cystic.  'The  leading  members 
of  the  former  group  are  cancers  and  fibroids,  those  of 
the  latter  are  cysto-fibromas,  cysto-carcinomas,  dermoid 
cysts,  ovarian  cysts,  and  cystomata.  Acute  ovaritis  also 
leads  to  enlargement  of  the  organ. 

Solid  Tumobs. —  Cancer. — A  cancerous  ovarian  tu- 
mor is  primary  or  secondary,  painful,  usually  sensi- 
tive, and  of  either  firm  or  soft  consistency.  It  develops 
rapidly  in  aged  women,  and  is  accompanied  by  marked 
asthenia,  cachexia,  ascites,  oedema  of  the  feet,  and  sec- 
ondary glandular  tumors.  Fibromata  of  the  ovary  are 
rare,  and  usually  of  small  size.  They  are  firm,  unyield- 
ing, insensitive,  painless,  movable,  and  of  slow  growth. 
Acute  ovaritis  produces  enlargement  of  the  exquisitely 
tender  organ,  vaginal  sensitiveness  near  the  site  of  the 
ovary,  with  vesical  tenesmusi  febrile  movement,  and 
sympathetic  emesis. 

Cystic  Tumors. — Cysto-flbromata  are  of  large  size, 
fluctuate,  and  yield,  on  aspiration,  a  serous,  sero-san- 
guinolent,  purulent,  or  colloid  material.  Oysto-carcino- 
mata  are  characterized  by.  their  very  rapid  development, 
their  involvement  of  neighboring  organs  and  consequent 
immobility,  their  frequently  nodular  character,  their 
tenderness,  their  painful  nature,  and  their  constitutional 
symptoms ;  they  are  rarer  than  cysto-flbromata.  Der- 
moid cysts  are  commonly  spherical  and  indurated,  single, 
although  occasionally  multiple,  painless  and  movable ; 
they  vary  in  size  from  that  of  a  hen's  egg  to  that  of  an 
adult  head ;  they  may  suppurate,  and  may  rupture  into 
the  peritoneal  cavity.  Ovarian  cysts  present  the  physical 
characters  described  in  the  introductory  remarks  on  ova- 
rian enlargements,  the  most  striking  being  fluctuation. 
The  chemical  analysis  and  microscopical  examination  of 
the  fluid  withdrawn  are  of  great  diagnostic  value  ;  the 
fluid  is  not  generally  spontaneously  coagulable ;  it  is 
usually  viscid,  sometimes  serous,  has  an  average  specific 
gravity  of  1.018  or  1.030,  and  contains  albumen  and 
paralbumen  ;  it  may  contain  cholesterine,  cylindrical 
epithelial  cells,  Drysdale's  ovarian  corpuscles,  the  inflam- 
matory cells  of  Grliige,  and  blood-corpuscles.  The  age 
at  which  ovarian  cysts  commonly  develop  is  from  twenty 
to  forty  years.  The  leading  symptoms  are  dysuria  and 
dysmenorrhoea,  pelvic  pain,  constipation,  and  ascites. 
For  some  time  the  general  health  remains  tolerable,  but 
hectic  fever,  emesis,  diarrhoea,  oedema,  and  asthenia 
finally  develop. 

Differential  Diagnosis. — The  abdominal  enlargements 
most  likely  to  be  mistaken  for  ovarian  tumors  are  those 
of  the  uterus,  bladder,  omentum,  intestine,  broad  liga- 
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Dients,  and  Fallopian  tubes.  Tumors  of  the  kidneys, 
stomach,  liver,  and  spleen,  must  also  be  differentiated, 
besides  ascites,  tympanites,  chronic  peritonitis,-  pelvic 
abscess,  cellulitis  and  hsematocele,  aortic  aneurisms,  en- 
largements of  the  retro-peritoneal  glands,  osteomata,  and 
enchondromata  of  the  pelvic  walls. 

Enehondromata  and  osteomata  of  the  ipelmc  hones  are 
hard,  immovable,  non-fluctuating,  and  contain  no  fluid ; 
the  other  morbid  conditions  mentioned  are  described, 
at  the  proper  place  in  this  article,  or  in  those  treating  of 
the  subjects  in  question. 

11.  Miscellaneous  Ttjmobs. 

ExTKA-UTBEiNE  Pbbgnancy. — The  diagnosis  of  this 
condition  is  based,  according  to  Lusk,  upon  the  existence 
of  the  signs  of  pregnancy,  the  exclusion  of  an  ovum  in 
the  uterine  cavity,  and  the  presence  of  a  tumor  outside 
the  womb.  The  signs  of  pregnancy  need  not  be  repeated. 
The  absence  of  an  ovum  from  the  uterus  is  shown  by 
the  cautious  use  of  the  uterine  sound  or  by  the  introduc- 
tion of  the  finger,  after  cervical  dilatation.  The  tumor 
may  sometimes  be  felt  before  the  fourth  month  by  vagi- 
nal touch,  and,  occasionally,  after  that  time,  by  abdomi- 
nal palpation.  The  heart-sounds  may  then  be  heard. 
Dr.  Lusk  suggests  that  friction  of  the  abdomen,  over  the 
tumor,  may  aid  in  the  diagnosis,  as  the  uterus  will  alone 
contract  under  this  stimulation. 

Tubal  Dbopst  ob  Hydbosalpinx. — This  condition, 
due  to  the  occlusion  of  the  Fallopian  tube,  usually 
from  preceding  peritonitis  or  cellulitis  and  the  accumu- 
lation of  a  serous  fluid  in  the  tube,  leads  to  the  develop- 
ment of  a  tumor,  generally  small,  but  sometimes  attain- 
ing the  dimensions  of  a  child's  head.  The  enlargement 
is  in  so  close  proximity  to  the  ovary  that  it  can  be  diag- 
nosticated from  ovarian  cyst  only  by  analysis  of  the  fluid 
withdrawn. 

Cysts  of  the  Beoad  Ligaments. — These  cysts  yield 
a  superficial  fluctuation  and  closely  simulate  ovarian 
cysts,  uterine  fibro-cysts,  and  hydrosalpinx.  They  are 
unilocular  and,  hence,  not  irregular  or  nodular.  Their 
differential  diagnosis  rests  on  an  examination  of  their 
fluid  contents,  which  are  clear  and  albuminous.  These 
cysts  are  generally  cured  by  tapping ;  they  grow  slowly 
and  do  not  interfere  with  the  general  health. 

Pelvic  H^simatocble. — The  tumor  designated  by  this 
name  is  usually  first  developed  behind  the  uterus  and 
vagina,  in  the  cul-de-sac  of  Douglas,  and  may  extend 
thence  only  to  the  pelvic  brim  or  even  as  high  as  the 
umbilicus.  It  is  at  first  smooth  and  fluctuating,  later 
it  is  nodular  and  hard  ;  the  vagina  and  rectum  are  more 
or  less  obstructed  and  the  uterus  is  displaced  by  the 
tumor  ;  the  enlargement  is  rapid  and  is  accompanied  by 
shock,  metrorrhagia,  uterine  tenesmus,  tympanites,  and 
pelvic  pain. 

Pelvic  Cellulitis. —In  the  beginning  of  this  affec- 
tion the  only  physical  sign  is  great  tenderness  on  one 
side  of  the  uterus.  After  effusion  has  occurred  a  tumor 
will  be  found,  and  should  suppuration  ensue,  fluctuation 
will  be  detected  and  the  uterus  will  be  partially  fixed. 
Metrorrhagia,  dysuria,  and  fever  are  the  chief  early 
rational  symptoms.  If  suppuration  take  place  hectic 
fever  is  developed. 

Abscesses. — The  principal  abdominal  abscesses  are 
preperitoneal,  iliac,  lumbar,  peritoneal,  and  parietal.  Ab- 
scess in  the  preperitoneal  space,  or  the  space  of  Ricius, 
between  the  umbilicus  and  the  apex  of  the  bladder,  leads 
to  the  formation  of  a  tender,  painful,  deep-seated  tu- 
mor of  the  hypogastrium,  which  occasionally  fluctuates, 
yields  pus  on  aspiration,  and  excites  constitutional  symp- 
toms of  the  hectic  type.  These  abscesses  may  be  trau- 
matic, secondary  to  bladder  or  pelvic  diseases,  or,  rare- 
ly, idiopathic.  IUm  Abscess.— khacess  in  the  iliac  fossa 
may  be  traumatic,  but  is  generally  secondary  to  peri- 
typhlitis, pelvic  cellulitis  or  peritonitis,  psoitis,  caries  or 
necrosis  of  the  pelvic  bones,  or  to  pelvic  abscess  of  what- 
ever origin  ;  lumbar  abscesses  may  also  point  in  this 
region,  and  idiopathic  abscesses  occasionally  develop 
here.     Should  the  abscess  be  the  result  of  perityphlitis, 
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palpation  reveals  the  deep-seated  character  of  the  tumor, 
and  percussion  yields  an  obscure  tympanitic  resonance. 
Well-marked  tympanites  is  indicative  of  rupture  of  the 
intestine  and  the  escape  of  gas  into  the  cellular  tissue. 
In  perityphlitic  abscess  there  will  be  pain  in  the  thigh, 
inability  to  flex  the  latter,  emesis,  diarrhoea,  and  perhaps 
cedema  of  the  lower  extremities,  with  the  characteristic 
constitutional  symptoms  of  suppuration  ;  the  aspirator 
will  often  obtain  pus,  which  is  stercoraceous  in  odor  and 
actually  contains  f secal  matter  if  perforation  of  the  cae- 
cum have  given  rise  to  the  abscess.  Abscesses  not  due 
to  csecal  disease  yield  no  symptoms  relative  to  the  diges- 
tive tract  and  excite  comparatively  little  pain  or  fever. 
Small  .size  of  the  iliac  tumor  and  marked  inability  on  the 
patient's  part  to  flex  the  thigh,  indicate  that  the  abscess 
is  beneath  the  iliac  fascia,  and,  therefore,  probably  not 
perityphlitic  in  nature.  If  the  abscess  be  secondary  to 
pelvic  suppuration,  the  characteristic  symptoms  of  the 
latter  will  precede  the  appearance  of  the  abdominal  tu- 
mor ;  if  the  iliac  abscess  rupture  into  the  intestine,  pus 
is  evacuated  with  the  alvine  dejecta ;  if  rupture  into  the 
peritoneum  take  place  shock  and  peritonitis  rapidly  su- 
pervene. Lumbar  Abscess. — This  is  secondary  to  verte- 
bral caries,  to  suppurative  pyelitis,  pyelonephritis,  renal 
tubercles,  cysts,  parasites,  and  calculi,  to  typhlitis  and 
perityphlitis  by  extension  from  the  iliac  fossa,  to  pelvic 
cellulitis,  and  to  pyaemia,  typhus,  typhoid,  variola,  cold, 
and  traumatism.  If  it  result  from  lumbar  vertebral 
caries  the  pus,  being  prevented  from  infiltrating  the  con- 
nective tissue  of  the  lumbar  region  by  the  tense  sheath 
of  the  psoas  muscle,  follows  the  course  of  the  latter, 
commonly  making  its  appearance  in  the  thigh,  below 
Poupart's  ligament,  or  even  at  the  knee  or  ankle.  In 
rare  instances  the  psoas  abscess  may  point  in  the  lumbar, 
the  iliac,  or  in  the  other  abdominal  regions.  Psoas 
abscess  is  especially  characterized  by  pain,  tenderness, 
weakness  and  stiffness  in  the  spine,  pain  on  flexion  of 
the  thigh,  and  inability  to  assume  or  to  maintain  the 
erect  posture.  Lumbar  abscesses,  other  than  those  due 
to  vertebral  disease,  generally  present  a  painful,  sensi- 
tive, lumbar  prominence,  yielding  or  fluctuating,  and 
unaffected  by  the  respiratory  movements.  The  rational 
symptoms  of  suppuration  are  present  and  aspiration 
yields  pus,  which,  if  the  abscess  emanate  from  renal  dis- 
ease with  perforation  of  the  kidney,  will  be  mingled 
with  urinary  constituents.  These  abscesses  may  point 
in  various  directions  and  occasion  the  most  diverse 
symptoms  by  rupturing  into  the  pleura,  peritoneum, 
pelvis,  intestine,  renal  pelvis,  etc.  They  most  frequently- 
open,  however,  in  the  lumbar  region.  Peritoneal  aS- 
sossses  are  preceded  bylocal  or  general  pe'ritonitis,  present 
obscure  fluctuation,  and  excite  hectic  fever.  They  are 
not  affected  by  the  respiratory  movements,  and  yield 
pus  on  aspiration.  Abscess  of  the  abdominal  wall  is 
usually  traumatic  and  occasions  a  superficial,  rapidly 
growing  tumor,  at  first  hard,  hot,  red,  painful,  and  ten- 
der, then  soft  or  fluctuating.  It  is  generally  connected 
with  the  rectus  muscle  and  is  located  near  the  umbilicus ; 
coughing  and  movement  cause  considerable  pain  ;  aspira- 
tion, after  fluctuation,  reveals  pus,  which  may  contain 
degenerated  and  disintegrated  muscular  fibres ;  hectic 
fever  is  present.  These  abscesses  may  be  mistaken  for 
peritoneal  abscesses  which  must  be  excluded  by  the 
absence  of  sufficient  causes  or  symptoms  of  intra-abdomi- 
nal suppuration.  The  differential  diagnosis  may,  some- 
times, be  made  by  causing  the  patient  to  forcibly  perform 
the  expiratory  act,  when,  the  recti  having  become  tense, 
a  superficial  tumor  will  be  made  more  prominent  buf  a 
deeper  one  obscured. 

Ascites.— This  common  symptom  of  various  diseases 
produces  general  abdominal  enlargement,  which  is  es- 
pecially noticeable,  on  inspection,  at  the  most  depend 
ent  parts  of  the  abdomen.  The  abdominal  respiratory 
movements  are  limited  or  suspended,  and  the  superficial 
abdominal  veins  often  greatly  distended.  Fluctuation 
is  obtained  hy  palpation,  and  percussion  yields  flatness  at 
the  lowest  portion  of  the  abdomen,  irrespective  of  the 
patient's  position,  unless  peritoneal  adhesions  be  present 
with  tympanitic  resonance  in  the  highest  regions     Oii 
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aspiration  a  yellowish,  serous,  albuminous,  flbrinogen- 
ous,  spontaneously  coagulable  fluid,  possessing  a  specific 
gravity  ranging  between  1.006  and  1.018,  is  withdrawn. 
This  fluid  may  contain  chyle.  The  chief  causes  of 
ascites  are  obstructions  to  the  portal  or  hepatic  circula- 
tion from  hepatic  or  intrathoracic  disease,  and  hydrse- 
mia  incident  to  various  cachexise.  Ascites  may  be  mis- 
taken for  tympanites,  ovarian,  renal,  hepatic,  and  splenic 
cysts,  for  pregnancy,  chronic  peritonitis,  distended  blad- 
der, gastrectasia,  and  cysts  of  the  Fallopian  tube.  All 
of  these  diseases  are  elsewhere  described. 

Tympanites  causes  a  general  abdominal  enlargement, 
over  every  part  of  which  tympanitic  resonance  is  found. 
The  causes  of  tympanites  are  the  excessive  accumula- 
tion of  gas  in  the  intestine,  or  the  introduction  of  air 
from  without.  It  is  incident  to  indigestion,  hysteria, 
enteritis,  and  peritonitis. 

TtTMOHS  FKOM  CONTRACTIOlir  OF  ABDOMINAL  MuSCLBS. 

— These  tumors  are  most  frequently  occasioned  by  con- 
traction of  the  rectus  abdominis,  which  causes  a  prom- 
inence yielding  a  dull  percussion-note.  This  enlarge- 
ment, if  combined  with  tympanites,  constitutes  the 
so-called  "phantom  tumor,"  observed,  generally,  in 
women,  and  often  mistaken  for  a  serious  intra-abdomi- 
nal swelling.  Its  true  nature  may  be  established  by  the 
employment  of  ansesthetics. 

Tabes  Mesenteric  a. — This  disease  produces  abdomi- 
nal enlargements,  which  are  sensitive  and  nodular,  at 
first,  but  which  fluctuate  at  a  later  stage  of  the  affection. 
The  disease  occurs  chiefly  in  so-called  scrofulous  chil- 
dren, who  are  greatly  emaciated,  and  who  suffer  from 
indigestion,  diarrhoea,  and  fever.  The  cause  of  the 
tumors  is  tuberculous  degeneration  of  the  mesenteric 
glands.  The  existence  of  tuberculosis  of  other  organs 
affords  aid  in  the  establishment  of  a  diagnosis. 

TuMOKS  OP  THE  Retropebitonbal  Glands  are  gener- 
ally cancerous.  They  may  be  located  in  the  lumbar  or  iliac 
regions.  Sometimes  they  are  discovered  in  the  median 
line,  posteriorly,  between  the  last  rib  and  the  iliac  crest, 
and  occasionally  anteriorly,  near  the  linea  alba.  They 
may  involve  the  diaphragm  or  the  pelvic  lymphatic 
glands,  by  extension,  and  may  occasion  cedema  of  the 
lower  extremities  by  compressing  the  vena  cava.  The 
characteristic  cancerous  cachexia  is  sooner  or  later  de- 
veloped. William  H.  Flint. 

ABERYSTWITH.  A  much-frequented  seaside  resort 
on  the  coast  of  Wales.  The  town  of  Aberystwith  lies  on 
the  shore  of  Cardigan  Bay ;  its  populatipn,  in  1871,  was 
6,898;  it  possesses  a  fine  beach;  has  excellent  hotel  ac- 
commodations ;  a,nd,  situated  as  it  is  in  the  midst  of  some 
of  the  most  attractive  scenery  of  Wales,  the  excursions 
into  the  surrounding  country  are  very  enjoyable.  Con- 
cerning the  climate  of  Aberystwith,  the  writer  is  unable 
to  present  accurate  data  for  the  place  itself,  but  the  sub- 
joined table,  copied  from  Hann's  Handbuch  der  Klvma- 
tologie,  may- serve  to  give  some  idea  of  its  temperature 
during  the  colder  months  of  the  year.  Llandudno  lying 
some  75  miles  north  of  Aberystwith,  and  Barnstaple  lying 
about  1215  miles  to  the  south,  both  of  which  places  have 
a  similar  exposure  to  that  of  Aberystwith,  it  is  fair  to 
assume  that  the  temperature  of  the  latter  place  differs  but 
little  from  that  of  either  of  the  above-mentioned  towns, 
whose  average  temperature  is  given  by  Dr.  Hann.  It 
would  therefore  appear  that  the  winter  temperature  of 
Aberystwith  must  be  very  little  colder  that  that  of  Vent- 
nor  in  the  Isle  of  Wight,  the  figures  for  which  latter 
resort  are  also  quoted  from  Hann's  table  for  purposes  of 
comparison. 


Name  of  Place. 

N.  Lat. 

Nov. 

Deo. 

Jan. 

Feb. 

Mar. 

Llandudno 

Barnstaple 

Ventnor  

63°  21' 
51°  5' 
60°  35' 

44.96° 
45.60° 
46.S2° 

42.44° 
42.63° 
43.16° 

41.72° 
43.26° 
41.72° 

42.44° 
43.34° 
42.63° 

43.70° 
44.1)6° 
44.24° 

Aberystwith .... 

52°  85' 

a.B.. 


ABORTION.  While  most  Continental  writers  apply  the 
term  abortion  to  all  cases  in  which  the  product  of  con- 
ception-is expelled  from  the  uterus  at  any  time  preceding 
the  period  at  which  the  foetus  becomes  viable,  that  is  to 
say,  before  the  seventh  calendar  month  of  gestation  in  the 
human  subject,  many  American  and  English  writers 
make  a  distinction  between  abortion  and  miscarriage, 
restricting  );he  former  term  to  the  expulsion  of  the  ovum 
prior  to  the  fifth  month,  and  applying  the  latter  to  such 
expulsion  between  the  fourth  and  the  seventh  months. 
This  distinction,  although  more  or  less  arbitrary,  has 
some  practical  justification,  inasmuch  as  abortion,  thus 
defined,  differs  notably  in  several  particulars  from  the 
process  of  parturition  at  term — a  difference  that  becomes 
trifling  in  the  case  of  miscarriage.  It  is  well  for  the  prac- 
titioner to  use  the  word  miscarriage  when  talking  to 
patients,  for  women  seem  to  have  an  aversion  to  the 
term  abortion.  Certain  qualifying  words  are  occasion- 
ally added,  such  as  " ovular,"  "  embiyonal,"  and  "foetal," 
but  they  are  of  little  real  significance. 

Causes. — These  attach  either  to  mechanical  injuries  to 
the  ovum  or  its  uterine  attachment,  to  morbid  conditions 
of  the  ovum,  or  to  diseases  of  the  maternal  organism. 
Under  the  first  head  fciust  be  included  not  only  direct 
traumatism,  but  also  haemorrhages  between  the  foetal 
and  the  maternal  layers  of  the  placenta,  whether  due 
to  violence,  such  as  falls,  blows,  and  the  like,  or  to  a 
diseased  state  in  either  the  mother  or  the  ovum  ;  the 
latter,  of  course,  falling  also  under  one  of  the  remain- 
ing heads.  Strictly  speaking,  indeed,  the  immediate 
cause  of  almost  every  abortion  is  some  abnormal  state 
of  the  ovum  resulting  in  the  death  of  the  embryo,  but 
this  in  turn  may  be  due  to  some  defect  in  the  maternal 
organism,  or,  for  that  matter,  to  disease  in  the  father,  as 
exemplified  by  the  frequency  with  which  abortion  takes  . 
place  as  the  result  of  syphilitic  contamination  of  one  or 
the  other  of  the  parents.  Habitual  abortion,  it  is  well 
known,  raises  the  presumption  of  syphilis.  As  regards 
pathological  conditions  of  the  ovum,  it  is  generally  to 
disease  of  the  placenta,  or  a  crippling  of  its  respiratory 
and  nutritive  functions  by  effused  blood,  that  the  death 
of  the  embryo  is  to  be  traced,  although  cases  are  not 
wanting  in  which  the  circulation  in  the  umbilical  ves- 
sels has  been  so  interfered  with  as  to  produce  the  same 
result. 

In  so  far  as  the  mother's  system  is  at  fault,  much 
stress  was  laid  by  the  older  writers  on  the  "habit  of 
abortion."  It  was  taught  that  when  several  successive 
pregnancies  in  the  same  subject  had  ended  in  abortion, 
no  matter  what  the  cause,  a  habit  was  thereby  estab- 
lished by  virtue  of  which  there  was  a  tendency  for  sub- 
sequent pregnancies  to  end  in  the  same  way,  and  at 
about  the  same  period,  even  if  the  original  causes  were 
no  longer  operative.  There  may  be  some  truth  in  this 
doctrine,  but  it  certainly  has  not  now  the  hold  upon 
medical  opinion  that  it  had  formerly.  The  exanthe- 
matous  fevers,  it  is  well  known,  and  particularly  small- 
pox, are  prone  to  give  rise  to  abortion,  either  by  infect- 
ing the  embryo,  or  by  the  tendency  to  hEemorrhages, 
uterine  among  the  others,  to  which  they  ^ve  rise. 
Apart  from  these  acute  diseases,  it  is  possible  that 
various  depraved  conditions  of  health  on  the  part  of 
the  mother  may  occasion  abortion,  but  on  this  score  our 
jjrecise  knowledge  is  meagre.  There  are  certain  medici- 
nal substances  that,  when  taken  into  the  mother's  sys- 
tem, may  induce  uterine  contraction,  and  thus  bring 
about  the  premature  expulsion  of  the  ovum,  such  as 
spurred  grain  (generally  ergot  of  rye)  and  cotton-root 
Excessive  purgation  also  may  lead  to  the  same  result 
Surgical  operations  done  on  pregnant  women  have  been 
supposed  to  involve  grave  risk  of  abortion,  but  evi- 
dence has  been  accumulating  of  late  years  to  show  that 
this  danger  has  been  overrated.  A  striking  example  is 
seen  in  the  frequency  with  which  even  so  serious  an 
operation  as  ovariotomy  is  performed  during  pregnancy 
without  interrupting  the  process  of  gestation. 

Various  morbid  conditions  of  the  uterus  and  its  sur- 
roundings, however,  are  justly  credited  with  producing 
a  tendency  to  abortion,  but,  with  regard  to  one  of  them. 
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it  seems  to  me  that  more  has  heen  assumed  than  the  facts 
warrant.  I  refer  to  laceration  of  the  cervix,  whereby  a 
lack  of  retentive  power  is  said  to  he  set  up.  It.  cannot 
be  denied  that  lacerations  are  often  accompanied  by  con- 
ditions unfavorable  to  the  due  continuance  of  gestation,  or 
that  they  tend  to  keep  up  such  conditions,  even  if  not 
directly  chargeable  with  their  production,  but  this  is 
quite  a  different  matter  from  admitting  a  loss  of  me- 
chanical retentive  power  in  the  cervix  as  a  cause  of 
abortion,  for  it  should  be  borne  in  mind  that  the  ovum 
maintains  its  position  in  the  uterus  by  the  implantation 
of  its  chorionic  villi  in  the  uterine  mucous  membrane,  and 
not  in  any  sense  by  resting  on  a  support  beneath,  as  on 
a  shelf. 

Abortion  induced  for  therapeutical  purposes  will  be 
found  treated  of  under  the  head  of  Labor,  Premature, 
Induction  of. 

frequency. — Although  abortion  does  not  figure  prom- 
inently in  the  statistical  lists  of  public  institutions, 
since  it  is  only  under  unusual  circumstances  that  women 
betake  themselves  to  a  hospital  during  the  process,  the 
general  experience  of  family  practitioners  shows  that  its 
occurrence  is  common.  Add  to  the  cases  they  are  called 
upon  to  treat  those  which  are  brought  to  their  knowledge 
long  after  they  have  taken  place,  while  questioning  pa- 
tients as  to  their  past  history,  and  allowing  for  those 
that  are  concealed,  as  well  as  for  those  as  to  which  there 
is  an  honest  feeling  of  doubt  (since  it  is  unquestionable 
that  many  abortions  occur  during  the  very  early  weeks 
of  gestation,  before  the  existence  of  that  condition  is 
suspected,  and  are  mistaken  for  a  mere  unusually  copious 
and  painful  menstruation),  and  we  find  ourselves  obliged 
to  admit  that  abortion  is  by  no  means  of  uncommon 
occurrence.  As  to  the  period  of  gestation  at  which  it 
oftenest  takes  place,  the  experience  of  most  writers  is  to 
the  effect  that  it  is  on  the  completion  of  two  and  a  half 
or  three  months  of  gestation,  leaving  out  of  account  the 
very  early  abortions  before  alluded  to,  since  they  are  in- 
volved in  so  much  uncertainty  that  it  is  impracticable  to 
estimate  their  frequency  with  any  approach  to  precision. 

Symptoms  and  Diagriosia. — Sometimes  the  ovum  is  cast 
off  rapidly,  with  scarcely  a  symptom  beyond  a  sharp 
onset  of  abdominal  pain,  and  a  few  gushes  of  blood. 
In  such  cases,  either  the  diagnosis  is  established  very 
promptly,  or  else  it  is  never  made  with  certainty  ;  but  it 
never  rests  on  symptoms.  These  cases,  however,  are 
exceptional.  Usually  a  considerable  period  is  occupied 
by  certain  symptoms  pointing  to  a  disturbance  going  on 
within  the  pelvis,  notably,  uterine  haemorrhage  and  pains 
like  those  of  labor.  When  these  two  phenomena  are 
found  to  coexist  in  a  marked  degree  in  a  woman  supposed 
to  be  pregnant,  the  inference  that  an  abortion  is  impend- 
ing presents  itself  at  once,  and  most  commonly  it  will  be 
justified  by  the  event.  But  such  is  not  always  the  case. 
Uterine  haemorrhage,  or  at  least  haemorrhage  from  the 
cervix,  is  not  very  uncommon  in  pregnant  women  who 
go  to  full  term,  depending  generally  on  antecedent 
uterine  disease.  Let  one  of  these  haemorrhages  coincide 
with  an  attack  of  colic,  or  of  lumbago  even,  and  the 
symptoms  that  ordinarily  usher  in  an  abortion  may  be 
very  closely  counterfeited.  It  may  even  happen  that 
what,  in  a  certain  sense,  may  be  called  a  product  of 
conception,  may  be  expelled  from  the  uterus,  and  yet  no 
abortion  takes  place.  Reference  is  here  had  to  the  de- 
cidua  that  is  commonly  cast  off  from  the  uterus  in  cases 
of  extra-uterine  pregnancy,  a  condition  that  is  most 
frequentljr  accompanied,  too,  by  haemorrhage. 

Still,  with  every  allowance  for  these  exceptional  occur- 
rences, the  fact  remains  that  paroxysmal  uterine  pain, 
accompanied  by  a  flow  of  blood  from  the  vagina,  almost 
invariably,  when  met  with  in  a  pregnant  woman,  presages 
the  premature  expulsion  of  the  ovum.  This  suspicion 
once  aroused  in  the  practitioner's  mind,  the  first  thing 
to  be  settled  is  the  question  of  the  existence  of  pregnancy. 
The  diagnosis  of  pregnancy  will  be  found  treated  of 
elsewhere  in  this  work,  and,  therefore,  it  will  not  now 
be  dwelt  upon.  Nor,  for  practical  purposes,  is  it  neces- 
sary to  give  much  more  consideration  to  the  diagnosis  of 
threatened  abortion.     The  practical  rule  should  be,  in 


all  cases  in  which  the  two  symptoms,  uterine  pain  and 
uterine  haemorrhage,  are  marked  in  a  pregnant  woman, 
to  treat  her  as  if  an  abortion  were  impending.  There 
are,  indeed,  certain  cases  of  uterine  disease  that  may 
simulate  abortion  very  closely — notably  cases  of  sub- 
mucous uterine  tumors  so  situated  and  so  attached  as  to 
cause  expulsive  pains  by  the  impediment  they  may  offer 
to  the  escape  of  the  flow  of  blood  to  which  their  presence 
gives  rise.  In  such  instances,  however,  we  shall  usually 
be  able  to  get  the  history  of  past  occurrences  of  the  sort 
— a  history  to  be  contrasted  with  the  sharp  picture  of 
suspended  menstruation  followed  by  a  profuse  and  pain- 
ful flow  in  a  woman  previously  free  from  such  troubles. 
A  more  difficult  problem  is  presented  in  cases  where  an 
abortion  is  really  in  process,  but  has  been  arrested  in  its 
course.  Perhaps  the  simplest  form  of  this  condition  is 
the  so-called  "cervical  pregnancy"  of  certain  German 
writers,  in  which  the  ovum  is  detached  from  its  connec- 
tion with  the  uterine  wall,  and  is  forced  down  into  the 
cervical  canal,  where  it  is  retained  in  consequence  of  a 
failure  of  the  os  externum  to  dilate,  or  simply  by  reason 
of  a  suspension  of  the  uterine  contractions.  These  cases 
commonly  offer  no  special  diagnostic  difficulty,  and,  the 
retention  being  but  transitory,  any  doubt  is  speedily 
cleared  up.  A  more  common  irregularity  is  the  rupture 
of  the  foetal  membranes  and  the  escape  of  the  foetus, 
either  unperceived  or  unacknowledged,  before  medical 
aid  is  summoned,  the  placenta  still  being  retained. 
Under  such  circumstances,  it  happens  not  infrequently 
that  the  patient  resumes  her  ordinary  course  of  life, 
seeking  treatment,  if  at  all,  only  on  account  of  a  uterine 
discharge,  which  may  not  even  be  bloody.  In  such  in- 
stances the  uterus  will  be  found  enlarged  and  especially 
elongated,  freely  movable,  free  from  tenderness,  and 
with  nothing  to  account  for  its  enlargement  and  its 
peculiar  shape  save  the  supposition  of  an  incomplete 
abortion,  and  usually  the  question  can  speedily  be  settled 
by  giving  ergot — a  practice  quite  safe  under  such  cir- 
cumstances. It  is  scarcely  necessary  to  add  that,  in  all 
cases  of  suspected  abortion,  everything  expelled  from 
the  vagina  should  be  saved  for  examination.  In  the 
absence  of  the  embryo,  the  recognition  of  chorionic  villi 
will  be  decisive.  These  will  often  be  found  on  the  inner 
side  of  the  bag-like  structure  expelled,  the  membranes 
having  been  turned  inside  out  in  the  process  of  expul- 
sion. In  very  early  abortions  the  ovum  is  usually  cast 
off  entire. 

Prognom  and  Sequelm. — If  we  disregard  the  foetus, 
which  is  necessarily  sacrificed,  the  prognosis  for  the 
mother  is  always  a  matter  of  some  doubt,  but  generally, 
provided  the  case  is  well  managed,  favorable.  The  im- 
mediate danger  is  from  haemorrhage,  which  ceases  on  the 
complete  evacuation  of  the  uterus  ;  next,  and  much 
more  to  be  feared,  is  the  risk  of  septic  fever  from  the 
absorption  of  decomposing  portions  of  the  ovum  retained 
in  the  uterus  ;  these  perils  passed,  inflammatory  com- 
plications, subinvolution,  and  the  like  are  still  to  be 
feared.  But  very  few  women  die  from  the  direct  effects 
of  haemorrhage  occasioned  by  abortion,  but  many  are  ex- 
sanguinated to  a  degree  that  materially  deteriorates  their 
health ;  more  often  they  succumb  to  septic  absorption. 
The  acute  inflammatory  sequelae  may  be  either  perito- 
nitis, cellulitis,  oophoritis,  or  any  one  of  the  various  forms 
of  metritis.  Aside  from  the  part  played  by  mild  septic 
contamination,  these  affections  are  largely  dependent  on 
the  cause  of  the  abortion,  being  uncommon  in  cases  not 
occasioned  by  instrumental  interference.  On  the  whole, 
it  may  be  said  that  the  great  majority  of  women  escape 
a  fatal  result.  At  the  same  time,  abortion  is  one  of  the 
most  fertile  causes  of  chronic  pelvic  disease ;  usually, 
however,  these  consequences  may  be  avoided  by  careful 
treatment. 

Treatment.— Tlxis  resolves  itself  into  the  prevention  of 
abortion,  the  management  of  the  process,  and  the  after- 
treatment.  If  we  admit  the  "habit"  of  abortion,  we 
must  usually  look  for  its  solution  in  some  degeneration 
of  the  placenta,  whereby  it  becomes  unfitted  to  carry  on 
the  processes  of  respiration  and  nutrition  for  the  embryo. 
This  occurrence  may  be  due  to  syphihs  ;  in  that  case 
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mercurial  treatment  affords  the  main  chance  of  success  ; 
the  corrosive  chloride  of  mercury  in  doses  of  from  one- 
thirty-second  to  one-twenty-fourth  of  a  grain,  three  times 
a  day,  will  commonly  be  found  to  afford  all  the  advan- 
tage that  is  to  be  gained  in  this  direction.  In  the  absence 
of  syphilitic  infection,  some  obstetricians  believe  that  an 
error  of  hsematosis  is  often  at  the  bottom  of  repeated 
abortions,  and  on  this  theory  the  administration  of 
chlorate  of  potassium  has  been  recommended.  I  am  not 
aware,  either  that  the  theory  is  well  founded  or  that  the 
remedy  is  of  any  value ;  still,  with  proper  precaution, 
there  can  be  no  objection  to  its  use — that  precaution 
being  to  guard  against  the  injurious  effects  of  the  drug 
upon  the  kidneys ;  and,  therefore,  to  avoid  large  doses, 
and  to  abstain  from  them  particularly  in  cases  where 
the  pregnancy  is  somewhat  advanced,  since  the  latter 
months  of  gestation  are  apt  to  be  fraught  with  more  or 
less  interference  with  the  renal  function.  As  for  the 
use  of  so-called  uterine  sedatives,  it  is  not  to  be  thought 
of  until  the  process  of  abortion  is  actually  threatened. 
Of  course,  such  patients  as  are  now  referred  to  should  be 
instructed  to  refrain  from  all  the  excesses  and  irregular- 
ities that  have  been  mentioned  as  among  the  exciting 
causes  of  abortion. 

Suppose,  however,  that  symptoms  are  present  show- 
ing that  an  abortion  is  imminent.  In  many  instances 
the  process  may  be  prevented,  and  the  expectation  of 
success  should  not  be  abandoned  until  there  is  physical 
evidence  that  the  expulsion  of  the  ovum  is  going  on. 
No  amount  of  haemorrhage  and  no  amount  of  pain, 
within  ordinary  bounds,  should  be  talien  in  themselves 
as  rendering  attempts  at  prevention  absolutely  hopeless. 
Perfect  rest  is  to  be  enjoined,  but  the  low  diet  and  cool- 
ing drinks  of  bygone  times  are  not  to  be  depended  upon  in 
the  slightest ;  the  moderate  use  of  opium  and  the  appli- 
cation of  heat  to  the  spinal  column,  at  the  junction  of 
the  dorsal  with  the  lumbar  portions,  are  the  most  trust- 
worthy measures.  Theoretically,  we  may  admit  that 
ergot  may  sometimes  be  useful,  by  checking  a  haemor- 
rhage that  might  detach  the  placenta,  but,  practically, 
there  is  such  Sanger  of  its  inducing  uterine  contraction 
that  it  must  be  regarded  as  at  best  but  a  doubtful  remedy. 
The  use  of  viburnum  prunifolium  has  of  late  j^ears  been 
recommended  as  a  uterine  sedative,  and  there  is  respect- 
able testimony  in  its  behalf.  It  should  be  given  in  doses 
of  half  a  teaspoonf  ul  of  the  fluid  extract  every  three  hours. 
To  mitigate  its  disgusting  taste,  it  may  be  combined  with 
an  equal  amount  of  tincture  of  cinnamon. 

When  it  has  once  beecrne  evident  that  abortion  must 
take  place,  the  safe  conduct  of  the  case  calls  for  close 
supervision  ;  but,  even  then,  discretion  is  usually  more 
to  be  advised  than  activity.  Ordinarily,  manual  in- 
terference is  quite  unnecessary,  beyond  what  may  be 
needed  to  keep  the  physician  informed  of  the  progress 
made,  and  to  check  haemorrhage.  The  utmost  pains 
should  be  taken  to  maintain  the  integrity  of  the  ovum 
as  long  as  possible,  for  when  it  is  expelled  entire  there 
is  commonly  an  end  to  all  anxiety.  Herein,  in  great 
measure,  lies  the  safety  of  accidental  abortions  as  com- 
pared with  those  induced  by  criminal  practices,  in  which 
the  foetal  envelopes  are  almost  always  punctured,  with 
the  result  of  allowing  the  embryo  to  be  cast  off  early 
in  the  process  of  abortion,  while  the  secundines  remain 
behind,  a  shapeless  mass,  upon  which  the  uterus  has  to 
act  at  a  great  mechanical  disadvantage.  So  long  as  rup- 
ture of  the  membranes  can  be  prevented,  our  interfe- 
rence should  be  limited  to  controlling  pain  and  haemor- 
rhage ;  a  vaginal  tampon,  properly  introduced,  may 
always  be  relied  upon  to  fulfil  the  latter  indication.  It 
should  be  inserted  leisurely  and  methodically,  with  the 
aid  of  a  Sims  speculum,  and  generally  it  should  be  re- 
moved at  the  end  of  twelve  hours,  when  a  fresh  one  may 
be  applied,  if  necessary,  after  treating  the  vagina  with 
an  antiseptic  douche.  To  allay  excessive  pain,  there  is 
nothing  equal  to  opium,  but  it  should  not  be  pushed  to 
narcotism  or  to  such  an  extent  as  to  abolish  uterine 
action  ;  ergot  may  properly  be  given  if  the  haemorrhage 
is  excessive  and  accompanied  by  inertia,  but  the  more 
its  use  is  avoided,  the  better  will  be  the  results  on  the 


whole.  It  is  better  to  rely  on  .the  tampon,  and  that  of 
itself  stimulates  uterine  contraetion. 

If,  unfortunately,  the  sac  dPthe  ovum  has  been  emp- 
tied of  its  contents,  and  the  secundines  are  retained,  the 
question  of  their  removal  will  come  up.  There  are  extrem 
ists  who  are  given  to  energetic  interference  in  all  such 
cases.  On  the  other  hand,  the  timorous  trust  too  long  to 
nature.  In  such  a  case,  as  in  most  others,  the  middle 
course  is  followed  by  the  judicious.  The  best  practice 
seems  to  be  not  to  resort  to  forcible  removal  of  the  rem- 
nants of  the  ovum  unless  there  are  particular  reasons  for 
doing  so.  These  reasons  are  for  the  most  part :  1,  Signs  of 
septic  changes;  3,  the  undue  continuance  of  haemorrhage. 
Under  either  of  these  circumstances  there  should  be  no 
hesitation  ;  but  the  operation  should  be  done  without 
instruments,  if  possible.  In  some  cases,  however,  a  wire 
curette  is  necessary.  The  patient  should  be  anaesthe- 
tized, and,  as  she  lies  across  the  bed,  on  her  back,  with 
the  hips  brought  well  to  the  edge  of  the  bed,  the  opera- 
tor should  pass  one  or  more  of  his  fingers  as  far  as  may 
be  necessary  into  the  uterine  cavity  and  tease  away  the 
retained  portions  of  the  ovum.  The  work  will  be  de- 
cidedly facilitated  if  the  uterus  is  gently  but  firmly 
depressed  by  an  assistant,  who  should  make  pressure  on 
it  through  the  abdominal  wall.  As  a  preliminary  step, 
dilatation  of  the  cervix  may  be  necessary,  but,  as  a  rule, 
this  should  not  be  accomplished  with  tents,  whether  of 
sponge  or  of  any  other  material  that  expands  on  im- 
bibing moisture.  If  the  fingers  will  not  answer,  gradu- 
ated metallic  or  hard-rubber  dilators  should  be  em- 
ployed, and,  when  they  are  used,  the  operator  should 
himself  make  the  counter-pressure  on  the  fundus.  After 
the  operation  is  finished,  the  uterus  should  be  washed 
out  with  an  antiseptic  solution,  preferably  a  straw- 
colored  mixture  of  tincture  of  iodine  and  water,  injected 
through  a  double  cannula. 

The  after-treatment  in  cases  of  abortion  hinges 
chiefly  upon  enforcing  rest  for  a  length  of  time  equal 
to  that  usually  adopted  after  labor  at  term.  The  special 
indications  do  not  differ  from  those  met  with  after  or- 
dinary parturition,  except  that  the  breasts  are  not  apt  to 
give  trouble. 

Aktificial  Abohtion. — In  this  article  only  criminal 
abortion  will  be  considered,  the  induction  of  abortion 
for  legitimate  purposes  being  treated  of  elsewhere  in  this 
work. 

The  physician  has  to  look  at  the  matter  of  criminal 
abortion  from  three  points  of  view :  his  duty  to  the  preg- 
nant woman,  his  own  protection,  and  the  aid  he  may  be 
able  to  afford  in  judicial  investigations. 

As  to  his  duty  to  the  woman — and,  supposing  her  to 
ask  his  assistance  in  procuring  an  abortion,  this  includes 
his  duty  to  any  accomplices  she  may  have — there  can  be 
no  question  but  that  he  is  under  the  most  stringent  moral 
obligation,  not  only  to  refuse  his  co-operation,  but  also  to 
throw  all  possible  obstacles  in  the  way  of  the  crime  con- 
templated, for  it  is  a  crime  under  all  circumstances,  ex- 
cept when  called  for  to  save  the  woman's  life.  It  neces- 
sarily involves  the  destruction  of  the  embryo,  and,  poten- 
tially, the  murder  of  a  citizen.  This  should  be  explained 
to  the  woman,  for  in  the  majority  of  instances  she  has  no 
idea  of  the  enormity  of  the  act,  and  in  many  cases  it  will 
dissuade  her  from  further  pursuit  of  her  plan ;  at  all 
events,  he  must  refuse  point-blank  to  render  any  aid,  and 
he  should  not  even  give  a  placebo  to  gain  time,  for  by  so 
doing  he  may  render  himself  criminaUy  liable,  courts 
having  ruled  that  any  attempt  at  producing  abortion, 
no  matter  how  inadequate,  implies  guilt ;  failure,  and 
even  proof  of  the  non-existence  of  pregnancy,  being  no 
presumption  of  innocence,  provided  only  the  intent  is 
proved.  It  is  easy  to  see  that,  such  being  the  law,  a 
physician  may  put  himself  in  the  power  of  a  designing 
woman  if  he  is  unwary  enough  to  prescribe  anything  for 
her,  however  powerless  it  may  be  to  produce  abortion. 

But,  suppose  abortion  has  already  taken  place,  and 
medical  services  are  required  for  the  woman.  There 
need  be  no  hesitation  to  render  them,  but  the  utmost  care 
should  be  taken  that  no  circumstance  calculated  to  incul- 
pate the  physician  should  remain  unexplained.     It  is 
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impracticable  to  enumerate  all  such  circumstances ;  suf- 
fice it  to  say,  that  no  man  of  tact  will  commit  an  indis- 
cretion in  this  regard.  iTthe  woman  dies,  the  physician 
is  hound  to  express  his  opinion  as  to  the  cause  of  death, 
in  the  form  of  a  certificate ;  but,  in  the  opinion  of  the 
writer,  he  is  not  called  upon  to  act  as  an  informer  further 
than  that ;  if  the  case  comes  to  trial,  he  should  testify 
without  reserve. 

In  case  of  a  legal  investigation,  the  following  questions 
may  arise :  1.  Has  an  abortion  taken  place  ?  3.  Was  it 
artificial  ?  3.  If  artificial,  was  it  justifiable,  criminal,  or 
accidental  ? 

An  absolute  aflfirmative  answer  to  the  first  question 
can  rest  only  upon  proof  that  an  ovum,  or  some  part  of 
an  ovum,  has  been  expelled  from  the  woman's  genital 
canal,  or  has  been  found  therein  after  her  death.  When 
an  embryo  is  found,  the  case  is  simple ;  otherwise,  the 
opinion  must  rest  on  the  finding  of  placental  or  chorionic 
tissue,  for  neither  the  membranes  (apart  from  the  villi 
of  the  chorion)  nor  the  liquor  amnii  can  be  positively 
identified  as  products  of  conception.  The  appearance  of 
the  uterus  is  not  proof,  for  the  enlargement  of  the  organ 
due  to  pregnancy,  as  well  as  the  characters  of  its  inner 
surface  usually  found  after  recent  delivery,  may  be 
counterfeited  by  morbid  conditions,  and,  to  some  extent, 
even  by  ordinary  menstruation.  It  must  not  he  forgotten, 
however,  that  death  may  have  been  due  to  an  attempt  at 
abortion,  aHhough  there  was  no  pregnancy;  hence  in- 
juries to  the  maternal  structures  should  be  looked  for 
carefully,  quite  irrespective  of  the  evidences  of  abortion. 
But  it  is  not  solely  in  explanation  of  the  cause  of  death 
that  this  question  may  come  up ;  a  woman  may  pretend 
to  have  suffered  an  abortion  when  in  fact  such  is  not  the 
case.  The  same  rules  of  evidence  hold  good  here ;  how- 
ever, the  whole  or  a  portion  of  an  ovum  must  be  proved 
to  have  proceeded  from  her  genital  tract. 

As  to  the  second  and  third  questions,  it  cannot  always 
be  ascertained  with  certainty  whether  the  abortion  was 
due  to  artificial  interference,  for,  even  when  the  fact  of 
such  interference  is  obvious,  the  abortion  may  have  pro- 
ceeded from  other  causes  nevertheless.  But  here  the  law 
solves  the  difficulty,  proof  of  intent  being  held  sutflcient 
for  conviction,  although  the  means  employed  may  have 
been  manifestly  inadequate ;  it  is  not  even  necessary  that 
pregnancy  should  have  existed,  or,  if  it  did  exist,  that  the 
attempt  at  abortion  should  have  proved  successful. 
Praotically,  then,  the  question  is  :  Were  means  employed 
with  the  intention  of  producing  abortion  ?  These  means 
include  the  administration  of  any  one  of  a  long  list  of 
drugs,  mostly  drastic  purgatives  and  so-called  emmen- 
agogues,  among  which  ergot  and  oil  of  tansy  are  those 
most  commonly  employed  in  this  country.  These  drugs 
seldom  accomplish  the  purpose  for  which  they  were 
given,  and,  when  they  do,  it  is  commonly  impracti- 
cable to  prove  the  fact  of  their  having  been  used  by  evi- 
dence discovered  on  medical  examination  ;  it  is  chiefly, 
therefore,  with  reference  to  the  question  of  mechanical 
interference  that  such  examination  is  of  value.  Most 
professed  abortionists  seek  to  accomplish  their  purpose 
by  puncture  of  the  festal  envelopes,  and  the  traces  of 
their  work  are  generally  at  the  same  time  the  evidences 
of  their  unskilfulness,  in  the  shape  of  injuries  to  either 
the  mother  or  the  f cetus  ;  the  discovery  of  such  injuries 
raises  the  presumption  of  criminality,  to  be  dispelled  or 
weakened  only  by  evidence  that  the  injuries  might  have 
been  inflicted  unwittingly,  as  in  the  unskilful  use  of  in- 
struments for  legitimate  purposes.  Here,  to  disprove  a 
criminal  intent,  it  must  be  shown  that  a  legally  qualified 
practitioner  did  use  instruments  for  the  investigation  or 
treatment  of  a  uterine  disease,  real  or  supposed  ;  under 
such  circumstances  he  may  be  innocent,  and  the  woman 
guilty,  for  she  may  have  feigned  uterine  disease  or  con- 
cealed the  existence  of  indications  of  pregnancy ;  on  all 
these  points  circumstantial  evidence  will  have  to  be  relied 
on  mainly.  It  may  be  added  that  those  authors  are  un- 
just who  hold  that  mechanical  injury  to  the  uterus  indi- 
cates the  intervention  of  a  third  person,  for  nothing  is 
more  certain  than  that  women  sometimes  produce  abor- 
tion upon  themselves  by  the  use  of  instruments,  or  that 


they  occasionally  inflict  mortal  injury  upon  themselves 
in  this  way.  Another  statement  by  authors  may  well  be 
questioned,  namely,  that  the  woman  is  necessarily  acces- 
sory to  the  act.  It  is  quite  conceivable  that  a  guilty 
paramour  should  deceive  his  victim  into  submitting  to 
surgical  manipulation,  wholly  apart  from  any  intention 
of  hers  to  procure  an  abortion.  The  fact  of  an  in- 
tentional abortion  having  been  proved,  the  act  should 
not  be  held  to  have  been  justifiable  unless  it  appears 
clearly  to  have  been  undertaken  with  the  manifest  pur- 
pose of  saving  the  woman's  life  ;  the  best  proofs  of  such 
a  motive  lie  in  the  mother's  physical  condition  and  in 
the  fact  of  a  consultation  having  deliberately  decided 
upon  the  operation,  the  physicians  concerned  being  per- 
sons of  known  skill  and  probity.         Frank  P.  Foster. 

ABORTION,  Chimin AL. — Abortion  is  defined  as  the 
expulsion  of  the  foetus  at  a  period  of  utero-gestation  so 
early  that  it  has  not  acquired  the  power  of  sustaining  life. 
Abortion  may  be  divided  into  three  classes,  viz.  : — 

I.  Natukal  Abobtion.^ — (a)  Miscarriage,  i.e.,  the  ex- 
pulsion of  the  ovum  or  non-viable  foetus.  (J)  Premature 
labor,  i.e.,  the  expulsion  of  the  child  after  it  is  viable. 

II.  Aetificial  Abobtion,  i.e.,  the  inducing  of  prem- 
ature labor  for  the  purpose  of  saving  the  life  of  the  mother 
and,  if  possible,  of  the  child. 

III.  Obiminal  Aboktion,  OB  Foeticide. 

Of  Abtificial  Aboktiois:. — In  cases  where  it  seems 
necessary  to  the  physician  to  have  recourse  to  artificial 
abortion  in  order  to  save  the  life  of  the  mother,  it  is 
advisable,  when  practicable,  to  consult  previously  with 
another  medical  man  as  to  the  necessity  of  the  operation. 
If,  owing  to  the  death  of  the  child  in  a  case  of  artificial 
abortion,  the  physician  should  be  indicted  for  abortion  or 
manslaughter,  as  has  often  happened,  it  would  be  neces- 
sary for  him  to  show,  first,  a  necessity  for  the  operation, 
the  life  of  the  mother  being  at  stake  and  the  operation 
less  to  be  feared  than  a  natural  delivery ;  and,  second,  that 
his  action  was  ionAfide.  Therefore  the  physician,  before 
assuming  the  responsibility  of  causing  an  artificial  abor- 
tion, should  take  steps  to  make  such  evidence  readily 
available  in  case  of  an  emergency.  While  the  laws  do 
not  formally  recognize  the  right  of  the  physician  to 
induce  premature  labor,  yet  the  judges  have  always  held 
that  medical  practitioners  are  morally  justified  In  inducing 
premature  labor,  provided  the  object  be  to  save  the  life 
of  the  mother,  of  the  child,  or  of  both.  By  statute,  in 
most  States,  it  is  jDrovided  that  the  prosecution  need  not 
prove  that  such  a  necessity  did  not  exist,  thus  throwing 
the  burden  of  proof  upon  the  defendant.  It  is,  therefore, 
highly  important  that  the  physician  should  be  prepared 
for  this  exigency  before  assuming  the  responsibility.  A 
learned  writer  upon  the  subject  says :'  "  We  strongly  urge 
upon  medical  men  (1)  not  to  induce  premature  labor  or 
abortion  without  the  most  mature  consideration  ;  (3)  not 
to  undertake  it  until  after  consultation  with  a  second 
practitioner ;  (3)  in  any  case  to  have  the  full  consent,  in 
writing  if  possible,  of  the  parent  or  guardian." 

Of  Cbiminal  Abobtion  ob  FtETioniB. — In  earlier 
days  the  question  as  to  the  extent  to  which  the  criminality 
of  foeticide  was  affected  by  the  degree  to  which  gestation 
had  proceeded  was  one  of  considerable  importance.  By 
the  common  law  a  distinction  was  made  between  the  de- 
struction of  an  unborn  "quick"  child,  and  that  of  one 
not  yet  arrived  at  the  period  of  quickening.  'The  stage 
of  pregnancy  at  which  the  child  should  be  considered 
"quick"  was  vigorously  debated  by  different  writers 
and  schools  without  arriving  at  any  general  agreement. 
Among  the  Stoics  it  was  considered  that  the  soul  was 
not  united  to  the  body  before  the  act  of  respiration,  and 
while  the  ideas  of  the  Stoics  were  popular  the  destruction 
of  a  child  en  ventre  de  sa  mire  was  not  regarded  as  a 
criminal  act.  Periods  ranging  from  three  days  to  ninety 
have  been  assigned  by  different  writers  as  the  time  at 
which  quickening  occurs.  In  England  the  common  law 
considered  life  not  to  commence  before  the  infant  is  able 
to  stir  in  its  mother's  womb,  and,  until  recently,  the 
English  law  punished  with  death  the  procuring  of  abor- 
tion after  quickening,  while  the  same  crime  anterior  to 
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quickening  was  regarded  merely  as  a  felony.  Through- 
out all  the  European  nations,  save  England,'  and  in  some 
of  the  States  of  the  American  Union,  the  same  pernicious 
distinction  is  to-day  incorporated  in  the  statutes.  How- 
ever, the  tendency  of  modern  legislation  is  to  do  away 
with  this  distinction.  In  England,  this  has  already  been 
done  by  a  statute  which  makes  an  attempt  to  abort 
criminal,  even  though  the  woman  be  shown  not  to  have 
been  pregnant  at  the  time.  In  the  United  States,  legis- 
lators, realizing  that  the  civil  rights  of  the  unborn  child 
are  protected,  that  it  can  have  a  guardian  appointed, 
and  can  receive  property  by  bequest  or  deed,  have  been 
inclined  to  enact  laws  for  the  preservation  of  its  personal 
rights  to  life.  In  Massachusetts,  the  Supreme  Court  hav- 
ing held  that  at  common  law  it  was  no  offence  to  produce 
abortion,  unless  there  was  viability,  the  Legislature 
immediately  cured  the  supposed  deficiency  by  statute. 
The  Massachusetts  statute  presents  the  law  as  it  is  sub- 
stantially in  all  the  States  in  which  the  viability  of  the 
child  is  not  regarded  as  essential  to  the  criminality  of  the 
offence.     The  statute  reads  as  follows  : 

"  [10]  Whoever  with  intent  to  procure  miscarriage  of 
a  woman  unlawfully  administers  to  her,  or  causes  to  be 
taken  by  her,  any  poison,  drug,  medicine,  or  other 
noxious  thing,  or  unlawfully  uses  any  instrument  or 
other  means  whatever,  with  the  like  intent,  or  with  like 
intent  aids  or  assists  therein,  shall,  if  the  woman  dies  in 
consequence  thereof,  be  imprisoned  in  the  State  prison 
not  exceeding  twenty  nor  less  than  five  years,  and,  if 
the  woman  does  not  die  in  consequence  thereof,  shall  be 
punished  by  imprisonment  in  the  State  prison  or  jail, 
not  exceeding  seven  years  nor  less  than  one  year,  and  by 
fine  not  exceeding  two  thousand  dollars. 

"[11]  Whoever  knowingly  advertises,  prints,  pub- 
lishes, distributes,  or  circulates,  or  knowingly  causes  to 
be  printed,  advertised,  published,  distributed,  or  cir- 
culated, any  pamphlet,  printed  paper,  book,  newspaper 
notice,  advertisement,  or  reference  containing  words 
or  language,  giving  or  conveying  any  notice,  hint,  or 
reference  to  any  person,  or  to  the  name  of  any  per- 
son, real  or  fictitious,  from  whom,  or  to  any  place, 
house,  shop,  or  office  where  any  poison,  drug,  mixture, 
medicine,  or  noxious  thing,  or  any  instrument  or  means 
whatever,  or  any  advice,  direction,  information,  or  knowl- 
edge may  be  obtained  for  the  purpose  of  causing  or  pro- 
curing the  miscarriage  of  a  woman  pregnant  with  child, 
shall  be  punished  by  imprisonment  in  the  State  prison  or 
jail  not  exceeding  three  years,  or  by  fine  not  exceeding 
one  thousand  dollars." 

This  is  the  law  as  prescribed  in  the  majority  of  the 
States  of  the  Union,  but  in  some,  notably  New  York, 
the  old  common  law  distinction  between  the  killing  or 
attempting  to  kill  an  unborn  quick  child  and  one  not 
quick  is  still  retained ;  but  the  courts  have  not  agreed  as 
to  the  exact  stage  of  pregnancy  at  which  the  child 
should  be  considered  quick.  Great  latitude  is  permitted 
the  judge  in  presenting  to  the  jury  the  law  on  the  sub- 
ject. In  this  connection  a  celebrated  legal  writer  ^  says  r 
"  The  weight  of  medical  authority  is  that  quickening  is 
a  mere  circumstance  in  the  physiological  history  of  the 
foetus,  which  indicates  neither  the  commencement  of  a 
new  stage  of  existence  nor  an  advance  from  one  stage  to 
another ;  that  it  is  uncertain  in  its  periods,  sometimes 
coming  at  three  months,  sometimes  at  five,  sometimes 
not  at  all ;  and  that  it  is  dependent  so  entirely  upon 
foreign  influences  as  even  to  make  it  a  very  incorrect 
index,  and  one  on  which  no  practitioner  can  depend,  of 
the  progress  of  pregnancy." 

Of  Medical  Testimony  in  Casbs  of  Suspected 
Abortion. — It  is  as  a  medical  expert  giving  testimony 
before  the  courts  that  the  reputable  practitioner  will 
most  frequently  be  brought  into  contact  with  cases  of 
f  tBticide.  The  questions  as  to  whether  an  abortion  has 
actually  been  procured,  as  to  the  means  of  inducing  it, 
whether  a  child  found  dead  was  brought  to  its  death  by 
violence,  and  if  so  whether  the  injuries  were  inflicted 
before  or  after  birth ;  all  these  questions  and  others  of 
equal  importance  must  mainly  depend  for  their  solution 
upon  the  testimony  of  the  medical  expert.     To  differen- 


tiate between  the  crimes  of  infanticide  and  abortion  the 
services  of  the  medical  expert  are  essential.  If  a  child 
die  after  birth,  in  consequence  of  injuries  received  before 
birth,  it  is  infanticide  ;  but  the  fact  of  a'ctual  birth  must 
be  proved.  The  fact  that  the  child  died  in  consequence 
of  want  of  viability  resulting  from  premature  delivery  is 
no  defence  to  an  action  for  infanticide  if  this  delivery 
was  caused  by  the  defendant's  misconduct  in  bringing 
about  a  miscarriage  for  the  purpose  of  destroying  the 
child  :  the  test,  then,  of  viability  is  of  the  greatest  im- 
portance to  the  courts  in  cases  of  this  nature.  To  illus- 
trate :  In  the  case  of  a  man  indicted  for  infanticide  the 
evidence  showed  the  child's  throat  to  have  been  cut,  the 
wound  dividing  the  right  jugular  vein,  and  further  that 
the  lungs  floated  in  water,  showing  that  they  must  have 
been  inflated  hy  the  act  of  inspiration ;  it  was  shown, 
however,  by  the  testimony  of  medical  experts  that  this  test 
merely  established  the  fact  that  the  child  had  breathed, 
not  that  it  had  been  born  alive.  Numerous  instances 
were  cited  of  children  having  sustained  similar  lacera- 
tions in  the  act  of  delivery.  In  presenting  the  case  to 
the  jury.  Baron  Parkes  charged  them  that  if  thejr  had 
any  doubts  as  to  whether  the  child  was  born  alive,  it 
would  be  hardly  necessary  to  go  into  the  evidence  in  be- 
half of  the  prisoner.  The  jury,  without  further  debate, 
returned  a  verdict  of  acquittal. 

Of  the  Examination  by  Medical  Experts  in  Cases 
OF  Suspected  Abortion.^ — The  physician  who  is  re- 
quired to  testify  in  cases  of  suspected  abortion  should 
endeavor  to  ascertain  whether  the  abortion  has  actually 
been  committed,  by  what  means,  and  at  what  period.  To 
attain  tliis  end,  it  is  well  to  follow  a  methodical  plan  in 
making  the  examination.  In  elaborating  this  plan  it  will 
be  well  to  divide  the  examination  into  three  classes : 
1,  The  examination  of  the  female  during  life  or  after 
death ;  3,  the  examination  of  substances  expelled  from 
the  womb ;  3,  the  examination  of  instruments  or  of  drugs 
in  the  possession  of  the  accused. 

l.,C^  t^e  Exa/mination  of  the  Woman  During  Life. — 
In  making  this  examination  it  should  be  remembered  that 
the  duration  of  the  signs  of  delivery  varies  greatly  in  dif- 
ferent subjects.  They  may  disappear  very  rapidly,  cases 
being  on  record  where  all  signs  had  vanished  in  twenty -four 
hours  ;  or  they  may  be  very  persistent,  having  been  known 
to  continue  for  a  month.  Much  depends  on  the  state  of 
health  of  the  mother,  and  the  period  of  gestation  reached. 
If  abortion  has  occurred  at  an  early  period  of  gestation, 
the  indications  are  of  a  very  evanescent  character,  and 
may,  in  some  cases,  be  entirely  absent.  Some  of  the  signs 
may  be  simulated  by  menstruation. 

Signs  of  Abortion  in  the  Living. — A  relaxed  condition  of 
the  vulva  and  passages,  patulousness  of  the  os  uteri,  the 
presence  of  a  lochial  secretion  in  the  earlier  stages,  and  a 
white  mucous  secretion  at  a  later  period,  together  with  an 
acid  odor  characteristic  of  puerperal  women.  The  breasts 
are  distended,  have  a  hard  knotty  feeling,  and  yield  a  flow 
of  milk  on  pressure.  The  loss  of  blood  produces  a  general 
anaemic  appearance,  and  the  eyes  are  noticeably  sunken. 
A  peculiar  excitement  of  the  pulse,  with  dryness  of  the 
Skin,  is  invariably  present.  The  os  uteri  is  generally  per- 
ceptibly lacerated.  The  examining  physician  should  note 
any  signs  of  violence  to  the  uterus  or  vagina,  also  any 
excessive  inflammation  of  the  genital  organs.  All  marks 
on  the  body  of  the  woman  which  may  indicate  general 
violence  inflicted  for  the  purpose  of  inducing  abortion 
should  be  most  carefully  recorded. 

If  abortion  occurs  at  an  early  period  of  utero-gestation, 
the  indications  thereof  may  be  very  slight,  or  even  alto- 
gether absent.  After  the  third  month  the  insertion  of  the 
placenta  may  be  detected  by  a  rough  place  on  the  inner 
uterine  wall.  In  making  a  post-mortem  examination,  care 
is  necessary  in  removing  and  laying  open  the  uterus,  as,  if 
a  wound  appear,  it  may  be  suggested  that  it  was  made 
during  the  autopsy.  Punctures,  lacerations,  and  incisions 
in  the  uterus  and  contiguous  organs  must  be  especially 
looked  for  ;  all  signs  of  Irritant  poisoning  in  the  stomaxih 
and  intestines,  or  any  inflammation  of  the  bladder  or  kid- 
neys resulting  from  the  administration  of  abortive  drugs, 
should  be  carefully  noted.     Note,  further,  any  general 
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marks  of  violence,  especially  on  the  abdomen,  also  the 
general  appearance  of  the  viscera,  i.e.,  vrhether  they  show 
loss  of  Mood  during  life  such  as  commonly  results  from 
abortion. 

2.  Examination  of  Substances  Expelled  from  tlie  Wirnib. 
—If  a  foetus  be  found,  a  careful  examination  must  be 
made  to  determine  its  age,  whether  it  was  born  alive,  and, 
if  so,  what  killed  it.  It  should  be  carefully  examined  for 
punctures  or  wounds,  and  should  any  such  be  found,  try 
to  form  an  opinion  whether  the  injuries  were  inflicted 
during  life  or  after  death. 

3.  Examination  of  Instruments  or  Drugs  in  the  Posses- 
sion of  the  Accused. — In  making  this  examination,  note 
whether  the  injuries  found  upon  the  body  of  the  woman 
could  have  been  inflicted  by  the  instruments  found  in  the 
possession  of  the  accused,  and  whether  such  instruments 
show  indications  of  having  been  recently  used.  If  drugs 
are  found,  state  whether  the  symptoms  manifested  by  the 
woman  were  identical  with  those  caused  by  the  use  of  the 
drug  in  question. 

The  results  of  such  examinations  as  the  foregoing  are 
of  the  utmost  importance  to  the  courts  of  law  in  the  ad- 
ministration of  justice.  The  case  of  the  people  against 
the  suspected  abortionist  must  in  every  case  rest  upon 
the  testimony  of  the  medical  expert.  The  crime  is  a 
secret  one  ;  often  the  law  of  the  State  prevents  the  ad- 
mission of  the  woman's  testimony.  In  the  graver  cases 
the  death  of  the  victim  precludes  the  possibility  of  her 
lending  assistance  to  the  course  of  justice.  For  these 
reasons  many  nations  have  seen  fit  to  commission  regular 
boards  of  physicians  as  medical  experts,  who  examine 
into  such  cases,  and  whose  testimony  alone  is  received  by 
the  courts  as  that  of  medical  experts.  Such  is  the  case 
in  Germany  and  some  other  European  States.  In  the 
United  States  any  physician  may  testify  as  an  expert, 
and  almost  every  physician  during  the  course  of  his  prac- 
tice finds  himself  called  upon  for  such  testimony.  Such 
being  the  case,  it  would  be  well  if  a  formal  plan  of  ex- 
amination be  laid  down  to  aid  the  medical  expert  in  pre- 
paring his  testimony.  Such  a  plan  has  been  formulated 
by  Mr.  Tidy  for  the  use  of  the  physician  called  on  for 
testimony  in  cases  of  abortion.     It  is  as  follows  : 

Medico-legal  Examination  in  Cases  op  Ajsobtion. 
— 1.  Examination  of  the  Woman  if  Living. — {a)  Tempera- 
ment. (A)  As  to  the  woman's  predisposition  to  abort  and 
the  period  at  which  abortion  had  commonly  occurred, 
(c)  General  state  of  health.  (Note  existence  of  leucorrhoea, 
excessive  menstruation,  syphilis,  asthma,  malignant  dis- 
ease, uterine  diseases,  etc.)  {d)  Whether  woman  be  well 
or  ill  formed.  (Note  pelvic  malformations,  effect  of  tight 
lacing,  etc.)  (e)  Any  signs  of  recent  delivery  or  expulsion 
of  uterine  contents.  (/)  Whether  any  cause  can  be  as- 
signed to  account  for  the  abortion,  e.g. ,  violent  coughing, 
blood-letting,  violent  exercise,  undue  excitement,  septic 
poisoning,  violence,  administering  of  medicine,  etc.  (g) 
All  injuries  of  the  genital  organs.  (Consider  whether 
they  could  have  been  self-inflicted.) 

3.  Examination  of  Body  of  Woman  if  Bead. — In  mak- 
ing this  examination  the  physician  should  note  :  (1)  the  ne- 
cessity for  care  not  to  mistake  the  effects  of  menstruation 
for  those  of  abortion  ;  (3)  to  avoid  injuring  the  parts  by 
the  knife  or  otherwise  during  the  autopsy ;'  and  (3)  to  con- 
sider the  possibility  of  the  injuries  having  been  self-in- 
flicted. 

(a)  Note  the  existence  of  any  marks  of  violence  on  the 
abdomen  or  other  parts.  (6)  The  condition  of  the  genital 
organs,  noting  all  inflammations,  rents,  tears,  perfora- 
tions, etc.  (If  the  uterus  be  injured  it  should  be  pre- 
served.) Note  also:  (1)  The  condition  of  the  passages 
(relaxed  or  otherwise).     (3)  The  condition  of  the  os  uteri. 

(3)  Vaginal  secretions,  and,  if  present,  their  character. 

(4)  The  general  appearance  of  the  breasts,  presence  of 
milk,  etc.  («)  Whether  there  be  any  signs  of  irritant  poi- 
soning in  the  stomach,  or  of  inflammation  of  the  bladder, 
kidneys,  rectum,  etc.  (The  contents  of  the  stomach,  if 
necessary,  to  be  preserved.)  (d)  Whether  the  viscera  gen- 
erally indicate  loss  of  blood  during  life. 

3.  Examination,  of  the  Product  of  Conception.— (a)  Na- 
ture of  the  supposed  product  of  conception.    (J)  Consider 
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whether  it  i^  merely  an  evidence  of  a  diseased  condition 
of  the  membranes,  or  of  the  placenta,  e.g. ,  structural  de- 
generation, (c)  If  a  foetus  be  found,  determine:  (1) 
whether  it  was  born  alive ;  (2)  its  probable  age,  and  (3) 
the  cause  of  death,  (d)  Determine,  if  there  be  wounds  or 
other  injuries,  whether  they  were  inflicted  during  life  or 
after  death. 

4.  Examination  of  all  Brugs,  Instruments,  eta. — De- 
termine whether  said  drugs  or  instruments  could  be  used 
to  produce  abortion,  and  if  evidence  of  such  use  exists  on 
the  person  of  the  woman  or  the  foetus  expelled. 

Willis  J.  Abbot. 

*  Tidy's  Legal  Medicine,  vol.  ii.,  page  160. 

3  Wharton  on  Criminal  Law. 

3  This  subject  is  ably  discussed  in  Tidy's  "  Legal  Medicine,"'  vol.  ii. 
The  ensuing  discussion  of  the  subject  is  largely  drawn  from  Mr.  Tidy's 
work. 

ABSCESS.  [Latin,  abscessus,  from  verb  abseedo,  I  de- 
part ;  abseedo  and  abscessus,  used  by  Celsus  in  the  sense  of 
the  gathering  of  the  corrupted  fluids  (of  the  body)  into 
an  abscess.  Greek,  iirrfo-rij^ua.  French,  dbcis.  German, 
Eiterbeule;  though  the  Germans  more  commonly  use  tht 
word  Abscess.']  By  the  term  abscess  is  meant  a  collection 
of  pus  within  the  body  ;  this  may  occur  in  one  of  the  pre- 
formed spaces,  or  in  a  new-formed  cavity  in  solid  parts. 
Certain  adjective  prefixes  are  used  to  denote  duration, 
situation,  and  character  of  abscesses ;  thus,  as  regards 
duration,  they  may  be  acute  or  chronic ;  as  regards  situa- 
tion, retropharyngeal,  perinephritic,  perityphlitic,  ischio- 
rectal, psoas,  etc.  ;  as  regards  character,  the  various  terms 
used  will  be  mentioned  later.  A  collection  of  pus  in  the 
pleural  cavity  has  received  the  special  name  of  empyema, 
but  in  the  other  serous  cavities  one  speaks  simply  of  a 
purulent  pericarditis,  peritonitis,  ependymitis,  or  arthritis ; 
a  single  exception  to  this  is  the  so-called  pelvic  abscess,  by 
which  is  meant  a  collection  of  pus  in  the  pelvis,  due  to  a 
circumscribed  peritonitis,  the  remainder  of  the  peritoneal 
cavity  being  shut  off  by  adhesions.  Although  pus  forms 
the  greater  part  of  the  contents  of  an  abscess,  there  may  be 
other  constituents  present,  as  blood,  shreds  of  tissue  of  the 
part  in  which  the  abscess  has  arisen,  foreign  bodies,  para- 
sites, cheesy  material.  One  speaks  of  abscesses  as  primary 
and  as  secondary,  or  metastatic ;  but,  inasmuch  as  the 
latter  are  due  to  emboli,  the  term  embolic  abscess  has  now 
wholly  superseded  the  older  term  metastatic  abscess. 

An  abscess  represents  the  results  of  a  purulent  inflam- 
mation ;  occurring  in  a  preformed  cavity  its  walls  are, 
primarily  at  least,  those  of  the  cavity  ;  if  in  a  solid  organ, 
there  is  in  its  earliest  stage  an  infiltration  of  the  tissues 
with  round-cells,  later  a  liquefaction  of  the  pre-existing 
tissues,  thus  giving  rise  to  the  formation  of  a  cavity  con- 
taining pus.  At  this  stage  the  wall  has  a  smooth  lining, 
consisting  of  a  vascularized  connective-tissue  layer,  to 
which  the  name  of  pyogenic  membrane  has  long  been  ap- 
plied, the  supposition  being  that  it  was  this  hning  which 
secreted  the  pus.  That  all  the  pus  comes  from  this  source 
can  readili?^  be  shown  to  be  erroneous  from  the  fact  thai 
in  the  earlier  stages,  abundant  pus  is  present  before  tliis 
membrane  has  formed.  Often  there  is  not  this  tendency  to 
remain  circumscribed  ;  on  the  contrary  there  is  an  exten- 
sion of  the  pus,  the  so-called  "burrowing,"  in  the  direc- 
tion where  the  least  resistance  is  offered,  soft  parts,  like 
muscles,  readily  yielding,  whereas  fibrous  tissues,  lilie 
fasciae,  afford  a  stronger  barrier.  In  the  lymph-sheaths  of 
tendons  tlie  progress  of  the  pus  is  very  rapid.  Abscesses 
situated  near  the  exterior  of  the  body  tend  to  approach 
nearer  the  surface,  and  are  then  said  to  "point ; "  the  skin 
over  the  abscess  becoming  thinned,  may  finally  rupture 
spontaneously,  and  thus  permit  a  discharge  of  the  con- 
tents. Abscesses  in  organs  having  a  serous  covering  often 
extend  peripherally,  perforate  the  capsule,  and  dischai-ge 
the  pus  into  tlie-  serous  cavity,  setting  up  a  purulent  in- 
flammation of  the  same.  If,  however,  at  the  point  of 
rupture  two  serous  surfaces  lie  In  contact,  an  adhesive 
inflammation  between  the  two  may  occur  previous  to 
perforation,  and  thus  prevent  the  escape  of  the  pus  into 
the  cavity  in  which  the  organ  lies.  It  is  in  this  way 
tliat  abscesses  of  the  liver  occasionally  discharge  into  the 
bronchi,  adhesions  occurring  between  the  capsule  of  the 
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liver  and  under  surface  of  the  diaphragm,  also  between 
the  upper  surface  of  the  diaphragm  and  the  lung,  with 
perforation  of  the  liver,  diaphragm,  and  lung.  Some- 
times a  sudden  and  atiundant  expectoration  of  pus  is 
the  first  recognizable  indication  of  an  abscess  of  the 
liver.  Instead  of  pus  being  discharged,  it  may  be  re- 
absorbed, either  by  the  individual  pus-cells  wandering 
back  into  blood-  or  lymph-vessels,  or  by  a  fatty  degenera- 
tion of  the  cells  and  then  absorption.  Occasionsdly  the 
pus  undergoes  inspissatioh,  i.e.,  cheesy  degeneration, 
leaving  a  crumbling,  grayish,  mortar-like  material ;  this 
mass,  in  turn,  may  later  undergo  liquefaction,  i.e., 
saponification,  or  lime-salts  may  be  deposited  in  it,  form- 
ing calcareous  masses  or  plates.  Where  such  changes  take 
place  the  material  occupying  the  site  of  the  abscess  is 
always  surrounded  by  a  dense  connective-tissue  capsule, 
separating  it  from  the  surrounding  parts.  A  section 
through  a  typical  abscess  shows  three  distinct  portions : 
in  the  centre  the  pus  ;  then  the  pyogenic  membrane  ;  out- 
side of  this  a  zone  of  the  parenchyma,  the  vessels  of  which 
are  injected,  the  tissues  oedematous. 

Abscesses  may  be  either  acute  or  chronic  ;  the  former 
sometimes  called  "hot,"  from  the  increased  warmth  of 
the  part ;  the  latter  "cold,"  from  the  absence  of  any  in- 
crease in  the  temperature. 

With  regard  to  the  causation  of  abscess  it  may  be  said, 
that  since  abscesses  are  the  result  of  a  suppurative  in- 
flammation, one  must  look  for  their  causes  in  the  causes 
of  suppuration.  There  must  of  necessity  be  an  irritant, 
and  the  next  question  that  arises  is  as  to  the  nature  of  the 
irritant — ^is  it  inorganic  or  organic  ?  or  may  it  be  both  ? 
It  has  long  been  known  that  turpentine  and  croton  oils, 
also  mercury,  when  applied  externally  or  injected  into 
the  tissues,  are  capable  of  setting  up  suppuration  ;  but 
it  was  not  proved  that  they  do  so  in  virtue  of  irritant 
properties  possessed  by  themselves,  and  not  from  any  or- 
ganisms present,  until  the  experiments  of  Orthmann  and 
Councilman  showed  that  under  antiseptic  conditions,  sup- 
puration followed  the  injection  of  such  irritants.  But, 
inasmuch  as  the  above  causes  are  of  theoretical  rather 
than  of  practical  interest,  accounting  as  they  do  for 
scarcely  a  fraction  of  abscesses  as  ordinarily  seen,  it  is 
obvious  that  there  must  be  another  irritant  or  series  of 
irritants  capable  of  like  results.  That  these  agents  are 
certain  lower  organisms  has  been  rendered  probable  by 
the  work  of  Lister.  SlUroth,  Pasteur,  W.  Cheyne,  Ogston, 
and  above  all  by  Rosenbanh,  who  in  a  recent  monograph 
has  described  several  forma  of  micrococci  found  con- 
stantly by  him  in  the  pus  of  acute  abscesses,  and  which, 
isolated,  cultivated  and  inoculated  in  animals,  were  cap- 
able of  setting  up  a  suppuration.  In  the  pus  from  cold 
abscesses,  Rosenbaeh  was  unable  to  find  any  micro-organ- 
isms, or  more  strictly  speaking,  the  culture-tubes  re- 
mained sterile  after  pus  from  such  abscesses  had  been 
sown  in  them.  Although  there  is  much  in  favor  of  the 
idea  that  suppuration  is  dependent  upon  the  presence  of 
micro-organisms,  yet  it  cannot,  at  the  present  time,  be 
stated  as  absolutely  proven. 

Secondary  abscesses  are  those  which  are  developed  at  a 
distance  from  the  primary  seat.  They  are  termed  em- 
bolic, and  are  usually  multiple  and  small,  hence  often 
called  miliary  abscesses.  They  are  invariably  septic,  and 
in  most  cases  the  emboli  are  derived  from  thrombi  under- 
going putrid  softening.  If  one  wishes  to  find  the  source 
of  embolic  abscesses,  one  follows  back  the  circulatory 
current  and  searches  for  a  thrombosed  vessel.  Thus,  if 
such  abscesses  are  present  in  the  lungs,  one  is  likely  to 
find  the  source  eitlier  in  the  sinuses  of  the  brain,  the 
venous  plexuses  surrounding  the  pelvic  organs,  or  in  the 
peripheral  veins.  Embolic  abscesses  in  the  brain,  heart, 
spleen,  or  kidneys,  almost  invariably  have  their  origin  in 
an  ulcerative  endocarditis  ;  those  in  the  liver  are  derived 
from  the  radicals  of  the  portal  vein.  Embolic  abscesses 
probably  always  contain  micro-organisms,  and  in  virtue 
of  these  their  tendency,  when  once  started,  is  to  extend 
peripherally,  causing  a  progressive  destruction  of  the 
tissues  in  which  they  lie  ;  the  process  ceasing  only,  as  a 
rule,  with  the  death  of  the  individual.  In  the  lung,  such 
abscesses  are  situated,  for  the  most  part,  beneath  the 


pleura,  and  by  extension  they  often  perforate  the  latter, 
discharging  their  contents  into  the  pleural  cavity,  and  so 
setting  up  a  rapidly  fatal  pleurisy. 

A  form  of  abscess  seen  in  hot  climates  and  occasionally 
in  other  regions,  occurring  in  the  liver,  has  received  the 
name  of  tropical  abscess.  In  such  cases  diarrhoea  or 
dysentery  is  always  an  earlier  condition,  the  abscess  in  the 
liver  representing  a  secondary  result,  due  to  the  transfer 
of  septic  material  from  the  intestinal  mucous  membrane 
to  the  liver,  through  the  portal  vein. 

Many  of  the  chronic  or  cold  abscesses  are  associated 
with  carious  arthritis  and  ostitis,  usually  tubercular.  Fre- 
quently in  these  cases  the  pus,  which  is  slowly  formed, 
obeys  in  its  further  extension  the  laws  of  gravity  rather 
than  that  of  extending  in  the  direction  of  least  resistance, 
as  observed  in  acute  abscesses.  Thus  pus  from  abscesses 
associated  with  caries  of  the  upper  cervical  vertebrae  often 
appears  in  the  pharynx  ;  from  those  situated  in  the  lower 
cervical  and  upper  dorsal  regions  the  pus  commonly 
makes  its  way  downward  until  the  diaphragm  is  reached, 
then  follows  along  its  surface,  appearing  externally  near 
the  xiphoid.  In  case  the  caries  affects  the  lower  dorsal  or 
lumbar  vertebrae,  the  pus  makes  its  way  downward  along 
the  psoas,  and  gives  rise  to  a  fluctuating  swelling  above  or 
below  Poupart's  ligament.  It  should,  however,  be  stated 
that  not  all  cases  of  caries  of  the  vertebrae  are  associated 
with  pus  formation.  Another  form  of  chronic  cold  abscess, 
the  pathology  of  which  is  exceedingly  obscure,  is  the  so- 
called  lymph-abscess.  Its  usual  seat  is  in  the  connective 
tissue  of  the  back — rarely  in  the  muscles.  The  cavity  is,  in 
most  cases,  a  flattened  one,  and  may  extend  laterally  for  a 
considerable  distance.  The  walls  are  flaccid ;  the  contents 
a  thin  pus  resembling  lymph.  The  growth  of  these  ab- 
scesses is  very  slow.  The  term  scrofulous  abscess  is  applied 
to  cases  in  which  a  suppuration  takes  place  in  hyperplastic 
lymph-glands.  A  consideration  of  the  diffuse  abscess 
comes  properly  under  the  heading  of  phlegmon  or  phleg- 
monous inflammation,  what  the  surgeons  formerly  called 
a  cellulitis.  In  connection  with  the  infective  disease 
known  as  actinomycosis  abscesses  form,  the  pus  in  which 
presents  very  peculiar  appearances,  due  to  the  presence  of 
very  numerous,  small,  sulphur-yellow  fungi,  which  have 
been  proved  to  stand  to  the  disease  in  the  relation  of  cause 
and  effect. 

The  treatment  of  abscesses,  in  general,  consists  of  free 
incisions ;  washing  out  of  the  cavity  with  an  antiseptic 
solution ;  free  drainage  ;  Lister  or  iodoform  dressing.  If 
within  the  liver,  simple  tapping  is  all  that  can  be  done. 

W.  W.  Gannett. 


ABSINTHISM. — A  term  applied  to  the  train  of  morbid 
symptoms  following  the  abuse  of  the  liquor  called  Ab- 
sinthe. ' 

In  its  general  features  Absinthism  is  almost  identical 
with  the  alcoholism  brought  on  by  the  immoderate  use  of 
any  other  alcoholic  beverage  (vide  article  Alcohohsm, 
under  the  heading  Insanity) ;  and  some  observers  have 
even  doubted  whether  any  special  and  peculiar  symptoms 
could  be  attributed  to  any  of  the  non-alcoholic  ingredients 
contained  in  the  liquor.  Nevertheless,  according  to  most 
authorities,  the  evil  effects  of  intemperance  not  only  ap- 
pear earlier  in  those  addicted  to  the  habitual  and  exces- 
sive use  of  absinthe  than  they  do  in  the  case  of  abusers  of 
other  alcoholic  drinks,  but  these  effects  are  in  themselves 
of  a  severer  nature,  and  there  is,  besides,  a  more  marked 
disturbance  of  the  nervous  system  in  its  various  parts. 
Vertigo,  severe  headaches,  a  condition  of  stupor  and  of 
apathetic  listlessness,  terrifying  hallucinations,  and  epilep- 
tiform convulsions  are  particularly  noticeable  among  the 
symptoms  oelonging  to  the  absinthe  tippler,  and  this  liquor 
is  especially  prone  to  bring  on  an  early  condition  of  men- 
tal decay,  and  seems  to  be  facile  princeps  in  its  power  to 
enslave  its  victim.  That  the  active  principles  of  absinthe 
(Artemisia  absinthium  and  its  congeners)  are  the  agents  in 
causing  the  special  toxic  effects  of  the  liquor,  has  been 
pretty  well  established  bj  Marce  in  his  experiments  on 
dogs  and  rabbits. 

Huntington  Bicliardg. 
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ABSORPTION.  Definition.— The  non-traumatic  en- 
trance of  a  substance  through  the  tissues  of  a  free  surface, 
integument  or  mucous  membrane,  into  l3anph-  or  blood- 
channels.  Re-absorption  of  effused  lymph  (resorption) 
-will  be  considered  under  the  head  of  the  lymphatic  system. 
Mere  imbibition,  as  of  water,  by  the  epithelial  cells  is  not 
to  be  regarded  as  absorption,  nor  is  the  term  here  used  so 
as  to  include  in  its  application  the  entrance  of  heat  or 
other  forms  of  motion. 

The  elementary  processes  involved  are  :  (1)  Diffusion  in 
the  form  of  osmosis,  or  dififusion  through  a  porous  septum. 

(3)  Filtration,  or  permeation  of  a  porous  septum  under 
pressure.    (3)  The  cataphoric  working  of  electric  currents. 

(4)  The  complex  or  vital  activities  of  epithelial  cells, 
similar  to  those  exhibited  in  secreting  glands,  but  in  in- 
verse direction,  i.e.,  from  the  free  surface  inward,  instead 
of  from  the  blood  or  l3;mph  outward.  (5)  The  migratory 
activity  of  leucocytes  involved  in  the  theory  of  intestinal 
absorption  of  Zawarykin,  or  the  less  extreme  view  advo- 
cated by  Schafer  and  others. 

Absorption  varies  with  the  locality  and  the  substances 
soliciting  absorption.  The  skin  will  be  treated  of  first, 
then  the  alimentary  canal. 

Absorption,  by  the  Skih,  01"  Water  and  Watery 
SoLTJTiONS. — Investigations  upon  this  subject  have  been 
made  chieliy  by  three  methods.  The  first  consists  in  weigh- 
ing the  body  before  and  after  prolonged  immersion  in  a 
warm  bath.  This  method  is  vitiated  by  the  presence  of 
various  factors  afifecting  weight.  The  skin  and  lungs  con- 
tinue to  excrete,  and  their  activity  is  affected  by  the  bath 
itself  ;  a  considerable  amount  of  water  is  soaked  up  by  the 
epidermis  without  proceeding  to  real  absorption  ;  some  re- 
mains adhering  to  the  body,  especially  in  hairy  regions  ;  a 
considerable  quantity  of  epidermis  scales  are  rubbed  off 
in  wiping  dryj  Moreover,  the  water  is  during  the  bath  in 
contact  not  only  with  the  ordinary  skin,  but  also  with 
such  mucous  or  semi-mucous  places  as  the  prepuce,  glans, 
and  regio  analis,  which  are  known  to  absorb  water.  The 
results  attained  by  this  method  are  discordant,  and  serve 
only  to  show  that  the  absorption  is  not  sufficiently  great 
to  render  negligible  the  sources  of  error  enumerated  above. 
Fleischer's  carefully  conducted  experiments  (1877)  illus- 
trate the  second  method.  The  arm  was  immersed  in  a 
plethysmograph  cylinder,  and  variations  in  the  quantity 
of  water  were  indicated  in  a  small  tube  leading  from  the 
cylinder  divided  into  .01  c.c,  and  susceptible  of  still  finer 
readings.  With  suitable  vessels,  water  was  also  applied 
to  other  and  larger  portions  of  the  body.  These  local 
baths  were  prolonged  to  between  twc(  and  three  hours. 
The  conclusion  reached  by  Fleischer  was  that  there  was 
no  aqueous  absorption  by  diffusion  through  the  intact 
human  epidermis.  The  third  method  consists  in  applying 
to  a  part  of  the  integument  a  solution  of  some  substance 
capable  of  either  producing  a  pl^siological  effect,  or  of 
being  detected  in  the  secretions.  The  value  of  the  earlier 
experiments  of  this  form  is  much  impaired  by  lack  of 
care  to  exclude  absorption  by  mucous  surfaces.  This 
fault,  however,  only  affects  positive  results.  The  more 
recent  investigations  f  oUow  mostly  the  metljod  of  Sereys 
(1863)  and  Rohrig  (1872  and  1876).  The  arm  or  leg  is 
passed  through  a  hole  in  the  partition  between  two  apart- 
ments, and  the  fitting  made  air-tight.  The  arm  or  leg  is 
then  sprayed  with  the  solution  In  one  apartment,  and  the 
urine  passed  and  examined  in  the  other.  Rohrig  found 
iodine  in  the  urine  after  spraying  the  human  arm  with  an 
aqueous  solution  of  potassium  iodide,  aqd  potassium 
f errocyanide  in  the  unne  after  spraying  with  a  solution 
of  that  substance.  But  v.  Wittich  (1881),  employing  the 
same  method  with  solutions  of  iodide  of  potassium  of 
varying  strengths,  obtained  uniformly  negative  results. 
80  also  did  v.  Ziemssen  (1883)  with  solutions  of  potassium 
iodide,  salicylic  acid,  sodium  sulphindigotate,  and  pilo- 
carpin  ;  and  there  are  numerous  negative  results  obtained 
by  older  observers,  in  which  solutions  of  digitalis,  bella- 
donna, strychnine,  hydrocyanic  acid,  etc. ,  were  employed. 
These  experiments  are  on  the  human  skin.  With  rabbits 
Rohrig  states  that  he  obtained  absorption  from  sprays  of 
curare,  morphine,  digitalin,  and  iodine ;  and  v.  Wittich, 
though  unable  to  obtain  any  toxic  effects  with  a  strychnine 


spray,  did  find  iodine  in  the  urine  after  a  potassium  iodide 
spray. 

In  the  foregoing  experiments  diffusion  alone  is  called 
into  play.  Expenments  have  been  made  on  filtration 
through  the  recently  removed  skin.  V.  Wittich  (1881) 
was  able  to  carry  the  pressure  up  to  67  ctm.  of  mercury, 
without  obtaining  aqueous  filtration  in  either  direction 
with  human  skin  ;  and  the  earlier  results  of  Krause  were 
also  negative.  From  such  experiments,  however,  exact 
conclusions  cannot  well  be  drawn  respecting  the  effect  of 
pressure  in  forcing  water  throuj^h  the  living  skin. 

Through  its  cataphoric  working  a  current  of  electricity 
appears  to  be  able  to  introduce  aqueous  solutions  in  small 
quantities  across  the  ordinary  human  integument  into  the 
vascular  channels.  H.  Munk  (1873)  used  electrodes  of  clay, 
wet  with  an  aqueous  solution  of  the  substance  under  trial, 
and  of  10  to  15  mm.  diameter.  A  Grove's  battery,  with 
ten  to  eighteen  cells,  was  used.  The  direction  of  the  cur- 
rent was  frequently  reversed.  Experiments  were  made  on 
rabbits,  and  on  Munk  himself.  With  the  rabbits  the  hair 
was  clipped  close,  but  without  injury  to  the  epidermis. 
A  rabbit,  after  ten  or  fifteen  minutes  of  current  between 
strychnine  electrodes,  showed  heightened  reflex  excita- 
ibility ;  after  twenty  to  twenty-five,  spontaneous  tetanic 
spasms.  One  which  had  received  the  current  from 
18  Groves  for  forty-five  minutes,  went  into  almost  un- 
interrupted spasms,  resulting  in  death  half  an  hour  later. 
In  general,  the  intensity  of  the  toxic  effects  varied  with 
the  strength  and  continuance  of  the  current.  To  control, 
the  strychnine  electrodes  (disconnected)  were  held  on  the 
skin  for  hours  without  the  least  sign  of  absorption.  When 
Munk  passed  the  current  between  quinine  electrodes 
placed  on  his  arm  for  fifteen  minutes,  quinine  was  found 
in  his  urine  for  the  next  twelve  hours.  With  potassium 
iodide  electrodes  and  a  current  lasting  fifteen  minutes, 
iodine  was  foimd  in  the  urine  thirty  minutes  later,  increas- 
ing for  five  or  six  hours.  To  control,  larger  pieces  of  clay, 
wet  with  a  strong  solution  of  potassium  iodide,  were  bound 
upon  the  arm  for  a  day.  No  sign  of  iodine  appeared  in  the 
urine.  The  outcome  of  all  experiments  and  observations 
respecting  the  absorption  of  water  and  aqueous  solutions 
of  non-volatile  substances  by  the  ordinary  human  skin, 
may  be  stated  as  follows  : 

"rhe  application  of  these  fluids  to  the  skin  does  not  re- 
sult in  any  sensible  absorption. 

The  skin  does  not  probably  admit  of  the  introduction 
of  these  fluids  under  pressure  (filtration),  unless  possibly 
when  that  pressure  is  very  high. 

By  the  cataphoric  action  of  electric  currents,  these 
fluids  can  be  made  to  permeate  the  skin  in  small  quan- 
tities. 

The  place  of  resistance  to  diffusion  seems  to  be  the 
outer  harder  layers  of  the  epidermis,  and  when  these  are 
removed,  as  by  blistering,  absorption  readily  takes  place. 

These  statements  cannot  be  applied  indiscriminately  to 
animals  other  than  man,  nor  do  they  apply  to  such  semi- 
mucous  places  as  the  prepuce,  glans  or  regio  analis.  Al- 
cohol and  alcoholic  solutions  seem  to  traverse  the  skin 
as  little  as  water.  The  experiments  of  v.  Ziemssen  (1888) 
on  alcoholic  solutions  of  iodine,  salicylic  acid,  carbolic 
acid,  and  pilocarpin  gave  entirely  negative  results. 
_  The  existing  evidence  seems  to  be  in  favor  of  the  be- 
lief that  oils  can  be  rubbed  in,  and  can  carry  with  them 
finely  divided  substances  with  which  they  have  been 
rubbed  up.  But  there  seems  to  be  considerable  varia- 
tion in  results  obtained  by  different  experimenters. 
Lassar '  finds  that  in  rabbits  the  skin  absorbs  oils  readily 
and  in  large  quantities,  and  that  ■without  any  pressure  or 
rubbing  in,  the  oil  being  simply  painted  over  tlie  bared 
skin  or  simply  poured  over  the  unsheared  rabbit.  Due 
precautions  seem  to  have  been  taken  to  prevent  the  ani- 
mal from  licking  up  the  oil.  Rapfeseed  oil,  olive  oil,  cod- 
liver  oil,  and  petroleum  were  tried  with  positive  results. 
Lassar  extends  his  conclusions  to  the  human  skin  without 
direct  experiments  of  his  own,  but  calling  in  the  observa- 
tions of  Unna  and  others,  in  which,  however,  the  unin- 
jured state  of  the  skin  does  not  seem  to  be  adequately 
vouched  for. 

Fleischer  in  reply "  calls  attention  to  his  previously  ob- 
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tained  results,'  in  which  salves  of  veratrin,  morphine, 
and  potassium  iodide  were  rubbed  into  the  intact  human 
skin  without  result,  and  states  that  he  has  repeated  the 
trial  with  potassium  iodide  under  most  favorable  con- 
ditions, with  entirely  negative  result.  There  is  not,  how- 
ever, any  doubt  about  the  absorption  of  mercury 
ointments.  Scattered  and  not  wholly  unimpeachable 
testimony  claims  the  introduction  of  morphine  and  other 
substances  in  the  form  of  ointments.  There  is,  on  the 
other  hand,  considerable  evidence  that  the  oleates  dis- 
solved in  oleic  acid  or  in  fats  are  easily  absorbed  by  the 
human  skin.  (See  Marshall,  Lancet,  May  35, 1873  ;  Shoe- 
maker, "Trans.  Penn.  State  Medical  Society  ; "  Squibb's 
Ephemeris,  November,  1883.) 

The  absorption  of  volatile  substances,  such  as  turpen- 
tine and  camphor,  has  been  shown  by  the  researches  of 
Lehman  (1861)  and  of  R5hrig  (1876).  The  solutions  of 
alkaloids  and  inorganic  salts  in  chloroform  and  ether  are 
capable  of  absorption,  as  shown  by  Parisot  (1863)  and  con- 
firmed by  Rohrig  and  others.  The  same  was  proved  true 
of  solutions  of  pilocarpin,  apomorphine,  salicylic  acid, 
and  other  substances  in  chloroform,  ether,  or  turpentine 
forcibly  sprayed  on  the  skin. 

Gases  permeate  the  skin  with  ease,  as  has  been  proved 
in  the  case  of  carbonic  oxide,  carbonic  dioxide,  chlorine, 
illuminating  gas,  and  chloroform  vapor.  They  are  also 
absorbed  when  dissolved  in  water. 

Absorption  in  the  Intestine. — The  intestine,  espe- 
cially the  small  intestine,  is  the  principal  region  of  absorp- 
tion in  the  alimentary  canal.  We  should  be  led  to  expect 
this  from  anatomical  facts,  viz.,  from  the  extent  of  sur- 
face insured  by  the  small  size  and  great  length,  by  the 
folds  or  valvules  conniventes,  and  by  the  villi,  with  their 
plexuses  of  blood-vessels  and  lacteal  radicles  :  and  this  is. 
proved  by  direct  observation  and  experiment.  This  ex- 
tent of  siuface  is  of  obvious  advantage,  whatever  may  be 
the  relation  between  the  shares  taken  in  absorption  by  the 
purely  physical  process  of  diffusion  and  filtration  on  the 
one  hand,  and  thfi  vital  activities  of  the  intestinal  epithe- 
lium on  the  other.  From  the  fact  that  the  plexus  of 
blood-vessels  in  the  villus  lies  outside  of  the  lymphatic 
radicle,  we  should  expect  that  the  more  diffusible  sub- 
stances, such  as  minerals,  sugars,  and  peptones,  would  be 
in  lar^e  measure  conveyed  away  by  the  portal  system, 
while  It  would  not  be  easy  to  see  how  the  fats  would  gain 
entrance  to  those  blood-vessels,  or  be  carried  off  except  by 
the  lymphatic  system ;  these  considerations,  too,  would 
be  entirely  independent  of  the  forces  involved  in  the 
passage  through  the  epithelium  of  the  villus.  We  should 
not  be  led,  however,  to  a  too  exclusive  distribution  of  the 
various  substances  between  the  lacteals  and  blood-vessels. 
We  should  expect  that  the  blood-capillary  network, 
though  it  might  catch  most,  would  not  probably  fail  to 
let  pass  a  small  quantity  of  the  more  diffusible  products 
of  digestion ;  we  should  not  be  surprised  to  find  small 
quantities  of  minerals,  sugars,  or  peptones  in  the  chyle. 
If  the  products  of  digestion  of  amyloids  and  proteids 
contained  less  completely  transformed  and  diffusible  sub- 
stances, along  with  the  sugars  and  peptones,  we  should 
find  it  natui-al  that  these  should  enter  largely  the  lacteals. 
If,  on  the  other  hand,  the  fats  should  be  largely  converted 
into  soaps  in  digestion,  and,  as  soaps,  should  pass  from 
the  epithelium  into  the  body  of  the  villus,  they  might  be 
expected  to  find  their  way  in  not  inconsiderable  quantities 
into  the  blood-capillaries.  We  find  the  results  of  direct 
experiment  coinciding  very  fairly  with  these  anticipations, 
which  rest  on  general  considerations  and  anatomical  facts. 

The  investigations  regarding  the  absorption  of  salts  are 
very  scanty,  and  almost  wanting  in  recent  times.  The 
observations  of  Lehman*  made  upon  potassium  iodide  and 
ammonium  sulphocyanate,  showed  absorption  both  by 
lacteals  and  blood-vessels,  and,  contrary  to  what  would 
have  been  expected,  as  early  in  the  former  as  in  the  latter. 

The  paths  of  principal  absorption  for  sugar  were  inves- 
tigated by  V.  Mering  (^Areh.  f.  Anat.  u.  Physiol.,  1877, 
S.  379),  who  found  that  the  amount  of  sugar  in  the  chyle 
was  uninfluenced  by  the  ingestion  of  amylaceous  food, 
while  that  in  the  portal  blood  was  increased.  Hoppe- 
Seyler  {PJiysiologiaehe  (Jhemie,  S.  353)  records  repeated 
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observations  of  the  fact  that  while  fatty  meals  cause  a 
rapid  flow  of  chyle  in  the  lacteals,  abundant  feeding  with 
amyloids  and  proteids  alone  have  no  such  effect,  the  flow 
remaining  quite  slow. 

With  regard  to  the  paths  taken  by  the  proteids  the  ob- 
servations of  Hoppe-Seyler  just  quoted  are  in  point. 
Schmidt-Muhlheim  {Archw  f.  Anai.  u.  Physiol. , .  1877) 
finds  that  when  the  chyle  is  prevented  from  entering  the 
blood,  the  proteids  continue  to  be  absorbed,  and  that  the 
effects  of  proteid  feeding  in  increasing  the  amount  of  urea 
are  not  diminished. 

That  fats  are  absorbed  by  lacteals  in  large  quantities  is 
shown  by  the  peculiar  whitish  appearance  which  they 
present  after  a  fatty  meal.  No  corresponding  appear- 
ance of  fat  is  exhibited  in  the  portal  system,  but  the  ques- 
tion with  regard  to  soaps,  which  we  know  to  be  formed 
to  a  greater  or  less  extent  from  the  fats,  is  a  more  difficult 
one  and  still  unsettled.  Lebedefl'  {Arch.  f.  Anat.  u. 
Physiologie,  1883  ;  "  Studien  iiber  Fettresorption  " )  found 
fatty  acids  in  the  liver ;  and,  in  contradiction  to  Munk 
and  others,  none  in  the  chyle,  after  feeding  with  fatty 
acids,  and  holds  it  likely  that  they  were  conveyed  to  the 
liver  in  the  portal  blood. 

The  mechanism  of  intestinal  absorption  doubtless  in- 
volves, to  a  certain  extent,  diffusion  or  osmosis.  The 
conditions  seem  favorable  for  it ;  a  thin  and  apparently 
permeable  membrane  separates  the  blood  from  the  very 
different  intestinal  contents.  There  is  no  reason  known 
which  should  prevent  a  considerable  degree  of  absorption 
by  diffusion  of  the  more  diffusible  substances  ;  eve&  fil- 
tration may  play  a  part,  though  probably  a  small  one ; 
the  pressure  developed  by  peristaltic  action  must  ordi- 
narily, however,  be  small.  The  pumping  action  of  the  villi 
deserves  more  attention  ;  the  muscular  fibres  of  the  villi 
may  squeeze  out  the  contents  into  the  lacteals  about,  and 
then,  there  being  no  return  of  this  fluid,  a  suction  will  be 
developed  by  the  return  of  the  villus  to  its  expanded  state 
in  virtue  of  the  elasticity  of  its  tissues,  tending  to  draw  in 
the  intestinal  contents.  But  whatever  role  is  assigned  to 
diffusion  and  filtration  in  intestinal  absorption,  their  action 
can  hardly  be  deemed  sufficient  to  account  for  all  that 
takes  place,  especially  in  the  case  of  fats ;  the  factor  sug- 
gested by  what  we  have  learned  elsewhere  is  furnished 
by  the  epithelial  cells.  The  whole  drift  of  investigations 
on  the  physiology  of  secretion  has  been  to  assign  the 
highest  importance  to  the  vital  activities  of  the  epithelial 
cell.  It  is  the  secreting  cell  which  selects  certain  sub- 
tances  from  the  blood  upon  one  side  and  passes  them  out 
on  the  other,  more  or  less  changed  in  the  process.  It  is 
probable  that  it  is  the  epithelial  cell  of  the  villus  which 
takes  up  what  it  will  from  the  intestinal  contents  to  pass 
it  out  into  the  body  of  the  villus,  possibly,  too,  somewhat 
changed,  as  from  peptone  to  albumen,  or  from  fatty  acid 
to  neutral  fat.  The  epithelial  cell  of  the  villus  will  differ, 
then,  from  the  secreting  epithelial  cell  only  in  the  direc- 
tion of  its  action  and  the  nature  of  the  substances  which 
it  transports,  and,  it  may  be,  transforms ;  the  pumping 
action  of  the  villus  would  then,  independently  of  any 
filtration,  be  of  service  in  removing  the  pressure  against 
which  the  epithelial  cell  would  have  to  work.  The  re- 
sults obtained  accord  with  this  view.  Tappelner  ( Wien. 
Sitzungsberichte,  Bd.  77,  1878)  found  that  sodium  §lyco- 
cholate  and  sodium  taurocholate  were  not  absorbed  in  the 
duodenum  or  upper  jejunum,  but  that  the  absorption  of 
sodium  glycocholate  began  in  the  lower  jejunum,  and  the 
taurocholate  in  the  ileum.  This  can  hardly  be  explained 
under  any  theory  of  absorption  built  merely  upon  diffu- 
sion and  filtration,  but  falls  easily  in  with  the  assumption 
of  an  epithelial  action.  The  greater  number  of  observa- 
tions have  had  reference  to  the  absorption  of  fats  ;  most 
observers  are  agreed  that  the  epithelial  cells  are  filled 
with  fat  cells  during  fat  absorption,  and  that  the  begin- 
ning of  the  paths  to  the  lacteals  lies  in  the  cells,  not  be- 
tween them.  Von  Thanhoffer*  describes  and  states  that 
he  saw  in  motion  cilia-like  processes  on  the  surface  of  the 
intestinal  epithelium  in  the  frog ;  the  activity  of  these 
processes  seemed  to  be  increased  by  bile  and  nervous  irri- 
tation ;  the  ingestion  of  fatty  particles  by  the  cell  is,  ac- 
cording to  Von  Thanhoffer,  effected  or  furthered  by  the 
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activity  of  these  processes.  Similar  moving  processes 
and  active  amcsboid  movements  on  the  luminal  surface 
of  the  cells  were  seen  by  Wiedersheim  in  the  intestine  of 
Spekrpes  fuacus  and  in  young  sharks. «  Wiemer  ob- 
served the  same  processes  in  specimens  from  the  frog, 
hardened  in  osmic  acid.'  Spina,'  from  microscopical  ob- 
servations on  living  tissues,  in  maggots,  frogs,  and  sala- 
manders, satisfied  himself  of  the  active  part  played  in 
absorption  by  the  epithelial  cells  of  the  intestine,  and,  in 
the  frog,  of  the  skin.  The  method  of  transference  from 
the  inner  end  of  the  epithelial  cell  to  the  lymphatic  radicle 
is  unsettled.  Schafer  has  held  for  some,  time  the  view 
first  printed  ("  Qualn's  Anat.,"  8th  ed.)  in  1876,  that  the 
fat-particles  are  received  from  the  epithelial  cells  by  the 
lymph-corpuscles  of  the  reticular  tissue  of  the  villus,  and 
carried  by  them  into  the  lacteal  radicle.  By  others  the 
reticular  tissue  has  been  made  to  play  a  part,  and  others 
still  have  held  that  the  fat  was  thrown  out  by  the  epithe- 
lial cells  into  the  interstices  of  the  villus. 

Two  obsei'vers,  Watney  and  Zawaryldn,  in  contradic- 
tion to  the  belief  of  almost  all  other  investigators,  have 
held  that  the  fat  passes  between  the  cells,  not  through 
them.  Watney'  holds  that  the  fat-particles  are  taken 
up  by  a  reticulum  of  lymphoid  tissue  embracing  the  epi- 
thelial cells,  extending  up  between  them.  He  takes  the 
view,  however,  that  this  is  no  mere  diffusion  or  filtration 
process,  but  is  active  protoplasmic  work,  vv  hile  TVatney 
merely  would  transfer  the  absorptive  process  from  the 
epithelial  to  the  lymphoid  protoplasm,  Zawarykin '»  calls 
into  j)lay  the  amoeboid  movements  of  lymph-corpuscles, 
which  he  sees  reason  to  think  crawl  up  between  the  epi- 
theUal  cells,  fill  themselves  with  fat,  and  crawl  back  into 
the  body  of  the  villus.  These  are  both  interesting  and 
curious  theories,  but  of  little  apparent  viability. 

All  recent  views  reject  the  explanations  of  intestinal 
absorption  by  mere  filtration  and  diffusion,  and  have  re- 
course to  the  vital  activities  of  living  cells.  If  this  takes 
place  in  fat  absorption  it  is  made  probable  that  something 
of  the  same  kind  occurs  in  the  intestinal  absorption  of 
other  less  easily  followed  substances,  and  this  presump- 
tion is  favored  by  the  observations  of  Tappeiner  and  of 
Spina  referred  to  above. 

The  transformation  of  products  of  digestion  in  the  pas- 
sage through  the  intestinal  walls  is  the  subject  of  active 
investigation  at  present,  but  the  results  are  as  yet  too  un- 
certain to  warrant  presentation  here. 

AbSOBPTION  Df  OTIEBB  SCATTERED  LOCALITIES. — With 

regard  to  other  various  mucous  or  semi-mucous  surfaces, 
there  has  been  little  careful  experimental  work.  That 
the  conjunctiva  absorbs  is  a  matter  of  daily  experience. 
Respecting  the  bladder.  Sir  Henry  Thompson"  states 
that  "the  mucous  membrane  of  the  bladder  appears  to 
have  no  absorbing  power,"  and  injects,  in  reply  to  a  critic, 
four  drachms  of  liq.  opii  sed.  into  the  bladder  of  a  patient 
with  chronic  cystitis,  on  four  separate  occasions,  without 
sensible  effect.  Subsequently,  in  the  same  patient,  twenty 
minims  by  the  mouth  produced  marked  contraction  of  the 
pupil.  In  the  lungs  the  evidence  seems  to  show  that  the 
gaseous  absorption  is  a  purely  physical  process.  Pine 
solid  particles  entering  the  alveoli  are  taken  up  by  round 
cells,  which  may  be  either  metamorphosed  epithelial  cells 
or  wandering  cells  of  the  vascular  system,  and  transported 
by  them  inward  along  lymphatic  channels  to  be  deposited 
in  the  thicker  connective  tissue  septa  of  the  lungs,  the 
bronchial  lymphatic  glands,  or  even  more  remote  points ; 
the  condition  thus  produced  being  known  as  pneumono- 
koniosis.  »    #    »    «    * 

1  Lassar ;  TTeber  den  Zusammenhang,  etc,  Virchow's  Archiv.  Bd.  77. 
S.  157.    1879. 

"  Fleischer :  Zur  Frage  der  Hautresorption.  Virchow's  Archiv,  Bd. 
79.  S.  588.    1880. 

8  Fleischer :  Untersuchungen  ueber  daa  ReBorptionsvermOgen  d. 
MeiHchl.  Hant.     Habllitationschritt.    Brlangen,  1877. 

<  Lehman  ;  Notiz  iiber  die  EeBorption  elniger  Salzo  aus  dem  Barme 
l'fltiger'8  Archiv,  Bd.  33,  S.  188,  1884. 

sVoii  Thanhofler:  Beitrage  zur  Fettreaorption  und  hiRtoIogisctaen 
Stniotur  der  Dilnndarmzotten.  Pflilger'n  Archiv,  Bd.  viii.,  1874. 

'  Wiedersheim  ;  Ueber  die  meohanitche  Aufnahme  der  Nahi-ungamittel 
in  der  Darmsohleimhant.  Foalachr.  d.  5B,  Vera.  d.  Natnrf.  u.  Aerzte  zu 
Freiburg,  1  Bd.,  1883. 

'  Wiemer :  TJober  den  Mechanismua  der  Fettreaorption.  Pflilgor'a  Ar- 
chiv. Bd.  33,  1884. 


Fig,  22. — Echino- 
rhynchus  Uomi- 
nia,  X  10  timea, 
(Lambl.) 


f*  Spina :  TTntersuchungen  fiber  die  Mechanik  d.  Darm-  und  Hautre- 
aorption.    Wien.   Sitzungsb.,  Juli,  1881. 

'  Watney  :  On  the  Minute  Anatomy  of  the  Alimentary  Canal.  Phil. 
Trans.    London,  1876. 

10  Zawarykin:  TJeber  die  Fettreaorption  im  Diiiindarm.  Pfliiger'a 
Archiv,  Bd.  xxxi.    1883. 

1'  Thompson:  Siseaaes  of  the  TTrinary  Organs,  Filth  Ed.,  p.  301. 
1879. 

ACANTHOCEPHALA  (thorny-headed  worms)  form  an 
order  of  helminths  including  only  one  genus,  the  echi- 
norhynchus,  of  which  there  are  several 
varieties,  which  infest  swine,  monkeys, 
birds,  etc.,  but  only  two  cases  have  been 
reported  of  their  occurrence  in  man.  In 
one  there  is  some  dispute  as  to  the  vari- 
ety ;  the  worm  was  found  in  the  small 
intestine  of  a  boy,  and  by  Lambl,  the  re- 
porter, was  called  eehinorhynchus  liomi- 
nw.  The  second  case  was  reported  by 
"Welch  as  occurring  in  an  English  soldier 
returned  from  India.  Cobbold  expresses 
his  belief  that  this  worm  was  a  penta- 
stoma. 

The  eehinorhynchus  is  characterized 
by  a  retractile  head  armed  with  several 
rows  of  hooks,  bjr  means  of  which  it  re- 
tains its  position  in  the  intestines  orborea 
its  way  through  ;  its  body  is  elongated, 
cylindrical,  and  pointed  behind. 

E.  gigas  is  found  in  the  hog ;  the  ma 
ture  female  may  be  two  feet  long  by  one 
third  of  an  inch  broad ;  the  male  is  about 
three  inches  long.  The  embryos  infest 
the  larvsB  of  the  cockchafer,  as  their 
.temporary  host,  before  entering  the  swine. 

Ohas.  E.  BacUey. 

ACARI,  or  mites,  belong  to  the  class  of  Arachnidae. 
Two  varieties  chiefly  infest  man.  The  acarus  scaMd, 
sarcoptes  hominis,  or  itch-mite,  is  nearly  circular  in 
shape  ;  the  f  e- 
maleisfrom  one- 
fourth  to  haU  a 
millimetre  in  its 
long  diameter ; 
the  male  is 
rather  smaller ; 
the  body  is  whit- 
ish ;  young  ones 
have  six  legs  till 
they  ■  change 
their  skin,  sub- 
sequently they 
have  eight  legs, 
two  on  each  side 
of  the  head,  and 
two  on  each  side 
behind.  Of  the 
front  feet  the 
two  next  the 
head  have  suck- 
ers, the  others 
have  projecting 
bristles.  There 
is  an  intestinal 
canal  opening' 
posteriorly,  but 
no  respiratory 
organs  have 
been  recognized. 
The  female  bur- 
rows under  the  skin,  sometimes  to  the  length  of  an  inch  ; 
this  burrow  is  called  the  cuniculus  ;  as  she  progresses  she 
lays  eggs,  perhaps  ten  or  fifteen  in  a  furrow  ;  in  a  week 
or  two  these  hatch  into  young  acari,  ready  to  begin  work. 
By  boring  into  the  skin  they  cause  itching,  which  induces 
scratching,  and  this  probably  develops  the  nodules,  vesi- 
cles, and  pustules,  which  are  found  on  patients  with  itcli 
or  scabies,  of  which  disease  they  are  the  sole  cause.  Fe- 
male acari  are  stated  to  live  three  or  four  months. 


Fig.  2.3.— Acams  Scabiei.  Female.  Front  feet  with 
Buckera ;  hind  feet  with  briatleB :  posteriorly  sex- 
ual openings.    Magnified,     (Gustav  Behrend.) 
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The  disease  may  be  transferred  from  one  person  to  an- 
other by  the  passage  of  a  pregnant  female  or  of  young 
acari,  which  sub- 
sequently breed. 
This  transfer  is 
more  apt  to  occur 
in  bed,  when  pa- 
tients can  scratch 
readily  and  tear 
the  insects  out  of 
their  burrows. 
The  diagnosis  is 
rendered  certain 
by  opening  a  cu- 
mculus  with  a 
needle  and  find- 
ing the  acarus 
and  eggs. 

Treatment  con- 
sists in  killing  the 
insects  and  eggs 
by  frictions  with 
green  soap  and 
sulphur,  petrole- 
um, balsam  of 
Peru,  etc.  Hebra 
thought  that  the 
insects  in  cloth- 
ing,   etc.,    soon 

died,  and  that  it  Fio.a4.-Aoarus  Soabiei,  Male.  Front  feet  and 
was  hardly  neces-  two  hind  feet  with  suckers,  other  hind  feet 
sary  to  bake  these        have  bristles.    Magnified.    (GrUHtav  Behrend.) 

articles  for  the  purpose  of  disinfecting. 
Aca/rus  folliculwv/m,  (entozoon   fol.,   steatozoon    fol., 
demodex  fol.)  is  a  minute  whitish 
parasite,  from    one-tenth   to    three- 
tenths  of  a  millimetre  long  by  one- 
^^  fortieth  of  a  millimetre  broad,  which 

^^W^^g"        is  found  in  the  orifices  of  the  sebace- 
|Wj^f^        ous  glands  of  the  nose  and  in  the 
^^^pSP^        hair-follicles.      It    occurs    in   many 
^^^m^  people,  especially  in  those  with  greasy 

^^whM^  skins,  and  may  often  be  obtained  by 

scraping  the  skin  with  a    spatula. 
Under  the  microscope  it  is  found  to 
consist  of  a  cephalo-thorax  about  one- 
fourth  the  whole  length,  the  other 
three-fourths  constituting  the  abdo- 
men.    The  head  has  two  palpi  with  a 
proboscis  between  them  ;  on  each  side 
of  the  thorax  are  four  feet  with  claws. 
Fio.25.— Acarus  Poiiion-  A  species  is  described  with  but  three 
lorum.   Tail  is  fore-  feet  on  each  side ;  these,  however,  are 
shortened.    Magnified,  „     .    , .__  _  '  '        .  ' 

probably  young  ones,   as  in  acarus 

scabiei.  There  may  be  from  two  to  a  dozen  in  one  folli- 
cle ;  they  are  not  known  to  have  any  injurious  effect. 

Charles  E.  Hockley. 

ACAROIDES,  GUM :  Botany  Bat  Gtjm  ;  Rksina 
LuTEA. — By  these  names  are  designated  two  or  three 
closely  connected  aromatic  resins,  obtained  in  Australia 
from  several  species  of  the  small  and  peculiar  genus 
Xanthorrhcea  {Xcmtorrhcea  Liierssen).  The  genus,  by 
some  botanists  considered  to  belong  to  the  Liliacem,  but 
placed  by  Bentham  and  Hooker  among  the  Juneaceoe, 
consists  of  less  than  a  dozen  species  of  sometimes  low,  of- 
tener  shrubby,  or  even  arborescent  plants,  with  the  general 
appearance  of  screw  pines.  Stems  leafy,  frequently  con- 
taining an  abundance  of  yellow  or  reddish  resinous  juice ; 
leaves  long,  linear,  rigid,  brittle,  with  dilated,  imbricated, 
persistent  bases.  Inflorescence  a  long  terminal  close 
spike  of  small  flowers.  Perianth  persistent,  its  segments 
distinct,  the  outer  glumaceous,  the  inner  petaloid  or  trans- 
parent. Ovary  three-celled,  ovules  few  ;  capsule  coriace- 
ous dehiscent  The  resinous  sap  exudes  spontaneously, 
and  hardens  upon  the  stem  in  tears  or  masses.  Two 
principal  varieties  of  the  "gum"  are  distinguished;  the 
red,  in  deep-red  lumps  or  fragments  resembling  lumpy 
specimens  of  dragon's  blood,  having  a  weak  odor  of  ben- 


zoin, and  a  spicy  cinnamon-like  taste  ;  the  yellow,  in 
orange-yellow  pieces  or  tears,  having  a  strong  benzoin 
odor. 

The  balsam,  for  such  it  really  is,  contains,  besides  some 
bassorin  and  uninteresting  ingredients,  a  large  proportion 
of  cinnamic  acid  and  some  benzoic  acid.  Decomposed 
with  melted  potash  parbenzoic  and  protocatechuic  acids, 
pyrocatechin  and  resorcin  are  formed.  In  nitric  acid  the 
balsam  dissolves  readily,  and  yields  abundance  of  picric 
acid,  together  with  oxalic  and  nitrobenzoic  acids. 

The  xanthorrTuea  resins  have  long  been  used  in  Aus- 
tralia as  a  remedy  for  gastric  troubles,  intestinal  catarrhs, 
diarrhoeas,  etc.,  and  are  occasionally  prescribed  in  this 
country  for  similar  conditions ;  but  their  principal  uses 
are  in  the  arts  as  a  source  of  picric  acid,  and  in  the  manu- 
facture of  lacs  and  varnishes. 

Dose,  from  one-half  to  one  gramme  (gr.  viij.  ad  xvj.). 
It  may  be  given  In  alcoholic  solution. 

Allied  Plants.  —  The  Juncacece  (rush  family)  is  a 
smallish  order,  of  which  juncus  is  the  principal  genus  ; 
they  differ  from  Liliacem  chiefly  in  their  habit  and  mem- 
branous perianth ;  they  have  no  important  medicinal 
qualities.  The  XantkorrJwsas  resemble  some  I/iliaeem  in 
habit  (Aloe,  Yucca,  etc). 

Allied  Dbugs. — Benzoin,  balsam  of  Tolu,  balsam  of 
Peru,  etc.  W.  P.  Bolles. 

ACCLIMATION.  When  any  animal,  brute  or  human, 
is  removed  from  the  environment  to  wliich  he  and  his 
ancestors  have  long  been  accustomed,  a  considerable  dis- 
turbance of  the  whole  economy  is  liable  to  ensue.  The 
process  of  evolution  has  developed  certain  organs  and 
certain  functions  in  accordance  with  the  requirements  of 
those  circumstances  under  which  his  race  has  found  itself, 
and  when  he  is  suddenly  transplanted  into  new  conditions 
some  of  his  faculties  become  without  occupation,  while 
others  hitherto  uncalled  upon,  and  therefore  undeveloped, 
are  suddenly  subjected  to  a  demand  to  which  they  are 
quite  unable  to  respond.  The  process  of  accommodation 
of 'the  individual  to  new  conditions  of  climate  is  known 
as  acclimation  or  acclimatization.  These  conditions  in- 
clude temperature,  moisture,  morbific  germs,  elevation, 
sunshine,  food,  and  other  less  tangible  factors.  Such 
elements  as  are  connected  with  the  social  rather  than  the 
natural  environment,  as,  for  instance,  education,  the  stand- 
ard of  public  morality,  and  the  avocation  or  means  of 
livelihood,  while  in  any  radical  change  that  they  may 
undergo,  profoundly  alfecting  the  individual,  are  yet  to 
be  held  distinct  from  the  conditions  to  which  accUmation 
properly  refers. 

No  other  animal  is  so  facile  in  his  accommodation  to 
changes  of  climate  as  man.  The  lower  animals  and  plants 
often  do  not  recover  from  the  effects  of  transplantation 
for  several  generations.  The  Societe  d'Acclimatation  of 
Paris  has  for  years  being  carrying  on  an  extensive  zoo. 
logical  experiment,  in  its  gardens,  on  the  domestication  of 
foreign  animals  and  plants  which  it  is  believed  can  be 
made  useful  to  European  countries.  The  record  of  their 
failures  and  successes  is  embodied  in  the  numerous  vol- 
umes of  their  reports.  Man's  comparative  immunity  from 
the  disastrous  effects  of  changing  climate  is  due  in  part 
to  his  ability,  by  an  intelligent  prevision  of  the  dangers 
which  are  to  beset  him,  of  guarding  against  them.  The 
records  of  arctic  explorers  present  abundant  evidence  of 
the  ability  of  the  denizens  of  temperate  climes  to  endure 
winters  in  which  the  thermometer  averages  from  40°  to 
50°  P.  below  zero.  On  the  other  hand,  Europeans  have 
lived  in  health  and  cheerfulness  on  the  banks  of  the 
Senegal  when  the  thermometer  in  their  tents  stood  at 
from  130°  to  130°  F.  Men  endure  extremes  of  barometric 
pressure  ranging  from  that  of  several  atmospheres,  as 
found  in  caissons,  to  the  tenuity  of  the  air  experienced  at 
great  elevations.  In  the  Himalayas  men  have  lived  at 
the  height  of  15,000  feet,  and  Humboldt  even  went  to  the 
elevation  of  19,386  feet,  where  he  remained  for  a  time 
without  ill  effects ;  but  where  no  animal  but  a  dog  would 
follow  him,  and  this  creature  quite  lost  the  power  of 
barking. 

The  differences  in  the  facility  of  acclimation  at  various 
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points  in  the  same  latitude  are  shown  by  an  article  reprinted 
in  the  Popular  Science  Monthly  for  July,  1884.  Between 
30°  and  35°  N.  latitude,  Europeans  acclimate  much  less 
readily  than  in  the  same  latitudes  south.  Algiers,  for 
instance,  is  vastly  more  difficult  for  the  European  to  live 
in  than  Cape  Colony,  yet  both  places  are  about  latitude 
35°.  The  Argentine  Confederation  and  New  South  Wales 
are  more  healthy  than  the  East  and  West  Indies,  which 
are  of  the  same  latitude.  The  mortality  of  the  French 
and  English  troops  has  been  found  to  be  about  eleven 
times  as  great  at  foreign  stations  in  the  northern  as  at 
those  in  the  southern  hemisphere.  The  chief  cause  of  the 
difference  is  in  the  prevalence  of  miasmatic  fevers  so 
deadly  to  Europeans.  Those  fevers  in  the  northern  hemi- 
sphere occur  even  in  high  latitudes,  while  south  of  the 
equator  they  do  not  extend  beyond  the  tropic.  The  island 
of  Tahiti,  for  instance,  about  latitude  18°  8.,  is  quite  ex- 
empt from  these  fevers.  The  records  of  the  French  and 
English  soldiers  on  foreign  service  show,  in  South  America, 
a  sickness  from  malarial  fevers  of  1.6  in  1,000  men  per 
annum  ;  while  in  similar  latitudes  in  the  northern  hemi- 
sphere, the  number  of  such  cases  annually  is  224  per 
thousand. 

To  persons  removing  from  one  point  to  another  within 
the  temperate  zone,  one  principal  obstacle  to  acclimation 
is  change  (especially  diminution)  in  barometric  pressure. 
Many  persons  on  going  to  an  elevation  of  not  more  than 
6,000  feet  experience  a  sense  of  constriction  in  the  chest 
as  well  as  across  the  liver  and  stomach.  The  pulse  is  quick- 
ened, as  is  also  the  respiration.  The  individual  sometimes 
feels  that  he  cannot  take  a  long  breath,  and  is  often  testing 
himself  to  see  if  he  can  do  so,  but  the  act  does  not  relieve  the 
air-hunger.  Slight  exertion  causes  fatigue  and  the  sleep  is 
disturbed  and  fitful.  If  there  was  any  pre-existing  heart 
trouble,  the  condition  may  soon  become  perilous.  Any- 
thing like  a  congestion  of  the  internal  organs  adds  to  the 
danger  of  ascending  to  high  altitudes.  If  the  unpleasant 
symptoms  continue  after  a  day  or  two  of  perfect  rest,  it 
is  advisable  to  make  no  further  attempt  to  secure  accli- 
mation. 

The  acclimation  of  Europeans  in  tropical  countries 
may  be  simply  meteorological,  as  in  Tahiti  and  other 
kindly  climates  of  Polynesia,  where  no  diseases  lie  in 
wait  for  their  prej^,  and  where  the  new-comer,  but  for 
the  changed  condition  of  the  temperature  and  a  certain 
physical  and  mental  lassitude  accompanying  It,  lives 
much' as  he  does  at  home.  By  reason  of  the  insalubrious 
character  of  most  places  in  the  tropics,  however,  acclima- 
tion becomes  more  or  less  a  pathological  process.  Yet 
even  in  such  countries  acclimation  may  take  place  with- 
out the  intervention  of  any  morbid  process  whatever.  On 
the  other  hand,  foreigners  sometimes  pass  through  an 
attack  of  a  seemingly  specific  fever,  which,  when  it  does 
occur,  seems  to  facilitate  acclimation,  though  it  is  by  no 
means  essential  to  the  accomplishment  of  that  process. 
This  fever  of  acclimation  is  thus  described  by  M.  Ruf?; 
de  Lavison  ("filtude  sur  la  population  de  la  Martinique, 
1850-63  ") :  "  When  neither  yellow  nor  intermittent  fever 
nor  dysentery  is  in  the  air,  a  fever  often  shows  itself, 
characterized  by  headache,  heat,  coloring  of  the  skin, 
tliirst,  great  restlessness  ;  in  fact,  the  complexus  of  symp- 
toms belonging  to  yellow  fever.  If  the  latter  disease 
were  epidemic,  this  would  be  likely  to  be  diagnosticated 
as  yellow  fever.  But  all  the  symptoms  yield  at  once  to 
treatment,  and  convalescence  is  established  by  the  third 
or  fourth  day.  It  is  a  common  belief  of  the  people  of 
Martinique  that  those  jDcrsons  who  do  not  pay  this  tribute 
to  the  climate,  will  be  sicker  in  any  subsequent  attack  of 
disease  than  those  who  have  had  the  acclimating  fever  ; 
but  it  certainly  is  not  indispensable  to  successful  acclima- 
iion,  and  affords  no  immunity  against  yellow  fever." 

The  diseases  to  which  a  European  is  especially  subject 
on  removing  to  the  tropics  are  yellow  fever,  dysentery, 
hepatitis,  anaemia,  and  malaria.  The  first  of  these,  yel- 
low fever,  constitutes  the  greatest  immediate  danger  for 
the  unacclimated  stranger.  The  Creole  population,  as  is 
known,  are  largely  exempt  from  susceptibility  to  this  dis- 
ease, though  even  they,  after  having  resided  for  a  time  in 
the  temperate  zone,  have  to  go  through  an  acclimation 


on  their  return  before  they  are  safe  from  the  disease. 
Their  acclimation  is  more  quickly  accomplished,  however, 
than  that  of  the  European.  Immunity  against  this  fever 
is  gained  by  a  previous  attack,  and  also  by  having  passed 
through  an  epidemic  of  it,  even  without  having  con- 
tracted the  disease.  The  time  necessary  to  secure  abso- 
lute safety  against  yellow  fever  is  variable.  The  other 
tropical  diseases  which  impede  acclimation,  dysentery, 
hepatitis,  etc. ,  afford  no  security  against  yellow  fever. 

Dysentery,  which  is,  perhaps,  next  to  yellow  fever,  the 
most  fatal  obstacle  to  the  acclimation  of  Europeans  in  the 
tropics  is  rarely,  except  in  great  epidemics,  fatal  at  the 
first  attack ;  but  with  successive  years  it  is  apt  to  recur, 
either  as  dysentery  or  as  chronic  diarrhoea.  The  British 
Admiralty,  on  the  theory  that  the  mortality  of  the  co- 
lonial troops  from  this  cause  is  in  direct  ratio  of  the  period 
of  their  stay  in  the  tropics,  removes  and  replaces  such 
garrisons  at  short  intervals,  while  the  French  Govern- 
ment sends  annually  to  her  colonies  transports  to  carry 
away  those  soldiers  who  have  become  enfeebled  by  re- 
lapses and  recurrences  of.  dysentery.  A  certain  number 
of  cases  never  can  become  acclimated  to  this  disease,  and 
find  relief  only  by  a  return  to  temperate  climes. 

Another  obstacle  sometimes  fatal  to  acclimation,  but 
of  rarer  occurrence,  is  hepatitis.  This  may  be  either 
primary,  due  to  heat  or  malarial  infection,  in  the  latter 
case  the  enlargement  of  the  liver  being  analogous  to  the 
accompanying  splenitis  ;  or  the  hepatitis  may  be  second- 
ary to  dysentery,  in  which  case  abscess  of  the  liver  may 
result  with  usually  a  fatal  ending.  These  hepatic  ab- 
scesses are  said  to  be  more  common  in  Europeans  than  in 
Creoles  after  a  dysentery.  Other  liver  diseases,  cancers, 
hydatids,  and  icterus,  due  to  affections  of  the  gall-bladder 
and  ducts,  are  said  by  Dr.  Saint- Vel,  in  his  work,  "Hy- 
giene des  Europeens  dans  les  Climats  Tropicaux,"  etc.,  to 
ibe  rarer  in  the  torrid  than  in  the  temperate  zone,  in  spite 
of  the  common  belief  to  the  contrary,     i 

A  degree  of  ansemia  may  be  considered  physiological 
in  hot  countries.  But  it  not  unfrequently  becomes  ex- 
cessive, interfering  with  the  nutrition  of  the  body  and 
combining  with  a  certain  amount  of  malarial  poisoning, 
and  perhaps  also  of  hepatitis,  to  impart  the  doughy,  pale, 
and  sallowish  tint  not  uncommon  in  those  who  have  liv«d 
long  in  the  tropics.  This  ansemia,  sometimes  amounting 
quite  to  a  cachexia,  is  most  extreme  in  the  immediate 
neighbor-hood  of  the  equator,  growing  less  with  every  de- 
gree of  latitude,  and  is  by  no  means  confined  to  the  white 
race,  though  it  is  only  as  it  occurs  to  Europeans  seeking 
acclimation  that  it  deserves  mention  in  this  connection. 

Intermittent  ajid  remittent  fevers  and  other  manifesta- 
tions of  malarial  cachexia  are  the  obstacles  which  most 
commonly  stand  permanently  in  the  way  of  acclimation. 
Recent  observations  have  shown  that  malaria  exists,  at 
least  in  the  northern  hemisphere,  nearly  as  far  up  as  the 
arctic  circle,  and  the  deadljr  nature  of  the  Tuscan  Ma- 
remma  (lat.  43°)  has  even  given  a  name  to  the  disease. 
Still,  the  most  virulent  types  of  the  disease  are  of  tropical 
origin.  An  individual  may  resist  these  influences  for  a 
time,  to  fall  a  victim  without  any  apparent  change  either 
in  his  own  carefulness  or  in  the  nature  of  the  surrounding 
miasmatic  influences.  Malaria  is  not  confined,  like  yel- 
low fever,  to  the  coast  regions,  but  is  distributed  widely. 
High  altitudes  are  not  exempt  from  it,  and  it  was  found 
by  Curran  even  on  the  chain  of  the  Himalayas.  Still,  it 
is  more  common  in  lower  levels  where  vegetation  once 
covered  with  moisture  is  left  by  a  subsidence  of  the  water 
exposed  to  the  atmosphere.  There  are  kome  regions,  as, 
for  instance,  parts  of  Senegal,  Madagascar,  and  French 
Guiana,  where  the  malarial  influence  is  so  strong  that, 
while  individuals  have  overcome  it,  it  may  be  said  that, 
as  a  race,  Europeans  hitherto  have  failed  to  become  ac- 
climated. : 

In  passing  from  the  tropics  to  the  temperate  zone,  the 
obstacles  in  the  way  of  acclimation  are  much  less  than 
to  those  who  emigrate  in  the  other  direction.  The  tran- 
sition of  seasons  from  the  heat  of  smnmer  to  the  cold  of 
winter  has  a  tonic  effect,  and  is  favorable  to  those  suffer- 
ing from  ansemia,  hepatitis,  and  malaria.  Certain  inflam- 
matory chest  affections,  however,  are  liable  to  be  caused 


36 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Acclimation. 
Accommodation. 


in  Creoles  by  a  northern  winter,  as  weU  as  some  cutaneous 
diseases,  dependent  perhaps  on  the  change  in  the  amount 
of  perspiration.  It  is  often  claimed  that  persons  remov- 
ing to  the  temperate  zone  are  in  special  danger  from 
phthisis.  Dr.  Saint- Vel  (loc.  cit.)  says  that  the  reverse  of . 
this  is  true.  Some  negroes  die  of  tuberculosis  in  the  hos- 
pitals, but  there  are  usually  circumstances  of  special  expos- 
ure in  these  cases,  while  those  negroes  who  are  well  cared 
for  and  live  at  service  are  remarkably  free  from  phthisis. 
Confusion  has  perhaps  been  made  of  the  negro  with 
the  monkey  in  this  respect ;  but  the  tuberculosis  so  com- 
mon in  the  latter  animal  is  due  to  his  confinement  and  to 
other  conditions  not  obtaining  in  the  case  of  the  negro. 
The  experience  of  all  the  Northern  States  of  our  country 
shows  that  the  negro  acclimates  well  in  the  temperate 
zone,  but  observations  are  wanting  as  to  his  power  of 
adapting  himself  to  really  cold  climates. 

The  Creoles  residing  in  France  are  particularly  long- 
lived.  Their  acclimation  is  said  to  be  more  readily  accom- 
plished than  that  of  whites  returning  after  a  long  residence 
in  the  tropics  ;  but,  as  a  whole,  the  effects  of  removal  from 
lower  to  higher  latitudes  is  more  beneficial  than  that  of 
moving  in  the  contrary  direction.  Arctic  animals  do  less 
well  in  temperate  regions  than  those  from  the  tropics. 

Hygiene  of  Acclimation.  —  Hygiene  can  do  some- 
thing to  overcome  the  obstacles  in  the  way  of  acclimation. 
It  is  especially  important  in  combating  dysentery,  anaemia, 
and  malaria.  Contrary  to  what  has  been  sometimes 
taught,  a  robust  frame  is  an  assistance  to  acclimation. 
The  immigrant  to  the  tropics  should,  if  possible,  reach  his 
destination  in  the  cool  season,  that  the  transition  may  be 
as  moderate  as  possible  from  his  native  clime.  For  the 
same  reason  the  tropical  emigrant  should  reach  the  tem- 
perate zone  in  the  summer.  In  going  to  the  tropics  one 
should  not  deprive  himself  wholly  of  a  meat  diet,  though 
of  course  less  meat  and  very  little  fat  are  required.  The 
food  should  be  sufficient  in  all  its  constituents  to  keep  up 
the  strength.  Alcoholic  excess  is  to  be  especially  avoided. 
The  light  wines  are  much  preferable  to  spirits.  A  slight 
diarrhoea  is  to  be  checked  at  once,  as  otherwise  it  may 
run  on  to  the  severe  chronic  intestinal  fluxes.  The  dwell- 
ing should  be  situated  high,  with  the  sleeping-room  on 
the  second  floor.  Alluvial  bottoms  are  to  be  avoided  as 
places  of  abode,  and  the  domicile  should  not  be  placed  in 
the  track  of  breezes  blowing  over  marshy  districts.  Ex- 
posure to  the  night  air  is  unwise,  especially  when  there  is 
a  fog  hanging  about.  Food  should  be  taken  before  going 
out  m  the  morning,  and  a  dally  dose  of  quinia  should  be 
made  use  of. 

Direct  exposure  to  the  equatorial  sun  during  the  middle 
of  the  day  should  be  avoided.  Only  the  natives  can 
withstand  its  fierceness.  On  the  other  hand,  draughts,  es- 
pecially of  night  wind,  should  be  as  carefully  avoided  as 
in  temperate  climes.  While  the  clothing  should  of  course 
be  light,  it  should  be  of  cotton  rather  than  linen,  and 
merino  undergarments  should  be  worn,  and  changed  fre- 
quently in  order  to  keep  the  large  amount  of  transuded 
moisture  absorbed.  Nostalgia,  which  retards  acclima- 
tion, should  be  avoided  as  far  as  possible.  If  society  is 
wanting,  work  must  be  relied  upon  to  take  up  the  mind. 
It  is  said  that  the  workers  acclimatize  more  readily  than 
the  idlers  in  hot  countries.  Of  the  various  forms  of  exer- 
cise, which  is  always  so  important  from  a  hygienic  point 
of  view,  riding  and  driving  are  especially  desirable  in 
warm  countries.  Cool  and  cold  baths  daily  are  of  use. 
The  advantages  of  hydrotherapy  are  often  combined 
with  those  of  high  elevation  in  the  sanatoria  which  are 
located  in  the  mountainous  districts  (where  such  exist)  in 
many  warm  countries,  and  whither  the  half-acclimated 
European  repairs  from  time  to  time  with  much  benefit  to 
paludic,  dysenteric,  and  hepatic  affections.  Finally,  if 
dysentery  obstinately  recurs,  in  the  high  altitude,  or  if 
the  system  does  not  throw  off  miasmatic  impressions,  it 
is  better,  after  a  reasonable  time,  to  abandon  the  attempt 
at  acclimation  and  return  to  a  temperate  climate.  The 
ocean  voyage  will  be  likely  to  cause  some  relief,  and 
after  a  reconstitution  of  the  bodiljr  powers  in  the  home 
country,  a  second  attempt  at  acclimation  may  be  .more 
successful.  Cha/rles  F.  WUMngton. 


ACCOMMODATION    AND    REFRACTION. 

Physiology. 

Refraction. — 1.  The  term  refraction  refers  in  physics 
to  the  deviation  of  a  ray  of  light  from  its  straight  path  on 
passing  from  one  transparent  medium  into  another  of 
different  nature.  In  physiological  optics,  however,  this 
term  is  used  with  a  special  significance,  denoting  the  re- 
lation of  the  focal  length  of  the  eye  to  the  position  of  the 
retina.  The  eye  has  a  normal,  or  emmetropic  (from 
^nfieTpos,  according  to  measure,  and  fii^,  eye),  refraction, 
if  images  of  distant  objects  are  sharply  defined  on  the 
retina ;  the  refraction  is  myopic,  or  near-sighted.  If  dis- 
tant objects  form  images  in  front  of  the  retina ;  while 
hypermetropla  is  that  refractive  state  in  which  images  of 
distant  objects  can  only  be  sharply  defined  behind  the 
actual  place  of  the  retina.  Any  refractive  state  other 
than  emmetropia  is  referred  to  in  general  as  ametropia 
(from  &/ierpo9,  disproportionate,  and  fif,  eye). 

The  eye  of  all  vertebrates  is  an  optic  instrument,  the 
principle  of  which  is  illustrated  by  the  photographer's 
camera  obscura.  By  means  of  a  convex  lens,  the  rays  oi 
light  coming  from  the  different  points  of  external  objects 
are  so  reunited  as  to  form  inverted,  but  geornetrically 
correct,  images  of  those  objects  on  a  screen.  The  screen  is 
the  retina,  while  the  convex  lens  is  constituted  by  all  the 
transparent  media  of  the  eyeball. 

A  correct  knowledge  of  the  optic  properties  of  the  eye 
is  not  possible  without  some  familiarity  with  the  laws  of 
physical  dioptrics.  Hence  we  must  begin  with  a  reswni 
of  the  laws  of  the  refraction  of  light.  In  order  to  keep 
this  article  within  the  allotted  space,  we  will  not  attempt 
to  follow  out  the  mathematical  deduction  of  all  the  various 
formulae  of  which  we  nlust  make  use.  For  the  complete 
mathematical  proof  of  all  the  statements  the  reader  must 
consult  some  of  the  works  mentioned  in  the  bibliography, 
especially  those  of  Helmholtz  and  Donders. 

The  paths  of  the  rays  of  light  entering  the  eye,  and  the 
Influence  of  the  different  media  upon  them,  can  be  de- 
duced from  the  following  optic  principles  : 

3.  Law  of  Refraction. — From  every  point  of  a  luminous 
or  illuminated  object  there  proceed  rays  of  light  in  all 


A 
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directions.  Every  ray  pursues  a  straight  course  as  long 
as  it  passes  through  a  uniform  medium.  When  a  ray 
passes  from  one  transparent  medium  into  another  of  dif- 
ferent optic  properties,  it  is  refracted  or  deflected  from  its 
straight  path,  except  when  its  original  direction  is  vertical 
to  the  surface  of  the  second  medium.  The  extent  of  de- 
flection depends  on  a  specific  property  of  each  medium, 
viz.,  its  refractive  power.  The  relation  of  the  refractive 
power  of  any  one  medium  to  that  of  another  is  termed 
the  refractive  index,  and  is  usually  designated  by  the 
letter  n.  Air  is  taken  as  the  standard  of  comparison, 
and  its  index  of  refraction  is  called  1.  Compared  with 
air  the  refractive  index  of  water  is  1.334 ;  of  crown-glass, 
1.533 ;  of  flint-glass,  1.664.  A  medium  having  the  greater 
refractive  index  is  said — in  a  somewhat  loose  manner — to 
have  a  greater  optic  density  than  another  rarer  medium. 

The  extent  to  which  a  ray  of  light  is  deflected  from  its. 
straight  path,  by  refraction,  depends  on  the  angle  at  which 
it  strikes  the  surface,  as  well  as  on  the  refractive  indices 
of  the  media. 

Let  A,  in  Fig.  36,  .be  air,  with  the  refractive  index  =  n. 
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and  B  be  glass,  with  the  index  =  n',  the  two  being  sepa- 
rated by  the  surface  ss'.  A  ray  of  light,  having  the  direc- 
tion a  «  in  the  air,  will  be  bent  in  the  direction  cd  on 
entering  the  glass.  If  we  erect  the  normal  bee  vertical 
to  the  surface  at  the  point  c,  the  angle  a  obis  the  angle 
of  incidence  of  the  ray  ae;  the  angle  ecdis  the  angle  of 
refraction.  The  latter  is  here  smaller  than  the  former, 
for,  in  the  denser  medium,  the  refracted  ray  is  bent 
toward  the  perpendicular.  The  relation  of  one  angle  to 
the  other  depends  on  the  relation  of  the  refractive  indices 
of  the  two  media,  so  that  the  sine  of  either  angle  is  to  the 
sine  of  the  other  inversely  as  the  index  of  the  correspond- 
ing medium  is  to  that  of  the  other,  or 

sine  a  eb  _  n'  ,.4^ 

sine  ecd  n  _ 
Since  the  sine  of  an  angle  zero  is  likewise  zero  in  value, 
it  follows  that  when  the  incident  ray  is  itself  perpendicular 
to  the  refracting  surface,  it  continues  to  be  perpendicular 
after  its  entrance  into  the  second  medium,  i.e.,  it  is  not 
deflected  at  all  from  its  course. 

The  path  which  a  ray  describes  in  passing  through  one 
or  more  refracting  surfaces  is  the  same,  whether  that  ray 
travels  forward  or  backward  from  any  given  point  in  its 
course. 

3.  If  the  denser  medium  is  in  the  form  of  a  plate 
bounded  by  parallel  surfaces  and  surrounded  by  the  same 

rarer  medium  on 
both  sides,  a  ray,  af- 
ter passing  through 
the  plate,  follows  a 
direction  parallel  to 
its  original  course, 
but  is  displaced  lat- 
erally. 

For  in  Fig.  27, 
where  A  represents 
the  air,  and  B  the 
plate  of  glass,  the 
ray  a  c  on  entering 
the  glass  is  bent  toward  the  perpendicular  (ic  to  an  extent 
exactly  counterbalanced  by  its  deflection  from  the  perpen- 
dicular ef  on  leaving  the  glass.  Hence  the  ray  e  b  after 
passing  through  the  glass  is  parallel  to  the  prolonged 
direction  of  the  original  ray  a  c. 

4.  Befmetion  by  a  Single  Befracting  Surface.— 'When 
the  denser  medium  is  bounded  by  a  convex  spherical  sur- 
face, all  rays  (except  one)  coming  from  any  point  in  the 
rarer  medium  are  deflected  in  such  a  manner  as  to  be  less 
divergent  after  their  refraction  than  they  were  before. 
The  one  ray  not  deflected  is  the  one  striking  the  surface 
vertically,  hence  coinciding  in  the  radius  or  axis  of  that 
point  of  the  surface.    It  is  hence  termed  the  amal  ray. 
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In  Fig.  38,  let  as  be  a  point  in  the  air  from  which  rays 
proceed  toward  the  convex  surface  b  c  separating  the  air 
from  the  glass.  Let  o  be  the  centre  of  curvature  of  the 
refracting  surface  b  e.  Let  the  ray  a  c  be  vertical  to  the 
surface,  i.e.,  coinciding  with  the  direction  of  the  radius 
oc;  it  will  hence  not  be  deflected  from  its  course.  The 
ray  ab  is,  however,  refracted.  If  o  J  is  the  radius  of  the 
surface,  and  is  hence  vertical  to  the  point  b,  the  angle  of 
refraction /S  o  can  be  found  by  the  formula 
sine  fb  0  :  sine  ab  d  =  n  :  n' 

It  is  evident  from  Fig.  28,  that  if  the  point  a  be  not  too 
near  t»  the  refracting  surface,  the  refracted  ray  J/will  verge 
toward  the  undeflected  axial  ray,  and  will  meet  it  in  some 
pomt  which  we  will  designate  /.  It  can  be  shown  by  a 
mathematical  analysis,  that  not  only  this  one  ray,  but  that 
all  rays  proceedmg  from  the  point  a  toward  the  convex 
surface  b  c  are  so  refracted  as  to  meet, the  axial  ray  at  the 
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point/,  provided  we  limit  our  analysis  to  those  rays  only 
which  are  not  very  oblique  to  the  axis,  and  do  not  strike 
the  surface  far  from  the  axis.  With  this  provision,  the 
point/ is  the  collecting  point  of  all  rays  coming  from  a/ 
the  point/ is  therefore  the  image  of  the  point  as.  If  we 
trace,  however,  the  course  of  the  rays  which  are  very 
oblique  to  the  axial  ray,  or  which  strike  the  surface  far 
from  its  axis,  we  will  find  that  they  meet  the  axial  ray  at 
various  points  different  from  /.  Such  a  want  of  exact 
reunion  of  all  the  rays,  when  too  large  an  extent  of  the 
refracting  surface  is  exposed,  constitutes  the  fault  of  optic 
instruments  known  as  spherical  aberration.  The  refrac- 
tion of  such  very  oblique  rays  is  represented,  in  a  some- 
what exaggerated  manner,  in  Fig.  29. 
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5.  Focal  Length. — When  the  luminous  point  is  situated 
in  the  rarer  medium  at  a  distance  infinitely  great  com- 
pared with  the  dimensions  of  the  refracting  surface,  the 
different  rays  emanating  from  that  point  strike  the  refract- 
ing surface  with  so  little  divergence  as  to  be  practically 
parallel  to  each  other.  These  parallel  rays  are  rendered 
convergent  by  their  refraction.  The  point  where  these 
refracted  rays  meet  is  called  the  principal  posterior  focus, 
and  its  distance  from  the  refracting  surface  is  the- posterior 
focal  length.  This  distance,  designated  usually  as  F", 
depends  on  the  relative  indices  of  refraction  of  the  first 
and  second  medium  and  on  the  radius  of  curvature  of  the 
refracting  surface.  If  we  call  this  radius  r,  the  formula 
for  the  posterior  focal  length  is 


F"  =- 


n  (3) 

The  plane  drawn  through  the  posterior  focus  vertical  tt 
the  axis  of  the  refracting  surface  is  called  the  posieriot 
focal  plane. 

As  the  luminous  point  moves  nearer  to  the  refracting 
surface,  so  as  to  make  the  incident  rays  more  and  more 
divergent,  their  focal  reunion  recedes  further  from  the 
surface,  until  a  certain  point  in  front  of  the  convex  sur- 
face is  reached,  the  rays  proceeding  from  which  are  so 
divergent  that  they  can  no  longer  be  rendered  convergent 
by  their  refraction,  but  only  parallel.  Their  point  of 
focal  reunion  may  then  be  considered  as  infinitely  fai 
behind  the  surface.  The  point  in  front  of  the  surface 
from  which  these  rays  proceed  is  the  principal  anterior 
focus,  and  its  distance  from  the  surface,  which  we  will 
call  F',  is  the  anterior  focal  length.  A  vertical  plane  laid 
through  it  is  the  anterior  focal  plane.  F'  can  be  found  by 
the  formula 


F'  = 


(2a) 


A  comparison  of  formulae  (3)  and  (2a)  shows  that  the  ante- 
rior and  posterior  focal  lengths  are  noi  alike  under  the 
circumstances,  but  that 

F'  :  F"  =  n  :  rC  (2b) 

Remembering  that  the  path  of  rays  is  the  same,  whether 
these  rays  travel  forward  or  backward,  the  anterior  focus 
can  also  be  defined  as  the  point  in  which  rays  unite,  which 
proceed  parallel  to  each  other  in  the  denser  medium  to- 
ward the  refracting  surface. 

6.  The  distance  of  the  focal  reunion  from  the  refract- 
ing surface  can  be  calculated  for  any  set  of  rays,  coming 
from  any  point,  if  we  know  the  distance  of  that  point 
from  the  surface,  and  also  the  anterior  and  posterior  focal 
lengths  of  the  refracting  surface.    If/'  be  the  known  di» 
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tance  of  the  luminous  point,  the  distance  of  the  corre- 
sponding focal  reunion  /"  will  be 

/   ~  fi pi  (3) 

Conversely  the  distance  of  a  luminous  point,  /",  can  he 
found,  if  we  know  the  distance  of  its  corresponding  focal 
reunion  or  image/',  according  to  the  formula 

A  very  convenient  formula  for  finding  the  place  of  the 
focal  reunion  of  rays  coming  from  a  point  at  a  known 
distance  can  be  obtained  by  the  transformation  of  (3)  and 
(3a).  If  we  designate  the  distance  from  the  luminous 
point  to  the  anterior  focus,  viz.  :  f'—F'  as  I'  (counting  I' 
negative  if  /'  is  nearer  to  the  surface  than  F'),  and  the 
distance  from  the  posterior  focus  to  the  point  of  focal  re- 
union of  the  rays  in  question,  viz. :  /"—  F"  as  I",  then 

V  I"  =  F'  F"  (3b) 

In  all  these  instances  the  relation  of  luminous  point  and 
corresponding  image  can  be  reversed  without  change  of 
position ;  in  other  words,  if  the  point  x  is  the  image  of 
the  point  a,  then  for  rays  proceeding  in  the  reverse  direc- 
tion, a  is  also  the  image  of  the  point  x.  Any  two  points 
having  such  a  relation  of  luminous  point  and  correspond- 
ing image,  are  called  conjugate  points. 

7.  Virtuallmage. — When  the  rays,  coming  from  a  point 
nearer  than  the  anterior  focus,  strike  the  refracting  sur- 
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face,  their  divergence  is  too  great  to  be  entirely  over- 
come by  the  refraction.  They  cannot  therefore  be  united 
to  form  an  actual  image ;  but  if  their  direction,  after  the 
refraction,  be  prolonged  backward,  their  prolongations 
meet  to  form  a  virtual  image.  The  focal  reunion  of  such 
rays  is  therefore  negative. 

Thus,  in  Fig.  30,  if  F'  be  the  principal  anterior  focus  of 
the  refracting  surface  s  s',  and/'  the  luminous  point,  the 
rays  proceedmg  from/'  will  have  a  divergence  after  their 
refraction,  as  if  they  came  from  the  point  /",  which  is 
therefore  the  image  of/'.  Since  /"  is  on  the  same  side 
of  the  surface  as  /',  its  distance  is  counted  negative.  It 
can  be  determined  by  formula  (3a)  or  (Bb). 

8.  Formation  of  Images. — Since  an  object  is  made  up  of 
an  infinitely  great  number  of  points,  and  since  of  every 
such  point  in  front  of  the  refracting  surface  an  image  is 
formed  somewhere  behind  the  surface,  therefore  an  image 
must  also  be  formed  of  the  entire  object.  Prom  every 
point  of  the  object  there  proceeds  one  ray,  which  is  not 
bent  from  its  course  by  refraction,  viz. :  the  ray  which 
strikes  the  surface  perpendicularly,  and  hence  coincides 
in  direction  with  the  radius  of  the  point  of  the  surface. 
Such  rays  are  termed  rays  of  direction     Since  all  other 
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rays  proceeding  from  any  one  point  of  the  object  meet 
the  ray  of  direction  at  the  corresponding  distance  of  focal 
reunion,  the  Image  of  every  point  of  the  object  is  situated 
somewhere  in  the  path  of  the  ray  of  direction  coming 


from  that  point.  Since  every  ray  of  direction  coincides 
with  one  of  the  radii  of  the  refracting  surface,  the  rays  of 
direction  must,  therefore,  like  the  radii,  intersect  at  the 
centre  of  curvature  of  the  surface.  Since  the  focal  length 
of  a  refracting  surface  is  always  greater  than  its  radius, 
according  to  formulae  (3)  to  (3a),  therefore  the  actual 
images  of  objects  farther  off  than  the  anterior  focus  are 
formed  somewhere  beyond  the  point  of  intersection  of 
the  rays  of  direction,  and  are  hence  inverted.  This  is 
illustrated  by  Fig.  31. 

The  point  where  the  rays  of  direction  cross,  viz. :  the 
centre  of  curvature  of  the  surface,  is  also  called  the  optic 
centre. 

9.  When  the  object  lies  in  a  plane  vertical  to  the  axis 
of  the  refracting  surface,  all  points  of  the  object  near  the 
axis  are  sensibly  at  the  same  distance  from  the  refracting 
surface,  as  measured  by  the  length  of  the  rays  of  direc- 
tion.    Their  images  are  therefore  likewise  situated  at 
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equal  distances  behind  the  surface,  and  hence  lie  in  a 
plane  vertical  to  the  axis.  But  this  is  true  only  as  long 
as  the  angle  included  between  the  ray  of  direction  com- 
ing from  that  point  of  the  object,  and  the  axis  of  the  re- 
fracting surface  is  so  small  as  to  permit  the  substitution 
of  its  chord  for  its  arc  without  practical  error.  In  the 
case  of  objects  of  dimensions  exceeding  this  limit,  the 
images  lie  in  a  curved  line,  with  the  concavity  toward 
the  refracting  surface,  as  shown  in  Fig.  33. 

Such  extensive  images  are  blurred,  on  account  of  spher- 
ical aberration.     (See  Section  4.) 

10.  Circles  of  Diffusion. — An  image  is  sharply  defined 
only  in  the  plane  of  focal  reunion  of  the  rays.  In  any  plane 
anterior  to  this  the  rays  are  not  yet  united ;  in  any  plane 


Fig.  33. 


posterior  to  this  the  rays  diverge  again.  Hence  a  screen 
placed  in  front  or  in  the  rear  of  the  focal  reunion  receives 
a  blurred  image,  since  every  point  of  the  object  is  repre- 
sonted^not  by  a  single  point — but  by  a  circle  of  diffu- 
sion. The  size  of  the  circles  of  diffusion  increases  with 
the  distance  of  the  screen  from  the  point  of  focal  reunion 
in  either  direction,  and  with  the  extent  of  the  refracting 
surface  through  which  rays  pass.  This  is  evident  from 
Fig.  33. 

11.  Size  of  Images. — The  size  of  the  image  is  to  the  size 
of  the  object  as  the  distance  of  the  image  from  the  optic 
centre  is  to  the  distance  of  the  object  from  the  same  point. 
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If  we  designate,  in  Fig.  34,  the  distance  of  the  object  A  B 
from  0,  the  optic  centre,  as  g',  and  the  distance  of  the  image 
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a  b  from  o  a.s  g",  we  can  express  the  relation  of  size  by 
the  formula  ■  ,  ,,^ 

ab:AB  =  g'':g'  (4) 

the  truth  of  which  is  evident  from  the  similarity  of  the 
two  triangles  A  B  o  and  a  bo.    For  certain  calculations 
the  relation  of  size  can  be  more  conveniently  stated  as 
ab:AB:=f"-F":  F'  (4a) 

in  which  formula  F"  is  the  principal  posterior  focal 
length,  and/"  the  distance  of  the  image  from  the  sur- 
face.   The  derivation  of  this  formula  is  shown  in  Fig.  35. 


Fig.  35. 


For  if  we  draw  in  this  figure  the  ray  A  d  from  the 
point  A  parallel  to  the  axis,  it  is  refracted  as  if  it  were  a 
ray  coming  from  some  point  in  the  axis  at  an  infinite  dis- 
tance, that  is  to  say,  it  is  deflected  to  F"  the  posterior 
focus,  and  proceeds  beyond  F"  until  it  meets  the  other 
rays  coming  from  A  in  the  point  of  focal  reunion  a. 
Thereby  are  formed  the  two  similar  triangles  d  c  F"  and 
a  b  F"-    Hence, 

'      ab:dc=f"F":  e  F" 
Since  the  line  A  d  has  been  drawn  parallel  to  B  e,  the  side 
d  c  is  equal  in  size  to  the  object  A  B.    If  we  substitute 
the  term  F"  for  the  line  c  F",  and  the  term/"— J?"'  for  the 
iinB  f"F'  according  to  our  premises  we  get  the  equation 
ab:AB=f"-F"  :  F" 

12.  Virtual  Images.— When  the  object  is  nearer  to  the 
refracting  surface  than  the  principal  anterior  focus,  there 
is  no  real  image,  but  only  a  virtual  image  is  formed  on 
the  same  side  of  the  surface  as  the  object  is  itself.  In  this 
case/"  is  hence  negative,  otherwise  the  same  formulse 
apply  as  above.  Since  the  rays  of  direction  do  not  cross, 
this  virtual  image  is  erect,  and  since  it  is  always  farther 
from  the  optic  centre  than  the  object,  it  is  larger  than  the 
object.  The  amplification  of  the  image  diminishes  as  the  ob- 
ject approaches  the  refracting  surface,  for  when  the  object 
has  just  passed  through  the  anterior  focus  the  image 
is  at  an  infinitely  great  distance,  and  is  therefore  in- 
finitely enlarged,  while  when  the  object  touches  the  re- 
fracting surface,  object  and  image  coincide  in  position  and 
size.    The  formation  of  virtual  images  is  shown  in  Fig.  36. 


Fig.  36. 


18.  All  the  facts  above  stated  with  reference  to  images 
formed  in  the  denser  medium  of  objects  situated  in  front 
of  the  refracting  surface,  are  equally  true  conversely  of 
images  formed  in  the  rarer  medium  of  objects  situated 
behind  the  refracting  surface. 

14.  Bef Taction  by  Gonoane  Bwrfaces. — When  the  refract- 
ing surface  is  concave  on  the  side  of  the  rarer  medium, 
rays  coming  from  any  one  point  are  not  reunited  in  an 
actual  focus.  But  if  the  direction  which  they  assume 
after  their  refraction  be  prolonged  backward,  the  pro- 
longed rays  will  meet  in  a  point  representing  the  focus. 
This  focal  length  is  therefore  always  negative,  that  is  to 
say,  the  focus  is  alwws  on  the  same  side  of  the  surface 
as  the  object  itself.     The  position  of  the  principal  foci  or 


any  conjugate  point  of  focal  reunion  can  be  found  by 
the  same  formula  as  in  the  case  of  a  convex  surface,  but 
these  values  are  always  negative,  because  the  radius  of  cur- 
vature of  the  concave  surface  is  negative  in  direction. 
The  images  formed  by  a  concave  refracting  surface  are 
hence  always  on  the  same  side  as  the  object,  that  is  to 
■say,  they  are  not  real,  but  virtual,  and  can  only  be 
smaller  than  the  object,  as  is  shown  in  Fig.  37. 


Fib.  37. 


15.  Refraction  hy  Successive  Surfaces. — When  light  passes 
through  a  number  of  surfaces  of  different  media,  the 
above  developed  formulae  apply  to  the  refraction  through 
each  surface.  Thus  the  focus  of  the  first  surface  forms 
the  luminous  point  for  the  second  refraction,  Its  distance 
being  counted  positive  when  it  is  in  front  of  the  second 
surface,  and  negative  when  it  happens  to  be  behind  that 
surface.  Similarly  the  image  formed  by  the  second  sur- 
face is  the  object  for  the  third  surface,  and  so  on.  But 
such  calculations  become  very  cumbersome  if  we  try  to 
follow  a,ctually  the  course  of  the  rays  through  their  suc- 
cessive refractions.  The  matter  is  simplified  by  treating 
the  series  of  surfaces  as  one  system  having  certain  fixed 
points,  the  position  of  which  determines  the  path  of  all 
rays.  These  are  called  the  cardinal  points.  Their  posi- 
tion remains  constant  in  any  given  system,  and  can  be 
calculated,  if  the  refractive  indices  of  the  media,  the  radii 
of  curvature  of  all  the  surfaces,  and  the  distances  of  all 
the  surfaces  from  each  other  are  known,  provided  the 
centres  of  curvature  of  all  the  surfaces  lie  in  a  straight 
line,  the  axis  of  the  system.  If  the  latter  condition  is 
fulfilled,  the  system  is  said  to  be  centred.  The  cardinal 
points  are  the  two  foci,  the  two  principal  points,  the  two 
nodal  points. 

16.  The  Foci. — The  foci,  anterior  or  first,  and  posterior 
or  second,  are  the  two  points — one  on  either  side  of  the 
system — at  such  distances  that  rays  coming  from  the 
focus  are  rendered  parallel  to  each  other  by  their  last 
refraction.  Conversely  parallel  rays,  entering  the  system 
from  either  side,  are  united  in  a  point  in  the  focus  on  the 
other  side,  as  has  been  shown  to  occur  in  the  case  of  a 
single  refracting  surface.  The  distance  of  either  one  of 
the  foci  of  a  compound  system  from  the  surface  next  to 
it  may  be  computed  in  the  following  manner :  Let  n  be 
the  refractive  index  of  the  first  medium,  rii  of  the  second, 
»a  of  the  third,  and  so  on.  Let  /S,  be  the  first  refracting 
surface,  and  ri  its  radius  of  curvature ;  Si  the  second 
surface,  and  r^  its  radius,  and  so  on.  The  value  of  r  is 
positive  if  the  surface  is  convex  on  the  side  of  the  lumi- 
nous point ;  negative  if  it  is  concave.  Let  di  be  the 
distance  from  the  first  surface  to  the  second,  d^  from  the 
second  to  the  third,  and  so  on.  Determine  the  foci  of 
each  surface  by  itself,  without  reference  to  the  other 
surfaces.  According  to  formulae  (3)  and  (3a),  we  get  for 
the  first  surface. 


F,'  = 


nri 


Wi  —  ra 
and  for  the  second  surface 


andi?'i"=: 


rii  ri 
fii  —  n 


F,'  = 


Wi  ?'a 


-andi'V'  = 


n,  ra 


—  «!  Wa  —  Wi 

The  posterior  focus  for  the  first  and  second  surfaces  taken 
together  will  now  be  found  by  considering  F^''  as  the 

luminous  point  for  8, ;  and,  on  applying  the  formula  (3), 

jpii  j>i 

viz.,  /'  =    ,  _  m"  "^^  g^'  t^6  equation 
Wf  4-  1"  -  J'»"  id'  -  F,") 


(5) 
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■w  hich  states  the  distance  of  the  posterior  focus  of  the 
system  of  surfaces  Si  and  St  from  S2.  The  distance  of 
ttie  anterior  focus  of  Si  and  S,  together,  from  S,,  is  simi- 
larly found  by  the  application  of  formula  (3a),  viz.,/'  = 

-^  and  following  the  light  in  the  reverse  direction, 


hence 


Fu+^y 


_     Fi'{di-F,') 

By  treating  the  surfaces  ^1  and  8,  as  one  system,  we  can 
then  proceed  to  determine  the  foci  for  (9  d  +  2)  and  8>, 
and  so  on. 

The  foci  of  an  optic  system  having  been  determined, 
the  focal  length  is  now  measured  by  the  distance  of  each 
focus  from  its  corresponding  principal  point.  If  we  call 
the  anterior  or  first  principal  point  H',  and  the  posterior 
or  second  principal  point  H  ",  then  F'H'  is  the  anterior 
focal  length,  and  H"F"  is  the  posterior  focal  length. 

17.  The  Principal  Points. — The  principal  pomts  are 
the  two  points  where  the  axis  of  the  system  is  cut  by  the 
two  .principal  planes.  The  significance  of  the  principal 
planes  can  be  best  explained  on  comparing  the  refraction 
by  a  single  surface  with  the  course  of  rays  through  a 
compound  system.    In  the  case  of  the  single  surface  a  b. 


Pig.  38,  the  ray  F'  a,  coming  from  the  anterior  focus,  is, 
by  its  refraction,  made  parallel  to  the  axial  ray  F'  F". 
Incident  and  refracted  rays  intersect  here  in  the  plane  of 
the  refracting  surface.  The  same  is  true  of  the  ray  F"  b 
coining  from  the  posterior  focus,  and  its  continuation, 
b  c,  after  refraction.  In  Fig.  89,  however,  where  there 
are  two  refracting  surfaces,  a  b  and  a'  b',  the  ray,  F'  a, 
coming  from  the  anterior  focus,  is  twice  bent  from  its 
course,  viz.,  at  each  surface,  so  as  to  finally  assume  the 
direction  a'  d,  parallel  to  the  axial  ray.  In  this  .case  the 
incident  ray,  F'  a,  and  the  refracted  ray,  a'  d,  do  not 


intersect,  being  separated  by  the  space  between  a  and  a' ; 
but  if  we  prolong  them  through  this  space,  their  pro- 
longations intersect  at  the  point  h'.  A  plane,  K  H',  laid 
through  this  point,  vertical  to  the  axis,  is  the  first  prin- 
cipal plane.  Similarly,  if  we  prolong  the  ray  F"  V,  which 
proceeds  from  the  posterior  focus  to  the  surface  as'  V,  it 
will  cut  the  backward  prolongation  of  the  refracted  ray 
S  c  at  the  point  li",  which  point  determines  the  position  of 
the  second  principal  plane.  It  is  evident,  from  Fig.  39, 
that  the  ray  which  before  entering  the  system  is  directed 
toward  the  point  h'  in  the  first  principal  plane,  has  a 
direction  after  its  last  refraction  as  if  it  came  from  a  point 
in  the  second  principal  plane  at  the  same  distance  from 
the  axis  as  the  point  K.  Likewise  the  ray  which  proceeds 
in  the  opposite  direction  from  F°  toward  the  point  h"  has 
a  direction,  after  its  last  refraction,  as  if  it  came  from  a 
point  in  the  first  principal  plane  at  the  same  distance  from 
the  axis  as  the  point  h".    This  mutual  relation  of  the 


two  principal  planes  is  the  same  for  all  rays,  not  merely 
those  coming  from  F'  or  F';  and  it  is  true  also  for  any 
distance  at  which  the  points  K  and  h,"  may  be  from  the 
axis  within  the  limitations  of  Section  4.  In  other  words, 
any  ray  which  is  directed  toward  a  given  point  in  the 
principal  plane,  on  the  side  from  which  It  comes,  ap- 
parently emerges  from  the  other  principal  plane  at  the 
same  distance  from  the  axis.  We  can  thus  determine  by 
construction  the  direction  of  any  ray  after  its  refraction 
through  a  compound  system,  and  thereby  find  the  place 
of  the  image  formed  by  such  rays,  if  we  know  the  position 
of  the  foci  and  the  two  principal  planes.    In  Fig,  40,  let 
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Fig.  40. 

a  a'  be  the  first,  and  x  x'  be  the  last  refracting  surface 
of  a  compound  system ;  let  H'  be  the  first,  and  H'  be 
the  second  principal  point,  F'  the  anteiior,  and  F'  the 
posterior  focus.  Draw  the  axis  F'  F".  Prom  the  point 
B  there  proceeds  the  ray  B  a,  parallel  to  the  axis,  and 
verging  toward  the  point  m'  in  the  first  principal  plane. 
Hence,  after  its  last  refraction,  that  ray  has  a  direction  as 
if  it  came  from  the  point  to"  in  the  second  principal  plane, 
going  through  the  posterior  focus  F".  Another  ray  con- 
venient to  follow  is  the  one  coming  from  B  and  passing 
through  F'.  This  verges  toward  the  point  n'  in  the  first 
principal  plane.  Hence,  by  its  refraction,  it  is  turned  in 
the  direction  n"  b,  as  if  coming  from  m"  and  proceeding 
parallel  to  the  axis.  Where  the  two  refracted  rays  meet, 
at  the  point  b,  is  the  image  of  the  luminous  point  B. 

Since  the  course  of  rays  is  determined  by  their  relation 
to  these  imaginary  principal  planes,  the  focal  lengths  of 
a  system  must  be  measured  by  the  distance  of  each  focus 
from  its  corresponding  principal  point,  and  not  by  the 
distance  of  the  foci  from  the  refracting  surfaces.  Indeed, 
for  all  subsequent  purposes,  we  can  practically  ignore  the 
position  of  the  refracting  surfaces  of  any  system,  after  we 
have  once  determined  the  position  of  the  foci  and  of  the 
principal  planes.  For  now  all  the  problems  relative  to 
the  position  of  object  and  image  can  be  solved  by  the 
same  formulae  as  in  the  case  of  a  single  refracting  surface, 
by  measuring  the  focal  lengths  from  the  principal  planes. 

18.  The  position  of  the  two  principal  points  is  deter- 
mined by  the  position  of  the  two  planes  in  which  the 
images  of  a  certain  other  plane  are  of  equal  size  and 
direction.  In  every  refracting  system  there  exist  only 
two  such  planes,  and  these  are  the  principal  planes  ;  and 
there  exists,  moreover,  only  one  plane  of  which  two 
images  of  equal  size  and  direction  are  possible.  Hence, 
in  order  to  find  the  principal  points,  we  must  determine 
where  a  line  must  be  in  order  to  form  two  images  of  the 
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same  size  and  direction,  and  then  learn  the  place  of  these 
two  images. 

This  proposition  can  be  demonstrated  by  means  of  Pig. 
41,  in  which  we  have  a  refracting  system  bounded  by  the 
surfaces  s'  8'  and  s"  8".  F'  is  the  first  and  F"  the  second 
focus.  Draw  the  ray  F'  c,  which  is  deflected  toward  s" 
by  the  surface  «'  ^S",  and  is  made  parallel  to  the  axis  by 
the  surface  «"  8".  By  the  intersection  of  the  prolonged 
incident  and  refracted  rays  the  point  h'  determines  the 
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positioQ  of  the  first  principal  plane.  Similarly  a  reverse 
ray  going  from  F"  to  e  is  bent  twice,  so  as  to  follow  ulti- 
mately the  direction  s'  b  parallel  to  the  axis.  The  pro- 
longations of  the  ray  before  entering  and  after  leaving  the 
system  give  us  the  point  h",  and  thereby  the  position  of 
the  second  principal  plane.  If  we  draw  a  line  d  d'  verti- 
cal to  the  axis  from  the  point  d,  where  the  rays  coming 
from  each  side  intersect  after  their  first  refraction,  the 
virtual  image  of  d  d'  produced  by  the  surface  »'  8'  coin- 
cides with  the  first  principal  plane  A'  !£,  while  the  image 
formed  by  the  surface  s"  -S"  coincides  with  the  second 
principal  plane  h"  S",  as  is  evident  from  the  refraction 
of  the  rays  according  to  the  construction ;  and  these  two 
images  are  aUke  in  size.  The  distance  of  d'  from  each 
surface  is  determined  by  the  equation  (4a). 

a  b  (image)  :  A  B  {object)  =f'  —  F"  :  F" 
or  more  conveniently  on  account  of  the  erect  position  of 
the  virtual  image, 

ab  :  AB  =  F"  —f"  :  F" 
Each  surface  is  here  considered  independently  of  the 
other.  Hence  it  can  be  deduced  that  the  distances  of  d' 
from  each  surface  must  be  to  each  other  as  the  focal 
lengths  of  the  surfaces,  in  order  to  have  the  images  formed 
by  the  two  surfaces  of  equal  size.    This  is  shown  in  Fig. 


Via.  4S. 

4Si,  where  P'  ,S"  is  the  focal  length  of  the  surface  s"  8"  in 
the  medium  between  the  two  surfaces  and  P'  8'  ot  the 
surface  s'  8'. 

A  consideration  of  the  two  triangles  P  8"  i'  and  P"  8' «' 
and  their  segmentation  by  the  lino  d  d'  proves  that 

d'  8'  .  d'  8"  -  P"  8'  :  P  8"  (6) 

Hence,  in  order  to  find  the  principal  planes  of  a  system, 
determine  the  position  of  a  point  in  the  axis,  the  distances 
of  which  from  the  two  refracting  surfaces  are  to  each 
other  as  the  focal  lengths  of  these  surfaces  in  the  medium 
between  them.  Then  calculate  the  place  of  the  images 
of  this  point  formed  by  each  surface  independently  of  the 
other,  according  to  formula  (3). 

When  the  optic  system  consists  of  more  than  two  re- 
fracting surfaces,  determine  the  principal  points  for  two 
adjoining  surfaces,  and  then  divide  the  distance  between 
the  one  principal  point  next  to  the  third  surface  and  the 
third  surface  into  two  parts,  which  are  to  each  other  as  the 
corresponding  focal  lengths  in  the  intervening  medium. 
The  images  of  the  dividing  point  formed  independently 
by  the  third  surface,  and  by  the  system  of  the  other  two 
surfaces  are  then  the  principal  points  of  the  system  of 
three  surfaces. 

19.  The  Nodal  Points. — The  nodal  points  of  a  compound 
system  replace  the  optic  centre  of  a  single  refracting  sur- 
face. For  while  all  rays  of  direction  pass  undeflected 
through  the  optic  centre  of  a  single  surface,  a  second  sur- 
face will  deflect  all  rays  with  the  exception  only  of  the 
axial  ray.  Hence  a  single  optic  centre  cannot  exist  in  a 
compound  system.  But  there  exist  two  points  in  the 
axis,  viz. ,  the  nodal  points,  of  such  properties  that  a  ray 
directed  toward  the  first  before  entering  the  system  pur- 
sues a  course  after  its  final  refraction  as  if  it  had  passed 
through  the  second  nodal  point  parallel  to  its  original 
direction. 

That  a  pair  of  points  of  such  properties  must  exist  in 
any  compound  system  is  evident  from  Fig.  43,  where  F' 
is  the  first  and  F"  the  second  focus,  and  m'  E!  n'  the  first 
and  m"  R"  n"  the  second  principal  plane.  A  ray  B  m', 
coming  from  the  luminous  points  B,  forms  with  the  re- 
fracted ray  m"  b  any  angle  of  less  than  180°  as  seen  from 


below,  while  the  ray  B  n'  forms  with  its  refracted  pro- 
longation n'  b  an  angle  greater  than  180°  as  seen  from  be- 
low.    Somewhere  between  m!  and  n'  there  must  be  a 


Fia.  43. 

level  where  the  incident  ray  includes  with  its  continua- 
tion beyond  the  second  principal  plane  an  angle  of  180° 
exactly,  in  other  words,  where  the  two  are  parallel.  Let 
this  be  at  the  level  V.  If  we  prolong  the  incident  ray  5?, 
the  points  where  this  prolonged  ray  and  the  refracted  ray 
I"  b  cut  the  axis,  viz.,  K'  and  K"  answer  the  require- 
ments of  the  nodal  points.  The  position  of  the  nodal 
points  relative  to  the  principal  points  is  made  evident  in 
Fig.  44. 

In  this  figure  we  will  draw  the  line  B  F'  on  F'  vertical 
to  the  axis.  From  the  point  B  there  proceeds  a  ray  of 
direction  B  K'  to  the  first  nodal  point  K'.  According  to 
our  premises  the  ray  K'  b  must  be  parallel  to  B  K  and 
in  the  direction  E"  b  lies  the  image  of  B,  at  an  infinite 
distance  from  the  optic  system.  Since  the  point  B  lies  in 
the  anterior  focal  plane,  every  ray  proceeding  from  it  is 
rendered  parallel  by  its  refraction  to  the  ray  of  direc- 
tion coming  from  B.  Hence  the  ray  B  K  parallel  to  the 
axis  is  continued  after  passing  through  the  second  princi- 
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pal  plane,  as  h"  F"  parallel  to  K'  b,  and  hence  also  to  5^. 
From  the  similarity  of  the  triangle  B  F'  IC  and  A"  E"  F" 
it  is  evident  that  the  distance 

F'  K'  =  E"  F"  (7) 

and  by  reversing  the  figure  and  constructing  the  course 
of  rays  coming  from  the  posterior  focal  plane,  we  can 
similarly  learn  that  the  distance 

F'  K"  =  S  F'  (7a) 

and  that  hence 

E  E"  =  K'K"  (7b) 

which  latter  corollary  is  also  apparent  from  Pig.  43. 
The  position  of  the  nodal  points  can  hence  be  at  once 
learned  by  formulse  (7)  and  (7a),  after  knowing  the  posi- 
tion of  the  principal  points  and  of  the  foci.  And  thus  we 
have  all  data  necessary  to  follow  the  course  of  rays 
through  any  compound  optic  system. 

20.  Lenses. — It  will  be  best  to  refer  briefly  to  the  optic 
properties  of  glass  lenses  before  we  proceed  to  the  eye 
itself.  According  to  the  curvature  of  their  surfaces  and 
the  distance  between  them,  lenses  either  reunite  into  one 
point  all  the  rays  coming  from  one  point,  or  disperse 
them.  The  former,  or  collecting  lenses,  have  a  positive 
focal  length.  They  form  inverted  actual  images  of  dis- 
tant objects,  and  erect,  virtual,  and  enlarged  images  of 
objects  nearer  than  their  focus.  The  latter,  or  diverging 
lenses,  have  a  negative  focal  length,  and  can  form  only 
erect,  virtual  images,  smaller  than  their  object.  When 
both  surfaces  of  a  lens  are  convex,  or  one  is  convex  and 
the  other  plane,  the  lens  belongs  to  the  former  variety  ; 
when  one  surface  is  concave  and  the  other  plane,  or  when 
both  are  concave,  we  have  a  diverging  lens  with  negative 
focus.  When  one  surface  is  convex  and  the  other  con- 
cave, the  positive  or  negative  value  of  the  resulting  focal 
length  depends  not  only  on  the  curvature  of  the  two  sur- 
faces, but  also  on  the  distance  between  them. 
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The  refractive  index  of  the  glass  used  for  spectacles  is 
so  near  1.5  that  we  can  calculate  on  that  basis  without 
important  error,  at  least  for  spectacles.  Taking  this  in- 
dex we  find  that  in  a  plano-concave,  or  plano-convex  lens, 
the  focal  length  is  twice  the  length  of  the  radius  of  the 
curved  surface,  measuring  from  the  curved  surface,  ac- 
cording to  formula  (2)  or  (3a).  The  first  and  second  focal 
lengths  are  of  course  equal  to  each  other,  when  the  lens 
is  surrounded  by  the  same  medium  on  both  sides,  accord- 
ing to  (3b).  The  distance  of  the  foci  from  the  plane  sur- 
face is,  however,  not  the  same  as  from  the  curved  surface, 
for  the  focal  lengths  are  measured  from  the  principal 
points,  one  of  which  coincides  with  the  curved  surface, 
while  the  other  is  between  the  two  surfaces.  But  for 
most  of  our  purposes  we  can  ignore  the  thickness  of  the 
glass  lenses,  as  long  as  this  is  slight  compared  with  the 
other  dimensions,  and  practically  measure  the  focal 
length  from  the  surface,  or,  indifferently,  from  the  cen-- 
tre  of  the  lens.  If,  hence,  we  express  the  focal  length  of  a 
plano-convex  lens  as 

F'  z=  F"  =  2  r 
we  get  for  a  bi-convex  lens  the  formula 


F  = 


r    +  rj 


If  the  radii  of  curvature  of  the  two  surfaces  are  alike,  we 
find  the  focal  length  equal  to  the  radius,  provided  the  in- 
dex of  refraction  is  practically  1.5.  This  applies  simi- 
larly to  biconcave  lenses,  F  being,  however,  negative. 
In  lenses  with  one  convex  and  one  concave  surface,  the 
measurement  of  the  focal  length  is  not  quite  so  simple, 
because  the  thickness  of  such  a  lens  cannot  be  ignored 
without  error,  and  the  principal  points  can  in  such  a 
combination  be  outside  of  the  substance  of  the  lens. 

The  so-called  strength  of  lenses  is  measured  differently, 
according  to  the  unit  which  we  adopt.  Formerly  a  lens 
of  the  focal  length  of  one  inch — either  negative  or  posi- 
tive— was  taken  as  the  standard  and  called  1.  Any  lens 
of  longer  focal  distance  could  only  be  named  in  fractions, 
i,  being  one-half  of  that  strength ;  that  is  to  say,  having 
a  focal  distance  of  two  inches,  and  -i^  having  twelve  inches 
focal  length,  while  a  stronger  lens,  greater  than  1,  had  a 
corresponding  shorter  focal  distance.  Since  the  adoption 
of  the  metric  system  in  ophthalmology,  the  opposite  way 
of  enumeration  has  been  employed.  A  lens  of  the  focal 
length  of  one  metre  is  now  taken  as  unit,  and  called  one 
dioptric,  or  1  D.  Any  lens  of  longer  focal  length  is  ex- 
pressed in  a  decimal  fraction,  thus,  0.35  D,  means  a  lens 
of  4  metres  focal  length.  The  stronger  lenses,  on  the 
other  hand,  are  measured  by  several  dioptrics ;  thus, 
10  D,  being  a  lens  of  -iV  metre,  or  10  centimetres  focal 
length.  Since  both  systems  of  measurement  are  yet  in 
use,  it  is  best  to  become  familiar  with  both.  As  regards 
the  convenience  in  calculation,  for  which  purpose  the 
dioptric  system  was  introduced,  there  is  i-eally  not  much 
difference  between  them.  In  order  to  convert  the  num- 
ber of  a  lens  from  one  system  into  another,  it  is  to  be 
remembered  that  the  metre  is  equal  to  39.37  English 
inches,  or  36.94  French  inches.  On  account  of  inaccura- 
cies in  grinding  glasses,  the  whole  number,  40  (English), 
and  36  (French),  are  close  enough  for  practical  purposes. 
Hence,  to  get  the  dioptric  equivalent  of  an  English  num- 
ber, divide  that  number  into  40,  and  to  translate  a  certain 
number  of  dioptrics  into  the  French  inch  system,  divide 
the  number  into  86. 

31.  In  order  to  examine  the  refraction  in  the  eye  we 
must  determine  the  refractive  indices  of  the  different 
media,  the  curvature  of  the  surfaces,  and  the  distances 
between  the  separate  surfaces. 

23.  Bef r active  Indiees  of  fhs  Media  of  the  Eye. — The  re- 
fractive indices  have  been  measured  by  various  observers 
in  dead  eyes  by  means  of  different  physical  methods.  On 
account  of  less  perfect  methods  former  results  must  be 
taken  with  some  caution.  Even  the  more  recent  deter- 
minations made  with  Abbe's  refractometer  have  yielded 
not  inconsiderable  discrepancies  amongst  different  ob- 
servers, which  may  perhaps  be  attributed  to  individual 
variations.    The  following  table  of  refractive  indices  is 


copied  from  Zehender  and  Matthieson.' 
complete  of  all  recent  determinations. 


It  is  the  most 
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1.3772 
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L.8338 

1.3600 

1.3821 

1.3780 

1.3953 
1.8853 

1.3867 
1.3902 

1.3980 

1.3811 

1.4181 

1.4il2 
1.4094 
1.4164 
1.4077 
1.4091 
1.4096 
1.4101 
1.4107 

1S45S 
1.3658 

1.8508 
1.8672 

1.3547 

Unknown,! 

Female,  45  years, !.. 

ChUd  of  two  days,  i! 
II. 

Average 

.3^ 

1.3734  1.SS86 

1.4106 

1.888J 

The  indices  of  cornea,  aqueous  humor,  and  vitreous 
body  are  so  nearly  alike  that  an  average  index  of  the  three 
can  be  used  as  a  basis  for  calculation  without  appreciable 
error.  Helmholtz  assumes  1.3365  as  the  most  nearly  cor- 
rect average  in  his  latest  publication.  While  the  index  of 
the  capsule  of  the  lens  is  considerably  above  this  figure, 
this  membrane  is  so  thin  and  its  surfaces  so  nearly  paral- 
lel to  each  other  that  its  influence  on  the  rays  can  be 
neglected  without  error.  The  index  of  the  lens  itself  in- 
creases from  the  external  layer  to  the  nucleus,  so  that  the 
lens  really  consists  of  a  large  number  of  layers  of  in- 
creasing optic  density.  By  reason  of  this  stratified  ar- 
rangement the  total  refractive  power  of  the  lens  is  greater 
than  it  would  be  were  the  entire  lens  of  the  refractive 
index  of  its  nucleus.  For  each  layer,  as  we  proceed  to- 
ward the  nucleus,  increases  not  only  in  refractive  index 
but  also  in  convexity.  This  is  evident  when  we  compare 
the  following  two  lenses,  the  thickness  of  which  must 
not  be  more  than  a  small  fraction  of  the  focal  length.  Let 
one  of  these  lenses.  A,  be  homogeneous  and  have  the  re- 
fractive index  n",  the  index  of  the  surrounding  medium 
being  n,  while  the  other  lens,  B,  has  only  a  core  or  nucleus 
more  convex  than  the  surface  of  the  lens  of  the  index  »", 
the  superficial  layer  having  an  index  n' ,  intermediate  be- 
tween n  and  n  .  If  n'  is  now  very  nearly  equal  to  n, 
we  have  practically  a  lens  of  the  same  index  as  that  of 
the  lens  A,  but  of  shorter  radius  of  curvature,  and  hence  of 
shorter  focal  length.  If  n',  however,  is  very  nearly  equal 
to  n",  the  lens  B  will  be  practically  of  the  same  strength 
as  the  lens  A,  but  never  less.  Hence,  no  matter  in  what 
ratio  the  index  increases  as  we  proceed  toward  the  nu- 
cleus, the  lens  gains  thereby  in  strength.  The  special  ad- 
vantages of  tliis  stratification  over  a  homogeneous  lens  is 
the  more  regular  refraction  of  rays  very  oblique  to  the 
axis,  as  has  been  shown  mathematically  by  Hermann.' 
Thereby  the  images  of  objects  situated  laterally  from  the 
axis  of  the  eye  are  not  distorted  as  they  would  be  when 
projected  by  a  glass  lens.  The  actual  refraction  of  the 
excised  human  lens  was  found  by  Helmholtz  in  two 
measurements  to  be  equal  to  that  of  a  homogeneous  lens 
of  the  same  curvature,  but  with  a  refractive  index  =  1.4519 
and  1.4414.  But  in  his  latest  estimate  (1874)  he  adopts 
1.4371  as  the  more  nearly  correct  average  total  refractive 
index  of  the  lens  in  its  normal  attachment  during  life. 

33.  Curvature  of  the  Ocular  Surfaces. — The  curvature 
of  the  surfaces  cannot  be  measured  vrith  accuracy  in  the 
dead  eye,  on  account  of  the  altered  tension  of  the  eyeball. 
In  the  living  eye  the  curvature  can  be  calculated  from  a 
measurement  of  the  size  of  images  reflected  from  the  sur- 
faces. The  cornea,  for  instance,  acts  as  a  polished  con- 
vex mirror,  producing  diminutive  images,  apparently 
behind  its  surface.  The  size  of  such  an  image  is  to  half 
the  radius  of  curvature  of  the  mirror  as  the  size  of  the 
object  is  to  the  distance  of  the  object  from  the  cornea. 
The  size  of  the  image  is  most  conveniently  measured  by 
means  of  Helmholtz's  ophthalmometer.  This  consists  of 
a  telescope,  in  front  of  which  there  is  a  thick  plate  of 
glass  with  parallel  surfaces,  which  has  been  cut  in  two, 
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so  that  the  line,  separating  its  two  halves,  exactly  bisects 
the  field  of  the  telescope.  The  two  plates  can  be  turned 
on  an  axis  vertical  to  the  line  of  separation.  As  long  as 
the  two  plates  are  practically  one,  that  is  to  say,  lie  m 
one  and  the  same  plane,  objects  are  seen  through  them  m 
their  natural  shape  ;  but  when  the  two  plates  are  turned 
in  opposite  directions,  the  objects  appear  split  into  two 
halves,  which  are  displaced  laterally  in  opposite  direc- 
tions, in  proportion  to  the  rotation  of  the  plates.  The  ex- 
planation of  this  displacement  has  been  given  in  Section  3. 
For  actual  use  the  ophthalmometer  is  directed  toward  the 
observed  eye,  at  a  distance  of  several  metres,  and  the 
images  of  two  lights,  one  placed  on  either  side  of  the  tele- 
scope, or,  rather,  the  ideal  line  uniting  the  two  lights, 
are  observed  as  reflected  from  the  cornea.  The  two 
lights  are,  of  course,  placed  in  the  prolongation  of  the 
line  separating  the  two  glass  plates  of  the  instrument. 
These  plates  are  then  turned  by  a  screw  until  the  image 
is  doubled ;  that  is  to  say,  until  the  two  halves  are  dis- 
placed laterally  through  the  open  space  occupied  by  the 
image.  From  the  observed  degree  of  rotation,  and  the 
thickness  of  the  plates,  the  extent  of  displacement,  and 
hence  the  size  of  the  image,  can  be  calculated,  and  there- 
by the  radius  of  curvature  of  the  cornea  be  determined. 

The  radius  of  curvature,  measured  by  reflection  from 
the  middle  portion  of  the  cornea,  has  been  found  to  vary 
in  different  ej'-es  from  7  to  8.2  mm.,  an  average 
near  7.8  mm.  being  the  most  common.  No  deflnite 
relation  has  been  found  between  this  radius  and  any  ex- 
isting ametropia.  On  observing  the  reflection  from  the 
marginal  portion  of  the  cornea,  it  can  be  seen,  even  with 
the  unaided  eye,  that  the  images  are  larger  than  in  the 
centre ;  that  is  to  say,  that  the  convexity  of  the  cornea 
diminishes  from  the  centre  toward  the  periphery.  The 
cornea  is  therefore  not  a  segment  of  a  sphere,  but  of  an 
ellipse,  the  major  and  minor  axis  of  which  are  to  each 
other  in  the  ratio  of  about  9  to  10  or  11.  The  posterior 
surface  of  the  cornea  is  found  in  the  dead  eye  to  be  nearly 
concentric  with  the  anterior  surface.  This  fact,  in  con- 
nection with  the  rather  slight  difference  in  the  indices  of 
cornea  and  aqueous  hrnnor,  allows  us  to  consider  the 
cornea,  aqueous  humor,  and  vitreous  body  as  one  opti- 
cally homogeneous  medium,  bounded  hy  a  single  surface. 

The  radius  of  curvature  of  the  anterior  surface  of  the 
lens  has  been  found  to  vary  between  9  and  12,  and,  ex- 
ceptionally, even  14  mm.  ;  and  that  of  the  posterior  sur- 
face between  5.5  and  6.5  mm.  The  images  reflected 
from  these  surfaces  are  so  faint,  on  account  of  the  small 
difference  in  the  refractive  indices  of  aqueous  humor  and 
lens,  that  the  ophthalmometer  can  be  used  to  advantage 
only  with  sunlight.  The  apparent  size  of  these  images 
requires  a  correction,  for  the  cornea  and  aqueous  humor 
act  as  a  magnifying  lens,  interposed  both  in  the  path  of 
the  rays  from  the  object  to  the  reflecting  surface,  and, 
again,  between  the  latter  and  the  ophthalmometer.  In 
the  case  of  the  images  reflected  from  the  posterior  sur- 
face of  the  lens,  the  substance  of  the  lens  must  also  be 
taken  into  account  as  part  of  the  magnifying  system.  It 
is  necessary  hence  to  know  the  distance  from  the  cornea 
to  the  anterior  surface,  and  from  the  latter  to  the  pos- 
terior surface  of  the  lens,  in  order  to  calculate  the  radii 
of  curvature.  The  posterior  surface  of  the  lens  acts  as  a 
concave  mirror,  giving  an  inverted  and  very  small  image; 

24.  Distances  between  the  Befracting  Surfaces. — The  dis- 
tance of  the  anterior  surface  of  the  lens  from  the  cornea 
has  been  determined  according  to  various  methods  by 
Helmholtz  and  his  pupils.  By  means  of  a  focussing 
microscope  with  graduated  screw,  or  by  means  of  the 
ophthalmometer  with  the  aid  of  movable  lights,  it  was 
learned  how  far  the  rim  of  the  iris  appears  behind  the 
cornea,  and  the  true  position  of  the  pupil  was  then  calcu- 
lated from  the  known  refractive  power  of  cornea  and 
aqueous  humor.  Values  between  3.2  and  4  mm.  have 
been  found  in  different  eyes.  Helmholtz  adopted  3.6  mm. 
as  a  sufficiently  accurate  average  to  use  in  his  diagram- 
matic eye.  The  distance  of  the  posterior  surface  of  the 
lens  from  the  cornea  can  be  measured  only  by  compli- 
cated methods,  based  on  the  observation  of  the  parallax 
between  the  reflection  from  the  cornea  and  that  from  the 


posterior  surface  of  the  lens,  and  by  taking  into  account  the 
influence  of  cornea,  aqueous  humor,  and  lens-substance  on 
the  rays.  It  has  been  found  to  approximate  very  closely 
to  7.2  mm.,  which  gives  3.6  mm.  as  the  average  thickness 
of  the  lens  (while  the  eye  is  not  accommodating).  The 
lens  taken  out  of  the  eye  increases  in  thickness  on  account 
of  elastic  retraction,  as  will  be  explained  in  the  article  on 
accommodation. 

25.  Diagrammatic  Eye. — "We  learn  thus  that  there  are 
noticeable  differences  in  the  optic  constants  of  normal 
eyes,  so  that  two  eyes,  both  emmetropic,  are  not  neces- 
sarily identical  in  construction.  But  within  the  latitude 
of  emmetropic  eyes  the  deviations  of  the  different  figures 
from  the  average  counterbalance  each  other,  so  that  the 
object,  the  formation  of  sharp  images  of  distant  objects  in 
the  plane  of  the  retina,  is  equally  attained  in  all.  From 
numerous  measurements  made  by  himself  and  others, 
Helmholtz  has  constructed  the  following  diagrammatic 
eye,  corresponding  to  the  average  figures  of  human  em- 
metropic eyes : 

Hi11imeti<es. 

Refractive  index  of  cornea,  aqueous,  and  vitreous  humor 1.3365 

Befractive  index  of  the  lens  as  a  whole 1.4371 

Badius  of  curvature  of  the  cornea 7.829 

Radius  of  curvature  of  the  anterior  surface  of  the  lens 10. 

Radius  of  curvature  of  the  posterior  surface  of  the  lens 6. 

Distance  from  the  anterior  surface  of  the  cornea  to  the  lens 3.6 

Thiclvness  of  the  lens 3.6 

From  these  data  are  computed : 

Anterior  focal  length  of  the  cornea,  aqueous  and  vitreous  humor,  S3.S66 
Posterior  focal  length  of  thecornea,  aqueousand  vitreous  humor,  Sl.OiJo 

Focal  length  of  the  lens  (in  place) 60.671 

Distance  of  first  principal  point  of  the  lens  from  its  anterior  sur- 
face     2.12 

Distance  of  second  principal  point  of  the  lens  from  its  posterior 

surface 1.274 

Distance  of  the  first  principal  point  B'  of  the  entire  eye  behind 

the  cornea 1.760 

Distance  of  the  second  principal  point  S^^  of  the  entire  eye  be- 
hind the  cornea 2.1  ir 

Distance  of  the  first  nodal  point  K'  of  the  entire  eye  behind  the 

cornea 6.96** 

Distance  of  the  second  nodal  point  K"  of  the  entire  eye  behind 

the  cornea 7.33^ 

Anterior  focal  length  of  the  entire  eye 15.50.'*' 

Posterior  focal  length  of  the  entire  eye 20.71b 

This  latter  figure  plus  the  distance  of  H"  from  the  cor- 
nea gives  us  22. 834  mm.  as  the  optic  axis  from  the  anterio/ 
surface  of  the  cornea  to  the  sensitive  plane  of  the  retiua, 
and  adding  to  this  number  the  thickness  of  the  sclerotk 
coat,  viz. ,  1 . 3  mm. ,  we  obtain  about  24. 1  mm.  as  the  length 


Via.  46. 

of  the  eyeball.  Anatomical  rheasurement  has  fihoWn  tht 
eyeball  to  vary  between  32.5  and  27  mm.  in  length, 
24  to  24.6  mm.  being  the  most  common  limits.  Unfor- 
tunately these  anatomical  measurements  refer  mostly  to 
eyes  the  refractive  state  of  which  was  not  determined 
during  life.  The  diagrammatic  eye  of  Helmholtz  and  the 
position  of  its  cardinal  points  is  illustrated  by  Fig.  45, 
amplified  twice. 

26.  In  the  calculation  of  the  size  of  retinal  images  and 
of  the  influence  of  glasses  on  sight,  in  fact,  in  almost  all 
the  problems  not  relating  to  the  changes  during  accom- 
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modation,  we  can  arrive  at  results  sufficiently  accurate  by 
taking  as  a  basis  the  simplified  diagrammatic  eye  of  Don- 
ders,  in  which  the  lens  is  omitted.  It  consists  of  a  single 
refracting  surface,  representing  the  cornea  with  a  radms 
of  curvature  of  5  mm.  The  single  internal  medium,  opti- 
cally identical  with  the  cornea,  has  a  refractive  index  of 
1.333  (J).  Thereby  we  deal  with  but  one  principal 
point,  viz.,  in  the  plane  of  the  cornea,  and  hut  one  nodal 
point,  the  centre  of  curvature  of  the  cornea.  The  first 
focal  length  is  15  mm.,  the  second  20  mm.,  which  latter 
figure  represents  likewise  the  length  of  this  eye. 

The  human  eye  has  some  advantages  not  possessed  by 
artificial  optic  instruments,  but  also  various  faults  which 
a  skilful  optician  can  avoid. 

27.  Visual  Meld. — There  exists  no  instrument  which  has 
as  extensive  a  field  as  the  eye,  since  Images  are  depicted 
on  the  retina  of  objects  situated  as  far  as  55  to  65  degrees 
from  the  line  of  direct  sight,  and  on  the  temporal  side  even 
as  far  as  90  to  100  degrees.  The  fact  that  images  formed 
near  the  periphery  of  the  retina  are  not  seen  distinctly,  is 
due  principally  to  the  relative  dulness  of  sensibility  of 
the  peripheral  portion  of  the  retina.  The  images  them- 
selves are  quite  sharp,  as  we  can  learn  by  examining  the 
periphery  of  the  retina  in  the  eye  of  another  person  with 
the  ophthalmoscope.  When  the  refraction  is  emmetropic 
in  the  centre  of  the  retina,  it  is  very  nearly  so  also  in  the  ex- 
treme periphery.  This  is  due  to  the  elliptical  curvature  of 
the  rear  of  the  eyeball  and  of  the  retina  (compare  Section 
9).  Moreover,  the  elliptical  curvature  of  the  cornea,  and 
still  more  the  stratified  structure  of  the  lens  prevent  the 
distortion  of  images,  which  ordinary  spherical,  homoge- 
neous lenses  would  produce  in  the  case  of  objects  situated 
far  laterally  from'  the  axis  of  the  system. 

28.  Splierical  Aberration. — Spherical  lenses  do  not  col- 
lect in  the  common  focus  those  rays  which  are  very 
oblique  to  the  axis  or  strike  the  refracting  surface  far 
from  its  centre.  This  spherical  aberration  is  shown  in 
Fig.  29.  In  the  eye  it  is  almost  wholly  obviated  by  the 
elliptical  shape  of  the  cornea  and  the  stratification  of  the 
lens.  The  iris,  moreover,  serves  the  purpose  of  a  dia- 
phragm, so  that  the  extreme  marginal  rays  cannot  ordi- 
narily pass  through  the  pupil. 

29.  Chromatic  Ah&rration. — The  chromatic  aberration 
of  lenses  gives  rise  to  colored  rings  around  images  other- 
wise well  defined.  It  is  due  to  the  fact  that  the  index  of 
refraction  is  not  the  same  for  waves  of  light  of  different 
length.  Hence  there  is  necessarily  a  slight  separation  of 
the  different  colors  when  mixed  or  so-called  white  light 
is  refracted  by  a  lens.  The  eye  is  not  free  from  this  de- 
fect ;  it  possesses  it  to  about  the  same  extent  as  if  it  con- 
sisted of  water.  If  either  end  of  a  sharply  defined 
spectrum  be  observed  through  an  achromatic  telescope, 
the  other  end  appears  diffuse  until  the  adjustment  of  the 
telescope  (or  of  the  eye)  is  altered.  The  difference  in  ad- 
justment corresponds  to  about  1.5  to  2  dioptrics  ;  that  is 
to  say,  an  eye  forming  a  sharp  image  of  an  object  emit- 
ting violet  light,  requires  an  additional  convex  lens  of 
some  75  to  50  centimetres  focal  length,  in  order  to  bring  the 
less  refrangible  red  rays  into  a  focus  upon  the  retina.  Or- 
dinarily we  are  not  conscious  of  this  defect,  because  the 
eye  is  adjusted  for  the  middle  and  brightest  portion  of 
the  spectrum,  viz.,  yellow  and  green  to  blue,  while  the 
red  and  violet  rays  form  circles  of  diffusion  around  the 
Image,  which  blend,  and  thereby  diminish  in  distinctness 
of  color,  being,  moreover,  much  less  bright  than  the 
sharply  defined  image  which  they  surround.  But  we 
can  see  these  colored  circles  of  diffusion  quite  distinctly 
on  looking  at  some  bright  object,  while  covering  one-half 
of  the  pupillary  aperture  with  an  opaque  screen,  for  by 
thus  cutting  off  half  of  the  pencil  of  light,  we  prevent  the 
blending  of  the  color-rings,  and  the  object  shows  then  a 
blue  edge  on  one  side  and  a  yellow  margin  on  the  other. 
The  chromatic  aberration  is  also  quite  noticeable  on  ob- 
serving a  luminous  point  through  a  violet  glass,  which 
absorbs  the  middle  part  of  the  spectrum,  whereupon  we 
see  either  a  red  point  surrounded  by  a  blue  halo,  or  a  red 
margin  around  a  blue  point  of  light,  according  to  the  re- 
fractive state  of  the  eye. 

30.  Imperfect  Centring . — The  optic  system  of  the  eye 


is  not  perfectly  centred.  The  centre  of  the  cornea  coin- 
cides, indeed,  with  the  vertex  of  its  ellipse  ;  but  the  majoi 
axis  of  this  ellipse  forms  an  angle  with  the  visual  line,  or 
line  of  direct  sight ;  that  is  to  say,  the  line  of  the  ray  of 
direction  passing  from  an  observed  point  through  the 
nodal  points  to  the  centre  of  the  retina.  The  visual  line 
deviates  toward  the  nagal  side  of  the  corneal  axis  (pro- 
ceeding outward)  to  an  extent  of  4  to  8  degrees.  This 
relatively  oblique  direction  of  the  corneal  axis,  when  ex- 
treme, may  give  some  eyes  a  false  appearance  of  diver- 
gent squint.  Still  no  noticeable  deficiency  of  sight  can  be 
attributed  to  this  want  of  centring. 

31.  Astigmatism. — ^More  serious  defects  are  those  due 
to  irregularities  in  the  curvature  of  the  refracting  surfaces. 
We  have  so  far  considered  only  the  refraction  of  rays 
which  lie  in  one  plane,  with  the  tacit  assumption  that  our 
refracting  surfaces  are  the  surfaces  of  true  bodies  of  ro- 
tation, that  is  to  say,  that  the  radii  of  curvature  are  equal 
in  all  meridians.  For,  in  this  case,  any  of  the  figures 
illustrating  the  course  of  rays  in  the  plane  of  the  paper, 
may  be  supposed  rotating  on  their  axis  in  order  to  illus- 
trate the  course  of  rays  in  all  planes.  But  this  assumption 
is  scarcely  ever  correct  in  the  case  of  the  human  eye.  On 
measuring  with  the  ophthalmometer  the  corneal  radius 
of  curvature  in  the  horizontal,  and  then  in  the  vertical 
meridian,  the  two  radii  are  found  to  differ  from  each 
other  to  a  trifling  extent  even  in  the  most  normal  eyes. 
More  commonly,  but  not  always,  the  radius  is  smallest  in 
the  vertical  direction.  The  two  meridians  presenting  the 
greatest  discrepancies  are  not  necessarily  horizontal  and 
vertical ;  they  may  have  any  inclination.  A  difference 
of  0.1  mm.  between  the  radii  of  two  meridians  at  right 
angles  to  each  other,  separates  the  focus  of  one  meridian 
from  that  of  the  other  to  the  extent  of  about  0.3  mm. 
Differences  of  0.01  to  0.05  mm.  in  the  radii  are  the  most 
common.  The  cornea  is  hence  the  segment  of  an  ellip- 
soid with  three  unequal  axes.  As  a  result,  the  focal 
length  is  not  the  same  in  any  two  meridians  of  unequal 
curvature,  and  hence  the  points  of  an  object  cannot  be 
represented  by  points  in  the  images  formed  in  such  an 
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eye.  If  in  Fig.  46,  A,  we  represent  the  ellipsoid  cornea 
with  the  horizontal  meridian  A  h  having  a  greater  radius 
of  curvature  than  the  vertical  meridian  »  «,  the  focus  in  the 
former  meridian /A  must  be  further  off  than/«,  the  focus 
of  the  vertical  meridian.  If  we  place  a  screen  successively 
in  the  positions  numbered  1,  2,  3,  4,  and  5,  the  image  of  a 
distant  point  would  appear  as  shown  in  an  exaggerated 
manner  in  Fig.  46,  B,  1,  3,  3,  4,  and  5.  The  refraction 
by  such  an  ellipsoid  cornea  can  be  imitated  by  means  of 
an  ordinary  spherical  lens,  to  which  is  added  a  cylindrical 
lens,  the  segment  of  a  cylinder,  thereby  introducing  a 
difference  in  the  refractive  strength  in  the  two  meridians, 
of  which  one  is  parallel  with,  and  the  other  at  right  angles 
to,  the  axis  of  the  cylinder.  This  defect  of  the  eye  is  known 
as  the  regular  astigmatism  (from  a,  privative,  and  <rTiyti.a, 
a  point).  There  are  very  few,  if  any,  eyes  entirely  free 
from  it.  When  the  inequality  in  the  refraction  of  two 
meridians  exceeds  the  strength  of  about  one-half  to  one 
dioptric,  it  may  necessitate  correction  by  means  of  cylin- 
drical glasses  (see  under  Astigmatism).  As  the  result  of 
regular  astigmatism,  lines  of  different  inclination  are  not 
seen  equally  distinctly.  If,  for  instance,  the  eye  be  ac- 
curately emmetropic  in  the  horizontal  meridian,  while 
the  greater  curvature  of  the  vertical  radius  brings  the 
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focus  behind  the  retina  in  the  latter  meridian,  then  only 
horizontal  lines  at  infinite  distance  will  be  sharply  defined 
on  the  retina,  while  the  more  a  line  approaches  the  ver- 
tical direction,  the  more  diffuse  will  be  its  retinal  image. 
The  interference  with  sharp  sight  increases,  of  course, 
with  the  degree  of  astigmatism.  A  discrepancy  between 
two  meridians  amounting  to  less  than  half  a  dioptric  does 
not  Interfere  with  sight  to  any  practical  extent. 

Irregular  Astigmatism  gives  rise  to  such  slight  imper- 
fections of  retinal  images  as  the  radiation  of  "rays" 
around  stars  and  other  small  luminous  points.  It  is  due 
to  optic  inequalities  in  the  different  sectors  of  the  lens, 
whereby  some  of  the  rays  are  deflected  from  the  path 
which  they  would  pursue  in  a  perfect  eye.  This  ir- 
regular astigmatism  does  not  exist  after  the  lens  has  been 
removed. 

32.  MuseoB  Volitantes. — Few,  if  any,  eyes  do  not  at 
times  see  flying  specks,  so-called  muscse  volitantes.  They 
appear  in  the  form  of  transparent  rows  of  beads  or  groups 
of  granules,  or  simply  shadowy  streaks  floating  about 
when  the  eye  Is  moved.  They  are  due  to  the  presence 
of  similarly  shaped  objects  floating  in  the  vitreous  body, 
cells  and  groups  of  cells,  and  shreds  of  membranes, 
transparent,  but  of  an  index  of  refraction  slightly  dif- 
ferent from  that  of  the  medium  surrounding  them. 
Their  rims  hence  cast  shadows  similar  to  those  of  a  glass 
ball  between  a  light  and  a  screen.  These  shadows  are 
most  marked  when  the  rays  of  light  are  parallel  in  the 
vitreous  body,  when  the  source  of  light  is  in  the  anterior 
focus  of  the  eye.  We  can  observe  them  well  by  using 
as  source  of  light  a  pinhole  in  an  opaque  screen  held  close 
to  the  6ye  and  toward  the  sky,  or  on  looking  into  a 
microscope.  When  the  attention  has  once  been  called 
to  them  they  may  continue  to  annoy  nervous  persons, 
mentally  rather  than  optically.  These  shadows,  even  if 
inconvenient,  are  not  Indicative  of  any  disease. 

33.  Ametropia. — The  last  and  most  important  imperfec- 
tion of  the  eye  is  the  not  uncommon  want  of  harmony 
between  the  focal  length  and  the  anatomical  length  of  the 
eyeball,  the  refractive  defect  known  as  ametropia.  We 
have  seen  that  the  radii  of  curvature,  the  distance  from 
cornea  to  lens,  the  length  of  the  eyeball,  and  perhaps  even 
the  refractive  indices,  may  vary  within  certain  limits  in 
different  eyes.  It  is  only  in  the  more  fortunate  instances 
that  the  ideal  result,  viz. :  the  coincidence  of  tlie  posterior 
focal  plane  with  the  position  of  the  retina,  Is  obtained, 
while  in  many  eyes,  otherwise  healthy,  the  images  of  dis- 
tant objects  are  formed,  either  in  front  of  the  retina,  con- 
stituting inyopla,  or  behind  the  retina,  the  condition  of 
hypermetropia.  In  either  of  these  two  cases  the  retinal 
images  of  distant  objects  are  blurred  in  proportion  to  the 
distance  of  the  retina  from  the  focal  plane,  and  in  propor- 
tion to  the  size  of  the  pupil.  The  lower  degrees  of  ame- 
tropia may  be  due  to  an  unproportional  curvature  of  the 
corneal  and  lenticular  surfaces,  while  the  length  of  the 
eyeball  Is  normal ;  but  when  the  anomalies  of  refraction 
reach  any  high  degree,  the  eyeball  is  found,  not  merely 
relatively,  but  absolutely  too  long  in  myopia,  too  short  in 
hypermetropia. 

While  emmetropia  is  the  most  fortunate  refractive  con- 
dition, it  is  not  necessarily  the  most  common.  Statistics 
show  that  in  the  upper  classes  of  schools,  and  especially 
high  schools,  in  European  countries,  from  one-third  to 
one-half,  and  sometimes  even  two-thirds  of  the  eyes  are 
near-sighted,  and  some  five  to  ten  per  cent,  are  far-sighted. 
In  this  country  the  figures  are  a  little  more  favorable,  as 
regards  the  frequency  of  emmetropia.  Puller  details  of 
these  statistics  vdll  be  given  under  the  heading  Myopia. 

34.  Befraetion  during  the  Qrowih  of  the  Eye. — In  the 
infantile  eye  all  the  dimensions  are,  of  course,  smaller 
than  in  the  adult  organ.  The  shorter  axis  of  the  eyeball 
is,  liowever,  proportionate  to  the  shorter  radii  of  curva- 
ture of  cornea  and  lens,  so  that  emmetropia  can  exist. 
Indeed,  during  childhood  there  are  more  emmetropic  eyes 
than  in  adult  life.  The  eyes  of  babes,  however,  are  most 
frequently  far-sighted,  as  shown  by  ophthalmoscopic  ex- 
amination. Jaeger  formerly  asserted  the  contrary,  hav- 
mg  found  78  eyes  myopic  out  of  100,  and  but  5  accurately 
emmetropic  in  new-born  babes.    He  seems  to  have  been 
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misled  however,  by  the  accommodated  condition  of  the 
infantile  eye,  for  later  observers,  who  paralyzed  the  ac- 
commodation by  means  of  atropia,  have  arrived  at  differ- 
ent results.  Thus  Eli^  found  but  11  eyes  myopic,  17 
emmetropic,  and  72  hypermetropic  in  100  eyes  of  infants. 
Bjerrum  *  noted  61  hypermetropes,  23  emmetropes,  and  3 
myopes  on  examining  87  babes.  Horstmann'  found  in 
50  new-born  infants  88  far-sighted  eyes,  10  emmetropic, 
and  but  2  short-sighted  eyes.  In  50  children,  of  the  age 
of  one  to  two  years,  84  eyes  were  far-sighted,  10  normal, 
and  6  short-sighted ;  while  in  50  children,  four  to  five 
years  old,  hypermetropia  had  diminished,  involving  74 
eyes ;  myopia  had  Increased  to  13  eyes ;  13  eyes  being 
emmetropic.  These  figures  show  that  the  refraction  in- 
creases ordinarily  as  the  child  advances  in  years.  During 
the  years  of  school  attendance  this  growth  leads,  in  many 
instances,  to  a  myopic  refraction.  Indeed,  as  we  pass 
from  the  lower  to  the  higher  classes  in  schools,  we  find 
myopia  increasing  steadily  in  frequency  and  in  degree. 
The  refraction  remains  stationary  from  the  time  of  pu- 
berty, in  healthy  eyes.  The  increase  of  myopia  so  often 
noted  from  this  time  on  until  about  the  thirtieth  year  must 
be  considered  a  morbid  change. 

35.  Beyond  the  sixtieth  year  of  age  the  refraction  di- 
minishes again,  so  that  emmetropia  turns  into  slight  hy- 
permetropia, on  account  of  senile  changes  In  the  lens. 

36.  Accommodation. — According  to  the  laws  of  refrac- 
tion, the  emmetropic  eye  can  form  sharp  retinal  Images  of 
those  objects  only  which  are  situated  at  an  infinite  dis- 
tance from  the  eye,  or  at  least  at  a  distance  very  large 
when  compared  with  the  dimensions  of  the  refracting 
surfaces.  Practically  this  amounts  to  any  distance  beyond 
five  metres.  But  every-day  experience  teaches  us  that  we 
can  also  see  distinctly  objects  quite  close  to  the  eye  ;  but 
we  can  never  see  equally  distinctly,  and  at  one  and  the 
same  time,  two  objects,  one  far  and  the  other  near.  On 
looking  at  a. distant  sign  through  a  veil  held  in  front  of 
the  eye,  we  can  get  alternately  sharp  images  of  the  distant 
letters  or  of  the  threads  of  the  adjacent  veil,  but  we  can- 
not see  them  both  distinctly  at  one  and  the  same  time. 
This  power  of  successive  adjustment  of  the  eye  for  dis- 
tant and  adjacent  objects  is  termed  the  faculty  of  accom- 
modation. 

The  exertion  of  the  accommodation  Increases  for  the 
time  being  the  refractive  strength  of  the  eye.  It  is  evi- 
dent that  an  eye  accommodated  for  an  object  four  inches 
distant  must  be  equal  in  refractive  strength  to  the  emme- 
tropic eye  plus  the  strength  of  a  convex  lens  of  four 
Inches  focal  length.  For  were  the  eye  deprived  of  its 
power  of  accommodation  it  would  be  necessary  to  add  to 
it  the  strength  of  this  lens  in  order  to  get  sharp  retinal 
images  of  objects  four  inches  off.  The  accommodative 
effort  of  an  eye  can  therefore  be  represented  by  the 
strength  of  a  convex  lens  of  a  focal  length  equal  to  the 
distance  from  the  eye  to  the  object  accommodated  for. 

37.  Oliangea  in  the  Eye  during  Accommodation. — The 
optic  changes  upon  which  accommodation  depends  occur 
solely  in  the  crystalline  lens.  Neither  the  corneal  curva- 
ture nor  the  position  of  the  retina  is  altered.  Removal 
of  the  lens  deprives  the  eye  completely  of  its  power  of 
accommodation.  Any  eye,  except  one  extremely  myopic, 
becomes  highly  hypermetropic  upon  removal  of  the  lens, 
requiring  then  a  strong  convex  glass  in  order  to  see  dis- 
tinctly at  a  distance.  On  account  of  the  impossibility  to 
accommodate,  the  strength  of  this  glass  must  be  increased 
for  near  objects,  and  with  a  given  glass  accurate  sight  is 
possible  on^  at  one  given  distance.  If  the  individual  can 
read  at  different  distances,  it  is  done  by  ignoring  the 
circles  of  diffusion,  especially  when  they  are  small,  on 
account  of  a  narrow  pupil.  The  most  rigid  test,  whether 
in  this  or  any  other  case  an  eye  is  adjusted  for  a  certain 
distance,  is  known  as  Scheiner's  experiment. 

88.  Scheiner's. Experiment. — If  some  luminous  point — 
for  instance,  a  pin-hole  in  a  screen  in  front  of  a  light— be 
viewed  through  two  pin-holes  in  another  screen  which 
are  closer  together  than  the  diameter  of  the  pupil,  the 
only  effect  of  the  latter  screen  held  close  to  the  eye  will  be 
to  diminish  the  number  of  rays,  and  thereby  reduce  the 
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brightness  of  the  retinal  image,  if  the  latter  be  sharply  de- 
fined on  account  of  proper  adjustment  of  the  eye  for  the 
light.  But  if  the  eye  is  not  adjusted  for  that  distance, 
and  circles  of  diffusion  are  formed  on  the  retina,  the 
screen  with  two  perforators  will  cut  off  the  rays  forming 
the  middle  por- 
tion of  the  dinuse 
image,  leaving 
instead  two  sepa- 
rate images  of  the 
luminous  point, 
to  which  the  eye 
is  much  more 
sensitive  than  to 
the  circles  of  dif- 
fusion. Hence 
any  want  of  adjustment  causes  the  luminous  point  to  ap- 
pear double,  as  is  evident  from  Fig.  47. 

39.  Ghanges  in  the  Shape  of  the  Lens. — During  accom- 
modation the  lens  becomes  more  convex,  especially  its 
anterior  surface,  which  also  moves  forward  on  account  of 
the  thickening  of  the  lens.  If  we  place  a  light  slightly  to 
one  side  of  an  observed  eye  and  watch  the  images  reflected 
from  the  various  surfaces,  they  will  appear  as  seen  in 
Fig.  48,  A,  while  the  observed  eye  looks  at  a  distant  ob- 
ject. When  the  eye  observed  is  then  adjusted  for  some 
near  object,  the  images  change,  as  seen  in  B;  Pig.  48. 
The  corneal  image,  as,  remains  the  same  in  both  cases.  The 
reflection  from  the  anterior  surface  of  the  lens,  b,  dimin- 
ishes in  size,  indicating  increased  curvature  of  the  surface, 
,  and  moves  later- 
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ally  toward  the 
corneal  image,  a 
motion  referable 
to  the  advance- 
ment of  the  ante- 
rior surface  of  the 
lens.  The  small, 
sharply  defined, 
and  inverted  im- 
age produced  by 
the  concave  pos- 
terior surface  of  the  lens  shrinks  likewise  slightly  in  size, 
showing  that  the  radius  of  curvature  of  that  surface  dimin- 
ishes as  well,  though  but  little.  No  indication  of  any 
motion  of  the  posterior  surface  can  be  observed.  These 
changes  in  the  curvature  of  the  lens  have  been  more  accu- 
rately measured  with  the  ophthalmometer,  which  shows 
that  the  radius  of  curvature  can  be  reduced  during  a  strong 
accommodative  effort  to  about  6  mm.  for  the  anterior  sur- 
face, and  about  5.5  mm.  for  the  posterior  surface  of  the 
lens,  while  the  thickness  of  the  lens  may  increase  from 
3.6>to  4  mm.  Thereby  the  focal  length  of  the  lens  in  the 
diagrammatic  eye  would  be  reduced  from  50.671  mm. 
during  rest  to  39  mm.  during  a  strong  accommodative 
effort.  Calculating  on  this  basis  the  refractive  strength  of 
the  diagrammatic  eye,  we  shall  now  find  the  principal 
posterior  focus  1.644  mm.  in  front  of  the  retina,  while  the 
retina  itself  is  in  the  plane  of  focal  reunion  for  rays  com- 
ing from  an  object  146.6  mm.  (not  quite  6  inches)  distant 
from  the  first  principal  point,  which  latter  is  1.566  mm. 
behind  the  cornea  in  such  an  accommodated  eye.  Mathe- 
matical analysis  thus  confirms  that  the  increased  curva- 
ture and  the  advancement  of  the  front  surface  of  the  lens 
sufBce  to  account  for  the  accommodative  changes. 

During  accommodation  the  pupil  diminishes  in  size. 
The  utility  of  this  contraction  of  the  fa'is  is  evident  on  re- 
membering that  according  to  Section  4,  the  spherical  aber- 
ration would  increase  with  the  divergence  of  the  rays,  and 
hence  with  the  proximity  of  the  object.  On  account  of 
the  advancement  of  the  front  surface  of  the  lens  the  iris 
is  also  moved  forward,  which  can  be  seen  on  looking  in 
profile  view  at  an  eye  during  accommodation. 

40.  Mechanism  of  Accommodation,. — The  accommodative 
changes  of  the  lens  are  brought  about  by  the  action  of  the 
ciliary  muscle.  The  lens  itself  is  not  a  muscular  or- 
gan, it  is  devoid  of  contractility.  It  is,  however,  an 
elastic  body  kept  stretched  by  its  attachment  to  the  an- 
nular ligament,  as  an  elastic  hoop  would  be  flattened  by 


the  traction  of  two  cords  attached  at  two  opposite  points. 
Relieved  of  this  traction  the  lens  increases  in  convexity 
and  becomes  more  nearly  globular,  so  that  the  lens  re 
moved  from  the  eye  is  more  convex  and  thicker  than  while 
in  place.  During  the  accommodation  effort  the  ciliary 
muscle  contracts.  .  Its  meridional  fibres  pull  the  choroid 
forward.  This  has  been  shown  by  Hensen  and  Voelkers, 
by  the  movements  of  a  needle  put  through  the  sclera  and 
choroid  on  sending  an  electric  current  through  the  ciliary 
muscle  in  the  ej'es  of  animals  and  in  a  human  eye  just 
extirpated  on  account  of  disease.  The  circular,  rmg- 
shaped  muscular  fibres  of  the  ciliary  body  on  contracting 
cause  the  ciliary  processes  to  project  further  toward  the 
centre  of  the  pupil,  which  movement  of  the  processes  is 
favored  by  the  above-described  traction  on  the  choroid 
and  consequent  relaxation  of  its  anterior  insertion.  In 
eyes  in  which  a  sufilciently  extensive  segment  of  the  iris 
has  been  removed  by  the  operation  of  iridectomy,  and 
through  the  translucent  intact  iris  of  albinos  this  ad- 
vancement of  the  ciliary  processes  toward  the  centre  of 
the  pupil  has  been  directly  observed.  Since  the  ligament 
of  the  lens  is  attached  to  the  ciliary  processes  the  crowd- 
ing of  this  ring-shaped  structure  into  a  narrower  space 
necessarily  re- 
laxes the  circular 
band  stretched 
across  the  aper- 
ture within  this 
ciliary  ring. 
Thus  the  lens  is 
permitted  to  re- 
tract by  yielding 
to  the  tension  of 
its  own  elastic 
substance ;  for 
the  arrangernent 
of  the  fibres  of 
the  lens-sub- 
stance  is  such 
that  they  are  re- 
laxed by  the  ap- 
proach of  the 
lens  toward  the 
globular  shape, 
while  the  flatten- 
ing of  the  same 
by  traction  of  its 
ligament  puts 
them  on  the 
stretch.  The 
changes  in  an 
eye  during  ex- 
treme accommo- 
dation are  shown 
in  Fig.  49,  in 
which  the  upper 
half  represents 
the  front  half  of 
the  eye  at  re'st, 

and  the  lower  half  the  contraction  of  the  ciliary  muscle 
and  its  effect  upon  the  shape  of  the  lens. 

41.  Bange  of  AccommMation. — The  most  distant  points 
of  which  the  "eye  at  rest  can  form  a  sharp  image  on  its  re- 
tina has  been  termed  by  Donders  the  far-point  (punctum 
remotum  =  R)  of  the  eye.  In  the  emmetropic  eye  the 
far-point  is— according  to  our  definition  of  emmetropia— 
at  an  infinite  distance.  The  myopic  eye,  however,  can- 
not see  distinctly  beyond  a  certain  short  finite  distance, 
depending  on  the  degree  of  shortsightedness,  while  in 
hypermetropia  the  eye  cannot  bring  into  focal  reunion  on 
the  retina  any  but  convergent  rays,  and  the  far-point  is 
therefore  negative,  that  is  to  say,  situated  at  some  finite 
distance  behind  the  eye.  The  fact  that  many  hyperme- 
tropes  can  see  distinctly  at  a  distance  with  the  unaided 
eye,  is  due  to  their  using  a  part  of  their  accommodation 
continuously  in  order  to  increase  the  actual  refraction  of 
the  eye.  The  near-point  (punctum  proximum  ~  P)  on 
the  other  hand,  is  the  nearest  point  of  which  the  accom- 
modated eye  can  get  a  well-defined  image.    The  range  of 
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accommodation  is  the  total  accommodative  power  which 
an  individual  eye  possesses.  We  can  represent  it  by  the 
strength  of  the  lens  equivalent  to  the  refractive  difiference 
between  the  eye  at  rest  adjusted  for  the  far-point  and  the 
eye  accommodated  for  the  near-point.  Thus,  an  emme- 
tropic eye,  which  can  see  distinctly  an  object  as  close  as 
five  inches,  has  a  range  of  accommodation  representable 
by  a  lens  of  five  Inches  focal  length  or  of  the  strength  of 
about  8  D.  For  deprived  of  its  accommodative  power 
this  eye  would  require  such  a  lens  to  be  held  in  front  of 
it  in  order  to  get  a  sharp  image  of  this  near  object  on  its 
retina.  Practically,  it  will  do  to  hold  the  lens  Very  close 
to  the  cornea ;  for  theoretical  accuracy,  however,  the  lens 
in  question,  of  an  infinite  thinness,  must  be  assumed 
situated  in  the  first  principal  plane  of  the  eye.  The  sig- 
nificance of  the  range  of  accommodation  is  made  plainer 
by  the  use  of  Donders'  formula, 

J__    1         1 
A  -  P  ~  a' 

in  which  we  represent  by  A  the  range  of  accommodation, 
by  P  the  near-point,  and  by  M  the  far-point.  This  for- 
mula is  applicable  to  ametropia  eyes  as  well  as  to  emme- 
tropia,  for  anomalies  of  the  refraction  do  not  necessarily 
alter  the  range  of  accommodation.  Thus  a  myope  whose 
far-point  is  at  twelve  in- 
ches' distance,  and  who  ^'^^ 
can  accommodate  for  ob- 
jects four  inches  from 
the  eye  has  an  accommo- 
dative range  =  \  —  -,^=: 
i.  Another  instance  will 
illustrate  both  the  con- 
dition in  hypermetropia 
and  the  use  of  the  diop- 
tric system.  Suppose  a 
certam  hypermetropic 
eye,  the  axis  of  which  is 
so  short  that  it  requires 
a  correcting  glass  of  4 
D  in  order  to  obtain 
sharp  retinal  images  of 
distant  objects.  In  this 
eye  the  far-point  is  neg- 
ative, that  is  to  say,  it  is 
situated  twenty-five  cen- 
timetres behind  the  an- 
terior principal  point. 
If  this  eye  possesses  an 
accommodative  range 
equal  to  eight  dioptrics, 
four  of  them  are  re- 
quired to  see  distinctly 
at  a  distance  and  only  4 
D  are  left,  enabling  the  person  to  get  distinct  images  of 
objects  twenty-five  centimetres  distant  by  the  extreme  em- 
ployment of  his  accommodation.  Donders'  formula  re- 
versed expresses  this  on  using  centimetres  as  follows  : 
1         1 


13.5  D. 


which  is  in  numerals 


^li  + 


P  35  "*■  12i  -  25' 

or  employing  dioptric  notation,  which  is  the  reciprocal  of 
the  focal  length, 

P=   _42)  +  8Z>  =  4i>; 
in  other  words,  the  distance  of  the  near-point  from  the 
eye  IS  equal  to  the  focal  length  of  a  glass  of  4  D  strength 
=  25  centimetres.  ° 

J^?^J^^'^^^^  "f  ^3"  ^  *^««  Accommodation.— From 
childhood  on,  the  rigidity  of  the  crystalline  lens  increases 
ana  the  extent  of  its  elastic  retraction  diminishes.  Hence 
the  range  of  accommodation  diminishes  as  the  years  ad- 
vance because  the  lens  cannot  retract  as  much  in  the  later 
period  of  life  as  during  youth,  though  the  contracting 
ciliary  muscle  relaxes  the  annular  ligament.  The  rano-? 
ot  accommodation  sinks  thus  from  beyond  ten  dioptrics, 

48 


during  childhood,  to  zero  toward  the  age  of  sixty  years. 
Donders  has  constructed  a  diagram  (Fig.  50),  based  on 
numerous  observations,  which  illustrates  this  decline  in  a 
graphic  manner.  The  heavy  line  represents  the  refraction 
of  the  eye  at  rest.  As  before  stated,  the  emmetropic 
eye  becomes  slightly  hypermetropic  in  advanced  age, 
presumably  from  an  actual  flattening  of  the  lens  or  a 
diminution  of  its  refractive  index.  The  range  of  accom- 
modation extends  from  the  heavier  line  of  passive  re- 
fraction to  the  thin  line  indicating  the  extreme  active 
adjustment  of  the  eye.  The  figures  at  the  bottom  give 
the  age  in  years  ;  those  at  the  side  the  (active  or  passive) 
adjustment  in  French  inches  (or  expressed  in  dioptrics  on 
the  right  side).  Occasionally  deviations  are  found  from 
this  standard  of  decline.  Thus,  among  others,  the 
writer  has  seen  a  gentleman,  seventy  years  of  age,  who 
could  read  the  finest  type  up  to  eight  inches'  distance. 
He  had  a  slight  myopia  and  myopic  astigmatism,  less 
than  1  D,  so  that  this  accommodative  range  was  still  a 
trifle  over  4  D,  a  very  unusual  amount  for  his  age.  Ex- 
ceptions of  the  opposite  liind,  a  falling  short  of  the 
accommodative  range  normal  to  the  age  of  the  patient, 
are  always  due  to  disease  of  the  eye  or  general  impair- 
ment of  the  health. 
43.  Innervation  of  the  Accommodative  Apparatus. — The 

ciliary  muscle  derives  its 
nerve  supply  from  the 
third  cranial  nerve  or 
motor  oculi,  which  sends 
the  motor  root  to  the 
ciliary  ganglion,  whence 
issue  the  ciliary  nerves 
which  penetrate  the 
sclera.  It  is  a  common 
clinical  observation  to 
find  paralyses  of  other 
branches  of  this  nerve 
accompanied  by  paraly- 
sis of  the  mechanism  of 
accommodation.  Expe- 
riments by  Trautvetter* 
have  shown  that  tlie 
fibres  of  accommodation 
run  in  the  trunk  of  the 
motor  oculi  in  pigeons, 
while  in  other  animals 
the  results  were  nega- 
tive. In  dogs,  Hensen 
and  Volkers  have  traced 
the  fibres  up  to  the  floor 
of  the  third  ventricle  of 
the  brain,  as  shown  by 
the  result  on  stimulating 
those  parts. 

Although  the  ciliary  muscle  consists  of  unstriated  fibres 
in  mammals,  its  movements  are  both  as  rapid  and  as 
much  under  the  control  of  the  will  as  those  of  any  striated 
muscle.  In  birds,  indeed,  having  evidently  a  very  ener- 
getic accommodative  mechanism,  the  ciliary  muscle  is 
striated.  "While  the  ciliary  movements  are  voluntary  in 
a  certain  sense,  we  are  ordinarily  not  conscious  of  any 
accommodative  effort.  The  movements  of  the  ciliary 
muscle  are  guided  by  the  retinal  impressions  which  we 
get  ot  the  objects  viewed,  and  may  hence  be  classed 
among  the  complicated  cerebral  reflex  movements.  The 
accuracy  of  these  movements  is  wonderful,  inasmuch 
as  the  most  rapid  changes  of  adjustment  of  the  eyes  for 
different  distances  never  give  rise  to  any  blurring  of  the 
images  for  which  the  eye  accommodates.  The  regulating 
mechanism  does  not  miscalculate  the  distance  of  the 
objects.  The  accommodating  movements  are  always 
accompanied  by  an  exactly  corresponding  convergence 
of  the  two  eyes,  so  that  in  normal  instances  the  object 
accommodated  for  is  also  the  one  toward  which  both 
eyes  are  directed,  so  as  to  place  its  image  in  the  centre  of 
the  retina  of  each  eye.  The  association  of  the  movements 
of  accommodation  and  convergence  is  so  intimate  that 
we  cannot  voluntarily  perform  either  movement  to  any 
appreciable  extent  without  the  other.    But  by  optic  means 
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■which  simulate  the  effect  of  one  or  the  other  movement, 
-we  can  temporarily  rupture  the  association.  Thus,  with 
a  given  degree  of  convergence  for  a  certain  fixed  object, 
we  can  either  force  ourselves  to  a  greater  accommodative 
effort  by  looking  through  concave  glasses,  or  relax  the 
accommodation  by  means  of  convex  spectacles.  Simi- 
larly, we  can  vary  the  degree  of  convergence  associated 
with  a  certain  accommodative  effort  by  jSacing  prisms  of 
variable  strength  and  inclination  in  front  of  one  or  both 
eyes.  The  ability  to  separate  these  two  movements 
ordinarily  associated  is  increasQd  by  practice.  It  is  evi- 
dent that  the  correlation  of  the  two  movements,  as  well 
as  the  disturbance  of  this  association  by  optic  means, 
subserve  the  same  purpose,  viz.,  distinct  vision  without 
double  images. 

44.  Movements  and  Nerves  of  the  Iris. — On  account  of 
the  association  with  the  accommodation,  the  movements 
of  the  iris  can  be  best  discussed  in  this  connection.  The 
iris  serves  the  purpose  of  an  optic  diaphragm,  the  aperture 
of  which  can  vary  in  size  according  to  necessity,  the 
physiological  limits  being  from  two  to  six  millimetres  diam- 
eter. By  reflex  action  the  pupil  contracts  with  increasing 
illumination,  therebjr  diminishing  both  the  fatiguing 
brightness  of  the  retmal  image  and  the  width  of  any  cir- 
cles of  diffusion  due  to  optic  imperfections.  When  the 
light  is  relatively  feeble,  a  large  pupil,  on  the  other  hand, 
permits  a  relatively  greater  brightness  of  the  retinal 
images,,  while  the  enlarged  circles  of  diffusion  do  not 
blur  the  sight  so  much,  on  account  of  their  feebler  inten- 
sity. The  pupil  contracts  also  with  each  accommodative 
effort,  thereby  diminishing  the  spherical  aberration,  which 
the  proximity  of  the  object  and  the  increased  convexity 
of  the  lens  would  produce.  Independently  of  external 
light,  the  pupil  is  very  narrow  during  sleep  and  during 
artificial  narcosis.  The  mechanism  of  this  latter  contrac- 
tion is  not  yet  known.  When  the  narcosis  is  interrupted 
by  any  sensory  stimulation,  or  by  asphyxia,  the  pupil  in- 
dicates this  change  by  dilatation. 

The  nerves  of  the  iris  are  the  ciliary  nerves,  coming 
from  the  ciliary  ganglion,  which,  in  man,  has  three  roots 
— the  short  root  from  the  motor  oculi,  the  long  root  from 
the  naso-cUiary  branch  of  the  fifth  nerve,  and  the  sympa- 
thetic fibres  reaching  the  ganglion  along  with  its  arteries. 
The  motor  oculi  controls  the  sphincter  muscle  of  the  iris. 
Its  experimental  irritation  contracts  the  pupil ;  its  section 
or  accidental  paralysis,  allows  it  to  remain  dilated.  The 
reflex  pupillary  contraction  produced  by  light  starts  with 
the  excitation  of  the  optic  nerve.  When  the  optic  nerves 
are  rendered  inactive  by  disease,  the  normal  play  of  the 
pupils  ceases,  and  they  remain  in  a  state  of  moderate  dila- 
tation. Excitation  of  one  optic  nerve,  however,  controls 
the  pupUs  of  both  eyes,  at  least  in  those  animals  which, 
like  man,  have  a  visual  field  common  to  both  eyes.  Hence, 
in  cases  of  unilateral  blindness  the  two  pupils  are  usually 
alike  in  size.  The  centre  concerned  in  this  reflex  action 
is  the  anterior  half  of  the  tubercula  quadrigemina 
(Budge).  Various  instances  of  disease  of  higher  parts  of 
the  brain  have  been  observed  with  integrity  of  these  parts, 
and  hence  sensitiveness  of  the  pupils  to  light,  although 
conscious  sight  did  not  exist.  According  to  i3rown-S6- 
quard  the  muscular  tissue  of  the  iris  itself  is  somewhat 
sensitive  to  light,  a  tonic  contraction  being  induced  in  it 
by  strong  Ught,  even  after  extirpation  of  the  eyeball. 

The  sympathetic  nerve  fibres  control  the  dilator  muscle 
of  the  iris.  The  existence  of  these  radiating  muscular 
fibres,  which  seemed  pretty  well  established  by  the  re- 
searches of  Henle,  Iwanoff,  and  Merkle,  after  much  con- 
troversy with  Gruenhagen,  has  latdy  been  questioned 
again  by  Eversbusch  (meeting  of  the  Heidelberg  Ophthal- 
mological  Society,  September,  1884).  He  maintains  that 
the  radiating  fibres  in  the  posterior  layer  of  the  iris,  which 
have  been  interpreted  as  smooth  muscular  fibres,  are 
really  nerve  fibres,  as  shown  by  various  staining  methods. 
If  these  statements  are  corroborated,  it  will  be  impossible 
to  account  satisfactorily  for  the  action  of  the  sympathetic 
nerve  on  the  iris.  The  view  that  these  nerves  change  the 
size  of  the  pupil,  through  their  action  upon  the  muscular 
walls  of  the  blood-vessels  of  the  iris,  is  not  well  supported 
by  the  facts. 
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Their  course  toward  the  eyeball  is  partly  along  the  walls 
of  the  arteries,  partly  along  anastomoses  which  join  the 
fifth  cranial  nerve.  Section  or  paralysis  of  the  sympa- 
thetic nerve  of  the  neck  is  followed  by  contraction  of  the 
pupil,  while  its  irritation  dilates  that  aperture.  These 
fibres  can  be  traced  through  the  rami  communicantes  of 
the  last  two  cervical  and  the  first  two  dorsal  nerves  into 
the  spinal  cord  (Budge  and  Waller).  The  reflex  centre 
of  these  fibres  is  partly  in  the  corresponding  region  of  the 
spinal  cord,  and  partly  in  the  medulla  oblongata.  Reflex 
dilatation  of  the  pupil  through  this  nerve-channel  can  be 
readily  induced  by  any  sensory  impression  through  most 
any  sensory  nerve,'  at  least  when  the  pupil  is  not  con- 
tracted by  strong  light,  especially  during  sleep  and  in- 
complete narcosis.  The  pupil,  indeed,  is  very  sensitive  to 
irritations  of  sensory  nerves.  It  is  not  known  that  this 
reflex  dilatation  is  of  any  utility. 

It  has  recently  been  asserted  by  Tuwim '  that  the  su- 
perior cervical  sympathetic  ganglion  maintains  a  shght 
tonus  of  the  dilator  nerves  of  the  iris,  independently  of, 
and  even  after,  its  separation  from  the  central  nervous 
systein.  Although  his  experiments  seem  conclusive,  the 
question  should  be  further  investigated,  since  this  would 
be  the  first  instance  known  of  tonic  activity  of  nerves 
maintained  by  a  sympathetic  gangUon. 

The  fifth  cranial  nerve  is  the  sensory  nerve  of  the  iris, 
endowing  it  with  very  great  sensibility.  Irritation  of  this 
nerve  contracts  the  pupil  very  energetically  in  some  ani- 
mals, for  instance  the  rabbit.  Section  of  the  nerve  has 
the  same  effect,  temporarily,  the  fibres  being  evidently 
kept  in  a  state  of  transitory  irritation  by  the  injury,  as 
occurs  as  well  in  certain  other  nerves.  This  influence  of 
the  fifth  nerve  upon  thf  pupil  does  not  exist  in  carnivo- 
rous animals.  The  observations  in  disease  of  that  nerve 
in  man  are  too  conflicting  to  be  decisive.  The  study  of 
eye  diseases  attended  with  irritation  renders  it  very  likely 
that  in  man  the  fifth  nerve  is  the  vaso-dilator  nerve  of  the 
iris,  and  that  its  reflex  excitation  congests  the  iris  and 
contracts  the  pupil  mechanically  by  the  engorgement  of 
the  vessels.  This  is  also  the  most  plausible  explanation 
of  the  intense  pupillary  contraction  obtained  on  punctur- 
ing the  anterior  chamber,  which  result  does'  not  occur  on 
operating  on  the  dead  eye. 

BiBLiOGKAPHY. — The  optic  properties  of  the  eye  were 
not  understood  until  Kepler,  in  1602,  evolved  the  theory 
of  optical  instmments  in  general.  The  importance  of  the 
various  parts  of  the  eye  in  refraction  was  further  eluci- 
dated by  the  Jesuit  Scheiner  in  1619.  Minor  additions 
were  successively  brought  out  by  the  labor  of  different 
authors,  but  it  was  only  after  Gauss  had  published  his 
mathematical  investigation  of  the  cardinal  points  ("  Diop- 
trische  IJntersuchungen,"  Gottingen,  1841)  that  the  com- 
plete theory  of  the  refraction  in  the  eye  could  be  deduced. 
This  was  done  successfully  by  Listing,  in  the  article 
"Dioptrik  des  Auges"  in  Wagner's  "  Handworterbuch 
der  Physiologic  "  (1853),  who,  by  a  critical  selection  of  the 
older  measurements  of  the  refractive  indices  of  the  eye  by 
Chossat  and  by  Brewster,  of  the  anatomical  measurements 
of  dimensions  and  curvature  by  Krause,  Kohlrausch,  and 
others,  determined  the  position  of  the  ocular  cardinal 
points  with  considerable  accuracy.  The  most  marvellously 
accurate  methods,  however,  for  measurements  of  the  living 
eye  were  first  introduced  by  Helmholtz,  who,  in  his 
"  Handbuch  der  physiologischen  Optik"  (1867),  has  pro- 
duced a  masterly  treatise  of  rare  originality,  which  every 
student  of  the  subject  must  consult  in  the  original.  Since 
the  publication  of  his  large  work,  the  first  part  of  which 
on  refraction  appeared  in  1856,  Helmholtz  has  pursued 
these  studies  vnth  the  aid  of  numerous  students,  most  of 
whose  articles  have  appeared  in  the  running  numbers  of 
the  ArcMv  fur  OphthMmologie.  In  an  article  by  Reich 
{Arch.  f.  Oplith.,  1874,  vol.  xx.,  1),  Helmholtz  corrects 
some  of  his  former  measurements  and  figures,  and  accepts 
as  more  nearly  representing  the  values  of  the  cardinal 
points  in  the  average  eye  the  figures  which  we  have  re- 
produced in  the  text  of  this  article.  Extensive  measure- 
ments, especially  of  the  curvature  of  the  cornea,  have  also 
been  made  by  Donders  ("Anomalies  of  Accommodation 
and  Refraction,"  1864)  and  by  Mauthner  ("  Vorlesungen 
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fiber  d.  optlschen  Fehler  des  Auges,"  1872),  and  more  re- 
cently by  Reuss  {Areh.f.  OpMhalmologie,  xvii.,  1,  p.  37). 
The  entire  theory  of  the  formation  of  images  in  the  eye, 
including  physiological  optics  in  general,  is  most  exhaus- 
tively treated  in  Aubert's  "  Grundzuge  der  phys.  Optik," 
in  vol.  ii.  of  Graefe  and  Saemisch's  "Handbuch  der  ge- 
sammten  AugenheUkunde  "  (1876),  while  important  recent 
additions  are  to  be  found  in  Nagel's  "  Anomalien  der  Re- 
fraction," in  vol.  vi.  of  the  same  work.  Very  complete  is 
also  the  treatise  of  Fick  in  vol.  iii.  of  Hermann's  "  Hand- 
buch der  Physiologic."  All  of  these  works  must  be  con- 
sulted for  the  complete  literature  of  the  subject.  In  the 
English  language  the  most  extensive  but  older  treatise  is 
the  work  by  Donders  on  "  Anomalies  of  Accommodation 
and  Refraction "  (1864),  which  book  marked  quite  an  era 
in  our  knowledge  of  the  physics  of  the  different  refractive 
conditions  of  the  eye.  In  connection  with  this  latter  sub- 
ject the  work  of  Jaeger  ("  Einstellungen  d.  dioptrischen 
Apparats,"  1861)  must  also  be  mentioned. 

■The  mechanism  of  accommodation  has  been  extensively 
discussed  by  former  authors,  by  whom,  however,  no  facts 
were  brought  forth  beyond  those  taught  by  every-day 
observation.  By  some  the  accommodative  changes  were 
refeiTed  to  the  variations  in  the  size  of  the  pupil,  while 
others  even  denied  the  existence  of  any  accommodation. 
The  most  complete  mathematical  discussion  was  furnished 
by  Th.  Young  in  the  "Philosophical  Transactions"  of 
1801,  in  which  it  was  shown  by  experiments  and  by  deduc- 
tions that  the  accommodation  cannot  depend  on  any 
changes  except  those  in  the  form  of  the  lens.  The  experi- 
mental proof  that  such  changes  do  occur  was  furnished 
simultaneously  and  independently  of  each  other  by  Cramer 
(in  various  publications  in  the  Dutch  language,  between 
1851  and  1855)  and  by  Helmholtz  {MoTiaUbenchte  d.  Ber- 
liner Academie,  February,  1853).  The  mode  of  action  of 
the  ciliary  muscle  was  first  explained  by  Helmholtz  theo- 
retically, and  has  since  been  confirmed  experimentally  by 
Hensen  and  Volkers,  who  have  likewise  studied  the  in- 
nervation of  the  accommodative  apparatus  ("Experi- 
mentaluntersuchung  fiber  den  Mechanismus  der  Accom- 
modation," 1868,  and  Arohivf.  Ophthalrmlogie,  1873,  vol. 
xix.).  Important  measurements  of  the  changes  in  the 
curvature  of  the  lens  during  accommodation,  and  a  mathe- 
matical inquiry  into  their  efliciency  were  published  by 
Knapp  (Archw  f.  Ophth.,  1860,  vols.  vi.  and  vii.).  Our 
knowledge  of  the  range  of  accommodation  in  health  and 
disease  is  due  mainly  to  the  researches  of  Donders 
("Anomalies  of  Accommodation  and  Refraction"). 

On  the  innervation  of  the  iris  there  exists  an  extensive 
literature,  scattered  throu^out  numerous  physiological 
and  ophthalmic  serials.  The  older  literature  is  exhaus- 
tively compiled  in  Budge's  "  Bewegungen  der  Iris,"  1855. 
The  present  writer  presented  likewise  a  full  review  of  the 
physiology  of  the  iris  in  the  Chicago  Journal  of  Mrwus 
and  Mental  Diseases  (April  and  July,  1874),  in  which  the 
complete  literature  up  to  that  date  can  be  found.  What- 
ever has  been  done  since  1874  is  explicitly  referred  to  in 
tlietext.  s.  GradXe. 

'  Nagel :  Anomal.  d.  Kefraotion,  in  &riiefe  and  Saemisch's  Handb.  d 
ges.  Augenheilkunde,  p.  461. 

"  Ueber  schiefcn  Durchgang  von  Strahlenbiindeln  durch  Linsen, 
Gratulationschrift  an  C.  Llidwig.    3874. 

>  Archives  of  Ophthalmology,  toI.  ix,  p.  29. 

<  Proceedings  of  the  International  Congress  at  Copenhagen,  1884 
Ophthalmic  Section.  ' 

»  Report  of  the  Heidelberg  Ophth.  Society  iu  Deutsche  med.  Wochen- 
achrift,  October  9,  1884. 

•  Archiv  f.  Ophthalmologie,  1866,  xli.,  p.  9B. 

'  Archiv  f.  d.  gesammte  Physiologie,  Bd.  xxlv.,  p.  115. 

ACCOMMODATION  AND  REFRACTION.  Patholo- 
GT.— The  normal  refractive  condition  of  the  eye  {emmetro- 
pia,  E)  is  best  described  as  a  correct  relation  between  the 
curvatures  of  the  refractive  surfaces  and  the  length  of 
the  antero-posterior  diameter  (axis)  of  the  eyeball.  In 
emmetropia,  parallel  rays,  such  as  are  received  from  any 
distant  object,  are  accurately  focussed  upon  the  retina  by 
virtue  of  the  refractive  power  of  the  eye,  without  aid 
from  the  accommodation.  If  this  normal  relation  is  dis- 
turbed, whether  through  abnormal  curvature  of  the  cor- 
nea or  the  anterior  or  posterior  surface  of  the  crystalline 
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lens,  or  through  a  variation  from  the  normal  length  of  the 
axis  of  the  eyeball,  a  refractive  anomaly  (ametropia)  is 
the  result. 

In  the  two  principal  tjrpes  of  ametropia  the  axis  of  the 
eyeball  is  actually,  in  most  cases,  either  too  short  or  too 
long.  In  the  former  case  the  refractive  power  of  the  eye 
is  insufficient  to  focus  parallel  rays  accurately  upon  the 
retina,  and  some  exercise  of  the  accommodation  is  neces- 
sary for  distinct  vision  at  a  distance.  For  the  focussing 
of  divergent  rays,  such  as  are  received  from  any  near 
object,  the  accommodative  adjustment  is  necessarily  in 
excess  of  that  which  the  emmetropic  eye  employs  for  dis- 
tinct vision  at  the  same  distance,  and  this  excess  is  always 
equal  to  the  degree  of  accommodation  required  for  vision 
at  a  distance.  From  the  fact  that  the  focus  for  parallel 
rays  is  behind  or  beyond  the  retina,  this  refractive  anom- 
aly has  received  the  name  hypermetropia,  H  (from 
iirepfierpos,  overmeasure,  and  ^^,  eye).  The  hyperme- 
trope,  if  his  accommodation  is  sufficient  to  overcome  the 
refractive  deficiency,  may  see  distinctly  at  all  distances, 
but  only  through  active  accommodative  effort,  and  gen- 
erally with  more  or  less  sense  of  fatigue,  when  the  eyes 
are  used  continuously.  Moreover,  as  the  range  of  the 
accommodation  has  always  a  nearly  definite  limit,  which 
is  closely  related  to  the  age  of  the  subject,  the  nearest 
point  of  distinct  vision  (near-point,  p)  is  always  somewhat 
further  from  the  eye  than  in  emmetropia.  Hypermetro- 
pia is  ordinarily  an  inherited  condition,  and  may  be  prop- 
erly considered  as  a  form  of  incomplete  development  of 
the  eyeball.     (See  Hypermetropia.) 

In  the  case  of  an  abnormally  long  axis  of  the  eyeball, 
parallel  rays  are  focussed  in  front  of  the  retina,  and  only 
divergent  rays  are  focussed  accurately  upon  it.  Such  an 
eye  is,  therefore,  fitted  only  for  near  vision,  and  for  this 
reason  is  called  near-sighted  or  short-sighted.  Short- 
sightedness was  known  to  the  classical  writers,  who  men- 
tion it  under  the  fanciful  name  myopia,  thus  precluding 
the  adoption  of  the  really  descriptive  name  Irachymetro- 
pia  (from  Ppaxi,  short,  /ifrpoy,  measure,  and  &\ji,  eye),  as 
suggested  by  Donders  to  express  the  opposite  condition  to 
hypermetropia.  The  myope  sees  all  distant  objects  indis- 
tinctly, and  he  sees  objects  at  some  definite  shorter  dis- 
tance (far-point,  r)  clearly,  without  exercise  of  the  ac- 
commodation. For  objects  which  lie  nearer  to  the  eye 
than  its  far-point,  the  myope  accommodates,  but  always 
less  than  does  the  emmetrope  for  the  same  distance. 
When  the  myope  makes  use  of  his  entire  accommodation 
he  is  able  to  see  clearly  at  a  somewhat  shorter  distance 
(near-point,  p)  than  can  the  emmetrope  under  the  same 
condition  of  full  accommodation.  Myopia  is  generally  an 
acquired  condition,  and  is  then  the  result  of  pathological 
distention  of  the  eyeball.     (See  Myopia.) 

The  emmetropic  eye  has  its  far-point  at  an  infinite  dis- 
tance, and  its  near-point  at  some  sliort  distance,  which  is 
determined  by  its  range  of  accommodation.  At  the  age 
of  twenty  years  this  is  equal  to  about  ten  metric  units 
(dioptrics'),  and  the  near-point  is  about  one-tenth  of  a 
metre  (10  ctm.  =4  in.)  from  the  eye.  In  myopia 
the  grade  of  the  refractive  anomaly,  expressed  in  diop- 
trics, determines  the  position  of  the  far-point,  and  from 
this  the  near-point  may  be  found  by  adding  the  number 
of  dioptrics  which  expresses  the  range  of  the  accommoda- 
tion. With  a  myopia  of  five  dioptrics  (5  D),  and  a  range 
of  accommodation  of  ten  dioptrics  (10  D),  the  far-point 
is  one-fifth  of  a  metre  (20  ctm.  =  8  in.)  from  the  eye, 
and  the  near-point  is  about  one-fifteenth  (tt^tis  =  -h) 
of  a  metre  (6.6  ctm.  =2.6  in.)  from  the  eye.  In  hy- 
permetropia the  grade  of  the  refractive  anomaly  is  sim- 
ilarly expressed  in  dioptrics,  but  with  the  minus  (— )  sign, 
and  the  place  of  the  near-point  is  determined  by  the  alge- 
braic sum  of  this  minus  quantity  and  the  plus  (-I-)  quan- 
tity which  represents  the  range  of  the  accommodation. 
With  a  hypermetropia  of  five  dioptrics  (—  5  D),  and  a 
range  of  accommodation  equal  to  ten  dioptrics  (10  D),  the 
place  of  the  near-point  is  determined  by  the  algebraic  ad- 
dition of  those  two  quantities  (10  D  —  5  D  =  5  D),  and 
is  one-fifth  of  a  metre  (30  ctm.  =8  in.)  from  the' eye. 
In  a  higher  grade  of  hypermetropia,  say  of  ten  dioptrics 
(10  D),  with  a  range  of  accommodation  equal  to  ten  diop- 
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tries  (10  D),  this  addition  (10  D  —  10  D  =  0  =  ^-)  places  the 
near-point  at  an  infinite  distance,  which  means  that  the 
full  exercise  of  the  accommodation  is  only  sufficient  for 
distinct  vision  at  a  distance,  and  that  the  eye  has  no  ac- 
commodation to  spare  for  vision  at  shorter  distances.  In 
a  still  higher  grade  of  hypermetropia,  say  of  fifteen  diop- 
trics ( —  15  D),  with  the  same  value  of  ten  dioptrics  (10  D) 
for  the  range  of  accommodation,  we  find  10  D  —  15  D  = 
—  5  D,  or,  in  other  words,  a  virtual  hypermetropia  of  five 
dioptrics  ( —  5  D),  notwithstanding  the  full  exercise  of  the 
accommodation.  In  the  highest  grades  of  hypermetropia 
there  is  no  distinct  vision  at  any  distance. 

It  is  only  in  emmetropia  that  the  entire  range  of  the 
accommodation  is  available  for  distinct  vision  at  all  dis- 
tances from  infinity  to  the  normal  near-point.  In  ame- 
tropia the  range  of  accommodation  remains  unchanged, 
but  the  limits  within  which  it  acts  are  displaced,  so  that  it 
is  rendered  less  effective  in  adjusting  the  eye  for  distinct 
vision  at  different  distances.  This  region  of  aecomm<oda- 
twn  may  vary  greatly  in  extent  according  to  the  kind  and 
degree  of  the  ametropia.  In  myopia  it  is  limited  for  dis- 
tance by  the  far-point  (r)  and  for  the  near  by  the  near- 
point  (p),  and  the  higher  the  grade  of  the  myopia  the 
nearer  are  these  two  points  to  each-  other.  In  hyperme- 
tropia a  part  of  the  accommodation  is  expended  in  the 
adjustment  of  the  eye  for  vision  at  a  distance,  and  the 
region  of  accommodation  is  correspondingly  curtailed 
through  the  recession  of  the  near-point  from  the  eye. 
Moreover,  in  hypermetropia  the  accommodation  is  over- 
taxed, and,  even  within  its  actual  limits,  its  exercise  is 
attended  with  some  degree  of  strain  and  consequent 
fatigue.  Lastly,  as  the  range  of  accommodation  dimin- 
ishes with  increasing  age,  the  near-point  recedes  more 
rapidly  than  in  emmetropia,  until  it  passes  the  limit  of 
distance  at  which  reading  is  possible,  and  premature  old 
sight  (presbyopia)  is  developed. 

The  positions  of  the  far-point  (r)  and  of  the  near-point 
{p),  respectively,  are  measured,  in  metres  and  centimetres, 
from  the  anterior  nodal  point  of  the  eye,  which  is  situ- 
ated in  the  crystalline  lens  near  its  posterior  surface. 
Representing  these  distances  by  R  and  P,  respectively,  the 
range  of  accommodation,  expressed  in  dioptrics,  by  A, 
and  the  degree  of  myopia  or  of  hypermetropia,  expressed 
also  in  dioptrics,  by  M  or  H,  respectively,  we  have  : 
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As,  however,  the  actual  limit  of  vision  for  distance  is 
infinity,  this  must  represent  the  position  of  the  far-point 
(»•)  in  hypermetropia,  and  the  expression  of  the  real  con- 
dition becomes  : 

In  hypermeii'opia,  R  =  oo, 

From  a  comparison  of  these  formulae  it  will  be  seen  that, 
with  the  same  range  of  accommodation,  the  region  of  ac- 
commodation is  most  extensive  in  emmetropia.  In  my- 
opia this  region  is  greatly  contracted  through  the  approach 
of  the  far-point  (r),  with  but  slight  and  generally  unim- 
portant compensation  in  the  approach  of  the  near-point 
(p)  to  the  eye.  In  hypermetropia  the  region  of  accommo- 
dation is  seriously  curtailed  through  the  recession  of  the 
near-point  (p)  from  the  eye,  while  the  far-point  (r)  re- 
mains, as  in  emmetropia,  at  infinity. 
By  the  correction  of  the  ametropia,  by  means  of  the 


proper  concave  or  convex  glass,  the  far-point  (r)  is  ad- 
justed to  infinity,  and  the  near-point  (p)  is  then  determined 
solely  by  the  range  of  accommodation  (A).  The  formula 
then  becomes  indentical  with  that  of  emmetropia : 
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We  have  thus  far  considered  only  the  case  of  ametropia 
as  if  in  a  single  eye,  and  have  ignored  all  complications 
growing  out  of  the  fact  that  vision  is  actually  the  result 
of  the  concurrent  action  of  the  two  eyes.  In  brief,  it 
may  be  stated  that  we  see  with  each  eye  the  object  or 
part  of  the  object  to  which  the  eye  is  directed,  and 
that  in  order  to  see  the  same  object  with  the  two  eyes, 
the  two  eyes  must  be  accurately  directed  each  to  the 
same  point,  and  this  point  must  be  a  point  for  whose 
distance  each  eye  is  accommodated.  There  is,  in  fact, 
a  very  intimate  connection  between  the  two  adjustments 
of  accommodation  and  conmergence,  which  may  lead  to 
important  complications  both  in  myopia  and  m  hyper- 
metropia. In  myopia,  we  have  seen  that  there  is  com- 
paratively little  occasion  for  the  exercise  of  the  accom- 
modation, but  the  need  for  convergence  remains  un- 
changed, or  may  even  be  somewhat  mcreased  by  reason 
of  the  shorter  distance  at  which  the  strongly  myopic  eye 
sees  small  objects.  This  normal,  or  excessive,  conver- 
gence may  in  turn  evoke  excessive  accommodation,  and  so 
necessitate  the  holding  of  the  book  still  nearer  to  the  eyes, 
thus  again  necessitating  still  stronger  convergence.  The 
needless  accommodation  which  is  thus  excited  may  cause 
the  myopic  eye  to  appear  more  strongly  myopic  than  it 
really  is,  and  may  lead  to  injurious  tension  of  accommoda- 
tion, and  through  this  to  a  progressive  increase  in  the 
grade  of  the  myopia.  On  the  other  hand,  the  eyes  may 
fall  into  the  habit  of  relaxing  the  accommodation  to  the 
degree  requisite  for  distinct  vision  at  or  near  the  far-point, 
and  this  relaxation  of  the  accommodation  may  be  attended 
by  a  corresponding  relaxation  of  the  convergence,  which 
may  lead  to  weakness  or  insufficiency  of  the  recti  interni 
muscles  (muscular  asthenopia) ,  and  ultimately  to  divergent 
strabismus.  In  hypermetropia,  as  we  have  seen,  the  eyes 
accommodate  even  in  distant  vision,  and  must  accommo- 
date more  strongly  than  in  emmetropia  in  order  to  see 
near  objects  distinctly.  Accordingly  in  hypermetropia 
one  of  two  complications  may  arise ;  either  the  conver- 
gence may  be  habitually  adjusted  to  the  distance  of  the 
object,  in  which  case  the  correlated  degree  of  accommoda- 
tion may  be  insufficient  for  distinct  vision  or  for  continu- 
ous work,  and  so  the  eyes  may  suffer  from  accommodative 
insufficiency  or  fatigue  (accommodative  asthenopia) ;  or,  on 
the  other  hand,  the  accommodation  may  be  maintained  to 
the  degree  requisite  for  distinct  vision,  and  this  excessive 
accommodative  effort  may  evoke  a  tendency  to  excessive 
convergence,  which  may  ultimately  develop  into  conver- 
gent strabismus.     (See  Strabismus.) 

The  effect  of  the  disturbed  correlation  between  the  ac- 
commodation and  the  convergence  in  ametropia  may  be 
concisely  formulated,  as  follows : 

In  myopia  there  is  a  tendency  to  abnormal  tension  of 
the  accommodation,  and  through  this  to  a  progressive  in- 
crease in  the  grade  of  the  myopia,  or  else  to  muscular 
asthenopia  and  insufficiency  of  the  recti  interni  muscles, 
and  ultimately  to  divergent  strabismus. 

In  hypermetropia  the  tendency  is  to  fatigue  or  insuffi- 
ciency of  the  accommodation  (accommodative  asthenopia), 
or  else  to  abnormal  tension  of  the  recti  interni  muscles, 
and  ultimately  to  convergent  strabismus. 

Astigmatism  is  a  refractive  anomaly  in  which  the  re- 
fractive power  of  the  eye  is  unequal  in  different  merid- 
ians (see  Astigmatism).  This  inequality  is  greatest  in 
two  meridians  which  lie  at  right  angles  to  each  other,  and 
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which  are  called  the  principal  meridians.  The  astigmatic 
eye  may  be  emmetropic  in  one  of  its  principal  mendians, 
in  which  case  it  is  either  myopic  or  hypermetropic  in  the 
other ;  or  it  may  be  either  myopic  or  hypermetropic  in 
both  meridians ;  or,  lastly,  it  may  be  myopic  in  one  of  its 
principal  meridians  and  hypermetropic  in  the  other.  If 
the  astigmatic  eye  is  hypermetropic  in  its  horizontal  merid- 
ian, the  accommodative  disturbances  are  generally  those 
which  belong  to  hypermetropia,  namely,  accommodative 
asthenopia,  or  a  tendency  to  convergent  strabismus  ;  if,  on 
the  other  hand,  the  eye  is  myopic  in  its  horizontal  merid- 
ian, the  complications  are  ordinarily  those  which  belong 
to  myopia,  namely,  accommodative  tension,  or  muscular 
asthenopia,  or  insufficiency.  Moreover,  as  in  astigmatism 
the  acuteness  of  vision  is  more  or  less  impaired,  the  incli- 
nation is  always  to  hold  the  book  quite  near  to  the  eyes, 
and  thus  the  tendency  to  accommodative  tension  or  to 
muscular  insufficiency,  on  the  one  hand,  or  to  muscular 
tension,  or  to  accommodative  insufficiency,  on  the  other 
hand,  is  materially  aggravated. 

Irregular  astigmatism  (see  Astigmatism)  necess'arily 
impairs  the  acuteness  of  vision  at  all  distances,  and  may 
prove  a  source  of  disability  or  of  danger  through  the 
forcing  of  the  accommodation  and  convergence  in  the 
effort  to  read  continuously  at  a  very  short  distance. 

The  correction  of  astigmatism,  together  with  anjr  ac- 
companying ametropia,  by  means  of  appropriate  cylindri- 
cal or  spherico-cylindrical  glasses,  both  improves  the 
acuteness  of  vision  and  removes  the  disabilities  incident 
to  the  displacement  of  the  region  of  accommodation. 
Even  in  irregular  astigmatism  a  part  of  the  refractive 
defect  may  often  be  corrected  by  means  of  cylindrical 
glasses,  with  corresponding  improvement  in  the  acute- 
ness of  vision. 

Unequal  refraction  in  the  two  eyes — anisometropia  (from 
o  privative,  To-os,  equal,  /i^rpov,  measure,  and  &\li,  eye) — 
may  give  rise  to  certain  complications  growing  out  of  the 
close  connection  between  accommodation  and  convergence. 
Moreover,  as  the  accommodation  is  always  equal  in  the 
two  eyes,  the  same  degree  of  inequality  must  exist  in  ac- 
commodation as  in  a  state  of  rest,  so  that  the  two  eyes 
are  never  accurately  accommodated  for  the  same  distance 
at  the  same  time.  In  order  to  see  any  object  clearly,  one 
of  the  eyes  must  accommodate  accurately  for  its  dis- 
tance, while  the  other  eye  is  necessarily  accommodated  for 
some  other  distance.  Hence,  one  of  the  retinal  images  Is 
distinct,  while  the  other  is  imperfectly  defined.  This 
difference  in  definition  is,  however,  not  of  much  impor- 
tance, for,  practically,  the  attention  is  attracted  to  the 
clearer  image,  and  the  confused  details  of  the  other  im- 
age are  disregarded.  Both  images  are,  however,  utilized 
in  binocular  vision,  as  is  shown  by  the  persistence  of  the 
faculty  of  estimating  differences  of  distance  and  of  ap- 
preciating the  form  of  solid  objects  (stereoscopic  vision). 
On  theoretical  grounds  a  certain  improvement  in  the 
acuteness  of  vision  might  be  expected  from  the  accurate 
correction  of  both  eyes  by  means  of  glasses  of  different 
foci,  and  this  is  undoubtedly  true  in  the  case  of  lesser 
differences  in  refraction,  but  in  cases  of  greater  difference, 
equalizing  glasses  may  not  be  readily  accepted.  A  per- 
son with  one  emmetropic  eye  of  normal  acuteness  will 
not  ordinarily  accept .  glasses  for  the  sole  purpose  of 
remedying  a  visual  defect  of  which  he  is  perhaps  un- 
conscious and  which  causes  him  no  inconvenience,  and, 
similarly,  most  persons  with  ametropia  of  a  different 
grade  in  the  two  eyes  will  rest  satisfied  with  glasses  of 
equal  foci,  which  leave  the  existing  refractive  difference 
unchanged.  Hence  the  general  rule  not  to  give  glasses 
for  an  uncomplicated  refravUive  error  of  one  eye,  and, 
except  in  the  case  of  a  trifliing  difference  (one  dioptric  or 
less),  to  give  glasses  of  equal  foci,  selected  with  reference 
to  the  eye  which  is  habitually  in  use,  in  cases  of  uncom- 
plicated refractive  error  of  a  different  grade  in  the  two 
eyes. 

The  complications  which  may  make  it  necessary  to  pre- 
scribe glasses  of  different  foci  in  anisometropia;  occur 
chiefly  in  cases  of  myopia  of  one  eye,  or  of  myopia  of  a 
different  grade  in  the  two  eyes.  In  myopia  of  one  eye, 
with    emmetropia    or   moderate   hypermetropia   of  the 
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other,  the  myopic  eye  is  ordinarily  used  in  reading  and 
the  emmetropic  or  hypermetropic  eye  in  distant  vision. 
Such  a  person  may  suffer  from  muscular  asthenopia  or 
insufficiency  of  the  recti  interni,  as  a  consequence  of  the 
habitual  relaxation  of  the  accommodation  in  reading,  or 
from  injurious  tension  of  the  accommodation,  with  a  ten- 
dency to  progressive  increase  of  the  grade  of  myopia,  . 
incident  to  the  habit  of  converging  accurately  for  the 
reading  distance.  In  such  cases  it  is  .generally  best  to 
correct  the  myopic  eye  by  means  of  a  suitable  concave 
glass,  and  to  prescribe  for  the  other  eye  either  a  plane 
glass  or  a  convex  glass  suited  to  the  grade  of  its  hyperme- 
tropia. In  myopia  of  a  different  grade  in  the  two  eyes  it 
is  the  rule  to  correct  the  less  myopic  eye  for  distance,  and 
to  give  the  same  glass,  or  one  of  shorter  focus,  to  the  more 
myopic  eye,  as  may  be  found  most  satisfactory  upon 
trial.  If  the  difference  in  the  refraction  of  the  two  eyes 
is  large  (two  dioptrics  or  more),  a  partial  correction  of 
the  more  myopic  eye  may  be  preferred  in  the  beginning, 
and  the  full  correction  may  be  demanded  after  the  lapse 
of  a  few  weeks  or  months.' 

Apliakia  (from  o,  privative,  and  ^oxh  =  lens,  a  lentil) 
is  the  condition  in  which  the  crjsstalline  lens  is  either 
wholly  wanting  or  is  so  displaced  that  it  no  longer  lies  in 
the  axis  of  the  eyeball.  Of  the  total  refraction  of  the  eye 
(about  50  dioptrics)  about  five-eighths  (31.5  dioptrics)  is 
due  to  the  cornea,  and  about  three-eighths  (18.5  dioptrics) 
is  due  to  the  crystalline  lens.  The  aphakial  eye  has  there- 
fore sustained  a  loss  of  refractive  power  equal  to  18.5 
dioptrics,  besides  the  loss  of  its  entire  accommodation, 
which  in  youth  amounts  to  about  ten  dioptrics  more. 
In  correcting  aphakia  by  means  of  a  convex  glass,  the 
position  of  the  glass  (about  half  an  inch  in  front  of  the 
cornea)  is  considerably  more  advantageous  than  that  of 
the  crystalline  lens  which  it  replaces,  and  consequently  a 
glass  of  about  eleven  dioptrics  is  sufficient,  in  most  cases, 
to  make  good  the  refractive  deficiency.  The  retinal  image 
is  also  enlarged  by  about  one  third,  in  consequence  of  the 
change  in  the  position  of  the  nodal  point.  A  certain  de- 
gree of  accommodation,  with  additional  enlargement  of 
the  retinal  image,  may  be  obtained  by  holding  the  glass 
farther  from  the  eye,  but  the  distance  at  which  the  glass 
can  be  easily  held  is  limited  to  the  length  of  the  nose,  and 
is  too  small  to  admit  of  the  necessary  adjustment  for  read- 
ing. Hence  two  glasses  are  generally  required,  a  weaker 
glass,  of  ten  or  eleven  dioptrics,  for  distant  vision,  and  a 
stronger  glass,  of  fourteen  or  fifteen  dioptrics,  for  reading. 
If  the  aphakial  eye  is  of  hypermetropic  construction,  pro- 
portionally stronger  glasses,  and  if  of  myopic  construction, 
proportionally  weaker  glasses,  are  required.  In  the  case 
of  aphakia  of  one  eye,  with  normal  visual  acuteness  of  the 
other  eye,  it  is  hardly  practicable  to  equalize  the  refrac- 
tion, even  for  distance,  by  means  of  glasses  of  different 
foci ;  but  the  aphakial  eye,  though  uncori'ected,  takes 
some  part  in  binocular  vision,  and  is  of  use  not  only  by 
enlarging  the  general  field  of  vision,  but  also  by  assisting 
in  the  estimation  of  distances.  A  considerable  grade  of 
astigmatism  is  frequently  present  in  aphakia,  which  may 
be  due  either  to  original  asymmetry  of  the  cornea  or  to  an 
acquired  distortion  of  the  cornea  incident  to  the  healing  of 
the  incision  in  the  operation  for  the  extraction  of  cataract. 
Low  grades  of  astigmatism  are  often  overcome  by  looking 
obliquely  through  the  strong  convex  glasses  worn  to  cor- 
rect the  aphakial  condition  ;  higher  grades  may  require 
correction  by  a  spherico-cylindrical  lens.  (See  Astigma- 
tism.) 

DisoRDEBS  OP  ACCOMMODATION  may  occur  as  a  result 
either  of  an  abnormal  condition  of  the  special  organ  of  ac- 
commodation, the  crystalline  lens,  or  of  disordered  in- 
nervation. 

The  absence  of  the  crystalline  lens  involves  not  only  a 
notable  reduction  in  the  refractive  power  of  the  eye,  but 
also  the  total  loss  of  accommodation. 

Cases  of  ectopia  lentis  (from  ^leroros,  out  of  place),  and 
of  incomplete  luxation  of  the  crystalline  lens  from  injury 
to  the  eye  have  been  observed,  in  which  the  lens  has  re- 
mained nearly,  or  quite,  transparent.  In  such  cases  the 
refractive  power  of  the  eye  is  generally  considerably  in- 
creased, owing  probably  to  an  increase  in  the  convexity  of 
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the  lens,  but  the  faculty  of  voluntaiy  accommodation  is 
wholly  wanting. 

The  progressive  hardening  of  the  crystalline  lens,  which 
has  already  begun  in  youth,  and  which  goes  on,  probably, 
throughout  the  entire  duration  of  life,  becomes,  after  mid- 
dle life,  an  insurmountable  obstacle  to  such  changes  in 
the  form  of  the  lens  as  are  essential  to  perfect  accommo- 
dation for  the  usual  reading  distance  (see  Presbyopia). 
Only  in  myopia  is  there  an  apparent  exception  to  this 
statement,  owing  to  the  fact  that  the  far-point  (?•)  often 
lies  so  near  to  the  ej;e  as  to  bring  it  within  the  ordinary 
reading  distance  of  thirty  centimetres  (twelve  inches).  In 
such  cases  the  myope  never  becomes  presbyopic  in  the 
sense  of  being  unable  to  read  without  the  aid  of  convex 
glasses;  but  whereas  in  youth  he  reads  easily  with  the 
concave  glasses  which  perfectly  correct  his  myopia,  he  is 
compelled,  with  advancing  age,  either  to  lay  aside  his 
glasses  in  reading,  or  to  exchange  them  for  weaker  con- 
cave glasses  than  those  through  which  he  sees  well  at  a 
distance.  In  hypermetropia,  on  the  other  hand,  the  loss 
of  accommodation  shows  itself  by  an  early  recession  of 
the  near-point  {p),  so  that  help  is  sought  from  convex 
glasses,  perhaps  long  before  the  usual  age  of  from  forty 
to  forty-flve  years.  Still  the  hypermetrope,  wearing  con- 
vex glasses  which  correct  his  hypermetropia,  is  able  both 
to  see  at  a  distance  and  to  read,  and  it  is  only  at  the  age 
of  about  forty-flve  years  that  he  finds  himself  compelled 
to  exchange  these  glasses  for  stronger  reading  glasses. 
Under  no  circumstances  can  a  presbyope  see  clearly  at  a 
distance  and  read  easily  with  the  same  glasses.  Either  he 
is  an  emmetrope,  in  which  case  he  requires  convex  glasses 
for  reading,  but  none  for  distant  vision ;  or  he  is  a  myope, 
and  so  requires  concave  glasses  for  the  distance,  and 
weaker  concave  glasses,  or  no  glasses  at  all,  for  reading ; 
or  he  is  a  hypermetrope,  and  so  sees  distinctly  at  a  dis- 
tance with  convex  glasses,  but  requires  stronger  convex 
glasses  for  reading. 

Paralysis  or  paresis  of  accommodation  from  defective 
innervation  may  be  the  result  of  an  affection  implicating 
the  terminal  branches  of  the  ciliary  nerves,  or  any  part  of 
the  nervous  tract  between  these  and  the  central  origin  of 
the  motor-oculi  nerve  in  the  ganglia  and  cortex  of  the 
brain.  With  rare  exceptions  it  is  accompanied  by  dilata- 
tion and  loss  of  mobility  of  the  pupil  (mydriasis),  and  in 
many  cases  also  by  paralysis  or  paresis  of  one  or  more  of 
the  ocular  muscles  supplied  by  the  motor-ocuU  nerve, 
namely,  the  levator  palpebrae  superioris,  the  rectus  supe- 
rior, the  rectus  inferior,  the  rectus  internus,  and  the 
obliquus  inferior. 

A  typical  example  of  paralysis  of  accommodation  de- 
pendent on  impairment  of  the  function  of  the  terminal 
branches  of  the  ciliary  nerves,  is  that  which  follows  the 
instillation  of  a  mydriatic  solution  into  the  conjunctival 
sack.  Within  fifteen  minutes  after  the  instillation  of  a 
drop  of  a  solution  of  atropia  sulphate  of  a  strength  of  one 
per  cent.  (1  :  100),  the  pupil  begins  to  dilate,  and  within 
half  an  hour  the  dilatation  reaches  its  maximum,  and  the 
pupil  no  longer  contracts  under  the  stimulus  of  strong 
light.  Shortly  after  the  establishment  of  full  mydriasis, 
or  about  half  an  hour  after  the  instillation,  the  near-point 
(p)  begins  to  recede  rapidly  from  the  eye,  and  the  paralysis 
of  accommodation  is  complete  at  the  end  of  an  hour  and  a 
half.  The  dilatation  of  the  pupil  and  the  paralysis  of  ac- 
commodation continue  without  sensible  change  for  about 
two  days,  after  which  both  begin  to  pass  away,  the  former 
very  gradually,  the  latter  more  rapidly  for  two  or  three 
days  and  afterward  more  slowly,  until  at  the  end  of  ten  or 
twelve  days  the  effect  of  the  diTig  disappears  altogether. 
The  effect  of  very  weak  solutions  of  atropia,  say  of  a 
strength  of  one-hundredth  of  one  per  cent.  (1  :  10,000)  is 
to  dilate  the  pupil  in  the  course  of  an  hour  and  a  half  or 
two  hours,  but  without  rendering  it  immovable  under  the 
influence  of  bright  light,  and  without  greatly  affecting  the 
accommodation.  Under  the  action  of  atropia  the  near- 
point  (p)  recedes  from  the  eye  until  it  comes  to  coincide 
with  the  far-point  (r).  Hence  the  visual  disturbance  varies 
very  conspicuously  according  to  the  refractive  condition 
of  the  eye.  In  emmetropia  distant  vision  remains  clear, 
but  accommodation  for  the  near  is  rendered  impossible  ; 


in  hypermetropia  vision  becomes  indistinct  for  the  dis- 
tance, and  still  more  so  for  the  near  ;  while  in  myopia  of 
a  rather  high  grade  there  may  be  no  trouble  in  reading, 
and  the  loss  of  accommodation,  within  the  narrow  limit 
of  distance  between  the  far-point  and  the  near-point,  may 
give  rise  to  little  inconvenience  or  may  even  pass  un- 
noticed. To  the  hypermetrope  or  myope  wearing  glasses 
which  correct  his  refractive  defect  the  visual  disturbance 
is  the  same  as  in  emmetropia.  Several  other  plants,  be- 
longing mostly  to  the  natural  family  solanacem,  or  to  a 
closely  allied  order,  yield  alkaloids  whose  action  is  nearly 
identical  with  that  of  atropia,  and  quite  recently  a  valuable 
mydriatic  property  has  been  discovered  in  cocaine,  the 
active  principle  of  erythroxylon  coca. 

Concussion  of  the  eyeball  is  sometimes  followed  by 
weakening  or  loss  of  the  accommodation,  conjoined  with 
dilatation  of  the  pupil.  This  condition  may  soon  pass 
away,  or  it  may  be  permanent.  It  is  evidently  the  result 
of  injury  to  the  ciliary  nerves,  in  the  ciliary  region  of  the 
eye. 

Diphtheria  is  often  followed  by  paresis  of  accommo- 
dation, with  some  enlargement  of  the  pupils.  It  occurs, 
as  a  rule,  after  recovery  from  the  throat  affection,  and 
has  ordinarily  a  duration  of  several  weeks,  or  perhaps  of 
two  or  three  months.  It  is  frequently  associated  with 
paresis  of  the  palatine  muscles,  giving  rise  to  charac- 
teristic alteration  of  the  speech.  The  external  muscles  of 
the  eye  are  seldom  affected,  but  cases  of  true  convergent 
strabismus  have  been  observed  as  a  result  of  excessive 
efforts  to  accommodate  in  the  weakened  condition  of  the 
accommodative  apparatus.  The  symptoms  of  paresis  of 
accommodation  following  diphtheria  are  essentially  the 
same  as  in  asthenopia  resulting  from  the  overloading  of 
the  accommodation  in  hypermetropia,  and  the  use  of  con- 
vex glasses  is  often  indicated  as  an  aid  in  reading  during 
the  continuance  of  the  disability ;  the  instillation  of  a  drop 
of  a  weak  solution  of  pilocarpine,  two  or  three  times  a 
day,  is  also  of  positive  utility  ia  many  cases. 

Syphilis  is  recognized  as  an  occasional  cause  of  paralysis 
of  accommodation  with  mydriasis.  It  occurs  ordinarily 
as  one  of  the  later  manifestations  of  the  disease,  and  is 
not  generally  amenable  to  treatment. 

Pressure  upon  the  ciliary  nerves,  from  intraorbital 
haemorrhage,  inflammatory  exudation,  tumor,  etc.,  may 
give  rise  to  loss  of  accommodation  and  dilatation  of  the 
pupil,  without  affecting  the  function  of  any  of  the  exter- 
nal muscles  of  the  eyebaU. 

In  lesions  affiecjting  the  conductivity  of  the  motor-oculi 
nerve,  the  accommodative  disturbance  and  dilatation  of 
the  pupil  are  accompanied  by  paralysis  of  the  levator 
muscle  of  the  upper  lid,  of  the  recti  muscles  (excepting 
the  abducens),  and  of  the  inferior  oblique  muscle. 

Mydriasis,  with  loss  of  accommodation,  may  occur  as  a 
symptom  of  intracranial  disturbance,  affecting  the  central 
origins  of  the  motor-oculi  nerve.  Such  disturbance  may 
be  the  result  of  a  pathological  process  (syphilis,  embolism, 
etc.),  in  which  case  it  is  apt  to  be  associated  with  paraly 
sis  of  one  or  more  of  the  external  muscles  of  the  eyeball. 

Exposure  to  sudden  changes  of  temperature,  sitting  in 
a  cold  draught,  etc.,  are  sometimes  followed  by  paralysis 
of  one  or  more  of  the  motor  nerves  of  the  eye  or  of  the 
eyelid.  These  cases,  which,  in  the  absence  of  positive 
knowledge,  are  generally  designated  as  rheumatic,  end 
frequently  in  perfect  recovery  after  a  few  days  or  weeks  ; 
in  other  instances  they  prove  rebellious  to  all  treatment. 

The  constitutional  effect  of  an  overdose  of  any  one  of 
the  common  mydriatic  drugs  (belladonna,  datura,  hyos- 
cyamus,  duboisia),  administered  by  the  stomach  or  hy- 
podermically,  is  marked  by  conspicuous  dilatation  of 
the  pupils,  with  loss  of  accommodation.  If  the  patient 
survives  the  toxic  influence,  these  symptoms  disappear 
after  a  short  time. 

True  spasm  of  accommodation,  as  distinguished  from 
the  condition  of  accommodative  tension  already  noticed 
in  connection  with  ametropia,  is  of  quite  rare  occurrence, 
and  is  a  result  of  irritation  of  the  ciliary  nerves  or  the 
oculo-motor  nerve-centres,'  or  of  a  paralytic  affection  of 
the  cervical  sympathetic.  It  is  associated  with  contraction 
of  the  pupil  (myosis),  and  is  the  exact  opposite  of  accom- 
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modative  paralysis  with  mydriasis.  Certain  drugs  {myo- 
tics), Instilled  into  tlie  conjunctival  sack,  have  the  property 
of  evoking  accommodative  spasm  with  myosis,  which  may 
be  studied  hy  observing  the  action  of  a  single  drop  of  a 
solution  of  eserine  sulphate  (the  active  alkaloid  of  Calabar 
bean)  of  the  strength  of  one-half  of  one  per  cent.  (1  :  200). 
Contraction  of  the  pupil  and  spasm  of  accommodation 
begin  nearly  simultaneously  within  about  ten  minutes, 
and  both  reach  a  maximum  in  from  thirty  to  forty  min- 
utes. After  about  two  hours,  the  far-point  (r),  which  at 
the  height  of  the  action  of  the  drug  is  not  over  twenty 
centimetres  (eight  inches)  from  the  eye,  is  found  to  have 
receded  to  its  normal  position  (oo  in  the  emmetropic  eye), 
but  the  near-point,  in  voluntary  accommodation,  is  con- 
siderably nearer  to  the  eye  than  normal  after  the  lapse  of 
six  hours,  thus  showing  a  positive  increase  in  the  range  of 
accommodation.  The  contraction  of  the  pupil  begins  to 
diminish  after  about  two  hours,  at  first  slowly,  then  more 
rapidly  for  about  four  hours  more,  and  afterward  slowly 
until,  at  the  end  of  two  days,  the  pupil  has  nearly  or  quite 
regained  its  normal  diameter.  With  a  weaker  solution  of 
eserine  the  spasm  of  accommodation  is  much  less  than 
with  the  half  per  cent,  solution,  and  is  painless ;  with  the 
stronger  solution  the  action  is  accompanied  by  a  sensation 
of  spasmodic  twitching,  and  with  some  pain.  Pilocarpine, 
the  active  alkaloid  of  jaborandi,  is  much  milder  in  its 
action  than  eserine,  but  is  nevertheless  an  efficient  myotic, 
and  exerts  also  a  very  positive  effect  in  stimulating  the 
accommodation. 

Contraction  of  the  pupil  is  frequently  observed  in  cen- 
tral nervous  affections,  and  notably  in  tabes  dorsalis. 
Myosis,  with  spasm  of  the  accommodation,  follows  also 
the  administration  of  large  doses  of  eserine,  opium,  and, 
probably,  some  other  drugs,  internally.  The  internal  or 
hypodermic  use  of  pilocarpine  does  not  produce  contrac- 
tion of  the  pupil  or  spasm  of  accommodation. 

John  Cfreen. 

'  Dioptric  (or  dioptry),  a  word  proposed  by  Monoyer  to  designate  the 
unit  of  the  metric  system ;  it  is  the  generally  received  expression  for 
a  lens  of  one  metre  focal  length,  which  is  almost  exactly  equivalent  to 
the  glass  numbered  40  ( V40)  ^  ^^^  °^^  French  system. 

3  In  a  case  of  myopia  of  4.5  dioptrics  in  the  right  eye,  with  hyperme- 
tropia  of  5.5  dioptrics  in  the  left  eye,  which  came  under  the  care  of  the 
writer  about  ten  years  ago,  the  right  eye  was  first  corrected  by  a  concave 
glass  of  4.5  dioptrics,  and  a;  plane  glass  was  given  for  the  left  eye. 
The  patient,  a  young  man  of  eighteen  years,  was  well  satisfied  with  those 
glasses  for  a  few  weeks,  and  then  demanded  a  correction  for  the  left 
eye.  At  the  end  of  ten  weeks  he  was  wearing  correcting  glasses  for  both 
eyes  with  comfort,  and  still  wears  the  same  glasses  with  entire  satisfao- 
tion. 

8  Irritation  of  the  fifth  cranial  nerve  (ophthalmic  division)  is  followed 
by  contraction  of  the  pupil,  and  the  same  phenomenon  may  attend  iiTi- 
tation  of  the  terminal  branches  of  this  nerve  in  the  cornea.  Myosis  from 
this  cause  may  also  be  attended  with  spasm  of  accommodation. 

ACETABULUM,  Fbactukbs  of,  may  be  divided  into 
compound  and  subcutaneous,  or,  as  regards  their  causa- 
tion, into  direct  and  indirect.  The  hip-joint  is  so  deeply 
situated  and  so  efficiently  protected  by  the  surrounding 
bony  projections  and  soft  tfssues  against  direct  violence 
that  fractures  produced  in  this  manner  almost  invariably  be- 
long to  the  compound  variety,  and,  in  the  great  majority  of 
cases,  they  are  the  result  of  gunshot  injuries.  Gunshot 
wounds  of  the  hip- joint,  with  or  without  fracture  of  the 
acetabulum,  have  always  been  considered  by  surgeons  as 
formidable  and  dangerous  lesions.  Pirogoff  made  the 
statement  that  during  the  Crimean  War  all  injuries  of 
this  kind  proved  fatal.  During  the  war  of  the  Rebellion 
nearly  all  eases  of  gunshot  injuries  of  the  hip-joint  treated 
on  the  conservative  plan  resulted  in  death.  Of  63  cases 
of  similar  injury  where  resection  was  performed,  only  5 
recovered.  In  his  classical  treatise  on  this  subject,  B. 
von  Langenbeck  collected  119  cases  which  occurred  dur- 
ing the  Franco-Prussian  war,  with  29  recoveries ;  88  were 
treated  on  the  expectant  plan,  with  25  recoveries  ;  31  were 
submitted  to  excision,  with  4  recoveries. 

The  acetabulum  may  be  fractured  without  injury  of  the 
head  or  neck  of  the  femur,  as  the  bullet  may  impinge 
upon  the  floor  of  the  acetabulum,  from  within  the  pelvis, 
with  sufficient  force  to  break  the  bone,  producing  a  fissure 
or  stellate  fracture  of  its  base,  or  it  may,  in  its  course, 
carry  away  the  rim  of  the  cotyloid  cavity.     An  exceed- 
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ingly  interesting  case,  illustrating  the  latter  assertion,  is 
reported  by  Dr.  J.  F.  Miner,  of  Buffalo  (Buffalo  Med. 
and  Surg.  Journal,  vol.  v.,  p.  383).  Lieutenant-Colonel 
James  Strong,  of  the  Thirty-eighth  New  York  Volunteers, 
was  wounded.  May  5, 1862,  at  the  battle  of  Williamsburg, 
Va.  The  ball  entered  a  little  below  the  anterior  superior 
spinous  process  of  the  ilium,  and  made  its  exit  near  the 
outer  margin  of  the  sacrum.  The  ball  passed  deeply,  and 
fractured,  in  its  course,  the  rim  of  the  acetabulum,  which 
was  removed,  an  inch  and  a  half  in  length,  and  of  a 
diameter  sufficient  to  show  that  the  whole  upper  rim  had 
been  carried  away.  This  fragment  of  bone  was  removed 
from  the  wound  at  the  dressing  made  in  the  hospital  to 
which  he  was  carried,  after  having  lain  on  the  field  for 
some  hours.  The  wound  was  very  large,  and  a  thorough 
examination  could  be  made  by  the  easy  passage  of  the 
finger.  The  patient  passed  through  a  serious  and  pro- 
longed illness  from  the  suppuration  and  hectic  fever  which 
followed,  but  finally  recovered,  with  five  inches  shorten- 
ing of  the  limb,  inward  rotation  of  the  foot,  and  bony 
anchylosis  between  the  dislocated  thigh-bone  and  the 
ilium.  The  points  of  entrance  and  exit  of  the  projectile 
furnish  valuable  information  in  regard  to  the  probable 
injury  of  the  acetabulum  in  gunshot  fractures  of  the  hip- 
joint.  In  the  case  just  reported,  the  ball  entered  just 
below  the  anterior  superior  spinous  process  of  the  ilium, 
and  passed  out  near  the  margin  of  the  sacrum,  leaving 
intact  the  head  of  the  femur,  but  opening  the  hip-joint  by 
carrying  away  the  superior  and  posterior  margin  of  the 
rim,  thus  permitting  the  subsequent  dorsal  dislocation  of 
the  head  of  the  femur  by  muscular  force.  B.  von  Lan- 
genbeck states  that,  in  case  the  ball  enters  directly  below 
and  toward  the  outer  side  of  the  spine  of  the  pubes,  and 
takes  its  exit  in  the  region  behind  the  greater  trochanter 
of  the  same  side,  as  a  nile  it  penetrates  the  hip- joint ; 
and,  at  the  same  time,  it  fractures  in  its  course  the  upper 
rim  of  the  acetabulum.  Escape  of  synovial  fluid,  swell- 
ing in  the  region  of  the  hip- joint  from  extravasation  of 
blood  or  the  products  of  inflammation,  preternatural  mo- 
tion in  the  joint,  crepitation,  and  dislocation  of  the  head 
of  the  femur  spontaneously,  or  on  manipulation,  are  other 
important  diagnostic  symptoms.  The  most  important 
information  regarding  the  exact  nature  of  the  injury  is, 
however,  obtained  by  enlarging  the  track  of  the  bullet  and 
rendering  the  hip-joint  accessible  to  touch  and  sight.  This 
procedure,  done  under  antiseptic  precautions,  alfords  not 
only  an  opportunity  to  ascertain  the  true  nature  and  grav- 
ity of  the  injury,  but  it  is  imperatively  called  for  as  the 
first  and  most  important  step  in  the  treatment.  All  for- 
eign bodies  and  detached  pieces  of  bone  should  be  re- 
moved, all  haemorrhage  carefully  arrested,  and'the  whole 
injured  surface  and  surrounding  parts  thoroughly  disin- 
fected ;  effective  drainage  should  be  established,  and  every 
possible  source  of  infection  guarded  against  by  dressing  the 
wound  antiseptically.  All  these  measures  are  essential, 
as  the  success  of  the  operation  and  the  life  of  the  patient 
depend  on  procuring  and  maintaining  an  aseptic  condition 
of  the  wound.  The  leading  principle  in  the  treatment 
should  be,  from  the  very  beginning,  to  convert  the  com- 
pound into  a  simple  fracture,  and  thus  protect  the  patient 
against  the  disastrous  consequences  of  traumatic  infection, 
exhausting  suppuration,  pyaemia,  and  septicaemia. 

Subcutaneous  or  simple  fractures  are  again  divided  into 
those  which  involve  the  floor  and  those  which  involve  tho 
rim  of  the  acetabulum.  This  division  rests  on  clinical  ex- 
perience as  well  as  on  the  results  of  experimental  research. 
Fractures  of  the  base  or  floor  of  the  acetabulum,  notwith- 
standing their  rare  occurrence,  yet  present  a  great  diver- 
sity in  the  direction  and  extent  of  the  line  of  fracture. 
Courant  observed  a  fracture  which  traversed  the  ilio-pec- 
tineal  tubercle,  the  entire  acetabulum,  and  the  ischium. 
Earle  and  Travers  describe  two  cases  where  two  lines  of 
fracture  passed  through  the  acetabulum  ;  Neill  and  San- 
som  saw  cases  with  three  lines  of  fracture  which  extended 
beyond  the  rim.  In  Dr.  Neill's  specimen  the  lines  of 
fracture  followed  those  Of  the  embryonal  division  of  the 
bone ;  the  union  which  followed  was  complete,  and  there 
was  very  little  callus  on  the  articular  surface,  a  circum- 
stance undoubtedly  due  to  the  slight  displacement  of  the 


EEFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


A  ccommodatlon. 
Acetabulum. 


fragments.  More  serious  to  the  life  of  the  patient  and 
the  future  utility  of  the  limb  are  those  cases  where  a  mul- 
tiple fracture  at  the  base  exists  with  such  wide  separation 
between  the  fragments  as  to  allow  the  head  of  the  fe- 
mur to  be  driven  into  the  pelvis  by  the  fracturing  force, 
thereby  producing  an  intrapelvic  dislocation  of  the  thigh. 
A  number  of  such  cases  have  been  reported.  Astley 
Cooper  alludes  to  three  cases.  In  two  of  these  the  thigh 
was  rotated  inward,  in  the  third,  case  the  leg  and  thigh 
were  supinated.  Mr.  Moore's  case  demonstrates  the  pos- 
sibility and  manner  of  repair  in  these  cases  ("  Medico- 
Chir.  Transactions,"  vol.  xxxiv.,  p.  107).  A  man  suffered 
a  severe  injury  of  the  hip,  which  was  diagnosticated  and 
treated  for  fracture  of  the  femoral  neck.  The  thigh  was 
not  inverted  or  everted,  only  slightly  flexed  and  adducted. 
The  man  recovered,  and  several  years  afterward  died 
from  other  causes,  when  an  autopsy  revealed  that  the  in- 
jury had  been  a  fracture  of  the  pubes,  ilium,  and  acetabu- 
lum, which  allowed  the  head  of  the  femur  to  pass 
through  into  the  pelvis,  the  trochanter  resting  against 
the  acetabulum.  Similar  cases  have  been  reported  by 
Kendrick  and  Morel-Lavellee.  In  all  cases  of  fracture  at 
the  base  of  the  acetabulum,  without  displacement  of  the 
head  of  the  femur,  the  diagnosis  usually  remains  doubt- 
ful. Main  reliance  must  be  placed  on  the  manner  in 
which  the  injury  was  inflicted,  the  intensity  of  the  force 
applied,  and  the  location  of  the  pain.  Accurate  measure- 
ment will  always  furnish  important  negative  evidence. 
In  case  of  intrapelvic  dislocation  of  the  head  of  the 
femur  through  the  fractured  base  of  the  acetabulum,  the 
.  shortening  of  the  limb,  and  the  approximation  of  the  tro- 
chanter major  toward  the  pelvis  will  be  proportionate 
to  the  degree  of  penetration  of  the  head  and  neck  into 
the  pelvis  ;  rotation  of  the  limb  will  not  be  practicable  ; 
flexion  and  extension' will  be  found  to  be  either  impaired 
or  rendered  impossible ;  and  at  the  same  time  the  head  of 
the  femur  may  be  felt  within  the  pelvis  on  making  a  digi- 
tal examination  through  the  rectum.  In  the  adoption  of 
therapeutic  measures  it  is  necessary  to  ascertain  the  de- 
gree of  impairment  of  the  functional  capacity  of  the  ace- 
tabulum. If  the  head  of  the  femur  is  retained  firmly  in 
its  normal  position  the  fracture  will  unite  promptly  and 
firmly  without  any  special  retentive  measures.  Rest  in 
bed  with  the  thigh  slightly  flexed  and  resting  upon  pil- 
lows ■wall  be  sufficient  to  fulfil  the  local  indications.  If 
the  pelvic  ring  is  more  extensively  fractured,  a  plaster-of- 
Paris  splint  including  the  pelvis,  both  thighs,  and  the  en- 
tire leg  on  the  affected  side,  or  Verity's  suspension  splint, 
will  prove  most  efficient  in  securing  immobility  of  the  frag- 
ments, and  will  aflEord  the  greatest  amount  of  comfort  to 
the  patient.  When  the  base  of  the  acetabulum  has  been 
perforated  by  the  head  of  the  femur  it  is  of  paramount 
importance  to  replace  the  dislocated  bone  and  retain  it  in 
situ  by  a  plaster-of -Paris  dressing,  or  by  applying  exten- 
sion by  weight  and  pul- 
ley, as  advised  by  Hueter, 
until  the  opening  is  closed 
by  callus  or  connective 
tissue  which  will  definite- 
ly prevent  redislocation. 
Fracture  ov  the  Rim 
of  the  acetabtiltjm. — 
A  number  of  well-authen- 
ticated cases  of  this  acci- 
dent have  been  reported, 
so  that  no  further  doubt 
can  exist  that  some  por- 
tions of  the  rim  can  be 
fractured  without  further 
injury  to  the  acetabulum. 
Some  years  ago  the  writer 
collected  from  various 
sources  twenty-seven  cases  of  this  kind  of  fracture,  the 
cases  being  supported  by.  an  accurate  clinical  history,  and 
in  some  cases  verified  by  a  post-mortem  examination. 
Dr.  H.  O.  Walker,  of  Detroit,  has  in  his  possession  a 
typical  specimen  of  this  kind,  an  illustration  of  which 
is  here  inserted  (Detroit  Lancet,  July,  1879).  In  the 
text-books  on  Surgery  this  subject  is  usually  referred 
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to  under  the  head  of  complicated  dislocations  of  the  head 
of  the  femur.  As  this  fracture  usually  involves  the  upper 
and  posterior  portion  of  the  rim,  the  resistance  to  the 
head  of  the  femur  in  that  direction  is  lost,  and  as  a  result 
— either  with  the  concurrent  aid  of  some  extraneous  force, 
or  even  without  such  aid,  simply  by  the  force  of  muscu- 
lar contraction — a  dorsal  dislocation  of  the  thigh  takes 
place,  with  adduction,  flexion,  and  rotation  of  the  thigh 
inward.  The  difficulty  experienced  in  retaining  the  head  of 
the  femur  in  the  acetabulum  under  these  circumstances,  as 
well  as  the  obscurity  of  the  diagnosis,  imparts  to  this  sub- 
ject an  unusual  amount  of  interest.  The  older  works  on 
surgery  mention  direct  and  gi'eat  violence  as  the  only  cause 
of  fracture  of  the  acetabulum  ;  indeed,  until  more  recently, 
it  has  been  considered  impossible  for  a  fracture  of  the  rim 
to  take  place  without  more  extensive  injury  to  the  ilium. 
When  the  fracturing  force  is  applied  over  the  centre  of 
the  trochanter  major,  in  the  direction  of  the  neck  of  the 
femur,  the  head  of  the  bone  is  driven  directly  against  the 
socket,  and  a  stellate  or  perforating  fracture  of  the  base 
of  the  acetabulum  is  the  result,  according  to  the  amount 
of  violence  applied ;  but  if  the  force  is  applied  in  such  a 
manner  that  it  first  rotates  the  femur  outward  or  inward, 
then  one  margin  of  the  acetabulum  acts  as  a  fulcrum  to 
the  neck,  and  the  head  is  forced  against  the  opposite  side, 
and  a  linear  fracture  through  the  acetabulum,  or  a  fracture 
of  the  rim,  takes  place.  In  such  cases,  the  traction  of  the 
capsular  ligament  assists  the  head  of  the  femur  in  produc- 
ing the  fracture  of  the  rim,  but  independent  of  other 
causes  such  traction  is  insufficient  to  produce  the  injury. 
When  the  force  is  applied  to  the  posterior  part  of  the  pel- 
vis, the  pelvis  becomes  the  movable  point,  and  the  foot,  if 
the  leg  is  extended,  or  more  frequently  the  knee,  becomes 
the  fixed  point,  and  furnishes  the  necessary  amount  of  re- 
sistance. These  assertions  have  been  verified  by  the 
writer  by  numerous  experiments  on  the  cadaver.  At  the 
moment  the  injury  is  received,  it  is  essential  for  the  thigh 
to  be  abducted,  as  adduction  would  favor  a  dislocation  by 
the  head  of  the  femur  gliding  over  the  inclined  plane  of 
the  internal  surface  of  the  acetabulum.  The  pelvis  may  be 
the  fixed  point,  and  the  force  may  be  transmitted  through 
the  femur  by  a  blow  or  fall  upon  the  knee.  In  most  in- 
stances where  this  accident  occurred,  the  thigh  was  more 
or  less  flexed  at  the  time  of  injury ;  hence,  in  the  majority 
of  cases,  the  upper  and  posterior  segment  of  the  rim  was 
fractured,  and  the  head  of  the  femur  dislocated  into  the 
upper  sciatic  notch  or  upon  the  dorsum  ilii.  Of  the 
twenty-seven  cases  of  fracture  of  the  rim  of  the  acetabu- 
lum, the  extremes  of  the  ages  were  eighteen  and  seventy- 
eight  years,  so  that  most  of  these  cases  occurred  during 
the  time  of  life  when  the  individual  is  most  exposed  to  grave 
injuries.  It  is  also  well  to  remember  that,  in  young  per- 
sons, dislocation  and  diastasis  occur  in  preference  to  fract- 
ure, while  in  the  aged,  the  altered  position  of  the  neck  of 
the  femur,  as  well  as  the  increased  fragility  of  its  tissue, 
is  a  potent  predisposing  cause  of  fracture  of  the  femoral 
neck. 

The  symptoms  presented  by  a  case  of  fracture  of  the 
rim  of  the  acetabulum  are  those  of  dislocation  and  fracture 
combined ;  the  symptoms  of  the  former  resemble  ordinary 
dislocation,  while  those  of  the  latter  are  directly  referable 
to  the  broken  bone  itself.  A  certain  de^ee  of  displacement 
of  the  head  of  the  femur  was  present  m  all  cases  where  a 
diagnosis  was  made  during  life.  Benjamin  Travers  be- 
lieved that  in  some  cases  of  fracture  of  the  rim  of  the 
acetabulum  the  displacement  takes  place  gradually  some 
time  after  the  injury  has  been  received,  but  it  is  more 
probable  that  these  vrere  cases  such  as  have  been  described 
by  Hueter  as  inflammatory  dilatation  of  the  acetabulum, 
the  interstitial  absoi-ption  of  the  margin  of  the  cavity  per- 
mitting the  head  of  the  femur  to  glide  upward  and  back- 
ward. In  twenty-four  cases  the  direction  of  the  disloca- 
tion is  mentioned,  and  in  fifteen  of  these  the  head  of  the 
femur  was  dislocated  upward  and  backward,  in  four  into 
the  great  sciatic  notch,  in  two  directly  backward,  in  two 
downward,  and  in  one  case  forward.  It  will  be  seen, 
then,  that  in  a  large  majoritjr  of  cases  that  portion  of  the 
rim  is  fractured  which  is  m  the  direction  of  the  usual 
form  of  dislocation,  so  that  the  same  injury  which  pro- 
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duces  a  dislocation  may  also  cause  a  fracture,  provided  the 
force  applied  be  sufficiently  great,  and  the  hmb  happen 
to  be  abducted  at  the  time  the  injury  is  sustamed. 

The  amount  of  shortening  corresponds  to  the  distance 
the  head  of  the  femur  recedes  from  the  socket.  In  Ag- 
new's  case  no  shortening  could  be  detected  on  careful 
measurement.  In  all  of  the  other  cases  where  mention  is 
made  of  this  symptom,  it  was  present,  but  varied  in  degree 
from  a  quarter  of  an  inch  to  four  inches.  If  the  head  of 
tlie  femur  has  left  the  socket  the  position  of  the  limb  is 
the  same  as  in  simple  dislocation,  the  direction  being  de- 
termined by  the  form  of  dislocation.  Flexion  to  a  greater 
or  less  extent  was  present  in  all  cases  where  reference  is 
made  to  this  subject.  Inversion  of  the  foot  and  rotation 
of  the  femur  inward  were  present  in  fourteen  cases,  while 
the  opposite  condition  existed  in  three  cases,  and  in  ten 
cases  no  mention  is  made  of  this  symptom.  When  the 
dislocation  was  complete,  the  limb  remained  immovable 
in  its  abnormal  position  until  reduction  was  effected.  The 
characteristic  symptoms  of  the  injury  are  those  which  are 
referable  to  the  fracture  itself,  and  these  are  crepitus,  easy 
reduction,  and  difficult  retention.  Crepitus  is  always  an 
important  symptom  in  ascertaining  the  existence  of  a 
fracture.  If  it  is  distinctly  felt  there  can  be  no  further 
doubt  that  a  bone  has  been  broken.  The  presence  of  this 
symptom  is  of  special  diagnostic  value  in  connection  witli 
this  subject,  as  the  symptoms  of  dislocation  are  usually  so 
prominent  as  to  engage  the  whole  attention  of  the  surgeon. 
In  the  cases  reported,  this  symptom  is  alluded  to  eighteen 
times,  and  in  the  following  terms  ;  distinct,  eleven  times ; 
faint,  once ;  marked,  twice ;  indistinct,  once ;  slight, 
once  ;  and  in  two  cases  it  was  absent.  Bigelow  lays  great 
stress  on  this  symptom  as  being  essential  to  the  diagnosis 
of  fracture ;  his  words,  as  quoted  from  the  work  pre- 
viously mentioned,  are :  "To  afford  satisfactory  evidence, 
cases  of  this  sort  should  have  been  identified  by  autopsy, 
or  at  least  by  crepitus."  I  believe  that  the  crepitus  is  not 
the  same  as  in  ordinary  fractures,  for  in  these  it  is  the  re- 
sult of  two  rough  bony  fragments  rubbing  against  each 
other,  while  in  the  cases  under  consideration  it  is  a  rough- 
ness we  obtain  by  rubbing  an  articular  surface  against  a 
broken  surface  of  bone,  hence  not  quite  as  loud  and  dis- 
tinct. The  detached  margin  of  the  acetabulum,  unless 
comminuted,  remains  attached  to  the  capsular  ligament, 
and  is  pushed  in  front  of  or  to  one  side  of  the  head  of 
the  femur  at  the  time  dislocation  occurs,  and  is  dragged 
after  it  when  reduction  takes  place.  In  most  of  these 
cases  it  is  clearly  stated  that  crepitus  was  felt  just 
before  the  head  of  the  femur  slipped  into  the  socket,  or 
at  the  moment  reluxation  took  place,  and  in  both  in- 
stances it  must  have  been  produced  by  the  head  passing 
over  the  rough  broken  edge  of  the  acetabulum.  The 
ease  with  which  reduction  has  been  effected  has  attracted 
the  attention  of  almost  every  observer.  This  is  due  to  a 
more  extensive  laceration- of  the  capsular  ligament  than  in 
simple  dislocation,  and  also  to  the  removal  of  the  obstacle 
offered  by  the  intact  margin  of  the  acetabulum.  By  the 
fracture  of  the  rim,  a  more  direct  and  even  route  has  been 
prepared  for  the  head  of  the  femur  to  return  to  its  socket. 

Reluxation  lias  always  constituted  the  most  perplexing 
feature  of  these  cases.  Its  occurrence  has  usually  led  to 
a  more  thorough  examination  and  correct  diagnosis.  It 
is  well  known  that  in  ordinary  dislocations  of  the  hip- 
joint,  when  the  bone  has  once  been  reduced,  it  remains  in 
its  place  regardless  of  the  after-treatment,  differing  greatly 
in  this  respect  from  the  same  lesion  of  the  shoulder-joint 
on  account  of  the  greater  depth  of  the  socket,  and  the 
action  of  more  numerous  and  powerful  muscles  for  main- 
taining retention.  Hueter  believed  that  the  cases  of  ha- 
bitual dislocation  of  the  hip- joint  reported  by  Karpinski 
may  have  been  the  result  of  injury  to  the  rim  of  the  ace- 
tabulum. Reluxation  takes  place  from  the  inability  of  the 
defective  margin  to  resist  muscular  contraction.  The  dif- 
liculty  in  retaining  the  bone  is  increased  by  the  depth  of 
the  fracture  and  its  approach  to  the  junction  of  the  supe- 
rior and  posterior  portions  of  the  rim.  In  this  connection 
it  is  important  to  determine  what  po,j:tion  of  the  rim  is 
most  frequently  the  seat  of  the  fracture.  In  20  of  the  cases 
special  mention  is  made  of  this  fact,  as  follows:  supe- 


rior portion  of  rim,  3  ;  superior  and  posterior,  7  ;  poste- 
rior, 5 ;  posterior  inferior,  4 ;  inferior,  1 ;  anterior,  1. 
When  the  inferior  or  anterior  portion  of  the  rim  is  fract- 
ured, there  is  no  tendency  to  reluxation  provided  the  limb 
is  kept  in  the  extended  position  and  slightly  inverted. 

Diagnom. — A  most  thorough  and  critical  examination 
while  the  patient  is  profoundly  under  the  influence  of 
an  anaesthetic,  is  always  necessary  to  establish  a  positive 
diagnosis.  If  spontaneous  reluxation  does  not  follow 
immediately  after  reduction  has  been  accomplished,  and 
there  are  sufficient  symptoms  present  to  warrant  a  sus. 
picion  of  the  presence  of  the  injury,  it  would  be  advisa- 
ble to  test  the  functional  integrity  of  the  acetabulum  by 
flexion,  adduction,  and  rotation  of  the  thigh ;  if  any 
part  of  the  rim  has  become  defective  by  fracture,  re- 
luxation will  be  sure  to  take  place.  This  mancEuvre, 
associated  with  the  presence  of  crepitus,  may  be  re- 
garded as  the  crucial  test. 

The  differential  diagnosis  must  consider  fractures  of 
the  neck  of  the  femur  with  displacement,  and  simple 
dislocation.  To  distinguish  this  fracture  from  fracture 
of  the  neck  of  the  femur,  it  is  necessary  to  compare  their 
most  prominent  symptoms : 


VBACTURE   OF  THE  BIM  OF   THE 
ACETABUlitTM. 


FRACTURE   OF   THE   NECK    OF  THE 
FEMUK  WITHOUT  IMPACTION. 


PoBition  of  Limb, 
Thigh  and  leg  flexed,  adducted,  and  I  Thigh  and  leg  straight  and  rotated 
rotated  inward.  I      outward. 

Jfobility  of  Limb. 
Mobility  of  limb  is  diminiahed.  |  Mobility  of  limb  ia  increased. 

Arc  of  notation. 
The  trochanter  major  rotates  in  its  1  The  arc  of  rotation  of  the  trochan- 
normal  arc.  |      ter  major  la  diminished, 

Crepitun. 
Crepitation  is  not  rough,  and  is  felt  I  Crepitation  is  rough,   and  is  felt 
aa  the  head  pasHes  over  the  broken        when  the  limb  haa  been  drawn 
edge  of  the  acetabulam.  |      down  to  its  normal  length. 

Jlead  of  Ike  Femur. 
The  head  of  the  femur  is  felt  to  be  I  The  head  of  the  femur  \»  normal  in 
displaced.      ,  |      its  position. 

ReUntion. 


The  deformity  reappears  if  by  any 
movement  of  the  limb  the  head  of 
the  femur  ia  made  to  leave  the 

socket. 


The  deformity  reappears  as  soon  as 
extension  ceases. 


History, 


Is  moat  frequent  in  middle  life  and 
is  the  result  of  great  violence. 


If  intra-capsular  in  variety,  it  oo> 
curs  in  the  aged  and  is  the  result 
of  slight  violence. 

Crepitus,  and  a  tendency  to  reluxation,  are  the  symp- 
toms on  which  we  place  the  most  reliance  to  differenti- 
ate this  fracture  from  simple  dislocation.  Acupuncture, 
as  advised  by  Middeldorpf ,  may  be  of  great  service  to 
determine  the  existence  of  fracture  of  the  rim.  After 
reduction  has  been  accomplished,  a  long  stout  needle, 
previously  well  disinfected,  is  passed  through  the  tissues 
to  the  supposed  seat  of  fracture.  By  lateral  movements 
of  its  point  the  defect  in  the  margin,  as  well  as  the 
roughness  of  its  surface,  is  ascertained.  An  effort  should 
now  be  made  to  fix  the  detached  fragment  with  the  point 
of  the  needle,  and  by  rubbing  it  over  the  broken  margin 
a  rough  crepitus  is  elicited. 

Prognom. — The  prognosis  must  have  reference  to  the 
preservation  of  life  and  the  restoration  of  the  utility  of 
the  limb.  AIJ  of  the  old  authors  regarded  fracture  of 
the  pelvic  bones  a  grave  lesion,  almost  necessarily  lead- 
ing to  a  fatal  termination.  I  believe  that  all  uncompli- 
cated fractures  of  these  bones  tend  to  recovery,  and  that 
death  is  attributable  in  most  instances  to  a  lesion  of  some 
important  pelvic  or  abdominal  viscera.  In  twenty-three 
cases  where  the  result  is  noted  in  this  regard,  thirteen  re- 
covered and  ten  died.  The  prognosis  is  less  favorable  if 
the  floor  of  the  acetabulum  is  also  implicated  in  the  fract- 
ure. Of  four  cases  of  this  sort  only  one  recovered.  In 
nine  cases  out  of  the  thirteen  that  recovered,  the  limb 
remained  in  place  after  reduction,  and  the  recovery  was 
complete.  In  four  cases  redislocation  took  place,  the 
limb  assuming  the  same  malposition  as  after  simple  un- 
reduced dorsal  dislocation  of  the  femur. 
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Treatment.— The  indications  to  be  fulfilled  in  the  treat- 
ment of  this  class  of  injuries  are  :  1,  To  reduce  the  disloca- 
tion ;  8,  to  retain  the  head  of  the  femur  in  the  socket 
until  union  has  taken  place  between  the  fragments.  The 
dislocation  maj  be  reduced  by  manipulation  or  by  exten- 
sion ;  in  both  instances  flexion  constitutes  an  important 
step  in  the  operation.  Bigelow  says  :  "  These  displace- 
ments, especially  the  displacement  backward,  demand 
the  usual  attempts  at  reduction  by  flexion.  Although 
the  bone  inclines  to  slip  from  the  socket  it  can  be  re- 
tained there,  in  cases  of  a  sort  heretofore  considered 
difficult  of  treatment,  by  angular  extension,  with  an 
angular  splint  attached  to  the  ceiling,  or  some  other 
point  above  the  patient ;  or  if  any  manoeuvre  has  reduced 
the  bone,  the  limb  should  be  retained,  if  possible,  in  the 
attitude  which,  completed  the  manoeuvre."  In  17  of  the 
cases  reported,  the  maqner  of  reduction  is  specified  as 
follows  :  By  extension,  11  (in  most  of  these  cases  exten- 
sion and  flexion  were  combined) ;  by  manipulation,  2  ; 
by  manipulation  and  extension,  1 ;  by  manipulation  over 
Sutton's  fulcrum,  1  ;  by  extension  with  pulley,  3.  In 
all  but  one  of  the  cases  the  displacement  was  corrected 
without  diflSculty.  As  inmost  instances  a  diagnosis  can- 
not be  made  before  reduction  has  been  accomplished, 
surgeons  will  resort  to  their  favorite  methods  of  reduc- 
tion. Should  the  nature  of  the  lesion  be  determined  be- 
forehand, traction  in  the  direction  of  the  broken  edge  of 
the  rim,  and  rotation  of  the  limb  inward,  will  readily  re- 
store the  normal  relation  of  the  parts.  As  we  possess  no 
direct  measures  of  keeping  the  fractured  surfaces  in  ap- 
position, all  our  efforts  must  be  directed  toward  prevent- 
ing reluxation  bjr  appropriate  position  and  fixation  of 
the  limb  and  pelvis.  The  depth  and  extent  of  the  fract- 
ured margin,  as  well  as  the  location  of  the  fracture  will 
determine  the  difficulty  in  retaining  the  head  of  the 
femur  in  its  normal  position.  If  sufficient  depth  of  the 
upper  portion  of  the  rim  is  left  to  serve  as  support  to 
the  head  of  the  bone,  all  that  is  necessary  is  to  dress  the 
thigh  in  the  abducted  position,  so  as  to  press  the  head 
of  the  femur  against  the  floor  of  the  acetabulum.  As 
the  contusions  of  the  soft  parts  about  the  hip  and  pelvis 
are  severe,  a  plaster-of -Paris  splint  cannot  be  applied  as 
a  primary  dressing.  The  healthy  limb  and  pelvis  should 
always  be  included  in  the  retentive  dressing.  Bonnet's 
wire-breeches,  Dzondi-Hagedorn's  apparatus,  or  Hamil- 
ton's splint,  as  advised  by  him  in  the  treatment  of  fract- 
ures of  the  femur  in  children,  will  be  found  sufficient 
to  maintain  retention.  After  the  swelling  in  the  soft 
parts  has  subsided,  nothing  more  perfect  could  be  devised 
than  a  plaster-of-Paris  dressing,  including  both  limbs 
and  the  pelvis. 

When  nearly  the  entire  depth  of  the  upper  or  posterior 
portion  of  the  rim  has  been  detached,  muscular  contrac- 
tion must  be  counteracted  by  permanent  extension  with 
the  weight  and  pulley,  and  immobility  of  the  joint  should 
be  secured  by  appropriate  splints.  In  cases  of  this  sort, 
angular  extension  with  an  angular  splint,  as  advised  by 
Bigelow,  will  answer  an  admirable  purpose.  The  un- 
brokeii  part  of  the  rim  should  be  made  the  support  of 
the  head  whenever  practicable.  Thus,  for  example, 
when  the  posterior  part  of  the  rim  is  fractured  the  thigh 
should  be  dressed  in  the  position  of  hyperextension ;  a 
broad,  firm,  pelvic  band,  with  a  compress  above  the  tro- 
chanter, being  employed  to  aid  in  keeping  the  bone  in 
place,  in  approximatmg  the  fractured  surfaces,  and  in 
preventing  muscular  spasms. 

The  treatment  should  be  continued  for  a  sufficient 
length  of  time  to  secure  a  firm  union  of  the  detached 
fragment  with  the  broken  rim,  which,  as  in  other  fract- 
ures, generally  requires  from  four  to  six  weeks.  The 
patient  must  be  directed  to  exercise  great  care  in  the  use 
of  the  limb  for  a  considerable  length  of  time  after  all 
dressings  have  been  removed,  so  as  to  obviate  any  un- 
due pressure  against  the  recently  repaired  rim  of  the 
acetabulum. 
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ACETIC  ACID.  Acetic  acid,  HCHsOa,  the  well- 
known  acid  of  vinegar,  is  a  body  fluid  at  ordinary  tem- 
peratures, and  miscible  in  all  proportions  w^ith  water. 
Mixtures  of  the  acid  and  water  in  different  proportions 
constitute  the  different  grades  of  the  acid  in  commerce. 
Strong  acetic  acid  is  caustic,  largely  through  its  property 
of  dissolving  the  formed  material  of  the  connective  tissues 
to  a  pultaceous  translucent  substance.  Being  caustic,  it 
is  of  course  irritant,  and  swallowed  in  concentrated  con- 
dition operates  as  a  corrosive  poison,  the  effects  and  symp- 
toms being  substantially  the  same  as  in  poisoning  by  the 
strong  mineral  acids.  Two  cases  of  death  have  been  re- 
corded. The  treatment  is  similar  to  that  to  be  employed 
in  case  of  poisoning  by  a  mineral  acid.  In  non-corrosive 
strength  of  solution  (five  or  six  per  cent.,  the  equivalent 
of  vinegar),  acetic  acid  produces  the  usual  local  effects 
of  the  sour  acids — exciting  the  flow  of  saliva  and  tending 
to  oppose  sour  fermentation  of  the  food,  and  is  also  dis- 
tinctly astringent.  Inhaled,  the  fumes  are  reviving  in 
faintness  and  may  relieve  headache. 

Acetic  acid  has  many  uses  in  pharmacy  ;  in  medicine 
the  strong  acid  may  be  employed  as  a  caustic,  as  to  warts 
or  cancers,  and  the  weak  acid  used  to  make  refreshing 
acid  draughts  in  fever,  or  cooling  lotions  in  inflammatory 
skin  affections.  Acetic  acid  is  officinal  in  the  IF,  S, 
Pharmacopoeia  in  the  following  forms  : 

Acidum  AceiiBum  Glaeiale,  Glacial  Acetic  Acid. — This  is 
defined  to  be  "nearly  or  quite  absolute  acetic  acid,"  It 
is  "at  or  below  15°  C.  {59° P.)  a  crystalline  solid;  at 
higher  temperatures  a  colorless  liquid.  When  liquefied 
and  as  near  as  possible  to  15°  C.  (59°  F.)  it  has  the 
specific  gravity  1.056  to  1.058 "  (U.  S.  Ph.),  According  to 
Squibb  {Sphemeris),  the  specific  gravities  thus  stated  are 
from  0.0001  to  0.0002  too  high.  This  grade  of  the  acid  is 
for  pharmaceutical  uses. 

Acidum  Acetieum,  Acetic  Acid.  —  The  grade  of  acid 
thus  simply  named  is  a  "liquid  composed  of  thirty-six 
per  cent,  of  absolute  acetic  acid  and  sixty-four  per  cent, 
of  water."  It  is  "a  clear,  colorless  liquid,  of  a  distinctly 
vinegar-like  odor,  a  purely  acid  taste,  and  a  strongly  acid 
reaction.  Specific  gravity,  1.048  at  15°  C,  (59°  P.)  Mis- 
cible in  all  proportions  with  water  and  alcohol,  and 
wholly  volatilized  by  heat"  (U.  S.  Ph.).  This  grade  of 
acid  is  somewhat  stronger  than  the  best  samples  of  the 
commercial  so-called  "  No.  8  "  acid,  these  "  No.  8"  acids 
rarely  being  of  higher  specific  gravity  than  1.030  and 
often  sinking  to  1,025  or  less  (Squibb).  This  is  the  acid 
that  results  from  the  purification  of  the  crude  acid — crude 
pyroligneous  acid,  so  called — obtained  by  the  destructive 
distillation  of  wood. 

Acetic  acid  of  the  present  quality  is  sharply  irritant  and 
even  mildly  caustic.  Dangerous  symptoms  have  resulted 
from  swallowing  it,  undiluted,  in  quantity  of  two  or 
three  ounces.  The  acid  may  be  used  as  a  mild  caustic, 
but  its  principal  uses  under  its  own  form  are  pharmaceu- 
tical. 

Acidum  Acetieum  Diluium,  Diluted  Acetic  Acid.  — 
This  preparation  is  compounded  of  seventeen  parts  of 
acetic  acid  of  the  foregoing  grade  and  eighty-three  parts 
of  water.  It  "  contains  six  per  cent,  of  absolute  acetic 
acid,  and  has  the  specific  gravity  1,0088  "  (U.  S.  Ph.). 
Tills  diluted  acid  is  of  the  stren^h  of  the  best  qualities 
of  vinegar,  and  is  better  than  vinegar  for  all  the  pur- 
poses of  the  same,,  medicinal  or  dietetic.  Squibb  says, 
"If  one  part  of  alcohol  be  added  to  about  two  hundred 
and  fifty-six  parts  of  this  diluted  acetic  acid — that  is. 
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about  lialf  a  fluidounce  to  the  gallon,  and  the  mixture  be 
set  aside  for  a  few  weeks— the  longer  the  better,  enough 
acetic  ether  is  generated  to  give  it  the  full,  clean  aroma 
of  fine  vinegar,  and  then  for  table  use  it  is  very  far  su- 
perior to  any  vinegar  made  in  the  ordinary  way  by  fer- 
menting cider."  . 
Diluted  acetic  acid  is  the  most  convenient  grade  of  the 
acid  for  medicinal  use,  and  has  also,  in  the  U.  S.  Pharma- 
copoeia, superseded  vinegar  for  pharmaceutical  purposes. 
For  an  acid  draught  a  five  per  cent,  addition  to  water  is 
appropriate,  and  for  a  lotion  a  twenty-five  per  cent,  ad- 
dition. The  popular  notion  that  the  habitual  use  of  vine- 
gar tends  to  deterioration  of  nutrition  and  health  is  cer- 
tainly not  true  of  a  moderate  indulgence,  if  indeed  it  be 
true  at  all.                                                Edwa/rd  Curtis. 

ACETIC  ETHER.  Under  the  title  u^lher  Aeeticus, 
Acetic  Ether,  the  IJ.  S.  Pharmacopoeia  makes  oflicinal  a 
preparation  consisting  of  the  ethereal  salt,  ethylic  acetate, 
with  a  little  contaminating  alcohol  and  water.  Acetic 
ether  is  described  as  "  a  transparent  and  colorless  liquid, 
of  a  strong,  fragrant,  ethereal,  and  somewhat  acetous 
odor,  a  refreshing  taste,  and  neutral  reaction.  Soluble, 
in  all  proportions,  in  alcohol,  ether,  and  chloroform,  and 
in  about  seventeen  parts  of  water.  Specific  gravity,  0. 889 
to  0.897.  It  boils  at  about  76°  C.  (168.8°  P.).  It  is  in- 
flammable, burning  with  a  bluish  yellow  flame  and  ace- 
tous odor"  (U.  S.  Ph.).  It  should  be  kept  in  well-stopped 
bottles,  and  away  from  lights  or  fire.  Dr.  Squibb  notes, 
concerning  the  foregoing  description,  that  while  the  odor 
is  "refreshing,"  the  tote  is  rather  "pungent  and  biting 
almost  to  acridity ; "  and  that  the  solubility  in  water  is 
nearer  one  part  in  11.86  than  one  in  17  ;  and  that  few  of 
the  commercial  samples  of  acetic  ether  will  reach  the 
oflicinal  range  of  specific  gravity. 

The  effects  of  acetic  ether  upon  the  animal  economy 
are  similar,  in  a  general  way,  to  those  of  common  ether, 
the  most  important  point  of  difference  being  that  acetic 
ether  is  the  slower  in  operation.  For  this  reason  this 
ether  is  not  available  as  a  surgical  anaesthetic ;  but,  on  the 
.  other  hand,  by  reason  of  its  agreeable  odor,  it  makes  an 
excellent  and  grateful  cardiac  stimulant,  antispasmodic 
and  carminative,  taken  internally,  or,  used  externally,  it 
may  serve  to  mask  disagreeable  odors.  It  may  be  given 
internally,  in  quantities  ranging  from  fifteen  to  thirty 
drops,  well  diluted  with  water  or  with  some  medicinal 
preparation,  to  which  the  ether  is  added  as  an  adjuvant 
or  corrigent.  Acetic  ether  enters  into  the  composition  of 
the  officinal  preparations,  perfumed  spirit  (cologne  water), 
and  tincture  of  acetate  of  iron.  Edma/rd  Curtis. 

ACETONEMIA.  This  term  is  used  by  many  writers 
to  express  a  diseased  condition  of  the  blood,  due  to  the 
supposed  presence  in  it  of  acetone,  or  of  some  of  its  de- 
rivatives. This  state  of  the  blood,  according  to  their 
views,  accounts  for  the  nervous  symptoms  peculiar,  more 
especially,  to  diabetic  coma.  It  is  believed  to  be  the 
cause,  also,  of  somewhat  similar  symptoms  occasionally 
present  in  certain  anaemic  conditions  of  the  blood,  such  as 
pernicious  anaemia,  and  that  associated  with  some  of  the 
more  rapidly  wasting  forms  of  cancer,  as  cancer  of  the 
stomach. 

Fetters  first  observed  the  acetone-like  smell  of  the  urine 
in  a  case  of  diabetic  coma.  He  drew  attention  to  the  sub- 
ject in  1857,  and  supposed  it  to  be  due  to  the  presence  of 
acetone  in  the  blood.  Since  then  Kussmaul  has  paid 
more  attention  to  the  subject,  and  has  endeavored  to  ac- 
count for  the  sudden  death  in  these  cases  by  the  rapid 
accumulation  of  this  substance  in  the  blood.  He  con- 
siders it  a  species  of  intoxication  produced  by  the  ace- 
tone. Numerous  experiments  on  animals  have  been  made 
by  him,  which  seem  to  confirm  his  view  of  the  subject. 
Dogs,  to  which  he  administered  acetone  hypodermically, 
as  well  as  by  inhalation,  presented  some  of  the  nervous 
symptoms  in  connection  with  respiration,  circulation,  dhd 
locomotion  that  seemed  to  support  his  views.  Frerichs 
decidedly  objects  to  this  theory  of  the  causation  of  the 
comatose  symptoms  of  these  cases  of  diabetes.  He  thinks 
the  term  acetoneemia  should  be  expunged  from  pathol- 
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ogy  (Zeitschr.  f.  kliniseh.  Med.,  vi.,  28).  His  experiments 
do  not  bear  out  Kussmaul's  conclusions.  He  adminis- 
tered acetone  in  doses  varying  from  ten  or  twelve  to 
twenty  grains,  to  both  man  and  animals,  without  pro- 
ducing any  nervous  symptoms  at  all  similar  to  those 
observed  in  diabetic  patients.  He  considers  it  quite  a  mis- 
take to  attribute  the  nervous  symptoms  of  diabetic  intoxi- 
cation to  the  presence  of  either  acetone  or  its  derivatives. 

Kussmaul  has  stiU  numerous  supporters  of  his  views. 
In  the  cases  described,  the  breath  has  been  observed  to 
possess  a  fruity  odor,  resembling  apples ;  or,  as  described 
by  some,  an  odor  similar  to  chloroform.  The  mucous 
membrane  of  the  mouth  and  throat  has  a  dry  and  glazed 
appearance,  and  is  generally  very  red.  The  urine  also 
possesses  a  similar  odor.     (See  Acetonuria.) 

Von  Jaksch  asserts  that  acetone  occurs,  to  a  slight  ex- 
tent, as  a  normal  product  in  the  blood  as  well  as  in  the 
urine  {Zeitschr.  f.  klin.  Med.,  v.,  347). 

It  is  doubtful  it  free  acetone  can  be  obtained  from 
the  blood ;  nevertheless,  in  many  cases  of  diabetic  coma,  a 
substance  with  which  acetone  is  combined  can  be  obtained 
from  it,  and  free  acetone  derived  from  this.  There  is  yet 
some  doubt  as  to  what  this  body  is.  Some  investigators 
are  inclined  to  consider  it  to  be  ethyl-diacetate,  while  more 
recent  authorities  believe  aceto-acetic  acid  to  be  the  sub- 
stance. There  seems  to  be  very  good  ground  for  thinking 
this  to  exist  in  the  blood,  as  we  know  it  to  be  one  of  the 
products  of  alcoholic  fermentation  of  glucose. 

Oeorge  WilMns. 

ACETONE.  Acetone,  CsHsO,  the  ketone  of  acetic 
acid,  called  also  pyroacetic  spirit  and  pyroacetic  ether,  is  a 
colorless,  limpid,  and  inflammable  liquid  of  pungent  qual- 
ity, miscible  in  all  proportions  with  water,  alcohol,  and 
ether.  Its  effects  upon  the  animal  system  are,  doubtless, 
of  the  general  nature  of  those  of  the  volatile  alcohols  and 
ethers,  but  the  substance  has  never  been  systematically 
employed  as  a  medicine.  Edward  Curtis. 

.ACETONURIA.  According  to  Von  Jaksch,  acetone 
enters  into  the  composition  of  every  normal  urine,  to 
the  extent  of  about  one  centigramme  per  day.  When 
the  quantity  exceeds  this  amount,  the  pathological  condi- 
tion of  acetonuria  is  present.  In  continued  fevers,  with 
high  temperature,  the  quantity  secreted  has  been  found 
as  high  as  five  decigrammes.  In  these  cases,  it  is  only 
after  the  fever  has  lasted  a  considerable  time  that  acetone 
has  been  found  in  the  urine. 

There  are  four  principal  diseased  conditions  in  which  it 
exists.  These  are,  first,  in  fever  of  any  kind,  especially 
if  the  fever  rises  hi^h  and  the  febrile  condition  lasts  a  long 
time ;  second,  in  diabetes  ;  third,  in  cancer ;  fourth,  in 
acetoneemia. 

Observers  are  not  yet  quite  agreed  as  to  what  the  sub- 
stance is  that  is  found  in  the  blood  as  well  as  in  the  urine 
in  these  cases  ;  for,  while  some  believe  it  to  be  acetone, 
others  are  of  the  opinion  that  it  is  a  body  such  as  aceto- 
acetic  acid  or  ethyl-diacetate,  from  which  acetone  can  be 
obtained.  Acetone  gives  to  the  urine  a  peculiar  odor,  de- 
scribed by  some  as  resembling  chloroform,  by  others  as  of 
a  more  fruity  character,  such  as  that  of  apples,  or,  again, 
like  that  of  hot  vinegar. 

Frerichs  and  others  have  experimented  with  acetone, 
both  on  man  and  the  lower  animals,  administering  it  in 
doses  as  large  as  twenty  grains,  and  have  so  far  found  it 
harmless,  although  traces  of  it  have  been  obtained  from 
the  urine  in  these  cases.  Diabetic  urine  containing  ace- 
tone gives  a  deej)  red  or  reddish-brown  color  in  the  pres- 
ence of  perchloride  of  iron'  (Gerhardt's  test),  and  a  rose- 
tint  in  the  presence  of  sulphuric  acid.  For  the  former 
test,  take  a  few  cubic  centimetres  of  the  urine  supposed  to 
contain  acetone  ;  add  to  it  one  or  two  drops  of  liq.  ferri 
perchlorid.;  this  gives  a  grayish- white  precipitate;  the 
addition  of  a  few  drops  more  o5  the  solution  of  iron  in 
excess  causes  the  precipitate  to  disappear  if  acetone  is 
present,  and  gives  a  beautiful  reddish-brown,  which  is  not 
produced  in  normal  urine. 

The  sulphuric-acid  test  is  performed  by  adding  a  few 
drops  of  the  acid  to  the  urine  containing  acetone  when  a 
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beautiful  rose  color  is  produced ;  on  subsequently  adding 
a  few  drops  of  perchloride  of  iron,  this  rose  tint  is  con- 
verted into  a  yellowish  orange,  which  is  characteristic. 

The  peculiar  reaction  with  perchloride  of  iron  has  been 
obtained  from  the  urine  of  other  diseases  than  diabetes. 
Various  observers  have  obtained  it  in  typhus,  pneumonia, 
diphtheria,  perityphlitis,  pleurisy,  and  acute  rheumatism. 

The  diabetic  cases  in  which  but  a  small  amount  of 
acetone  is  present  in  thp  urine  are  usually  very  slight. 
In  many  of  these  cases,  Gerhardt's  reaction  (the  bur- 
gundy red  with  perchloride  of  iron)  cannot  be  obtained. 
On  the  other  hand,  the  cases  in  which  it  is  present  are 
usually  very  severe,  and  frequently  die  with  comatose 
symptoms. 

Treating  distilled  urine  with  a  solution  of  iodine  in 
iodide  of  potassium  and  caustic  soda  causes  the  yellow 
precipitate  of  ■  iodoform,  if  acetone  is  present.  This  is 
known  as  Lieben's  test.  Penzoldt  recommends  a  test 
known  as  his  ivMgo  test.  It  depends  upon  the  fact  that 
acetone,  in  the  presence  of  an  alkali,  changes  orthonitro- 
benzaldehyde  into  indigo.  Caustic  alkali  is  to  be  added 
to  the  suspected  urine,  so  as  to  render  it  distinctly  alka- 
line. A  watery  solution  of  orthonitrobenzaldehyde  is  to 
be  prepared  and  the  alkaline  urine  to  be  added  to  this. 
If  acetone  is  present,  a  yellow  color  is  produced,  which 
changes  Immediately  to  green,  and  in  about  ten  minutes 
assumes  an  indigo  color. 

Other  tests  are  Legal's  and  Le  Nobel's.  The  former  is 
the  addition  of  cyanide  of  potassium  and  a  few  drops  of 
a  concentrated  solution  of  caustic  soda  or  potash  to  the 
suspected  urine  ;  this  produces  a  dark-red  color,  which 
changes  to  yellow  after  a  few  minutes  ;  if  acetic  acid  is 
now  added,  the  solution  changes  to  carmine-red  if  only  a 
small  quantity  of  acetone  is  present,  to  a  purple-red  color 
if  a  large  quantity  is  present ;  after  two  or  three  hours 
this  changes  again  to  a  brownish-green.  Le  Nobel's  test 
depends  upon  the  fact  that  substances  containing  acetone 
become  of  a  violet-red  upon  the  addition  of  cyanide  of 
sodium  with  ammonia  or  its  bicarbonate. 

Oeorge  Wilhins. 

'  This  color  is  frequently  referred  to  by  foreign  writers  as  '*  burgundy 
red,"  from  its  resemblance  to  that  of  the  wine  of  that  name. 

ACIDITY,  literally  the  quality  of  being  sour,  is  a  term 
used  in  medicine  to  denote  either  (1)  a  quality  of  the 
normally  acid  fluids  of  the  body ;  (2)  a  change  in  their 
character  or  amount ;  or  (3)  the  alteration  of  a  normally 
alkaline  to  that  of  an  acid  secretion.  It  may,  then,  be 
either  physiological  or  pathological. 

Physiological  AcroiTY.  —  We  have  several  well- 
marked  instances  of  the  former,  e.g.,  in  the  gastric  juice, 
the  urine,  the  cutaneous  excretions,  and  in  the  secretions 
of  the  muciparous  crypts  of  the  mouth  and  vagina. 

The  gcbstne  cusidity,  in  health,  is  due,  so  far  as  is  at  pres- 
ent known,  to  the  secretion  of  lactic  acid  (Query  :  from 
the  small  but  constant  quantity  of  glycogen  in  the 
blood  ?)  by  the  gastric  follicles ;  which,  reacting  upon 
the  sodic  chloride  (NaCl)  also  jjresent,  produces  free  hy- 
drochloric (HCl)  acid.  The  acidity  of  this  secretion  va- 
ries between  0.01.  to  0.32  per  cent.,  the  average  being 
0.17  per  cent. 

The  normal  acidity  of  the  urine  is  due  indirectly  to  the 
uric  acid  excreted.  Reacting  upon  the  mildly  alkaline 
sodic  phosphate  of  the  blood  it  abstracts  part  of  the  so- 
dium, leaving  the  acid  sodium  phosphate,  viz. : 

"Uric  Acid  + 

HaCiHjNiOj    -f 


""'^htp?!^™      =    sodic  Hydric  Urate 

"  HNaCsHaNiOs 


NaaHPO, 

Acid  Sodic  Phosphate. 

NaHaPOi 

This  gives  urine  its  acid  reaction ;  the  degree  varying 
within  quite  a  wide  range.  Variations  in  health  bear  an 
intimate  relation  to  the  digestive  process  and  the  foods 
taken.  Generally  speaking,  an  hour  after  meals  the  acid- 
ity is  least,  due  to  the  organic  potassium  and  sodium 
salts  taken  in  the  food  having  been  converted  in  the 
blood  into  the  alkaline  bicarbonates.  Gradually  increas- 
ing in  acidity,  it  reaches  a  maximum  after  two  and  a 


half  to  four  hours ;  this  gain  being  caused  by  the  oxida- 
tion products  (uric  acid,  etc.)  of  the  proteids  and  nitro- 
genous tissues,  occasionally,  too,  by  such  organic  acids 
as  oxalic  and  hippuric,  the  latter  formed  from  benzoic 
acid,  and  often  present  in  fruits  (cranberries). 

The  normal  acidity  of  the  cutaneous  excretions  is  owing 
to  the  presence  of  some  of  the  fatty  acids  of  the  acetic 
series,  chiefly  capric  and  caproic  acids.  TThe  acids  of  the 
buccal  and  vaginal  mucous  crypts  are  unknown. 

PATHOLoeicAL  AciDiTT. — Pathological  changes  in  the 
acidities  of  the  various  body  fluids  may  be  of  degree  or  of 
kind. 

The  blood  during  life  is  always  alkaline,  no  investi- 
gators having  ever  found  it  otherwise.  (See  Art.  Alka- 
linity.) Its  degree  of  alkalinity  may  vary.  To  speak  of 
"  acidity  of  the  blood,"  then,  is  an  erroneous  expression, 
but  one  not  infrequently  applied  to  a  greatly  diminished 
alkalinity.  The  oxidation  products  of  the  foods  and  tis- 
sues form  the  principal  source  of  the  acids  in  the  system ; 
though  some,  it  is  true,  are  supplied,  often  intentionally, 
with  the  foods.  Their  representatives  are  lactic,  uric, 
and  oxalic  acids.  Since  the  liquor  sanguinis  is  always 
alkaline,  they  cannot  exist  in  it  in  the  free  state.  They 
must,  therefore,  remain  where  they  were  formed  (either 
in  the  cells  or  between  them),  external  to  the  capillaries, 
until  they  can  have  received  either  sufBcient  alkaline 
bases  to  neutralize  them  or  oxygen  to  destroy  them,  or 
both.  Thus  we  have,  after  muscular  exercise,  free  lactic 
acid  in  the  muscle- juices  ;  but,  after  rest  for  some  time, 
it  disappears.  It  has  be^  repeatedly  shown  that  about 
890  grms.  (28  oz.)  of  carbonic  acid  through  the  lungs, 
and  acid  matter  equal  to  2  grms.  (31  grs.)  of  oxalic  acid 
through  the  kidneys,  are  daily  excreted.  When  under- 
going oxidation  in  the  system,  complex  organic  sub- 
stances are  not  changed  to  their  lowest  oxidation  pro- 
ducts at  one  step,  but  by  gradual  transitions,  each  time 
to  simpler  substances,  thus  affording  a  gradual  liberation 
of  vital  energy. 

So  glycogen  changes  into  lactic,  then  oxalic,  and  finally 
carbonic  acids.  The  various  acid  products  are  easily,  in 
health,  converted  by  the  ozone  of  the  blood  into  COs — 
HjO — NHa — and  urea,  all  readily  excreted.  Inefficient 
oxidation  would  increase  the  intermediate  products, 
which  are  chiefly  acids. 

The  degree  of  alkalinity  of  the  blood,  therefore,  de- 
pends upon  (1)  the  amount  of  acids  formed ;  (3)  the 
amount  of  oxidizable  matter  furnished  ;  and  (3)  the  rate 
of  elimination. 

(1.)  The  amount  of  acids  formed  will  be  increased  by 
interference  with  the  assimilation  of  oxygen,  because 
complete  oxidation  cannot  well  occur ;  and  the  inter- 
mediate acid  products  will  result.  This  interference  may 
be  of  a  mechanical  or  a  pathological  character.  We  may 
class  tumors  of  the  thorax  or  abdomen  and  ascites  with 
the  former ;  leucocythsemia,  ansemia,  chlorosis  (diseased 
oxygen  carriers),  or  heart  and  lung  diseases  with  the  lat- 
ter class  of  causes. 

(2.)  Excess  of  oxidizable  matter  with  normal  oxygen 
supply  will  cause  increased  acid  products.  Here  the 
oxygen  is  not  diminished,  but  the  matter  to  be  oxidized, 
being  in  excess,  finds  insufficient  oxygen  for  complete 
combustion.  Such  an  increase  occurs  in  that  class  of 
so-called  "  gouty"  patients  who,  leading  a  very  seden- 
tary  life,  consume  large  quantities  of  rich  animal  and 
vegetable  food  ;  or  again,  in  the  acute  febrile  processes, 
where  the  body  tissues,  having,  seemingly,  lost  theii 
power  of  resistance,  fall  a  prey  to  the  insatiable  oxygen. 

(3.)  Interference  with  elimination  will,  naturally,  cause 
an  accumulation  in  the  system  of  acid  products  that 
may  diminish  the  alkalinity  of  the  blood  to  an  extent 
sufficient  to  cause  death.  Diseased  conditions  of  the 
emunctories,  particularly  the  kidneys  and  skin,  are  fre- 
quent causes,  but  inattention  to  hygienic  conditions  and 
lack  of  exercise,  without  diseased  conditions,  may  do 
the  same.  In  severe  cases  of  interference  with  elimina- 
tion, uric  acid  has  been  found  in  the  nasal,  pharyngeal, 
gastric,  vaginal,  cutaneous  secretions  (Boucheron),  and 
in  the  menstrual  blood ;  also  in  the  saliva  in  all  forms  of 
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Under  any  of  those  conditions  in  wliicli  the  alkalinity 
of  the  blood  has  been  reduced  to  a  minimum,  even  the 
alkaline  secretions,  by  a  sort  of  vicarious  action,  elimi- 
nate some  of  the  acid  products  ;  and  this  continuing  tor 
some  time,  will  induce  a  catarrhal  inflammation.  Ihus 
a  bronchial,  intestinal,  or  genito-urinary  catarrh,  is  not 
infrequently  caused.  ,      ,       ,  j 

"Acidity  of  the  stomach,"  a  term  rather  loosely  usea 
to  denote  heartburn,  pyrosis,  acid  dyspepsia,  etc.,  raay  be 
dependent  upon  several  causes.  The  normal  acidity  ot 
the  stomach,  ranging  between  0.10  per  cent,  to  0.33  per 
cent.,  and  averaging  0.17  per  cent.,  may  be  increased 
or  diminished.  The  majority  of  cases  of  "acidity  of 
stomach"  belong  to  the  former,  where  a  greater  amount 
of  acid  is  secreted  than  is  needed  for  the  purposes  of 
digestion.  In  a  fewer  number  of  cases  a  diminished  flow 
occurs  (0.01  per  cent.).  Here  the  foods  not  protected  by 
the  antifermentative  action  of  the  gastric  juice  undergo 
one  of  the  various  acid  fermentations  (e.g.,  lactic,  butyric, 
or  acetic),  thus  giving  rise  to  the  same  phenomena  as  in 
excessive  flow.  Reichmann  has  recently  furnished  an  in- 
teresting explanation  of  the  subjective  symptoms  developed 
in  acidity.  His  conclusion,  based  upon  carefully  con- 
ducted experiments  with  such  cases,  as  compared  with 
similar  experiments  upon  the  healthy  adult,  is,  that  the 
peculiar  burning  pain,  vrith  sensations  of  oppression, 
weight,  etc.,  is  always  the  result  of  regurgitated  normally 
(or  abnormally)  acid  gastric  fluids  into  the  lower  extremity 
of  the  oesophagus.  Here  the  normal  secretion  is  alkaline. 
It  has  been  shown  that  irritation  of  the  gastric  mucous 
membrane  from  any  cause  induces,  by  a  reflex  action 
transmitted  through  the  vagus  to  its  branch  (the  nervus 
dilator  cardise  recently  demonstrated  by  Openchowski), 
an  active  dilatation  of  the  cardiac  orifice,  thus  permitting 
a  partial  regurgitation  of  the  acid  fluids.  By  an  ingenious 
method  he  found  the  reaction  always  acid  here,  when  the 
patients  complained  of  the  above  symptoms,  while  in  other 
cases  it  was  alkaline.  Now,  th  e  irritant  which  produces  this 
dilatation  permitting  regurgitation  is  most  frequently  that 
arising  from  too  acid  secretions  acting  on  the  membrana 
mucosa ;  but  it  should  be  borne  distinctly  in  mind,  for 
purposes  of  diagnosis,  that  any  other  irritant  might  occa- 
sion the  same  phenomena  without  an  increased  acidity. 
Such  we  see  exampled  frequently  in  those  who  drink  irri- 
tating liquors,  and  eat  hot  sauces  with  their  highly  spiced 
foods ;  or  characteristically  in  the  "sour  stomach"  of  the 
beer  drinker,  where  the  gastric  acidity  has  been  demon- 
strated as  reduced  to  a  minimum  (0.01  per  cent.).  Nor  is 
the  gastric  juice  abnormally  acid  when  from  the  irritation 
of  small  gastric  ulcers  all  the  signs  of  so-called  acidity  arise. 

In  the  conditions  described  as  existing  in  so-called 
"acidity  of  the  blood,"  the  amount  of  acid  matter  ex- 
creted by  the  kidneys  is  greatly  increased,  particularly 
the  uric  acid.  When  a  slightly  larger  quantity  of  uric 
acid  is  excreted  than  can  be  neutralized  by  the  replaceable 
sodium  in  the  sodic  phosphate,  the  excess  remains  free 
and  uncombined  in  the  urine,  which,  the  condition  en- 
during, will  often  induce  a  catarrhal  inflammation  of 
the  mucous  membranes  with  which  it  comes  in  contact. 
Should  the  uric  acid  be  in  still  greater  quantity,  it,  being 
very  insoluble  (1  to  15,000),  may  be  precipitated  in  any 
part  of  the  urinary  tract,  or  after  emission  in  the  cooled 
urine.  Thus  originate  the  uric  acid  calculi  of  the  kidney 
and- bladder. 

The  normal  cutaneous  excretions  contain  some  of  the 
volatile  fatty  acids  (chiefly  capric),  which,  under  certain 
conditions  or  idiosyncrasies  not  well  understood,,  are 
greatly  increased.  To  this  condition  the  term  bromidrosis 
has  been  applied.  When  the  skin  endeavors  to  eliminate 
the  excess  of  acids  from  the  blood,  not  infrequently  an 
urticaria,  herpes,  or  eczema  arises,  subsiding  as  soon  as  the 
normal  alkalinity  of  the  blood  is  reached.  For  quantita- 
tive estimation  of  acid  excreta  in  urine — an  index  to  the 
proportion  of  acids  in  the  system — see  Art.  Urine. 

Thekapy.— The  existing  conditions  being  known,  the 
indications  are  evident.  If  the  diflSculty  lies  in  faulty 
oxidation,  then  means  should  be  directed  to  its  improve- 
inent.  Such  are  increased  exercise,  ferruginous  tonics, 
simple  foods  in  moderate  quantity,  and  especially  an  in- 


crease of  the  alkalinity  of  the  blood,  because  it  is  a  phys- 
iological fact  that  ' '  oxidation  occurs  easiest  in  alkaline 
media."  (See  Art.  Alkalinity.)  The  idea,  then,  is  not 
simply  to  neutralize,  but  to  destroy  the  acid  products. 
This  can  be  accomplished  by  the  use  of  either  the  alkaline 
salts  of  potassium,  sodium,  or  lithium  {e.g. ,  their  carbon- 
ates), or,  better,  by  the  employment  of,  the  neutral  salts 
of  those  bases  with  the  (easily  oxidizable)  organic  acids, 
such  as  acetic,  citric,  or  tartaric  acid.  These  are  pref- 
erable, because  entering  the  circulation  without  neu- 
tralizing the  gastric  acids  and  impairing  digestion,  they 
are  soon  converted  into  the  bicarbonates  by  oxidation, 
when  they  will  neutralize  any  acids  present  in  the  econ- 
omy. All  the  vegetable  acids  entering  the  circulation, 
combined  with  the  alkaline  bases,  are  completely  de- 
stroyed, appearing  in  the  excreta  as  carbonates ;  but  if 
taken  in  the  free  state  (in  quantity)  they  are  excreted 
wholly  or  in  part  unchanged.  Liebig's  explanation  is  • 
that  the  alkalinity  of  the  blood  is  so  greatly  reduced  by 
their  absorption  that  oxidation  cannot  well  take  place, 
and  they  are  excreted  as  salts.  Thus  the  existence  of  gallic 
acid  in  alkaline  media  with  oxygen  is  impossible.  Where 
an  immediate  effect  is  desired,  two  or  three  large  doses, 
1  to  3  grms.  (grs.  15  to  45),  of  the  bicarbonates  (prefer- 
ably sodium),  given  in  considerable  water  at  short  inter- 
vals, will  accomplish  the  desired  result.  Thus  an  urticaria 
caused  by  acid  excretions  through  the  skin  may  often- 
times be  relieved.  If  the  "acidity"  be  through  faulty 
elimination,  the  good  sense  of  the  physician  will  dictate 
appropriate  remedies.  The  urate  of  lithium,  being  far 
more  soluble  than  either  the  potassium  or  sodium  salts, 
the  carbonate  of  this  base  would  form  a  more  scientific 
remedy  in  cases  of  the  so-called  "  uric  acid  diathesis." 

Lewis  L.  McArthur. 

ACIDS.  PHYSioiiOQiCAL. — Normal Butyric  Acid,  CsHi, 
CO.  OH,  occurs  principally  as  a  glycerine  ether  in  but- 
ter, but  also  in  Sweat.  It  is  formed  abundantly  by  the 
butyric  fermentation  of  lactic  acid, 

SCsHeOs  =  CiHsOa  +  2C0a  +  SHj, 

and  at  the  same  time  also  acetic  and  caproic  acids  are 
formed.  It  may  be  conveniently  isolated  by  allowing 
grape-sugar  or  cane-sugar  to  ferment  with  rotten  cheese 
and  some  calcium  carbonate.  After  standing  for  a  con- 
siderable time,  calcium  butyrate  is  formed,  which  sepa- 
rates out  on  boiling,  and  the  acid  may  then  be  set  free  by 
hydrochloric  acid.  Normal  butyric  acid,  CHs,  CH^, 
CHa,  CO.  OH,  is  an  oily  fluid,  boiling  at  162.3°  C.  (324°  F.) 
(Linnemann),  solidifying  at  —19°  C.  (— 2.3°  P.),  and  mix- 
ing in  all  proportions  with  water.  The  glyceride  tri- 
butyrin,  C3Hs(CiH,02)3,  occurs  in  cows'  butter,  but  can 
also  be  made  synthetically.  It  is  a  colorless  neutral  oil 
of  specific  gravity,  1.056  at  8°  C.  (46.4°  F.). 

Isovalerianic  {Isopropj/laeetic)  Acid,  CiH,,  CO.  OH,  oc- 
curs as  a  glyceride  in  the  blubber  oil  of  certain  dolphins 
{delpMnus  globiceps  and  phoemncC).  It  is  also  formed 
by  the  decomposition  of  albuminous  bodies  (casein), 
but  is  most  easily  prepared  by  the  oxidation  of  fusel 
oil  (amyl  alcohol)  by  chromic  and  sulphuric  acids. 

Isovalerianic  Acid,  (CHs),,  CH,  CH,,  CO.  OH,  is  an 
oily,  colorless  fluid,  smelling  like  rotten  cheese.  It  boils 
at  176.8°  C.  (349.4°  P.)  (Kopp) ;  specific  gravity,  0.931  at 
20°  C.  (68°  F.),  and  soluble  in  water. 

Triismalerin,  CsHt(C6H90a)s,  found  in  dolphin  blub- 
ber, is  a  colorless  oil,  neutral,  and  insoluble  in  water. 

Oaproic  Acid,  CtHu,  CO.  OH,  occurs  as  a  glyceride  in 
cows'  butter ;  also  formed,  as  a  rule,  with  butyric  acid  in 
fermentation.  It  is  an  oily,  colorless  liquid,  solidifying 
at-18°C.  (-0.4°  F.),  boiling  at  205°  C.  (401°  F.) ;  specific 
gravity,  0.938  at  30°  C.  (68°  F.).  Insoluble  in  water,  with 
a  faint,  unpleasant  smell.  The  pure  glyceride  has  not  been 
isolated. 

Oaprylic  and  Owpric  Acids. — Normal  caprylic  acid, 
C,H,5,  CO.  OH,  and  normal  capric  acid,  CjHu,  CO. 
OH,  occur  in  very  small  quantities  as  a  glyceride  in 
cows'  butter.  The  first  crystallizes  in  leaflets,  melting 
at  -1-16.5°  C.  (62°  F.),  boiling  at  236°  to  SS?"  C.  (457°  to 
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458°  P.),  and  of  very  difficult  solubility,  even  in  boiling 
water.  Capric  acid  occurs  in  fine  needles,  melting  at 
30°  C.  (86°  P.),  boiling  at  368°  to  270°  C.  (514°  to  518°  P.) : 
very  insoluble  in  boiling  water.  The  pure  glycerides  of 
these  acids  are  not  known. 

Laurie  and  Myj-ktie  Aeids. — Laurie  acid,  CuHjs,  CO. 
OH,  and  myristic  acid,  CisHai,  CO.  OH,  are  both  found 
as  cetylic  ethers  in  spermaceti  (Heintz).  The  first  crys- 
tallizes in  needles,  melting  at  43.6°  C.  (110.5°  P.) ;  the  lat- 
ter in  leaflets,  melting  at  53.8°  C.  (139°  P.). 

Palmitic  Acid,  CisHsi,  CO.  OH,  is  found  in  all  fats, 
generally  as  a  glyceride,  in  combination  with  stearic  and 
oleic  acids,  sometimes  as  cetylic  ether  (spermaceti)  and 
myricylic  ether  (beeswax).  When  pure,  palmitic  acid 
crystallizes  in  scales,  which  melt  at  63°  C.  (143.6°  P.). 
The  glyceride,  Ifripalmitin,  C3Hii(Ci6H3iO!i)s,  is  crystal- 
•  line,  melts  at  61.5°  C.  (143°  P.) ;  is  almost  insoluble  in 
spirit  of  wine,  but  slightly  so  in  absolute  alcohol  (boiling) ; 
very  easily  in  ether. 

Cetylic  Mh&r,  CieHsa,  CxeHaiOs,  constitutes  the  prin- 
cipal part  of  spermaceti.  It  crystallizes  in  leaflets,  and 
melts  at  53.5°  C.  (138.5°  P.)  (Heintz). 

Myricylic  Ether,  CsoHg,,  CieHjiOa,  forms  the  principal 
part  of  beeswax ;  is  insoluble  in  alcohol ;  crystallizes  in 
feathery  aggregations,  and  melts  at  73°  C.  (161.6°  P.) 
(Brodie). 

Bteamc  Acid,  CitHjs,  CO.  OH. — Pound  as  a  glyceride, 
especially  in  the  solid  fats,  and  may  be  obtained  in  large 
quantities  from  mutton-  or  beef-suet.  Pure  stearic  acid 
crystallizes  in  leaflet,  melting  at  69.3°  C.  (156.5°  P.) 
(Heintz) ;  soluble  with  difficulty  in  cold  ^irit  of  wine, 
but  easily  in  benzol,  carbon  disulphide,  and  ether. 

The  glyceride  THstearin,  C8H6(Ci8Hsi>Oa)a  is  found  in 
all  fats.  It  crystallizes  in  scales,  glistening  like  mother-of- 
pearl.  According  to  Heintz,  it  has  two  melting-points — 
first  at  56°  C.  (133.8°  P.),  becoming  again  solid  at  a  higher 
temperature,  and  melting  again  at  71.6°  C  (161°  P.).  It  is 
easily  soluble  in  boiling  absolute  alcohol  and  ether. 

Arachie  Acid,  dsHsj,  CO.  OH. — This  acid  is  found  in 
cows'  butter  as  a  glyceride.  It  crystallizes  in  small  glis- 
tening leaflets,  which  melt  at  75°  C.  (167°  P.). 

THarcuihin,,  C3H6(CaoH8jOa)a,  is  granular ;  very  slightly 
soluble  in  ether. 

Medullic  Acid;  Oi^liii,  CO.  OH. — According  to  Eylerts, 
the  glyceride  of  this  acid  is  found  in  the  spinal  cord  of  the 
ox.     It  melts  at  73.5°  C.  (162.5°  P.). 

Hyamrm  Acid,  CjiHio,  CO.  OH. — The  glyceride  of  hysena' 
acid  was  found  by  Carius  in  the  secretion  of  the  anal 
glands  of  the  hyaena,  from  which  it  is  obtained  by  saponi- 
fication and  fractional  distillation.  The  pure  acid  crys- 
tallizes in  small  clumps  of  feathery  needles,  melting  at 
77°  to  78°  C.  (170°  to  173°  P.) ;  soluble  in  cold  absolute  al- 
cohol with  difficulty,  more  easily  in  hot  absolute  alcohol, 
and  very  easily  in  ether.  The  pure  glyceride  is  probably 
contained  in  hysena  fat,  but  has  not  been  isolated. 

Gerotic  Acid,  CaeHss,  CO.  OH,  is  found  free  in  beeswax. 
As  cerylic  ether  it  forms  the  principal  part  of  Chinese 
wax.  The  free  acid  forms  granular  crystals,  which  melt 
at  78°  C.  (173°  P.) ;  it  dissolves  with  difficulty  in  alcohol. 
The  cerotic  acid  cerylic  ether,  C27H66(Ca7H6a02)  is  crys- 
talline, wax-like,  and  melts  at  83°  C.  (179.6°  P.). 

Phyaetoleic  Acid,  Cis,  Ha«,  CO.  OH,  was  found  by  Hof- 
stadter  in  the  oil  from  physeter  macrocephalus.  It  melts 
*t  30°  C.  (86°  P.) ;  oxidizes  in  the  air. 

Oleic  Acid.  CnHaa,  CO.  OH,  is  found  as  a  glyceride  in 
almost  all  fats,  solid  and  fluid,  especially  the  latter. 
When  pure,  it  crystallizes  in  colorless  needles,  which  melt 
at  14°  C.  (57.2°  P.);  specific  gravity,  0.898  at  14°  C. 
(57.2°  P.).  When  perfectly  pure,  it  is  soon  oxidized  in 
the  air.  With  ioduretted  hydrogen  and  phosphorus,  when 
heated  to  300°  to  210°  C.  (393°  to  410°  P.)  it  passes  into 
stearic  acid. 

Triolein,  CaH6(C,6H8s03)a,  is  a  colorless  neutral  fluid, 
which  is  very  little  soluble  in  spirit  of  wine,  but  very 
easily  soluble  in  ether.  At  body  temperature  it  dissolves 
solid  fats. 

Another  acid  ("Doglingsdure")  has  been  found  in  the 
blubber  of  iaUena  rosVrata,  as  a  glyceride. 

T.  Wesley  Mills. 


ACIDS.  Therapeutics.— The  acids  in  general  are 
substances,  either  solid,  liquid,  or  gaseous,  possessed  of 
a  sour  taste,  corrosive  action,  and  the  property  of  turn- 
ing blue  litmus  paper  red,  and  of  combining  with  bases 
or  their  oxides  to  form  salts.  Two  of  the  acids  of  the 
Pharmacopoeia,  however,  carbolic  and  oleic,  are,  when 
pure,  of  a  neutral  reaction  and  will  not  redden  litmus 
paper.  The  following-named  substances  are  the  ones 
which  possess  the  characteristics  of  the  acids  in  the  most 
marked  degree,  and  which  are  commonly  understood 
when  mention  is  made  of  this  group.  Though  the  Phar- 
macopoeia contains  many  other  drugs  which  are,  chemi- 
cally speaking,  acids,  nevertheless,  as  regards  their  thera- 
peutic action,  they  belong  rather  to  some  other  family, 
and  will  be  more  properly  considered  in  connection  with 
the  other  members  of  their  respective  groups.  (See 
articles  Antiseptics,  Astringents,  Disinfectants,  Sedatives, 
etc.)  The  pharmacopoeial  "  acids,"  commonly  so  called, 
and  which  will  be  here  considered,  are  acetic,  chromic, 
citric,  hydrochloric  (or  muriatic),  lactic,  nitric,  nitro-hy- 
drochloric  (or  nitro-muriatic),  phosphoric,  sulphuric,  and 
tartaric.  To  these  may  also  be  added  arsenious  and  car- 
bolic acids,  which  may,  with  propriety,  be  treated  of  here 
as  regards  their  toxicology  and  external  uses,  and  oxalic 
acid,  which  is  of  interest  in  this  connection  only  as  a 
poison. 

Toxicology. — Before  speaking  of  the  therapeutic  uses  of 
the  acids,  a  portion  of  the  space  allotted  to  this  article 
may  perhaps  be  profitably  devoted  to  a  very  brief  con- 
sideration of  the  symptoms  and  treatment  of  poisoning 
by  these  substances.  The  mineral — arsenious,  carbolic, 
oxalic,  and  tartaric — acids  are  those  from  which  poison- 
ing, either  by  accident  or  design,  most  frequently  occurs. 
When  the  mineral  acids  have  been  swallowed  in  concen- 
trated form,  the  symptoms  are  those  produced  by  a  cor- 
rosive poison — intense  burning  pain  in  the  mouth  and 
throat,  wherever  the  acid  has  come  in  contact  with  the 
mucous  membrane,  severe  thirst,  weak  pulse,  and 
dyspnoea.  If  hydrochloric  or  sulphuric  acid  have  been 
taken  the  lips  will  show  black  stains,  while  the  corrosive 
action  of  nitric  acid  colors  the  parts  yellow.  In  cases  of 
poisoning  by  these  acids,  alkalies  should  be  at  once  ad- 
ministered in  large  draughts  of  milk  or  water.  Any 
alkali  that  is  nearest  at  hand  may  be  used — chalk,  tooth- 
powder,  whitewash  scraped  from  the  ceiling,  soap,  or 
washing-  or  cooking-soda.  The  patient  should  then  be 
made  to  swallow  olive  oil,  melted  butter,  or  lard.  The 
attempt  to  use  the  stomach-pump  in  these  cases  should 
never  be  made,  as  serious  injury  may  thereby  be  done  to 
the  softened  tissues.  (Por  the  symptoms  and  treatment 
of  arsenical  poisoning,  see  under  the  head  of  Arsenic). 
Poisoning  by  carbolic  acid  is  evidenced  by  extreme  de- 
pression, weakness  of  the  heart,  and  dyspnoea.  The 
breath  is  redolent  of  the  drug,  leaving  little  doubt  as  to 
the  nature  of  the  case.  It  is  not  very  often  that  carbolic 
acid  is  swallowed  in  sufficiently  concentrated  form  to 
produce  severe  local  escharotic  effects.  When  this  hap- 
pens the  eschars  are  white  in  color.  The  treatment  em- 
braces the  use  of  the  stomach-pump  or  emetics,  washing 
out  the  stomach,  the  administration  of  oily  or  mucilagi- 
nous drinks,  and,  later,  stimulants  to  combat  the  depres- 
sion. Poisoning  by  oxalic  acid  is  not  infrequent,  owing  to 
the  resemblance  of  this  substance  to  Epsom  salts.  Oxalic 
acid  also  exists  in  the  leaves  of  the  common  rhubarb  or 
pie-plant,  and  several  cases  of  poisoning  from  eating  these 
leases  have  been  recorded.  This  substance  is  an  acro- 
narcotic  poison,  and  when  taken  in  toxic  dose  causes 
burning  in  the  throat,  intense  gastric  pain,  vomiting,  and 
collapse.  Lime  and  magnesia  are  the  proper  antidotes, 
and  should  be  given  at  once  in  large  quantities,  after 
which  the  stomach  may  be  emptied  by  emetics  or  the 
pump.  Potash  or  soda  must  not  be  given,  as  these  alka- 
lies form  poisonous  compounds  with  oxalic  acid.  After 
the  immediate  danger  of  death  is  averted  by  these  means 
there  remains  a  gastro-enteritis  which  is  to  be  treated  by 
the  ordinary  remedies.  Instances  of  fatal  poisoning  by 
tartaric  acid  are  extremely  rare.  The  symptoms  are  those 
of  an  irritant,  and  consist  in  burning  of  the  throat  and 
stomach,  with  the  signs  of  gastric  inflammation.     Any 
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alkali  that  is  nearest  at  hand  should  be  given,  and  the  re- 
sulting gastritis  is  to  be  treated  on  general  principles. 

The  therapeutic  uses  of  the  acids  are  varied  and  im- 
portant, but  their  consideration  here  must  necessarily 
be  brief.  For  a  detailed  account  of  the  individual  prop- 
erties of  the  acids  the  reader  is  referred  to  the  special  ar- 
ticles under  their  respective  titles. 

External  Uses. — The  stronger  acids  are  markedly  es- 
charotic  in  their  action,  this  property  depending  upon 
their  strong  affinity  for  the  water  and  the  bases  in  the 
tissues,  and  upon  their  power  of  coagulating  and  dis- 
solving albumen.  They  are  employed  for  the  purpose  of 
destroying  new  growths,  removing  sloughs,  stimulating 
indolent  and  unhealthy  granulating  surfaces,  cauterizing 
poisoned  wounds,  and,  in  diluted  form,  as  astringents 
and  haemostatics.  The  caustic  action  of  the  acids  is 
difficult  of  exact  limitation,  and  hence  they  should  not 
as  a  rule  be  used  where  only  a  superficial  destruction  of 
tissue  is  desired.  They  may  be  applied  by  means  of  a 
glass  rod  or  a  clean  splinter  of  wood,  and  the  surrounding 
integument  should  be  protected  by  previously  smearing 
it  with  oil  or  some  other  fatty  substance.  After  the 
cauterizing  action  has  proceeded  far  enough  it  may  be 
in  a  measure  limited,  and  the  resulting  pain  relieved,  by 
washing  the  part  with  an  alkaline  solution  or  soap-suds. 
The  acids  are  used  for  the  destruction  of  condylomata, 
small  haamorrhoidal  tumors,  naevi,  chancres,  and  chan- 
croids, to  provoke  healthy  action  in  sloughing  and  phage- 
dfenic  ulcers,  and  in  uterine  applications.  Nitric  acid, 
on  account  of  its  comparatively  superficial  action  is  the 
one  usually  selected  for  these  purposes,  though  in  many 
cases  chromic  acid  is  to  be  preferred.  The  latter  pene- 
trates deeply,  and  its  application  is  not  so  painful  as 
that  of  the  former.  Sulphuric  acid  is  seldom  employed 
as  an  escharotic,  as  it  penetrates  deeply  and  is  with  diffi- 
culty limited  in  its  action ;  sometimes,  however,  it  is 
selected  because  of  these  very  qualities.  It  has  been 
highly  recommended,  when  diluted  with  two  or  three 
parts  of  water,  as  an  application  to  carious  or  necrosed 
bone.  Glacial  acetic  acid  is  one  of  the  best  applications 
for  the  removal  of  warts  or  corns.  Carbolic  acid  (un- 
diluted) is  an  excellent  mild  escharotic  ;  it  is  employed 
for  the  removal  of  small  condylomata,  in  the  treatment 
of  herpes,  and  as  a  uterine  application.  Somewhat 
diluted  it  finds  employment  in  various  ways  as  a  local 
anaesthetic.  Sponging  the  body  with  water  acidulated 
with  sulphuric  or  acetic  acid  is  of  service  in  excessive 
sweating,  and  it  is  also  grateful  as  a  refrigerant  measure 
in  feverish  conditions.  Dilute  acetic  acid  or  vinegar 
may  be  used  to  control  epistaxis  and  other  slight  capil- 
lary haemorrhages.  Nitro-hydrochloric  acid  is  employed 
externally  in  baths  or  on  compresses  applied  over  the 
liver  in  the  jaundice  due  to  cirrhosis  or  other  chronic 
hepatic  disorders.  Hydrochloric  acid  was  at  one  time, 
on  the  authority  of  Bretonneau,  largely  employed  locally 
with  a  view  to  dissolving  away  the  false  membrane  in 
diphtheria,  but  it  has  now,  and  justly,  fallen  into  disuse. 
Lactic  acid  has  also  been  recommended  for  the  same 
purpose,  but  it  is  seldom  so  employed  at  the  present 
day. 

InUmal  Uses. — The  acids  are  to  be  ranked  among  the 
antipyretics,  since  their  power  of  reducing  the  body 
temperature  in  febrile  conditions,  though  not  very  great, 
is  yet  not  to  be  gainsaid  ;  in  healthy  individuals,  how- 
ever, their  effect  upon  the  temperature  is  nil.  Dilute 
hydrochloric  is  the  best  to  use  for  this  purpose,  though, 
when  an  astringent  effect  is  also  desired,  aromatic  sul- 
phuric acid  may  be  substituted.  The  vegetable  acids 
are  frequently  employed  in  the  preparation  of  cooling 
drinks  for  fever  patients.  Citric  acid  or  lemon-juice  is 
the  more  palatable,  but  when  for  any  reason  this  cannot 
^e  obtained,  a  very  refreshing  drink  may  be  made  by 
adding  a  little  vinegar  to  sweetened  water.  Tartaric 
acid  may  also  be  used  for  the  same  purpose,  but  is  in- 
ferior to  citric.  Perhaps  the  most  frequent  use  of  the 
mineral  acids  is  in  the  treatment  of  dyspepsia,  either  to 
correct  excessive  acidity  of  the  stomach  or  to  supple- 
ment a  defective  secretion.  Hydrochloric  acid  is  the  one 
usually  selected,  and  is  to  be  given  before  meals  when 
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the  fault  lies  in  too  great  acidity  of  the  gastric  secretions. 
When  the  opposite  condition  prevails,  the  acid  is  to  be 
given  after  meals,  and  for  this  purpose  lactic  acid  is 
preferred  by  many  to  hydrochloric ;  indeed,  it  is  prob- 
able that  when  the  latter  is  exhibited  it  is  converted  into 
lactic  acid  in  the  stomach.  The  acids  just  mentioned  are 
also  frequently  employed  when  there  is  an  excess  of  uric 
acid  in  the  urine.  In  alkaline  conditions  of  the  urine  the 
mineral  acids,  as  well  as  citric  or  tartaric  acid,  are  often  of 
service.  In  hepatic  disorders  nitro-hydrochloric  acid 
should  be  selected,  and  its  internal  administration,  as 
mentioned  above,  may  be  supplemented  by  external  ap- 
plications. Carbonic  acid  water  is  of  value  in  slight 
nausea  and  in  the  acute  indigestion  following  excesses  in 
eating  or  drinking.  The  mineral  acids  possess  some 
value  in  the  treatment  of  scurvy,  but  are  far  inferior  to 
citric  acid,  especially  as  it  exists  in  lemon-juice.  The 
acids  are  also  largely  employed  to  control  haemorrhages 
of  the  uterus,  lungs,  or  intestinal  tract,  especially  of  the 
first  and  last-named  ;  in  haemoptysis  they  are  of  less  effi- 
cacy. Sulphuric  and  phosphoric  acids  are  the  ones  given 
for  this  object,  but  sulphuric  is  to  be  preferred.  Aro- 
matic sulphuric  acid  is  used  to  restrain  excessive  sweat- 
ing. Atropine  and  other  drugs  find  more  favor  in  the 
treatment  of  the  night-sweats  of  phthisis  ;  but  in  certain 
conditions,  especially  in  corpulent  individuals,  in  which 
profuse  perspirations  occur  at  night  or  foUow  upon  very 
slight  exertion,  aromatic  sulphuric  acid  given  in  ten  or 
fifteen  drop  doses  before 'retiring  is  very  efficient.  Care 
should  be  observed,  however,  not  to  continue  its  exhibi- 
tion for  too  long  a  time,  owing  to  the  danger  of  disturb- 
ing the  digestive  functions.  Sulphuric  acid  is  useful  as 
a  temporary  measure  for  the  relief  of  lead  colic,  but  it 
does  not  eliminate  the  poison  from  the  tissues,  and  should 
never  be  relied  upon  to  the  exclusion  of  other  more 
efficient  remedies  in  the  treatment  of  this  condition. 
Workmen  in  lead  factories  make  use  of  sulphuric  acid 
lemonade  as  a  prophylactic  against  poisoning,  and  the 
same  drink  is  vaunted  as  a  preventive  of  cholera.  Sul- 
phuric acid  when  added  to  Epsom  salts  markedly  in- 
creases their  purgative  action.  The  acids,  finally,  are  very 
often  given,  with  or  without  iron,  as  a  tonic.  For  this 
purpose  either  nitric,  hydrochloric,  or  phosphoric  acid  is 
to  be  selected.  For  a  certain  class  of  nervous  ansemie 
women  who  present  an  indescribable  train  of  symptoms, 
various  indefinite  pains,  nervous  startings,  palpitation  of 
the  heart,  headache,  etc. ,  no  tonic  answers  Ibetter  than 
the  following  :  Sulphate  of  iron,  13  grammes  (3iij.); 
nitric  acid,  13  grammes  ( 3  iij.) ;  water,  90  grammes 
(|iij.) ;  fifteen  drops  to  be  taken  in  water  three  times 
a  day  after  meals.  It  should  never  be  forgotten  that 
the  action  of  acids  is  very  injurious  to  the  teeth,  and 
they  should  therefore  always  be  taken  through  a  glass 
tube.  The  mouth  should  immediately  afterward  be  rinsed 
out  with  a  solution  of  bicarbonate  of  soda  or  other  weak 
alkaline  solution,  as  a  further  precaution. 

Tlwmas  L.  Stedman. 

ACNE.  Acne  is  an  inflammatory,  usually  chronic, 
disease  of  the  sebaceous  glands,  characterized  by  the 
formation  of  papules,  tubercles,  or  pustules,  or  a  com- 
bination of  these  lesions,  occurring  for  the  most  part 
about  the  face.  It  may  occur  alone  or  in  connection 
with  other  affections  of  the  sebaceous  glands,  as  comedo 
and  seborrhoea.  The  lesions  are  of  various  sizes,  from  a 
pin's  head  to  a  large  split-pea,  and  are  commonly  seen  in 
both  the  papular  and  pustular,  or  the  tubercular  and 
pustular  forms  combined.  There  is  not  often  any  sensa- 
tion of  burning  or  itching,  but  occasionally  a  feeling  of 
soreness  when  the  lesions  are  touched.  Their  color  may 
vary  from  bright  red  to  dusky  or  violaceous,  with  usu- 
ally a  pustular  centre.  The  number  of  lesions  varies 
greatly  in  different  cases.  There  may  be  only  one  or  two 
present,  or  they  may  be  verjr  numerous.  The  inflam- 
mation may  be  superficial  or  it  may  be  deep,  even  occa- 
sionally leading  to  the  formation  of  abscesses.  The  indi- 
vidual lesions  may  come  and  go  within  a  few  days  or 
they  may  be  of  slow  evolution,  but  the  disease  itself  is 
apt,  in  all  cases,  to  run  a  chronic  course,  the  process 
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frequently  lasting  for  j-ears.  If  there  has  been  much 
suppuration,  more  or  less  unsightly  scars  may  remain. 

The  chief  seat  of  acne  is  upon  the  face,  neck,  shoul- 
ders, and  chest,  although  it  may  occur  upon  any  part  of 
the  body,  except  the  palms  and  soles.  The  severity  of 
the  disease  varies  very  greatly.  In  some  instances  it 
may  be  represented  by  one  or  two  lesions  only,  while  in 
others  the  face,  neck,  shoulders,  chest,  and  even  the 
whole  trunk  may  be  covered  with  unsightly  papules, 
pustules,  suppurating  tubercles,  and  abscesses. 

Acne  is  one  of  the  commonest  diseases  of  the  skin. 
In  this  country  the  statistics  of  the  American  Derma- 
tological  Association  show  its  occurrence,  in  the  practice 
of  specialists,  to  be  in  the  proportion  of  seven  per  cent, 
in  all  diseases  of  the  skin,  and  its  comparative  frequency 
among  the  people  is  probably  much  greater.  Acne  oc- 
curs in  the  young  of  both  sexes,  appearing  about  the  age 
of  puberty.  It  does  not  occur  in  children,  and  only 
rarely  makes  its  appearance  for  the  first  time  in  mature 
years. 

Acne  may  occur  in  several  different  forms,  described 
as  "acne  punctata,"  "acne  papulosa,"  "acne  pus- 
tulosa,"  but  all  these  are  stages  of  the  same  process, 
and  all  may  usually  be  found  represented  in  the  same 
individual  simultaneously.  As  one  kind  of  lesion  rather 
than  another  usually  predominates,  it  will  be  convenient 
to  consider  the  aflcection  more  closely  under  several 
heads. 

Papular  acne  is  the  earliest  stage  of  the  disease,  and 
is  chiefly  characterized  by  the  occurrence  of  papular 
lesions,  of  pin-head  to  small-pea  size,  flat,  or  more  or  less 
pointed,  lightish  in  color,  situated  about  the  sebaceous 
follicles,  and  often  showing  a  minute  black  point,  which 
indicates  the  mouth  of  the  sebaceous  duct.  This  variety 
of  acne  is  often  accompanied  by  comedo.  (See  Comedo.) 
There  are  usually  a  few  pustular  lesions  scattered 
among  the  papules.  The  latter  are  not  acutely  inflam- 
matory, and  papular  acne  is  the  least  developed  form  of 
the  disease. 

Pustular  acne  is  the  typical  form  of  the  disease,  though 
even  when  fully  developed  pustules  form  the  chief  feat- 
ure of  the  eruption  many  lesions  of  a  papular  and  inter- 
mediate character  are  found.  The  pustules  are  pin-head 
to  large-pea  size,  rounded  or  acuminate,  seated  on  a 
more  or  less  infiltrated  base  of  superficial  or  deep  inflam- 
matory product.  Suppuration  may  be  slight  or  abun- 
dant Occasionally  several  lesions  run  together,  or  the 
suppurative  process  extends  more  widely  and  deeply, 
and  abscesses  form.  Such  lesions  are  apt  to  occur  about 
the  lower  part  of  the  face,  neck,  and  chest,  but  chiefly  on 
the  shoulders  and  back,  forming  the  most  serious  and 
annoying  phase  of  the  disease.  The  smaller  pustular 
lesions  may  heal  up  without  a  scar,  while  the  larger 
ones  leave  a  pitted  cicatrix  like  that  of  small-pox.  When 
abscesses  f oi-m,  very  deforming  cicatrices,  with  pockets 
or  bridles  of  tissue,  and  with  large  comedones  about  or 
in  them,  may  result.  The  disfigurement  thus  produced 
is  increased  by  the  occasional  supervention  of  keloid  in 
the  cicatrix,  but  the  lumpy  scars  thus  produced  usually 
assume  the  ordinary  cicatricial  condition  after  some 
months,  the  keloidal  condition  spontaneously  disap- 
pearing. 

"Artificial  acne"  is  sometimes  observed  as  the  result 
of  the  external  employment  of  tar,  chrysarobin,  and  other 
agents.     The  acieform  eruptions  produced  by  the  in- 

festion  of  various  medicinal  substances,  will  be  found 
escribed  under  the  head  of  "Dermatitis  medicamentosa." 
Tho  causes  giving  rise  to  acne  are  numerous  and  varied 
in  their  nature.  In  its  commoner  forms  it  appears  to  be 
dependent,  to  some  extent,  upon  the  character  of  the  skin. 
Persons  with  thick  oily  skins  are  most  apt  to  suffer  from 
the  diffuse  form  of  acne  with  numerous  papular  and  pus- 
tular lesions  mingled  with  comedones,  while  the  sparse 
eruption  of  flat  and  papular  lesions  is  often  found  in  pnlo, 
anaemic  individuals,  with  dry,  rather  harsh  skins.  The 
most  frequent  cause  of  acne  is  puberty.  The  affection 
shows  itself  for  the  first  time,  in  the  vast  majority  of 
cases,  at  this'  period,  and  is  apt  to  continue,  unless  re- 
medial measures  are  adopted,  until  the  system  has  assumed 


the  equilibrium  of  adult  life,  or  in  women  until  a  later 
period. 

Other  causes  which  may,  either  alone  or  combined, 
give  rise  to  the  occurrence  of  acne,  are  scrofula  and  ca- 
chexia or  general  debility,  anaemia,  and  chlorosis. 

Habitual  derangement  of  the  alimentary  canal  is  of 
great  importance  in  the  causation  of  acne,  and  dyspepsia, 
with,  or  more  rarely  without,  constipation  will  be  found 
present  in  the  majority  of  cases.  Very  often  a  fresh 
attack  of  acne,  with  a  new  crop  of  lesions,  follows  closely 
upon  each  attack  of  dyspepsia  or  constipation. 

Disorders  of  menstruation  are  often  the  direct  cause  of 
acne,  and  in  many  women  suffering  from  this  skin  affec- 
tion, a  fresh  outbreak  may  be  expected  before,  during,  or 
just  after  each  menstrual  period.  At  other  times  the 
cause  of  the  disease  remains  obscure,  the  patient  enjoying 
otherwise  good  health. 

The  anatomical  seat  of  the  inflammation  in  acne  ia 
about  the  sebaceous  glands  and  hair-follicles,  with  their 
common  opening.  In  the  milder  forms  of  papular  acne 
(acne  punctata)  we  have  a  comedo  about  which  the  sur- 
rounding papUlee  and  corium  show  enlarged  blood-vessels, 
serous  effusion,  and  exudative  cells  in  the  widened  net- 
work. When  the  process  goes  on  to  form  pustular  acne, 
there  is  purulent  exudation  in  the  gland-ducts.  When 
larger  tubercles  and  pustules  are  found,  extensive  inflam- 
mation of  the  glandular  structure  and  surrounding  tis- 
sues with  purulent  collections  in  the  gland-duct,  and  hair- 
follicle,  and  loosening  of  the  hair-sheath,  with  destruction 
of  the  epithelium,  is  observed.  When  the  inflammation 
is  more  intense,  the  sebaceous  gland  may  be  entirely  lost 
in  the  suppuration,  while  the  hair-follicle  may  escape.  In 
large  acne  abscesses,  gland,  hair-f  oUicle,  and  all  are  swal- 
lowed up  in  suppuration. 

The  diagnosis  of  well-developed  acne  presents  no  diffi- 
culty. When  only  a  few  lesions  are  present,  however, 
and  especially  when  these  are  illy  developed,  it  is  by  no 
means  easy,  at  times,  to  decide  whether  we  have  to  deal 
with  this  affection  or  with  others  of  a  widely  different 
nature.  The  age  of  the  patient,  the  seat  of  the  lesions, 
their  chronic  character,  and  their  inflammatory  nature, 
must  be  taken  into  account.  Tar  acne  may  be  recog- 
nized by  the  smell  of  that  drug,  and  acne  due  to  chryso- 
phanic  acid  by  the  purplish  discoloration  of  the  skin 
where  it  has  been  applied.  In  both  forms  of  acne  the 
presence  of  the  drug  in  the  follicles  causes  a  marked  ap- 
pearance of  black  points.  Acne  may  be  distinguished 
from  the  similar  eruptions  due  to  iodine  and  bromine 
(see  Dermatitis  medicamentosa)  by  the  fact  that  the  le- 
sions in  these  drug  eruptions  are  apt  to  be  larger,  and 
that  they  come  out  in  considerable  numbers  simultane- 
ously. In  addition  the  lesions  are  of  a  brighter  and 
more  inflammatory  nature  in  the  drug  eruptions,  and 
when  fully  developed  are  apt  to  cluster  together,  coa- 
lesce, and  form  inflammatory  areas  covered  with  charac- 
teristic crusts.  The  lesions  of  true  acno  raroly  occur  in 
groups  or  coalesce,  -rd  never  show  the  cheesy  sebaceous 
secretion  of  the  acnef orm  dermatitis  from  the  ingestion 
of  drugs.  Acne  often  closely  resembles  the  papular  and 
pustular  syphilodermata,  and  the  two  affections  are  not 
infrequently  mistaken  for  one  another.  The  history  of 
the  case,  the  presence  or  absence  of  characteristic  lesions 
on  other  parts  of  the  body  not  ordinarily  attacked  by 
acne,  the  uniform  or  scattered  distribution  of  the  lesions, 
those  of  syphilis  tending  to  group,  are  all  elements  of 
the  diagnosis  which  must  be  taken  into  consideration. 
When  the  syphilitic  lesions  occur  on  the  forehead,  or 
only  to  the  extent  of  one  or  two  about  the  nose,  without 
any  history,  it  is  sometimes  difficult  to  make  the  diag- 
nosis, and  great  caution  must  be  exercised  in  coming  to 
a  decision  at  the  first  examination.  Acne  in  a  severe 
and  pustular  form  looks  not  unlike  small-pox,  but  the 
absence  of  fever  or  other  concomitant  symptoms,  and 
the  chronicity  of  the  acne  eruptions,  should  prevent  this 
mistake  from  being  perpetrated  even  by  one  quite  unac- 
quainted with  skin  diseases. 

The  treatment  of  acne  should  be  both  constitutional 
and  local.  In  order  to  use  the  constitutional  treatment 
with  effect,  we  must  first  ascertain  by  careful  cross- 
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examination  of  the  patient  exactly  what  is  the  weak 
point.  If  constipation  exists,  this  must  be  remedied.  If 
dyspepsia  is  present,  a  careful  regimen,  with  remedies  ap- 
propriate to  the  peculiar  form  of  digestive  disturbance 
operative  in  the  case  under  consideration,  must  be  em- 
ployed. When  uterine  difficulties  present  themselves  as 
probable  causes  of  the  acne,  these  must  be  attended  to, 
and,  m  short,  to  deal  successfully  with  acne,  the  physi- 
cian must  he  a  master  of  his  art.  Of  course,  only  the 
outline  of  treatment  can  be  given  in  an  article  like  this, 
and  the  treatment  must  be  varied  to  suit  the  case. 

When  anaemia  seems  to  be  the  efficient  cause,  without 
concomitant  digestive  difficulty,  iron  and  arsenic  alone 
or  combined  are  called  for.  The  tincture  of  the  chloride 
in  five  to  ten  minim  doses,  always  prescribed  in  water,  so 
that  the  patient  is  not  left  to  measure  out  the  drops,  is 
one  of  the  best  forms  of  iron  to  use  alone.  The  arsenic 
is  preferably  given  in  the  form  of  Fowler's  solution  in 
water  or  in  wine  of  iron  ;  the  dose  at  first  should  not  be 
more  than  two  to  four  minims,  which  may  be  gradually 
increased  to  eight  minims  if  the  case  require  it :  beyond 
this  it  is  rarely  advisable  to  go.  Constipation  is  a  very 
common  accompaniment  of  acne,  and  should  always  be 
removed.  Saline  or  vegetable  laxatives,  with  an  occa- 
sional dose  of  blue  pill,  is  useful  in  some  cases.  The 
majority  of  patients  will  get  along  best  under  the  admi- 
rable mixture  devised  by  Startin,  and  known  as  "  Mistura 
ferri  acida."  It  is  composed  as  follows:  8.  Magnesii 
sulphat.,  §  j.  (31  grm.) ;  ferri  sulphatis,  gr.  iv.  (.26grm.) ; 
sodii  chloridi,  3  ss.  (1.95  grm.);  acid,  sulphuric,  dil., 
f  31].  (7.75  grm.) ;  infus.  quassise,  ad  f  |iv.  (130  grm.). 
M.  Sig.  :  A  tablespoonf ul  in  a  tumbler  of  water  before 
breakfast.  Although  a  very  disagreeable  mixture  to  most 
persons  on  first  taking,  it  usually  agrees  well  with  them, 
and  becomes  less  revolting  after  use  for  a  short  time.  In 
the  dyspepsia  with  constipation  of  acne  it  is  an  incom- 
parable remedy.  Its  use  should  be  governed  by  the  effect 
on  the  bowels.  If  it  is  too  purgative  the  amount  can  be 
diminished,  or  if  not  sufficient  laxative  effect  be  produced 
the  proportion  of  magnesium  sulphate  can  be  increased, 
or  the  dose  repeated  before  supper,  or  it  may  even  be 
given  thrice  daily.  The  natural  mineral  waters  are  some- 
times useful  in  acne,  especially  the  Hathorn  water  of 
Saratoga  and  the  Hunyadi  Janos  as  sold  in  the  bottled 
form. 

Where  there  is  much  irritability  and  hyperaemia  ac- 
companying the  acne,  good  results  are  often  gained  by 
the  prolonged  administration  of  alkalies.  Taylor  recom- 
mends the  following  formula :  3  •  Potassii  acetatis,  §  j. 
(31.10  gi"m.) ;  sodii  et  potassii  tart,  |ij.  (62.20  grm.); 
syr.  zingiberis,  f  §  ij.  (60  grm.) ;  aquae,  q.  s.  ad  f  J  viij. 
(240grm.).  M.  Sig.:  A  tablespoonful  in  a  wine-glass 
of  water  after  meals. 

When  there  is  a  scrofulous  taint,  and  especially  in 
those  cases  in  which  there  is  a  tendency  to  the  formation 
of  abscesses,  cod-liver  oil  is  indicated.  Occasionally, 
when  this  disagrees,  extract  of  malt  may  be  substituted. 
The  bitter  tonics  and  mineral  acids  are  likewise  of  value 
in  many  cases. 

Hygiene  is  of  the  utmost  value  in  the  management  of 
acne,  and  the  beneficial  effect  of  change  of  air,  particu- 
larly to  mountainous  regions,  is  often  more  marked  than 
that  of  drugs.  The  sea-shore,  it  may  here  be  remarked, 
usually  disagrees  with  acne  patients.  Exercise  in  the 
open  air,  cold  bathing,  moderate  gymnastics,  all  are  of 
use.  Occasionally  a  sea  voyage  benefits  a  patient  whom 
medicines  have  failed  to  relieve. 

The  local  treatment  of  acne  is  of  great  importance, 
especially  with  regard  to  the  choice  of  remedies.  Appli- 
cations innumerable  are  recommended  in  the  books  and 
in  periodicals,  but  only  a  few  are  generally  useful.  Some 
cases  of  acne  show  acutely  inflammatory  symptoms,  and 
must  be  treated  by  means  of  soothing  applications,  of 
which  the  bland  ointments  and  lotions  used  in  acute 
eczema  are  examples.  (See  the  treatment  of  acute  eczema.) 
But  by  far  the  greater  number  of  acne  cases  demand 
stimulant  treatment,  often  of  a  vigorous  sort.  When  the 
skin  is  coarse  and  sluggish,  with  numerous  comedones 
and  a  general  greasy  look,  and  without  much  acute  in- 


flammation, frictions  with  alkaline  soaps,  as  sapo  viridis 
or  the  solution  of  the  latter  in  one-half  its  weight  of  alcohol, 
known  as  "  spiritus  saponis  alkalinus,"  are  of  use.  These 
should  be  briskly  rubbed  in  and  then  washed  off  the 
skin  again,  and  followed  by  applications  of  cold  water  or 
of  powdered  starch.  Occasionally  a  solution  of  potassa, 
fifteen  grains  to  the  ounce  of  water,  may  be  applied  with 
advantage,  followed  by  a  stimulant  ointment,  as  the  fol- 
lowing: ]j.  Ung.  hydrarg.  praecip.  alb.,  3  j.  (3.90  grm.) ; 
ung.  aquae  rosae,  3  iij-  (11.65  grm.).  M.  Sulphur  and  its 
preparations  are  among  the  most  valuable  remedies  in 
our  possession  for  the  treatment  of  acne  in  most  of  its 
forms.  The  following  is  a  generally  useful  formula: 
]J .  Sulphuris  precipitat. ,  3  j.  (3.90  grm.) ;  ung.  aquae  rosae, 
vaselini,  aa3iv.  (15.50  grm.).  M.  Camphor  may  some- 
times be  added  in  the  proportion  of  a  scruple  (1.30  grm.) 
to  the  above  formula.  Sometimes  lotions  are  more  suit- 
able, especially  where  there  is  a  tendency  to  rosacea  (see 
Acne  Rosacea).  The  following  is  a  convenient  prepara- 
tion :  B.  Sulphuris  precipitat. ,  3  j.  (3. 90  grm.) ;  pulv.  cam- 
phorae,  gr.  v.  (.32  grm.);  pulv.  tragacanthae,  gr.  x.  (.65 
grm.) ;  aquae  calcis,  aquae  rosae,  sa  f  |  i.  (30  grm.).    M. 

When  the  lesions  are  sluggish,  and  especially  in  in- 
durated acne  of  the  back,  V lemingckxs's  solution  is  a 
valuable  local  application.  ? .  Calcis  vivae,  |  ss.  (15.50 
grm.) ;  sulphuris  sublimat.,  |  j.  (31.10  grm.) ;  aquae,  f  |  x. 
(311  grm.).  Boil  down  to  six  ounces  and  filter.  This  is 
a  very  stimulating  application,  almost  caustic  in  fact,  and 
should  always  be  diluted  with  several  parts  of  water  be- 
fore using,  at  least  until  the  effect  upon  the  skin  has  been 
ascertained. 

Indurated  and  pustular  acne  may  sometimes  be  bene- 
fited by  the  application  to  each  lesion  of  a  drop  of  solu 
tion  of  the  acid  nitrate  of  mercury  on  the  end  of  a  sharp- 
ened match,  followed  by  bathing  with  hot  water.  The 
lesions  may  also  be  punctured  with  a  sharp  instru^nent 
when  there  is  a  tendency  to  the  formation  of  abscesses. 
(See  Fig.  53.)  The  severer  plans  of  treatment,  as  rubbing 
with  sand,  scraping  with  the  sharp  spoon,  are  not  par- 
ticularly beneficial,  and  are  usually  objected  to  by  pa- 
tients. In  some  cases  the  use  of  sulphur  soaps,  applied 
in  lather  and  allowed  to  dry  on,  is  of  advantage. 

Whatever  plan  of  treatment  be  adopted^  it  is  essential 
that  it  should  be  thoroughly  carried  out,  and  the  patient 
should  be  frequently  examined  to  ascertain  if  the  direc- 
tions have  been  complied  with.  In  any  case  the  prog- 
nosis should  be  guarded.  The  more  extensively  devel- 
oped cases  are  very  often  more  amenable  to  treatment 
than  those  where  half  a  dozen  lesions  alone  represent  the 
disease,  and  where  the  patient  enjoys  apparently  good 
health.  The  question  is,  in  the  long  run,  one  of  time 
only,  as  a  spontaneous  cure  sooner  or  later  invariably 
occurs.  If  neglected,  however,  unsightly  and  disfigur- 
ing scars,  sometimes  keloidal,  supervene  in  severe  cases, 
and  unremitting  efforts  should,  therefore,  be  used  lo  ob- 
tain, if  possible,  a  speedy  cure. 

Arthur  Van  Harlingen. 

ACNE  ROSACEA.  Acne  Rosacea  is  a  chronic,  hyper- 
aemic,  or  inflammatory  disease  of  the  face,  more  par- 
ticularly the  nose,  characterized  by  redness,  dilatation 
and  enlargement  of  the  blood-vessels,  hypertrophy,  and 
more  or  less  acne.  Hyperaemia  is  the  first  symptom, 
and  this  shows  itself  in  a  diffuse  flush  on  the  nose  and 
neighboring  parts,  and  in  some  cases  over  the  cheeks, 
chin,  and  even  the  ears.  This  may  at  first  occur  only 
intermittently,  but  after  a  longer  or  shorter  period  the 
redness  becomes  settled,  more  marked,  and  permanent, 
A  condition  at  first  only  brought  on  by  exposure  to  cold 
or  a  close  atmosphere,  or  following  the  use  of  alcoholic 
stimulants  or  a  full  meal,  finally  becomes  habitual. 
Small  tortuous  blood-vessels  can  be  seen  ramifying 
over  the  tip  of  the  nose  and  the  prominence  of  the 
cheek-bones,  the  nose  is  cold  to  the  touch  and  often 
shows  slight  seborrhoaa.  This  condition  may  remain 
stationary  for  months,  or  even  years,  and  may  then 
disappear,  or  it  may  go  on  to  the  gradual  formation 
of  pin-head  to  split-pea-sized  hard  papules,  either  iso 
lated  or  grouped  into  indurated  masses.    This  second 
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form  shows  best  the  combination  of  conditions  which 
has  given  the  affection  -its  name,  acne  rosacea.  A 
third  and  much  rarer  variety  affects  the  nose  alone, 
and  consists  in  an  inflammatory  connective-tissue  hy- 
pertrophy, with  enlargement  of  the  sebaceous  folli- 
cles and  hypertrophy  of  the  papillary  layer  of  the 
corium.  The  organ  becomes  grotesquely  enlarged  and 
misshapen,  the  surface  rugous  and  covered  with  irregu- 
lar, sometimes  overlapping  growths,  showing,  enlarged 
and  tortuous  blood-vessels,  thickly  strewn  with  acne 
pustules  and  with  the  blackened  points  of  comedonef 
and  of  a  deep  vinous  red  color.  At  other  times  the  sur- 
face remains  smooth  and  shining,  while  a  uniform  thick- 
ening of  the  skin  causes  great  increase  in  the  size  of  the 
aose. 

The  causes  of  acne  rosacea  are  various.  The  first  two 
varieties  may  occur  in  men  as  well  as  in  womeL,  but  fhe 
third  is  found  in  men  alone.  In  women  the  disease  is 
apt  to  be  connected  with  disturbance  of  the  generative 
apparatus.  Dyspepsia,  anaemia,  and  chlorosis  are  also 
among  the  causes.  Habitual  indulgence  in  alcoholic 
and  malt  liquors  is  among  the  commonest  causes,  al- 
though the  disease  is  in  no  sense  an  indication  of  alco- 
holic indulgence,  as  it  is  very  common  among  dyspeptic 
water-drinkers.  Persons  whose  business  or  profession 
leads  to  much  exposure  to  inclement  weather,  as  hack- 
drivers,  sailors,  etc., 
are  apt  to  become  the 
subjects  of  acne  rosa- 
cea. The  immediate 
cause  of  the  lesion  is 
paresis  of  the  most 
minute  capillaries  of 
the  skin  at  their  cxt 
tremities,  leading  to 
chrotoic  enlargement 
and  sluggish  circula- 
tion. 

The  pathology  of 
acne  rosacea  is  in  part 
explained  by  what  has 
been  said  regarding 
its  etiology.  In  the 
first  variety  or  stage 
there  is  simply  a 
blood  stasis  in  the 
skin.  This  condition 
may  last  for  years 
Without  change. 
Sooner  or  later,  how- 
ever, permanent  dila- 
tation and  hypertro- 
phy of  the  capillaries 
takes  place,  together  with  an  involvement  of  the  seba- 
ceous glands  in  the  form  of  acne.  Still  later  more  or  less 
hypertrophy  of  all  the  tissues  of  the  affected  part  takes 
place,  and  a  connective-tissue  new-growth  is  the  result, 
with  the  marked  distortion  above  described.  Piffard  has 
described  a  case,  microscopically  examined  by  him, 
where  the  horny  layer  was  scanty,  but  the  rete  mucosum 
thick  with  well-formed  cells.  The  papillae  were  enlarged 
in  lerigth  and  breadth,  and  contained  round  and  fusiform 
cells.  Some  of  the  sebaceous,  glands  were  unaltered, 
others  were  undergoing  degenerative  changes.  The 
corium  was  greatly  thickened,  and  presented  the  appear- 
iLCv  3f  a  formed  tissue. 

The  only  diseases  with  which  acne  rosacea  is  liable  to 
be  confounded  are  syphilis,  lupus  vulgaris,  lupus  ery- 
thematosus, and  acne.  From  the  tubercular  syphilo- 
derm  acne  rosacea  is  to  be  distinguished  by  its  chronicity. 
The  syphiloderm  is  indeed  chronic,  but  it  lasts  months 
where  acne  rosacea  lasts  years.  In  syphilis  the-lesions 
do  not  especially  involve  the  glands,  in  acne  rosacea  the 
glands  form  the  centre  of  the  pustular  lesions.  Crusts 
are  apt  to  be  present  in  syphilis,  and  some  of  these  on 
removal  show  ulcers  beneath.  Ulcers  never  form  in 
acne  rosacea.  The  color  of  the  syphilitic  eruption  is  apt 
to  be  a  dull,  coppery  red ;  in  acne  rosacea  the  color  is 
either  a  bright  red  or  violaceous,  according  to  the  stage 
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of  the  disease  and  its  form.  The  characteristic  enlarge- 
ment of  the  bloodvessels  seen  in  acne  is  wanting  in 
syphilis.  Syphilis  occurs  on  one  side  of  the  nose  more 
than  on  the  other  in  many  cases,  whereas  acne  is  symmet- 
rical. In  doubtful  cases  the  history  may  be  of  some  aid, 
but  is  not  always  to  be  depended  upon. 

The  characteristic  roundish,  reddish,  or  yellowish 
papules  or  tubercles  of  lupus  vulgaris,  pin-head  or  larger 
in  size,  and  usually  involving  only  a  portion  of  the  nose, 
as  the  tip  or  one  ala,  usually  serve  to  distinguish  this  af- 
fection and  to  prevent  its  being  mistaken  for  acne  rosacea. 
Moreover,  ulceration,  followed  by  crusts  and  disfiguring 
cicatrices,  is  present  in  lupus  vulgaris,  but  is  absent  in 
acne  rosacea. 

Sometimes  lupus  erythematosus,  when  it  occurs  upon 
the  end  of  the  nose,  may  be  mistaken  for  acne  rosacea, 
but  the  presence  of  sebaceous  crusts,  with  the  wide-open 
mouths  of  the  oil-follicles,  are> characteristic  of  this  form 
of  lupus,  and  are  quite  absent  in  acne  rosacea. 

Prom  acne  the  affection  under  oonsideration  may  be 
distinguished  by  the  presence  of  enlarged  blood-vessels 
and  by  the  hypersemia.  As  the  line  dividing  acne  and 
acne  rosacea  is  in  some  cases  an  arbitrary  one,  and  as 
the  former  may  merge  into  the  latter,  of  course  many 
cases  are  practically  undistinguishable. 

The  treatment  of  acne  rosacea  varies  with  the  stage  of 
the  disease  and  with  the  cause  in  the  given 
case.  Constitutional  and  local  remedies  are 
both  to  be  employed.  The  cause  of  the  disease 
is  in  each  case  to  be  diligently  sought  out  and, 
when  possible,  removed.  Especially  is  this  the 
case  when  disorders  of  the  generative  apparatus 
in  women  are  involved.  The  stomach  and 
bowels  are  to  be  kept  in  good  order.  Iron, 
arsenic,  and  bitter  tonics  are  to  be  used  as  occa- 
sion requires.  Change  of  air  to  the  mountains, 
or  to  the  sea-shore,  may  in  some  cases  be  re- 
quired. 

Locally,  the  acne  lesions  when  present  are  to 
be  gotten  rid  of  by  the  remedies  above  described 
under  acne.  The  sulphur  preparations  are  the 
best,  both  for  this  purpose  and  for  the  removal 
of  the  rosaceous  condition,  and  the  sulphur  and 
tragacanth  wash,  described  above,  may  be  ap- 
plied frequently  with  the  greatest  benefit.  G. 
H.  Pox  recommends  the  following  :  B .  Pulv. 
chrySarobin,  3  ss.  (1.95  grm.) ;  collodii,  fjj. 
(33  grm.).  This  is  to  be  painted  over  the  af- 
fected part  daily,  the  effect  being  watched  with 
the  view  of  avoiding  possible  untoward  results 
from  over-action  of  the  chrysarobin.  In  the 
later  stage,  when  well-defined  blood-vessels  can 
be  seen  coursing  under  the  skin  in  numbers, 
the  treatment  must  be  different.        _  _  fio.  53.— 

The  dilated  capillaries  may  be  incised  with  a  Aone-puno- 
flne,  sharp  knife,  in  the  hope  that  adhesive  in-  tor- 
flammation  may  result,  with  the  effect  of  closing  the  caU- 
bre  of  the  vessels.  Cold  water  compresses  or  pledgets  of 
dry  lint  may  be  applied  to  control  any  bleeding,  and  a 
small  number  of  vessels  may  thus  be  operated  upon 
thoroughly  until  the  ground  has  been  entirely  gone  over. 
A  lance-headed  punctor  (Pig.  53)  may  be  used  for  the  same 
purpose,  small  punctures  being  made  in  the  line  of  the  di- 
lated vessels  at  short  intervals.  Hardaway  recommends 
electrolysis,  using  a  No.  13  cambric  needle  inserted  into 
any  convenient  handle,  and  connected  with  the  negative 
pole  of  a  galvanic  battery ;  a  sponge  electrode  is  then 
connected  with  the  positive  pole.  The  needle  is  inserted 
sufficiently  deep  to  enter  the  dilated  vessel ;  as  soon  as 
this  has  been  accomplished  the  patient  completes  the 
circuit  by  taking  the  sponge  electrode  into  his  hand. 
When  the  electrolytic  action  has  been  properly  devel- 
oped, the  patient  releases  the  sponge  electrode,  after 
which  the  operator  withdraws  the  needle.  Six  or  eight 
elements  will  generally  suffice.  If  the  vessel  to  be  op- 
erated upon  is  a  long  one,  several  punctures  must  be 
made  at  suitable  intervals  of  space.  The  needle  may  be 
inserted  perpendicularly  or  in  a  line  with  the  course  of 
the  vessel.    One  discouraging  fact  must  be  taken  into 
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consideration  in  the  endeavor  to  heal  acne  rosacea  by 
means  of  destruction  of  the  calibre  of  the  enlarged  blood- 
vessels, that  is,  that  a  collateral  circulation  is  apt  to  be 
established  which  will  bring  the  same  condition  of  the 
skin  back  again,  and  which  must  be  expected  and  met 
by  a  renewed  operation.  In  these  rare  and  severe  cases 
of  acne  rosacea,  when  knobby  and  gross  hypertrophic 
deformity  of  the  nose  exists  (Fig.  53),  decortication  with 
the  knife  is  the  only  effectual  remedy,  although  in  less 
advanced  cases  scraping  with  the  sharp  spoon  may  im- 
prove the  condition  of  the  skin  to  a  considerable  degree. 
The  prognosis  in  the  early  stages  of  acne  rosacea  is 
favorable,  and  there  are  few  affections  of  the  face  in 
which  more  striking  and  rapid  results  can  be  attained, 
up  to  a  certain  point,  than  in  these  cases  of  acne  rosacea 
where  there  is  a  red,  flushed  condition  of  the  face,  with 
numerous  acne  papules  and  pustules,  and  with  little  or 
no  distinct  capillary  dilatation.  When,  however,  the 
disease  has  become  thoroughly  established,  only  thorough 
and  long-continued  treatment  will  avail.  When  the 
capillary  enlargement  is  already  marked,  treatment  be- 
yond a  certain  point  is  only  palliative  ;  it  may  prevent 
further  progress— a  result  of  no  small  value,  and  pa- 
tients should  be  encouraged  to  persevere. 

Arthur  Van  Harlingen. 

ACONITE  \A.amUum,  U.  S.  (the  root) ;  Aconitum 
napellus  L.  (DelpMnum  aconitum  Baillon) ;  order  Ea- 
nunculacm,  Monkshood]  is  a  tall,  handsome  herb,  with 
large,  irregular,  purplish  blue  flowers,  compound  leaves, 
and  a  fleshy,  conical,  biennial — but  by  stolons,  perennial — 
root.  It  is  a  variable  and  widely  distributed  species, 
growing  abundantly  in  the  mountainous  districts  of 
Central  Europe,  Asia;  and  the  western  part  of  America ; 
extending  up  the  mountain  sides  to  a  very  high  eleva- 
tion, as  well  as  deep  into  the  valleys.  It  is  cultivated 
for  medicinal  use  in  parts  of  continental  Europe  and 
England,  and  as  an  ornamental  flower  in  the  United 
States,  where  it  occasionally  escapes  from  gardens,  and 
takes  an  uncertain  possession  of  waste  places. 

The  aconites  were  known  to  the  ancients,  both  in 
Europe  and  Asia,  as  poisons,  and  are  said  to  be  still 
used  by  some  of  the  hill  tribes  of  India  to  envenom 
their  arrows.  They  were 
employed  as  medicines  in 
Germany  in  the  twelfth, 
and  on  the  island  of  Great 
Britain  in  the  thirteenth 
centuries  ;  but  afterward 
fell  into  disuse  until  1763, 
when  Stoerck,  of  Vienna, 
again  introduced  them  to 
the  medical  profession, 
since  which  time  they  have 
been  constantly  but  not  ex- 
tensiveljr  used. 

The  simple,  stiff,  upright 
stem  of  aconite  rises  from 
fifty  to  one  hundred  centi- 
metres (twenty  to  forty 
inches)  from  the  ground, 
bearing  numerous  alternate 
leaves,  and  a  long,  close, 
terminal,  spike-like  raceme. 
The  leaves  {folia  aconiti, 
Br.  Ph.  ;  feuiUea  Waconit 
napel,  Codex  Med.)  are  from 
five  to  twenty  centimetres 
in  diameter  (two  to  eight 
inches),  are  rather  stiff  and 
thick,  smooth,  shining,  and 
.  ,  mi,   I.,   ,    .       ,        dark  green  above,  and  paler 

below.  The  blade  is  palmately  three-parted  ;  the  lateral 
segments  are  again  divided  nearly  to  the  base.  The 
narrowly  wedge-shaped  divisions  are  further  three-  or 
two-lobed,  and  these  lobes  are  again  incised,  or  cleft 
with  linear  or  pointed  tips.  The  leaves  become  less 
compound  toward  the  upper  part  of  the  stem,  and  are 
finally  reduced  to  three-  or  several-cleft  bracts.    They 
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Fio.  54.— Dclphlnum  Aconitnm 
(Bnillon). 


Fio.  B5.— Entire  Flower  of 
Aconitum  Kapellua. 


have  no  marked  odor,  but  upon  being  chewed,  produce, 
like  the  root,  a  persistent  stinging  sensation  in  the  mouth. 
They  contain  a  small  and  uncertain  amount  of  aeonitine, 
and  considerable  aconitic  acid;  the  latter  of  no  therapeutic 
importance.  The  flowers  are  of  striking  appearance  ; 
the  corolla  is  nearly  wanting,  and  its  place  is  taken  by  a 
large,  colored  calyx,  of  which  the  upper  sepal  is  de 
veloped  into  a  deep  cup-shaped  helmet,  that  sits  upon 
the  rest  of  the  flower  like  a  bonnet. 
The  pistils  are  three,  containing 
numerous  small  ovules. 

The  mature  root  gives  the  speci- 
fic name  to  the  plant  (napellus,  a 
little  turnip).  It  is  a  simple,  coni- 
cal, tapering  tuber,  ending  in  a 
long,  slender,  cylindrical  tap-root, 
and  bearing  numerous  rootlets 
upon  its  sides.  (See  Fig.  57.) 
From  its  scaly  crown  arises  the 
flowering  stem,  and  at  the  base  of 
this  stem  a  short  stolon  extends 
horizontally  under  the  ground,  and 
bears,  on  its  extremity,  a  young 
tuber,  more  or  less  developed  according  to  the  season, 
and  destined  to  produce  the  plant  of  the  succeeding  year. 
There  may  also  remain  upon  the  other  side  of  the  crown 
a  similar  but  dead  connection  between  the  present  root 
and  the  remains  of  that  of  the  preceding  year. 

Fresh  aconite  root  is  brown  externally,  white  within, 
and  has  a  biting,  benumbing  "taste,"  which  has  caused 
it  to  be  occasionally  stupidly  mistaken  for  horseradish. 

The  dried  root,  which  constitutes  the 
usual  drug  {pMnitum,  U.  S.  Ph.  ;  aconiti 
radix,  Br.  Ph. ;  tubera  aconiti.  Ph.  G. ;  raeine 
d'aconit  napel,  Codex  Med.,  etc.),  is  from 
one  to  two  centimetres  in  diameter  at  the 
base,  and  from  five  to  seven  inches  in  length 
(two-fifths  to  four-fifths  inch  by  two  to 
three  inches) ;  much  shrivelled-  and  wrin- 
kled longitudinally,  especially  below;  often 
curved  and  twisted,  or  broken.  The  exter- 
nal color  is  dark  brown ;  internally  it  is 
grayish,  showing,  in  a  transverse  section,  a 
distinct,  five-  to  eight-pointed  stellate  cam- 
bium ring,  in  each  angle '  of  which  is  a 
well-developed  flbrd-vascular  bundle.  Frequently  the 
roots  are  attached  in  pairs ;  when  not,  the  scar  where 

they  were  broken 
apart  can  be  seen. 
The  taste  is  similar  to 
that  of  the  fresh  root, 
but  the  stinging  sen- 
sation may  be  a  little 
slower  in  coming. 

Aconite  root,  even 
when  coming  solely 
from  aconitum  napel- 
lus, is  very  variable 
in  quality  and  often 
poor.  The  age  of  the 
root  has  much  to  do 
with  this  ;  when  gath- 
ered just  before  blos- 
soming it  is  large  and 
juicy,  and  of  the  best 
quality  ;  after  this  it 
rapidly  deteriorates, 
and  the  autumn-flow- 
ering root  is  worth- 
less. The  young  root, 
in  the  autumn  or 
spring,  however,  is  of 
good  size  and  next  in 
value  to  the  first 
named.  Light,  hol- 
low, rotten-stemmed 
„  .    j.~  pieces  should  be  dis- 

Grown  in  different  countries,  or  under  varying 
circumstances,  it  is  subject  to  considerable  variation  in 


Fio.  B6.— Seed- 
veEsel  of  Aco- 
nitum Napel- 

lUB. 


Pig.  B7.— Hoot  of  Delphinum  Aoonitnm 
(Baillon). 

carded 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Acne  Rosacea. 
Aconite. 


quality.  Commercial  aconite  is  also  frequently  mixed 
with  the  tubers  of  several  other  similar  but  less  active 
species.  On  the  whole,  it  is  one  of  the  most  unreliable 
medicines  in  the  market. 

Aconite  owes  its  medical  value  and  poisonous  qualities 
to  the  alkaloid  oeonitiTie,  which  it  contains,  associated 
with  one  or  two  others,  and  in  combination,  probably, 
with  aeonitic  acid.  It  was  discovered  in  1833  by  Geiger 
and  Hesse  in  the  leaves  of  aconitum  na/pelltis,  and  after- 
ward, in  the  root,  by  Bley.  It  exists  also  in  several 
other  species  in  smaller  quantity.  Although  easily  sep- 
arated as  an  amorphous  powder  of  varying  quality,  it 
has  proved  to  be  an  exceedingly  difficult  base  to  prepare 
in  a  state  of  chemical  purity.  Groves  first  obtained  it  in 
crystals.  Duquesnel,  and  finally  Wright  and  Luff,  have 
distinguished  themselves  in  more  recent  studies  upon  it. 
Crystallized  aconite  is  now  offered  as  an  article  of  com- 
merce by  several  chemists,  especially  by  Duquesnel  of 
Paris,  whose  product  is  considerably  used  in  the  United 
States.  It  is  in  regular  rhombic  tables,  or  short  four- 
sided  prisms,  or  often  in  small  crystalline  masses,  anhy- 
drous, nearly  insoluble  in  water,  but  soluble  in  alcohol, 
ether,  etc. ;  usually  not  quite  white,  often  pale  brownish 
yellow,  of  a  bitter  taste,  which  is  followed  by  an  intense 
prickling  of  the  mouth  and  fauces  (it  must  only  be 
tasted  with  great  care  in  a  dilute  solution).  The  nitrate 
is  similar  to  the  above,  but  more  soluble. 

According  to  the  conclusions  of  Messrs.  Wright  and 
Luff  {Phai'maceutical  Jour,  and  Trans.,  1875  et  seq.), 
aconite  contains  also  another  similar  and  equally  poison- 
ous crystalline  alkaloid,  but  in  very  minute  quantity, 
namely,  paeudaconitine,  the  alkaloid  of  aconitum  ferox 
(see  below).  Both  these  bases  exist  also  in  an  uncrystal- 
lizable  condition.  Besides  these,  two  inferior  bases, 
aeonine  and  pseiidaconine,  are  always  found  in  the  course 
of  the  examination,  but  as  they  are  easily  produced  as 
decomposition  products  of  aconitine  and  pseudaconitine 
respectively,  their  separate  existence  in  the  plant,  al- 
though probable,  is  not -proved.  The  ordinary  commer- 
cial, amorphous  "aconitine"  is  an  uncertain  mixture  of 
all  the  above.  "  English  aconitine  "  is  said,  by  German 
chemists,  to  be  pseudaconitine.  Resin,  fats,  starch,  gum, 
sugar,  etc.,  are  ordinary  vegetable  products  found  in 
aconite,  but  of  no  medical  interest.'  Too  much  value 
must  not  be  placed  upon  the  various  estimates  of  the  yield 
of  aconite  root.  Fliickiger  ("  Pharmakonosie  des  Pflan- 
■  zenreiches")  gives  it  as  0.04  per  cent.,  the  older  authori- 
ties as  much  higher. 

Aconitine,  as  would  be  expected,  considering  its  active 
qualities,  has  been  repeatedly  and  assiduously  studied  in  its 
physiological  aspects,  but,  excepting  as  far  as  its  most  evi- 
dent action  goes,  much  remains  yet  to  be  made  sure.  This 
is,  in  part,  undoubtedly  ascribable  to  the  uncertainty  of  the 
composition  of  many  of  the  preparations  heretofore  used, 
but  it  is  in  part  also  due  to  the  peculiar  difficulties  pre- 
sented by  the  drug  itself.  Its  physiological  properties 
appear  to  be  the  following  ; 

First. — To  disturb  and  reduce  sensation.  A  mild  feeling 
of  prickling  or  tingling  of  the  extremities  and  tongue  is 
often  noticed  after  one  or  two  moderate  medicinal  doses, 
and  is  a  recognized  warning  that  the  limit  of  its  thera- 
peutic use  has  been  reached.  In  large  doses  this  symp- 
tom is  one  of  the  first  to  appear,  and  becomes  very 
intense,  accompanied  by  diminution  of  sensation,  due  to 
anaesthesia  of  the  surface  and,  perhaps  also,  of  the  deeper 
parts. 

Second.^— To  paralyze  the  motor  nerves.  This  is  not  as 
prominent  an  effect  of  aconitine  as  the  preceding ;  and, 
after  moderate  doses,  may  be  even  unnoticeable,  excepting 
as  a  slight  clumsiness  oi  the  limbs ;  but  in  large  ones  is 
evident  enough.  Both  the  sensory  and  motor  effects 
appear  to  begin,  and  have  their  intensest  manifestation, 
at  the  surface,  and  to  proceed  gradually  upward  along 
•  the  nerve-trunks.  Whether  a  portion  of  them  are  also 
due  to  direct  action  upon  the  sensory  or  motor  centres, 
in  the  brain  itself,  is  still  a  matter  of  doubt,  but  not 
unlikely. 

Thvrd^—Uhe  depressing  action  of  aconite  upon  the  heart 
is  one  of  its  most  prominent  and  dangerous  qualities,  as 


well  as  the  one  for  which  it  is  most  often  given.  Slowness 
and  feebleness  of  the  pulse,  and  consequent  reduction  of 
the  arterial  pressure,  are  constant  results  of  its  administra- 
tion ;  but  liow  these  results  are  brought  about,  whether 
by  direct  action  upon  the  heart  itself,  or  upon  its  nerve- 
centres,  or  all  together,  is  not  known.  Much  of  the 
weakness  attending  aconite  poisoning — the  cold  sweats, 
blindness,  syncope,  fall  of  temperature,  etc. ,  which  occur 
— is  undoubtedly  due  to  the  enfeebled  circulation. 

Fourth. — The  respiration  is  retarded  and  enfeebled, 
probably  from  both  peripheral  and  centric  paralysis. 
Convulsions  are  not  common ;  the  mind  is  usually  clear. 

Medicinal  Uses. — One  rational  application  of  the  above 
effects  of  aconite  is  to  reduce  the  frequency  and  force  of 
the  heart's  action,  when  uncomfortably  or  dangerously 
excessive.  Conditions  indicating  its  use  are  often  present 
in  acute  febrile  affections,  especially  at  the  onset :  pneu- 
monia, pleurisy,  bronchitis,  scarlet  fever,  and  other  ex- 
anthemata, as  well  as  the  febrile  excitement  attending 
the  passage  of  the  catheter,  menstrual  disturbances, 
coryzas,  etc.,  are  examples.  Marked  and  grateful  relief 
often  follows,  very  quickly,  the  use  of  aconite  in  these 
cases  ;  and,  if  the  condition  is  a  transient  one,  it  effects 
an  apparent  cure.  In  the  later  stages  of  dangerous  fevers, 
or  when  the  fever  is  of  an  adynamic  type,  it  should  never 
be  used.  It  sometimes  relieves  the  palpitation  of  exoph- 
thalmic goitre. 

Another  application,  which  may  be  logically  deduced 
from  its  action  upon  the  nerves,  is  it»  use  in  certain  pain- 
ful affections,  especially  certain  neuralgias,  in  which  it 
occasionally  gives  marked  relief — often,  unfortunately, 
not  any.  The  greater  the  probability  the  pain  is  trivial 
or  peripheral  in  origin,  the  greater  the  amount  of  benefit 
which  may  be  expected.  It  sometimes  diminishes  the 
vomiting  of  pregnancy,  and  may  be  useful  in  other  cases 
where  diminution  of  nervous  irritability  is  desired. 

Empirically,  it  has  been  used  in  many  chronic  diseases 
and  opprobria  mediea  without  establishing  itself  in  the 
treatment  of  any.  Locally  applied  to  painful  parts,  as  a 
liniment  or  an  "oleate,"  it  is  often  more  beneficial  than 
when  taken  internally. 

Administration. — Aconite  is  not  often  given  in  sub- 
stance, but  its  dose,  as  authorized  by  the  Pharmacopoeia 
Germanica,  may  be  taken  as  a  standard  for  computing 
those  of  its  preparations.  The  maximum  single  dose, 
according  to  that  authority,  is  one  decigramme  (0.1  grm. 
=  gr.  jss.),  or  not  more  than  five  times  as  much  in  a  single 
day.  The  officinal  preparations  are  all  made  by  first  ex- 
hausting the  root  with  alcohol,  slightly  acidulated  by 
the  addition  of  tartaric  acid,  and  then  evaporating  or 
otherwise  reducing  to  the  standard  of  strength.  They 
are :  1.  Abstract  of  aconite  (a^stractum  aconifi),  in  which 
the  alcoholic  liquid  is  evaporated  nearly  to  dryness,  and 
then  standardized  by  the  addition  of  enough  sugar  of  milk 
to  make  the  product  weigh  one-half  the  amount  of  aconite 
used.  Full  dose,  therefore,  five  centigrammes  (0.05  grm. 
=  gr.  f).  3.  Extract  of  aconite  {exir actum  aconiii),  made 
by  evaporating  to  a  pilular  consistence,  and  preserved 
from  drying  completely  by  the  addition  of  a  little  gly- 
cerine. This  product  varies  in  strength  from  \  to  f, 
according  to  the  season  in  which  the  root  was  gathered, 
and  other  conditions.  Dose  uncertain.  8.  Fluid  extract 
of  aconite  (extractum  aconiti  fluidum),  strength  |.  Dose, 
the  same  as  that  of  the  root.  A  good,  but  inconveniently 
strong  preparation.  4.  Tincture  of  aconite  (tinetura  aco- 
niti), strength  f  ;  the  most  generally  used  form.  Full 
dose,  two  and  a  haU  decigrammes  (0.25  gr.  =  Ht  iv. 
gtt.  viij.). 

Aconitine  is  not  officinal.  The  old  amorphous  prepara- 
tion should  never  be  used.  Pure  crystallized  aconitine, 
or  its  nitrate,  appears  to  be  more  uniform,  and  may  be 
given  in  doses  of  three  or  four  ten-thousandths  of  a 
gramme  (0.0003  to  0.0004  grm.  =  gr.  li-^  to  gr.  tW- 

Oleate  of  aconitine,  a  two  per  cent,  solution  of  the 
above,  is  useful  for  painting  painful  surfaces,  but  should 
be  used  very  cautiously. 

Liniment  may  be  made  by  mixing  the  tincture  or  fluid 
extract  with  other  liniments. 

Fleming's  tincture  is  an  old  preparation,  which,  on 
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account  of  its  strength  (|),  should  be  known;  but  it  is 
better  not  to  call  for  it,  as  it  has  no  advantages  over  the 
United  States  tincture  or  fluid  extract. 

The  above-mentioned  are  full  adult  doses,  and  should 
not  be  repeated  more  than  three  or  four  times  a  day 
without  close  watching.  In  febrile  cases  it  is  much 
better  to  divide  each  dose  into  twenty,  and  give,  say  a 
quarter  of  a  drop  of  the  tincture,  every  fifteen  minutes 
until  some  effect  is  produced,  than  to  give  the  larger 

Botanical  RBLATioisrs.— The  genus  aconite  contains 
eighteen  species,  natives  of  hills  and  mountains  of  the 
northern  hemisphere,  like  our  species,  showy,  handsome, 
large-flowered,  perennial  herbs. 

Aconitumferox,  Wallitch ;  Indian  aconite,  or  bish,  re- 
sembles the  A.  napellus,  but  has  a  larger,  fuller,  and 
longer  root.  It  contains  chiefly  pseudaconitine,  with  a 
little  aconitine.  Qualities,  similar  to  ^.  wajjeZ^M*/  said  to 
be  more  active.  Supposed  to  be  the  source  of  some  of 
the  "English  aconitine." 

Aconiium  variegatum,  L.,  has  short,  roundish,  egg- 
shaped  tubers ;  Europe. 

Acomtum  Stoerckeanum,  Rehb.,  has  its  tubers  in 
threes,  or  even  more  together.  Both  the  above  species 
occur  occasionally  in  lots  of  commercial  aconite. 

Aconiium ,  Japanese  aconite,  yields  Jap- 

aconitine  ;  very  poisonous  ;  similar  to  aconitine. 

Aeordtum  lycootonum,  L.,  has  yellow  flowers  and 
branched,  not  tuberous,  root ;  poisonous. 

Aconiium  lieterophyllum,  Atis,  a  yellow-flowered  spe- 
cies, native  of  the  Himalayas,  yields  a  bitter,  not  poison- 
ous alkaloid,  atisine;  used  in  India  as  a  tonic  and  anti- 
periodic  ! 

The  natural  order  Banunculacem,  of  which  aconite  is, 
medically,  the  most  important  member,  contains  between 
five  and  six  hundred  species,  distributed  over  nearly  all 
parts  of  the  globe,  but  especially  abundant  in  the  north- 
ern temperate  zone.  It  furnishes  our  gardens  with 
scores  of  beautiful  flowers — clematids,  anemones,  butter- 
cups, the  Christmas  rose  (hellebore),  columbines,  lark- 
spurs, monkshoods,  peonies,  etc. — the  medicinal  plants 
being  among  the  number.  They  are,  as  a  rule,  herbs 
(occasionally  soft- wooded  shrubs  or  vines)  with  large, 
handsome  flowers,  alternate,  more  or  less  divided  leaves, 
and  a  clear  juice.  They  have  a  bitter,  often  peppery, 
biting  taste,  which  benumbs  the  tongue,  and  frequently 
leaves  it  anaesthetic  for  several  hours.  Their  principal 
active  constituents  are  anemonin,  helleborin,  delphinine, 
aconitine,  and  berberine ;  all  but  the  last  are  intense 
poisons,  having  a  strong  family  likeness. 

Although  it  contains  some  perfectly  innocent  plants, 
the  general  character  of  the  order  is  poisonous.  The 
following  enumeration  of  its  most  important  genera 
will  give  an  idea  of  its  qualities  : 

Clematis,  poisonous  vines,  having  a  benumbing,  bit- 
ing taste,  irritant  and  vesicant,  have  been  used  both 
internally  and  externally  ;  now  obsolete  ;  contain  a  pun- 
gent stearoptine  allied  to  anemonin. 

Adonis,  a  European  wild  flower,  contains  "adonin," 
an  active  heart-poison  resembling  digitalin. 

Thalictruin:  several  species  said  to  resemble  aconite 
in  poisonous  properties  ;  active  principle,  thalictrin. 

ArtsmMies  (see  Pulsatilla)  contain  a  poisonous  sub- 
stance, which  finally  separates  into  anemonin  and  ane- 
monic  acid. 

Ranunculus :  numerous  species  of  ranunculus  appear 
to  have  properties  similar  to  Pulsatilla,  and  to  contain 
also  anemonin  ;  not  now  used. 

Hydrastis  (see  Seal,  Golden) :  not  poisonous  ;  contains 
hydrastine,  berberine,  etc. 

Helleborus  (see  Hellebore,  Black),  an  active  heart- 
poison,  resembling  digitalis ;  also  drastic,  like  many 
other  ranunculaceae ;  contains  helleborein  and  helle- 
borin. 

Coptis :  not  poisonous  ;  contains  berberine  and  "cop- 
tine."    (See  Goldthread.) 

Delphinium  (see  Stavesacre) :  very  poisonous,  and 
somewhat  like  aconite  ;  contains  delphinine,  etc. 

Aconitum,  various  aconitines. 


Cimieifuga  (see  Snake-root,  Black) :  active  principle 
and  qualities  not  definitely  known. 

Xanthorrhiza,  not  poisonous,  contains  berberine ; 
obsolete. 

PcBonia :  not  active  ;  properties  obscure  ;  obsolete. 

Allied  Drugs. — Besides  those  given  above  in  the 
section  upon  allied  plants,  the  following  may  be  men- 
tioned: Veratrum,  mride,  as  a  cardiac  depressant,  acts  very 
much  like  aconite  (and  is  often  employed  for  similar 
conditions),  as  also  do  the  now  comparatively  little  used 
tartar  emetic  and  tobacco.  As  a  peripheral  ansesthetic, 
the  local  anaesthesia  produced  by  cold  gives  much  the 
same  subjective  results.  It  is  too  earhr  yet  to  say 
whether  cocaine  will  take  its  place.  Carbolic  acid, 
locally  applied,  benumbs  the  nerve  extremities.  There 
is  no  other  drug  known  which,  taken  internally,  haf 
exactly  the  effect  of  aconite.  W.  P.  JBolles. 

1  For  a  detailed  resume  of  the  chemical  history  of  aconite,  see  Hiis< 
man^s  paanzenstoffe,  2cl  ed.,  i.,  6S4. 

ACONITE.  Toxicology.— The  first  symptoms  of  aco 
nite  poisoning  are  manifested  in  from  five  to  twenty 
minutes  after  a  toxic  dose  has  been  taken,  and  are  those 
of  an  acro-narcotic  poison.  There  is  burning  in  the  throat 
and  stomach,  and  soon  a  tingling  sensation  is  felt  in  the 
extremities,  and  extends  over  the  whole  body ;  at  the  same 
time  there  is  numbness,  proceeding  even  to  anaesthesia  of 
the  integument.  There  is  a  very  brief  period  of  cardiac 
stimulation,  but  the  pulsations  are  speedily  reduced  in 
frequency  and  force,  then  becoming  irregular  and  flut- 
tering, and  finally  cease.  The  respirations  are  infrequent 
and  shallow,  gasping,  and  then  are  arrested  altogether. 
The  skin  is  livid,  cold,  and  bathed  in  a  clammy  perspira- 
tion. The  eyes  are  staring,  and  the  whole  countenance 
is  expressive  of  great  anxiety.  The  pupils  are,  as  a  rule, 
dilated,  though  they  may  be  contracted  or  normal,  and 
vision  is  often  disturbed.  There  is  extreme  muscular 
weakness.  Nausea  and  vomiting  are  not  infrequently 
noted,  and  retention  of  urine  is  a  common  symptom. 
The  temperature,  both  internal  and  external,  is  lowered, 
sometimes  as  much  as  3°  F.  (1.1°  C).  Convulsions 
sometimes  occur,  but  consciousness  is  usually  preserved 
to  the  end,  except  during  the  convulsive  seizures. 
Death  often  occurs  in  syncope,  after  some  slight  exer- 
tion. The  characteristic  sign  of  aconite  poisoning  is  the 
peculiar  numbness  and  tingling  of  the  integument  and  . 
buccal  mucous  membrane.  In  cases  of  recovery,  the. 
effects  of  the  drug  have  usually  almost  entirely  passed 
off  at  the  expiration  of  from  three  to  six  hours,  and  by 
the  following  day  the  patient  is  in  his  ordinary  health, 
except  that  he  feels  weak  and  languid. 

Poisoning  by  aconite  is  not  a  very  rare  accident,  since 
at  the  present  day  the  drug  is  so  extensively  used  in  the 
febrile  conditions  of  childhood  that  it  has  come  to  be 
regarded  almost  as  a  domestic  remedy,  and  a  bottle  of 
the  tincture  majr  be  found  in  nearly  every  house.  Many 
cases  of  poisoning  have  occurred  also  from  eating  the 
root  by  mistake  for  horseradish,  which  it  greatly  re- 
sembles. Children  sometimes  chew  the  leaves  of  the 
plant,  and  are  poisoned  in  this  way.  Great  care  should 
be  observed  in  the  employment  of  aconitine,  since  toxic 
symptoms  have  followed  its  external  application  to  an 
extensive  surface.  It  should  never  be  given  internally, 
as  very  alarming  symptoms  have  followed  the  ingestion 
of  TiV  grain  (0.0013  grm.)  Recovery  has  been  recorded 
after  the  swallowing  of  an  ounce  (30  grms.)  of  Fleming's 
tincture. 

Treatment. — After  the  stomach  has  been  emptied  by 
emetics  or  the  pump,  prompt  measures  must  be  taken 
to  sustain  the  action  of  the  heart.  The  patient  should 
be  kept  in  a  recumbent  position  with  the  head  low,  and 
should  on  no  account  be  permitted  to  sit  up  or  stand. 
Stimulants,  ammonia  and  alcohol,  should  bie  given  by 
the  mouth  and  hypodermically,  and  external  warmth 
applied  to  the  body.  Strychnine,  digitalis,  or  atropine, 
are  to  be  given  for  their  cardiac  effects.  There  is  no 
chemical  antidote  to  aconite,  though  astringents  and  ani 
mal  charcoal  are  said  to  be  useful. 

Thomas  L.  Stedman. 
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ACQUI,  Lat.  44-40'  N.,  altitude,  139  metres  (423 
feet),  a  Piedmontese  watering-place  of  considerable 
repute,  situated  in  the  beautiful  valley  of  the  Bormida, 
within  easy  reach  of  Alessandria  by  a  branch  railroad, 
or  of  Nizza  by  stage.  The  bathing  establishment  is 
situated  on  an  elevated  plateau,  which  is  planted  with 
mulberry  trees,  and  is  distant  about  a  mile  from  the 
town,  in  a  southerly  direction.  The  medicinal  hot 
springs  at  this  point  do  not  possess  either  the  thermal 
force  or  chemical  value  of  the  "Bollente,"  a  spring 
which  is  located  within  the  precincts  of  Acqui  itself, 
but  which  has  fallen  into  complete  disuse.  No  satisfac- 
tory analysis  has  been  made  of  the  waters  of  these 
springs,  but  they  are  said  by  Baedeker  to  be  not  unlike 
those  of  Aachen.  The  chief  chemical  constituents  are 
sulphur,  in  inconstant  but  not  inconsiderable  propor- 
tions ;  sodium  chloride,  and  earthy  sulphates.  There 
are  also  traces  of  iodine  and  carbon  dioxide.  The  cold 
springs  of  Puzzolente  or  Ravanesco,  which  are  situated 
at  some  distance  from  the  others,  have  essentially  the 
same  chemical  composition.  The  temperature  of  the 
waters  varies  from  17.9°  to  43°  C.  (64.5°  to  109.4°  F.). 
Although  mention  is  made  of  certain  sulphur  springs 
whose  waters  are  used  as  a  beverage,  and  although  the 
"Grande  Vasca"  and  "Hemicycle"  are  employed  for 
bathing  purposes  (both  the  douche  and  the  ordinary  bath), 
yet  the  customary  mode  of  employing  these  medicinal 
waters  is  in  the  form  of  mud  baths.  The  sediment  which 
collects  in  the  basins  of  these  springs,  and  which  consists 
partly  of  soil  and  partly  of  sulphur,  various  salts  of  slight 
solubility,  and  a  little  organic  material,  is  removed  in  the 
month  of  April  to  large  reservoirs,  and  thoroughly 
mixed  with  the  thermal  water.  The  resulting  m$,ss  is 
a  greyish,  soft,  unctuous  mud.  The  temperatures  of  the 
mud  in  the  different  reservoirs  are,  respectively,  31°  C. 
(88°  F.),  43.5°  C.  (110°  P.),  and  51°  C.  (124°  F.).  The 
bather  does  not  enter  the  reservoir,  but  is  laid  upon  a 
mattress,  and  the  affected  part  of  the  body  is  then  plas- 
tered with  a  layer  of  the  warm  mud  to  a  depth  of  five  or 
six  centimetres  (about  two  inches),  and  enveloped  in 
thick  cloths.  According  to  the  thickness,  extent,  and 
temperature  of  this  mud  plaster,  the  immediate  effects 
are  an  acceleration  of  the  pulse,  increased  heat  of  skin, 
profuse  perspiration,  redness  of  the  skin,  and  even,  at 
times,  an  eruption  of  one  kind  or  another.  These  mud- 
baths  are  particularly  efficacious  in  the  various  forms  of 
rheumatism.  Sciatica  of  the  worst  type  is  often  not 
only  benefited,  but  in  many  very  rebellious  cases  a  com- 
plete cure  is  obtained  After  the  mud  has  been  removed, 
the  patient  is  put  into  an  ordinary  warm  bath,  of  mod- 
erate temperature,  and  allowed  to  remain  there  for  from 
fifteen  to  forty-five  minutes. 

The  bathing  establishments  of  Acqui  are  the  most  ex- 
tensive to  be  found  in  Italy  (Bulenburg). 

Henry  Vleiacliner. 

ACROMION  PROCESS,  iKjrmiES  Am)  Diseases  of. 
Very  little  appears  to  have  been  written  on  diseases  and 
injuries  of  the  acromion  process,  except  in  relation  to 
simple  fractures  of  the  part.  A  few  cases  only  of  caries 
and  necrosis  have  been  reported ;  not  more  than  one 
case  being  reported  by  the  same  writer.  In  no  instance 
is  there  anything  more  than  a  brief  report  of  the  case ; 
nothing  being  said  in  general  as  to  the  symptoms  and 
treatment  of  these  diseases.  Nothing  appears  to  have 
been  written  concerning  new-growths  of  this  process. 

Injurieb. 

The  principal  injury,  in  fact  the  only  one  of  impor- 
tance, to  which  the  acromion  process  is  subject,  is  fract- 
ure.    This  may  be  simple  or  compound. 

Simple  Fkacturb. — Fracture  of  the  acromion  process 
is  a  very  uncommon  accident.  It  is,  however,  the  most 
frequent  of  fractures  of  the  scapula.  Out  of  1,901  cases 
of  fracture  (Middlesex  Hospital)  18  only  were  of  the 
scapula,  and  8  of  these  were  of  the  acromion  process. 
Out  of  1,578  cases  of  fracture  (Pennsylvania  Hospital) 
14  were  of  the  scapula,  and  of  these  4  were  of  the  acro- 


mion process.  Out  of  41  cases  of  fracture  of  the  scapula 
collected  by  Dr.  Agnew,  13  were  of  the  acromion  pro- 
cess. 

Causes. — As  the  acromion  process  is  the  highest  point 
of  the  shoulder  all  blows  from  above  impinge  upon  it, 
and  all  violence  occurring  in  consequence  of  falls  on  the 
shoulder,  as  well  as  violence  transmitted  through  the 
arm,  is  expended  at  this  point.  Hence  fractures  of  this 
process  are  caused  by  blows  from  above,  by  a  fall  on  the 
shoulder,  elbow,  or  hand,  and  by  muscular  contraction, 
as  in  a  case  reported  in  the  London  Medical  Gazette  for 
1846.  In  this  instance  the  fracture  was  caused  by  the 
sudden  contraction  of  the  deltoid  muscle  in  raising  the 
arm  quickly. 

Situation  of  Fracture. — The  acromion  process  is  gener- 
ally broken  at  or  internal  to  the  acromio-clavicular  ar- 
ticulation, near  the  junction  of  the  epiphysis  and  dia- 
physis.  The  general  direction  of  the  fracture,  according 
to  Malgaigne,  is  transverse  and  vertical.  Nelaton  says, 
however,  that  it  is  generally  oblique.  If  the  fracture  is 
at  or  internal  to  the  acromio-clavicular  articulation, 
there  will  generally  be  displacement  of  the  outer  end  of 
the  clavicle.  In  some  cases  merely  the  tip  of  the  pro- 
cess is  fractured  off.  In  four  cases  seen  by  Dr.  Hamil- 
ton the  point  of  fracture  was  as  follows  :  in  two  cases 
the  bone  was  broken  external  to  the  acromio-clavicular 
articulation ;  in  the  third  case  the  fracture  extended  into 
the  articulation  and  was  accompanied  by  dislocation  of 
the  outer  end  of  the  clavicle  upward ;  in  the  fourth  the 
fracture  was  in  the  same  place,  but  there  was  no  dis- 
placement of  the  acromion  or  the  clavicle. 

Diagnosis. — The  signs  of  this  fracture  vary  with  the 
situation.  In  nearly  all  cases  there  will  be  crepitus,  the 
false  point  of  motion  may  be  made  out,  and  frequently 
the  loss  of  continuity  may  be  appreciated  by  passing  the 
finger  along  the  process.  .  There  will  be  distinct  flatten- 
ing of  the  shoulder  with  loss  of  power  in  the  arm,  as  in 
fracture  of  the  clavicle ;  the  fragment  being  drawn 
downward  with  the  arm.  If  there  be  no  displacement 
the  diagnosis  will  depend  on  crepitus  and  local  tender- 
ness ;  there  will  be  partial  loss  of  power  in  the  deltoid 
muscle,  which  would  become  manifest  after  the  patient 
attempts  to  raise  his  arm  to  the  head.  Erichsen  says 
that  when  the  clavicle  is  involved  the  flattening  is  more 
noticeable  from  behind. 

Treatment. — Two  forms  of  treatment  have  been  recom- 
mended. The  ordinary  form  is  similar  to  that  employed 
in  fracture  of  the  clavicle.  The  shoulder  is  raised  by 
supporting  the  elbow  in  a  sling,  and  a  pad  is  placed  in 
the  axilla.  A  body-bandage  binding  the  arm  to  the  side 
will  insure  complete  immobility.  The  other  form,  de- 
scribed by  Dr.  Hamilton,  requires  the  patient  to  be  kept 
in  bed  :  the  arm  is  then  carried  out  at  nearly  a  right  an- 
gle with  the  body  and  retained  in  that  position ;  by  this 
method  the  fibres  of  the  deltoid  muscle  are  completely 
relaxed  and  the  fragment  allowed  to  remain  in  its  natu- 
ral position. 

Prognosis. — Bony  union  is  comparatively  rare  as  a  re- 
sult of  this  injury  ;  generally  the  union  is  ligamentous, 
with  formation  of  a  false  joint ;  this  is  particularly  the 
case  with  fractures  of  the  tip  of  the  process.  When  the 
fracture  is  external  to  the  clavicle  it  generally  unites 
with  a  slight  downward  displacement.  When  the  acro- 
mio-clavicular articulation  is  involved,  it  is  doubtful  if 
complete  reduction  can  be  accomplished  if  there  be  dis- 
location of  the  clavicle.  When  the  fracture  is  internal 
to  the  clavicular  articulation,  if  much  displacement  ex- 
ists, perfect  readjustment  will  be  difficult. 

Separation  of  the  epiphysis  of  the  acromion  process  is 
no  doubt  the  real  injury  in  a  great  manv  cases  of  sup- 
posed fracture.  As  the  centres  of  ossification  for  this 
process  do  not  appear  until  the  fifteenth  or  sixteenth 
year,  and  as  ossification  is  not  complete  until  the  twenty- 
second  to  the  twenty-fifth  year,  it  seems  very  probable 
that  in  some  cases  of  supposed  fracture  resulting  in  liga- 
mentous union  the  separate  parts  had  never  completely 
united.  Several  pathological  specimens  confirm  this  opin- 
ion. (Holmes  states  that  there  is  some  unexplained  con- 
nection between  this  imperfect  ossification  and  chronic 
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rheumatic  arthritis  of  the  shoulder-joint.)  The  causes, 
symptoms,  and  treatment  of  this  condition  are  the  same 
as  in  fracture  of  the  acromion  process. 

CoMPOimD  FBACTTIBBS  of  the  acromion  process  are  of 
very  rare  occurrence,  very  few  cases  having  been  re- 
ported. 

In  one  instance  (Dr.  H.  N.  Fisher,  New  Tm-k  Medical 
Press,  1860),  where  the  injury  was  inflicted  by  a  moving 
crank  striking  the  shoulder,  a  wound  large  enough  to 
admit  the  finger  was  made,  on  exploring  which  it  was 
found  that  the  whole  of  the  acromion  process  was  fract- 
ured off,  the  deltoid  muscle  being  torn  from  its  attach- 
ment. The  fragment  of  bone  was  removed,  and  the 
wound  treated  as  an  ordinary  severe  lacerated  wound, 
a  counter-opening  being  made  posteriorly  to  allow  of 
drainage.  There  was  considerable  sloughing,  followed 
by  healthy  granulation.  The  patient  was  progressing 
favorably  when  the  case  was  reported.  No  cases  of  com- 
minuted fracture  of  the  acromion  are  reported. 

Diseases. 

The  reported  cases  of  disease  of  the  acromion  process 
are  so  few  that  it  is  evident  that  such  disease  is  very  rare 
indeed. 

A  case  of  caries  was  reported  by  Mr.  Ferguson,  in  the 
London  Lancet  for  1843,  the  first  manifestation  being 
pain  in  the  shoulder,  followed  by  the  formation  of  an 
abscess,  which  discharged  itself  and  resulted  in  the  for- 
mation of  two  sinuses,  through  which  the  probe  passed 
to  bare  bone ;  there  were  also  the  usual  signs  of  caries. 
Eventually  both  sinuses  were  laid  open,  and  the  entire 
acromion  process  was  found  to  be  carious  and  was  re- 
moved, a  large  gap  being  left  between  the  spine  of  the 
scapula  and  the  outer  end  of  the  clavicle.  The  patient 
made  a  good  recovery,  with  fair  use  of  the  arm,  the 
outer  end  of  clavicle  and  spine  of  the  scapula  being  iti 
close  approximation. 

Two  cases  of  necrosis  have  been  reported,  one  by  Du- 
play  and  one  by;  Friton.  In  the  first  case  (Bull,  et  Mini, 
de  la  8oc.  de  Olm-urg.  de  Paris)  there  was  death  of  the  en- 
tire acromion  process,  and  also  of  a  small  portion  of  the 
outer  end  of  the  clavicle.  The  disease  was  first  mani- 
fested by  pain,  swelling,  abscess,  and  the  formation  of  a 
fistulous  tract ;  after  an  interval  of  some  months  resection 
was  performed  and  the  necrosed  portion  was  removed. 
The  patient  recovered,  with  good  use  of  the  shoulder. 

Diseases  of  the  acromio-clavicular  articulation  are  dis- 
cussed under  the  head  of  Disease  of  Joints. 

Willia/m  H.  Murray. 

ACTINOMYCOSIS.  This  is  an  infectious  disease, 
characterized  by  the  appearance  of  new  formations  which 
are  esjjecially  prone  to  undergo  degeneration,  and  give 
rise  to  inflammation  and  suppuration  in  the  surrounding 
tissues.  The  disease  is  most  common  in  cattle  and  hogs  ; 
in  man  it  is  rare,  not  more  than  twenty  or  thirty  cases  of 
its  appearance  having  been  recorded.  It  is  only  in  the 
past  few  years  that  actinomycosis  has  been  recognized  as 
a  true  specific  disease.  Bollinger  described,  in  1877,  un- 
der this  name,  a  disease  of  cattle  chiefly  marked  by  great 
swelling  of  the  lower  jaw.  The  swelling  is  due  to  the 
formation  of  large  tumor-like  masses,  which  seem  always 
to  originate  in  the  alveolar  process  of  the  jaw,  and  by 
gradual  growth  to  involve  the  neighboring  tissues.  The 
tongue  is  frequently  attacked,  and  here  numbers  of  nodu- 
lar growths  from  the  size  of  a  walnut  to  that  of  a  pea  are 
found.  Sometimes  these  nodules  are  single,  at  other  times 
numbers  of  them  are  bound  together  by  dense  masses  of 
connective  tissue.  Various  names  had  before  been  given 
to  designatb  this  condition  ;  it  was  called  medullary  sar- 
coma of  the  jaw,  osteo-sarcoma,  and  was  generally  known 
simply  under  the  name  jaw  sarcoma,  and  was  thou£rht  to 
iDe  a  peculiar  form  of  sarcoma  only  occurring  here  It 
IS  due  to  the  labors  of  Dr.  W.  T.  Belfleld,  of  Chicago, 
that  we  know  the  disease  termed  "swelled  head  "  which 
IS  not  uncommon  in  the  cattle  in  the  United  States,  to  be 
Identical  with  the  disease  Bollinger  has  named  actinomy- 
cosis. •' 
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Bollinger  described  as  peculiar  to  this  disease  certain 
yellowish  seed-like  bodies  which  were  always  found  in 
the  pus  of  abscesses  and  in  the  middle  of  the  tumors. 
These  were  visible  to  the  naked  eye,  and  when  rubbed 
between  the  fingers  had  a  greasy  feel.  Microscropically, 
they  were  found  to  consist  of  threads  similar  to  the  ordi 
nary  mycelium,  which  terminated  in  bulbous  ends  (Fig. 
58).  Sometimes  but  one  of  these  bulbs  is  connected  with 
a  thread,  at  other  times  there  may  be  several.  The  forms 
which  they  assume  are  various  ;  in  many  cases  a  filament 
is  connected  with  a  mass  of  bulbs  which  branch  in  every 
manner  {a.  Fig.  58).  Apparently  the  highest  type  of  de- 
velopment is  seen  in  the  mulberry-like  body  in  Fig.  59, 
where  all  the  filaments  and  bulbs  seem  to  radiate  from  a 
common  centre. 

The  nodules  are  found  on  microscopic  examination  to 
be  composed  of  a  great  number  of  small  masses  not 
larger  than  miliary  tubercles,  which  they  greatly  resem- 
ble. They  are  composed  of  small  cells  similar  to  the 
granulation  tissue  in  the  centre,  and  cells  more  spindle- 
shaped  at  the  periphery.  Each  of  these  small  masses  is 
surrounded  by  a  capsular  investment  of  firm  fibrous  tis- 
sue. In  the  centre  of  each  the  fungous  mass  is  seated; 
somewhat  as  the  giant  cell  usually  occupies  the  centre 
of  the  miliary  tubercle.  By  the  constant  growth  and 
agglomeration  of  smaller  and  larger  tumors,  masses  as 
large  as  a  man's  fist  and  even  larger  than  this  are  formed. 


Fio.  68.— Various  Forma  of  Aotlnomyoea.  (After  Ponfiok.)  o,  Pecnliiir 
formation  of  bulbs;  6,  beaded  form:  c,  branohlog  of  bulbs  from 
bypha. 

Degenerative  processes  usually  begin  early,  and  destruc- 
tion of  the  nodule  by  necrosis  and  suppuration  takes 
place.  Still  the  formation  of  new  tumors  keeps  pace 
with  the  processes  of  decay  ;  a  termination  of  the  disease 
in  this  way  seems  never  to  be  brought  about.  Both  in 
animals  and  man  the  disease  usually  begins  in  the  alve- 
olar processes  of  the  jaw,  and  from  here  spreads  along 
the  base  of  the  skull  and  the  vertebral  column.  In  man, 
the  soft  parts  of  the  neck,  the  lungs,  and  chest- walls  are 
often  attacked.  In  consequence  of  the  necrosis  and  at- 
tending suppuration  abscess  cavities  and  fistulee  are 
formed,  in  which  the  fungus  is  always  seen.  In  the  pus 
the  recognition  of  the  fungus  is  as  easy  macroscopically 
as  microscopically.  Here  it  appears  in  radiate  masses  like 
that  shown  in  Fig.  59  ;  these  are  about  the  size  of  a  mil- 
let-seed and  of  a  bright  yellow  color.  The  pus  from 
these  abscesses  and  fistulee  is  always  devoid  of  a  fetid 
odor.  The  bones  attacked  are  roughened,  and  an  abun- 
dant formation  of  osteophytes  takes  place,  leading  to  for- 
mations as  bizarre  as  are  seen  after  the  maceration  of  an 
osteo-sarcoma.  The  disease  spreads  by  gradual  infection 
of  adjoining  parts.  Metastasis  seldom  occurs,  owing  to 
the  large  size  of  the  fungus  and  the  diflSculty  of  its  entry 
into  blood-vessels.  Ponfick,  however,  mentions  one 
very  interesting  case  in  which  the  tumor  projected  into 
the  lumen  of  the  internal  jugular  vein.  In  this  case  there 
was  a  metastatic  growth  about  the  size  of  an  orange  in 
the  right  auricle,  and  numerous  metastases  in  the  lungs. 
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The  peculiar  fungus  associated  with  the  disease  has 
been  named  actinomyces,  or  ray  fungus,  from  its  pecu- 
liar manner  of  growth  (as  seen  in  Fig.  59).  It  occupies 
a  place  by  itself  and  forms  a  distinct  species,  no  other 
allied  forms  being  known  in  botany.  By  some  it  has 
been  placed  among  the  bacteria,  but  more  probably  it 
comes  nearer  to  the  hyphamycetes,  and  the  bulbous  en- 
largements may  be  regarded  as  analogous  to  the  conidia. 

It  may  be  regardea  as  the  cause  of  the  disease.  Not 
onljr  will  inoculations  with  pieces  of  tissue  or  pus  con- 
taining the  fungus  produce  the  disease,  but  it  has  been 
cultivated  in  suitable  media  outside  of  the  body,  and 
inoculations  made  with  the  product  of  a  pure  cultivation 
have  been  equally  successful.  Infection  seems  to  take 
place,  in  most  cases,  from  the  buccal  cavity.  Israel, 
Johne,  and  Ponflck  have  found  the  fungus  growing  in 
the  crypts  of  the  tonsils  and  in  concretions  of  the 
lachrymal  duct,  under  normal  conditions.    It  has  aJso 


Fig.  59.— Perfect  Form  of  Fungus.    (After  Ponflck.)    A  long  filament 
termluating  in  bulbs  is  given  ofC  at  one  eide. 

been  found  in  carious  teeth.  From  these  places  it  could 
easily  be  taken  into  the  tissues  by  means  of  injuries  of 
the  mucous  membrane  or  by  the  extraction  of  teeth. 
According  to  Israel,  the  fungus  can  be  aspirated  into 
the  lungs,  and  infection  may  take  place  in  this  way. 
Among  animals,  the  carnivora  seem  to  enjoy  an  im- 
munity. Outside  of  the  body  the  fungus  has  never 
been  found  ;  most  probably  here  it  exists  on  various 
plants  and  green  food. 

The  honor  of  having  recognized  the  disease  in  man 
belongs  to  Ponflck.  Israel  published,  shortly  after 
Bollinger's  publication,  the  account  of  two  cases  in 
man,  but  he  regarded  it  as  a  peculiar  form  of  septi- 
caemia, and  not  as  identical  with  the  disease  described 
by  Bollinger.  Up  to  the  present,  no  case  of  its  occur 
rence  In  man  has  been  recorded  in  the  United  States,  but 
judging  from  the  frequency  with  which  it  occurs  here  in 
cattle  it  is  probable  that  it  has  also,  without  being  recog- 
nized, affected  man.  Clinically,  it  can  always  be  de- 
tected by  the  presence  of  the  yellow,  seed-like  bodies  in 
the  pus.  W.  T.  Goundiman. 

ACTIVE  PRINCIPLES.  A  name  given  to  a  ^reat 
variety  of  substances,  chiefly  alkaloids  and  glucosides, 
existing  in  drugs,  and  to  the  presence  of  which  the  drugs 
owe  their  peculiar  physiological  and  therapeutical  action. 
Many  of  the  active  principles  have  been  isolated  and  are 
employed  medicinally — either  in  their  basic  form  or  in 
combination  with  acids  as  salts.  They  possess  advan- 
tages over  the  crude  drug  for  therapeutic  purposes  by 
reason  of  the  smallness  of  the  dose  in  which  they  can  be 
exhibited,  oftering  themselves  especially  for  hypodermic 
use.  But  they  do  not  always  correspond  in  their  eft'ccts 
to  the  plants  or  other  drugs  from  which  they  are  derived, 
A  single  plant,  as,  for  example,  opium,  may  contain  a 
large  number  of  active  principles  which  produce  effects 
upon  the  animal  organism,  varying_  among  themselves 
both  in  degree  and  in  kind.  ■  Hence  in  certain  cases  it  is 
more  desirable  to  exhibit  some  preparation  of  the  crude 
drug  rather  than  any  single  one  of  its  isolated  active 
principles.  Or  again,  the  active  principle  may  be  so  ac- 
tive a  poison  that  its  administration  is  inconvenient  or 


dangerous  by  reason  of  the  extremely  minute  dose  re- 
quired. 

AliEAIiOIDS. 

The  substances  thus  designated  are  natural  organic 
bases,  containing  carbon,  hydrogen,  oxygen,  and  nitro- 
gen, which  possess  an  alkaline  reaction  and  a  bitter  taste 
and  which  unite  with  acids  to  form  salts.  They  are 
generally  of  crystalline  form,  though  some,  like  nicotine, 
which  contain  only  carbon,  hydrogen,  and  nitrogen, 
exist  as  oily  liquids.  They  are  supposed  to  be  substitu- 
tion compounds  of  ammonia,  but  their  chemical  consti- 
tution is  very  complex  and  but  little  understood.  They 
are  for  the  most  part  derived  from  plants,  though  some 
are  formed  in  the  animal  organism,  and  attempts  have 
recently  been  made,  with  partial  success,  to  produce 
them'synthetically.  They  are,  as  a  rule,  the  active  prin- 
ciples of  the  plants  in  which  they  reside.  Several  may 
exist  in  the  same  plant,  opium,  for  example,  containing 
at  least  eighteen  or  twenty  distinct  alkaloids,  which  differ 
not  only  m  chemical  composition  but  also,  more  or  less, 
in  their  effects  upon  the  animal  organism.  The  pure 
alkaloids  are  sparingly  soluble  in  water,  but  soluble 
usually  in  alcohol,  chloroform,  and  ether  ;  their  salts, 
however,  dissolve  with  much  more  readiness  in  water. 
Most  of  the  alkaloids  used  in  medicine  are  active  neu- 
rotic poisons,  being  either  excitants  or  paralyzers  of  the 
nervous  centres.  The  mode  of  action  of  the  alkaloids  is 
difficult  of  explanation.  Rossbach  believes  that  they 
render  the  cells  incapable  of  taking  up  oxygen,  and  thus 
disturb  their  function ;  and  possessing  no  affinity  for 
the  superflcial  tissues,  as  most  of  the  other  chemical 
poisons  do,  they  are  carried  by  the  blood  in  a  free  state 
until  they  reach  the  nervous  centres,  upon  which  their 
force  is  expended.  The  names  of  the  alkaloids  termi- 
nate in  English  in  -ine  ;  in  Latin  the  termination  was  f  or- 
rnerly  -ia,  as  morphia,  atropia,  but  at  the  last  revision 
of  the  U.S.  Pharmacopoeia  in  1880  this  was  changed  to 
■ina,  as  morphina,  atropina,  etc. 

There  is  another  class  of  substances  derived  from 
plants,  many  of  which  are  similar  in  their  action  to  the 
alkaloids,  called  glucosides  or  neutral  principles.  They 
are  substances  which,  on  boiling  with  a  dilute  acid,  take 
up  the  elements  of  water  and  are  split  into  sugar  and 
some  other  compound,  varying  in  each  case  with  the 
glucoside  used.  They  are  distinguished  in  the  Pharma- 
copoeia of  1880  by  the  termination  -in  in  English,  and 
■inum,  in  Latin.  There  are  some  other  substances  used 
in  medicine  which  are  commonly  called  by  names  having 
a  terminology  similar  to  that  of  the  alkaloids,  but  which 
are  very  different  both  in  their  chemical  composition  and 
in  their  therapeutical  action  from  this  group  of  drugs. 
Thus  podophylline  is  not  an  alkaloid,  but  is  the  resin  of 
podophyllum,  and  what  is  usually  called  ergotine  (of 
Bonjean)  is  the  aqueous  extract  of  ergot.  There  is  also 
an  alkaloid  called  ergotine,  which,  however,  is  not  used 
in  medicine.  The  employment  of  these  incorrect  terms 
should  be  avoided  in  prescribing. 

The  following  is  by  no  means  a  complete  list  of  the 
alkaloids  and  glucosides,  but  includes  only  the  more 
important  members  of  these  groups.  Only  the  briefest 
mention  is  made  of  their  physical  characters  and  medic- 
inal uses.  For  a  full  account  of  the  physiological  ac- 
tions and  therapeutical  applications  of  these  active  prin- 
ciples, the  reader  is  referred  to  the  special  articles 
treating  of  them  or  of  the  plants  from  which  they  are 
derived.  The  principal  alkaloids  are  :  Aconitine,  apo- 
morphine,  atropine,  caffeine,  cinchonine,  cocaine,  co- 
deine, daturine,  hyoscyamine,  morphine,  physostigmine, 
pilocarpine,  quinine,  strychnine,  and  veratrine.  The 
only  glucosides  that  require  any  notice  are  digitalin, 
picrotoxin,  salicin,  and  santonin. 

Aconitine,  CsoH^tNOt,  non-officinal,  derived  from 
the  root  of  cbconitum  napelhis  and  other  varieties  of 
aconitum.  It  exists  in  the  form  of  a  white  amorphous 
powder,  or  of  colorless  rhombic  crystals.  It  is  used  ex- 
ternally for  the  relief  of  neuralgia,  especially  of  the  fifth 
nerve. 

Atropine,  CnHsjNOa,  officinal,  prepared  from  atropa 
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belladonna.  It  exists  in  the  form  of  "colorless  or 
white  acicular  crystals,  permanent  in  the  air,  odor- 
less, having  a  bitter  and  acrid  taste,  and  an  alkaline 
reaction."  It  is  usually  exhibited  in  the  form  of  the 
officinal  sulphate.  Atropine  is  employed  to  dilate  the 
pupil  for  the  purposes  of  ophthalmoscopic  examination, 
and  in  the  treatment  of  keratitis,  conjunctivitis,  and 
other  affections  of  the  eye.  It  is  used  externally  to  re- 
lieve superficial  pain,  and  internally  in  neuralgia.  It  is 
one  of  the  most  effectual  means  which  we  possess  to  pre- 
vent the  night-sweats  in  phthisis.  It  finds  further  em- 
ployment in  chorea,  epilepsy,  mania,  and  in  nocturnal 
incontinence  of  urine.  Daiurina,  an  alkaloid  of  datura 
stramonium,  and  Hyoseyamina,  derived  from  liyoseya- 
mus  niger,  possess  almost  identical  properties  with  atro- 
pine, and  are  ocoasiohally  employed  for  the  same  pur- 
poses.    The  sulphate  of  hyoscyamine  is  ofiicinal. 

Caffeine,  CBH10N4OS-I-H2O,  officinal,  exists  in  tea,  cof- 
fee, guarana,  and  other  plants.  Occurs  in  the  form  of 
"colorless,  soft,  and  flexible  crystals,  generally  quite 
long,  and  of  a  silky  lustre  ;  permanent  in  the  air,  odor- 
less, having  a  bitter  taste  and  neutral  reaction."  It  is 
employed  as  a  cardiac  stimulant  and  diuretic,  being  of 
especial  value  in  many  cases  of  cardiac  dropsy.  It  also 
frequently  relieves  headache. 

Cocaine,  OnHjiNOi,  non-officinal,  derived  from  the 
leaves  of  erythroxylon  coca.  Occurs  in  the  form  of 
large  colorless  prismatic  crystals.  The  hydrochlorate 
exerts  a  local  anaesthetic  and  astringent  effect,  especially 
on  the  mucous  surfaces.  It  is  also  a  mydriatic.  It  is 
employed  as  a  local  anaesthetic  in  operations  upon  the 
eye,  and  also  to  reduce  inflammation  and  relieve  pain  in 
conjunctivitis,  toothache,  earache,  coryza,  and  gonor- 
rhoea. It  is  likewise  of  value  in  superficial  neuralgias, 
pruritus  vulvae,  and  many  other  affections  in  which  an 
astringent  and  benumbing  effect  is  desired. 

Alkaloids  of  Cinchona. — There  are  several  of  these  al- 
kaloids used  in  medicine,  but  we  need  consider  but  two 
here.  1.  Quinine,  CjoHjiNaOj,  officinal,  derived  from 
all  varieties  of  cinchona,  but  existing  in  greatest  propor- 
tion in  cinoTwna  flava.  It  occurs  as  "a  white,  flaky, 
amorphous,  or  minutely  crystalline  powder,  permanent 
in  the  air,  odorless,  having  a  very  bitter  taste,  and  an 
alkaline  reaction."  The  sulphate,  bisulphate,  hydrobro- 
mate,  hydrochlorate,  and  valerianate  are  the  officinal  salts. 
Quinine  has  a  very  wide  therapeutic  application.  It  is 
employed  in  the  treatment  of  malaria,  septicaemia,  neu- 
ralgia, and  as  a  tonic,  antipyretic,  and  microbicide.  2. 
CincTwnine,  C2oH24NaO,  officinal,  exists  in  all  varieties 
of  cinchona,  but  in  greatest  proportion  in  the  pale  bark. 
Occurs  in  the  form  of  "  white,  somewhat  lustrous  prisms 
or  needles,  permanent  in  the  air,  odorless,  at  first  nearly 
tasteless,  but  developing  a  bitter  after-taste,  and  having 
an  alkaline  reaction."  Cinch'onine  possesses  properties 
similar  to  quinine,  but  is  weaker.  It  is  employed  as  a 
substitute  for  quinine,  chiefly  on  account  of  its  cheap- 
ness. The  sulphate  is  the  officinal  salt.  The  other  offi- 
cinal alkaloids  of  quinine  are  sulphate  of  cinchonidine, 
prepared  chiefly  from  cinchona  rubra,  and  sulphate  of 
quinidine,  derived  principally  from  cinchona  pitayensis. 

Alkaloids  of  Opium. — This  drug  contains  a  very  large 
number  of  alkaloids,  of  which,  however,  only  three 
deserve  special  mention :  1.  Morphine,  CuHioNOa-f-HsO, 
officinal,  occurs  as  "  colorless  or  white,  shining,  prismatic 
crystals,  or  a  crystalline  powder,  permanent  in  the  air, 
odorless,  having  a  bitter  taste,  and  an  alkaline  reaction." 
The  officinal  salts  are  the  sulphate,  hydrochlorate,  and 
acetate.  Morphine  is  anodyne,  antispasmodic,  and  hyp- 
notic, and  is  employed  in  the  relief  of  cough,  asthma, 
diarrhoea,  convulsions,  to  control  vomiting,  to  relieve 
pain,  and  for  a  variety  of  other  conditions.  8.  Codeine, 
CisHsiNOa-t-HjO,  officinal.  "  "White,  or  yellowish- white, 
more  or  less  translucent  rhombic  prisms,  somewhat  efflo- 
rescent in  warm  air,  odorless,  having  a  slightly  bitter 
taste,  and  an  alkaline  reaction."  It  is  employed  as  a 
hypnotic,  and  to  relieve  cough,  and  is  similar  to,  but 
weaker  in  its  effects  than  morphine.  It  has  been 
specially  recommended  in  the  treatment  of  diabetes. 
3.  Apemorphine,  C„Hi,NOj,    The  hydrochlorate  is  offl- 
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cinal.  This  is  not  a  natural  alkaloid  existing  in  opium, 
but  is  prepared  artificially  from  morphine  by  heating 
with  concentrated  hydrochloric  acid.  The  salt  occurs 
in  "minute,  colorless,  or  grayish- white,  shining  crystals, 
turning  greenish  on  exposure  to  light  and  air  ;  odorless^ 
having  a  bitter  taste,  and  a  neutral  or  faintly  acid  re- 
action." It  is  employed  hypodermically  to  produce 
emesis.  Vomiting  occurs  promptly  with  little  or  no 
nausea.  It  is  also  highly  recommended  by  some  as  an 
expectorant.  In  very  small  dose  (0.0005  grm.  =  -^311 
grain),  it  is  said  to  control  vomiting.  Narceina,  nar- 
ootina,  papaverina,  and  thebaina,  are  other  alkaloids 
derived  from  opium,  which  have  been  used  to  some 
extent  in  medicine  ;  none  of  them  is  officinal.  Thebaine 
is  somewhat  analogous  in  its  effects  to  strychnine. 

Physoatigmine,  CibHjiNsOj,  an  amorphous,  colorless 
powder,  derived  from  physoatigma  venenosum  or  Cala- 
bar bean.  The  salicylate  (officinal)  and  sulphate  are  the 
salts  used  in  medicine.  The  officinal  salt  occurs  as 
"colorless,  shining,  acicular,  or  short,  columnar  crystals, 
gradually  turning  reddish  when  long  exposed  to  air  and 
light ;  odorless,  having  a  bitter  taste,  and  a  neutral  re- 
action." It  has  been  recommended  in  tetanus,  but  finds 
its  principal  employment  in  ophthalmology.  It  produces 
contraction  of  the  pupil,  thus  opposing  atropine.  It  is 
employed  in  the  treatment  of  paralysis  of  accommodation, 
and  in  glaucoma  to  diminish  intra-articular  pressure,  and 
to  produce  rupture  of  posterior  and  anterior  synechiae. 

Pilocarpine,  ChHibNiOs,  derived  from  the  pHocai-piis 
pennatif alius,  or  jaborandi.  The  hydrochlorate  is  offi- 
cinal. This  occurs  in  "  minute  white  crystals,  deliques- 
cent, odorless,  having  a  faintly  bitter  taste,  and  a  neutral 
reaction."  Like  the  preceding  alkaloid,  pilocarpine  causes 
contraction  of  the  pupils.  It  increases  very  markedly 
most  of  the  secretions  of  the  body,  especially  those  of 
the  salivary  and  sweat  glands.  It  is  employed  chiefly 
as  a  diaphoretic,  in  the  treatment  of  uraemia,  puerperal 
eclampsia,  cardiac  dropsy,  and  to  promote  the  absorption 
of  pleuritic  exudations.  Very  small  doses  have  been 
used  to  check  the  night-sweats  of  phthisis. 

Strychnine,  CnHaaNiOj,  officinal,  derived  from  strych- 
nia nux  vomica  or  strychnos  ignatia,  occnia  as  "color- 
less, octahedral,  or  prismatic  crystals,  or  a  white 
crystalline  powder,  permanent  in  the  air,  odorless,  but 
having  an  intensely  bitter  taste,  which  is  still  perceptible 
in  highly  diluted  (1  in  700,000)  solution,  and  of  an  alka- 
line reaction."  The  sulphate  is  the  officinal  salt.  Strych- 
nine is  a  tetanizing  poison.  It  is  employed  in  spinal 
and  peripheral  paralysis  (when  there  is  absence  of 
rigidity),  in  the  treatment  of  functional  amaurosis,  in 
constipation,  prolapsus  ani,  in  atony  of  the  genital  organ, 
and  as  a  stomachic  tonic. 

Veratrine,  CsTHtsNOu,  officinal,  prepared  from  the 
seeds  of  asagrma  officinalis  or  mratrum  aabadUla.  "  A 
white  or  grayish-white,  amorphous,  rarely  crystalline 
powder,  permanent  in  the  air,  odorless,  of  a  distinctive 
acrid  taste,  leaving  a  sensation  of  tingling  and  numbness 
on  the  tongue,  producing  constriction  of  the  fauces,  and 
highly  irritant  to  the  nostrils."  Veratrine  is  not  employed 
internally.  It  is  used  externally  in  the  treatment  of 
neuralgia  of  the  flfth  pair,  of  sciatica,  and  for  the  relief 
of  rheum^itic  nerve-pains.  The  ointment  and  the  oleate 
are  officinal  preparations. 

GlucoSides. 

Digitalin,  CiHsOa,  non-offlcinal,  prepared  from  the 
leaves  of  digitalis  purpurea.  It  occurs  as  small,  white 
scales,  or  a  yellowish-white  powder.  It  is  employed  for 
the  same  purposes  as  digitalis,  but  possesses  no  advan- 
tages over  the  officinal  preparations  of  this  drug,  and  its 
use  is  not  to  be  recommended. 

Pierotoxin,  CbHuO,,  officinal,  prepared  from  the 
seeds  of  anamirta  panieulata  or  cocculus  indicus,  occurs 
in  "  colorless,  shining,  prismatic  crystals  ;  permanent  in 
the  air,  odorless,  having  a  very  bitter  taste,  and  a  neu- 
tral reaction."  It  is  highly  excitant  of  the  medulla  ob- 
longata, accelerating  and  finally  arresting  respiration. 
It  has  been  employed  successfully  to  arrest  the  night 
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sweats  of  phthisis,  and  has  also  been  recommended  in 
certain  varieties  of  headache  and  in  epilepsy. 

Salicin,  CisHibOt,  officinal,  prepared  from  the  bark 
of  salix  helix  and  other  varieties  of  willow,  occurs 
in  "colorless,  or  white,  silky,  shining  crystals,  perma- 
nent in  the  air,  odorless,  having  a  very  bitter  taste,  and 
a  neutral  reaction."  It  is  employed  as  an  antipyretic 
and  as  a  stomachic  tonic,  but  its  principal  use  is  in  the 
treatment  of  rheumatism. 

.Santonin,  dsHisOs,  officinal,  prepared  from  the 
unexpanded  flower-heads  of  a/rtemimif  mariiima  (san- 
tonica),  occurs  in  "colorless,  shining,  flattened,  pris- 
matic crystals  ;  not  altered  by  exposure  to  air,  but  turn- 
ing yellow  on  exposure  to  light ;  odorless,  and  nearly 
tasteless  when  first  placed  in  the  mouth,  but  afterward 
bitter,  and  having  a  neutral  reaction." 

Santonin  is  employed  as  an  anthelmintic.  It  causes 
the  death  and  expulsion  of  round-  and  thread-worms, 
but  has  little  effect  on  tape-worm.  It  is  Said  also  to  be 
of  value  in  amaurosis. 

Thomas  L.  Stedman. 

ACUPRESSURE.  A  procedure  devised  by  Sir  J.  Y. 
Simpson,  of  Edinburgh,  in  1859,  for  arresting  haemor- 
rhage from  a  vessel  by 
means  of  pressure  made 
by  a  needle  transfixed 
through  the  neighbor- 
ing tissues.  The  flow 
of  blood  through  an  ar- 
tery may  be  arrested  in 
any  one  of  three  ways. 
The  vessel  may  be  sim- 
ply compressed  between 
the  needle  and  some  firm 
tissue,  as  a  bone  or  the 
integument,  as  repre- 
sented in  Figs.   60  and 

61.    "When  the  artery  lies  imbedded  in  a  soft  tissue,  as  in 
a  divided  muscle,  its  occlusion  may  be  accomplished  by 

torsion.  This  is  done  by 
introducing  the  needle  on 
one  side  of  the  vessel,  and, 
when  it  has  passed  through 
a  portion  of  the  tissue,  twist- 
ing it  around  the  artery  and 
fixing  its  point  in  the  tissue 
in  a  direction  opposite  to 
that  in  which  it  was  first 
entered  ;  or  the  artery  need 
not  be  included  in  the  bight 
of  the  needle,  but  the  latter  may  be  turned  before  reach- 
ing the  vessel,  the  latter  then  being  compressed  by  the 
elastic  force  of  the  twisted  tissues  acting  upon  the  needle. 
A  third  method, 
applicable  also  in 
cases  in  which 
the  vessel  lies  in 
a  yielding  tissue, 
consists  in  pres- 
sure between  the 
needle  and  a  slip- 
knot. The  needle  is  passed  beneath  the  artery,  and  a  loop 
of  fine  wire  is  slipped  over  its  point,  the  ends  of  the  loop 
passing  over  the  artery,  and  being  fastened  by  two  or 
three  turns  over  the  shaft  of  the  needle  (see  Fig.  63).  In 
the  case  of  small  vessels,  the  needles  may  be  withdrawn 
at  the  expiration  of  twenty-four  hours  ;  but  when  large 
arterial  trunks  are  occluded,  the  pressure  should  be 
maintained  for  forty-eight  hours  at  least. 

The  advantages  claimed  for  this  method  are :  the  ease 
and  rapidity  with  which  the  needles  may  be  applied,  no 
delay  being  caused  in  the  operation  ;  the  absence  of  dan- 
ger from  suppuration  of  the  ends  of  the  divided  vessels, 
and  non-interference  with  rapid  closure  of  the  wound,  no 
inflammation  being  excited  by  the  presence  of  the  n6edles 
in  the  tissues  for  so  short  a  period  of  time.  These  advan- 
tages, however,  are  less  manifest  at  the  present  time,  since 
the  introduction  and  general  employment  of  antiseptic 


Fig.  61. 
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ligatures,  and  it  is  not  likely  that  the  procedure  will 
ever  again  enjoy  the  popularity  which  it  at  one  time 


Thomas  L.  Stedman. 

ACUPUNCTURE.  An  operation  which  consists  in 
the  introduction  of  needles  into  the  body,  either  as  a 
means  of  giving  exit  to  the  fluid  in  (Edematous  tissues  or 
for  the  relief  of  pain  in  neuralgia  and  muscular  rheuma- 
tism. It  is  a  method  in  great  vogue  in  China,  and  is 
used  by  the  physicians  of  that  country  not  only  to 
assuage  pain,  but  to  promote  reparative  action  in  ulcers 
and  in  the  treatment  of  various  other  affections.  It  is 
said  to  have  been  introduced  into  Europe  from  China, 
by  the  missionaries  in  the  seventeenth  century.  The 
instrument  employed  is  a  round  polished  needle,  having 
a  cylindrical  handle  of  sufficient  size  to  permit  of  its 
being  readily  manipulated  by  the  fingers.  It  is  intro- 
duced into  the  tissues  by  a  quick  rotatory  movement, 
and  is  then  left  m  situ  for  a  number  of  minutes,  or  even 
for  an  hour.  Sometimes  the  insertion  of  a  single  needle  is 
sufficient  to  relieve  the  pain,  but  ordinarily  half-a-dozen 
or  more  are  employed.  This  little  procedure  may  be 
practised  almost  painlessly,  and  is  sometimes  wonder- 
fully effective  in  controlling  neuralgic  and  rheumatic 
muscular  pains.  It  often  fails,  indeed,  and  it  seems  im- 
possible to  determine  beforehand  in  what  cases  it  will 
prove  serviceable,  but  certainly  no  case  of  lumbago  or 
sciatica  should  be  abandoned  until  acupuncture,  as  well 
as  the  more  ordinary  remedies,  has  been  tried.  In  ana- 
sarca, when  the  scrotum  and  lower  extremities  are  dis- 
tended with  fluid,  the  patient  may  experience  comfort 
from  a  few  punctures  with  a  three-cornered  surgical 
needle.  The  operation  should  be  practised  with  caution, 
however,  as  it  is  apt  to  excite  an  erysipelatous  inflamma- 
tion of  the  integument.  In  the  treatment  of  paralysis 
insulated  needles  are  sometimes  used  as  a  means  of  in- 
troducing the  electric  current  into  the  deeper  tissues. 
This  procedure  has  received  the  name  of  eleeiro-puneiure. 

There  is  another  form  of  acupuncture,  called  Baiin- 
soheidtismibs,  whicli  at  one  time  enjoyed  a  great  popular 
reputation,  and  which  even  now  is  hot  very  infre- 
quently employed.  It  was  devised  by  a  German  named 
Baunscheidt,  who  is  said  to  have  conceived  the  idea  from 
observing  that  the  irritation  caused  by  the  bites  of  in- 
sects afforded  him  considerable  relief  from  the  pain  of 
an  articular  affection  from  which  he  was  suffering.  The 
instrument  employed  consists  of  a  cylinder  enclosing  a 
button  into  which  are  inserted  from  twenty  to  thirty 
short  needles.  The  open  end  of  the  cylinder  is  placed 
on  the  integument,  and  then  by  means  of  a  handle  the 
button  with  needles  attached  is  drawn  up  into  the  cylin- 
der compressing  a  spiral  spring ;  when  the  handle  is 
released  the  force  of  the  spring  impels  the  needles  sud- 
denly and  sharply  into  the  skin.  The  operation  may 
rest  here,  or  an  irritating  fluid,  such  as  mustard-water  or 
cajeput  oil,  may  be  applied  to  the  punctures.  This  is 
employed  for  the  relief  of  neuralgia  and  muscular  pains, 
and  often  proves  of  very  great  service. 

There  is  still  another  form  of  acupuncture,  if  such  it 
can  be  called,  though  it  is  more  nearly  related  to  hypo- 
dermic medication.  It  consists  in  the  hypodermic  injec- 
tion of  pure  water,  and  has  received  the  name  of  aqua- 
puncture.  Many  superflcial  pains,  even  though  quite 
severe,  may  be  relieved  by  this  simple  procedure.  That 
the  relief  thus  obtained  is  not  merely  the  effect  of  im- 
agination, is  evidenced  by  the  fact  that  neuralgias  of 
distant  parts  are  not  benefited  by  aqueous  injections,  but 
in  order  to  be  effectual  the  operation  must  be  practised 
at  a  point  as  near  as  possible  to  the  seat  of  pain.  Aqua- 
puncture  is  employed  in  various  forms  of  neuralgia,  in 
lumbago,  and  in  painful  functional  affections  of  the  ab- 
dominal viscera.  Bartholow  states  that  he  has  obtained 
excellent  results  from  the  injection  of  water  into  the 
substance  of  paralyzed  and  atrophied  muscles.  From 
two  to  four  grammes  (one-half  to  one  drachm)  of  fiuid 
may  be  used  for  each  injection,  and  the  operation  may 
be  repeated  if  no  relief  is  experienced  at  the  expiration 
of  two  or  three  minutes.  Thomas  L.  Stedman. 
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ADAMS  COUNTY  SPRINGS,  Ohio.  The  springs  are 
situated  in  a  picturesque  region  of  Southern  Ohio,  sev- 
enty-five miles  east  of  Cincinnati,  and  thirty  miles  west 
of  Portsmouth.  The  name  of  the  nearest  station,  on  the 
Cincinnati  &  Eastern  Railroad,  is  Mineral  Springs 

Analysis.— A  qualitative  analysis  by  Prof.  E.  S.  Wayne 
states  there  are  fifteen  grains  of  solid  matter  to  the  pint, 
composed  of  chloride  of  magnesium,  sulphate  of  lime, 
carbonate  of  lime,  chloride  of  sodium,  chloride  of  cal- 
cium, and  oxide  of  iron.  The  water  is  a  chalybeate,  and 
has  a  temperature  of  56°  P.  (Walton.)  O.  B.  F. 

ADAMS  SPRINGS.  Location  and  Post  Office,  Glen- 
brook,  Lake  County,  Cal. 

Access. —By  railroad  from  San  Francisco  to  Calistoga, 
seventy-three  miles,  thence  by  stage  to  Glenbrook,  twen- 
ty-three miles,  over  an  excellent  road,  where  teams  from 
the  hotel  meet  the  stage  to  convey  guests  to  the  springs, 
three  miles  distant. 

Analysis.     One  pint  contains : 

Soma.  OraltiB. 

Carbonate  of  lime i^'^«q 

Carbonate  of  magnesia 12.378 

Carbonate  of  soda "^'n^? 

Carbonate  of  iron 064 

Chloride  of  sodium B14 

Silica 908 

Organic  matter 351 

Nitric  acid traces. 

Salts  of  potash " 

Total 24.9S7 

Carbonic  acid  gas,  38  cubic  inches. 

Thbbapbutic  Pbopbrties. — This  is  a  valuable  alkaline 
water,  diuretic  and  purgative,  and  has  proved  very  use- 
ful in  kidney  and  liver  diseases,  dyspepsia,  and  aggra- 
vated cases  of  constipation. 

These  springs  are  located  in  the  pine  mountains  of 
Lake  County.  The  geological  formation  of  the  sur- 
rounding country  is  soft  granite,  in  which  are  embedded 
veins  of  slate,  iron,  and  gravel.  The  spring  issues  from 
a  deposit  of  blue  clay  and  gravel.  The  climate  is  salu- 
brious, with  a  mean  temperature  of  85°  P.  in  summer  and 
15°  to  20°  above  zero  in  winter.  The  average  annual  rain- 
fall is  twenty-five  to  thirty-five  inches.  Accommodation 
is  supplied  by  the  Adams  Springs  Hotel  and  cottages,  hav- 
ing a  capacity  for  forty  people.  Pure  and  soft  drinking- 
water  is  brought  to  the  hotel  by  pipes  from  a  distance  of 
one  mile.  The  neighborhood  is  covered  with  pine  for- 
ests. Game,  such  as  grouse,  quail,  hare,  and  deer,  fur- 
nish amusement  for  the  sportsman.  Clear  Lake,  eight 
miles  distant,  stocked  with  various  kinds  of  fish,  and 
the  creeks  full  of  trout,  give  occupation  to  the  lovers  of 
the  piscatorial  art. 

HiSTOBY. — The  springs  are  said  to  have  been  discovered 
accidentally  eighteen  years  ago,  by  a  man  named  Adams, 
travelling  in  search  of  health.  He  was  suffering  at  the 
time  from  "  liver  disease,"  and,  having  been  cured  by  the 
water,  he  spread  the  fame  of  these  springs. 

George  B.  Fowler. 

ADDISON'S  DISEASE  (Bbonzed  Skin  Disease  ;  Me- 
lasma Supba-rbnale).  Of  the  above  terms  the  first  is 
to  be  preferred,  for  while  the  peculiar  discoloration  of  the 
skin  is  not  an  invariable  characteristic  of  the  affection, 
the  credit  of  Addison  to  the  discovery  of  the  disease 
called  by  his  name  has  never  been  called  in  question. 

DBppiTiON.— A  disease  characterized  by  progressive 
asthenia,  digestive  disorders,  pain  and  tenderness  chiefly 
seated  in  the  epigastrium,  hypochondria,  and  lumbar  re- 
gions, and  an  abnormal  pigmentation  of  the  skin  and 
mucous  membranes. 

Historical  Notice.— The  first  case  of  Addison's  dis- 
ease on  record  is  to  be  found  in  Lobstein's  treatise,  "  De 
nervi  sympathici  humani  fabrica  et  morbis,"  Paris,  1823 
from  the  English  translation  of  which,  by  the  late  Pro- 
fessor Joseph  Pancoast,  I  take  the  following  extract  : 
"  I  have  myself  observed  the  nerves  forming  the  supra- 
renal plexus,  much  thicker  in  disease,  where  the  capsule 
renales,  which  were  more  than  twice  as  large  as  usual, 
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had  degenerated  into  tuberculous  substance."  The  pa 
tient  was  an  unmarried  woman,  twenty-five  years  of  age, 
who  died  in  "  convulsive  spasms  analogous  to  the  epilep- 
tic. .  .  .  Nothing  unusual  was  discovered  in  the 
body  of  this  woman  but  the  aforesaid  change  in  the  supra- 
renal glands,  and  the  enlargement  of  the  nerves." 

Notwithstanding  the  fact  that  there  is  no  record  of  any 
darkening  of  the  complexion,  the  above  was  undoubt- 
edly a  typical  case  of  Addison's  disease,  in  which,  more- 
over, death  by  convulsions  is  not  uncommon.  "The  ob- 
servation regarding  the  thickening  of  the  nerves  in  this, 
the  first  recorded  instance  of  the  disease,  is  of  remarka- 
ble interest.  The  second  case  was  recorded  in  the 
"Halle  Hospital  Reports"  by  Dr.  Schotte,  in  October, 
1823,  and  is  published  in  volume  vii.  of  the  Deutsches 
Archivf.  Klin.  Med.  by  Risel,  in  the  course  of  his  article 
"  Zur  Pathologic  des  Morbus  Addisonii."  The  third 
case  came  under  the  observation  of  Dr.  Richard  Bright 
at  Guy's  Hospital,  in  July,  1829.  It  is  contained  in  Dr. 
Bright's  classical  "Reports  of  Medical  Cases,"  and  also 
figures  as  Case  V.  in  Addison's  original  memoir.  The 
lesions  of  the  <;apsules  were  characteristic ;  there  was  no 
other  affection  of  any  consequence,  and  for  the  first  time 
in  the  history  of  this  disease  it  was  noted  that  the  "  com- 
plexion was  very  dark."  A  few  other  cases  were  re- 
ported before  the  year  1855,  when  Addison  published  his 
work  "  On  the  Constitutional  and  Local  Effects  of  Dis- 
ease of  the  Supra-renal  Capsules,"  but  it  was  reserved 
for  his  sagacity  to  detect  the  relation  between  the  well- 
marked  constitutional  symptoms  of  the  aflEection,  the  pe- 
culiar pigmentation  of  the  skin,  and  the  structural 
changes  in  the  suprarenal  capsules. 

It  IS  no  disparagement  to  the  memory  of  Addison  to 
say  that  the  general  acknowledgment  of  his  discovery 
has  been  retarded  by  his  including  in  his  treatise  cases 
which,  at  the  present  day,  would  be  rejected  from  the 
category  of  Addison's  disease.  Of  his  eleven  cases  there 
are  but  four  uncomplicated  with  other  affections,  two 
complicated,  while  of  the  remaining  five,  one  was  a  case 
of  softening  of  the  brain  with  advanced  kidney  disease 
and  tubercular  deposit  in  various  organs,  among  others 
in  one  suprarenal  capsule,  and  the  other  four  were  cases 
of  widespread  carcinomatous  deposit,  the  suprarenal 
capsules  being  more  or  less  involved  in  each.  Addison 
was  evidently  under  the  impression  that  the  symptoms 
of  the  disease  were  due  to  the  suppression  of  the  un- 
known function  of  the  suprarenal  capsules,  and  that, 
therefore,  any  destructive  lesion  of  these  bodies  was 
capable  of  causing  them,  but  it  is  now  established  that 
they  are  invariably  associated  with  one  particular  lesion, 
to  be  described  under  the  head  of  the  Anatomical  Charac- 
ters of  the  affection. 

Anatomical  Chaeactbbs. — The  lesion  of  typical  cases 
of  Addison's  disease  is  a  primary,  chronic,  interstitial  in- 
flammation of  the  suprarenal  capsules,  beginning  in  the 
medullary  substance  in  the  form  of  gray  granulations 
precisely  resembling  those  of  tubercle,  which  enlarge, 
coalesce,  and  undergo  caseous  degeneration.  The  in- 
flammation extends  to  the  cortical  substance,  and  finally 
obliterates  all  traces  of  the  primary  structure  of  the  or- 

fans.  The  fibrous  investment  alone  resists  destruction. 
t  becomes  much  thickened  through  an  inflammatory  hy- 
perplasia, and  contracts  adhesions  with  neighboring  or- 
gans, such  as  the  kidney,  liver,  diaphragm,  pancreas, 
etc.  Under  the  microscope  the  process  is  seen  to  consist 
of  a  small-celled  infiltration  of  the  connective  tissue 
septa  of  the  organ,  which  partly  develops  into  fibrous 
tissue,  while  the  remainder  undergoes  caseous  degenera- 
tion. The  latter  change  occurs  in  the  form  of  nodular 
masses  varying  from  the  size  of  a  pea  to  that  of  a 
pigeon's  egg,  which  are  at  first  dry,  then  undergo  puri- 
f orm  softening,  and,  later,  through  the  absorption  of 
their  fluid  portions,  become  converted  first  into  putty- 
like, and  finally  into  calcareous  masses.  These  last 
changes  are  accompanied  with  much  shrinking  of  the 
previously  greatly  enlarged  organ.  The  puriform  fluid 
of  the  stage  of  softening  has  precisely  the  naked-eye  ap- 
pearance of  pus,  but  under  the  microscope  is  seen  to  con- 
sist of  granular  detritus  and  oil-globules.     "The  gross  ap 
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pearances  correspond  with  the  stage  of  the  disease. 
There  is  nocase  on  record  in  which  the  morbid  deposit 
could  be  said  to  be  at  its  earliest  stage  in  any  portion  of 
the  capsule.  In  those  cases  in  which  the  anatomical  al- 
terations are  least  advanced,  the  suprarenal  capsules  are 
enlarged,  indurated,  and  nodular,  the  enlargement  some- 
times equalling  that  of  the  subjacent  kidney,  as  in  a  case 
of  my  own,  recorded  in  the  tenth  volume  of  the  "  Trans- 
actions of  the  Pathological  Society  of  Philadelphia."  On 
section  of  such  an  enlarged  capsule  it  is  seen  to  be  com- 
posed of  a  grayish,  semi-translucent  substance,  in  which 
are  imbedded  irregular  roundish  masses  of  a  yellowish 
color  and  friable  consistence.  At  a  later  stage,  the  yellow 
nodules  soften  and  the  organ  is  honeycombed  with  cavi- 
ties containing  the  puriform  fluid  above  mentioned.  The 
last  stage  is  that  of  absorption  of  the  fluid  contents  of  the 
altered  organ  and  the  deposit  of  cretaceous  matter,  with 
coincident  shrivelling  to  a  size  perhaps  below  the  normal. 
As  to  the  exact  nature  of  the  morbid  process,  authorities 
are  united  in  considering  it  an  inflammation  which  they 
variously  qualify  as  strumous,  tubercular,  or  caseous. 
These  terms  are  one  and  all  appropriate,  conveying,  as 
they  do,  to  the  minds  of  all  pathologists  the  Idea  of  an 
abundant  infiltration  of  cells  of  low  vitality,  which  partly 
become  organized  into  fibrous  tissue  and  partly  undergo 
caseous  and  puriform  degeneration.  The  affection  is 
generally  bilateral,  although  Rlsel  (Deutsches  Arch,  fur 
klin.  Med.,  vol.  vii.,  1870)  has  reported  two  cases,  in 
each  of  which  the  left  capsule  only  was  involved. 

Of  equal  interest  with  the  morbid  changes  in  the  supra- 
renal capsules  are  certain  alterations  in  the  neighboring 
nerves  and  ganglia,  of  which  mention  has  been  made  in 
a  number  of  cases.  The  significance  of  these  lesions  of 
the  nervous  system  is  impaired  by  the  fact  that  they  are 
not  invariably  found.  Eulenberg  and  Guttmann  {Jour- 
nal of  Menial  Science,  January,  1879)  have  collected 
twenty  cases  in  which  well-marked  lesions  of  the  supra- 
renal plexus  and  the  ganglia  and  nerves  of  the  solar 
plexus  were  found,  opposed  to  which  are  twelve  cases 
in  which  careful  examination  demonstrated  no  change 
whatever.  The  positive  observations  include  fatty  de- 
generation of  the  semilunar  ganglion  and  solar  plexus, 
first  observed  by  Queckett  in'  one  of  Addison's  cases ; 
swelling  and  redness  of  the  nerves  of  the  lesser  splanch- 
nic and  ganglia  of  the  solar  plexus,  atrophy,  pigmenta- 
tion of  ganglionic  cells,  increase-  of  connective  tissue  In 
the  ganglia  and  in  the  neurilemma  of  the  nerve-fibres  ; 
and,  finally,  suppuration  and  caseation  of  the  semilunar 
ganglia. 

Notwithstanding  the  above-mentioned  negative  exami- 
nations, It  is  the  opinion  of  the  writer  that  the  abdominal 
sympathetic  Is  functionally  impaired  in  every  case  of 
Addison's  disease.  This  question  will  be  more  fully  dis- 
cussed under  the  head  of  the  Pathogeny  of  the  disease. 

Enlargement  of  the  mesenteric  and  retro-peritoneal 
glands  is  frequently  observed.  In  one  of  my  own  cases 
it  is  recorded  that  the  "  mesenteric  glands  were  greatly, 
and  the  lumbar  glands  enormously,  enlarged"  ("Path. 
Soc.  Trans.,  Phila.,"  vol.  x.). 

More  or  less  gastro-intestinal  hypersemla  and  catarrh, 
with  enlargement  of  the  solitary  and  agminated  follicles, 
are  present  in  every  case.  A  mammlllated  condition  of 
the  gastric  mucous  membrane  was  observed  by  Dr. 
Hodgkin  in  one  of  Addison's  cases.  Ecchymoses  and 
hsemorrhagic  erosions  of  the  gastric  mucous  membrane 
are  sometimes  present.  Enlargement  of  the  spleen  is  oc- 
casionally observed ;  also  an  abnormally  dark  color  of 
spleen,  liver,  kidneys,  and -pancreas,  and  brownish  hue 
of  the  peritoneum.  These  lesions  are  due  to  long-con- 
tinued hypersemia  of  the  abdominal  organs.  This  hy- 
persemia  is  sometimes  evident  at  the  necropsy,  as  in  the 
case  of  my  own  last  referred  to,  in  the  report  of  which  it 
is  noted:  "The  blood  was  fluid,  and  on  removing  the 
liver  It  poured  out  of  the  inferior  vena  cava  in  large 
amount.  There  was  none  of  the  dryness  and  translu- 
cency  of  tissue  so  constantly  met  with  in  severe  cases  of 
anaemia." 

Many  of  the  symptoms  of  Addison's  disease  are  attrib- 
uted by  vn:iters  to  a  high  grade  of  general  anaemia,  with- 


out any  evidence  in  favor  of  such  an  opinion.  In  several 
of  Greenhow's  cases  the  blood  was  examined  microscop- 
ically with  "virtually  negative  results."  In  another 
case,  under  the  care  of  Dr.  Bristowe,  Greenhow  exam- 
ined the  blood,  and  found  it  "rich  in  red  globules." 
Wilks  states  positively  that  anaemia  Is  not  present. 
These  statements  require  some  modification.  In  many 
cases  of  Addison's  disease,  especially  those  complicated 
with  pulmonary  tuberculosis,  there  is  a  high  degree  of 
anaemia,  although  not  to  be  compared  with  that  found  in 
cases  of  progressive  pernicious  anaemia,  and  In  almost  all 
cases  I  am  confident  that  a  careful  enumeration  of  the 
red  globules  would  demonstrate  their  deficiency.  Long- 
continued  intestinal  hypersemia  invariably  leads  to  anae- 
mia, as  is  commonly  seen  in  the  cachexia  of  heart  dis- 
ease, the  cacMxie  ea/rdiaqim  of  Andral.  An  Increase  in 
the  number  of  the  white  cells  has  been  observed  in  sev-. 
eral  cases,  but  as  no  figures  are  given,  it  is  impossible  to' 
say  how  near  the  condition  approached  that  of  leucocy- 
thaemla.  Free  pigment  is  said  to  have  been  found  in  the 
blood  in  one  case,  by  Van  den  Corput.  Dr.  W.  E. 
Hughes,  of  Philadelphia,  kindly  sent  me  the  following 
notes  of  his  examination  of  the  blood  of  a  case  of  Addi- 
son's disease ;  the  patient  left  the  city,  and  the  diagno- 
sis, which  was  based  upon  the  presence  of  all  the  charac- 
teristic symptoms  of  the  disease,  was  never  confirmed  by 
a  necropsy  : 

_  "  Addison's  disease,  two  years'  duration.  Pigmenta- 
tion of  skin  and  mucous  membrane  of  mouth ;  no  ema- 
ciation ;  moderate  anaemia  ;  great  weakness.  Red  cor- 
puscles, 5,180,000 ;  white  corpuscles,  9,000  per  cubic  milli- 
metre. Red  are  a  little  below  normal  in  size  and  a  trifle 
pale,  well  shaped ;  some  few  are  deeply  pigmented,  the 
pigment  granular.  Floating  free  in  the  blood-plasma  are 
irregular  granules  of  black  pigment,  from  one  to  four 
times  the  size  bf  red  corpuscles.  They  are  not  at  all 
numerous,  not  more  than  two  in  field  at  one  time ;  some- 
times not  more  than  two  on  the  slide." 

The  abnormal  surface  pigmentation  has  its  seat  in  the 
skin  and  mucous  membrane  of  the  buccal  cavity,  includ- 
ing that  of  the  tongue  ;  It  has  been  said  also  to  attack  the 
vagina,  but  this  Is  not  established.  The  pigment  is  de- 
posited in  the  youngest  layers  of  the  rete  Malpighii,  in 
contact  with  the  papillae.  It  appears  both  as  a  diffuse 
coloration  of  the  cells  and  also  in  the  form  of  distinct 
granules  in  the  cells,  or  free ;  in  the  latter  case  It  is 
supposed  to  be  left  after  the  dissolution  of  the  cells. 
It  rarely  appears  in  the  corium,  though  sometimes 
branched,  pigmented  connective-tissue  cells  are  found. 
The  parts  of  the  external  surface  most  deeply  pigmented 
are  those  which,  under  normal  circumstances,  are  the 
seat  of  oft-recurring  hypersemia,  either  from  atmospheric 
influences  or  friction,  such  as  the  cheeks,  neck,  and 
backs  of  the  hands.  There  is  also  a  special  tendency 
to  the  deposit  of  pigment  in  those  parts  where  It  is 
found  normally  in  greater  amount,  such  as  the  nipples, 
genital  organs,  and  axillae.  In  well-marked  cases,  it 
pervades  the  entire  cutaneous  surface,  being  deeper  in 
the  parts  just  mentioned.  The  discoloration,  at  first  of  a 
grayish  hue,  deepens  into  a  more  or  less  deep  brown, 
in  which  there  is,  in  some  cases,  a  yellowish  or  greenish 
hue.  The  color  depends  to  some  extent  upon  the  nor- 
mal complexion  of  the  patient.  It  Is  most  striking,  on 
account  of  its  incongruity,  when  the  patient  is  naturally 
fair,  with  light  hair  and  blue  eyes.  It  has  been  noted  in 
numerous  cases  that  the  heart  was  abnormally  small,  and 
in  several  that  it  had  undergone  fatty  degeneration. 

The  urine  is  normal  in  the  majority  of  cases.  The 
most  careful  study  of  the  urine  in  any  single  case  was 
made  by  Dr.  Thudichum,  for  sixty-five  consecutive  days, 
in  a  patient  of  Dr.  Burdon-Sanderson.  Without  com- 
plicating fever  or  diarrhoea,  there  was  a  great  diminu- 
tion in  the  daily  amount  of  urine,  it  being  reduced  more 
than  one-half  ;  the  specific  gravity  was  l.OSO,  and  up- 
ward, and  the  reaction  acid.  The  observations  were 
chiefly  directed  toward  the  determination  of  the  per- 
centage of  uric  acid  as  well  as  uromelanln,  omicholln, 
and  uropittin,  three  products  of  decomposition  of  the 
urinary  pigment  of  which  the  first  is  the  most  Important. 
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It  has  almost  the  same  chemical  composition  as  the 
melanin  of  the  choroid,  and  of  melanotic  tumors,  and, 
like  the  pigment  in  the  skin  in  Addison's  disease,  is  iron- 
free.  Thudichum  found  that  these  pigments  were  greatly 
reduced  in  amount,  the  uromelanin  never  rising  above 
one-twelfth  of  the  normal,  and  he  appears  to  be  of  the  opin- 
ion that  the  diminution  in  the  amount  of  these  pigments 
may  be  in  relation  to  the  excess  of  pigment  in  the  skin. 

Symptoms.— The  sum  of  the  symptoms  of  Addison's 
disease  may  be  divided  into  four  parts  :  a  progressive 
asthenia,  disorders  of  digestion,  an  abnormal  pigmenta- 
tion of  the  skin  and  oral  mucous  membrane,  and  pain 
seated  chiefly  in  the  lumbar  and  abdominal  regions.  Of 
these,  the  asthenia  is  the  first  to  appear.  In  all  histories 
of  this  disease  the  patient  has  been  compelled  to  aban- 
don his  usual  occupation  by  muscular  weakness,  and 
where  there  is  no  complication  with  other  wasting  dis- 
ease, this  prostration  is  unattended,  at  least  in  the  early 
stage,  with  any  marked  diminution  in  the  volume  of  the 
muscular  and  adipose  tissues.  Symptoms  referable  to 
disordered  digestion  soon  become  prominent,  such  as 
anorexia,  nausea  and  vomiting,  constipation  alternating 
with  diarrhoea,  and  epigastric  tenderness.  Cardialgia 
is  often  complained  of,  and  the  ingestion  of  food  is 
sometimes  followed  by  painful  meteorism.  The  pulse 
is  remarkably  weak  and  small,  and  usually  slightly  accel- 
erated. Dyspnoea  is  produced  by  the  slightest  exertion 
such  as  sittmg  up  in  bed.  Cephalalgia,  vertigo,  and  men- 
tal hebetude  are  often  observed  at  an  early  stage,  also  pain 
and  tenderness  in  both  hypochondria,  and  in  the  back, 
loins,  and  epigastrium.  This  tenderness  on  pressure 
was  a  prominent  feature  in  two  cases  that  were  under 
my  care  at  the  Episcopal  Hospital,  Philadelphia.  In  the 
report  of  the  first  I  noted  that  "at  times  there  was  great 
tenderness  about  the  umbilical  region,  and  on  one  occa- 
sion, after  palpating  the  abdomen,  the  patient  uttered 
lohd  cries  for  ten  or  fifteen  minutes,  and  seemed  in  great 
agony"  ("Trans.  Path.  Soc,  Phila. ,"  vol.  v.).  In  the 
second  of  my  cases,  "the  pain  was  latterly  most  severely 
felt  in  the  left  lumbar  region,  in  which  situation  there  was 
also  a  great  degree  of  tenderness  on  pressure  "  ("  Trans. 
Path.  Soc,  Phila.,"  vol.  x.).  In  the  first  of  these  cases 
nothing  was  found  at  the  necropsy  to  account  for  this 
remarkable  tenderness  ;  in  the  second  it  might  have  been 
due  to  the  great  tumefaction  of  the  lumbar  glands.  As 
the  disease  progresses,  restlessness,  iactitation;  delirium, 
sometimes  maniacal,  delusions  of  sight  and  hearing,  at- 
tacks of  epileptiform  convulsions,  and  uncontrollable 
vomiting  make  their  appearance  ;  also  attacks  of  pro- 
longed prostration  and  loss  of  consciousness  ;  some- 
times a  condition  of  collapse  that  has  been  compared  by 
"Wilks  to  that  of  cholera.  Contrary  to  the  usual  frequency 
of  the  pulse  in  collapse,  a  remarkable  diminution  in  the 
number  of  the  heart-beats  has  been  observed  in  several 
cases  (Risel  mentions  seven),  and  this  without  any  dis- 
ease of  the  brain  or  important  cardiac  disease.  In  a  case 
reported  by  Cholmeley  {Medical  I%mss  and  Gazette,  1869, 
vol.  ii.,  p.  319)  in  which  death  was  preceded  by  profound 
collapse,  dyspnoea,  and  convulsions,  the  pulse  fell  to 
thirty-six  per  minute.  The  date  of  the  appearance  of 
the  pathognomonic  discoloration  of  the  skin  is  very  varia-. 
ble.  It  may  either  precede  or  follow  the  constitu- 
tional symptoms,  or  the  disease  may  terminate  fatally 
without  its  manifestation.  Greenhow  has  collected  a 
number  of  cases  illustrating  the  erratic  appearance  of 
this,  the  only  pathognomonic  feature  of  Addison's  dis- 
ease. In  many  cases  the  symptoms  have  pursued  an 
irregularly  remittent  course.  The  digestive  disorders  may 
temporarily  cease,  the  appetite  improve,  the  muscular 
power  increase,  and  the  skin  become  decidedly  paler. 
This  is  invariably  followed  by  a  fresh  exacerbation, 
after  which  the  status  of  the  patient  is  on  a  lower  plane 
than  during  the  previous  remission.  The  words  of  Dr. 
Weir  Mitchell,  as  applied  to  the  course  of  locomotor 
ataxia,  are  here  appropriate:  "I  have,"  says  he,  "else- 
where compared  the  progress  of  Duchenne's  disease  to 
that  of  a  man  who  has  an  inevitable  staircase  to  descend. 
He  may  linger  or  go  back,  but  the  descent  is  still  to  be 
taken,  and  the  best  he  can  hope  for  is  to  go  down  slowly 
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and  with  long  pauses  and  rare  retrogressions  "  ("  Pro- 
ceedings Phila.  County  Med.  Soc,"  vol.  ii.). 

Pathogeny. — The  symptoms  of  Addison's  disease  being 
invariably  associated  with  a  destructive  lesion  of  the  supra- 
renal capsules,  vi[ere  at  first  naturally  attributed  to  sup- 
pression of  the  function  of  these  bodies.  Brown-Sequard 
first  endeavored  to  ascertain  the  effect  of  removing  the 
capsules  from  animals.  The  animals  speedily  died  with, 
according  to  his  statement,  the  accumulation  of  pigment 
in  different  parts  of  the  body.  On  the  other  hand,  a  num- 
ber of  other  experimenters,  such  as  Harley,  G-ratiolet, 
Philippeau,  and  Martin  Magron,  have  removed  the  supra- 
renal capsules  without  the  supervention  of  death  or 
melanoderma.  Again,  well-marked  cases  of  Addison's 
disease  have  been  observed,  as  above  stated,  in  which  but 
one  capsule  was  involved  in  the  morbid  process.  Finally, 
instances  are  on  record  of  congenital  absence  of  the  supra- 
renal bodies '  without  the  cutaneous  pigmentation  or  other 
symptoms  of  Addison's  disease.  The  attention  of  pathol- 
ogists was  next  directed  to  the  ganglia  and  nerves  of  the 
abdominal  sympathetic,  and  experiments  instituted  upon 
animals  to  determine  the  effect  of  their  removal  or  sec- 
tion. Pincus  invariably  found,  after  extirpation  of  the 
solar  plexus,  alterations  in  the  mucous  membrane  of  the 
stomach  and  upper  part  of  the  small  intestine,  consisting 
of  hyperemia,  blood  extravasation,  and  ulceration.  These 
were  absent  in  control  experiments,  in  which  the  same 
operation  was  performed  minus  the  removal  of  the  solar 
plexus.  "When  the  deeper  plexus  encircling  the  aorta 
was  removed,  the  alterations  in  the  mucous  membrane  of 
the  stomach  were  absent,  but  the  whole  of  the  small  and 
large  intestine,  including  the  rectum,  was  affected.  En- 
largement of  the  liver  and  spleen  was  also  observed  by 
Budge  after  section  of  the  abdominal  sympathetic.  With 
the  results  of  these  experiments  corresponds  the  invariable 
intestinal  catarrh  of  Addison's  disease,  with  enlargement 
of  the  solitary  and  agminated  glands,  and  sometimes  ul- 
ceration and  ecchymosis.  The  theory  of  the  pathogeny 
of  Addison's  disease  at  present  accepted  by  many  authori- 
ties, notably  by  Risel,  and  the  one  to  which  I  adhere,  is 
that  of  a  paralytic  dilatation  of  the  abdominal  blood- 
vessels, and  it  is  not  necessary  that  there  should  be  a  de- 
structive lesion,  such  as  fatty  degeneration  or  atrophy,  of 
the  solar  plexus  and  semilunar  ganglion,  in  order  to  pro- 
duce vaso-motor  paralysis  in  the  area  of  their  distribu- 
tion. Irritation  of  a  sensory  nerve  produces  vaso-motor 
paralysis  in  tlie  irritated  region,  and  the  well-known  ex- 
periments of  Goltz "  (Klopf  versuch)  have  shown  that  irri- 
tation of  the  intestines  produces  complete  vaso-motor 
paralysis  of  their  blood-vessels,  causing  thereby  so  great 
an  accumulation  of  blood  that  the  animal  shows  symp- 
toms of  syncope,  the  same  as  if  it  had  been  bled  copi- 
ously.^ The  irritation  of  the  numerous  nerves  of  the 
suprarenal  capsule  produced  by  inflammation  with  new 
formation  of  tissue  and  subsequent  softening,  such  as 
exists  in  Addison's  disease,  is  transmitted  to  the  semi- 
lunar ganglion  and  solar  plexus  from  the  beginning  of 
the  deposit  in  the  medullary  substance  of  the  suprarenal 
capsule,  and  later  by  direct  extension  of  the  inflammatory 
process  to  these  nerve-centres.  By  this  means  a  vaso- 
motor paralysis  of  the  intestinal  vessels  is  produced,  as  in 
the  experiments  of  Goltz,  except  that,  unlike  in  the  latter 
case,  it  is  constant.  This  constant  hypersemia  of  the  in- 
testinal vessels  leads  to  enlargement  of  the  solitary  glands 
and  Peyer's  patches  so  constantly  found  in  Addison's  dis- 
ease, and,  when  more  intense,  to  catarrh  and  ulceration  of 
the  stomach  and  intestinal  mucous  membrane.  It  ac- 
counts for  the  dark  color  of  the  liver,  spleen,  kidneys, 
and  pancreas  so  often  observed,  as  well  as  for  the  brown- 
ish hue  of  the  peritoneum  noted  in  a  few  instances.  In- 
directly it  explains  the  anaemic  and  dry  condition  of  other 
parts  of  the  body,  and  fully  accounts  for  the  great  mus- 
cular weakness,  syncope,  gastro-intestinal  disturbance, 
dyspnoea  on  slight  exertion,  and  small  radial  pulse. 
These  symptoms  have  been,  and  still  are,  attributed  to  a 
high  grade  of  general  anaemia,  such  as  exists  in  progres- 
sive pernicious  ansemia ;  and  this  is  due  to  the  fact  that 
many  of  the  symptoms  in  these  two  affections  are  iden- 
tical.  Repeated  examinations  of  the  blood  have,  however, 
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demonstrated  that  the  reduction  in  the  number  of  the  red 
corpuscles  in  Addison's  disease  is  trivial  compared  with 
that  found  in  cases  of  progressive  pernicious  anaernia. 
The  symptoms  resembling  those  of  pernicious  aneemia, 
such  as  dyspnoea  on  slight  exertion,  syncope  on  assuming 
the  upright  posture,  rapid,  small,  and  feeble  pulse,  are 
due  to  an  insutflcient  supply  of  blood,  albeit  of  fair 
quality,  to  the  supra-diaphragmatic  portion  of  the  trunk. 
The  permanent  changes  in  the  muscular  tissue  of  the 
heart  are  to  be  attributed  to  the  same  cause,  oligaemia. 

Etiologt. — The  affection  is  much  more  common  in 
the  male  sex  and  among  the  laboring  classes.  In  one 
hundred  and  eighty-three  undoubted  cases  tabulated  by 
Greenhow,  one  hundred  and  nineteen  Tvere  males  and 
sixty-four  females,  and  more  than  nine-tenths  of  the 
whole  number  were  engaged  in  laborious  physical  work. 
Several  cases  have  been  associated  with  psoas  or  lumbar 
abscess,  caused  by  injuries  of  the  spine.  In  others, 
devoid  of  such  spinal  complication,  the  origin  of  the 
disease  has  been  attributed  by  the  patient  to  over-ex- 
ertion of  the  spinal  muscles.  Such  was  the  fact  in  one 
of  my  own  cases,  the  patient's  first  symptoms  having 
been  weakness  and  pain  in  the  back  immediately  follow- 
ing the  occupation  of  weeding  her  garden.  As  regards 
age,  the  majority  of  cases  occur  between  the  ages  of 
twenty  and  fifty,  that  is  to  say,  during  the  most  active 
period  of  adult  life. 

BiAGNOSis. — When  the  disease  is  primary,  the  con- 
stitutional symptoms  well-marked,  and  the  discoloration 
of  skin  present,  the  diagnosis  presents  no  difficulty  to  one 
who  has  studied  a  single  case  of  the  disease.  On  the 
other  hand,  when  the  constitutional  symptoms  are  well 
pronounced  in  a  primary  case,  and  the  bronzing  of  skin 
not  yet  developed,  the  diagnosis  is  only  to  be  made  by 
the  absolute  exclusion  of  other  wasting  diseases,  espe- 
cially cancer  of  abdominal  organs  and  progressive  per- 
nicious anaemia.  When  the  disease  is  secondary  to  psoas 
or  lumbar  abscess,  the  diagnosis  is  often  very  difficult, 
and  especially  so  when  there  is  the  further  complication 
of  amyloid  kidney  disease  which 'is  so  apt  to  be  associated 
with  extensive  suppuration.  Several  years  ago  there 
came  under  my  care  at  the  Episcopal  Hospital,  a  case  of 
lumbar  abscess  with  several  open  sinuses  leading  to 
carious  vertebrae.  The  general  surface  of  the  body  was 
of  a  dark,  dingy  hue,  and  the  orifice  of  each  sinus  was 
surrounded  by  a  broad,  deeply  pigmented  ring.  The 
case  had  previously  been  at  the  tJniversity  Hospital, 
where  secondary  disease  of  the  suprarenal  capsules  had 
been  suspected.  The  autopsy  showed  these  bodies  to  be 
perfectly  normal.  A  dingy  discoloration  of  the  skin  is 
not  uncommon  in  amyloid  disease  of  the  kidney,  as  first 
pointed  out  by  Grainger  Stewart. 

The  discoloration  of  skin,  although  not  the  most  essen- 
tial characteristic  of  the  disease,  is  justly  regarded  as  its 
most  important  diagnostic  feature.  It  is  to  be  dis- 
tinguished from  melasma  gravidarum,  pityriasis  versi- 
color, lichen,  and  pigmentary  syphilides,  and  this  is 
readily  done  by  anyone  faimlliar  with  these  affections. 
The  melanoderma  of  phthisical  patients  presents  more 
serious  difficulty.  Although  the  latter  is  often  confined 
to  the  face  and  does  not  invade  the  mucous  membrane 
of  the  buccal  cavity,  the  difficulty  is  a  real  one  and  is 
augmented  by  the  fact  that  pulmonary  tuberculosis  is 
the  most  frequent  complication  of  Addison's  disease. 
The  seat  of  the  melasma  suprarenale  upon  the  face  and 
neck,  the  dorsum  of  the  hands,  areola  of  the  nipple  and 
about  the  umbilicus,  in  the  axilla,  groin,  and  genitals  is 
characteristic.  Its  outline  is  never  circumscribed  as  in 
other  pigmentary  affections,  but  gradually  fades  into  the 
surrounding  dingy  integument.  Upon  the  darker 
patches  also  are  frequently  seen  black  specks  resembling 
moles  or  freckles.  Another  discoloration  of  the  skin 
liable  to  be  confounded  by  the  inexperienced  with  that 
of  Addison's  disease,  is  sometimes  seen  in  badly  nour- 
ished paupers,  of  dirty  habits,  whose  skin  is  the  abode 
of  vermin.  'The  pigmentation  shows  itself  in  the  form 
of  patches  separated  by  healthy  skin  ;  the  epidermis  is 
often  roughened,  and  the  discoloration  more  marked 
upon  the  trunk  than  on  the  face  and  hands.    The  skin 


is  also  often  marked  with  the  nails  on  account  of  the  in- 
tense itching.  Under  the  microscope,  the  particles  of 
pigment  in  this  affection  are  found  in  all  the  layers  of 
the  epidermis,  instead  of  being  limited,  as  in  Addison's 
disease,  to  the  deeper  layers  of  the  rete  Malpighii.  The 
pigmentation  of  chronic  malaria}  poisoning  is  dis- 
tinguished from  that  of  Addison's  disease,  not  only  by 
its  distribution,  but  by  the  history  of  the  case  and  the 
frequent  presence  of  splenic  enlargement.  Chronic 
icterus  is  distinguished  by  the  presence  of  pigment  in  the 
ocular  conjunctiva  and  in  the  urine.  The  pulse  also  is 
rapid  in  Addison's  disease,  whereas  in  icterus  it  is  habit- 
ually slow. 

Prognosis. — The  prognosis  is  invariably  fatal  as  to 
the  ultimate  result,  but  the  occasional  remittent  charac- 
ter of  the  affection  is  to  be  borne  in  mind  in  making  pre- 
dictions as  to  the  duration  of  the  disease.  A  case  seen 
during  the  period  of  exacerbation  may  lead  to  the  progno- 
sis of  a  speedily  fatal  result,  but  the  worst  symptoms  may 
disappear  and  be  followed  by  a  prolonged  period  of  re- 
mission. Sudden  death  without  preceding  exaiJerbation  is 
sometimes  observed,  the  fatal  result  being  apparently  due 
to  syncope. 

'TkeaTmbnt. — The  cessation  of  work  is  the  first  thing 
to  be  insisted  upon  in  the  way  of  treatment,  and  during 
the  exacerbations,  strict  confinement  to  bed.  An  im- 
mediate mitigation  of  the  symptoms  has  often  followed 
the  admission  to  the, hospital  of  a  patient  who,  up  to  that 
time,  had  been  endeavoring  to  resist  the  gradually  in- 
creasing weakness.  A  moderate  amount  of  stimulants  is 
generally  well  borne ;  but  cod-liver  oil,  which  might 
seeni  appropriate  on  account  of  the  strumous  character 
of  the  affection,  is,  as  a  rule,  not  tolerated.  Remedies  to 
allay  irritability  of  the  stomach  are  frequently  indicated, 
such  as  ice,. lime- water,  carbonic  acid  water  with  brandy, 
bismuth,  creasote,  hydrocyanic  acid,  and  small  doses  of 
opiulh.  Massage  and  faradization  of  the  cutaneous  sui;- 
face  are  well  worthy  of  a  trial,  in  order  to  derive  from 
the  abdominal  vessels.  Cathartics  are  to  be  avoided,  as 
profound  depression  has  often  followed  their  employ- 
ment in  this  disease.  When  constipation  is  troublesome, 
enemata  are  to  be  made  use  of.  The  diet  should  be  sim- 
ple, but  nourishing,  consisting  of  soups,  milk,  eggs,  meat 
jelly,  and  the  like.  Peptonized  foods  and  koumyss  are 
also  indicated.  Frederick  P.  Henry, 

1  Martini:  Comptes.  Kpndus  de  TAcad.  des  Sci.,  18B6,  tome  xliii.,  p. 
1053.    John  Kent  Spender;  Brit.  Med.  Jour.,  September  11,  1868. 

^  Vague  und  Herz.,  Virchow'B  Archiv,  vol.  xxvi. 

3  "  II en  resulte  une  dilatation  des  vaisseaux  abdominaux  qui  constituent 
en  quelqne  sorte  un  bassin  de  reserve  ou  de  derivation  pouvant  loger  la 
moitie  de  la  masse  totale  du  sang  "  (Demontroud,  Th^se  de  Paris,  lb78). 

ADELHEIDSQUELLE.  This  spring  is  situated  in  Up- 
per Bavaria,  at  an  elevation  of  774  metres  (3,540  ft.),  near 
the  foot  of  the  "  Benedictenwand,"  and  about  four  miles 
from  the  station  Tolz.  The  water  is  mostly  bottled  for 
export.  It  is  used  internally,  and  has  acquired  renown 
for  its  beneficial  effects  in  cases  of  scrofula  (in  children), 
in  glandular  swellings,  struma,  chronic  metritis,  and 
-oophoritis,  and  in  tumors  of  the  female  sexual  organs. 
Von  Nussbaum  speaks  of  the  water  in  very  high  terms  ; 
it  having  produced  markedly  beneficial  effects  in  some  of 
the  worst  cases  of  scrofulous  bone  disease  which  had 
come  under  his  care.  Among  one  thousand  parts  of  this 
water,  by  weight,  the  solid  constituents  represent  a  total 
of  6.01  parts,  and'among  these  the  most  important  are  : 

Sodium  chloride 4.956 

Sodium  iodide 0.0286 

Sodium  bromide 0  0478 

Sodium  carbonate 0.0S09 

(Carbon  dioxide,  409.3  o.c.) 

Temperature,  11.2  "  C.  (62  °  F.).    (Bulenburg.) 

H.  F. 

ADENOMA.  The  adenoma  is  a  glandular  tumor,  con- 
forming,  in  its  histological  structure,  with  the  general 
type  of  gland-tissue,  and  originating  in  glandular  epi- 
thelium. We  cannot  describe  any  particular  cells  or 
arrangement  of  cells  as  peculiar  to  this  tumor  any  more 
than  we  can  regard  any  special  cells  as  peculiar  to  physi- 
ological  glandular    structure.     The    adenomata    differ 
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among  each  other  ia  structure  as  much  as  the  structure 
of  the  liver  differs  from  that  of  the  lachrymal  gland. 
Generally  speaking,  the  epithelial  cells  of  the  tumor  are 
arranged  in  alveoli,  with  a  central  lumen,  the  alveoli 
being  separated  from  each  other  by  connective  tissue, 
in  which  the  nutrient  vessels  and  lymphatics  are  con- 
tained. The  epithelial  cells  may  be  cylindrical  or  cu- 
boidal  their  shape  depending  somewhat  on  the  character 
of  the  cells  of  the  gland  in  which  the  tumor  has  origi- 
nated. Their  arrangement  in  alveoli,  with  a  central 
lumen,  may  be  regarded  as  that  which  gives  the  adenoma 

"We  cannot  regard  every  new  formation  of  glandular 
tissue,  every  glandular  hyperplasia  as  an  adenoma, 
and  sometimes  it  is  difficult  or  impossible  to  say 
whether  we  have  to  do  with  a  simple  hyperplasia 
or  a  tumor.  Nature  does  not  create  with  special  ref- 
erence to  the  classification  of  her  products,  and  we 
come  here  into  the  difficulty  which  is  constantly  met 
when  we  attempt  to  bring  such  products  under  an  arti- 
ficial classification.  A  gland  which  is  increased  in  size 
in  consequence  of  excessive  growth  or  a  chronic  in- 
flammatory condition,  cannot  be  called  an  adenoma, 
but  belongs  simply  to  the  hyperplasias.  In  the  same 
way  we  must  consider 
those  formations  in 
mucous  membranes 
which  frequently  de- 
velop in  consequence 
of  chronic  inflamma- 
tions, and  take  the 
form  of  tumors. 
These  are  local  new 
formations  of  tissue, 
which  project  above 
the  surfaces  in  the 
form  of  polypi  or  pap- 
illary masses.  This 
growth  commences 
in  the  connective  tis- 
sue, and  the  epithe- 
lium also  takes  part, 
in  that,  by  the  increase 
of  the  surface,  the 
covering  epithelium 
must  also  increase. 
If  there  are  glands 
present,  their  ducts 
are  usually  stopped 
up,  and  cysts  are 
formed  with  papilla- 
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them      On  the  other  ^"''  63-— Adenoma  of  the  Kicjney.    a,  Normal  structure  of  the  kiiiney ;  6,  adenoma ;  c, 

1       /q'    +V,               a     i^a  sheath  of  connective  tissue  investing  the  tumor  and  separating  it  from  the  kidney  ;  d, 

nana,    mere    are  aae-  colloid  masses  in  the  acini  of  the  tumor,     (x  ■JO.) 

nomata  which  arise  in 

the  mucous  membranes  and  which  have  the  form  of 
polypi,  and  may  greatly  resemble  the  simple  polypi  in 
structure.  Clinically,  of  course,  the  two  processes  can 
be  distinguished,  since  the  simple  polypi  are  usually 
multiple,  and  disappear  spontaneously  when  the  cause' 
which  led  to  their  formation  (i.e.,  chronic  inflamma- 
tion) is  removed.  The  separation  of  the  adenomata 
from  many  other  tumors  is  often  difficult.  If  the  devel- 
opment of  glandular  vesicles  with  formation  of  cavities 
must  be  regarded  as  the  essential  moment  to  justify  us 
in  naming  a  tumor  an  adenoma,  this  development  cannot 
take  place  without  the  formation  of  new  connective  tissue 
with  vessels.  Since  the  pathological  features  of  a  tumor 
only  consist  in  the  variation  of  the  arrangement  of  its 
tissue  from  that  of  the  normal  tissue,  we  find  in  the 
adenoma  that  at  one  time  the  formation  of  the  epithelial 
elements  becomes  most  prominent,  at  another  that  of  the 
connective  tissue  and  vessels.  Mixed  forms  are  here  com- 
mon. When  the  development  of  connective  tissue  is  ex- 
cessive, far  beyond  what  we  find  in  a  normal  gland,  it 
must  receive  some  recognition  in  naming  the  tumor,  for 
it  is  as  truly  new-formed  as  the  epithelial  part ;  in  such 
cases  we  speak  of  an  adeno  fibroma.  When  this  neatly 
formed  connective  tissue  is  especially  abundant  in  cells. 


and   represents  an  embryonic  tissue,  we  speak  of  an 
adeno- sarcoma. 

Though  the  adenoma  may  have  the  most  typical  gland- 
ular structure,  it  is  always,  when  considered  as  an  en- 
tirety, an  atypical  formation.  As  a  rule  it  represents 
a  circumscribed  formation  and  macroscopically  differs 
in  consistence  and  color  from  its  surroundings.  These 
growths  usually  form  nodular  tumors,  which  arise  with 
in  glands  or  in  mucous  membranes  which  contain  glands. 
In  some  cases  only  a  small  portion  of  the  gland  is  taken 
up  by  the  tumor,  in  others  the  whole  is  inyolved  in  its 
growth.  The  adenoma  usually  differs  in  its  histological 
structure  more  or  less  from  the  structure  of  the  tissue 
in  which  it  originated.  This  is  well  seen  in  the  figure 
here  given,  which  represents  an  adenoma  of  the  kidney. 
Nothing  could  be  more  typical  of  glandular  structure 
than  the  tumor,  yet  instead  of  the  typical  kidney  struct- 
ure with  its  various  tubules  and  special  structures,  as  the 
glomeruli,  we  have  here  simply  the  structure  of  a  tubular 
gland,  the  tubules  being  of  different  sizes  and  lined  with 
a  simple  cuboidal  epithelium.  The  tumor  from  which 
the  specimen  was  taken  was  of  the  size  of  a  walnut, 
located  in  the  left  kidney,  and  entirely  surrounded  by 
normal  kidney  structure,  from  which  it  was  separated 

by  a  distinct  capsule 
of  connective  tissue. 
In  other  adenomata  of 
the    kidney  we  may 
find,  in  place  of  the 
cuboidal,  long  cylin- 
drical cells.     In  one 
lihat      I     examined, 
which  came  from  the 
collection  of  Rokitan- 
sky,   the   cells  were 
cylindrical  in  shape, 
and   differed  greatly 
in    size,   some  being 
three  times  as  large  as 
the  others.    We  never 
find,  however,  in  an 
adenoma  of  the  kid- 
ney, the  typical  kid- 
ney structure  with  its 
glomeruli     and     tu- 
bules. This  departure 
from  the  type  of  the 
mother  tissue  is  also 
seen  in  other  places. 
In  adenoma    of   the 
large  intestine,  where 
this  form  of  tumor  is 
frequently  met  with, 
in  place  of  the  simple 
crypts  of  Lieberkuhn, 
we  have  branched  and  twisted  tubules,  with  an  epithe- 
lium identical  with  the  ordinary  cylindrical  epithelium 
of  the  intestinal  tract.    Fig.  64  shows  a  secondary  nodule 
in  the  liver  from  an  adenoma  of  the  rectum.     The 
general  type  of  the  glands  of  Lieberkuhn  is  well  shown, 
though  in  one  place  the  buds  given  off  and  the  union  of 
the  two  tubules  show  the  tendency  to  a  departure  from 
the  type.     We  sometimes  find  in  the  liver  small  circum- 
scribed nodules  about  as  large  as  a  miliary  tubercle, 
which  differ  markedly  from  the  liver-tissue.     The  cells 
composing  them  are   larger   than    the   liver-cells,  are 
paler,  finely  granular,  and  wanting  in  the  ordinary  bile 
pigment  in  cases  where  from  cirrhosis  or  other  cause  the 
liver-cells  are  strongly  pigmented.    This  latter  fact  would 
show  that  the  cells  did  not  serve  the  same  physiological 
purpose  as  the  liver-cells.     The  lines  separating  the  cells 
of  the  nodule  are  more  sharply  marked  than  in  the  nor- 
mal tissue.     The  typical  arrangement  of  the  liver-struct- 
ure, the  framework  of  cells  branching   out  from  the 
hepatic  vein,  with  capillaries  between  them,  is  wanting 
here.     On  the  contrary,  the  cells  are  in  some  places  ar- 
ranged in  masses,  in  others  they  seem  to  be  irregularly 
arranged  around  a  lumen,  as  in  the  ordinary  tubular 
gland.     This  would  seem  to  represent  a  return  of  the 


\^ 


»  -v. 


■  t 


i 


78 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Adenoma, 
Adeiiomat 


complicatea  liver  structure  of  the  higher  vertebrates  to 
the  simple  tubular  form  of  gland  which  is  found  in 
some  reptiles.  Other  large  adenomata  have  been  de- 
scribed in  which  a  distinctly  tubular  arrangement  was 
found.  Whether  such  larger  tumors  represent  a  further 
stage  of  development  of  these  small  microscopic  nodules 
is  not  known.    The  latter  seem  to  have  escaped  the  at- 


FiG.  64. — MetaBtaBis  in  the  Liver  from  an  Adenoma  of  the  Rectum,  a,  a.  Acini  of  tnmor ; 
i,  blood-veasel.    {  x  280.) 

tention  of  writers  on  this  subject,  and  should  be  con- 
sidered as  true  adenomata. 

There  is  one  adenoma  which,  from  the  frequency  of 
its  appearance,  and  its  importance  as  concerning  the 
life  of  the  patient,  merits  a  special  description.     This  is 
the  adenoma  of  the  ovary.    We  owe  to  the  works  of  Wal- 
deyer  and  Klebs  the  recognition  of  this  form  of 
tumor  in  this  organ.     It  generally  appears  under 
the  form  of  multilocular  cysts,  which  contain  a 
thick  viscid  fluid  of  about  the  consistency  of 
starch  paste.     The  contents  may  be  colorless,  or 
have  every  shade  of  color  up  to  a  dark  brown, 
this  color  depending,  of  course,  on  haemorrhages 
which  have  taken  place  within  the  cysts.     The 
larger  of  these  cysts  are  lined  with  a  single  layer 
of  cuboidal  or  cylindrical  epithelium.     In  other 
places,  where  soft  medullary  masses  are  found, 
and  where,  macroscopically,  no  cysts  are  to  be 
seen,  we  find  a  different  structure.     Here,  under 
the  microscope,  we  find  small  cysts  lined  by  a 
membrane  in  which  are  indentations  similar  to 
simple  tubular  glands ;  these  pouches  are  lined 
with  cylindrical  epithelium.     There  are   long 
papillary  projections  of  the  lining  membrane 
into  the  cysts,  and  Wilson  Fox  supposes  that  the 
numerous  cysts  are  formed  by  the  union  of  these 
papillse,  either  with  each  other  or  with  the  cyst- 
wall.    Klebs,  on  the  other  hand,  supposes  they 
are  formed  from  dilatation  of  the  small  pouch- 
like glands  of  the  lining  membrane.     Pfliiger 
has  pointed  out  the  glandular  structure  of  the 
ovary,   and    Spiegelberg   and    Langhans    have 
shown  in  it,  even  after  jbirth,  residues  of  its  em- 
bryonic glandular  structure,  and  there  is  little 
doubt  that  the  adenoma  develops  from  this  tis- 
sue.    Other  adenomata  are  found  here  which  are  com- 
posed of  cysts  lined  with  distinctly  ciliated  epithelium. 
Although  frequently  in  these  tumors  nothing  of  the 
ovary  can  be  found,  there  is  little  doubt  that  they  do  not 
develop  in  this  organ,  but  at  a  little  distance  from  it,  in 
the  parovarium.     There  are  other  cysts  in  the  ovary 
which  are  formed  from  simple  dilatation  of  the  Graafian 
follicles ;  but  these,  as  we  have  shown,  should  be  ex- 
cluded from  the  tumors.    (See  Art.  Tumors.) 


All  of  the  forms  of  adenoma  of  which  we  have  spoken 
differ  more  or  less  in  histological  structure  from  the 
parent  tissue ;  but  there  are  others  which  conform  in 
every  detail  with  the  tissue  in  which  they  arise.  The 
thyroid  body  is  very  frequently  the  seat  of  adenoma 
formations ;  these  appear  under  the  form  of  distinctly 
circumscribed  nodules,  separated  from  the  rest  of  the 
gland  by  a  sheath  of  connective  tissue.  The 
colloid  formation  common  to  the  gland  is 
always  seen  in  these  adenomata.  There  is  an 
hypertrophy  of  the  gland  caused  by  a  diffuse 
hyperplasia  of  all  parts  of  it,  which  must  be 
separated  from  the  tumors.  This  appears  to 
depend  upon  the  existence  of  a  distinct  miasm, 
which  is  found  only  over  a  limited  geographi- 
cal area.  It  can  be  distinguished  from  the 
adenoma  by  its  affecting  all  parts  of  the  gland, 
and  by  its  spontaneous  recovery  when  the  pa- 
tient removes  from  the  miasmatic  region,  or 
under  the  use  of  suitable  medication.  Here 
we  have  a  case  in  which,  from  a  microscopic 
examination  alone,  we  cannot  say  whether  we 
have  to  do  with  a  hyperplasia,  a  tumor,  or 
normal  glandular  tissue. 

Many  tumors  of  the  mamma  combined  with 
the  formation  of  cysts  have  been  described 
under  the  name  of  adenoma.     In  such  cases 
the  tumor  is  generally  a  fibroma  or  sarcoma, 
which  has  grown  into  the  acini  and  ducts  of 
the  gland  in  the  shape  of  papillary  projec- 
tions.    These,  of  course,  will  be  covered  with 
lining   epithelium,  and  there  must  be  some 
growth  of  the  epithelium  in  consequence  ;  but 
this  is  only  secondary,  and  the  tumor  should 
be  considered  as  a  connective-tissue  formation. 
From  some  descriptions  of  circumscribed  tumors,  in  or 
adjoining  the  gland,  which  are  almost  entirely  epithelial 
in  character,  we  must  believe  that  they  are  adenomas. 
Regarding  these  circumscribed  adenomata,  Billroth  says 
("  Krankheiten  der  Brustdrusen,"  p.  76)   that   he  has 
never  seen  a  tumor  which,  after  exact  histological  anal- 


FlG.  65. — Miliary  Adenoma  of  the  Liver.     At  a  the  cella  are  arranged  around  a 
lumen;  b,  &,  blood-vessels,    (x  380.) 

ysis,  allowed  only  the  interpretation  of  a  pure  circum- 
scribed adenoma  to  be  given  it.  Cornil  and  Ranvier 
take  almost  similar  grounds.  There  are  a  few  cases  on 
record  in  which  the  glands  at  an  early  age,  the  time  of 
puberty  or  a  little  later,  grew  suddenly  to  enormous 
dimensions.  In  one  case  observed  by  Billroth,  in  a 
virgin  of  fifteen  years,  the  breasts  grew  to  mammoth 
proportions  in  two  and  one-half  months  ;  the  left  meas- 
ured 23  inches  in  circumference,  and  in  its  largest  part 
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was  lOi  inches  In  diameter.  Tliere  is  little  known  about 
the  histological  structure  in  these  cases.  The  one  case 
investigated  by  Billroth  was  complicated  by  the  forma- 
tion of  numerous  fibroid  tumors  in  the  gland.  There 
was,  however,  between  the  tumors  an  abundant  forma- 
tion of  glandular  tissue  which  was  similar  to  that  of  the 
normal  mamma.  Such  cases  are  set  down  as  diffuse 
adenoma  of  the  breast. 

The  rapidity  of  growth  of  an  adenoma  differs  in  the 
various  parts  of  the  body  in  which  it  has  its  seat,  and  the 
same  holds  true  for  its  malignity.  There  are  few  which 
can  be  strictly  considered  as  benign  tumors  ;  there  are 
several  cases  reported  in  the  literature,  of  fatal  metas- 
tases from  the  adenoma  of  the  thyroid.  In  the  sweat, 
sebaceous,  and  lachrymal  glands  they  grow  slowly  and 
usually  remain  local ;  in  the  lachrymal  gland  they  may 
reach  a  large  size,  and  by  the  displacement  of  the  eye 
produce  great  disfigurement.  Some,  as  the  adenoma  of 
the  ovary,  never  produce  metastasis,  though  they  may 
endanger  life  by  their  immense  size.  There  are  few 
tumors  which  are  more  malignant  than  the  adenomata  of 
the  digestive  tract.    They  have  all  the  properties  of  ma- 
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lignant  tumors  ;  they  infect  surrounding  parts  and  cause 
metastases.  In  the  intestine  the  different  coats  are  suc- 
cessively attacked,  and  perforation  often  results.  Zieg- 
ler,  in  recognition  of  these  destructive  properties,  has 
given  the  name  of  adenoma  destruens  to  these  forma- 
tions. The  figure  here  given  shows  such  an  adenoma 
of  the  stomach.  As  might  be  expected  from  the  simi- 
larity of  their  respective  histological  structures,  transition 
forms  between  the  carcinoma  and  adenoma  are  frequently 
seen.  The  typical  glandular  structure  of  the  adenoma  has 
only  to  become  atypical  and  we  have  the  carcinoma.  In- 
deed, the  relation  between  the  two  has  always  seemed  to 
me  to  be  similar  to  that  between  the  fibroma  and  sarcoma, 
the  former  representing  the  typical  connective-tissue 
tumor,  and  the  latter  the  atypical.  Just  as  we  can  have 
every  transition  stage  between  the  fibroma  and  the  sar- 
coma, so  we  can  have  the  same  condition  of  things 
between  the  adenoma  and  carcinoma ;  and  just  as  we 
speak  of  the  fibro-sarcoma  in  such  cases,  so  we  can 
designate  these  glandular  tumors  by  the  term  adeno- 
carcmoma.  Such  tumors  are  frequently  seen  in  the 
uterus  and  digestive  tract.     One  part  of  the  tumor  will 


represent  the  typical  arrangement  of  the  adenoma,  tn.; 
alveoli  of  epithelial  cells  with  a  central  lumen,  and 
the  other  part  the  carcinoma  with  the  solid  irregular 
masses  of  epithelium  growing  into  the  tissue  in  all  direc- 
tions. All  sorts  of  degenerations  are  common  in  the 
adenoma,  and  hsemorrhages  are  frequently  met  with. 
In  one  point  they  differ  most  markedly  from  the  hyper- 
plasias, and  that  is  in  their  never  being  able,  no  matter 
how  typical  of  gland  structure  their  tissue  may  be,  to 
exercise  the  physiological  function  of  a  gland. 

We'  know  very  little  with  regard  to  their  aetiology ; 
perhaps  they  will  bear  out  Virchow's  theory  as  to  irritar 
tion  less  well  than  any  other  tumor  except  the  teratoma. 
For  some,  as  the  adenoma  of  the  axilla,  where  a  tissue  is 
found  corresponding  to  that  of  the  mamma,  or  the  sub- 
sternal tumors  in  which  a  tissue  similar  to  that  of  the 
thyroid  body  is  found,  it  is  probable  that  the  germinal 
theory  of  Oohnheim  gives  us  the  true  explanation  ;  in 
the  one  case  the  axillary  tumor  depending  on  a  formative 
defect  in  the  embryonic  development  of  the  mamma,  and 
in  the  other  on  portions  of  the  embryonic  structure  of  the 
thyroid  gland  being  left  behind  in  the  ascent  of  the  gland. 
The  writer  once  saw  an  adenoma  as  large  as  a  hen's  egg 
seated  alongside  the  lumbar  vertebrae,  outside  of  the 
peritoneum.  The  tumor  was  composed  of  acini,  lined 
with  long  cylindrical  cells  ;  there  were  metastases  in  the 
livef  which  showed  the  same  structure.  Here  it  was  evi- 
dent that  the  tumor  was  due  to  an  error  of  formation  at 
a  very  early  stage  of  embryonic  life.  It  would  hardly 
seem  possible  that  such  a  tumor  could  develop  from  the 
connective  tissue  ;  there  could  be  no  irritative  influence 
at  work  here. 

We  sometimes  find  adjoining  the  various  organs,  some- 
times at  a  distance  from  them,  small  formations  which 
resemble  the  larger  organ  in  every  respect.  These  are 
known  as  supernumerary  glands,  and  are  most  commonly 
found  in  the  neighborhood  of  the  spleen,  suprarenal  cap- 
sules, etc.  At  other  times  parts  belonging  to  one  organ 
may  be  enclosed  in  another,  as  portions  of  the  pancreas 
in  the  mucous  membrane  of  the  stomach.  Such  super- 
numerary glands  have  been  accused  of  being  the  parents 
of  adenomata ;  but  there  is  no  proof  of  this,  though  such 
a  nodule  of  pancreatic  tissue  enclosed  in  the  mucous 
membrane  of  the  stomach  could  easily  be  mistaken  for  an 
adenoma. 

William  T.  Councilman. 

ADIPOCERE.  [Adeps,  fat,  and  cera,  wax  French, 
adipocere,  gras  des  cada/eres.  German,  Feitwachs,  Adi- 
pocire.]  As  the  name  suggests,  adipocere  is  a  material 
resembling  in  its  gross  appearances  fat  and  wax  It  is  a 
semi-translucent,  white,  or  slightly  yellowish  substance 
of  about  the  consistency  of  cheese  at  ordinary  tempera- 
tures ;  has  a  greasy  feel,  and  yields  slightly  when  pressed 
between  the  fingers.  If  a  piece  be  rolled  between  the 
fingers  for  a  few  minutes  it  becomes  much  softer. 
When  rubbed  with  water  it  forms  a  lather.  Its  com- 
position is  that  of  a  soap,  being  made  up  of  oleic  and 
margaric  acids  in  combination  with  an  alkali.  Examined 
under  the  microscope  it  shows,  occasionally,  very  nu- 
merous scales  having  a  crystalline  form  ;  more  commonly 
nothing  but  fat-globules  are  to  be  seen.  If  it  be  melted 
and  again  allowed  to  cool,  it  is  found,  often,  to  have 
crystallized  in  round  masses  made  up  of  needle-shaped 
crystals,  radially  arranged  ;  hence  like  stearin. 

Most  of  the  specimens  of  adipocere  with  which  one  is 
familiar  come  from  the  macerating-troughs  of  anatomical 
departments  and  from  museum  jars  which  have  long  con- 
tained specimens  immersed  in  dUute  alcohol.  It  thus 
represents  the  results  of  a  metamorphosis  of  dead  animal 
tissues  placed  under  peculiar  circumstances. 

The  only  special  point  of  interest  in  connection  with 
adipocere  lies  in  the  fact  that  it  is  occasionally  found  in 
dead  bodies  which  have  been  buried  a  considerable  time. 
In  fact,  nearly  all  the  structures  of  the  body,  except  the 
bones,  have  been  found  converted  into  this  material. 
For  centuries  its  presence  had  been  noted  in  disinterred 
corpses,  but  no  opportunity  was  afforded  for  studying  it 
on  a  large  scale  until  1786,  when,  upon  the  removal  of 
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the  BodifS  from  one  of  the  cemeteries  in  Paris,  a  con- 
sideraole  proportion  of  those  buried  in  the  common 
grave  (veve  found  by  Poucroy  to  have  been  converted,  to 
a  greater  or  less  degree,  into  this  peculiar,  fatty,  wax-like 
material,  wd  to  it  he  gave  the  name  by  which  it  has  since 
beenkno.A'n. 

The  conditions  favoring  its  formation  in  buried  corpses 
are  still  unknown.  Doubtless  moisture  is  always  neces- 
sary ;  but  why,  of  six  or  eight  bodies  buried  in  close 
proximity,  and  hence  presumably  under  like  conditions 
of  soil  aad  moisture,  one  should  undergo  almost  com- 
plete change  into  adipocere,  while  the  others  undergo 
ordinary  putrefaction,  as  has  been  observed,  is  at  present 
inexplicable. 

At  one  time  it  was  thought  that  adipocere  might  be  of 
medico-legal  importance  in  helping  to  determine  the 
length  of  time  a  corpse  had  been  buried.  Poucroy  be- 
lieved that  thirty  years  was  required  for  its  formation. 
Later,  this  was  reduced  to  one  year  ;  and  Caspar  men- 
tions finding  adipocere  in  the  body  of  a  new-born  child, 
which  had  lain  for  three  raontl^  in  a  house  cesspool. 
It  is  therefore  impossible  to  establish  an  idea,  from  the 
presence  of  adipocere  in  a  corpse,  as  to  the  length  of  time 
it  has  been  buried. 

Artificially,  adipocere  can  readily  be  produced,  either 
by  soaking  muscle  in  dilute  nitric  acid  for  two  or  three 
days,  and  then  washing  it  thoroughly  in  warm  water,  or 
by  allowing  the  muscle  to  soak  for  months  in  a  trough 
supplied  with  running  water. 

Adipocere  is  probably  closely  allied  to  cholesterine. 

W.  W.  Gannett. 

ADIRONDACKS.  The  Adirondack  mountain  region 
has  recently  come  into  notice  as  a  health  resort  for  per- 
sons suffering  from  pulmonary  phthisis.  To  summer 
tourists,  especially  to  those  of  them  who  are  fond  of  hunt- 
ing, fishing,  and  camp  life,  this  region  has  long  been  well 
known,  and  it  is  highly  esteemed  for  the  beauty  and  wild- 
ness  of  its  scenery.  The  Adirondack  Mountains  lie  in 
the  northern  portion  of  the  State  of  New  York,  west  of 
Lake  Champlain ;  many  of  the  mountain  peaks  attain  an 
altitude  of  over  four  thousand  feet,  and  the  highest  of 
them  (Mount  Marcy)  is  five  thousand  three  hundred  and 
thirty -seven  feet  in  height.  "  The  mountains  rise  from 
an  elevated  plateau,  which  extends  over  this  portion  of 
the  country  for  one  hundred  and  fifty  miles  in  latitude 
and  one  hundred  in  longitude,  and  is  itself  nearly  two 
thousand  feet  above  the  level  of  the  sea"  (Appletons' 
"  Handbook  of  Summer  Resorts,"  second  edition).  Over 
two  thousand  square  miles  of  this  elevated  tract  of  coun- 
try is  covered  with  primitive  forest  growth,  the  trees  be- 
ing chiefly  of  the  evergreen  variety.  For  his  information 
concerning  the  climato-therapeutical  characteristics  of  the 
Adirondack  country  the  writer  is  indebted  to  a  valuable 
communication  from  the  pen  of  Dr.  Alfred  L.  Loomis,  of 
New  York  City,  entitled,  "  The  Adirondack  Region  as  a 
Therapeutical  Agent  in  the  Treatment  of  Pulmonary 
Phthisis,"  and  constituting  a  paper  read  by  its  author  be- 
fore the  New  York  State  Medical  Society  in  1879.  In 
this  paper  Dr.  Loomis  describes  the  climate  of  the  Adi- 
rondacks  as  steadily  cold  in  winter,  cool  in  summer,  and 
having  a  preponderance  of  cloudy  weather  at  all  seasons. 
The  soil  is  dry.  The  annual  rainfall  is  about  fifty-five 
inches.  Quotmg  from  Dr.  E.  L.  Trudeau,  of  Saranac 
Lake,  he  specifies  certain  climatic,  peculiarities  of  the  re- 
gion in  question  as  follows:  "There  is  no  marked  pre- 
ponderance of  clear  days  at  any  season  ;  on  the  contrary, 
the  sky;  especially  in  winter,  is  constantly  overcast.  Tms 
cool,  cloudy  weather  is  a  marked  feature  of  this  cli- 
mate. .  .  .  The  soil  Is  very  light  and  sandy,  with 
here  and  there  rocks,  but  little  or  no  clay.  .  .  .  Pine, 
balsam,  spruce,  and  hemlock  trees  abound,  and  the  air 
is  heavily  laden  with  the  resinous  odors  which  they  ex- 
hale." 

Dr.  Loomis  gives  the  condensed  medical  histories  of 
twenty  cases  of  pulmonary  phthis'is,  who,  up  to  the  time 
of  presenting  his  paper,  had  found  an  alleviation  or  cure 
of  their  disetise  by  a  more  or  less  prolonged  sojourn  in  the 
Adirondack  country.     Of  these  twenty  no  less  than  six- 
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teen  were  cases  of  "catarrhal  phthisis,"  while  two  were 
sufferers  from  "  fibrous  phthisis,"  and  two  were  of  the 
"tubercular"  variety.  Out  of  the  whole  number  of 
twenty  patients  ten  recovered,  six  were  improved  in 
health,  two  received  no  benefit,  and  two  died.  The  ten 
cases  cured  were  without  exception  cases  of  "catarrlial 
phthisis."  Of  these  Dr.  Loomis  says  :  "In  all  the  cases 
of  catarrhal  phthisis  which  have  reached  recovery,  either 
the  pulmonary  changes  were  not  extensive  or  they,  were 
of  recent  origin,  and  improvement  commenced  soon  after 
reaching  the  Adirondacks."  Of  the  six  improved  cases 
four  were  cases  of  "  catarrhal,"  and  two  were  cases  of 
"fibrous"  phthisis.  The  two  patients  who  died  wer3 
both  affected  with  "catarrhal  phthisis."  Dr.  Loomis 
says  of  these,  "Although  when  they  came  into  this  re- 
gion their  lungs  were  extensively  diseased,  they  were 
much  benefited  during  their  stay,  and  it  seems  to  me  that 
impatience  and  imprudence  had  very  much  to  do  with 
the  fatal  result."  The  two  unimpi-oved  cases  were  both 
"tubercular."  Dr.  Loomis  concludes  his  paper  by  rec- 
ommending the  Adirondack  region  as  suited  to  cases  of 
"  catarrhal  phthisis,"  while  he  considers  the  Colorado  cli- 
mate better  for  patients  presenting  the  lesions  and  symp- 
toms of  "  fibrous  phthisis."  "Tubercular "  cases  he  con- 
siders unlikely  to  derive  much  benefit  from  climate  cure. 
Anything  like  full  and  accurate  meteorological  data  for 
the  Adirondack  country  the  writer  of  this  contribution  to 
the  Handbook  has  been  hitherto  unable  to  procure.  He 
hopes  to  be  able  to  present  data  of  this  kind  for  individual 
health-resorts  lying  within,  or  on  the  borders  of,  the  Adi- 
rondacks, in  the  accounts  of  such  places  which  will  ap- 
pear in  their  alphabetical  order  in  later  pages  and  later 
volumes  of  the  book.  For  description  of  the  Home  for 
Consumptives,  established  by  Dr.  E.  L.  Trudeau  at  Sara- 
nac Lake,  see  article  on  Saranac  Lake. 

Huntington  Bicha/rds. 

AEROTHERAPEUTICS.  Aerotherapeutics,  or  pneu- 
mato-therapeutics,  treats  of  the  use  of  atmospheric  air  as 
a  curative  means  by  artificial  changes  of  its  density,  as 
opposed  to  climatology.  This  air  of  increased  or  dimin- 
ished density  may  be  applied  to  the  whole  or  part  of  the 
body ;  the  former  by  means  of  a  pneumatic  chamber,  the 
latter  by  special  apparatus,  according  as  it  is  desired  to 
affect  the  air-passages,  limbs,  or  other  part. 

The  pneumatic  chamber  is  an  apartment  usually  made 
of  iron,  so  built  that  it  may  be  closed  air-tight,  and  capa- 
ble of  standing  great  pressure  external  or  internal,  and 
large  enough  for  the  comfort  of  the  patient.  By  forcing 
air  in  or  sucking  it  out  by  means  of  an  air-pump,  after 
the  patient  is  in  the  chamber,  the  air  is  increased  or 
diminished  in  density,  the  amount  of  change  of  pressure 
being  shown  by  a  manometer.  There  may  also  be  ar- 
rangements for  regulating'  the  temperature  and  dryness 
of  the  air  in  the  chamber.  In  using  the  compressed  air- 
chamber  the  pressiu:e  of  the  air  and  the  duration  of  the 
exposure  are  gradually  increased,  possibly  to  two  atmo- 
spheres. The  time  of  each  bath  may  be  from  one  and  a-half 
to  two  hours  ;  the  patient  going  in  at  the  ordinary  press- 
ure, this  is  gradually  increased  and  as  gradually  dimin- 
ished. If  the  pressure  be  changed  too  suddenly,  the  fol- 
lowing symptoms  maybe  induced  :  redness  of  face,  hard, 
frequent  pulse,  dyspnoea,  cough,  haemorrhages  from  ear, 
mouth,  nose,  or  bronchi,  spmal  troubles,  etc.  These 
symptoms  are  due  to  the  mechanical  effect ;  but  there  is 
also  increased  supply  of  oxygen.  When  in  an  air-cham- 
ber, as  a  diving-bell,  the  pressure  is  increased,  there  comes 
a  feeling  of  fulness  in  the  ears  from  difference  in  density 
of  the  air  in  the  ears  (i.e.,  in  the  drum  cavities)  and  out- 
side of  them  ;  unless  this  difference  of  density  be  equalized 
by  passing  air  througii  the  Eustachian  tubes  by  swall&w- 
ing,  the  feeling  in  the  ears  becomes  very  painful,  and  there 
may  be  rupture  of  the  drum-membranes  with  htemorrhage. 
This  motion  of  swallowing  must  be  repeated  occasionally^ 
till  the  maximum  density  is  reached,  and  again  as  it  is 
being  reduced  in  density.  But  the  most  important  effects 
are  on  respiration,  and  these  are  the  usual  cause  of  emploj'- 
ment  of  the  remedy.  Compressed  air  increases  the  vital 
capacity  of  the  lungs,  reduces  the  frequency  of  inspira- 
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tion  ;  consumption  of  oxygen  is  increased,  and  excretion 
of  carbonic  acid  diminished ;  change  of  tissue  is  pro- 
jnoted  ;  the  strength,  weight,  and  appetite  are  increased  ; 
there  is  no  special  change  in  the  bodily  temperature. 
Under  the  continued  use  of  compressed  air  this  improve- 
ment in  symptoms  may  become  permanent.  The  parts 
most  directly  exposed  to  this  compressed  air  are  the  sur- 
face of  the  body  and  the  lungs  ■;  hence  the  blood  would 
be  driven  from  the  surface  and  the  lungs  dilated.  After 
the  change  of  pressure  has  continued  some  time,  this  dif- 
ference ceases.  As  the  pressure  is  reduced,  the  first  effect 
is  again  on  the  surface  and  lungs  ;  the  skin  and  external 
mucous  membranes  are  filled  with  blood ;  the  lungs  are 
retracted,  until  the  state  of  equilibrium  is  reached.  Ac- 
cording to  this,  we  might  hope  from  treatment  in  the 
compressed  air-chamber  to  drive  blood  from  the  periph- 
ery, to  arrest  secretion  from  the  bronchial  mucous  mem- 
branes, by  enriching  the  blood  and  tissues  with  oxygen 
to  improve  nutrition,  to  cause  absorption  of  exudations, 
and  to  increase  excretion  of  urea,  and  by  expanding  the 
lungs  to  increase  their  vital  capacity.  The  action  of  the 
compressed  air-chamber  in  lung  diseases  may  be  to  some 
extent  replaced  by  portable  apparatus  for  respiration. 

The  diseases  in  which 
benefit  may  be  hoped  for 
by  using  increased  air- 
pressure  are  chronic  bron- 
chial catarrh,  with  in- 
creased secretion;  chronic 
vesicular  pulmonary  em- 
physema, especially  if 
due  to  bronchitis  or  asth- 
ma ;  pulmonary  phthisis. 
In  this  latter  disease,  as 
well  as  in  pleuritic  exu- 
dations and  whooping 
cough,  it  is  said  the 
symptoms  are  relieved 
and  actual  improvement 
brought  about.  Advan- 
tage has  also  been  claimed 
for  its  use  in  ansBmia  and 
obesity.  It  is  said  to  be 
contra-indicated  in  or- 
ganic diseases  of  the 
heart. 

The  compressed  air- 
chamber  may  be  so  ar- 
ranged (by  letting  a  tube 
through  one  of  the  walls) 
that  while  the  patient  is 
in  it  he  may  expire  into 
the  free  air  ;  this  has  the 
same  effect  as  if,  being  in 
the  free  air,  he  expired 
into  rarefied  air.  The 
air-chamber  may  also  be 
used  for  treating  patients 
by  rarefied  air;  but 
mountainous  regions  fur- 
nish about  the  same  rare- 
fled  air,  with  various  advantages  over  the  pneumatic 
chamber.  In  the  latter  there  is  diminished  supply  of  oxy- 
gen ;  at  first  the  breathing  is  superficial  and  frequent,  but 
after  a  time  the  inspirations  become  deeper  ;  expiration  is 
facilitated ;  the  surface  colors  up  ;  there  may  be  dizziness 
and  mental  hebetude.  "Waldenburg  found  increased  ful- 
ness of  the  radial  artery,  increased  rapidity  of  circulation 
and  relief  to  the  heart's  work. 

Health  resorts,  which  are  frequented  on  account  of 
their  elevation,  are  usually  from '550  to  1,900  metres 
(alJout  1,800  to  6,300  feet)  above  the  level  of  the  sea, 
and  this  diminution  of  atmospheric  pressure  would 
represent  about  one-flfteenth  to  one-flfth  of  an  atmo- 
sphere. The  effect  of  these  is  stated  in  the  article  on  Cli- 
matology. 

Portable  pneumatic  apparatuses  are  arranged  for  per- 
mitting inspiration  of,  or  expiration  into,  compressed  or 
rarefied  air ;  of  these  the  only  methods  used  are  inspira- 
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Pig.  67.— Waldenburg's  Apparatus  lor 
Compressing  Air.  Natural  height 
is  one  metre. 


tion  of  compressed  air,  or  inspiration  into  rarefied  air. 
Pneumatic  treatment  of  diseases  of  the  lungs  and  heart 
by  these  portable  apparatuses  is  of  recent  introduction ; 
they  offer  the  air  under  a  positive  or  negative  pressure 
(compressed  or  rarefied)  of  yiir  to  jV  of  an  atmosphere 
+  or  — . 

There  are  many  different  patterns,  of  which  perhaps 
the  most  practical  are  Waldenburg's  and  Biedert's  ;  the 
former  is  made  like  a  gasometer,  the  latter  much  like  a 
round  accordeon,  with  one  end  fast  to  a  stand  having 
guide  rods  at  the  side,  with  an  axle  in  the  middle  on 
which  the  instrument  may  be  rotated  so  as  to  bring  the 
end  which  is  fast  ■  uppermost ;  in  this  position  the  pa- 
tient may  breathe 
into  rarefied  air, 
the.  rarefaction  be- 
ing increased  by  ad- 
dition of  weights  to 
the  lower,  free  end; 
when  the  attached 
end  is  down,  more 
■weight  on  top  in- 
creases the  density 
of  the  air  in  the 
reservoir,  so  the  pa- 
tient may  inspire 
condensed  air.  An- 
other instrument, 
Frankel's,  is  made 
on  the  harmonicon 
principle,  the  pa- 
tient condensing  or 
rarefying  the  air 
by  compressing  or 
opening  the  instru- 
ment. All  of  these 
instruments  have 
tubes  connecting 
with  them,  and  have  mouthpieces  and  masks  at  the 
other  encs  for  the  patients  to  breathe  through,  and  some 
of  them  have  means  for  warming  or  medicating  the  air 
entering  the  reservoir. 

Inspiration  of  compressed  air  fills  the  lungs  to  an  un- 
usual degree,  expands  the  chest,  and  even  causes  a  feel- 
ing of  distention  and  fulness ;  it  multiplies  inspiratory 
inovements,  increases  the  exchange  of  gases  and  the 
capacity  of  the  lungs,  relieves  dyspnoea  and  promotes 
expectoration. 

Expiring  into  rarefied  air  has  effects  somewhat  sim- 
ilar  to  those  of 
breathing  con- 
densed air; 
more  air  is 
drawn  out  of 
the  lungs  by 
this  process 
than  can  be 
forced  out  by 
the  muscles. 
It  is  asserted, 
that,  with  a 
vital  capacity 
of  3,000  to  4,- 
000  c.c,  by  ex- 
piring into  air 
rarefied  by 
one-sixtieth  to 
one-fortieth  of 
an  atmos- 
phere, 500  to 
1,000  c.c.  more 
may  be  drawn 
out ;      this 


Fig.  68. — Biedert^a  Apparatus. 


— The  Same,  reversed. 


would  leave  so  much  more  air  to  be  breathed  in ;  and 
ventilation  in  the  lungs  would  be  increased  to  this  extent, 
the  respiration  would  become  more  active  than  from  in- 
spiring compressed  air,  and  the  respiratory  muscles  would 
be  strengthened, 
Prof.  Bazile  Feris,  considering  dyspnoea  in  emphysema 


EBFERENCB  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Aerotlierapentlcs. 
.Slstbesloineter. 


to  be  due  to  lack  of  elasticity  of  the  alveolar  walls,  has  de- 
vised an  '■■  elastic  respirator  "  to  facilitate  expiration.  "It 
resembles  a  double  hernia  truss  ;  from  a  pad  between  the 
shoulders  the  two  limbs  of  the  truss  pass  around  under 
the  arms  to  the  terminal  pads  in  front."  The  effect  of 
pressure  at  the  upper  anterior  part  of  the  chest  is  to  in- 
crease expiration,  inspiration  then  following  easily.  In 
thirteen  cases  the  immediate  relief  is  said  to  have  been 
marked.  In  the  very  aged,  with  rigid  ribs,  or  when  the 
emphysema  is  accompanied  by  bronchitis,  the  relief  is 
less  marked. 

Inspiration  of  rarefied  air  would  be  merely  for  gym- 
nastic purposes,  to  increase  the  strength  of  the  respiratory 
muscles  ;  the  same  would  be  true  of  expiring  into  com- 
pressed air.  Inspiration  of  compressed  air  increases  the 
pressure  of  blood  in  the  aortic  circulation,  and  reduces  it 
in  the  pulmonary.  As  a  consequence,  we  have  its  diuretic 
effect  and  its  aid  in  removing  pleuritic  exudations. 
The  deep  inspirations,  with  the  consequent  movements 
of  the  diaphragm  and  stomach,  improve  digestion  and 
the  general  condition  of  the  patient.  In  cases  of  lung 
disease,  it  is  sometimes  advised  to  have  the  patient  lie  on 
the  healthy  side,  or  to  apply  adhesive  plaster  to  the 
healthy  side,  or,  in  disease  of  the  apices,  to  compress  the 
lower  part  of  the  thorax  by  a  bandage,  so  as  to  throw 
more  work  on  the  affected  part.  Another  method  is  to 
place  the  hand  of  the  sound  side  on  the  hip,  the  other 
hand  on  the  head  while  breathing.  Climbing  mountains 
is  good  gymnastics  for  those  patients  able  to  indulge  in 
such  exercise.  Inspiration  of  compressed  air  is  indi- 
cated where  the  breathing  is  weak,  where  the  lungs  do 
not  expand  well  and  contain  too  much  blood,  to  hasten 
absorption  of  fluid  exudations,  in  disease  leading  to 
phthisis,  chronic  bronchial  catarrhs,  etc.  In  most  of 
these  diseases  it  is  well  to  begin  with  air  but  slightly 
increased  in  density,  and  to  increase  the  density  up  to 
one-sixtieth  or  one-twentieth  of  an  atmosphere  additional. 
Medicinal  vapors  of  creasote,  turpentine,  tar,  muriate  of 
ammonia,  etc.,  may  be  added  to  the  air.  The  inhalations 
at  one  sitting  may  amount  to  one  hundred,  and  may  be 
given  twice  daily.  In  dyspnoea  from  asthma,  pneumonia, 
pressure  of  pleuritic  or  ascitic  fluid,  poisoning  by  gases, 
etc.,  compressed  air  has  afforded  great  relief  (just  as 
oxygen  has),  but,  in  pulmonary  emphysema,  expiration 
into  rarefied  air  has  a  better  effect ;  it  should  be  used  in 
the  sa,me  manner.  Especial  benefit  has  been  claimed 
from  its  use  in  cases  of  pleuritic  effusions<  and  in  de- 
formities of  the  thorax  from  compression  of  a  lung  after 
pleurisy.  In  addition  to  the  above  cases,  in  which  the 
pneumatic  apparatus  may  be  said  to  have  served  as  a 
curative  remedy,  it  is  sometimes  resorted  to  for  temporary 
relief  in  contraction  of  the  larynx  or  trachea  from  croup, 
syphilis,  goitre,  etc. 

Contra-mdications  to  the  use  of  such  apparatus  are 
tendency  to  haemorrhages  from  the  lungs,  stomach,  and 
kidneys,  haemorrhoids,  or  profuse  menstruation,  and  ex- 
istence of  atheromatous  arteries,  in  which  latter  condi- 
tion cerebral  haemorrhage  may  be  induced. 

Other  therapeutic  applications  of  compressed  and 
rarefied  air  are  made  by  means  of  various  apparatus  pre- 
pared to  be  applied  over  different  parts  of  the  body  ;  a 
metal  casing  may  be  made  for  part  of  or  the  entire  thorax 
(especially  of  children),  fitted  close  at  its  edges  by  means 
of  india-rubber  and  adhesive  plasters,  so  that  air  may  be 
pumped  out  of  it ;  the  pressure  of  ordinary  air  entering 
the  lungs  would  then  expand  them  more  thoroughly. 
In  chronic  inflammations  and  exudations  about  the  joints 
»  metal  casing  may  be  applied  over  the  limbs,  and  alter- 
nations of  pressure  applied  in  the  same  way.  The  old 
ippliance  thus  constructed,  called  Junod's  boot,  was 
^{reatly  vaunted  in  its  day. 

_  In  the  Bull.  gen.  de  Thh-wp.,  September,  1883,  Dr.  Mau- 
rice Dupont  has  an  article  on  "Douches  of  Compressed 
Air."  He  employs  air  under  a  pressure  of  three  atmos- 
pheres, conveying  it  by  an  elastic  tube  with  a  nozzle  hav- 
ing an  opening  of  eight  to  ten  millimetres.  The  jet  of 
compressed  air  is  played  on  the  patient  as  water  might  be  ; 
what  he  terms  the  "flagellation"  drives  the  blood  from 
the  surface,  making  it  cold ;  this  is  soon  followed  by 


reaction,  without  friction  being  required,  as  when  water 
'*is  used.  After  the  douche  the  patient  feels  warm.  This 
mode  of  treatment  is  recommended  for  phthisis,  chlorosis, 
anaemia,  and  obesity ;  and  for  certain  local  troubles  of 
joints,  contractures,  etc. 

Compression  of  air  in  the  lungs,  by  closing  the  mouth 
and  nose  while  making  forced  efforts  at  expiration  (Val- 
salva's method)  may  be  tried  when  a  pneumatic  apparatus 
is  not  at  hand ;  the  effect  is  something  like  breathing 
into  compressed  air.  The  reverse,  viz.,  trying  to  inspire 
while  mouth  and  nose  are  closed,  would  be  like  breathing 
rarefied  air,  and  has  been  advised  in  diseases  of  the  right 
heart.  Deep,  slow  inspirations  increase  the  flow  of  blood 
to  and  expand  the  lungs,  and  increase  the  aeration  and 
muscular  tone  of  the  thorax ;  hence  they  are  useful  in 
phthisis.  Expirations  may  be  made  more  effective  by 
pressure  on  the  thorax  walls  by  the  hands  ;  this  forces 
out  some  of  the  residual  air,  and  with  it  mucus  which 
may  have  clogged  the  smaller  bronchi.  This  forced  ex- 
piration may  be  repeated  twenty  oi  thirty  times  at  one 
sitting. 

CJuwles  E.  Hockley. 

^STHESIOMETER.  The  word  sesthesiometer  is  de- 
rived from  the  Greek  alaedm/iat,  I  perceive,  aiaitiaLs,  per- 
ception, sensation,  and  lierpov,  a  measure  ;  thus  meaning 
literally  a  measure  of  sensation,  and  is  used  to  denote 
an  instrument,  which  measures  that  form  of  sensation 
known  as  tactile  sensibility  (Tastsinn  in  German). 

Tactile  sensibility  comprises  all  those  forms  of  sensa- 
tion which  are  conveyed  to  the  central  organs  by  the 
so-called  tactile  fibres  or  nerves  of  touch,  and  is  to  be 
distinguished  from  the  common  sensibility,  which  com- 
prises the  sensations  conveyed  by  the  sensitive  nerves 
proper.  Through  these  latter  nerves  we  are  enabled  to 
feel  the  general  or  common  sensations,  which  include  pain, 
itching,  titillation,  sensual  pleasure,  and  the  sensation 
resulting  from  electrical  stimulation.  On  the  other 
hand,  through  the  tactile  fibres  we  obtain  the  sensations 
of  tactile  impression,  which  are  composed  of  the  sensa- 
tions of  locality  or  position  {Raumsinn,  Ortsinn,  in  Ger- 
man), of  pressure  and  of  temperature.  Not  only  is  it 
probable  that  these  different  classes  of  afferent  nerves 
possess  different  terminations  and  end  organs,  but  they 
have,  in  all  probability,  each  special  afferent  fibres  of 
their  own,  which  take  different  courses  in  the  spinal 
cord. 

JEsthesiometers,  properly  so-called,  are  instruments 
for  testing  the  sense  of  locality.  The  first  one  used,  one 
which  under  slight  modifications  still  retains  its  place,  is 
that  of  E.  H.  Weber,  who  in  1839,  appears  to  have  pub- 
lished his  first  account  of  his  investigations  in  regard  to  the 
sense  of  locality.  The  instrument  had  probably,  however, 
been  for  some  time  in  use  at  that  date,  for  in  1846  he  re- 
fers to  its  use  twenty  years  ago.  It  consisted  simply  of  a 
pair  of  compasses  with  cylindrical  arms,  the  points  of 
which  were  so  ground  down  that  their  ends  had  a 
diameter  of  one-third  line,  so  that  they  should  pro- 
duce simply  a  sensation  of  touch  and  should  avoid 
any  sensation  of  pain.  To  use  this  instrument  it  was 
only  necessary  to  place  the  two  points  upon  the  skin  of 
the  person  to  be  examined,  taking  care  at  the  same  time 
that  he  should  not  see  whether  both  points  or  only  one 
touched  his  skin,  and  by  examination  find  out  at  what 
distance  from  each  other  it  was  necessary  that  the  points 
should  be  in  order  that  they  should  be  distinctly  felt  as 
separate.  For  in  any  portion  of  the  skin  two  distinct 
points  if  placed  near  enough  together  will  be  felt  as  only 
one. 

Weber  found  that,  the  sense  of  locality,  that  is,  the 
distance  at  which  the  points  could  be  distinguished  as 
two,  varied  much  in  healthy  individuals  in  different 
parts  of  the  body,  and  varied  also  somewhat,  especially 
on  the  limbs,  according  to  the  direction  in  which  the 
points  were  placed,  whether  longitudinally,  obliquely,  or 
transversely.  His  figures  and  those  of  Valentin  for  the 
normal  distance  between  two  points,  which  can  be  dis- 
tinguished as  such  in  the  various  parts  of  the  body,  are 
as  follows ; 
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Table  op  Vabiations  of  the  Sense  of  Looaliti  in  Diffeeent 

POKTIONS   OF  THE   SEIN  (WEBEE  AND  VALENTIN). 

[The  snbioined  table  gives  the  mean  minimum  distanoee  (in  Paris 
lines)  for  different  parts  o(  the  body  between  the  points  of  the  ffisthe- 
siometer  at  which  two  impressions  can  be  distinguished  when  the  points 
are  applied  simultaneously.  The  first  column  gives  the  results  of  the 
experii*nts  of  Weber,  the  second  of  those  of  Valentin,  while  the  third 
column  (also  from  Valentin)  gives  the  relative  obtuseness  of  each  por- 
tion of  the  body,  the  most  delicate  part,  the  tip  of  the  tongue,  being 
taken  as  the  unit  of  measurement.] 


Part  of  Sdbfaoe. 


Tip  of  tongue '. 

Palmar  surface,  third  phalanx  of  forefinger 

l^almar  surface,  third  phalanx  of  middle  finger 

Palmar  surface,  third  phalanx  of  ring-finger 

Palmar  surface,  third  phalanx  of  thumb 

Palmar  surface,  third  phalanx  of  little  finger 

Ked  surface  of  under  lip 

Bed  surface  of  upper  lip 

Palmar  surface,  second  phalapges  of  fingers . , , 

Palmar  surface,  first  phalanges  of  fingers 

]  }orsum  of  tongue  (one  inch  from  tip,  Weber) 

!Dorsiil  surface,  third  phalanges  of  fingers 

Portion  of  lips  not  red 

Tip  of  nose 

Edge  of  tongue,  one  inch  from  tip 

Palmar  surface  of  the  metacarpus  (capitula  ossium). . 

L-iteral  surface  of  dorsum  of  tongue 

End  of  great  toe  (plantar  side  of  last  ioint,  Weber).. 

Metacarpal  joint  of  thumb 

External  surface  of  eyelids 

Palm  of  hand 

Dorsal  surface  of  second  phalanx  of  thumb 

Dorsal  surface  of  second  phalanx  of  forefinger 

Dorsal  surface  of  second  phalanx  of  middle  finger. , . , 

Dorsal  surface  of  second  phalanx  of  little  finger 

Dorsal  surface  of  second  phalanx  of  ring  finger 

Centre  of  h  )rd  palate 

Mucous  membrane  of  lips  near  gums . . ., 

Skin  of  cheek  over  buccinator 

Skin  of  cheek  over  anterior  part  of  malar  bone 

Dorsal  surface,  first  phalanges  fingers 

Prepuce 

Dorsal  surface  of  heads  of  metacarpal  bones 

Cheek,  over  posterior  part  of  malar  bone 

Plantar  surface  of  first  metatarsal 

Lower  part  of  forehead 

Back  of  hand 

Lower  part  of  hairy  scalp  in  occipital  region 

Surface  of  throat  beneath  lower  jaw 

Back  of  heel  , 

Pubes 

Crown  of  head 

Patella  and  surrounding  parts 

Areola  around  nipple 

Dorsum  of  foot,  near  toes 

Axilla 

Skin  of  forearm  (upper  and  lower  extremities  of  fore- 
arm. Weber) 

Back  of  neck  (over  spinal  column,  Weber) 

.Upper  and  lower  extremities  of  lower  leg 

Penis 

Acromion  and  upper  part  of  arm 

Sacral  region 

Srernum 

Gluteal  region 

Middle  of  arm 

Middle  of  thigh 

Spine  near  middle  of  cervical  vertebree 

Spine  near  fifth  dorsal  vertebra 

Lower  part  of  thorax,  and  over  lumbar  vertebrje. . . . 
Middle  of  dorsal  vertebrce 


0.60 
1.00 
1.00 
l.CO 

1.00 

1.00 

2.00 
2.00 
2.00 

4'.60 
3.0U 
4.00 
3.0(1 


3.00 

B.OO 
4.00 
5.0U 
B.OO 
B.OO 
5.00 
5.00 
6.00 
6.00 
6.00 
9.00 
B.OO 
7.00 
7.00 

8!6o 
10.00 

7.00 
10.00 
14.00 
12,00 
IB.OO 
10.00 


15.00 
16.00 


18.00 


18.00  1.5. 
24.00  l.S. 
18.00  1.3. 


18.00 

18.00 

18.00 

00 

18.00 

.00 

00 

30.00 

24.00 

24.00 

30.00 


.i  a 


1.000 

1.248 

1.462 

1.497 

1.501 

1.B18 

3.106 

3.147 

3.226 

8.416 

3.967 

4.400 

4.572 

4.6'58 

6.130 

6.434 

6.17B 

6.729 

6.901 

7.986 

7.936 

8.060 

8.0H0 

8.075 

8.163 

8.221 

8.369 

8.540 

9.402 

9.  .666 

10.180 

10.659 

10.869 

10.944 

12.164 

12.422 

14.42:1 

17.168 

17.168 

18.634 

19.048 

19.840 

21.1S5 

24.982 

25.932 

26.915 


27.520 
27.520 
28,.S81 
28.675 
28.708 
30.969 
875;32.867 
62634.420 
O&S  35.368 
6.S3'36.507 
,.542!38.389 
000'39.337 
912  41.226 
208,60.120 


Weber's  aesthesiometer  is  still  in  constant  use,  and 
servos  its  purpose  well,  but  certain  other  forms  or  modi- 
fications have  been  introduced.  In  1858  Sieveking  pub- 
lished the  account  of  his  sesthesiometer  in  the  British  and 
Foreign  Medico-Ohirurgical  Review.  The  principle  is  the ' 
same  as  that  of  Weber's,  but  the  form  is  somewhat  al- 
tered. Instead  of  using  the  common  compasses  Sieve- 
king  has  made  his  instrument  in  the  form  of  the  beam- 
compass  used  by  mechanics ;  that  is  to  say,  of  a  solid 
graduated  bar  of  metal,  which  terminates  at  one  end  in 
a  point  running  at  right  angles  to  the  bar,  while  on  the 
bar  shdes  another  point  of  horn  or  ivory,  which  can  be 
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fixed  at  any  desired  distance  from  the  first,  by  means  of 
a  screw  on  top.  A  modification  of  Sieveking's  aesthesi- 
ometer  has  been  made  by  Brown^Sequard,  who  has  appar- 
ently made  both  the  bar  itself  and  the  points  lighter,  and 
has  done  away  with  the  screw  at  the  top  of  the  movable 
point.  In  his  instrument  the  points  are  of  steel,  and 
there  is  a  roughened  prominence  on  the  side  of  the  sec- 
ond point  to  enable  it  to  be  readily  moved  by  the  finger 
or  thumb  (see  Fig.  70).     Nearly  all  the  sesthesiometers 


Fio.  70. — Brown-Seqnard'B  .^stbesiometer  (reduced  in  size). 

at  present  used  are  modifications  of  these  two  forms. 
Hammond's  convenient  little  instrument  is  a  modifica- 
tion of  Weber's,  consisting  essentially  in  allowing  the 
index-bar  to  swing  on  a  rivet  fastened  to  one  arm  of  the 
compass,  the  bar,  while  in  use,  being  held  by  a  catch  on 
the  other  arm,  in  which  it  slides  freely,  When  not  in 
use,  it  can  be  lifted  from  the  catch  and  swings  into  ap- 
proximation with  the  arm  to  which  it  is  fastened,  so  that 
the  whole  instrument,  when  closed,  occupies  but  little 
space  and  can  readily  be  carried  in  the  pocket.  Carroll's 
instrument  is  simply  a  compass,  each  arm  of  which  ends 
in  two  points,  one  blunt  and  one  sharp,  either  of  which 
can  be  used  as  desired  ;  while  Vance's  is  an  arrangement 
of  compass  with  flattened  arms,  which  shuts  up  in  a  case 
like  a  penknife. 

The  delicacy  of  the  sensation  of  space  in  various  parts 
of  the  skin  may  be  tested  by  the  sesthesiometer  in  two 
ways.  In  the  first  place,  as  mentioned  above,  by  deter- 
mining how  far  apart  the  points  must  be  placed  in  order 
to  be  felt  distinctly  as  two  separate  points  in  any  part  of 
the  skin;  and,  secondly,  by  fixing  the  points  of  the 
sesthesiometer  at  a  certain  distance  apart  and  moving  the 
instrument  from  one  portion  of  the  body  to  another. 
Thus  it  is  found  that  the  distance  of  the  two  points  ap- 
pears to  increase  when  the  sesthesiometer  is  drawn  from 
the  cheek  horizontally  over  the  mouth,  one  point  resting 
on  each  lip,  to  the  median  line,  and  that  if  continued 
across  that  tine  to  the  other  cheek,  the  distance  appears 
proportionately  to  diminish.  This  method  of  testing 
with  the  sesthesiometer  is,  however,  of  no  practical  use, 
as  we  have  no  means  of  measuring  the  strength  of  our 
sensations. 

From  the  numerous  experiments  made  in  regard  to  the 
normal  tactile  sensibility  the  following  results  have  been 
deduced :  1.  The  points  of  the  sesthesiometer  always 
seem  to  be  farther  apart  when  one  point  is  placed  on  one 
side  of  a  natural  opening  and  one  on  the  other.  Thus, 
when  one  point  is  placed  on  the  upper  lip  and  one  on  the 
lower,  they  appear  farther  separated  than  if  both  points 
are  placed  in  a  corresponding  position  on  either  lip. 
This  in  part  accounts  for  the  increase  apparent  when  the 
sesthesiometer  is  moved  from  the  cheek  to  the  median 
line  in  Weber's  experiment.  3.  Other  things  being  equal 
the  points  of  the  sesthesiometer  seem  farther  apart  when 
they  rest  upon  different  tissues.  Thus,  for  example,  when 
one  point  is  placed  upon  the  mucous  membrane  of  the 
lip  and  one  point  upon  the  skin,  they  seem  farther  apart 
than  when  both  points  are  upon  either  the  skin  or  the 
mucous  membrane.  3.  As  a  rule  the  points  seem  farther 
apart  when  they  are  on  different  sides  of  the  median  line 
than  they  do  in  corresponding  positions  when  both  are 
on  the  same  side.  This  law  does  not,  however,  always 
hold  good.  4.  The  direction  in  which  the  points  are 
placed  in  relation  to  each  other  is  of  considerable  impor- 
tance in  certain  parts  of  the  body,  especially  on  the  limbs. 
When  placed  transversely  they  appear  to  be  at  a  greater 
distance  from  each  other  than  when  placed  longitudinally. 
On  the  body  proper  there  seems  to  be  but  little  difference, 
while  it  is  more  marked  on  the  face,  and  more  so  still  on 
the  limbs,  especially  the  lower  arms  and  legs.    The  causa 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


.SIsthesIoineter. 
^stlieslometer. 


of  this  is  as  yet  unknown,  but  it  may  be  that  the  skin 
over  different  muscles  responds  more  readily  to  two 
stimulations  than  the  skin  over  the  same  muscle  when 
touched  at  two  equally  distant  points.  (According  to 
Vierordt  the  relative  delicacy  of  the  sense  of  locality  at 
any  point  on  the  skin  of  a  special  portion  of  the  body,  as 
compared  to  that  of  the  other  points  of  the  same  portion, 
is  a  function  of  its  mobility,  and  increases  proportion- 
ately to  its  distance  from  the  axis  on  which  that  part 
moves,  since  it  depends  on  the  relative  greatness  of  the 
excursions  which  it  effects  about  its  axis  through  the 
movements  of  the  part  concerned.) 

In  applying  the  aesthesiometer  certain  precautions  should 
always  be  observed.  In  the  first  place,  the  operator 
should  take  especial  care  that  both  points  are  applied  as 
nearly  as  possible  simultaneously,  as  the  element  of  time 
enters  distinctly  into  our  tactile  impressions,  and  the 
greater  the  time  which  elapses  between  any  two  impres- 
sions of  a  similar  kind,  the  more  readily  are  such  im- 
pressions recognized  as  distinct.  For  this  reason,  also, 
the  points,  when  once  applied,  should  not  be  moved,  for 
if  they  be  moved,  a  new  sensation,  or  a  series  of  sensations, 
will  he  produced,  which  will  enable  us  to  interpret  the  im- 
pressions mi^re  easily.  It  is  a  curious  fact  that,  if  two  points 
be  placed  so  near  together  that  they  are  felt  as  only  one, 
and  a  third  point  be  drawn  across  the  skin  between  the  two, 
the  sensation  of  a  moving  object  c^n  be  felt,  although  its 
position  cannot  be  localized.  The  impression  produced  by 
the  points,  moreover,  becomes  clearer  the  longer  they  re- 
main in  contact  with  the  skin.  Hence,  in  making  compara- 
tive observations,  the  points  should  be  held  on  each  place 
for  the  same  amount  of  time.  In  addition  to  the  simultane- 
ousness  of  the  touch,  the  pressure  at  the  two  points  should 
be  as  nearly  equal  as  possible.  As  far  as  possible,  all 
pressure  should  be  avoided,  and  when  this  cannot  be,  it 
should  he  as  slight  as  possible.  As  we  shall  hereafter  see, 
the  ratio  of  the  sense  of  pressure  in  different  parts  of  the 
body  varies  considerably  from  that  of  locality,  and  the 
two  different  sensations  should  be  carefully  distinguished. 
For  practical  purposes,  however,  the  amount  of  pressure 
exercised  in  ordinary  cases  when  due  care  is  taken  is  not 
sufficient  to  in  any  way  affect  the  result.  It  is  otherwise, 
however,  when  a  different  amount  of  pressure  is  exerted  on 
the  two  points.  The  force  of  the  stimulus  produced  at  one 
point  is  liable  so  to  act  that  the  stimulus  produced  at  the 
other  is  perceived  but  indistinctly  or  not  at  all.  A  third 
and  obvious  precaution  to  be  observed  in  using  the 
eesthesiometer,  when  testing  corresponding  portions  of  the 
body,  is  that  the  points  should  in  each  case  be  placed  in 
the  same  direction,  that  is,  longitudinally,  obliquely,  or 
transversely,  as  may  be,  and  that  they  should  be  on  ex- 
actly corresponding  parts  and  at  an  equal  distance  from 
the  median  line.  This  is  of  especial  importance  in  patho- 
logical cases,  where  the  aesthesiometer  is  used  for  the  pur- 
pose of  diagnosis. 

In  an  examination  for  physiological  purposes  we  must 
also  take  into  consideration  the  mental  condition  of  the 
subject.  Whenever  the  attention  is  strongly  fixed  upon 
any  point  in  the  body,  sensations  produced  there  by  ex- 
ternal objects  are  more  readily  and  more  quickly  perceived 
than  when  the  mind  is  occupied  by  other  thoughts. 
Hence,  when  the  attention  is  fixed  upon  the  action  oi  the 
aesthesiometer,  the  points  wiU  be  perceived  more  j:eadily 
and  more  distinctly  than  would  otherwise  be  the  case. 
The  readiness  with  which  the  points  are  perceived  and 
their  position  determined  varies  also  greatly  with  prac- 
tice. Cold  diminishes  the  tactile  sensibility,  as  does  also 
extreme  heat.  Hyperiemia,  as  well  as  anaemia,  probably 
likewise  diminishes  it. 

BAB2ESTHESI0METEK. 

The  term  baraesthesiometer,  from  $ipos,  weight,  and 
jesthesiometer,  has  been  applied  to  instruments  which  are 
used  to  determine  the  delicacy  of  the  cutaneous  sense  of 
pressure. 

The  first  attempts  to  measure  the  cutaneous  sense  of 
pressure  were  made  by  B.  H.  Weber,  who  for  this  pur- 
pose used  weights  laid  directly  upon  the  parts  to  be 
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tested,  the  muscular  sense  being  excluded  by  firmly  sup- 
porting the  part  to  be  examined  upon  some  solid  body. 
Various  weights,  as  nearly  as  possible  of  the  same  size 
and  same  temperature,  were  applied  in  succession  to  the 
part,  and  the  smallest  difference  which  could  be  thus  de- 
tected was  carefully  determined  for 
each  part.  Weber  himself  made  use 
for  this  purpose  of  coins  (thalers) 
which  he  laid  upon  the  forehead,  the 
head  being  supported,  and  thus  ob- 
tained some  important  results.  Ac- 
cording to  his  researches,  the  sense 
of  pressure  varies  much  less  in  the 
different  parts  of  the  body  than  the 
sense  of  locality,  and  does  not  vary 
in  the  same  proportion  in  the  differ- 
ent parts.  In  the  place  of  coins 
Kammler  and  Aubert  made  use  of 
small  disks  of  cork  or  elder-pith,  on 
which  weights  could  be  placed,  while 
Dohrn  estimated  the  sanse  of  pressure 
by  means  of  a  blunt  point  attached  to 
tiie  arm  of  a  pair  of  scales.  In  1863 
Goltz  published  ithe  account  of  his 
apparatus,  by  means  of  which  he 
sought  to  d.etermine  the  smallest 
rhytlvmical  pressure  which  can  be 
perceived  on  any  given  part.  For 
this  purpose  he  made  use  of  an  India- 
rubber  tube,  both  ends  of  which  were  closed  and  which 
was  rendered  tense  by  being  filled  with  water.  The  pul- 
sations produced  by  the  experimenter  at  one  end  of  the 
tube  were  transmitted  to  the  other  end,  which  was  laid 
upon  the  part  to  be  tested.  Goltz's  results  corresponded 
with  those  of  Weber  for  the  sense  of  locality,  except  that 
the  tip  of  the  tongue  was  found  to  be 
proportionately  much  less  sensitive  to 
pressure. 

To  determine  the  deUcacy  of  the 
sense  of  va/riation  of  pressure,  Bulen- 
burg  used  the  baraesthesiometer  which 
bears  his  name  (Fig.  71).  It  consists 
simply  of  a  hard-rubber  plate,  on  to 
which  is  screwed  a  spiral  spring 
through  whose  greater  or  less  tension 
a  stronger  or  weaker  pressure  can  be 
exerted  on  the  plate.  This  spring  is 
placed  inside  a  case,  and  can  be  more 
or  less  compressed  at  will  by  means  of 
a.  guiding-rod.  Through  a  toothed 
wheel,  which  is  placed  in  connection 
with  this  rod,  an  index  is  set  in  mo- 
tion, which  marks  on  a  dial-plate  the 
amount  of  tension  of  the  spring,  thus 
showing  the  strength  of  the  pressure 
exerted.  Each  figure  on  the  dial  cor- 
responds to  a  pressure  of  one  gramme. 
Eulenburg  found  that  the  sensibUity 
to  variations  of  pressure  was  most  delicate  on  the  face, 
especially  the  forehead,  then  on  the  lips,  the  back  of  the 
tongue,  cheeks  and  temples.  Here  it  is  ^,  often  -shr. 
On  the  upper  extremities  it  is  ^V  to-iV,  and  does  not  var> 
much  in  the  different  parts.  In  the  lower  extremities  the 
anterior  portions  of  the  lower  leg  and  thigh  seem  to  pos- 
sess the  greatest  insensibility  ;  next  follow  the  back  of  the 
foot  and  dorsal  surface  of  the  toes,  while  on  the  plantar 
surface  of  the  toes,  the  sole  of  the  foot,  and  the  posterior 
portions  of  the  lower  leg  and  thigh  the  sensibility  is  much 
weaker.  LSwitt  and  Biedermann  found  that  by  the  fin- 
ger-tips the  differences  between  weights  which  bear  to 
each  other  the  proportion  of  39  to  30,  could  be  appreciated, 
provided  the  weights  were  not  too  light  nor  too  heavy. 

Thebm^esthesiombtek. 

For  measuring  the  sensibility  to  differences  of  tem- 
perature, Weber  used  two  long  glass  phials  filled  with 
oil,  into  each  of  which  he  introduced  a  thermometer, 
passing  it  through  the  stopper.    By  means  of  this  ap 
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paratus  he  found  that  the  skin  of  the  face  was  the  most 
sensitive,  especially  that  of  the  eyelids  and  cheeks.  The 
lips,  on  the  contrary,  which  are  more  sensitive  to  sensa- 
tions of  place,  are  less  so  to  those  of  temperature. 
Moreover,  the  sense  of  temperature,  as  tested  in  this  way, 
instead  of  heing  greatest  in  the  middle  of  the  lips,  is 
greater  on  the  lateral  portions  of  the  upper  lip,  greatest 
on  the  cheeks,  and  less  as  we  approach  the  median  line. 
In  1866,  Eulenburg  described  his  thermsesthesiometer. 
The  instrument  consisted  simply  of  a  "frame"  and  two 
thermometers  thereto  attached.  For  "frame"  he  made 
use  of  Sieveking's  aesthesiometer,  to  the  bar  of  which  he 
fastened  two  exactly  similar  thermometers  which  corre- 
sponded accurately  to  each  other.  Their  lower  ends  were 
drawn  into  broad  glass  bulbs,  and  flattened  at  the  bot- 
tom so  as  to  rest  readily  upon  the  skin.  These  ther- 
mometers worked  like  the  points  of  the  sesthesiometer, 
one  of  them  being  fixed  at  the  end  of  the  bar,  while  the 
other  could  be  moved  along  it  as  desired,  and  be  fastened 
at  any  distance  by  means  of  a  screw.  Thus  the  distance 
between  the  thermometers  was  determinable  at  will,  and 
could  be  estimated  by  a  scale  marked  on  the  bar.  In 
using  this  apparatus,  one  thermometer  was  heated  or 
cooled  as  desired,  while  the  other  was  left  at  the  tem- 
perature of  the  room.  In  the  following  year,  1867, 
Nothnagel  published  a  series  of  very  careful  investiga- 
tions into  the  cutaneous  sensibility  of  the  temperature, 
in  making  which  he  used  a  special  instrument.  Noth- 
nagel's  therm£esthesiometer  consists  of  two  exactly  simi- 
lar cylindrical  vessels,  two  and  a  half  inches  high  and 
one  and  a  half  inch  in  diameter.  Their  walls  are  made 
of  wood  and  are  double,  some  poorly  conducting  sub- 
stance, as  ashes,  being  placed  between  the  two  parts. 
The  bottom  is  formed  of  copper,  a  good  heat-conductor. 
On  the  top  of  the  vessel  is  a  tightly  closing  wooden 
cover  which  moves  on  a  hinge,  and  which  has  an  open- 
ing on  one  side.  Corresponding  to  this  opening  there 
rises  perpendicularly  from  the  edge  of  the  vessel  a  piece 
of  wood  to  which  are  fastened  two  rings.  Through 
these  rings  and  through  the  opening  in  the  cover  a 
thermometer  is  thrust  into  each  vessel,  which  is  partially 
filled  with  water,  whose  temperature  may  readily  be 
rendered  different  in  the  two  vessels  by  plunging  into  it 
some  good  conductor,  which  has  been  previously  heated 
or  cooled.  The  vessels  should  be  placed  rapidly  one 
after  the  other  on  the  part  to  be  examined,  and  the  time 
of  contact  lasts  until  the  subject  has  formed  a  judgment 
in  regard  to  the  temperature.  Care  must  be  taken  that 
the  whole  surface  of  the  bottom  of  both  vessels  should 
rest  against  the  skin,  since,  as  is  well  known,  the  strength 
of  the  impression  and  the  delicacy  of  the  sensibility  to 
temperature  grows  with  the  increase  in  the  number  of 
nerve-fibres  affected.  By  this  means  Nothnagel  deter- 
mined that  the  greatest  capacity  for  distinguishing  differ- 
ences of  temperature  exists  when  the  temperature  is 
between  27°  and  33°  C.  ;  up  to  39°  C.  it  is  but  slightly 
diminished,  but  from  thence  to  49°  C.  it  diminishes 
rapidly,  and  at  the  latter  point  pain  occurs.  From  37° 
to  14°  C.  the  capacity  diminishes  in  much  the  same  ratio 
as  from  33°  to  39°  C,  but  between  14°  and  7°  C.  it  falls 
off  rapidly.  He  found  that  in  different  parts  of  the 
body  the  following  differences  in  temperature  could  be 
distinguished : 

Centigrade. 

Sternum 0.6° 

Chest,  upper  and  outer  portion 0.4" 

Epigastrium 0.5° 

Abdomen,  upper  lateral  portion 0.4° 

Middle  part  of  back   1.2° 

Lateral  portions  of  back 0.9° 

Palm  of  the  hand 0.5°  0.4° 

Back  of  hand 0.3° 

Fore-arm— extensors 0.2° 

Fore-arm— flexors [  0.2° 

Upper-arm — extensors  and  flexors 0.2° 

Dorsal  surface  of  foot 0.5°-0.4° 

Lower  leg — extensors 0.7° 

Lower  leg— flexors  (calf) .'.'.'.'.'.'.'.'.'".*,'..'."  0.6° 

Thigh  extensors  and  flexors 0  5° 

Cheeks 0.4°-0  2° 

Temples .......'.."..'.".'!.'.'.'!'..'.'  0.4°-0!3° 

The  sensibility  to  variations  of  temperature  seems  dull- 
er as  we  approach  the  median  line,  The  hand  and  fingers 


are  generally  alike,  the  lower  arm  more  sensitive  than 
the  hand,  and  the  upper  arm  more  so  than  the  lower 
arm.  By  extremes  of  heat  or  cold  a  thermansesthesia  is 
produced.  Anremia  increases  sensibility  to  temperature, 
hyperaemia  is  said  to  diminish  it. 

The  only  other  thermsesthesiometer  which  deserves 
mention  is  Kronecker's,  which  resembles  Eulenburg's, 
in  which  the  latter's  thermometers  are  replaced  by  metal 
tubes,  each  divided  nearly  to  the  end  by  a  partition,  as 
in  a  double-irrigating  catheter.  Through  these  water  of 
a  fixed  temperature  can  be  caused  to  flow. 
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AGARIC,  PURGING.  White  agaric  (agaric  blanc, 
officinal  Codex  Med.),  the  decorticated  hymenium  of 
PolypoTUS  officinalis  Fries  (Boletus  Laricis  Linn.) ;  order, 
Basidiomycetea,  Hymenomycetea ;  a  large  fungus  grow- 
ing upon  the  stems  of  the  European  larch  and  one  or  two 
other  conifers.  It  forms  large  hoof -shaped  masses  upon 
the  sides  of  the  trunks,  and  penetrates  with  its  mycelium 
deep  into  the  wood.  When  young  they  are  soft  and 
juicy,  but,  when  fully  grown,  hard,  and  of  a  consistence 
between  spongy  and  corky.  The  masses  are  collected  in 
Europe,  Asia  Minor,  etc.,  and  usually  prepared  by  dry- 
ing and  peeling.  Agaric  is  in  yellowish-white,  friable, 
light,  and  spongy  irregular  balls  and  lumps,  from  the 
size  of  an  orange  to  that  of  a  cocoanut,  and  larger.  It 
has  evidently  been  peeled,  and  the  surface  is  finely 
rough  and  dusty  with  minute  separated  particles.  The 
texture  is  rather  firm,  but  soft ;  it  can  easily  be  reduced 
to  a  coarsish  powder  by  friction  or  by  rubbing  on  a 
sieve,  but  is  difficult  to  pulverize  finely ;  its  microscopic 
structure — a  tissue  made  up  of  interlacing,  thread-like 
cells — explains  its  peculiar  consistence. 

Agaric  has  a  heavy  fungous  odor,  and  a  slowly  de- 
veloping, bitter,  nauseous  taste,  which  is  at  first  sweetish. 
Its  powder  is  very  irritating  to  the  eyes  and  nose,  and 
produces  violent  sneezing.  As  it  is  also,  light  and  dusty, 
persons  employed  in  beating  it  in  mortars  are  obliged  to 
resort  to  devices  to  prevent  its  rising. 

It  contains  nearly  one-third  of  its  weight  of  resinous 
matters,  extractible  by  strong  alcohol,  which  can  be 
separated  further  into  three  or  four  simple  resins  by 
taking  advantage  of  their  different  degrees  of  solubility 
in  diluted  alcohol,  chloroform,  etc.  (Massing). 

Agaric  is  principally  a  purgative,  owing  this  quality 
to  one  or  more  of  the  resins  just  mentioned.  It  is  also 
said  to  be  tonic,  and  to  reduce  the  sweating  of  phthisis. 
But  although  it  has  undoubtedly  purgative  powers,  it 
has  fallen  greatly  into  disuse,  and  is  only  now  and  then 
called  for,  even  in  Europe,  in  the  United  States  scarcely 
ever,  as  a  medicine ;  jt  is  still  in  repute  in  parts  of  Asia. 
Can  be  given  in  powder.  Dose,  as  a  tonic  and  anti- 
diaphoretic,  fifteen  to  sixty  centigrammes  (0.15  to  0.6 
Gm.,  gr.  ij.  to  x.) ;  the  last,  perhaps,  might  act  upon  the 
bowels.     The  resin  has  also  been  used. 

Allied  Plants.  —  Polyporus  igniarius  Fries  (see 
Spunk)  is  an.  allied,  although  very  different-appearing 
product,  used  entirely  on  account  of  its  texture.  Com- 
position unimportant.  A  number  of  other  polypori  have 
been  found  to  be  bitter  and  laxative  ;  some  poisonous. 

Agarioua  campestris  Linn,  yields  an  interesting  and 
very  poisonous  alkaloid,  muscarine  (see  Jaborandi).  For 
a  list  of  fungi  used  in  medicine,  see  Ergot. 

Allied  Dbugs. — Cathartics  :  say  jalap,  scammony, 
podophyllum,  etc.  Its  relation  to  tonics,  "  anti-rheumat- 
ics," antisudoriflcs,  etc.,  are  too  indefinite  for  compari- 
son. There  are  better  medicines  in  each  of  these  groups 
than  agaric,  W.  P.  Bolles. 
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-^stbeslometer. 
Age. 


AGE.  The  age  of  a  human  being  does  not,  as  usualty 
reckoned,  correspond  to  the  length  of  time  it  has  existed, 
because  the  ordinary  calculation  starts  from  the  date  of 
birth,  and  excludes  the  preceding  period  of  uterine  exist- 
ence. If  we  are  to  be  strictly  accurate,  the  age  of  any 
animal  ought  to  be  reckoned  from  the  time  of  impregna- 
tion, especially  if  we  are  to  compare  different  species, 
one  with  another,  in  regard  to  the  changes  which  corre- 
spond to  successive  ages.  The  act  of  impregnation 
creates  a  new  individual,  which  alters  as  time  elapses,  and 
the  liberation  from  the  womb  is  only  one  of  the  altera- 
tions, one  event,  occurring  in  the  life-history  of  the  indi- 
vidual ;  it  is  therefore  artificial  to  arbitrarily  select  the 
date  of  delivery  as  the  zero  point  from  which  to  start 
the  reckoning  of  the  age,  the  more  so  as  we  know  that  the 
period  of  gestation  varies  very  considerably  in  length,  and 
that  consequently  the  age  of  the  child  at  birth  is  not  by 
any  means  uniform.  In  the  case  of  man  it  is  the  niost 
convenient  plan  to  adopt  popular  custom,  because  the 
ages  as  reckoned  from  birth  are  generally  known  with 
exactitude,  but  the  age  of  the  foetus  at  birth  is  almost 
never  known  for  a  given  individual.  Indeed,  we  have  at 
present  no  means  of  determining  satisfactorily  the  age  of 
a  human  embryo  or  foetus,  because  we  have  no  sufficient 
available  data  for  ascertaining  when  impregnation  takes 
place.  As  is  shown  in  the  articles  Foetus  and  Impregna- 
tion, there  is  always  a  possible  error  of  several  days  in 
any  estimate  of  the  age  of  a  foetus,  even  when  the  history 
of  the  case  is  fully  and  accurately  known,  and  there  are 
decided  reasons  for  thinking  that  there  may  be  sometimes 
an  error  of  a  month  or  whole  menstrual  period.  Obvi- 
ously it  is  not  practicable  to  calculate  the  age  of  man  from 
an  event  the  time  of  which  we  cannot  know  correctly, 
and  it  is  the  only  practicable  course  for  us  to  follow  cus- 
tom, and  assume  the  commencement  of  life's  journey  to 
be  some  way  along  the  route,  namely,  at  birth ;  at  least, 
whenever  we  have  occasion  to  measure  age. 

From  impregnation  to  death,  at  the  natural  term  of  life, 
the  organism  undergoes  a  definite  series  of  changes,  which 
are  termed  the  phenomena  of  senescence  ;  in  plain  words, 
the  organism  grows  old.  The  most  important,  if,  indeed, 
not  all  the  changes,  may  be  grouped  under  three  heads : 
First,  the  increase  in  the  number  of  cells ;  second,  the 
weight  of  the  cells  ;  and  third,  the  difEerentiation  of  the 
tissues.  The  first  and  second  are  the  essential  factors  of 
growth,  and  under  Growth  they  are  more  fully  discussed. 
Unfortunately,  we  have  no  knowledge  as  to  the  number 
of  cells  in  the  body  at  different  ages,  nor  is  it  possible  to 
make  even  a  valid  estimate.  It  appears  entirely  practi- 
cable for  some  patient  investigator  to  make  an  approxi- 
mate determination  of  the  number  of  cells  in  the  body  ;  a 
trustworthy  result  would  be  extremely  valuable.  But 
though  we  cannot  speak  of  actual  numbers,  we  are  able 
to  say  that  the  rate  of  multiplication  of  cells  diminishes 
gradually  with  one  or  two  possible  interruptions  in  man. 
The  demonstration  of  this  law  is  given  in  the  article  on 
Growth.  As  regards  the  size  of  the  cells,  we  know  that 
at  first  the  size  is  reduced ;  during  the  segmentation  of 
the  ovum,  the  amount  of  material  remains  nearly  con- 
stant, while  the  segments  (cells)  multiply ;  hence,  they 
necessarily  become  smaller.  During  foetal  life  they  re- 
main small,  even  after  their  differentiation  into  distinct 
tissues,  but  it  is  still  uncertain  how  much  of  the  growth 
of  children  is  due  to  the  mere  increase  in  size  of  the  his- 
tological elements  and  how  much  to  the  increase  in  their 
number.  The  difference  between  the  foetal  and  adult 
cells  is  readily  seen  ;  unfortunately,  it  is  impossible  to  give 
a  table  of  comparative  measurements,  for  the  micrometric 
data,  even  of  the  best  authorities,  are,  with  very  rare  ex- 
ceptions, utterly  worthless,  from  their  extreme  inaccuracy. 
The  structure  of  the  tissues  varies  according  to  the  age  ; 
for  each  age  there  is  a  characteristic  phase  of  development 
of  the  histological  elements,  both  in  structure  and  arrange- 
ment ;  hence,  the  general  anatomy  and,  therefore,  also 
the  functions  alter  in  correspondence  with  the  age.  Thus, 
in  a  philosophical  view  of  the  career  of  any  organism,  we 
are  compelled  to  regard  it  as  a  function  of  the  time  elapsed 
since  the  procreation  of  the  individual.  It  is  important  to 
insist  upon  this  conception,  because  the  student  of  human 


anatomy  derives  his  notions  almost  exclusively  from  the 
study  of  the  adult,  and  consequently  fails  to  seize  the  idea 
that  much  of  what  he  conceives  to  be  essential  and  typical 
is  only  temporary. 

There  is  another  general  consideration  to  be  urged 
upon  the  attention  of  the  reader :  the  older  the  organism 
the  longer  it  requires  to  change.  An  infant  alters  more 
rapidly  than  a  child,  an  adult  more  rapidly  than  an  old 
person.  This  fact  has  a  more  profound  significance  than 
at  first  appears,  because  it  not  only  suggests  the  only 
theory  of  the  origin  and  nature  of  natural  death  having 
any  serious  value,  but  also  is  the  clue  to  the  distribution 
of  variations  in  age.  For  the  theory  of  death,  see  the 
concluding  portion  of  the  article  on  Growth.  The  law 
of  variations  to  which  we  refer  demands  brief  elucidation. 
Varieties  occur  in  all  degrees ;  with  living  organisms 
there  is  in  each  case  a  certain  variety  which  occurs  most 
frequently,  and  on  either  side  of  this  most  frequent  type 
(geometrical  mean)  occur  other  varieties  which  are  found 
to  be  less  frequent  the  more  they  depart  from  the  central 
type.  On  the  doctrine  of  chances  the  distribution  should 
be  alike  above  and  below  the  mean,  provided  always 
there  is  no  predominating  factor  or  factors  of  variation 
to  disturb  the  symmetry.  In  the  development  of  living 
organisms  there  is  such  a  disturbance  through  the  effects 
of  age;  a  concrete  example  shows  the  phenomenon 
plainly.  The  following  table,  after  Heinricius,'  gives  the 
ages  and  number  of  persons  observed  in  3,500  recorded 
cases  of  first  menstruation  in  Finland.  Below  the  table 
is  given  the  graphic  representation  of  the  same  data. 

Tablb  of  3,500  Cabeb  op  First  Mxnstbitatioh  (observed  by 
Hbinbioius  in  Finland). 

Ages  (years).. 11    12   1.3   14    15   IB   17   18   19    20  21  22  2.3  25  26 
No.  ol  Cases. .  9    33  135  440  766  846  660  347  198  102  41  12    7    4     1 
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Age..  11  12  13  14  16  16  17  18  19  ! 
Fio.  73. 


21   22  83  24  26  26  years. 


The  curve  shows  that  the  year  in  which  the  first  men- 
struation occurs  most  frequently  is  the  sixteenth,  and  the 
further  we  follow  the  curve  from  the  maximum,  either 
forward  or  back,  the  lower  it  sinks.  Moreover,  from  the 
maximum  to  the  minimum  is  (probably)  only  seven  years 
on  the  young  side,  but  ten  years  on  the  old  side.  Here, 
then,  we  see  that  an  equal  range  of  variation  covers  a 
much  shorter  period  of  childhood  than  of  later  life. 
When  a  larger  series  of  statistics  are  compiled,  the  dif- 
ference in  the  pre-maximal  and  the  post-maximal  periods 
is  found  to  be  considerably  greater.  This  phenomenon 
occurs  not  only  with  menstruation,  but  with  many,  and 
probably  all,  or  nearly  all,  phases  of  the  development  of 
the  body ;  the  tirne  at  which  a  given  change  takes  place 
varies  in  different  individuals,  and,  as  far  as  at  present 
known,  always  according  to  the  law  just  indicated.  In 
the  article  on  Growth  another  set  of  facts  are  brought  for- 
ward, demonstrating  the  same  principle,  which  we  may 
now  formulate  as  follows  :  Tli^  time  required  to  accomplish 
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a  change  of  a  given  extent  increases  with  the  age  of  the 
organism. 

It  is  evident  that  this  generalization  needs  to  be  tested 
with  great  thoroughness,  especially  to  ascertain  whether 
it  is  rigidly  applicable  in  details,  or  only  in  regard  to  the 
whole  course  of  development  broadly  considered.  As  no 
researches  have  heretofore  been  made  to  settle  the  alter- 
native stated,  it  is  very  desirable  that  they  should  be 
undertaken.  It  may  be  discovered  that  diseases  and 
recovery  from  diseases  vary  in  rapidity  in  accordance 
with  age,  the  rate  of  change  decreasing  with  the  age. 
This  can  be  decided  only  by  extensive  statistics  in  regard 
to  organic  diseases.  A  large  number  of  observations  of 
the  progress  of  fatal  new  formations,  of  cancer,  for  ex- 
ample, would  be  of  high  value.  It  is  not  to  be  anticipated 
that  the  diseases  of  a  parasitic  or  zymotic  character  would 
exhibit,  necessarily,  any  such  correlation  with  age,  be- 
cause their  course  is  dependent  primarily  on  other  causes 
than  the  condition  of  the.organism  in  which  they  appear. 
If  the  rate  of  disease  does  vary  with  age,  the  desirability 
of  knowing  the  fact  is  too  obvious  to  require  further 
emphasis  ;  we  can,  therefore,  only  express  the  hope  that 
some  one  having  a  proper  opportunity  will  soon  make  an 
adequate  investigation. 

It  is  a  common  custom  to  divide  the  period  of  life  into 
a  succession  of  ages,  but  all  such  divisions  are  more  or 
less  arbitrary,  and  though  extremely  convenient  are  quite 
without  scientific  significance.  The  ages  commonly 
adopted  are :  1,  Infancy,  from  birth  to  the  appearance 
of  the  temporary  teeth  ;  3,  childliood,  from  the  cutting  of 
the  first  permanent  teeth  to  puberty ;  3,  youth,  from 
puberty  to  the  attainment  of  the  full  stature,  that  is, 
eighteen  or  nineteen  for  girls,  twenty-one  to  twenty-two 
for  boys  ;  4,  maturity,  covers  the  interval  from  youth  to 
the  climacteric,  after  which  follows  5,  the  period  of  de- 
cline or  old  age.  Another  very  common  distinction  is 
made  between  the  period  of  development,  say  up  to 
twenty-five  or  thirty  years,  and  the  period  of  decline,  but, 
as  is  explained  under  Growth,  there  is  a  steady  decline 
going  on  during  the  first  period  also.  It  would,  per- 
haps, be  more  scientific  to  designate  the  earlier  phase  as 
the  period  of  histogenesis,  during  which  the  tissues  are 
being  evolved,  and  the  latter  as  the  period  of  histolysis, 
in  which  the  tissues  are  breaking  down — degenerating. 
But,  after  all,  though  a  great  deal  has  been  written  and 
said,  very  seriously  too,  vipon  the  division  of  life  into 
ages,  the  discussions  have  never,  and  can  never,  lead  to 
much  result  beyond  fixing  upon  a  set  of  arbitrary  terms, 
which  will  always  be  convenient,  provided  they  are  left 
sufficiently  vague. 

The  other  matters  which  might  be  put  under  Age  are 
to  be  found  elsewhere,  such  as  the  determination  of  the 
age  of  a  skeleton,  the  age  at  which  the  teeth  are  cut,  etc. 
For  the  characteristics  of  infancy  and  childhood,  ana- 
tomical and  physiological,  see  the  articles  on  these  topics. 
For  the  changes  in  old  age,  see  Senility. 

Oharles  Sedgwick  Minot. 

1  Centralblatt  fiir  Gynakologie,  1883,  vii.,  72  to  78. 

AGORAPHOBIA  {hyoph,  a  market-place,  i^xiySo!,  fear). 
[Ger.,  Platzsehwindel,  Platzangst,  Platzfurcht ;  Fr.,  peur 
des  espaces,  peur  du  vide;  It.,  agorafobia ;  Dan.,  agora- 
iphoU;  Rus.,  Mestoboyazin.'\  Etymologically  speaking 
these  names  signify  "fear  of  spaces,"  and  are  used  to 
describe  a  peculiar  emotional  neurosis  characterized  by 
morbid  fear  of  being  alone  in  an  open  space,  or  under 
analogous  circumstances.  The  name  agoraphobia  not 
having  satisfied  every  one,  its  philological  accuracy  has 
been  questioned,  and  such  terms  as  isohphobia,  eisophobia 
or  autophobia,  and  kerurphobia  have  been  proposed.  How- 
ever appropriate  these  designations  may  be,  the  term 
agoraphobia  is  adopted  in  the  current  medical  literature 
of  all  nations ;  it  is  clear,  concise,  and  elegant ;  it  has 
moreover,  a  certain  element  of  fitness  and  admissibility' 
since  ochlophobia  is  a  prominent  svmptom  of  the  com- 
plaint, and  one  of  the  latest  contributions  to  the  subiect 
IS  a  paper  in  Greek  that  is  to  be  found  in  the  "  Acts  of 
the  Congress  of  Greek  Physicians,  held  in  Athens  in 
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1883."  A  better  notion  of  the  word  may  be  given  by 
detailing  some  of  the  salient  phenomena  that  are  found 
in  a  typical  case  of  agoraphobia.  Among  the  prominent 
somatic  troubles  are  a  sudden  weakness  and  a  tremor  of 
the  muscles,  which  render  standing  difficult.  The  tremor 
extends  sometimes  to  the  trunk,  thence  to  the  arm  and 
to  the  lower  jaw  ;  sometimes  there  is  a  wavy  sensatioa 
going  from  the  heart  to  the  back  of  the  neck.  Chilly 
sensations  in  the  back,  stomach,  breast,  and  limbs  are  fol- 
lowed  by  heat,  redness  of  the  face,  profuse  sweating,  and 
violent  palpitation.  At  the  same  time  there  is  oppressioa 
and  contraction  of  the  pectoral  muscles ;  the  speech  is 
abrupt  and  anxious,  and  sometimes  is  momentarily  im- 
possible ;  intermittent  pains  of  a  sharp,  rapid,  and  fatigu- 
ing  character,  following  the  trunk  of  the  nerves,  run 
along  the  legs,  ascend  the  body,  and  extending  to  the 
arms,  seem  to  lose  themselves  in  the  hollows  of  the 
hands  ;  there  is  formication,  with  numbness  in  different 
parts  of  the  body  ;  f estination  is  observed  in  some  cases ; 
in  others  sudden  loss  of  motor  power  comes  like  a  stroke 
of  palsy,  and  the  patient  falls  powerless  with  his  face 
downward,  in  a  state  of  waking  nightmare. 

But  these  physical  troubles  are  only  the  outward  and 
visible  signs  of  the  moral  trouble  that  is  the  true  primi- 
tive phenomenon  and  the  cause  of  all  the  others.  That 
which  is  pathognomonic  and  constitutes  agoraphobia,  is 
terror,  up  to  its  extreme  degree,  and  consequent  motor 
impotence.  The  single  primitive  phenomenon,  as  the 
name  indicates,  is  fear.  Imagine  looking  down  a  deep 
mountain  gorge,  hanging  over  the  brink  of  a  burning  cra- 
ter, crossing  Niagara  on  a  tight-rope,  or  falling  from  such 
a  precipitous  height  as  the  Washington  monument,  and 
the  sensation  is  not  more  fearful,  more  astonishing  than 
that  felt  by  a  patient  in  an  attack  of  agoraphobia.  Ago- 
raphobic terror  causes  a  patient  to  feel  dumbfounded, 
thunderstruck,  exhausted,  and  at  the  same  time  isolated 
from  the  entire  world ;  space  seems  to  extend  to  infinity 
under  his  feet ;  he  feels  persuaded  that  he  will  never  ac- 
complish a  given  journey  ;  walk  a  certain  distance  with- 
out fainting ;  hold  out  for  a  certain  time  without  food, 
or  support  existence  for  a  certain  period  without  fresh 
air.  He  experiences  fear  and  want  of  self-confidence 
when  in  a  crowd,  at  theatre,  church,  or  in  a  boat,  omni- 
bus, or  railway  car.  A  case  is  related  of  an  agrophobe 
who  could  not  ride  on  a  railway  train  without  a  brandy 
fiask  in  the  left  hand  and  a  bible  in  the  right,  presuming 
that  one  counterbalanced  the  effects  of  the  other.  Fear 
to  rneet  acquaintances;  fear  of  spiders,  mice,  and  snakes; 
fear  of  apoplexy  and  of  death  come  over  the  patient  like 
the  fear  that  seizes  a  timid  child  in  the  dark  ;  sensations 
like  those  of  a  swimmer  deceived  by  false  chances,  or 
those  of  a  victim  to  tantalizing  hopes,  cause  the  patient 
to  be  on  the  point  of  screaming  or  weeping,  and  he  is, 
figuratively  speaking,  frozen  with  terror,  motionless 
with  fear,  so  great  is  the  anguish  that  takes  place  during 
this  psychical  collapse. 

Agoraphobic  symptoms  are  not  new,  Pascal  having  suf- 
fered from  them,  and  Flemming  says  Brtick  described 
them  in  1832,  and  again  in  1869,  under  the  title  of 
"  Schwindel- Angst."  It  seems,  however,  that  their  sys- 
tematic observance  and  study  are  of  recent  introduction 
into  science  (1871).  For  convenience  of  study  two  forms 
of  agoraphobia  are  spoken  of,  namely,  primary  and  sec- 
ondary. The  primitive  form  may  occur  suddenly  in  ap- 
parent good  health  and  normal  mental  conditions,  without 
other  morbid  symptoms  than  the  usual  somatic  and 
psychical  ones  ;  the  secondary  form  occurs  as  an  acces- 
sory phenomenon  complicating  a  previous  pathological 
condition :  it  is  slow  and  progressive,  and  may  coexist 
vnth  other  neuropathic  conditions.  Primitive  agorapho- 
bia may  come  on  suddenly  without  assignable  cause  amid 
varying  circumstances,  in  a  boat,  during  a  lecture,  or' 
while  skating,  at  the  sight  of  an  extended  horizon,  or 
while  looking  at  the  summit  of  a  high  monument,  as  is 
the  case  with  two  of  the  writer's  patients,  who  cannot 
look  up  to  the  dome  of  the  Capitol  or  the  summit  of  the 
Washington  monument  without  being  seized  with  agora- 
phobic symptoms.  In  one  of  the  late  St.  Petersburg 
cases  the  patient  could  not  look  out  on  the  sea  without 
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agoraphobic  symptoms.  There  was  also  the  "  torment- 
ing fear  of  heights,"  the  rooms  on  a  second  story  being 
unbearable,  and  the  patient  in  crossing  a  high  bridge,  al- 
ways did  so  in  diagonal  lines  to  avoid  the  sight  of  the 
space  between  him  and  the  water  below.  Secondary 
agoraphobia  comes  on  slowly,  generally  in  patients  whose 
neurotic  antecedents  are  bad.  Numerous  prodromatic 
symptoms,  more  or  less  painful  and  persistent,  are  experi- 
enced, and  at  a  certain  time,  while  out  alone  in  a  public 
place  or  highway,  or  under  analogous  circumstances, 
there  is  added  intense  emotion  and  momentary  suspension 
of  motor  power,  which  complete  the  attack.  These  symp- 
toms often  disappear  spontaneously,  when  the  sufferer,  in 
crossing  a  space,  can  fix  his  eye  on  some  limited  object, 
such  as  a  carriage,  a  street  lamp,  a  tree,  or  an  open  um- 
brella held  over  his  head  ;  and  often  the  companionship 
of  a  small  child,  or  even  the  support  of  a  cane  will  act  as 
a  preventive.  Among  the  latest  reported  cases  is  that  of  a 
Russian  officer,  who  escaped  the  agoraphobia  brought  on 
at  the  sight  of  carriages  and  pedestrians,  by  always  taking 
an  orderhr  along  and  keeping  on  the  least  frequented 
streets.  He  did  not  have  these  symptoms  outside  of  St. 
Petersburg,  in  a  suburban  village,  nor  did  they  come  on 
when  riding  horseback  through  a  crowded  street  at  the 
head  of  his  regiment. 

But  little  is  known  of  the  cause  or  of  the  precise  nature 
of  agoraphobia,  and  the  numerous  theories  relative  thereto 
are  to  be  mentioned  only  as  objects  of  medico-historic  cu- 
riosity. Over-work,  prolonged  watching,  early  and  ex- 
cessive sexual  indulgences,  venereal  disease,  alcohol  and 
tobacco,  excessive  use  of  coffee,  gastric  disturbances, 
taenia,  rapid  decline  of  corpulency  or  a  rapid  change  to 
corpulency,  the  gouty  and  the  rheumatic  diatheses,  bad 
atavistic  antecedents,  and  habitual  indulgence  in  ground- 
less fears,  may  give  rise  to  its  development.  In  fact,  one 
may  become  agoraphobic  from  moral  weakness.  The 
atrophy  of  will  that  allows  imagination  full  career  and 
gives  rise  to  the  superstitious  fears,  moral  miseries,  and 
morbid  impressions  that  assail  certain  persons,  may  cause 
violent  commotion  of  the  organism  with  psychical  sensa- 
tions of  terror.  By  these  facts,  therefore,  it  is  satisfac- 
torily established  that  in  agoraphobia  there  is  a  kind  of 
moral  softening,  a  nervous  adynamia,  a  psychic  insuf- 
ficiency that  may  dominate  the  faculties  of  the  individual 
and  sterilize  his  acts.  Whether  the  condition  arise  from 
organic  insufflciencies,  such  as  non-activity  of  the  eye  or 
of  the  ear,  brain  trouble  resulting  from  anaemia,  fatty 
heart,  haemorrhoids,  lesion  of  the  cervix  uteri,  abscess  of 
the  liver,  or  from  a  morbid  state  of  the  ganglio-nervous  ap- 
paratus, we  are  not  prepared  to  say  in  the  present  state  of 
our  knowledge  of  the  subject.  But  a  consensus  of  med- 
ical opinion  warrants  the  statement  that  the  pathological 
change  in  agoraphobiai  is  a  cerebral  one,  giving  rise  to  a 
cerebro-spinal  neurosis  that  should  not  be  confounded 
with  epilepsy,  hypochondria,  or  the  different  forms  of 
vertigo.  Agoraphobia  is  said  never  to  occur  in  hypo- 
chondriacs. A  patient  with  hypochondria  is  constantly 
under  the  influence  of  the  disease  ;  it  is  not  so  with  agora- 
phobia. It  differs  also  from  vertigo  caused  by  looking 
down  from  a  height.  The  seeming  impossibility  to  give 
a  purely  physical  explanation  of  the  disease  arises  from 
the  fact  that  it  is  a  purely  mental  trouble,  and  it  is  a  curi- 
ous fact  that  none  of  the  recorded  cases  have  occurred  in 
ignorant  persons.  Nor  do  any  of  the  cases  appear  to  have 
been  accompanied  by  illu.sive  transformation.  Suicidal 
impulses  are,  however,  reported  to  have  occurred  in  sev- 
eral cases.  The  majority  of  them  occurred  in  adult  men 
of  education  and  intelligence,  who,  in  nearly  every  in- 
stance, kept  the  symptoms  concealed  from  every  one  as 
long  as  possible  for  fear  of  being  thought  insane. 

The  administration  of  drugs  in  agoraphobia  is  of  less 
consequence  than  the  removal  of  the  cause,  which  is  to 
be  done  mainly  by  moral  treatment.  The  primitive 
form  often  disappears  spontaneously,  but  the  healing  of 
the  secondary  form  presents  all  possible  and  impossible 
difficulties,  surprises,  and  uncertainties  that  the  neurolo- 
gist is  accustomed  to  meet.  Among  the  therapeutic 
agents  recommended  are  antispasmodics,  the  bromides, 
ergot,  tonics,    and    iron ;    cutaneous  revulsives,   cups, 


hydrotherapeutics,  electricity  to  the  cervical  and  to  the 
sympathetic  nerves,  and  electric  baths.  A  case  has 
been  bettered  after  an  operation  for  the  removal  of 
haemorrhoids ;  in  another  the  agoraphobic  symptoms 
disappeared  after  aspiration  of  the  liver  and  draining  off 
a  quantity  of  pus  from  an  abscess.  Two  cases  caused 
by  taenia  have  been  cured  after  removing  the  cause. 
Another  case  improved  after  a  residence  in  the  country, 
a  course  of  hydrotherapeutics,  and  the  avoidance  of  to- 
bacco. In  addition  to  combating  the  functional  and 
the  physical  alterations  with  proper  medication,  there 
must  be  a  radical  and  complete  change  in  the  habits  and 
surroundings,  which  should  be  as  much  opposed  as  pos- 
sible to  the  conditions  in  which  the  disease  has  originated ; 
and,  above  all,  the  physician  should  order  and  enforce 
a  course  of  moral  gymnastics  that  shall  train  the  patient's 
imagination,  and  tame  his  terror  by  progressive  and  reg- 

^1^^«*<^P«-  Irnng  0.  Basse. 

AGRIMONY  {Agremoine,  Codex  Med.  ;  Agrimonia 
Eupatmia  Linn.  ;  order,  Mosacece)  has  been  employed  in 
Europe  from  the  time  of  the  ancient  Greeks  and  Romans, 
by  whom  it  was  prized  as  a  vulnerary.  It  is,  however, 
now  almost  obsolete,  excepting  in  domestic  or  country 
practice.     Both  herb  and  root  have  been  used. 

It  is  a  perennial  plant,  with  slender,  upright,  leafy  stem, 
from  thirty  to  sixty  centimetres  high  (one  to  two  feet), 
bearing  a  wand-like  spike  of  smallish  yellow  flowers ; 
leaves  imparl-  and  interruptedly-pinnate,  with  adnate 
leafy  stipules ;  leaflets  lanceolate,  sharply  serrate ; 
flowers  perfect,  polypetalous,  stamens  from  five  (seldom) 
to  fifteen  or  more ;  pistils,  two  or  three,  the  ovaries 
buried  in  the  receptacle,  which  becomes  dry  and  woody 
in  fruit,  and  is  surmounted  by  a  crown  of  rigid  incurved 
spines. 

It  is  extensively  distributed  throughout  the  northern 
hemisphere,  growing  along  roadside  hedges  and  the  bor- 
ders of  cultivated  fields  in  Europe,  Asia,  and  America. 
The  leaves,  and  especially  the  flowers,  are  rather  agree- 
ably fragrant ;  all  parts,  the  root  particularly,  bitter  and 
astringent.  An  essential  oil  has  been  obtained  from  the 
plant  by  distillation.  It  is  a  mild,  stimulating  astrin- 
gent, which  has  proved  of  some  use  as  a  vulnerary,  as  a 
gargle,  a  mild  haemostatic,  and  an  astringent  in  chronic 
diarrhoeas.  More  doubtful  is  its  utility  in  jaundice  and 
other  indications  of  hepatic  obstruction,  or  as  so-called 
alterative.     Dose,  4  to  8  grm.  ( 3  j.  to  3  ij.),  in  infusion. 

Botanical  Connbctions. — Agrimony  resembles  the 
true  roses  in  most  details  of  botanical  structure,  but  dif- 
fers from  them  in  habit  and  general  appearance,  which 
are  more  like  those  of  spirma  ulma/ria.  It  is  also  bo- 
tanically  connected  with  brayera  anthelmintica  (Kouso) 
Kunth.,  from  which  it  also  differs  greatly  in  habit  and 
the  purpose  for  which  the  latter  is  used. 

Allied  Deugs. — Astringency,  bitterness,  and  aroma, 
with  varying  preponderancy  of  each,  form  one  of  the 
most  common  medicinal  combinations  of  the  vegetable 
kingdom.  Alchemilla,  sanguisorba,  strawberry,  poten- 
tillas,  geums,  blackberries,  and  spiraeas  in  the  same  bo- 
tanical family  are  instances,  and  numerous  others  might 
easilv  be  mentioned.     For  remarks  on  Bosacem,  see  Roses. 

W.  P.  Bolles. 


AGUE-CAKE.  A  chronic  enlargement  of  the  spleen 
following  repeated  attacks  of  intermittent  fever,  or  ac- 
companying chronic  malarial  cachexia.  (See  Malarial 
Fevers.)  To  be  treated  with  full  doses  of  quinine  and 
the  local  application  of  cold.  M  W.  8 

AIKEN.  [For  detailed  explanation  of  the  accompany- 
ing chart,  and  suggestions  as  to  the  best  method  of  using 
it,  see  Climate.]  The  village  of  Aiken  lies  not  far  from 
the  western  border  of  the  State  of  Georgia,  between  the 
Savannah  and  Edisto  rivers,  but  at  a  considerable  dis- 
tance from  either,  and  standing  upon  the  elevated  table- 
land or  plateau  forming  the  common  watershed  of  both. 
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From  the  Atlantic  Ocean,  Aiken  is  distant  a  little  more  than 
a  hundred  miles  in  a  "bee  line."  The  elevation  of  the 
town  above  sea  level  is  five  hundred  and  sixty-five  feet. 
The  soil  is  very  sandy,  consisting,  indeed,  of  very  little 
else  than  such  absolutely  pure  and  unmixed  sand  as  is 
usually  to  be  found  only  upon  the  very  borders  of  the  sea. 
Grass  grows  but  scantily,  and  the  vegetation  of  the  sur- 
rounding country  is  that  characterizing  a  region  possess- 
ing a  dry  porous  soil,  and,  in  consequence,  a  dry  atmos- 
phere. The  yellow  pine  of  the  South  finds  here  its 
congenial  habitat,  and  in  every  direction  the  country 
about  Aiken  is  covered  with  a  dense,  forest  growth  of 
these  lofty  evergreen  trees,  shading  the  ground  from  the 
rays  of  the  sun,  and  filling  the  atmosphere  with  the  de- 
licious balsamic  odor  exhaled  from  their  leaves  and  trunks. 
Several  varieties  of  oak  are  also  to  be  found  in  the  woods 
about  Aiken,  and  not  a  few  flowering  vines  and  shrubs  ; 
but  the  pine  is  the  characteristic  growth  of  the  country, 
and  it  is  to  the  soothing  and  purifying  effect  exerted  upon 
the  mucous  membrane  of  the  respiratory  passages  by  the 
exhalations  from  this  tree  that  the  climate  of  Aiken  owes 
much  of  its  well-deserved  reputation  as  a  health  resort 
for  persons  suffering  from  all  forms  of  disease  affecting 
the  respiratory  tract.  The  other  chief  factors  in  produc- 
ing the  healthfulness  of  this  now  celebrated  resort  are  the 
mildness  and  general  equability  of  its  winter  climate ;  the 
preponderance  of  bright  sunny  days,  which  enable  the  in- 
valid to  pass  much  of  his  time  in  the  open  air ;  the  pro- 
tection against  the  wind  afforded  by  the  dense  growth  of 
forest  trees ;  and  last,  but  by  no  means  least,  the  remark- 
able dryness  of  the  air,  already  alluded  to,  and  depending 
upon  the  peculiar  character  of  the  soil  and  the  distance 
from  any  large  body  of  water.  With  the  exception  of 
certain  stations  lying  in  close  proximity  to,  or  west  of  the 
Rocky  Mountains,  no  drier  air  is  to  be  found  in  the  whole 
United  States,  and,  so  far  as  present  observations  extend, 
none  so  dry  as  that  which  exists  at  Aiken.  As  might  well 
be  expected  from  what  has  been  stated  above,  there  are  no 
marshes  about  Aiken,  and  Doctor  W.  H.  Geddings,  a  well- 
known  writer  on  climate  and  health  resorts,  and  a  prac- 
tising physician  resident  in  the  town,  makes  the  following 
statement  in  a  letter  received  from  him  a  short  time  ago  : 
"  Malaria  is  remarkable  for  its  absence.  During  a  practice 
of  fifteen  years  I  have  never  known  a  case  to  originate 
here."  From  the  dryness  and  warmth  of  its  climate  it 
may  well  be  inferred  that  cases  of  gout  and  of  rheuma- 
tism would  also  be  benefited  by  a  sojourn  at  Aiken.  In 
support  of  the  greatly  beneficial  effect  produced  by  a  resi- 
dence at  Aiken  upon  cases  of  pulmonary  phthisis,  the  fol- 
lowing statistics  from  the  pen  of  Dr.  Geddings  are  sub- 
joined Out  of  a  total  number  of  113  cases  of  this  disease 
treated  at  Aiken  during  a  period  of  three  years  there 
were  :  Arrested,  17  cases,  ci-  15.3  per  cent.  ;  improved 
50,  or  44.6  per  cent.  ;  unchanged  10,  or  8.8  per  cent.  ;  the 
number  of  patients  who  grew  worse  was  29,  or  25.3  per 
cent.  ;  the  number  of  those  who  died  was  7,  or  6.3  per 
cent. 

These  statistics,  which  certainly  speak  well  for  the  cli- 
mate of  Aiken,  were  originally  published  in  an  article 
contributed  by  Dr.  Geddmgs  to  the  New  York  Medical 
Record  (January  14,  1883). 

It  is  almost  superfluous  to  call  attention  to  the  fact 
that  inasmuch  as  cases  of  so  grave  a  disease  as  pulmo- 
nary phthisis  derive  so  much  benefit,  patients  suffering 
from  the  less  serious  and  less  severe  affections  of  the  res- 
piratory system,  such  as  laryngitis  and  naso-pharyngeal 
catarrh,  may  be  expected  to  derive,  and,  as  experience 
has  proved,  actually  do  derive  an  equal  and  even  greater 
degree  of  such  benefit  from  a  resort  to  this  favored  spot 
during  the  colder,  damper,  and  more  changeable  months 
of  the  year. 

To  illustrate  the  comparatively  small  amount  of  varia- 
bility in  temperature  possessed  by  the  climate  of  Aiken 
the  following  figures  are  quoted  from  •'  Appletons'  Hand- 
book of  Winter  Resorts. "  The  figures  show  the  mean  va- 
riation of  temperature  in  twenty -four  hours  for  the  seven 
colder  months  of  the  year.  The  length  of  the  period  of  ob- 
servation, whether  for  one  year  or  for  several  years,  is  not 
stated  by  the  writer  in    'Appletons'  Handbook,"  but  the 
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figures  were  "  compiled  from  reports  on  file  at  the  Signal 
Office,  Washington." 


Month. 

Sept. 

Oct.     Nov. 

Dec.      Jan. 

Feb.    March. 

Daily  variation 

10.03° 

ir.OS"  18.26° 

18.06°|l2.45° 

19.14°    17.64° 

A  table  shovdng  this  same  factor  of  dally  mean  variation 
of  temperature  during  the  year  1873,  but  which,  unlike 
the  former  table,  is  based  upon  the  tri-daily  observations 
at  the  hours  of  7  a.m.,  2  p.m.,  and  9  p.m.,  instead  of  upon 
observations  recorded  from  the  maximum  and  minimum 
thermometers,  is  also  given  by  Dr.  Geddings  on  page  23 
of  the  little  pamphlet  entitled,  "Aiken,  S.  C,  as  a  win- 
ter Resort."  For  further  illustration  of  this  same  point 
these  figures  of  Dr.  Geddings  are  likewise  herewith  ap- 
pended. 

Obsebvations  of  1873. 


Month. 

Jan. 

Feb. 

March. 

April. 

Sept. 

Oct. 

Nov. 

Deo. 

Mean    diurnal 
range 

12.96° 

10.98° 

13.45° 

15.66° 

10.46° 

14.19° 

12.45° 

13.00° 

The  following  figures,  showing  the  mean  temperature  at 
Aiken  for  each  of  the  twelve  months,  for  each  of  the  four 
seasons,  and  for  the  year,  are  quoted  from  "Smithsonian 
Contributions  to  Knowledge,"  No.  377.  The  observa- 
tions upon  which  these  figures  are  based  were  taken  at  7 
A.M.,  2  P.M.,  and  9  p.m.,  (by  Messrs.  H.  W.  Ravenel,  J. 
H.  Cornish,  and  Newton),  and  extended  over  a  period  of 
seventeen  years,  from  January,  1853,  to  December,  1869. 


January 

February... 

March 

April 

May 

...  44.15° 
..  47.83° 
...  6.3.22° 
...  61.49° 
...  69.25° 
...  76.08° 

July 

August 

September... 

October 

November. . . 
December. . . 

..  78.f0° 
..  77.19° 
..  72.83° 
..  61.80° 
..  51.84° 
..  45.48° 

Spring. 

Summer. . . 
Autumn..  . . 
Winter 

...  61.32° 
...  77.86° 
...  61.96° 
...  46.82° 
«1  «1» 

June 

The  mean  relative  humidity  for  the  year  at  Aiken,  ac- 
cording to  a  footnote  appended  to  his  observations  con- 
cerning the  climate  of  that  place,  which  are  given  by  Dr. 
Geddings  on  pages  19  to  30  of  "  Aiken,  S.  C,  as  a  Winter 
Resort,  is  fifty-eight  per  cent.  The  chart  next  following 
gives  meteorological  data  of  various  sorts  for  the  six  months 
of  the  year  during  which  Aiken  is  commonly  resorted  to 
by  invalids,  and  for  its  careful  filling  out  the  writer  is 
much  indebted  to  Dr.  Geddings,  through  whose  kindness 
the  proper  figures  were  obtained. 

The  water-supply  at  Aiken  is  chiefly  derived  from 
wells,  which  have  to  be  sunk  to  a  depth  of  about  one 
hundred  feet.  In  its  character  this  water  is  pure  and 
palatable,  and  it  is  said  to  be  quite  free,  not  only  from  all 
admixture  of  animal  or  vegetable  matter,  but  also  from 
any  mineral  ingredient  except  iron,  a  certain  proportion 
of  which  is  to  be  found  in  the  water  derived  from  some  of 
the  natural  springs.  The  sandy  roads  leading  in  various 
directions  through  the  pine  woods  afford  ample  facilities 
for  driving  and  riding. 

HoTBLB,  Etc. — Aiken  is  justly  celebrated  among  the 
health  resorts  of  the  Southern  States  for  the  excellence  of 
its  hotels.  The  largest  and  best  known  of  these  is  the 
Highland  Park  Hotel,  which  not  only  provides  for  its 
guests  an  abundant  and  well-supplied  table,  but  also  pos- 
sesses many  other  conveniences,  and  stands  upon  a  reservar 
tion  of  ground  extending  over  no  less  than  two  hundred 
and  fifty  acres  of  forest-land.  The  Park  Avenue  Hotel  is 
under  the  same  management  and  proprietorship  as  the 
Highland  Park  Hotel.  Besides  these  two,  the  contributor 
of  the  article  on  Aiken,  in  "Appletons'  Handbook  of 
Winter  Resorts,"  makes  favorable  mention  of  the  Aiken 
Hotel,  and  of  the  Clarendon,  and  further  states  that  "  a 
group  of  neat  cottages "  exist,  which  are  let  to  families, 
and  that  "  there  are  many  boarding-houses  in  the  town, 
charging  from  ten  dollars  to  twenty  dollars  a  week."  In 
repljr  to  an  inquiry  concerning  the  educational  facilities 
existing  at  Aiken,  Dr.  Geddings  informs  the  writer,  in  a 
letter  bearing  date  of  January  30,  1885,  that  "  there  is  no 
first-class  school  for  advanced  pupils,  but,  on  the  other 
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hand,  there  are  abundant  opportunities  for  the  best  pri- 
vate instruction  in  English,  classics,  and  music."  In  con- 
clusion, it  may  be  added  that,  situated  as  it  is  upon  the 


line  of  the  South  Carolina  Railroad,  Aiken  is  extremely 
easy  of  access  to  travellers  from  all  parts  of  the  United 

States. 


OUrmte  of  Aiken,  S.  G.— Latitude  33°  33",  Longitude  81'  Z4!'— Period  of  Observations,  1873  to  1884^JSl6vation  of 
Place  above  the  Sea  Level,  565  feet— Name  of  Observer,  W.  H.  Gbddings,  M.D.,  Aiken,  8.  O. 


January. . 
February. 
March.... 

April 

November 
December 

Winter'.'."! 


temperature  of  months 
at  hours  of 


7  A.M. 

Denrees 
&.21 
48.24 
49.03 
57.12 
48.68 
41.81 


2  p.m. 

Degrees. 
53.35 
56.99 
63.82 
70,80 
60.87 
54.25 


9  P.M. 
Degrees 
«.74 
49.75 
56.38 
62.72 
53.03 
46.81 


(Feb.,  March,  and  April. ) 
(Nov.,  Dec,  and  Jan.) 


II 


1^ 


48.01 
49.93 
58.40 
68.34 
53.88 
47.42 

56.55 
49.77 


Mean  temperature 
for  peiioa  of  ota- 
serration. 


Highest. 

Degrees. 
EB.OO 
58.27 
61.87 
66.13 
59.80 
54.83 

58.74 
53.06 


Lowest. 

Degrees. 
41.38 
45.85 
.51.48 
60.63 
50.33 
37.13 

53.44 
47.06 


Degrees. 

7S;54 
78.41 
84.00 
76.72 
70.45 


D 


Degrees. 
20.80 
26.27 
30;64 
41.57  • 
27.63 
20.81 


Absolute  maximum 
temperature  for 
period. 


Highest, 
Degrees. 

82 
84 
89 

81 
75 


Lowest. 
Degrees 


66 
74 


71 
61 


Absolute  minimum 
temperature  for 
period. 


Highest. 
Degrees. 

34 
39 

48 


Lowest. 
Demrees. 

18 
23 
40 
22 
03 


H 


feg    -I 

J      P  w 


January. . , . 
February... 

March 

April 

November. . 
December . . 

Spring 

Winter 


Degrees. 
70 
64 
61 
49 
59 
72 

71 

78 


it 

si 


Per  cent. 
65.03 
54.13 
49.00 
53  90 
63.67 
61.59 

52.34 
63.43 


19X 

w 

20)4 

64M 

59X 


Inches. 
3.64 
3.26 
4.86 
4.71 
3.43 
3.28 

12.83 
10.35 


.9 


From 
S.W.  and  W. 

S.W. 

S.W. 

S.W. 

S.W. 
S.W.  and  W. 

S.W.  and  W. 

S.W. 


.a  ^ 
■g 


I  S3 


Miles. 
3.60 
8.70 
3.28 

No  obs. 
2.46 


3.49 
3.09 


NOTK— .Aiken  being  a  voluntary  station  of  the  United  States  Signal 
Service,  the  hours  of  the  tri-daily  observations  of  temperature  differ  from 
those  observed  at  the  regular  stations.  The  term  "  fair,"  in  column  L,  is 
not  employed  in  the  purely  technical  sense  adopted  in  the  charts  from  reg- 
ular stations.  Attention  is  called  to  the  fact  that  in  this  chart  Pabiuary  is 
reckoned  among  the  Spring  months,  and  November  among  the  Winter 
months. 

Huntington  Richards. 

AINHUM,  A  disease,  supposed  to  be  a  form  of  sclero- 
derma, occurring  in  one  or  more  of  the  extremities,  and 
resulting  frequently  in  gangrene  or  spontaneous  amputa- 
tion of  the  distal  end  of  the  affected  member.  It  was  first 
clearly  described  by  J.  F.  da  Silva  Lima,  a  physician  of 
Brazil,  in  1867  ("Estudo  sobre  o  ainhum,"  Gaz.  Med. 
de  Bahia,  No.  1,  1867),  although  isolated  cases  had  been 
previously  reported  by  others.  In  the  cases  seen  and 
studied  by  him,  the  disease  was  confined  to  the  negro 
race,  and  the  morbid  process  involved  only  the  little  toe 
of  adults.  It  began  as  a  slight  depression  on  the  plantar 
aspect  of  the  metatarso-phalangeal  articulation  of  the  fifth 
toe,  gradually  increasing  in  extent  until  a  distinct  sulcus 
was  visible,  entirely  surrounding  the  digit.  The  constric- 
tion growing  deeper,  the  distal  end  was,  in  time,  sepa- 
rated from  the  foot,  retaining  its  connection  only  by  a 
slender  pedicle.  The  separated  toe  was  sometimes  un- 
changed in  appearance  and  structure,.but  more  frequently 
the  phalanges  became  atrophied,  and  in  time  disappeared, 
leaving  only  an  oval-shaped  fleshy  knob,  united  to  the 
foot  by  a  fibrous  pedicle.    Finally,  the  pedicle  itself  was 


destrayed,  and  amputation  of  the  toe  was  completed. 
The  limitation  of  the  disease  to  the  fifth  toe  of  adult  ne- 
groes, as  maintained  by  Silva  Lima  and  other  writers  on 
the  subject,  in  Brazil,  is  too  narrow,  for  later  observers 
have  seen  an  identical  process  taking  place  in  others  than 
adult  negroes,  and  involving  different  members.  It  may 
occur  in  any  race,  and  at  any  age,  and  may  be  located  in 
any  one  or  several  of  the  fingers  or  toes,  or  even  in  the 
legs.  It  may  also  take  place  in  intra-uterine  life,  being 
probably  the  most  frequent  cause  of  congenital  amputa- 
tions. The  progress  of  the  disease  is  usually  very  slow, 
and  it  seems  at  times  to  become  arrested  before  any  very 
serious  changes  have  been  produced  in  the  distal  portion 
of  the  affected  extremity.  The  morbid  process  may  even 
cease  before  the  constriction  embraces  the  entire  circum- 
ference of  the  limb,  so  that  the  sulcus  forms  an  imperfect 
ring  of  greater  or  less  extent. 

In  a  case  of  ainhum  examined  by  Guyot,  the  morbid 
process  was  found  to  be  located  in  the  deeper  layers  of  the 
dermis,  and  to  consist  in  an  aggregation  of  fibrous  bands, 
running  in  a  direction  at  right  angles  to  the  axis  of  the 
limb.     The  band  was  thickest  at  the  centre,  becoming 

fradually  thinned  at  each  side  until  it  was  lost  in  the 
brous  tissue  of  the  integument.  These  fibres  contract 
slowly,  like  cicatricial  tissue,  gradually  constricting  the 
Umb,  as  "would  an  elastic  ligature,  and  by  compressing 
the  vessels  and  nerves,  inducing  degenerative  changes, 
and,  finally,  death  of  the  parts  beyond.  The  affection 
arises  independently  of  traumatism  or  other  external 
causes,  and  is  supposed  to  be  due  to  a  disturbance  of  the 
trophic  nervous  centres.  If  the  disease  is  seen  to  be  ad- 
vancing, and  to  threaten  the  function  or  the  life  of  the 
limb,  an  endeavor  should  be  made  to  arrest  its  progress 
by  practising  one  or  more  incisions  through  the  constrict- 
ing band  in  a  line  parallel  to  the  axis  of  the  limb.  If  this 
procedure  do  not  suffice,  the  fibrous  band  should  be  dis- 
sected out.  An  incision  is  to  be  made  on  either  side, 
parallel  to  the  sulcus,  and  the  intervening  portion  of  in- 
tegument is  then  removed,  care  being  taken  to  leave  none 
of  the  transverse  fibres.  The  gap  remaining  after  the 
exsection  of  the  sclerosed  strip  of  skin  is  bridged  over 
by  direct  approximation  and  suture  of  the  edges  of  the 
wound.  Only  one-half  of  the  circumference  should  be 
removed  at  one  time,  the  remaining  portion  being  excised 
at  a  subsequent  operation. 

For  a  more  extended  description  of  this  disease  the 
reader  may  consult:  Fox  and  Farquhar,  "  On  Certain 
Endemic  and  other  Skin  Diseases  of  India,"  London, 
1876;  L.   P.  Despretis,  "fitude    sur   Tainhum,"    Mont 
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pellier,  1873 ;  P.  Reclus,  "  Amputations  congenitales  et 
Ainlium  "  Paris,  1884  ;  L'  Union  MMieale,  October  18,  23, 
and  35, 1883 ;  and  other  French,  Spanish,  and  Portuguese 
periodicals  of  recent  years.  TTumas  L.  Stedman. 

AIR.  The  atmosphere,  according  to  the  chemist,  con- 
sists of  a  mixture  of  two  gases,  oxygen  and  nitrogen. 
The  former  is  active  in  its  properties,  combining  with 
many  susceptible  elements,  and  especially  with  the  carbon 
and  hydrogen  of  devitalized  organic  matter,  constituting, 
according  to  the  rapidity  of  the  process,  either  oxidation 
or  combustion,  and  with  the  same  elements  in  the  living 
tissues  of  animals  constituting  one  of  the  essentials  for 
the  continuance  of  life.  The  latter  is  passive,  negative, 
and  merely  diluent. 

,  Oxygen  forms  20.96  per  cent,  by  volume  of  the  gaseous 
mixture  ;  and  this  proportion  is  preserved  in  all  parts  of 
the  atmospheric  ocean.  Specimens  taken  from  the  sea 
level,  and  from  the  mountain-tops  give  practically  the 
same  percentages,  a  result  due  to  the  constant  motion 
produced  by  cosmical  forces,  and  especially  to  the  power 
of  diffusion  or  penetration  into  inter-molecular  areas 
which  gaseous  molecules  are  known  to  possess.  _  Ref- 
erence is  here  made  only  to  the  general  constitution  of 
the.  air.  Samples  taken  from  enclosed  localities  where 
deteriorating  agencies  prevail,  as  in  an  unventilated  and 
occupied  school-room,  church,  theatre,  etc.,  will,  of  ne- 
cessity, show  a  diminished  percentage  of  oxygen. 

A  certain  small  percentage  of  the  oxygen  of  the  air 
exists  in  the  form  of  ozone,  a  peculiar  modification  of 
oxygen  which,  although  much  studied  since  first  dis- 
covered by  Schonbein  in  1840,  has  yet  to  have  its  chemical 
and  natural  history  fully  written.  Its  nature  is  uncer- 
tain, but  it  is  generally  regarded  as  OjO.  The  quantity 
present  in  the  air  cannot  be  determined,  and  even  its 
existence  is  at  times  indicated  with  doubt  by  the  iodized 
starch  papers  which  have  been  largely  used  for  its  detec- 
tion, as  they  are  affedted  by  other  matters,  as  nitrous  acid 
and  peroxide  of  hydrogen,  occasionally  present  in  the 
atmosphere.  Iodized  litmus  papers  have  been  shown  by 
Dr.  Fox  to  be  of  value  as  a  qualitative  test,  and  as  indi- 
cating comparative  quantities  when  known  volumes  of 
the  air  are  aspirated  over  them.  It  is  certain,  however, 
that  ozono  has  stronger  affinities  than  ordinary  oxygen, 
and  that  oxidation  goes  on  more  rapidly  in  its  presence 
than  in  its  absence.  It  undoubtedly  destroys  the  volatile 
substances  which  are  evolved  during  the  putrefactive 
process.  Where  foul  organic  odors  are  present,  ozone  is 
absent.  Hence,  when  the  presence  of  ozone  is  indicated 
by  the  test-papers,  the  air  is  regarded  as  free  from  organic 
contaminations  susceptible  of  oxidation.  But  there  are 
grounds  f  oi  supposing  that  the  specific  contagia  are  not 
destroyed  by  it.    (See  Malaria.) 

In  the  atmosphere,  however,  the  chemist  recognizes 
the  existence  of  small  and  varying  quantities  of  matters 
accidentally  present,  such  as  carbonic  acid,  ammonia, 
watery  vapor,  and  organic  matter. 

The  ca/rbonic  acid  is  produced  by  the  oxidation  of 
carbon  in  dead  and  living  tissues,  and  its  percentage 
varies  with  the  local  causes  which  determine  its  produc- 
tion. Thus  it  is  greater  in  the  alleys  and  streets  of  a  city 
than  in  the  open  country ;  and,  as  this  gas  is  soluble  in 
water,  its  proportion  varies  with  the  hygrometric  and 
other  conditions,  being  greater  in  a  damp  atmosphere, 
before  rain  has  fallen,  than  in  the  air  of  the  same  locality 
after  the  watery  vapor  has  been  precipitated.  The  wind 
and  the  diiBEusive  power  of  gases  tend  to  equalize  the 
percentage;  but,  as  production  is  constant  in  certain 
localities,  the  air  of  these  must  always  show  a  larger 
proportion  of  this  gas  than  that  of  others  remote  from 
such  sources.  It  is  generally  stated  that  4  volumes  of 
carbonic  acid  are  found  in  10,000  volumes  of  atmospheric 
air ;  and  this,  according  to  the  writer's  experience,  may 
be  accepted  as  the  average.  In  1881,  in  connection  with 
a  report  on  the  ventilation  of  the  public  schools  of 
"Washington,  D.  C,  he  found  in  the  air  of  the  streets  of 
the  city,  a  little  over  or  a  little  (inder  4  volumes  in  10,000  ; 
but  on  one  occasion  4.9  volumes  were  obtained,  and  on 
another  2.2  volumes.    Two  years  before  this  he  got 


similar  results  from  the  air  of  the  Capitol  grounds, 
while  engaged  in  an  investigation  having  reference  to 
the  ventilation  of  the  House  of  Representatives ;  and,  in 
the  spring  of  1874,  in  a  series  of  examinations  into  the 
ventilation  of  soldiers'  quarters,  at  Fort  Bridger,  Wyo- 
ming Territory,  he  found  a  steady  and  gradual  decrease, 
day  by  day,  as  the  season  advanced,  from  4.5  to  2.6 
volumes  per  10,000. 

Some  points  have  been  determined  concerning  these 
tides  in  the  carbonic  acid  volumes,  especially  by  the  ob- 
servations of  De  Saussure  ;  but,  practically,  no  one  can  as 
yet  predicate,  from  the  experiment  of  one  day,  the  prob- 
abilities as  to  the  result  of  that  of  the  next.  Carbonic 
acid  in  the  air  of  dwellings  has,  as  will  be  shown  here- 
after, an  important  bearing  on  the  subject  of  ventilation. 

Ammonia  emanates  and  is  diffused  from  putrefactive 
processes  in  progress  on  the  surface  of  the  earth.  It  is 
also  produced  from  the  nitrogen  of  the  atmosphere  by 
electric  agency,  as  during  thunder-storms.  Its  quantity 
is  variable,  but  0.1  mm.  in  a  cubic  metre  of  air  is  a  not 
unusual  amount.  This  corresponds  to  a  grain  in  about 
33,000  cubic  feet.  In  a  series  of  analyses  of  the  free  ex- 
ternal air,  preliminary  to  an  investigation  of  its  abnormal 
conditions,  the  writer  frequently  obtained  this  quantity. 
Rain  washes  the  ammonia  from  the  air  to  the  surface  of 
the  earth,  and  in  the  rainfall  it  may  always  be  detected 
and  measured.  Its  quantity  is  increased  during  thunder- 
storms. It  varies  from  less  than  0. 2  to  more  than  0. 5  mm. 
per  litre  (one  grain  in  from  84  to  86  U.S.  gallons).  In 
dealing  with  cubic  feet  of  air  the  ammonia  is  necessarily 
a  very  minute  quantity,  but  when  the  annual  rainfall 
over  a  tract  of  country  is  made  the  basis  of  calculation, 
the  subject  becomes  one  of  importance  in  agricultural 
chemistry. 

The  ammonia  of  the  air  is  condensed  on  exposed  sur- 
faces, and  R.  A.  Smith  has  suggested  that  the  quantity 
of  ammonia  deposited  on  a  given  surface  in  a  given  time 
may  be  taken  as  an  exponent  of  the  sanitary  condition  of 
the  atmosphere.  A  glass  or  other  surface  which  has  been 
exposed  for  some  time  in  an  unventilated  bedroom,  when 
washed  with  pure  water,  will  show  in  the  washings  the 
presence  of  a  readily  determinable  quantity  of  ammonia ; 
but  the  attempt  to  demonstrate  the  relative  purity  of 
atmospheres  by  the  quantity  deposited  on  equal  and  sim- 
ilar surfaces  in  equal  periods  of  exposure  meets  with 
failure  unless  the  temperature,  the  hygrometric  condi- 
tion, and  the  air  movement  are  the  same  in  both  instances. 
This  concurrence  of  similar  conditions  is  difficult,  if  not 
impossible,  to  obtain  in  practice.  The  writer  failed  by 
this  method  to  show  the  presence  of  sewer  air  in  an  at- 
mosphere in  which  it  was  known  to  be  present. 

Watery  vapor  is  constant  in  its  presence  in  the  atmos- 
phere, but  in  such  varying  quantities  that  it  is  viewed  by 
many  as  an  accidental  constituent.  Its  importance,  how- 
ever, not  only  in  the  preservation  of  the  purity  of  the 
atmosphere,  but  as  a  preservative  of  the  vitality  of  all 
the  organisms  submerged  in  it,  is  so  great  that  it  must 
be  regarded  physiologically  as  an  essential.  The  capac- 
ity of  air  for  holding  aqueous  vapor  is  limited  and 
varies  with  the  temperature.  When  air  of  a  given  tem- 
perature is  so  permeated  with  aqueous  vapor  that  no 
more  can  be  taken  up,  it  is  said  to  be  saturated  for  that 
temperature.  Thus  air  at  0°  C.  (32°  F.^  will  take  up  and 
hold  4.875  grammes  of  aqueous  vapor  in  one  cubic  metre 
(equivalent  to  2.13  grains  in  a  cubic  foot).  But  It  this 
same  air  is  attenuated  by  increasing  its  temperature  to 
21.1°  C.  (70°  F.)  its  capacity  for  holding  the  vapor  of 
water  will  be  increased  and  a  cubic  metre  will  not  be 
saturated  until  it  contains  18. 334  grammes  (or  8.01  grains 
in  the  cubic  foot).  Precipitation  of  vapor  occurs  when 
the  air  is  cooled  to  a  temperature  below  that  which  is 
needful  to  enable  it  to  retain  the  vapor  which  it  contains. 
If  a  cubic  metre  of  air  at  21.1°  C.  holds  only  4,875 
grammes  of  aqueous  vapor,  precipitation  will  not  take 
place  until  the  air  has  been  cooled  to  0°  C. 

The  degree  of  temperature  at  which  moisture  begins 
to  be  deposited  from  air  is  called  the  dew-point.  Wlien 
air  is  saturated,  its  temperature  and  the  dew-point  coin- 
cide.   The  quantity  of  vapor  which  air  is  capable  of  re 
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taining  has  been  accurately  determined  for  all  ordinary 
temperatures.  It  is,  therefore,  only  needful  to  ascertain 
the  dew-point  to  learn,  not  only  how  much  vapor  the  air 
contains,  but,  which  is  of  more  importance,  how  much 
more  it  is  capable  of  taking  up.  As  this  latter  quantity 
varies  with  the  temperature  and  the  difference  between 
that  temperature  and  the  dew-point,  medical  climatolo- 
gists  have  endeavored  to  effect  a  uniformity  in  their 
records  by  expressing  the  results  of  such  observations  in 
terms  of  relative  humidity,  saturation  being  represented 
by  100.  The  dew-point  may  be  obtained,  after  Regnault's 
method,  by  evaporating  ether  in  a  test-tube  containing  a 
sensitive  thermometer,  and  noting  the  temperature  when 
the  surface  of  the  tube  becomes  dimmed  by  deposited 
vapor  from  the  air.  But  it  is  usually  calculated  from 
the  difference  between  the  dry  and  wet  bulbs,  and  the 
relative  humidity  is  obtained  therefrom  by  the  use  of 
Glaishers'  tables. 

The  air  constituents  which  have  been  mentioned  must 
be  regarded,  from  the  scientific  and  sanitary  point  of 
view,  as  individually  essential  to  the  constitution  of  the 
atmosphere.  The  oxygen  is  vital  to  animals,  its  quan- 
tity being  preserved  by  the  evolution  from  vegetation 
and  the  equilibrium  established  between  these  two  king- 
doms of  nature.  The  carbonic  acid  is  vital  to  vegetation, 
being  the  source  of  much  of  the  carbon  solidified  in  its 
tissues  ;  its  quantity  is  preserved  by  the  evolution  from 
animals  and  by  the  retrogressive  metamorphosis  of  the 
organic  carbon  of  devitalized  tissues.  The  ammonia  is 
needful  to  the  building  up  of  organic  structures  by  veg- 
etable life,  which  afterward  figure  in  the  life-history  of 
the  animal  kingdom,  and  which,  when  ultimately  over- 
taken by  death,  are  returned  to  the  ammoniacal  condi- 
tion by  the  agency  of  microscopic  organisms.  The  ni- 
trogen is  primarily  a  diluent  presenting  the  oxygen  to 
the  animal  kingdom,  and  the  carbonic  acid  to  vegetation, 
in  the  strength  best  suited  for  their  respective  needs. 
Speedy  death  occurs  to  the  animal  organism  exposed  to 
an  atmosphere  of  undiluted  oxygen  from  exaggeration 
of  the  vital  actions.  Presumably  a  similar  effect  would 
be  produced  on  the  vegetation  of  to-day  by  a  carbonic 
acid  atmosphere,  for,  if  we  look  back  through  the  geo- 
logic eras  to  the  time  when  a  carbonic  acid  atmosphere 
enveloped  the  earth,  we  find  the  genera  then  living 
wholly  different  from  those  which  are  now  their  succes- 
sors under  different  conditions.  But  there  is  ground  for 
supposing  that  the  inorganic  nitrogen  of  the  air  is  a 
store  from  which  the  organic  kingdoms  may  draw  sup- 
plies. Nitrogen  is  transformed  into  ammonia  and  nitrous 
acid  by  electrical  agency,  and  thus  becomes  susceptible 
of  assimilation  by  the  vegetable  kingdom.  The  name 
asoie,  originally  applied  to  this  gas  by  the  chemists,  be- 
cause animal  life  could  not  be  sustained  in  it,  is  a  mis- 
nomer. Without  nitrogen  there  is  no  life.  Some  of  the 
products  of  vital  action,  as  the  fats  and  starches,  contain 
no  nitrogen,  but  the  active  tissues  of  vitality  which  elab- 
orated these  carbonaceous  products  are  nitrogenous. 
Watery  vapor  prevents  desiccation.  Without  a  certain 
relative  humidity  life,  vegetable  or  animal,  would  be  an 
impossibility.  As  the  fish  dies  when  taken  from  the  water, 
though  in  a  medium  which  is  richer  in  oxygen  than  is  its 
natural  habitat,  so  would  all  air-breathing  organisms 
perish  were  the  humidity  of  the  atmosphere  removed. 
But  this  water,  by  its  absorption  into  and  deposition 
from  the  atmosphere,  under  altered  conditions  as  to 
temperature,  exercises  another  and  most  important  func- 
tion. Among  what  may  be  considered,  in  accordance 
with  our  present  knowledge  of  vital  actions,  as  the 
purely  accidental  substances  found  in  the  atmosphere, 
particulate  matter  in  fine  division,  in  other  words,  the 
dust  of  the  earth,  occupies  a  prominent  place.  As  the 
earth  is  composed  of  organic  and  inorganic,  living  and 
dead  matters,  its  dust  is  of  similarly  varied  composition. 
Among  the  various  species  of  the  genus  dust  are  some 
which,  as  will  be  shown  hereafter,  are  exceedingly  dele- 
terious to  animal  life  ;  but  the  greater  number  in  the 
quantity  usually  present  in  the  air  are  individually  and 
collectively  harmless.  Nevertheless,  without  the  aque- 
ous vapor,  there  is  no  provision  of  nature  by  which  life 


may  be  preserved  from  suffocation  by  this  otherwise 
harmless  dust.  With  the  reduction  of  the  atmospheric 
temperature  to  a  point  below  the  dew-point,  water  is  lib- 
erated and  precipitated  to  the  surface  of  the  earth,  carry- 
ing with  it  all  particulate  matters  which  would  otherwise 
accumulate  without  end.  The  clearness  of  the  atmos- 
phere after  a  rain-storm,  which  has  been  preceded  by  a 
period  of  dry  weather,  is  a  matter  of  common  observ- 
ance, and  can  be  readily  understood.  The  impurities 
are  washed  to  the  surface.  Rain-water  is  the  sewage  of 
the  atmosphere. 

The  matters  occasionally  or  accidentally  present  in  the 
atmosphere  are  gaseous  or  solid.  Of  the  former,  carbonic 
acid  in  excess  of  the  average  quantity  must  be  regarded 
quantitatively  as  the  most  important.  Its  sources  are  or- 
ganic decomposition  as  occurring  in  the  soil,  animal  res- 
piration, and  the  combustion  of  fuel.  Hence  it  is  found 
in  excess  or  as  an  impurity  at  or  near  the  surface  of  the 
ground  in  the  narrow  streets  of  closely  built  cities,  and 
within  the  walls  of  occupied  buildings.  Carbonic  acid 
is  probably  harmless  per  se,  unless  in  very  unusual  quan- 
tities, but  as  its  sources,  in  most  instances,  evolve  also 
matters  which  are  harmful,  its  presence  is  of  much  im- 
portance. Coming  from  the  interstices  of  the  ground  or 
from  the  sewers,  carbonic  acid  may  be  accompanied  by 
specific  miasms.  In  the  former  instance  it  may  be  sug- 
gested that  the  specific  miasms,  being  particulate,  are  re- 
moved by  the  filtration  which  the  air  undergoes.  It  is 
well  known  to  every  experimenter  that  a  plug  of  cotton- 
wool will  protect  a  sterilized  culture-fiuid  from  impreg- 
nation by  the  germs  of  putrefaction — that  is,  that  the 
wool  will  act  emciently  as  a  filter  when  the  air-current  is 
only  such  as  is  caused  by  variations  in  temperature  and 
barometric  pressure.  Professor  Pumpelly  has  shown 
that  asbestos,  sand,  and  other  dry  filters  are  efficient 
against  putrefactive  agencies  even  when  the  air  is  drawn 
rapidly  through  them.  Moreover,  the  writer  knows,  by 
experiments  performed  for  the  National  Board  of  Health, 
and  as  yet  unpublished,  that  the  nitrogenous  matters  of 
sewer,  garbage,  and  marsh  airs  are  particulate  and  sus- 
ceptible of  removal  by  filtration.  But  it  remains  to  be 
proved  that  such  nitrogenous  particulate  substances  are 
removed  by  a  filtration  through  the  organic  matrix,  the 
soil,  in  which  they  are  multiplying.  Besides,  in  this  ques- 
tion, evaporation  from  the  surface  is  involved  as  well  as 
filtration  through  the  substance.  The  passage  of  air 
through  and  from  the  soil  promotes  evaporation  from  the 
surface,  which  carries  with  it  the  miasmatic  exhalation. 
Hence  may  be  inferred  the  inadvisability  of  furnishing 
cellar  air,  or  air  introduced  by  tunnels  into  a  building  for 
purposes  of  ventilation.  In  fact  cellars,  in  default  of  an 
impermeable  lining,  should  have  a  free  circulation  of  air 
separate  from  the  ventilation  system  of  the  superimposed 
building. 

Carbonic  acid  from  the  consumption  of  fuel  and  gas, 
while  injurious  by  diminishing  the  proportion  of  oxygen 
in  the  air  furnished  for  respiration,  may  be  accompanied 
by  other  and  more  deleterious  gases,  such  as  carbonic 
oxide  and  sulphurous  acid.  One  cubic  foot  of  gas,  ac- 
cording to  Parkes,  destroys  in  its  combustion  the  entire 
oxygen  of  eight  cubic  feet  of  air.  Carbonic  acid  as  the 
result  of  animal  respiration  is  accompanied  by  organic 
exhalations  which  are  well  known  to  be  deleterious,  pro- 
ducing headache  and  febrile  action  when  the  exposure  is  of 
short  continuance,  and  predisposing  to  pulmonary  affec- 
tions, phthisis,  and  typhous  conditions  when  the  exposure 
is  habitual.  Specific  miasms  or  contagia,  if  present,  are 
generally  concentrated  in  proportion  to  the  percentage  of 
expired  carbonic  acid  in  the  air.  Hence  the  examination 
of  the  air  of  an  occupied  building  usually  resolves  itself 
into  a  determination  of  the  amount  of  carbonic  acid 
present  in  it ;  not  because  this  gas  is  of  much  importance 
in  itself  as  compared  with  the  organic  matters  which  are 
eliminated  with  it  from  the  human  system,  but  because 
both  being  the  result  of  the  same  vital  processes,  pul- 
monary and  cutaneous  exhalation,  the  amount  of  the  one 
may  be  taken  as  an  expression  of  the  quantity  of  the 
other.  These  organic  matters  are  susceptible  of  separa- 
tion into  particulate  and  gaseous ;  the  vital  qualities  of 
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the  former  may  be  examined  microscopically  by  cultures 
and  by  inoculation,  and  the  elementary  analysis  of  both 
may  be  effected  with  the  utmost  accuracy  ;  but  the  col- 
lection of  the  organic  matter  for  such  quantitative  ex- 
periments involves  a  tedious  filtration,  during  which  the 
character  of  the  air  to  be  examined  may  become  ma- 
terially changed,  and  when  collected  the  experimental 
proces'ses  to  which  it  must  be  subjected  requires  so  much 
care,  time,  and  experience  in  this  special  line  of  sanitary 
work  that  in  practice  the  organic  matter  is  seldom  deter- 
mined. The  carbonic  acid,  on  the  other  hand,  is  quickly 
collected,  readily  and  accurately  estimated  by  any  one 
who  possesses  experimental  tact,  and  an  experience  of 
general  volumetric  analysis.  It  has  therefore  become  the 
exponent  of  ths  respiratory  impurity  of  air ;  the  increase 
In  its  amount  over  that  present  in  the  external  air  being  a 
measure  of  the  respiratory  use  to  which  the  air  has  been 
applied  and  of  its  fitness  or  unfitness  for  further  use.  In 
estimating  the  carbonic  acid  an  alkaline  solution  of  baryta 
or  lime  of  known  strength  is  used  for  its  absorption,  and 
the  loss  of  alkalinity,  as  subsequently  determined  by 
some  other  acid,  gives  the  figures  from  which  the  ab- 
sorbed carbonic  acid  may  be  calculated. 

The  practical  details  are  as  follows  :  A  solution  of  pure 
oxalic  acid  is  made  of  such  strength  (3.864  grammes  per 
litre)  that  one  gramme  will  neutralize  as  much  caustic 
baryta  as  may  combine  with  one  milligramme  of  carbonic 
acid.  A  baryta  solution  of  equivalent  strength,  one 
gramme  of  the  one  neutralizing  one  gramme  of  the 
other,  is  then  made  and  immediately  transferred  to  bottles 
of  from  50  to  60  c.c.  capacity  (two-ounce  vials),  each  of 
which  is  corked  securely  and  weighed,  and  the  total 
weight  of  the  bottle  and  its  contents  is  marked  upon  the 
label.  The  air  to  be  examined  is  collected  in  a  clean  and 
perfectly  dry  clear  glass  bottle  or  narrow-mouthed  jar, 
the  capacity  of  which  is  accurately  known.  Ten-litre 
bottles  are  large  enough  to  give  accurate  results.  A  rub- 
ber tube  and  small  bellows  are  conveniently  used  in  fill- 
ing the  jar  with  the  air  to  be  examined,  but  care  must  be 
taken  that  the  air  entering  by  the  valve  of  the  bellows  is 
not  contaminated  by  any  direct  respiratory  streams  from 
individuals  present.  As  soon  as  the  charge  of  air  has 
been  effected,  one  of  the  prepared  baryta  vials  is  care- 
fully uncorked  and  its  contents  poured  into  the  jar, 
which  is  then  closed  by  an  accurately  ground  stopper,  or 
preferably  by  a  tightly  fitting  rubber  cork.  The  baryta 
solution  is  then  shaken  in  the  jar,  and  made  to  flow  all 
over  its  interior  to  promote  its  contact  with  the  contained 
air ;  but  to  insure  thorough  absorption  of  the  carbonic 
acid  the  jar  is  usually  permitted  to  stand  until  the  follow- 
ing day  before  determining  the  loss  of  alkalinity.  Mean- 
while the  volume  of  the  air  operated  on  is  ascertained 
from  observations  made  at  the  time  the  air  was  collected. 
The  height  of  the  barometer  and  of  the  dry  and  wet  bulb 
thermometers  must  be  known,  and  the  quantity  of  baryta 
solution  introduced  into  the  jar.  The  last  is  obtained  by 
weighing  the  now  empty  vial  in  which  it  was  stored  and 
deducting  this  weight  from  the  gross  weight  marked  on 
the  label.  The  quantity  in  grammes  of  the  baryta  solu- 
tion employed  must  be  deducted  as  cubic  centimetres 
from  the  known  capacity  of  the  jar.  But  in  order  that 
experimental  results  may  be  susceptible  of  comparison 
it  is  necessary  to  express  the  air-volume  in  the  space 
which  it  would  occupy  when  dry  at  zero  Centigrade  and 
under  a  pressure  of  760  millimetres  of  mercury.  In- 
creased pressure  diminishes  the  volume  of  air,  increased 
temperature  expands  it,  and  the  pressure  of  the  watery 
vapor  present  must  also  be  taken  into  account.  The 
temperature  observations  furnish  the  dew-point,  and 
through  it  from  the  observations  of  Regnault  the  press- 
ure or  tension  of  the  aqueous  vapor  may  be  obtained. 
If  p  represents  this  pressure,  t  the  temperature  in  Centi- 
grade degrees,  *  the  barometric  height  in  millimetres, 
and  Fthe  capacity  of  the  jar,  minus  the  number  of  cubic 
centimetres  of  baryta  solution  introduced,  the  corrected 
volume  will  be  equal  to 


V(b-p)  273 
(273  +  t)  m 


Next  day  the  liquid  contents  of  the  jar  are  transferred  to 
a  small  beaked  flask  or  alkalimeter,  and  the  weight  of 
the  flask  and  its  contents  is  noted,  that,  by  again  weigh- 
ing, the  loss  of  weight  may  indicate  the  quantity  used  in 
the  subsequent  experiment.  Ten  grammes  of  the  oxalic 
solution  are  weighed  into  a  smpjl  beaker  and  colored 
with  a  few  drops  of  tincture  of  litmus.  Into  this  the 
deteriorated  baryta  solution  (after  the  carbonate  present 
has  settled)  is  dropped  from  the  alkalimeter  rapidly,  until 
a  haziness  is  developed,  and  after  this  more  slowly  until 
the  last  drop  changes  the  color  to  a  dark  purple.  The 
oxalic  acid  has  been  neutralized,  and  the  weight  lost  by 
the  alkalimeter  gives  the  quantity  of  the  baryta  solution 
used  in  effecting  the  neutralization.  Let  it  be  supposed, 
for  example,  that  50  grammes  of  the  solution  were  in- 
troduced into  the  jar,  and  that  25  grammes  of  it  are  now 
required  to  neutralize  10  grammes  of  the  standard  acid, 
the  total  of  50  grammes  will  suffice  to  neutralize  only 
20  grammes  of  the  oxalic  solution,  while  before  absorb- 
ing the  carbonic  acid  of  the  bottled  air  it  was  capable 
of  neutralizing  50  grammes.  There  has  therefore  been 
removed  by  this  carbonic  acid  as  much  baryta  as  would 
neutralize  80  grammes  of  the  oxalic  test,  or,  in  other  words, 
30  milligrammes  of  carbonic  acid  were  contained  in  the 
air  which  was  the  subject  of  the  experiment. 

The  weight  of  the  carbonic  acid  in  milligrammes  when 
multiplied  by  the  factor  .50685  gives  expression  to  its 
volume  in  cubic  centimetres.  It  must  be  remembered, 
however,  that  this  volume  of  carbonic  acid  is  not  all 
carbonic  impurity,  but  includes  that  which  is  naturally 
present  in  the  air.  When  the  result  of  a  cotempo- 
raneous  experiment  on  the  external  air  has  been  de- 
ducted, the  remainder  indicates  the  carbonic  acid  due  to 
imperfect  ventilation. 

An  easily  applied  method  of  ascertaining  whether  a 
given  air  contains  more  than  a  certain  number  of  volumes 
of  carbonic  acid  per  ten  thousand  is  based  on  the  turbid- 
ity caused  in  lime-water  by  the  precipitated  carbonate.  If 
a  half -ounce  of  this  liquid  is  shaken  up  in  an  eight-ounce 
vial  filled  with  the  air  to  be  examined,  the  appearance  of 
turbidity  indicates  the  presence  of  eight  or  more  volumes 
of  carbonic  acid  in  ten  thousand  volumes  of  the  air,  and 
that  the  arrangements  for  ventilation  in  the  apartments 
which  furnished  the  air  are  not  as  satisfactory  as  could 
be  wished.  Bottles  of  various  sizes  are  used  by  the  opera- 
tor in  conducting  this,  the  Tvousehold  method  of  sanitary 
air  analysis,  and  from  the  capacity  of  the  bottle  in  which 
a  just  visible  turbidity  is  produced  the  volumes  of  car- 
bonic acid  per  ten  thousand  become  known. 

In  another  method,  the  minimetric,  air  is  Introduced 
in  small  quantitjr  into  a  vial  containing  lime  or  baryta 
solution,  which  is  well  shaken,  with  gradual  additions  of 
the  air,  until  the  liquid  shows  a  certain  loss  of  transpar- 
ency, when  the  carbonic  acid  is  calculated  from  the 
quantity  of  air  needful  to  the  production  of  this  result. 

These,  although  pretty  experiments,  and  described  in 
full  by  most  sanitary  writers,  have  not  come  into  gen- 
eral use,  because  they  are  not  required.  As  they  yield 
results  which  are  only  approximative,  they  cannot  take 
the  place  of  the  accurate  determination  needful  in  a 
scientific  inquiry,  while,  as  rough  and  ready  methods, 
their  results  convey  no  more  Information  of  practical 
value  than  may  be  gathered  unpretentiously  by  the  sen.se 
of  smell.  A  well-ventilated  room  should  not  have  more 
than  one  or  two  volumes  per  ten  thousand  in  excess  of 
the  external  air,  equalling  a  total  of  five  or  six  volumes. 
When  the  carbonic  acid  amounts  to  seven  volumes,  a 
want  of  freshness  is  recognized  on  entering.  When  nine, 
ten,  or  more  volumes  are  present,  the  organic  odor  be- 
comes manifest. 

Although  the  carbonic  acid,  as  has  been  stated,  is 
generally  accepted  as  a  measure  of  the  respiratory  im- 
purity. It  is  not  an  accurate  one,  for  it  is  more  readily 
diffused  and  carried  off  by  ventilating  currents  than  the 
organic  exhalations  which  accompany  it  from  the  human 
system.  Whence  it  comes  that  the  continued  occu- 
pancy of  an  apartment  may  give  rise  to  organic  odors  in 
its  atmosphere,  although  carbonic  acid  may  not  be 
present  in  large  quantity.     The  writer  has  frequently 
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detected  the  organic  odor  in  barrack-rooms  some  time 
after  the  men  had  quitted  them,  when  the  carbonic  acid, 
on  account  of  open  doors  and  windows,  was  but  little  in 
excess  of  that  found  in  the  open  air.  The  exhalation  ap- 
pears to  adhere  to  walls  and  other  surfaces,  and  textures, 
and  to  require  time  for  its  dissipation. 

But,  while  the  carbonic  acid  is  not  an  accurate  measure 
of  the  organic  contamination  in  the  air  of  occupied  build- 
ings, its  estimation  affords  the  best  means  of  testing  the 
effieieTicy  of  the  wntilation.  Sanitary  inspectors  do  not 
recognize  this  fact.  Sanitary  chemists  have  not  brought 
it  prominently  into  notice.  When  questions  of  ventila- 
tion are  to  be  settled,  Cassela's  air-meter  is  used,  and 
the  air  movement  is  calculated  from  its  indications  and 
the  areas  of  inflow  and  exit.  The  inspector  shows  that 
go  much  air  has  entered  or  that  so  much  has  escaped,  to 
be  replaced  of  necessity  by  a  corresponding  volume  of 
fresh  air  through  the  inflow  ducts.  But  this  is  not 
enough.  It  must  be  shown  that  the  air  introduced  has 
offected  the  purpose  for  which  it  was  introduced.  This 
may  be  done  by  a  calculation  based  on  the  amount  of  car- 
bonic impurity  found  by  experiment.  It  is  needful  to 
know  the  average,  rate  at  which  carbonic  acid  is  elim- 
inated from  the  person.  This  evolution  varies  according 
to  conditions  of  rest  or  activity.  Professor  Parkes  states 
the  yield  at  from  twelve  to  sixteen  cubic  feet  in  twenty- 
four  hours,  or  from  .5  to  .66  of  a  cubic  foot  per  hour. 
Huxley  gives  three  hundred  and  sixty  feet  as  the  volume 
f  air  expired  daily,  and,  as  the  air  of  expiration  is 
known  to  contain  four  per  cent,  of  carbonic  acid,  this  is 
equivalent  to  an  hourly  production  of  .6  of  a  cubic  foot. 
Other  experimenters  have  arrived  at  similar  results.  This 
is  a  convenient  number  for  calculation,  as  it  corresponds 
with  .01  of  a  cubic  foot  per  minute.  The  capacity  of 
the  room  must  also  be  ascertained,  and  in  exact  calcula- 
tions deduction  should  be  made  for  the  body  bulk  of  the 
occupants  and  for  the  furniture.  The  time  during  which 
the  deterioration  has  been  going  on  is  another  factor  en- 
tering into  the  calculation. 

The  carbonic  evolution,  .01  cubic  foot  per  minute  per 
person,  multiplied  by  the  number  of  minutes,  gives  the 
amount  of  the  carbonic  impurity  generated.  When  this 
is  divided  by  the  carbonic  impurity  found  by  experiment 
in  ten  thousand  volumes  of  the  air,  the  quotient  multi- 
plied by  ten  thousand  will  express,  in  cubic  feet,  the  vol- 
ume of  the  air  with  which  the  respiratory  products  have 
been  diluted.  But,  as  the  air-volume  in  the  room  has  con- 
tributed to  the  dilution,  its  capacity  has  to  be  deducted 
from  the  total  to  obtain  the  amount  of  the  inflow. 

Thus,  if  the  data  consist  of  50  persons,  50  minutes, 
7,000  cubic  feet,  and  a  carbonic  impurity  experimentally 
found  of  10  volumes  : 


01  X  50  X  50  =  35  cubic  feet  of  carbonic  acid  expired. 
,000  cubic  feet  of  air  requir 
18,000'onbio  feet  of  inflow. 


--  X  10,000  =  25,000  cubic  feet  of  air  required  for  the  dilution. 


25,000  -  7,000 

— ^— —  =  360  cubic  feet  of  inflow  per  minute, 
5U 

-— -  =  5.1  cubic  feet  of  inflow  per  minute  per  person. 
51) 

The  inflow  being  known,  other  questions  which  need 
only  be  suggested,  may  be  answered.  An  experiment  has 
been  made  on  the  air  of  a  room  which  contained  only  fifty 
persons,  although  seated  for  one  hundred ;  what  would 
have  been  the  result  had  all  the  seats  been  occupied  ? 
The  occupation  of  the  room  at  the  time  of  the  experiment 
had  continued  but  sixty  minutes  ;  what  would  have  been 
the  result  had  the  occupation  lasted  six  hours  ? 

In  practice  it  is  often  found  that  the  inflow,  as  deter- 
mined by  the  anemometer,  is  much  greater  than  that  ob- 
tained from  the  chemical  results.  That  the  air  enters 
is  certain,  and  that  it  fails  to  be  utilized  in  diluting  the 
expired  air,  is  equally  so.  A  want  of  diffusion  must  be 
inferred  in  explanation.  In  one  of  the  schools  of  Wash- 
ington, D.  C. ,  800  cubic  feet  per  minute  entered  the  room, 
while  but  324  cubic  feet  contributed  to  the  ventilation. 
The  cause  in  this  instance  was  manifest.  The  tempera- 
ture of  the  incoming  air  was  so  great  that  it  rose  immedi- 
ately to  the  ceiling,  whence  it  was  drawn  oflE  by  the 


lowered  windows  and  foul  air-flues.  Somewhat  similar 
conditions  prevail  in  the  Hall  of  Representatives  in  our 
National  Capitol.  Although  the  floor  is  largely  and  gen- 
erally perforated  for  the  inflow  of  fau-driven  air,  certain 
of  the  ducts  leading  to  these  perforations  carry  a  large  pro- 
portion of  the  incoming  air,  while  others  bring  but  little. 
Over  some  of  the  gratings  there  is  a  vigorous  current, 
over  others  the  inflow  is  small.  The  impetus  in  the  one 
case  carries  the  air  upward  until  it  reaches  the  area  influ- 
enced by  the  aspiration  of  the  louvres  on  the  roof,  whence 
it  is  carried  through  the  perforations  in  the  ceiling  with- 
out having  been  distributed  in  the  body  of  the  hall. 
While  the  spaces  in  front  of  the  Speaker's  desk,  and  in 
the  centre  of  the  hall  are  well  ventilated  by  this  upward 
current,  the  air  of  the  sides  and  galleries  is  more  or  less 
stagnant.  The  volume  of  air  which  enters  is  .suflicient 
to  effect  a  satisfactory  ventilation,  but  it  is  not  dis- 
tributed. The  galleries  are  close  and  stuffy,  while  cer- 
tain of  the  occupants  below  may  feel  chilly  in  the  upris- 
ing current. 

The  gaseous  products  of  fuel  and  gas  consumption 
contain  traces  of  ca/rbonic  oxide,  if  the  oxidation  is  not 
complete.  This  gas  is  highly  poisonous,  entering  the 
blood  and  rendering  the  red  corpuscles  incapable  of  per- 
forming their  function,  even  though  pure  air  be  after- 
ward supplied.  Death  is  the  result  of  asphyxia.  In 
rooms  heated  by  stoves  the  headache,  languor,  and  op- 
pression occasionally  produced  are  due  to  the  escape  of 
this  with  other  gaseous  products  through  the  open  stove- 
doors  and  leaky  joints.  Some  experiments  of  St.  Claire 
Deville  and  Troost  indicated  that  the  carbonic  oxide 
might  even  pass  through  the  pores  of  cast  iron  when  the 
metal  became  strongly  heated.  The  French  Academy, 
therefore,  caused  an  investigation  to  be  made  of  this  sub- 
ject, and  the  conclusion  was  reached  that  carbonic  oxide 
does  pass  through  the  metal  when  its  temperature  reaches 
a  dark-red  heat.  Since  these  experiments  air  heated  by 
furnaces  or  cast-iron  stoves  has  been  regarded  as  in- 
jurious. But  doubt  has  been  thrown  upon  the  results  of 
the  French  chemists  by  several  later  experimenters,  and 
particularly  by  Professor  Reinsen,  of  Baltimore,  Md., 
who  has  shown  some  possible  sources  of  error,  and  who, 
having  guarded  against  these,  has  concluded  that,  while 
carbonic  oxide  may  be  present  in  the  air  of  furnace- 
heated  rooms,  it  must  exist  in  quantities  so  minute  that 
it  is  questionable- if  it  can  act  injuriously  on  the  health  of 
those  who  breathe  it. 

Carburetted  hydrogen  and  sulphurous  acid  are  liber- 
ated during  combustion,  but  in  such  small  quantities  that 
they  need  not  be  considered  as  influencing  the  health. 

The  gases  evolved  during  the  putrefaction  of  organic 
matter,  as  in  impure  soils,  manure  piles,  cesspools,  vaults, 
.drains,  and  sewers,  consist  of  carbonic  acid,  nitrogen,  sul- 
phuretted hydrogen,  ammonium  sulphide,  carburetted 
hydrogen,  and  organic  vapors.  The  action  of  the  sul- 
phur gases  on  the  animal  system  has  been  demonstrated 
experimentally  by  Barker  on  dogs  and  other  small  ani- 
mals. Sulphuretted  hydrogen  produces  vomiting  and  diar- 
rhcea,  prostration  and  coma,  which  last,  like  the  effects 
of  carbonic  oxide,  persist  after  removal  from  the  con- 
taminated atmosphere.  The  exhaustion  and  coma  con- 
tinue, and  death  results  if  the  impression  fixed  on  the 
blood  is  sufficiently  powerful.  But,  while  this  undoubt- 
edly occurred  in  the  subjects  of  Dr.  Barker's  experi- 
ments, it  is  well  known  that  men  may  breathe  with  im- 
punity for  a  time  a  sulphuretted  atmosphere  many  times 
stronger  than  those  employed  by  him.  Sulphide  of  am- 
monium, according  to  this  experimenter,  caused  vomit- 
ing and  febrile  action,  quickly  followed  by  the  develop- 
ment of  a  typhoid  condition.  In  fact,  he  considered  the 
sulphuretted  hydrogen  similar  in  its  action  to  the  poison 
of  typhus,  and  sulphide  of  ammonium  to  that  of  typhoid 
fever. 

Chronic  poisoning  by  sulphuretted  hydrogen  mani- 
fests itself,  according  to  some  observations,  by  gi-adual 
prostration,  emaciation,  anri  anaemia,  with  headache,  foul 
tongue,  anorexia,  and  the  occasional  eruption  of  boils, 
but  it  is  not  certain  that  these  symptoms  are  due  to  this 
gas  and  not  to  organic  miasms  which  may  accompany  it. 


93 


Air. 
Air. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


The  action  of  the  more  complex  organic  vapors  given 
off  during  decomposition  has  not  been  determined.  1  he 
dogs  subjected  by  Dr.  Barker  to  the  cesspool  air  were  all 
more  or  less  affected,  the  symptoms  being  those  of  intes- 
tinal derangement  with  prostration,  heat  of  surface,  dis- 
taste for  food,  and  those  general  signs  which  mark  the 
milder  forms  of  continued  fever  common  to  "  the  dirty 
and  ill-ventilated  homes  of  the  lower  classes  of  the  com- 
munity." But  the  sulphur  compounds  already  men- 
tioned contributed  to  these  results. 

Even  the  constitution  of  these  organic  vapors  is  not 
known  with  certainty.  Dr.  Odling  distilled  half  a  gal- 
lon of  the  liquid  contents  of  a  cesspool  until  all  alkaline 
matters  had  come  over  He  treated  the  fetid  ammoni- 
acal  distillate  with  hydrochloric  acid,  and  afterward  pre- 
cipitated with  platinum.  The  platino-chlorides  of  the 
organic  alkalies  were  found  to  crystallize  in  well-deflned, 
flattened,  orange-colored  tablets,  evidently  not  the  platino- 
chloride  of  ammonium.  Incineration  of  this  platinum 
salt  yielded  41. 30  per  cent,  of  the  metal,  while  the  platino- 
chlorides  of  ammonium,  methylamine  and  ethylamine 
gave  respectively,  44.36,  41.64,  and  39.40  per  cent,  of 
platinum.  The  salt  formed  from  the  carbo-ammoniaml 
vapors  was  analogous  in  composition  to  that  formed  with 
methylamine.  But  inasmuch  as  the  crystals  were  more 
like  those  of  the  ethyl  salt,  and  as  a  mixture  of  the  ethyl- 
amine and  ammonium  salts  would  correspond  in  per-, 
centage  composition  to  that  obtained  from  the  distillate, 
he  supposed  .that  the  sewage  emanations  were  ammoni- 
acal  and  ethylic. 

A  series  of  experiments  made  by  the  writer  has  shown 
that  the  volatile  matters  evolved  during  the  fermentative 
changes  in  organic  substances  are  of  two  different  char- 
acters, the  one  vaporous  and  ethylic,  but  not  containing 
nitrogen  if  separated  from  the  ammonia  with  which  it  is 
volatilized  and  condensed,  and  the  other  volatile,  car- 
bonaceous, and  solid,  concreting  on  distillation  into 
white,  soft,  and  greasy  particles.  The  former  has  a  dull, 
mawkish,  not  positively  unpleasant,  odor,  the  latter  a 
strong  and  intensely  disagreeable  smell. 

The  solid  matters  disseminated  in  the  air  consist,  first, 
of  minute  particles  of  inorganic  matter,  such  as  soot, 
amorphous  silicates,  irregular  fragments  of  hard  mineral 
dust,  and  crystals  of  salts,  many  of  which  have  not  been 
identified  ;  secondly,  of  the  detritus  of  decaying  vegeta- 
tion, starch-cells,  epidermal  hairs,  filaments  from  the 
pappus  of  the  compositae,  pollen  grains,  etc. ;  thirdly,  of 
fragments  of  animal  tissues,  epidermal  and  epithelial 
scales,  woolly  fibres,  plumelets  of  feathers,  butterfly 
scales,  and  other  debris  of  insect  life,  etc.  ;  and  fourthly, 
of  micrococci,  bacilli,  the  spores  of  fungi,  and  rarely  the 
germs  of  infusorial  life.  It  is  probable  that  among  the 
micrococci  and  spores  are  included  the  essence  of  many 
of  the  specific  diseases  which  affect  the  vitality  of  the 
higher  organisms.     (See  Bacteria.) 

The  microscope  has  separated  the  organic  matter  of 
the  air  into  the  living  and  the  dead,  the  animal  and  the 
vegetable,  and  biological  experiment  has  determined  the 
life  history  and  function  of  many  of  these  living  forms. 
On  the  other  hand,  chemistry  has  done  but  little  to  per- 
fect the  oi-ganic  analysis  of  air.  "With  known  methods 
of  analysis  the  results  obtained  by  the  expenditure  of 
much  time  and  care  are  of  small  value.  If  an  air-speci- 
men contains  an  unusual  amount  of  the  organic  ele- 
ments, it  may  be  correctly  considered  as  impure,  but  the 
nature  of  the  impurity  is  not  defined.  The. carbon  esti- 
mated may  have  been  a  harmless  particle  of  soot,  or  in 
part  it  may  have  been  essential  to  the  spread  of  a  deadly 
disease.  Nevertheless,  analyses  are  made  as  a  matter  of 
official  routine  by  sat''tary  officers  in  England  and  France. 
The  organic  substani,  ?s  are  absorbed  by  aspirating  large 
volumes  of  the  air  thi  ugh  a  small  volume  of  distilled 
water,  and  the  liquid  menstruum  is  then  investigated  by 
the  processes  of  water  analysis.  Professor  Remsen,  of 
the  Johns  Hopkins  University,  Baltimore,  Md.,  endeav- 
ored to  improve  on  this  process  by  filtering  the  air 
through  powdered  and  moistened  pumice  before  pass- 
ing it  in  fine  bubbles  through  the  distilled  water.  He 
thus  snowed  that,  so  far  as  could  be  determined  by 


chemical  means,  all  nitrogenous  matter  was  retained  by 
the  filter.  But,  as  germs  or  microscopic  organisms  might 
have  passed  through  without  thus  showing  their  pres- 
ence in  the  absorbing  liquid  owing  to  the  necessarily 
minute  trace  of  nitrogen  in  them,  the  writer  planned  and 
carried  out  for  the  National  Board  of  Health  a  series  of 
experiments  which  determined,  first,  that  the  nitrogenous 
matter  of  air,  excluding  ammonia  from  consideration,  is 
particulate ;  second,  that  it  consists  in  large  part  of 
micro-organisms  ;  and  third,  that  filtration  through  Aus- 
trian glass-wool  effects  their  removal  from  the  passing 
air.  The  experiments  were  conducted  in  a  sterilized  ap- 
paratus. The  air  was  drawn  through  a  short  glass  tube 
one  centimetre  in  diameter,  lightly  packed  for  two  or 
three  inches  of  its  length  with  the  glass  wool.  From 
this  it  was  passed  in  fine  division  through  pure  distilled 
water.  After  this  it  was  mixed  with  pure  steam  gener- 
ated from  a  dilute  solution  of  alkaline  permanganate  of 
potash,  the  mixture  immediately  entering  the  tube  of  a 
Liebig's  condenser,  where  the  steam  was  deposited,  car- 
rying down  with  it,  after  nature's  process  of  air  purifica- 
tion by  the  rainfall,  any  micro-organisms  which  might 
have  escaped  removal  by  filtration  or  absorption.  The 
ditficulties  in  the  way  of  sterilizing  th^  various  parts  of 
this  apparatus  were  such  that  the  first  experiments,  which 
gave  speedy  developments  in  culture-liquids  tainted  by 
the  filter,  the  absorbing  liquid,  and  the  condensate,  were 
regarded  only  as  the  practical  expression  of  these  difficul- 
ties. The  experiments  were  repeated  with  precautions 
suggested  as  necessary  by  the  previous  experience,  and- 
ultimately  success  attended  them.  The  culture-liquids, 
tainted  with  portions  of  the  filter,  became  turbid  in  from 
two  to  nine  days.  Those  impregnated  with  a  portion  of 
the  water  in  the  absorbing  flask  generally  remained  un- 
changed at  the  close  of  the  experiments,  three  months 
and  ten  days  after  the  date  of  the  first  one  completed. 
Those  tainted  with  the  condensate  became  hazy  usually 
a  few  days  later  than  the  liquids  containing  the  filter 
taint ;  but  in  two  instances  there  were  no  developments, 
and  in  two  others  the  haziness  did  not  occur  until  three 
and  five  weeks,  respectively,  had  passed.  In  comparing 
the  results  of  cultivation  "in  the  case  of  the  filters  with  the 
stability  of  the  culture-liquids  in  presence  of  the  water 
from  the  absorbing  flasks,  it  is  evident  that  germs  were 
removed  by  the  glass-wool ;  but  that  this  removal  was 
not  thorough  is  manifested  by  the  fecundity  of  the  con- 
densate. Germs  escaped  the  filter  and  passed  through 
the  distilled  water  in  the  air-bubbles,  to  be  subsequently 
deposited  with  the  vapor  in  the  tube  of  the  condenser. 
Ammonia,  in  like  manner,  in  part  escaped  absorption, 
and  was  condensed.  Nevertheless,  the  efficiency  of  the 
filtration  must,  in  general  terms  be  admitted,  since,  in  cer- 
tain instances,  the  condensate  failed  to  induce  change 
in  the  culture-liquid. 

The  mass  of  the  matters  collected  respectively  on  the 
filter,  in  the  absorber,  and  in  the  condenser  were  sub- 
mitted to  chemical  examination,  the  result  showing  the 
absence  of  organic  nitrogen  on  the  distal  side  of  the  glass- 
wool. 

One  of  the  processes  of  water  analysis  to  which  these 
matters  were  subjected  involved  the  distillation  of  the 
ammonia  which  was  present  in  the  liquid,  and  its  estima- 
tion by  the  calorimetric  method  with  Nessler's  solution. 
Ammonia  gives,  with  this  test  solution,  a  faint  straw- 
yellow  color,  which  deepens,  in  proportion  to  the  amount 
of  ammonia  present,  to  a  dark  sherry-brown,  or  to  a  dark 
haziness  or  distinct  precipitate.  But  it  not  unfrequently 
happened  that  in  testing  for  ammonia  in  the  distillate 
from  the  pure  water  in  which  the  glass-wool  containing 
the  organic  matter  of  the  air  was  suspended,  as  well  as  in 
that  from  the  absorbing  liquid  which  contained  most  of 
the  ammonia,  and  in  that  from  the  condensate  which  con- 
tained but  a  trace,  a  citron-green  color  was  produced 
which  marked  the  ammonia  reaction  and  rendered  its  es- 
timation impossible.  Dr.  Kidder,  of  the  Navy,  observed 
this  interference  with  the  ammonia  coloration,  and  at- 
tributed it  to  the  presence  of  substances  evolved  in  the 
putrefaction  of  organic  matter.  He  concluded  from  the 
few  experiments  he  made  that  the  amines  are  not  neces' 
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sarily  concerned  in  its  production,  as  he  found  that  buty- 
ric acid  gave  a  somewhat  similar  interference  to  that  met 
with  in  the  experiments  on  air-washings.  But  the  hazi- 
ness with  which  the  presence  of  butyric  acid  masks  the 
true  ammonia  color  is  not  the  citron-green  coloration 
which  so  frequently  occurs  in  the  analysis  of  foul  airs. 
This  is  due  to  the  presence  of  an  ethyl  compound  which 
is  given  off  from  the  carbohydrates  while  undergoing 
change.  It  may  be  obtained  free  from  the  ammonia 
which  ordinarily  accompanies  it  and  obscures  its  reac- 
tion by  submitting  the  liquid  containing  both  to  the  pro- 
cess of  nitrification.  It  may  also  be  obtained  f fom  am- 
monia and  free  glucose,  and  from  starch,  cane-sugar,  tan' 
nin,  salicin,  etc.,  after  treatment  with  heat  and  acids. 
(See  Water  Analysis.) 

In  some  of  the  experiments  referred  to,  the  air  volume, 
100  litres,  was  passed  through  the  interior  of  a  glass 
globe  which  contained  liquid  sewage  and  silt,  garbage, 
or  other  foul  and  decomposing  materials,  and  then 
through  the  glass-wool  filter,  absorber,  and  condenser  to 
remove  the  matters  with  which  it  had  become  contami- 
nated. Culture  experiments  showed  the  satisfactory  re- 
moval by  the  filter  of  all  germs  and  nitrogenous  matters, 
ammonia  excepted  and.  chemical  tests  determined  ap- 
proximately the  quantity  of  organic  matter  thus  removed. 
In  some  inst&nces  a  second  air-volume  of  100  litres  was 
drawn  over  the  organic  matter  in  the  globe,  and  the 
results  obtained  from  the  filter  through  which  it  was  after- 
ward passed  did  not  differ  from  those  of  the  first  experi- 
ment on  the  same  organic  matter.  From  these  experi- 
ments the  conclusion  appears  admissible  that  the  volume 
of  air  which  is  contaminated  by  a  certain  decomposing 
organic  mass  is  the  volume  which  comes  in  contact  with 
it.  If  no  air  is  drawn  through  the  foul  globe,  only  that 
which  is  contained  in  it  is  rendered  impure.  This  air  has 
its  oxygen  in  time  replaced  by  the  foul-smelling  gases  of 
decomposition.  Evaporation  takes  place  from  the  con- 
tained liquid  until  the  stagnant  and  enclosed  air  becomes 
saturated.  The  ascensional  force  of  the  evaporation  car- 
ries from  the  smeared  and  half -dried  sides  of  the  globe, 
and  from  the  unsubmerged  solids  within  it,  some  of  the 
innumerable  micro-organisms  with  which  they  are  per- 
vaded, and  the  air  becomes  charged  with  organic  particles 
to  an  extent  proportioned  to  its  temperature  and  hygro- 
metric  condition.  If  a  volume  of  air  is  drawn  through 
the  globe  it  will  be  contaminated  by  organic  matters  car- 
ried away  by  its  own  movement  and  by  the  increased  ac- 
tivity of  evaporation  produced  by  it.  If  a  second  volume 
is  drawn  through,  it  will  be  contaminated  in  like  manner, 
and  to  the  same  extent  if  the  volume,  rapidity  of  passage, 
temperature,  and  hygrometric  condition  are  the  same  in 
both  instances  ;  and  so  for  a  third,  a  fourth,  or  more  vol- 
umes, until  the  decomposing  mass  has  become  changed 
by  their  agency.  This  is  recognized  practically  in  sani- 
tary work.  The  dead  are  buried  that  their  decomposi- 
tion may  not  contaminate  the  atmosphere.  For  the  same 
reason  garbage  is  collected  and  removed.  A  receptacle 
for  foul-smelling  and  fermenting  matters  is  less  of  a  nui- 
sance and  less  dangerous  to  health  when  fitted  with  an 
air-tight  cover  than  when  freely  exposed  to  the  air,  for  in 
the  latter  case  every  volume  of  air  which  comes  in  con- 
tact with  it  is  a  volume  of  air  polluted.  Sanitary  of- 
ficials in  growing  cities  protest  against  the  continued  ex- 
istence of  small  surface  streams  which  of  necessity  pass 
into  the  condition  of  open  sewers,  tainting  every  volume 
of  air  which  comes  in  contact  with  their  foulness.  These 
are  bricked  over  and  the  air  is  preserved  from  the  impure 
contact.  But  in  the  construction  of  regular  systems  of 
sewerage  provision  is  made  for  this  contact  under  the 
name  of  ventilation.  The  sewers  are  tapped  at  regular 
intervals  along  the  streets  for  the  exit  of  the  contaminated 
air.  From  the  present  point  of  view  this  ventilation  of 
the  sewers  is  of  questionable  benefit.  The  volume  of  air 
rendered  impure,  and  possibly  dangerous,  is  proportioned 
to  the  thoroughness    of   the  ventilation.     Sulphuretted 

tases  may  be  diluted,  and  the  outflowing  air  be  free  from 
isagreeable  odors,  but  the  very  air  movement  which  ef- 
fects this  may  raise  invisible  clouds  of  fermentative  and 
morbific  agencies  from  the  foul  interior.    Experiments 
Vol.  L-7 


on  this  point  would  be  of  value.  Those  mentioned  above 
seem  to  indicate  that  the  communication  with  the  outer 
air  should  only  be  such  as  is  needful  to  relieve  tension 
and  prevent  the  forcing  of  seals,  and  that  these  air-holes 
should  be  guarded  by  some  filtering  material.  But  since 
the  volume  of  air  which  becomes  contaminated  is  that 
which  comes  in  contact  with  the  fermenting  material,  it 
may  be  reduced  as  well  by  diminishing  the  extent  of  the 
impure  surface  as  by  cutting  off  the  ventilation.  Hence 
sewers  of  small  size,  as  in  what  is  known  as  the  separate 
system,  are  to  be  preferred,  on  sanitary  grounds,  to  the 
large  ramifying  caverns  of  the  combined  system ;  while 
the  Liernur  system  must  be  regarded  from  this  point  of 
view  as  the  perfect  method  of  sewage  removal.  The  foul 
airs  which  arise  from  sewer  apertures  are  matters  of 
every-day  observation.  If  well  diluted  with  air  they  may 
not  affect  the  sense  of  smell,  but  they  rise,  nevertheless, 
from  the  grated  covers  on  our  streets,  and  may  be  seen, 
by  the  vapor  precipitated  from  them,  as  an  uprising  col- 
umn in  weather  which  clouds  the  air  of  respiration  thrown 
out  from  the  lungs.  With  open  streets  and  lively  breezes  it 
is  probable  that  these  exhalations  are  dissipated,  or  rather 
diluted,  to  harmlessness,  but  in  enclosed  spaces  and  stag- 
nant atmospheres  the  sewer-air,  which  is  so  carefully  ex- 
cluded from  living-rooms  by  intelligent  plumbing,  may 
enter  as  fresh  air  through  open  windows  and  apertures 
specially  devised  for  its  admission. 

The  influence  of  these  particulate  organic  matters  of 
the  air  on  the  health  of  those  exposed  to  them  will  be  dis- 
cussed under  the  caption  Miasms. 

Before  leaving  the  consideration  of  air  in  its  sanitary 
aspects,  it  is  needful  only  to  refer  to  the  influence  of  cer- 
tain climatic  factors,  which  operate  in  a  great  measure 
through  its  medium.  These  are  heat,  moisture,  and  move- 
ment. The  influence  of  varying  barometric  pressures 
usually  finds  an  expression  in  the  temperature.  Heat  is 
of  importance  in  the  generation  and  evolution  of  miasms ; 
but  aside  from  this  the  degree  of  temperature  of  the  at- 
mosphere ,s  of  importance  to  the  animal  economy,  ac- 
cording as  it  does  or  does  not  necessitate  an  unusual 
activity  of  the  vital  energies,  for  the  preservation  of  the 
animal  heat.  Moisture  acts  chiefly  by  interfering  with 
the  natural  cooling  process  effected  by  evaporation  from 
the  skin.  But  the  principal  factor  in  the  determination 
of  climatic  influences  is  the  wind.  The  absolute  tem- 
perature as  recorded  by  the  thermometer  gives  but  im- 
perfect information  regarding  climate,  unless  supple- 
mented by  a  cotemporaneous  report  of  the  air  movement, 
and  unless  the  medical  climatologist  is  able  to  appreciate 
and  express  in  definite  terms  the  change  made  by  this 
movement  in  the  value  of  the  temperature.  Zero  Centi- 
grade, with  no  wind  blowing,  is  one  set  of  climatic  con- 
ditions ;  the  same  degree  of  absolute  temperature,  with 
a  steady  breeze  of  ten  miles  an  hour,  forms  a  wholly 
different  climate.  What  is  manifestly  required  is  a  ther- 
mometer which  will  enable  us  to  say  now  cold  it  is  to  the 
feel,  or,  in  other  words,  with  what  rapidity  the  animal 
heat  is  carried  away  under  a  given  set  of  atmospheric 
conditions. 

The  amount  of  labor  which  has  been  expended  in  the 
routine  work  of  keeping  meteorological  records  in  the 
past  has  been  enormous.  These  have  been  compared 
with  fragmentary  records  of  sickness  and  mortality,  and 
the  concurrence  of  cold  with  certain  diseases  of  the  res- 
piratory organs,  and  of  heat  with  disorders  of  the  diges- 
tive system,  has  been  repeatedly  presented,  while  lines 
have  been  drawn  showing  the  fluctuations  in  the  annual 
course  of  many  diseases  which  are  influenced  directly  or 
indirectly  by  temperature.  Nothing  more  is  to  be  ex- 
pected from  such  work.  If  there  were  on  the  record  as 
many  and  as  continual  observations  on  the  temperature  of 
the  soil  in  miasmatic  regions  as  there  are  of  the  air,  our 
knowledge  of  the  fermentative  processes  which  are  con- 
nected with  the  exhalation  of  disease-poisons,  or  with  the 
manifestation  of  disease-causes,  would  be  more  advanced. 
There  is  a  field  for  work  in  this  direction,  which  sanitary 
observers  might  cultivate,  since  the  Signal  Service  Bureau 
has  relieved  them  from  the  labor  of  taking  the  meteoro- 
logical notes.  Charles  Bmart. 
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AIR-PASSAGES,  Foreign  Bodies  in. 

Nose.— The  presence  of  foreign  bodies  in  the  nose ' 
is  of  common  occurrence.  The  list '  of  them  comprises 
extraneous  substances  introduced  either  through  accident 
or  design  by  infants  or  insane  adults ;  sequestra  of  dis- 
eased bone  ;  and  parasites.  The  history  is  usually  as 
follows  :  A  child  of  about  two,  old  enough  to  creep,  but 
not  sufflciently  intelligent  to  know  better,  thrusts  some 
small,  rounded  object,  such  as  a  bean  or  a  shoe-button, 
which  it  has  found  upon  the  floor,  into  its  nostril.  If 
the  child  be  not  cauglit  in  the  act  the  body  may  escape 
immediate  detection.  Soon  symptoms  of  chronic  inflam- 
mation are  established.  Tliese  are  confined  to  the  nostril 
in  which  the  body  is,  and  continue  until  it  is  removed, 
the  irritation  often  being  severe  and  the  discharge  ex- 
ceedingly fetid.  The  mucous  membrane  adjacent  to  the 
foreign  body  is  in  a  condition  of  superficial  erosion.  The 
body,  if  too  firmly  impacted  to  be  dislodged  by  simply 
blowing  the  nose,  remains  fixed,  usually  in  the  inferior 
meatus,  until  removed  by  the  surgeon.  Removal  should 
be  attempted  by  means  of  a  hooked  probe  or  fine  forceps. 
The  sensitiveness  of  the  nasal  cavity  should  be  borne  in 
mind,  and  if,  after  two  or  three  gentle  and  carefully 
directed  efforts  success  be  not  attained,  an  ansesthetic 
(chloroform  to  a  healthy  child  under  six)  should  be  given, 
and  the  removal  of  the  body  carefully  acconiplished. 
Copious  hsemorrhage,  lasting  two  or  three  minutes,  often 
follows,  but  is  generally  of  little  moment.  The  nostril 
should  be  washed  several  times  a  day  with  a  weak  disin- 
fectant, preferably  a  solution  of  potass,  permanganate. 
In  four  or  five  days  the  membrane  will  often  have  healed 
so  completely  that  no  trace  of  trouble  can  be  seen  ;  the 
discharge  ceases  entirely,  and  cure  is  complete.  The  possi- 
bility of  the  presence  of  a  foreign  body  in  all  cases  of  fetid 
discharge  confined  to  one  nostril  should  always  be  remem- 
bered, and  the  nostril  having  been  cleansed  with  a  warm 
douche,  examination  should  be  made  with  probe  and  specu- 
lum. In  simple  cases  a  gentle  stream  of  salt  warm  water 
carried  through  the  free  nostril  and  out  of  the  other,  or  a 
sternutatory,  will  sometimes  succeed.  If  the  object  be 
lodged  far  backward  care  should  be  taken  in  removing  it  not 
to  allow  it  to  fall  into  the  larynx.  Rhinoliths '  are  merely 
calculi  formed  by  an  accumulation  of  the  earthy  salts  of 
the  nasal  secretions  around  some  foreign  body  or  inspis- 
sated mucus.  Their  presence  has  given  rise  to  such  irrita- 
tion that  they  have  been  mistaken  for  cancer.  Careful  ex- 
amination and  the  history  of  the  case  will  easily  establish 
the  diagnosis.  If  they  are  too  large  to  be  readily  removed 
they  should  first  be  crushed  by  a  lithotrite  of  proper  size. 
Sequestra  of  bone,  particularly  in  tertiary  syphilis,  some- 
times remain  in  the  nasal  cavity  after  their  separation, 
thus  acting  as  foreign  bodies.  They  must  be  thoroughly 
removed  preliminary  to  further  local  treatment. 

Parasites.  — In  tropical  countries,  seldom  elsewhere, 
various  kinds  of  flies,  of  the  order  muscidm,  may  enter 
the  nasal  cavity,  preferably  of  a  patient  suffering  from 
catarrh,  and  there  deposit  their  eggs."  These  are  quickly 
hatched,  causing  in  succession  irritability,  tickling,  and 
sneezing ;  later,  formication,  bloody  discharges,  and  epis- 
taxis,  with  oedema  of  the  face,  eyelids,  and  palate ;  ex- 
cruciating pain,  generally  frontal,  insomnia,  and  if  the 
condition  be  unrelieved,  convulsions,  coma,  and  death. 
Sometimes  the  larvae  are  sneezed  out.  or  may  be  seen  on 
examination  of  the  parts.  This  will,  of  course,  establish 
the  diagnosis.  Destruction  caused  by  the  larvee  may  ex- 
tend to  the  mucous  membrane,  the  cartilages,  and  even 
the  bones  of  the  head  ;  the  ethmoid,  sphenoid,  and  palate 
bones  having  been  found  carious.  Where  the  maggots  have 
entered  the  frontal  sinus,  or  the  antrum  of  Highmore,  injec- 
tions of  tobacco  or  alum,  or  insufilations  of  calomel  for- 
merly used,  will  be  of  little  use.  Chloroform  or  ether,'  pre- 
ferably the  former,  either  inhaled  or  driven  into  the  nasal 
recesses  in  the  form  of  spray,  is  the  sovereign  remedy  as 
under  it  the  larvae  are  not  killed,  to  remain  in  situ  and 
tlius  cause  further  trouble,  but  escape  with  all  haste  to  the 
outer  air.  Meanwhile,  opium  should  be  given  to  allay 
pain,  and  the  patient's  strength  carefully  sustained. 
Leeches,  ascarides,  earwigs,  and  centipedes  •  have  been 
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found  in  the  nose,  causing  insomnia,  frontal  pain,  sanious 
discharge  from  the  nose,  Tachrymation,  vomiting,  and,  iq 
some  cases,  great  cerebral  excitement.  Sternutatories 
are  generally  suificient  for  their  expulsion.  It  may  be 
necessary,  however,  to  trephine  the  mastoid. 

Tonsils. — Three  general  varieties  of  foreign  bodies 
may  be  found  in  the  tonsil :  1,  Foreign  bodies  proper,  or 
substances  which  have  become  lodged  in  the  tonsil  during 
deglutition;  3,  tonsillary  concretions  or  calculi;  3,  par- 
asites. The  last  two  conditions  are  not  common;  the 
first  will  te  described  under  Foreign  Bodies  in  the  Phar- 
ynx. 

Tonsillary  calculi  are  formed  in  the  lacunae  of  a 
chronically  inflamed  tonsil  by  a  perverted  condition  of 
the  natural  secretions,  and  their  retention  in  the  lacuna 
by  closure  of  its  outlet.  They  vary  in  size,  seldom  at- 
taining a  greatet  diameter  than  three-fourths  of  an  inch, 
and  consist  of  phosphate  and  carbonate  of  lime,  some 
iron,  soda,  and  potassa,  with  varying  proportions  of  mu- 
cus and  water.  Hence,  they  are  not  necessarily  of  gouty 
origin.  The  symptoms,  generalljr  not  prominent,  may  be 
slight  pricking  of  the  throat  with,  occasionally,  dyspha- 
gia. The  presence  of  the  calculus  is  sometimes  directly 
irritating,  and  may  give  rise  to  quinsy,  ulceration  of  the 
cavity,  and  abscess. 

Diagnosis,  by  ocular  examination  or  the  use  of  the 
probe,  is  usually  easy,  as  is  the  removal  of  the  calculus 
by  means  of  a  forceps.  Sometimes,  however,  the  mass  is 
so  completely  covered  that  it  is  only  seen  upon  removal 
of  the  tonsil.  In  most  cases  the  latter  operation  will 
afford  the  most  certain  cure.  Very  rarely  hydatids  and 
trichocephali  have  been  found  in  the  tonsil. 

Phakynx. — The  frequency  with  which  foreign  bodies 
are  arrested  in  the  pharynx,  and  their  variety,  are  very 
great.  Certain  individuals  seem  especially  liable  to  this 
accident,  either  from  carelessness  in  eating,  insensibility 
of  the  parts,  or  from  some  unusual  irre^ilarity  in  the 
pharyngeal  walls.  Foreign  bodies  of  large  size  generally 
lodge  in  the  lower  part  of  the  cavity,  where  the  cricoid 
and  arytenoid  cartilages  project  backward,  or  between 
the  base  of  the  tongue  and  the  epiglottis.  Small  and 
sharp-pointed  bodies  may  become  fixed  at  any  part  of  the 
pharynx,  particularly  in  the  tonsils,  on  account  of  their 
exposed  portion  and  the  irregularity  of  their  surface. 
They  may  also  be  entangled  in  the  pillars  of  the  velum, 
or  in  the  lateral  folds  of  the  cavity.  A  large  body  may 
be  found  stretching  across  the  whole  width  of  the  phar- 
ynx. 

Symptoms.— JuOC&X  pain,  dysphagia,  occasionally  in- 
flammation with  ulceration  or  abscess  of  the  pharynx, 
but  generally  localized  inflammation  and  irritation.  If 
an  abscess  be  formed,  the  body  may  escape  through  a 
fistulous  opening  in  the  neck,  or  it  may  perforate  some 
important  blood-vessel,  or  even  penetrate  the  interverte- 
bral substance  and  cause  caries  of  the  vertebral  bodies. 

Inflammation  of  the  pharynx  may  give  rise  to  dyspncea, 
while  a  large  foreign  body  may  cause  suffocation  by  ob- 
structing the  entrance  to  the  larynx. 

The  diagnosis  can  generally  be  established  by  the  his- 
tory of  the  case,  and  by  inspection  of  the  pharynx.  Ner- 
vous patients  often  insist  upon  the  presence  of  a  foreign 
body  in  the  throat,  despite  all  assurance  to  the  contrary, 
particularly  if  the  pharynx  be  sensitive,  or ,  as  often  happens 
when  a  hard  substance  may  have  caused  a  slight  laceration 
of  the  mucous  membrane  while  being  swallowed. 

Treatment. — The  patient's  tongue  should  be  well  de- 
pressed, and  the  upper  parts  of  the  pharynx  carefully  ex- 
amined in  a  strong  light.  If  the  foreign  body  does  not 
then  appear,  search  should  be  made  for  it  in  the  region  of 
the  base  of  the  tongue,  the  glosso-epiglottic  sinuses,  and 
the  upper  portion  of  the  larynx,  with  the  tip  of  the  finger, 
or,  better  still,  by  the  aid  of  the  laryngoscope.  If  present, 
it  will  generally  be  found  without  much  difficulty,  and 
should  be  removed  by  the  finger  or  by  a  suitable  forceps  or 
probang.  If  dyspnoea  be  urgent,  immediate  surgical  in- 
terference, of  a  nature  suited  to  the  special  features  of  the 
case,  either  tracheotomy,  thyrotomy,  or,  if  possible,  some 
form  of  sub-hyoidean  pharyngotomy,  may  be  required. 
The  sensations  of  the  patignt  are  often  unreliable,  and 
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the  sense  of  irritation  caused  by  the  presence  of  the  body 
may  continue  for  a  long  while  after  its  removal.  This  is 
relieved  by  swallowing  small  lumps  of  ice,  and  later,  if 
necessary,  by  the  application  of  astringents  and  galvan- 
ism. 

Labtnx. — By  reason  of  the  danger  to  life  which  at- 
tends the  lodgment  of  a  foreign  body  in  the  larynx,  this 
condition  becomes  one  of  the  most  important  in  surgery. 
The  variety  of  objects  found  is  infinite,  and  may  be  thus 
divided :  Alimentary  matters,  introduced  during  mastica- 
tion, in  the  act  of  laughing  or  talking,  in  deglutition, 
or  in  inspiration  during  vomiting ;  metallic  bodies,  such  as 
coins,  buttons,  puff-darts,'  etc.;  teeth,  artificial  or  natural, 
necrosed  bone'  from  neighboring  regions,  as  from  the  nose 
in  tertiary  syphilis,  and  fragments  of  the  laryngeal  car- 
tilages themselves,  as  thrown  off  in  the  late  stages  of 
syphilis,  tuberculosis,  and  cancer  of  the  larynx.  Foreign 
bodies  in  the  trachea  may  pass  upward  and  become  im- 
pacted in  the  larynx  ;  and,  rarely,  they  may  gain  access 
to  the  larynx  directly  from  without,  by  forcible  penetra- 
tion of  its  walls,  as  in  the  case  of  bullets.'  Again,  the 
epiglottis  may  become  incarcerated  in  the  larynx,'"  or  oc- 
clusion take  place  from  the  so-called  swallowing  of  the 
tongue."  The  symptoms  vary  with  the  size  and  position 
of  the  object.  Thus  a  large  body  fixed  in  the  rima  glot- 
tidis  may,  unless  dislodged,  cause  almost  instant  death. 
Again,  small  bodies  lodged  in  out-of-the-way  corners  may 
remain  indefinitely,  causing  nothing  more  than  cough  and 
discomfort.  Dyspnoea  may  occur  days  after  the  reception 
of  a  foreign  body,  from  inflammation  and  tumefaction  of 
the  soft  parts  of  the  larynx,  and  danger  from  the  presence 
of  a  foreign  body  may  suddenly  become  imminent  from 
alteration  in  the  position  of  the  body.  Great  peril  Some- 
times arises  from  violent  spasm  of  the  glottis,  due  to  irri- 
tation caused  by  the  foreign  body.  Mental  anxiety  and 
localized  pain  are  prominent  symptoms  in  cases  in  which 
the  accident  does  not  immediately  threaten  life,  while  ac- 
tive inflammation  is  speedily  set  up.  A  cautious  prognosis 
must  be  given,  even  after  removal  of  the  body,  as  long  as 
there  are  any  symptoms  of  local  inflammation.  The  dickg- 
rwsis  is  established  by  the  history  of  the  case,  verified  or 
otherwise  by  laryngoscopic  examination.  The  greatest 
difficulties  arise  with  children  too  young  to  express  them- 
selves, in  whom  pain  in  the  throat,  and  symptoms  resem- 
bling croup,  will  often  be  the  only  indications  obtainable. 
Here  the  laryngoscope  will  be  indispensable. 

Treatment. — The  offending  body  should,  of  course,  be 
at  once  removed  ;  if  possible,  through  the  natural  pas- 
sages and  by  means  of  the  laryngeal  forceps,  aided  by  the 
laryngoscope,  in  case  the  symptoms  are  not  urgent.  If 
asphyxia  threaten,  tracheotomy  should  be  done  at  once, 
and  the  foreign  body  afterward  extracted  as  described 
above.  Bodies  at  first  immovable  may  sometimes  be 
loosened  by  reducing  the  local  inflammation.  In  rare 
cases,  where  the  object  has  become  firmly  impacted,  thy- 
rotomy  Inay  become  necessary.  A  case  is  recorded  m 
which  a  needle,  transfixed  in  the  larynx,  was  pushed 
through  the  anterior  laryngeal  wall,  and  thus  removed." 

Tkachba  and  Bkonchi. — Any  body  which  can  pass 
through  the  rima  glottidis  may,  of  course,  find  its  way 
into  the  trachea  under  the  same  circumstances  described 
under  the  head  of  Foreign  Bodies  in  the  Larynx.  Sharp 
objects  lodged  in  the  oesophagus,  and  even  diseased 
bronchial  glands,  may  work  their  way  through  the  walls 
of  the  trachea,  and  into  its  cavity.  Parts  of  instruments 
used  in  intra-laryngeal  operations,  and  of  tracheal  canu- 
lae,"  laryngeal  brushes,  and  even  bits  of  solid  nitrate  of 
silver,  occasionally,  through  accident  or  carelessness,  drop 
into  it.  If  too  large  to  enter  either  main  bronchus,  the 
body  will  probably  remain  at  the  bifurcation.  Otherwise 
it  will  pass  into  one  bronchus  or  the  other,  preferably  the 
right,  on  account  of  its  anatomical  position,  in  the  propor- 
tion of  five  to  three,  and  thence  travel  indefinitely  into 
one  of  the  more  remote  bronchial  divisions. 

The  symptoms  will  depend  upon  the  nature  of  the 
body  and  its  exact  situation  in  the  lung.  Small  objects 
have  remained  encapsulated  with  mucus  for  years  with- 
out causing  discomfort  or  serious  results.  Smooth, 
rounded  bodies  irritate  less  than  irregular  ones.     Inflam- 


mation of  the  lungs  from  a  foreign  body  may  occur,  the 
presence  of  the  body  being  unknown.  Large  objects  and 
fluids  may  cause  death  by  instant  suffocation,  or  death 
may  result  in  the  course  of  a  few  minutes,  the  symptoms 
presented  being  urgent  dyspnoea,  frantic  efforts  at  relief 
on  the  part  of  the  patient  by  thrusting  the  finger  down 
the  throat,  rushing  to  the  window  for  fresh  air,  and  mak- 
ing great  inspiratory  efforts,  while  cyanosis  quickly  fol- 
lows, and  if  aid  be  not  speedily  afforded,  death,  with  all 
the  signs  of  asphyxia.  Severe  dyspnoea,  followed  by  re- 
lief without  extrusion  of  the  foreign  body,  indicates  that 
the  body  has  probably  dropped  from  the  larynx  into  the 
trachea.  Dyspnoea  is,  of  course,  more  urgent  when  the 
trachea  is  occluded  than  when  the  foreign  body  only  stops 
one  bronchus.  The  body  may  change  its  position,  pass- 
ing from  one  bronchus  to  that  of  the  opposite  side.  A 
body,  small  when  swallowed,  may  become  more  danger- 
ous through  increase  in  size,  either  by  swelling  from  im- 
bibition of  water,  or  by  forming  the  nucleus  of  a  concre- 
tion. Physical  signs  from  the  preseuce  of  a  foreign  body 
in  the  lung  may  be  altogether  wanting,  but  are  generally 
more  or  less  distinct,  the  symptoms  being  whistling  or 
flapping  sounds  at  the  point  of  lodgment,  pain,  and  de- 
creased fremitus,  with  absence  of  respiratory  murmur  in 
the  lung  beyond.  Diagnosis  is  often  very  difficult.  At 
or  about  the  bifurcation  the  body  may  be  seen  with  the 
laryngoscope.  The  lodgment  of  a  foreign  body  in  the 
lung  may  result  in  pneumonia,  tuberculosis,  abscess, 
or  gangrene.  Or,  it  may  become  encapsulated  and  do  no 
apparent  harm.  Rarely  a  body,  generally  an  ear  of  bar- 
ley or  other  grain,  havmg  formed  an  abscess  of  the  lung, 
has  been  discharged  through  the  wall  of  the  thorax,  with 
complete  recovery." 

Diagnosis. — The  fact  that  some  foreign  body  has  been 
inhaled  should  be  established  if  possible,  and  the  site  of 
the  body  determined.  In  children  and  incompetents,  and 
in  cases  where  the  dyspnoea  is  urgent  this  may  not  be 
easy.  The  laryngoscope  is  useful  m  excluding  the  pres- 
ence of  the  body  from  the  larynx,  even  if  it  be  not  visible 
in  the  trachea.  The  prognosis  is  serious,  depending  upon 
the  nature  of  the  body,  the  amount  of  dyspnoea,  and  the 
organic  lesions  which  may  result.  The  period  of  greatest 
danger  is  at  the  first,  and  although  this  diminishes  in 
varying  degree  as  time  passes,  it  is  never  entirely  absent. 
Even  after  expulsion  death  may  occur  from  the  organic 
disease  set  up.  The  expulsion  of  one  object  does  not, 
especially  with  children,  preclude  the  possibility  of  others 
remaining  in  the  lung. 

Treatment. — Since  the  publication  of  Professor  Gross's 
admirable  article  the  necessity  for  operation  in  cases  of  for- 
eign body  in  the  trachea  has  been  an  accepted  law.  Re- 
cently Weist  has  ably  shown  that  the  conclusions  arrived 
at  by  Gross  and  Durham  are,  to  some  extent,  misleading. 
His  conclusions  are  based  upon  937  cases  of  foreign  body 
in  the  air-passages  ;  of  these,  599  were  not  subjected  to 
bronchotomy  ;  460  recovered,  or  76.79  per  cent.  ;  139 
died,  or  23.30  per  cent.  Bronchotomy  was  performed  in 
338  cases,  with  345 recoveries,  or  73.48  percent.  ;  93 died, 
or  37.43  per  cent. ;  a  difference  in  favor  of  non-interfer- 
ence of  4.31  per  cent.  Comparing  the  statistics  with 
those  of  Gross  and  Durham,  the  former  shows,  in  cases 
without  operation,  11.03  per  cent,  more  recoveries  than 
those  of  Gross,  and  19.39  per  cent,  more  than  those  of 
Durham,  and  7.34  per  cent,  more  than  the  aggregate  of 
the  cases  of  both  Gross  and  Durham.  In  cases  operated 
on,  Weist  shows  12.31  per  cent,  less  recoveries  than  Gross, 
1.40  less  than  Durham,  and  4.29  less  than  the  cases  of 
both  combined.  Of  the  whole  number  of  cases  studied, 
1,674,  there  was  one  death  in  3.5  cases  without  operation, 
and  one  death  in  4  with  operation.  Bronchotomy,  there- 
fore, has  not  shown  such  good  results  over  non-interfer- 
ence as  to  justify  unvarying  recourse  to  it,  so  that  the 
policy  of  awaiting  spontaneous  expulsion  is  often  justi- 
fied. Since  certain  classes  of  foreign  body,  such  as  water- 
melon seed,  corn,  coffee  bean,  etc.,  are  much  more  easily 
expelled  from  the  air-passages  than  others,  the  nature  of 
the  substance,  aside  from  other  indications,  must  influence 
the  decision  as  to  the  propriety  of  immediate  interference. 

The  conditions  demanding  speedy  operation  are  :  1.  Ur- 
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gent  and  dangerous  symptoms,  as  progressive  dyspnoea, 
or  frequently  occurring  attacks  of  dyspnoea,  or  laryngeal 
spasm,  when  laryngoscopic  examination  fails  to  find 
the  object  or  shows  that  its  speedy  removal  by  the  natural 
passages  is  impossible.  2.  Where  a  sharp  and  irregular 
body  is  impacted,  as  shown  by  the  laryngoscope,  in  such 
a  way  that  immediate  extraction  is  impossible,  and  where 
acute  inflammation,  and  especially  osdema,  are  rapidly 
occurring,  as  evinced  by  increasing  dyspnoea.  3.  In  the 
case  of  a  foreign  body  of  any  nature,  loose  in  the  trachea, 
movements  of  which  excite  laryngeal  spasm  or  cough  of 
dangerous  violence.  4.  In  case  of  a  foreign  body  im- 
pacted in  either  of  the  primary  bronchi,  as  ascertained  by 
the  rational  and  physical  signs,  particularly  by  ausculta- 
tion. Here  low  tracheotomy  and  immediate  direct  at- 
tempts at  extraction  are  often  successful.  Direct  exami- 
nation of  the  site,  and  demonstration  of  the  foreign  body 
in  or  at  the  mouth  of  a  bronchus,  by  means  of  the  fin- 
ger introduced  quickly  into  the  trachea,  are  possible,  and 
this  knowledge  renders  the  subsequent  instrumental  re- 
moval of  the  body  more  easy.  5.  Sharp-pointed,  hard, 
and.  irregular  bodies  within  the  air-passages  will,  as  a 
rule,  demand  bronchotomy,  provided  they  are  not  so  lo- 
cated that  they  may  be  reached  and  removed  by  the  nat- 
ural passages  at  an  early  momerft.  The  plan  of  treat- 
ment by  inversion  of  the  patient  has  of  late  years  fallen 
into  disrepute,  and  should  seldom  be  practised,  unless 
tracheotomy  can  be  done  at  once  it  required.  In  em- 
ploying it,  it  should  be  remembered  that  the  supine 
position  will  favor  exit  of  the  body,  particularly  if  the 
glottis  be  in  the  condition  of  deep  inspiration.  In  all 
cases  the  diagnostic  importance  of  a  thorough  laryngo- 
scopic examination  cannot  be  too  strongly  insisted  upon, 
nor  the  great  utility  of  the  laryngoscope  be  overesti- 
mated. 
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AIX-LES-BAINS  (a  station  on  the  railroad  which  runs 
from  Lyons  to  Turin)  is  a  small  town  in  the  Arrondisse- 
ment  of  Chamb^ry,  in  Savoy.     It  is  charmingly  situated 
on  the  brow  of  a  hill,  in  close  proximity  to  lofty  lime- 
stone mountains  (the  Beauges),  a  spur  of  the  Savoy  Alps 
and  not  far  from  the  eastern  shore  of  the  Lake  of  Bour- 
get     Its  elevation  above  the  sea-level  is  about  900  feet 
and  above  the  lake  about  100  feet.     Climate  mild  •  air 
and  ordinary  drinking-water  both  pure.     Hence  critins 
and  those  affected  with  goitre  are    rarely  seen    here 
There  are  two  thermal  sources  which,  in  chemical  com- 
position and  in  the  temperature  of  the  water,  differ  only 
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very  slightly  from  each  other.  These  are  the  Source  de 
Soufre  and  the  Source  d'Alun.  According  to  Boniean 
the  temperature  of  the  sulphur  spring  is  45°  C.  (113  F.)' 
and  it  contains  in  1,000  parts  :  ' ' 

Sodium  sulphate 0,0960 

Magnesium  sulphate o!o352 

Calcium  sulphate oioififl 

Aluminium  sulphate ; *[  0.0548 

Sodium  chloride 0.0079 

Magnesinm  chloride 0.0172 

Calcium  fluoride.  (  '        * 

Calcium  and  aluminium  phosphate,  J   U.0024 

Potassium  iodide Traces. 

Calcium  carbonate 0.1485 

Magnesium  carbonate 0.0958 

Ferrum  carbonate 0.0088 

Silicon  hydrate 0.11050 

Organic  matter Traces. 

Total  of  fixed  elements 0.4176 

The  unstable  elements  in  1,000  cubic  centimetres  of 
the  water  are  represented  as  follows  : 

Hydrogen  sulphide 27.24  c.c. 

Carbon  dioxide 13.07  c'c! 

Nitrogen 25.46  cio! 

The  alum  spring  has  a  temperature  of  46.5°  C.  (115.8° 
F.),  and  its  chemical  composition  is  but  little  different 
from  that  of  the  sulphur  spring. 

However,  it  is  not  so  much  to  the  chemical  composi- 
tion of  its  waters  that  the  hot  springs  of  Aix  owe  their 
great  celebrity,  as  it  is  to  the  systematic  manner  in  which 
these  waters  are  used.  Durand-Pardel  speaks  of  the  es- 
tablishment of  baths  in  Aix  as  pursuing  a  genuine  sys- 
tem of  thermal  hydrotherapeutics.  In  this  respect  it  may 
be  compared  with  Aachen  and  Luchon. 

The  principal  form  of  bath  employed  is  the  douche, 
which  is  administered  in  a  variety  of  ways,  and  usually 
in  connection  with  massage  and  frictions.  After  the  ap- 
plication of  the  douche,  the  patient  takes  a  warm  bath 
in  the  so-called  "  Bouillon,"  in  which  the  water  is  kept  in 
constant  motion. 

The  energetic  and  exciting  methods  employed  at  these 
baths  render  them  especially  efiBcacious  in  cases  of  rheu- 
matic or  gouty  exudations,  m  scrofulous  swellings  of  the 
periosteum,  or  of  the  parts  surrounding  the  joints,  etc. 
They  have  also  proved  useful  in  cases  of  muscular  atrophy, 
caries,  contractures,  etc.;  in  chronic  affections  of  the 
skin,  and  in  syphilis ;  in  affections  of  the  larynx  and 
pharynx  ;  in  chronic  bronchial  catarrh ;  and,  finally,  in 
quite  recent  times,  in  uterine  affections.    (Eulenburg.) 

Henry  Fleisehmr. 

ALAP,  a  Hungarian  village  with  railway  connections, 
is  divided  into  upper  and  lower  Alap,  each  of  which  con. 
tains  a  remarkable  spring  of  pure  and  very  strong  bitter- 
water  ;  in  fact  that  of  lower  Alap  is  one  of  the  strongest 
natural  bitter-waters  known.  The  waters  of  lower  Alap 
are  also  used  for  bathing.  In  1,000  parts,  by  weight, 
there  are : 

Upper  Alap,  Lower  Alap. 

Magnesium  sulphate 3.13a  parts.  4.094  parts. 

Sodium  sulphate 5.711      "  18.149     '* 

Calcium  sulphate ".     1.828      "  o!260     '* 

Sodium  chloride 4.186      "  14!486     " 

Totalsolids 16.549  parts.        37.6S5parts. 

S.  F. 

ALBANY  ARTESIAN  WELL.  Location,  Ferry  Street, 
Albany,  N.  Y.  .         j  • 

Analysis. — One  pint  contains : 

„  Grains. 

Carbonate  of  soda 6.00 

Carbonate  of  magnesia !'.!!'.*.".!'.'..!*.*.!...!*...*!"    2.00 

Carbonate  of  lime ..!.!'.!!.....!!!!!!!!!!!    4.00 

Carbonate  of  iron .'...'.".*.'.,...".''".''.".'!!    1.00 

Chloride  of  sodium ......i !'.".!!!!.'.'!.  63.00 

IBM 
Carbonic  acid  gas,  28  cubic  inches. 

The  well  is  500  feet  deep,  and  has  a  temperature  of 
about  53°  F.  This  is  a  saline-chalybeate  water,  very 
similar  to  the  Congress,  High  Rock,  etc.,  of  Saratoga,  and, 
undoubtedly,  has  the  same  general  source  as  those  springs. 

G.  B.  F. 
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ALBINISM.  The  condition  which  has  been  termed 
albinism  consists  in  a  congenital  absence  of  the  normal 
pigment.  There  are  two  varieties,  the  universal  and  the 
partial.  The  first  of  these  is  that  which  is  best  known. 
The  skin  is  perfectly  pigmentless  and  white,  excepting 
where  the  blood-vessels  coursing  beneath  it  give  it  a  rose 
tint.  The  general  condition  of  the  skin  is  normal,  other- 
wise than  as  regards  the  absence  of  pigment.  The  hair  is 
white  or  flaxen  in  color  (in  one  case  reported  it  was  red), 
of  a  fine  texture,  and  peculiarly  silky  sheen.  The  eye 
partakes  of  the  anomaly  ;  the  iris  is  colorless,  so  that  its 
blood-vessels  give  it  a  red  hue,  excepting  in  some  cases, 
when  viewed  obliquely,  the  interference  of  light-rays  give 
it  a  blue  color.  As  a  result  of  the  want  of  pigment  in  the 
iris,  albinos  suSer  from  photophobia  and  nystagmus,  and 
are  seen  constantly  blinking  the  eyelids  and  rolling  the 
eyes  involimtarily  from  side  to  side.  They  see  best  in 
the  twilight. 

Albinos  are  usually  of  weak  constitution,  and  are  apt  to 
be  intellectually  deficient.  Exceptions  are  known,  how- 
ever, to  both  of  these  conditions,  and  one  of  the  best 
papers  extant  on  albinism,  so  it  is  said,  was  written  by  a 
German  albino  named  Sachs. 

The  only  etiological  element  known  or  suspected  in  the 
production  of  albinism  is  heredity,  and  even  this  is  want- 
ing in  the  greater  number  of  cases.  It  seems  probable 
that  the  sisters  in  any  given  family  are  likely  to  be  at- 
tacked rather  than  the  brothers,  if  more  than  one  indi- 
vidual is  affected. 

Partial  albinism  is  ordinarily  met  with  in  the  colored 
race,  the  so-called  "  piebald  negroes,"  and  its  existence  in 
the  white  races  has  been  denied.  Lesser,  however,  has 
recently  described  a  case,  and  it  is  believed  that  instances 
of  congenital  partial  loss  of  pigment  are  not  excessively 
uncommon  among  the  lighter  colored  races,  but  that  cases 
have  escaped  attention.  Partial  albinism  over  limited 
areas  has  been  shown  in  one  case  at  least  by  Lesser  to  fol- 
low the  course  of  the  cutaneous  nerve-distribution,  as  is 
the  case  with  the  pigmented  skin  in  the  so-called  "  nerve 
nsevus. "  One  peculiarity  of  the  pigmentless  patches  in  this 
form  of  albinism  is  that  the  decolorized  skin  fades  gradually 
into  the  surrounding  integument,  whereas  in  vitiligo  the 
skin  immediately  surrounding  the  white  patches  is  more 
deeply  pigmented,  giving  a  sharply  defined  boundary  line. 
The  hair  growing  over  the  pigmentless  patches  in  partial 
albinism  is  white,  although  it  is  a  curious  fact  that  in  the 
similar  decolorization  of  the  hair,  apparently  due  to 
the  same  causes,  called  sometimes  poliosis  (see  Calvities) 
the  skin  underneath  may  be  of  normal  color. 

Arthur  Van  Harlingen. 

ALBUMINOID  DEGENERATION,  the  term  used  by 
the  English  to  denote  what  is  ordinarily  called  amyloid 
degeneration,  it  being  supposed  that  the  amyloid  material 
represented  a  modified  form  of  albumen,  an  acid  albu- 
men. This  has  been  shown  to  be  wrong.  See  Amyloid 
Degeneration.  W.  W.  Gannett. 

AJACCIO.  The  town  of  Ajaccio  is  situated  at  the 
head  of  a  beautiful  bay,  bearing  the  same  name,  which 
indents  the  western  coast  of  the  island  of  Corsica.  At 
its  mouth  (the  broadest  part)  the  width  of  this  bay  is 
about  ten  miles  from  cape  to  cape,  and  it  extends  inland 
in  a  northeasterly  direction  for  about  the  same  distance, 
having  in  its  general  outlines  the  shape  of  a  letter  U  or  of  a 
blunt-pointed  V.  At  a  distance  of  some  twentjr  miles 
from  the  shores  of  the  bay  stand  the  lofty  mountains  (six 
thousand  to  nine  thousand  feet  high)  constituting  the 
backbone  of  the  island,  while  the  outlying  spurs  of  these 
mountains  come  down  to  the  sea  in  such  a  manner  as 
to  afford  to  the  town  of  Ajaccio  an  all  but  complete 
protection  from  northwesterly,  northerly,  and  easterly 
winds,  leaving  it  exposed  to  the  warmer  winds  blowing 
from  the  south  and  from  the  southwest.  From  this  ac- 
count of  its  situation  it  would  naturally  be  inferred  that 
the  climate  of  Ajaccio  should  be  a  warm  one,  and,  as 
will  presently  appear  from  the  statistics  of  temperature 
about  to  be  quoted,  this  inference  is  entirely  correct.  In 
this  feature  of  exposure  to  the  south  and  shelter  on  the 


north,  the  town  gi-eatly  resembles  many  of  the  celebrated 
winter  resorts  of  the  Italian  Riviera,  while  its  somewhat 
lower  latitude  should  iilsure  Its  being  even  warmer  than 
these.  Accordingly,  it  is  no  surprise  to  learn  that  the 
mean  winter  temperature  of  Ajaccio  is  more  than  3.7°  F. 
(1.5°  C.)  higher  than  that  of  the  Riviera.  The  writer  of . 
the  article  on  Ajaccio  in  "Eulenburg's  Real  Encyclo- 
padie,"  from  whose  contribution  the  preceding  statement 
is  taken,  mentions  further  that  there  is  less  variation  in  the 
mean  temperature  from  month  to  month  of  the  winter 
season  at  Ajaccio  than  is  to  be  found  at  places  lying  along 
the  Riviera.  The  relative  humidity  of  Ajaccio  is  given  by 
the  same  writer  as  varying  between  seventy  and  seventy- 
eight  per  cent.  The  average  total  number  of  rainy  days  oc- 
curring during  the  months  of  October,  November,  Decem- 
ber, January,  February,  March,  and  April,  he  states  to  be 
from  forty  to  forty-flve.  The  annual  rainfall,  according 
to  Doctor  Hermann  Weber  in  "Ziemssen's  Handbuch. 
der  AUgemeinen  Therapie,"  is  24.  8  inches  (630  mm.).  Dr. 
Lombard  states  {Traite  de  Glimatologie  Medicate,  t.  iv., 
p.  620)  that  the  average  number  of  perfectly  cloudless 
days  at  Ajaccio  is  136 ;  of  partly  cloudy  days,  89  ;  and  of 
days  on  which  the  sky  is  completely  obscured  by  clouds, 
51.  He  further  remarks  that  the  greatest  proportion 
of  cloudy  days  occurs  during  the  spring  months,  only  43 
cloudless  days  being  observed  at  that  season,  on  the 
average,  against  49  cloudy  ones.  The  mean  temperature 
at  Ajaccio  for  the  year,  for  each  of  the  four  seasons,  and 
for  eight  out  of  the  twelve  months  of  the  year  is  shown 
in  the  following  table  : 


% 

1 

fB 

^ 

1 

O 

i 

Izi 

1 

1 

4 

^ 

1 

ai 

i 

a 

m 

1 

B 

fiS.IS 

SSR5 

mm 

SO.Sfi 

54.14 

m.i» 

59.36 

Z 

76.'!H 

fi6.6H 

52.16 

60,26 

Ba.fio 

H 

78.08 

66.92 

50.86 

58.28 

63.68 

E.,  Eulenburg'B  Real  Encyclopadie ;  Z.,  Ziemssen's  Handbuch  der  AU- 
gemeinea  Therapie  (Weber) ;  H.,  Hann's  Handbuch  der  Eiimatologie, 

The  dally  variation  of  temperature  is  never  great,  not 
more  than  9°  or  10.8°  F.,  even  in  November  and  Decem- 
ber ;  the  evenings  are  extremely  mild,  not  colder  than 
50°  F.,  even  in  February  ("  Eulenburg's  Handbuch"). 

On  the  authority  of  the  Drs.  Versini,  father  and  son, 
the  climate  of  Ajaccio  is  said  by  Dr.  James  Henry  Ben- 
net  to  be  a  healthy  one,  and  no  epidemic  disease  prevails 
there,  save  only  malarial  fever  of  a  mild  type,  which 
visits  the  town  only  during  the  latter  part  of  summer  and 
in  the  early  autumn,  its  attacks  occurring  chiefly  when 
the  wind  blows  across  from  the  east  shore  of  the  bay, 
where  the  Gravone  and  Prunelli  rivers  empty  into  the 
sea.  On  the  other  hand,  the  writer  in  "Eulenburg's 
Handbuch  "  remarks  that  the  health  of  the  resident  popu- 
lation at  Ajaccio  is  not  especially  good,  which  circum- 
stance he  is  disposed  to  attribute  to  the  imperfect  hygienic 
conditions  prevailing  in  the  town  itself.  The  soil  at 
Ajaccio  is  granite,  and  the  surface-water  drains  rapidly 
away.  The  air  is  free  from  dust  at  all  seasons.  "The 
vegetation  of  Ajaccio  and  the  neighborhood  indicates  a 
climate  at  least  as  warm  as  that  of  Cannes  and  Nice,  per- 
haps even  a  shade  warmer ;  the  olive,  the  orange,  the 
prickly  pear  thrive  with  great  luxuriance.  .  .  .  The 
lemon-tree  grows  also,  and  bears  fruit  out  of  doors,  but 
only,  as  at  Nice,  in  very  sheltered  and  very  protected 
spots.  .  .  .  The  botanical  productions  of  Corsica  assim- 
ilate, as  might  be  presumed,  to  those  of  the  countries  that 
surround  it.  The  north  by  its  vegetation  approximates  to 
the  Riviera,  the  east  to  the  Italian  coast,  the  west  to  Prov- 
ence and  Spain,  while  the  south,  and  I  may  say  the  en- 
tire island,  shows  decided  African  affinities"  (Dr.  J.  H. 
Bennet  in  "  "Winter  and  Spring  on  the  Shores  of  the  Medi- 

So  far  as  its  climate  is  concerned,  the  town  of  Ajaccio 
presents,  in  the  estimation  of  the  writer  in  "Eulenburg's 
Encyclopaedia,"  greater  advantages  than  any  point  in 
Italy  as  a  place  of  resort  for  persons  suffering  from  any 
form  of  ptilmonary  or  cardiac  disease,  or  from  scrofula, 
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as  well  as  for  invalids  merely  seeking  a  quiet  and  suit- 
able place  of  rest.  He  specifies  the  three  months  of 
February,  March,  and  April  as  those  which  it  is  most 
desirable  for  the  invalid  to  select  for  his  sojourn  at 
Ajaccio.  The  Cours  Grandval  is  generally  chosen  by 
.foreigners  for  residence,  lying  as  it  does  in  the  north- 
western portion  of  the  town,  which  is  the  section  most 
protected  and  best  sheltered  from  the  winds.  Although 
it  is  now  no  less  than  twenty-three  years  since  Dr.  Ben- 
net  first  pointed  out,  in  1862,  "that  the  exception- 
ally sheltered  situation  of  Ajaccio,  on  the  western  coast, 
renders  It  a  suitable  residence  for  invalids  requiring  a 
moister  climate  than  that  of  the  Genoese  Riviera,"  and 
that  it  appeared  to  him  "  thoroughly  eligible  as  a  winter 
residence,"  it  is  somewhat  disappointing  to  learn  from  the 
fifth  edition  of  his  own  book  (1875),  and  from  the  abovfe- 
cited  work  of  Eulenburg,  that,  despite  certain  improve- 
ments in  this  direction,  the  character  of  the  hotel  accom- 
modation and  the  facilities  for  social  life  existing  in  the 
town  still  leave  something  to  be  desired  before  the  place 
can  become  as  popular  a  resort  for  invalids  as  it  is  justly 
entitled  to  be.  Up  to  1880  good  accommodations  were 
only  to  be  found  at  certain  of  the  hotels  and  in  villas 
(Eulenburg).  "Biermann,"  says  Dr.  Weber  in  "Ziems- 
sen's  Handbuch,"  "speaks  favorably  of  the  climate  ;  H. 
Bennet  and  Rohden,  who  also  know  the  place  from  per- 
sonal experience,  have  high  hopes  of  its  future,  when  the 
accommodations  and  the  means  of  communication  with 
the  continent  shall  have  been  still  further  improved.  My 
own  experience  in  four  cases  of  pulmonary  phthisis  af- 
fecting the  apex  of  one  lung,  and  in  two  cases  of  chronic 
emphysematous  catarrh  is  favorable ;  in  one  case  of 
chronic  pneumonia  of  the  right  lower  lobe,  and  in  two  of 
asthma,  unfavorable."  Dr.  Pietra  Santa  (quoted  by 
Lombard)  describes  the  climate  of  Ajaccio  as  both  tonic 
and  soothing  in  its  effect,  and  as  being  well  suited  to 
cases  of  scrofula,  to  chlorotic  and  anaemic  persons,  and 
especially  to  those  suffering  from  certain  forms  of  pul- 
monary phthisis  ("surtout  aux  phthlsiques  chez  qui 
predomine  le  lymphatisme  et  la  forme  torpide ;  il  exerce 
egalement  une  influence  prophylactique  pour  ceux  qui 
sont  predisposes  a  la  tuberculose  "). 

"One  of  the  objects  of  my  visit,"  say ^  Dr.  Bennet, 
speaking  of  his  exploratory  trip  to  Corsica  in  the  year 
1862,  "was  to  find  a  perfectly  cool  summer  station  for 
the  EngUsh  consumptive  invalids  who  wish  to  pass  the 
summer  abroad.  I  found  stations  such  as  Arezza  and 
the  baths  of  Guagno,  near  Ajaccio,  which  would  do  very 
well  for  healthy  persons  anxious  to  escape  from  the  ex- 
treme heat  of  Southern  Europe  during  the  summer  months, 
but  these  localities  are  not  sufficiently  high  and  cool  to  be 
chosen  as  summer  retreats  by  invalids.  ...  On 
crossing  the  granite  chain  on  the  way  from  Corte  to  Ajac- 
cio we  came  to  a  spot  between  Vivario  and  Bocognano, 
called  Foci,  the  most  elevated  that  is  passed,  which  would 
no  doubt  do  admirably  for  such  a  summer  sanitarium. 
We  were  quite  four  thousand  feet  high.  .  .  .  The 
air  was  cool  and  pleasant,  the  sky  clear,  the  mountains 
very  beautiful ;  but  there  was  only  a  small,  dirty  roadside 
inn."  Malarial  fever  does  not  prevail  in  Corsica,  even  in 
the'  summer  and  early  autumn  seasons,  according  to  Dr. 
Bennet,  at  any  place  having  an  altitude  above  sea  level  of 
five  hundred  feet. 

It  is  disappointing,  after  considering  the  evident  desira- 
bility of  the  establishment  of  such  a  mountain  summer 
resort  and  its  entire  feasibility,  to  judge  from  the  above 
quoted  remarks  of  Dr.  Bennet,  to  read,  as  we  do  in  Dr. 
Hermann  Weber's  contribution  to  Ziemssen's  work  (1880) 
that  "  the  mountains  of  the  island  have  not  yet  been  made 
use  of  for  the  establishment  of  satisfactory  places  of  sum- 
mer resort."  "  In  the  great  primeval  forests  (of  Corsica) 
are  to  be  found  wild  boars  and  small  game  in  abundance. 
In  the  higher  mountains  the  native  race  of  wild  sheep 
called  mouflons,  are  met  with.  Their  presence  in  the 
mountains  is  a  strong  attraction  to  enthusiastic  sportsmen. 
In  the  alluvial  plains  on  the  eastern  coast  game  abounds 
and  m  the  autumn  and  winter  all  kinds  of  water-fowl  are 
met  with  in  profusion.  In  the  eariy  autumn  season  how- 
ever, these  districts  are  so  very  unhealthy  that  the  pursuit 
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of  the  game  would  probably  be  followed  by  severe  fever" 
(Bennet,  op.  cit.). 

Thanks  to  the  good  work  done  in  Corsica  by  the  French 
Government,  excellent  roads  now  intersect  all  parts  of  the 
island  in  every  direction,  and  the  entire  suppression  of  the 
' '  vendetta  "  has  rendered  every  portion  of  the  island  a  per- 
fectly safe  residence  for  foreigners. 

For  the  latest  information  concerning  hotels,  etc.,  and 
concerning  the  various  lines  of  steamers  which  bind  Cor- 
sica to  the  continent  of  Europe,  the  reader  is  referred  to  the 
tourists'  guide-books  of  Murray  and  Baedecker.  A  great 
deal  of  useful  and  entertaining  information  respecting  the 
scenery,  history,  climate,  etc.,  of  Corsica  may  be  found 
in  the  pages  of  the  delightfully  written  work  of  Dr.  Ben- 
net, from  which  such  frequent  quotations  have  been  made 
in  the  penning  of  this  article.  (See  also  Gregorovius's 
"Wanderings  in  Corsica,  its  History  and  its  Heroes;" 
"Notes  on  the  Island  of  Corsica,"  by  Miss  T.  Campbell; 
and  several  other  similar  works,  all  of  which  are  recom- 
mended to  his  readers  by  Dr.  Bennet.) 

Huntington  Sicha/rds. 

ALBURG  SPRINGS.  Location  and  Post-office,  Alburg 
Springs,  Grand  Isle  County,  Vt. 

Access. — By  Central  Vermont  Railroad  to  Alburg 
Springs  Station. 

Analysis  (C.  T.  Jackson). — One  pint  contains : 

Grams, 

Chloride  of  sodium 1.095 

Chloride  of  magneBium 0.627 

Chloride  of  calcium  and  carbonate  of  lime 0.601 

Sulphide  of  potassium  and  sulphate  of  potassa 1 ,2S7 

Sulphate  of  soda 0.887 

Insoluble  matters 0.100 

Organic  acid  of  the  soil  (crenic  acid)  and  loss 0.250 

Total 4.797 

Sulphuretted  hydrogen,  a  large  proportion. 

These  springs  are  situated  in  the  extreme  northwestern 
part  of  Vermont,  on  Missisquoi  Bay,  an  arm  of  Lake 
Champlain.  The  scenery  round  about  is  beautiful,  em- 
bracing lake  and  mountain  views.  The  climate  is  salu- 
brious.    (Walton.)  G.  B.  F. 

ALCOHOL.  The  term  alcohol  (Syn.  :  ethyl  hydrate, 
spiritus  vini),  once  used  to  signify  ethyl  hydrate,  is  now 
generally  applied,  as  a  generic  term,  to  a  series  of  organic 
compounds,  having  in  common  certain  chemical  charac- 
teristics, the  representative  of  which  class  is  ordinary 
alcohol.  It  is  produced  by  (1)  the  fermentation  of  all 
saccharine  bodies,  (2)  by  synthesis  in  the  laboratory.  In 
composition  it  is  a  hydrate,  i.e.,  the  combination  of  a 
basylous  radical  with  HO,  and  possesses  the  chemical 
properties  of  other  hydrates,  in  forming  salts  with  acids, 
etc. 

Pbepakation. — Alcohol  is  produced  by  a  particular 
ferment  (torula;  cerevisise)  acting  upon  saccharine  sub- 
stances ;  causing  them  to  split  up  into  alcohol  and  carbon 
dioxide,  viz.  : 


Glucose 
CeHisOs 


Alcohol 
2C,H5HO 


Carbon  dioxide. 
2COs. 


Cane-sugar  and  milk-sugar  undergo  a  conversion  first 
into  glucose  and  then  into  alcohol.  Minute  quantities  of 
acetic  and  succinic  acids,  also  traces  of  aldehyde,  fusel  oil 
(amyl  alcohol),  and  glycerine  are  produced  at  the  same 
time.  It  is  an  interesting  and  important  fact  that  the 
fermentation  gradually  ceases  as  the  alcohol  produced 
nears  eighteen  per  cent,  strength,  and  when  the  latter  is 
reached,  further  action  ceases.  In  the  grape-juice,  when 
this  strength  is  reached,  if  there  still  be  unf  ermented  sugar, 
a  "  sweet "  wine  results  ;  if  none,  a  "  dry  "  wine.  This  is 
due  to  the  action,  on  the  ferment,  of  the  alcohol  itself ; 
the  strength  named  above  being  just  able  to  precipitate 
it.  Pure  wines,  therefore,  in  moderate  quantity  will  not 
precipitate  the  pepsine  of  the  gastric  juice,  because  not 
strong  enough  to  do  so  immediately  on  taking,  and  in  the 
stomach  they  are  quickly  diluted.  In  a  diluted  condition, 
under  the  influence  of  another  ferment,  alcohol  is  changed 
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to  acetic  acid,  by  a  process t)f  oxidation  ;  thus,  e.g.,  white 
wine  vinegar  is  produced. 


Alcohol 
CHsHO  + 


O,     =r 


Acetic  acid      +     Water. 

CsH^Os     +    HsO. 


When  any  of  the  fermented  liquors  are  distilled,  alco- 
hol mixed  with  water  passes  over  into  the  receiver.  Re- 
peated distillations  free  it  from  the  greater  proportion  of 
higher  alcohols  and  water.  Its  degree  of  concentration 
can  then  he  determined  by  taking  its  specific  gravity  and 
comparing  the  result  with  a  fixed  table  in  which  the 
strength  for  each  specific  gravity  is  worked  out.  The  last 
amounts  of  water  can  only  be  gotten  rid  of  with  the  great- 
est difficulty  ;  as,  for  example,  by  distillation  over  quick- 
lime out  of  contact  with  air  (from  which  it  rapidly  ab- 
stracts moisture). 

Phtsical  Phopertibs. — Absolutely  pure  alcohol  is  a 
colorless,  limpid,  pleasantly-smelling  liquid  having  a 
sharp,  burning  taste ;  boiling  at  78.5°  C.  (173.3°  P.),  and, 
at  20°  C,  having  a  specific  gravity  of  0.7895.  Its  affinity 
for  water  is  intense,  even  abstracting  it  from  the  air  when 
the  bottle  is  not  securely  corked.  If  it  be  mixed  directly 
with  water,  heat  will  be  produced,  the  volume  of  the 
mixture  being  less  than  the  sum  of  the  volumes  of  the 
components,  thus  showing  that  combination  has  resulted. 
It  is  a  solvent  of  great  power,  advantage  of  which  is  taken 
both  in  the  arts  and  in  medicine,  e.g.,  in  the  solutions  of 
the  fixed  active  principles  of  drugs  called  tinctures,  or 
the  solutions  of  the  volatile  active  principles  called  spirits. 
It  dissolves  the  alkaloids,  essential  oils,  many  resins,  some 
fats,  and  COa  freely. 

Chemical  Pkopbrtibs. — Alcohol  occurs  in  commerce 
and  pharmacy  in  varjfing  degrees  of  concentration.  When 
absolute  alcohol  is  required,  it  should  be  freshly  prepared, 
that  of  the  shops  being  often  only  ninety-eight  per  cent, 
strong.  Alcohol  (U.S.  Ph.)  has  a  specific  gravity  of  0.83, 
and  contains  ninety-four  per  cent,  by  volume.  Alcohol 
dilutum  (U.S.  Ph.)  contains  fifty-three  per  cent,  by  volume, 
and  is  the  ordinary  proof  spirit.  Its  distinguishing  chem- 
ical properties  are  :  (1)  its  affinity  for  water  ;  (2)  its  coag- 
ulating power  on  albuminoids,  and  (8)  its  antif ermentative 
power  when  stronger  than  eighteen  per  cent.  Advantage 
is  taken  of  the  first,  in  the  mounting  of  microscopical 
sections,  to  abstract  all  the  water  before  immersing  them  in 
the  oils  and  balsams  ;  of  the  second,  in  the  hardening  of  the 
tissues  for  studj'  and  section  ;  of  the  last,  in  the  preserva- 
tion in  bulk  of  anatomical  specimens,  and  those  medicinal 
agents  which  undergo  change  in  other  media.  Pure 
alcohol,  properly  diluted,  will  be  understood  to  have 
been  given,  when  we  speak  of  its 

Physiological  Action. — Locally:  Prolonged  contact 
with  the  integument  produces  a  sensation  of  heat  which, 
if  continued,  results  in  inflammation.  It  hardens  the 
same  by  coagulation  of  its  albuminoid  constituents  and 
abstraction  of  water,  the  rapidity,  to  a  certain  extent, 
depending  upon  its  concentration.  Hence,  it  is  useful  in 
a  relaxed  condition  of  the  skin,  in  sweating,  and  in  ulcers ; 
it  acts  here  as  an  astringent,  preventing  the  escape  of 
leucocytes,  and  promoting  the  healing  process. 

Stomach  and  IntesiiTml  Tract. — The  action  of  this  agent 
upon  the  stomach  and  intestinal  tract  has  been  one  of  the 
bones  of  contention  between  the  advocates  of  teetotalism 
and  those  who,  knowing  its  virtues,  can  utilize  them. 
To  incorporate  the  arguments  of  both  sides  would  be 
foreign  to  the  scope  of  this  article  which  is  to  give  the 
present  status  of  scientific  opinion.  Small  quantities  of 
alcohol,  properly  diluted,  taken  into  the  stomach,  produce 
an  agreeable  sensation  of  warmth  which  soon  diffuses  it- 
self over  the  entire  body.  It  is  quickly  absorbed.  A  tur- 
gescence  of  the  capillary  plexus  of  the  mucous  membrane 
occurs,  which  is  speedily  followed  by  a  free  secretion 
from  the  gastric  follicles,  due,  in  all  probability,  to  (o)  the 
increased  supply  of  blood,  and  (fl)  the  stimulation  of  their 
glandular  orifices.  Here,  just  as  in  any  other  organ  of 
the  body,  long-continued  or  excessive  stimulation  will 
give  rise  to  a  pathological  secretion,  and  a  gastric  catarrh 
will  result.  Larger  quantities  of  alcohol  interfere  with  the 
digestive  processes,  partly  by  rendering  the  albuminoids 
less  soluble,  partly  by  producing  a  secondary  constriction 


of  the  stomach  capillaries,  and  thus  a  diminished  secretion. 
Experimentally  applied  to  the  mucous  membrane  of  the 
dog's  stomach  (through  gastric  fistulas) ,  increased  secre- 
tion and  peristalsis  of  that  viscus  are  observed.  This  is 
probably  true  in  man.  Even  a  few  drops  of  the  stronger 
alcohol,  applied  to  the  base  of  the  tongue,  has  been  seen 
to  cause  an  almost  immediate  flow  of  gastric  juice. 

Poisoning  by  concentrated  alcohol  excites  a  burning 
sensation  in  the  mouth,  oesophagus,  and  stomach,  soon 
followed  by  a  gastro-enteritis,  with  its  attendant  symptoms 
of  epigastric  pain,  fever,  vomiting,  and  purging  (some- 
times of  blood).  Post-mortem  appearances  of  the  tissues 
in  contact  with  which  the  concentrated  alcohol  has  lain, 
are  such  as  are  naturally  to  be  expected  from  its  chemical 
properties,  i.e.,  abstraction  of  the  watery  constituents  of  the 
epithelial  lining,  cell-shrinkage,  coagulation  of  the  blood 
in  the  vessels  of  the  mucosa,  and  hsemorrhagic  softening. 

The  circulatory  system,  like  the  other  portions  of  the 
organism,  is  affected  by  alcohol,  but  not  in  so  marked  a 
degree.  In  small  quantities,  its  first  effect  is  to  stimulate 
the  heart,  causing  a  slight  increase  in  frequency  and  a 
marked  increase  m  force,  accompanying  which  is  a  dila- 
tation of  the  cutaneous  capillaries,  and  probably  also  those 
of  the  brain.  The  intravascular  pressure  is  increased. 
These  phenomena  are  plainly  visible  in  the  flushed  face, 
glistening  eye,  and  animated  expression  of  the  person  in 
the  early  stage  of  alcoholic  influence.  In  poisonous  doses, 
a  lessening  of  the  heart's  power  by  one-twentieth  and 
the  blood-pressure  by  one-sixth  occurs.  Nothnagel  ex- 
plains this  as  a  reflex  result,  due  partly  to  the  severe  irrita- 
tion of  the  vagus,  partly  to  a  direct  affection  of  the  heart- 
plexus  and  pheumogastric  centre  in  the  brain.  He  cites, 
in  proof,  the  experiment  of  cutting  the  vagus  in  animals 
under  the  influence  of  alcohol,  when  the  blood-pressure 
and  heart's  action  again  increase.  The  circulatory  sys- 
tem is  the  last  to  succumb  to  the  toxic  effects  of  alcohol, 
for  when  all  volition  has  ceased,  and  the  voluntary  muscles 
are  paralyzed,  the  weakened  heart  continues  beating,  until, 
if  the  intoxication  be  severe,  death  results  from  paral- 
ysis of  respiration.  The  long-continued  use  of  alcoholic 
drinks,  particularly  in  the  more  concentrated  forms,  in- 
duces a  fatty  infiltration  of  the  heart-muscle  and  an 
atheromatous  condition  of  the  arterial  walls. 

Brain  and  Nerwus  System. — The  primary  effect  of  al- 
cohol (in  small  quantities)  on  the  nervous  system  is  a 
stimulation  of  the  functional  activity  of  the  brain.  This 
is  a  result  chiefiy  of  the  direct  stimulation  of  alcohol  upon 
the  nervous  tissue,  though  the  increased  force  of  the 
heart-beat,  its  increased  frequency,  and  the  greater  activ- 
ity of  the  entire  bodily  functions  undoubtedly  assist  its 
local  action.  A  sense  of  well-being  pervades  the  body,  a 
greater  activity  of  intellection,  increased  volubility,  and  a 
general  exhilaration  result,  which,  enduring  for  a  time,  are 
followed  by  no  depression.  Such  quantities  have  little 
effect  on  the  spinal  cord.  If  the  quantity  be  increased,  we 
have  an  exaggeration  of  the  foregoing  conditions.  Mental 
activity  is  at  its  highest,  ideas  flow  rapidly,  and  thought 
finds  ready  expression.  Later,  the  cerebellum  and  cord 
begin  to  show  interference  with  their  function,  by  the 
muscular  incoordination,  beginning  usually  in  the  tongue 
and  lower  lip.  If  in  this  condition  the  quantity  of  alco- 
hol be  again  increased,  a  general  incoordination  ensues. 
The  tongue  refuses  to  give  correct  expression,  ideas  are 
confused,  mental  hallucinations,  and  even  a  temporary  in- 
sanity may  result.  This  state  is  followed  by  depression, 
sleep,  coma,  and  even  death.  The  investigations  of 
Schulinus  reveal  the  fact  that  alcohol  induces  a  distinct 
change  in  the  contents  of  the  nerve-cells,  discoverable  by 
the  microscope,  the  exact  nature  of  which,  whether  it  be 
a  change  in  the  lecithin,  fats,  or  albuminoids,  is  not  posi- 
tively known.  Such  a  change  probably  occurs  in  the 
lastruamed  stage.  Long-continued  use  of  alcoholic  drinks 
to  intoxication  causes  an  increase  in  the  connective  tissue, 
the  neuroglia,  and  an  atrophy  of  the  nerve-cells.  Pure 
alcoholic  drinks,  i.e.,  those  which  have  been  carefully  freed 
from  the  higher  alcohols,  or  aldehydes,  produce  far  less 
textural,  as  well  as  psychical,  disturbances,  than  those 
containing  such  impurities.  The  peculiar  condition 
known  as  delirium  Premens  most  frequently  occurs. in 
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those  addicted  to  liquors  rich  in  fusel  oil  (amylic  alco- 
hol). An  interesting  fact  in  this  connection,  to  which 
attention  was  first  called  by  Richardson,  is  this,  that  the 
administration  of  fusel  oil  induces  a  condition  almost 
identical  with  that  of  delirium  tremens.  The  tempera- 
ment of  the  subject  under  such  conditions  will  modify  the 
psychical  manifestations  ;  those  of  a  genial  temper  become 
merry,  noisy,  and  hilarious,  while  those  of  an  opposite 
disposition  become  morose,  taciturn,  or  quarrelsome. 
The  action,  upon  the  peripheral  nervous  system,  of  alco- 
hol is  slight,  except  in  toxic  doses,  when  the  nerves  of 
sensation  are  benumbed.  (See  Alcoholism,  under  the 
head  of  Insanity.) 

The  sympatTietic  system— fiaough.  the  increased  blood- 
pressure,  in  the  first  stage ;  the  capillary  dilatation,  and 
the  marked  fall  of  pressure,  in  the  later  stages  of  alcoholic 
intoxication — shows  its  susceptibility  to  this  agent.  Its 
action  upon  the  sympathetic  in  healthy  and  in  inflamma- 
tory areas  appears  to  differ,  for  Binz  has  shown  that  there 
is  a  contraction  in  the  latter  condition  of  the  arterioles  and 
a  lessening  of  the  migration  of  leucocytes. 

Temperature.— Small  doses  of  alcohol  frequently  re- 
peated will  cause  a  slight  primary  rise  in  temperature. 
It  is  now  generally  admitted  that  alcohol  in  liberal  quan- 
tities lowers  the  bodily  temperature.  All  carefully  con- 
ducted experiments  prove  this.  That  large  quantities 
will  do  so  is  a  matter  of  almost  daily  clinical  demon- 
stration, either  in  the  healthy  or  in  the  feverish  organ- 
ism, but  practical  use  of  this  agent  as  an  antipyretic  has 
been  limited,  owing  to  the  comparatively  large  amounts 
and  the  long-continued  administration  which  are  neces- 
sary. In  toxic  quantities  it  is  not  infrequent  for  the  tem- 
perature to  drop  below  the  normal  from  two  to  four 
degrees  Fahrenheit.  On  what  this  fall  depends  there  is 
much  dispute.   The  causes  are  multiple  rather  than  single. 

1.  Since  alcohol  causes  a  superficial  capillary  dilatation, 
the  volume  of  blood  in  the  integument  is  increased,  and 
since  we  have  a  radiation  of  heat  from  the  body  surface 
there  will  be  a  greater  loss  of  heat  than  is  normal. 

3.  The  functional  activity  of  the  sweat-glands  is  thus 
increased;  hence  freer  perspiration,  increased  evaporation 
on  the  surface,  and  cooling. 

3.  The  value  of  alcohol  in  the  economy  is  as  a  heat- 
producer  ;  but  arguments  based  upon  the  theory  that  if 
it  be  burned  up  in  the  system,  the  body  temperature 
should  rise  accordingly,  are  no  more  logical  than  to  use 
the  same  reasoning  for  any  of  the  other  carbohydrates. 
Their  combustion  goes  to  the  maintenance  of  the  normal 
body  temperature  as  the  heat  is  lost  by  radiation.  This 
is  equally  true  with  alcohol.  But  by  the  combustion  of 
alcohol  the  fats — in  part  at  least — escape  oxidation,  and 
are  stored  up  in  the  tissues.  The  oxygen  which,  in  the 
absence  of  alcohol,  would  have  combined  with  them,  com- 
bines readily  with  the  more  easily  oxidizable  alcohol,  pro- 
ducing heat. 

Carbonic  oxide      +     Water. 

CDs       +  mo. 

Now,  Frankland  has  shown  that  a  given  weight  of  al- 
cohol, in. burning,  produces  but  seven-ninths  as  much 
heat  as  the  same  weight  of  oil  (cod-liver).  A  logical  con- 
clusion then  is  that  the  temperature  of  the  body,  when 
supported  chiefly  by  alcoholic  combustion,  will  fall. 

4.  Alcohol  in  appreciable  quantity  diminishes  cell  activ- 
ity. Since  the  body -heat  depends  in  part  on  their  activity, 
anything  diminishing  the  latter  will  lower  the  body  tem- 
perature. According  to  a  well-known  law  of  physics,  the 
separation  of  complex  chemical  bodies  into  ones  of  simpler 
composition  results  in  the  production  of  heat.  Such 
changes,  in  all  probability,  take  place  within  the  cell.  If 
alcohol,  therefore,  will  diminish  cell  activity,  it  will  lower 
the  body  temperature.  The  fact  that  a  diminished  quan- 
tity of  COa  is  excreted  does  not  militate  against  the  idea 
that  the  alcohol  has  been  burned  up,  because  there  is  far 
less  C  in  alcohol,  in  proportion  to  the  other  constituents, 
than  in  the  fats.  Moreover,  experimenters  have  found  an 
increase  of  the  fats  and  sugar  in  the  blood  after  imbibi- 
tion of  alcohol,  which  fact  would  strengthen  the  theory 
that  the  alcohol  is  burned. 


Rude  experience,  as  well  as  actual  experiment,  conclu. 
sively  teaches  us  tjjat  alcohol  diminishes  the  power  of 
resisting  exposure  to  cold  ;  the  explanation  being  plain 
enough  when  the  action  of  this  substance  on  the  body-tem- 
perature is  understood. 

On  the  secretions  alcohol  has  considerable  effect.  To  its 
action  on  the  salivary  and  gastric  secretions  we  have  al- 
ready referred.  The  liver  being  the  first  to  receive  the 
blood  freshly  charged  with  alcohol,  in  a  more  concentrated 
condition  than  after  dilution  by  the  general  circulation,  is 
the  first  to  feel  its  stimulating  effect,  and  the  first  to  un- 
dergo pathological  changes.  The  liver-cells  are  stimulated, 
and  as  a  result  we  have  an  increased  flow  of  bile.  The 
cells  enlarge  and  become  infiltrated  with  fat-globules.  The 
stronger  drinks,  particularly  if  taken  undiluted  and  if  the 
practice  be  persisted  in  for  any  considerable  period,  cause 
an  irritation  of  the  connective-tissue  cells  in  the  liver  sur- 
rounding the  portal  radicles.  A  proliferation  of  the  same 
occurs,  and,  as  a  final  effect,  contraction  of  this  newly 
formed  tissue — as  is  the  case  with  all  newly  formed  con- 
nective tissues — ensues,  producing  the  so-called  cirrhotic 
or  hob-nailed  liver.  With  the  primary  new  formation 
there  is  naturally  an  increase  in  the  size  of  the  organ,  while 
the  secondary  contraction  causes  an  atrophy  of  the  liver- 
cells,  (o)  by  direct  pressure,  and  (i8)  by  diminishing  their 
normal  blood-supply.  In  those  countries  where  the  more 
dilute  alcoholic  drinks  (wines  and  beers)  are  the  national 
beverage,  the  cases  of  cirrhosis  are  unusual ;  while,  on 
the  other  hand,  the  contrary  is  true  where  the  more  con- 
centrated drinks  (brandy,  wMskey,  gin,  or  rum)  are 
largely  consumed.  Finally,  the  portal  radicles  become 
so  narrowed  by  the  contraction  of  the  connective  tissue  in 
which  they  lie,  that  the  portal  circulation  is  interfered 
with,  thus  producing  a  mechanical  congestion  of  the 
intestinal,  peritoneal,  and  gastric  capillaries,  with  ascites 
and  watery  stools. 

The  remarkable  investigations  of  Dujardin-Beaumetz 
upon  the  action  of  the  various  alcohols  on  the  lower  ani- 
mals, have  developed,  among  other  things,  this  very  in- 
teresting fact,  that  after  the  continued  use  for  thirty  months 
of  all  varieties  of  pure  and  crude  alcohols,  neither  intersti- 
tial hepatitis,  thickening  of  stomach- wall,  nor  ascites  was 
induced.  The  animals  chosen  for  experimentation  were 
pigs,  because  of  the  similarity  between  their  digestive  ap- 
paratus and  food  and  those  of  man.  Congestion  of  the 
liver  and  of  the  mucous  membrane  of  the  stomach  and 
duodenum  was  induced  to  a  slight  degree  when  ethylic 
alcohol  was  used,  but  it  was  intense  when  the  higher 
alcohols  were  used.  When  the  dose  of  pure  diluted 
ethyl-alcohol  did  not  exceed  one  gramme  (grs.  15)  per 
kilo.  (3  lbs.)  of  body-weight,  no  pathological  changes 
whatever  were  induced  I 

Kidneys. — The  alcohol  being  in  a  much  less  concen- 
trated condition  on  reaching  the  kidneys  than  is  the  case 
with  the  liver,  the  effects,  both  physiological  and  path- 
ological, are  less  marked.  The  watery  portion  of  the 
urine  is  increased ;  the  solid,  at  least  so  far  as  urea  is 
concerned,  is  diminished.  The  increased  amount  of 
water  excreted  is  a  natural  result  of  the  increased  blood- 
pressure  ;  the  diminution  of  urea  is  due  to  the  lessening 
of  oxidation  of  the  nitrogenous  tissues.  In  these  organs, 
also,  the  irritating  results  manifest  themselves  more 
slowly  than  in  the  liver,  but  in  an  exactly  similar  man- 
ner.    Eventually  the  cirrhotic  kidney  is  produced. 

Excretion. — Experimenters  all  agree  in  this,  that  not 
more  than  sixteen  per  cent,  of  the  alcohol  taken  can  he 
found  in  the  excreta.  The  greater  portion  disappears  in 
the  system.  As  to  its  mode  of  destruction  nothing  is 
positively  known.  None  of  the  intermediate  products 
of  its  oxidation — aldehyde  and  acetic  acid — have  been 
found  either  in  the  blood  or  in  the  excreta.  If  it  is  de- 
stroyed by  oxidation,  as  we  have  reason  to  believe,  COj 
and  HjO — both  normal  constituents  of  the  blood — would 
be  the  final  products,  and  could  not  be  identified  as  de- 
rived from  alcohol.  Through  the  lungs  a  small  percent- 
age escapes.  The  heavy  odor  of  the  breath  after  drinking 
is  chiefly  due,  however,  to  ethers  and  higher  alcohols 
which  exist  naturally  in  the  fermented,  and  are  always 
added  to  the  artificial  liquors.     Pure  dilute  alcohol  does 
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not  taint  the  breath.  As  to  excretion  through  the  kidneys, 
Binz  has  shown  that  under  the  most  favorable  conditions 
not  more  than  tliree  per  cent,  of  the  alcohol  ingested 
is  excreted  by  them,  thus  exploding  the  theory  once  en- 
tertained that  alcohol  was  entirely  excreted  unchanged  in 
the  urine.  A  small  amount  of  alcohol  is  excreted  through 
the  skin. 

Administkation. — The  physiological  action  of  all  pure 
liquors  does  not  differ  materially  from  that  of  alcohol  of 
a  similar  concentration.  Slight  differences  due  to  compo- 
sition will  be  spoken  of  in  connection  with  the  several 
liquors. 

The  physical  constitution  of  the  patient,  together  with 
the  state  of  health  and  the  result  to  be  acquired,  must 
form  the  guide  to  the  proper  selection  and  dose.  The 
carefully  conducted  experiments  of  Dujardin-Beaumetz, 
Richardson,  and  others,  agree  that  one  gramme  (15  grs.) 
of  absolute  alcohol  to  every  kilo  (3  lbs.)  of  body-weight 
is  about  the  daily  limit  that  can  be  assimilated  by  the 
healthy  adult  without  disturbance  of  digestion  or  other 
injurious  consequences.  It  is  true,  however,  that  patients 
exhausted  by  the  continued  fevers  can  absorb  amounts 
far  exceeding  the  normal  limits  without  injury,  in  fact, 
with  benefit. 

A  daily  indulgence  of  two  grammes  per  kilo  induces 
Intoxication,  and  if  continued  for  a  few  days,  will  cause 
loss  of  appetite,  diarrhoea,  vomiting  of  glairy  mucus,  etc. 
Finally,  a  dose  of  eight  grammes  per  kilo  will  cause 
death  within  from  twenty-four  to  thirty -six  hours.  In 
this  connection  it  will  be  instructive  to  present  the  re- 
sults obtained  by  Dujardin-Beaumetz  as  to  the  average 
poisonous  dose  of  the  various  alcohols  per  kilo  of  body- 
weight,  sufficient  to  cause  death  in  from  twenty-four  to 
thirty-six  hours :  Ethyl  alcohol,  89  grm.  concentrated ; 
propylic  alcohol,  3.90  grm.  concentrated,  3.75  grm.  di- 
lute ;  butylic  alcohol,  2.00  grm.  concentrated,  1.85  grm. 
dilute ;  amylic  alcohol,  1.70  grm.  concentrated,  1.50 
grm.  dilute. 

From  this  it  majr  be  concluded  that  the  higher,  the  de- 
gree of  concentration  of  the  alcohol  the  more  poisonous 
will  it  be.  The  two  last  are  more  poisonous  when  dilute, 
because  more  soluble  and  better  adapted  for  assimilation. 
Hence,  the  importance  of  administering  only  pure  unso- 
phisticated liquors  should  be  particularly  borne  in  mind. 

It  may  be  generally  stated  that  the  stronger  wines  are 
indicated  in  the  weakened  conditions  occasioned  by  long- 
continued  fevers,  chronic  suppurative  processes,  ai>d 
anaemia  from  frequent  haemorrhages,  and  for  convales- 
cents generally.  The  red  wines,  by  reason  of  the  tannic 
acid  which  they  contain,  are  serviceable  where  we  desire 
also  an  astringent  effect ;  hence  their  use  in  diarrhoeas, 
locally  to  ulcers,  as  gargles,  or  not  infrequently  as  an  in- 
jection in  gonorrhoea.  The  sparkling  wines,  from  the 
COa  which  they  hold  in  solution,  often  are  efficient  in  re- 
lieving such  irritable  conditions  of  the  stomach  as  occur 
in  seasickness,  vomiting  of  pregnancy,  or  in  true  cholera. 
Brandies,  whiskeys,  etc.  (of  good  quality),  are  indicated, 
undiluted,  in  cases  of  sudden  weakening  of  the  heart's 
action.  Given  after  a  full  meal  they  certainly  aid  its 
digestion.  This  group  of  alcoholic  drinks,  when  not 
abused,  take  the  place,  with  the  poor,  of  the  costly  con- 
diments of  the  rich,  improving  the  appetite  and  aiding  di- 
gestion. Diluted  they  can  be  used  where  wines  are  indi- 
cated, but  not  as  efficiently.  Externally  they  are  fre- 
quently employed  as  alcohol  is,  to  check  sweating,  as 
a  counter-irritant  for  bruises,  etc. 

The  beers,  ales,  and  porters  are  valuable  because  of  the 
nutritive  material  which  they  contain.  They  are  readily 
assimilated,  and  are  pleasant  to  the  taste,  and  the  bitter 
principles  contained  in  them,  together  with  the  alcohol, 
cause  an  increased  flow  of  gastric  juice.  They  are,  there- 
fore, prescribed,  together  with  food,  as  a  dietary  measure. 
The  diastase  which  exists  in  the  beer  is  present  in  suffi- 
cient quantity  to  aid  in  the  conversion  of  the  starchy 
foods.  Their  effect  upon  the  brain  is  not  so  pleasant  as 
that  of  wine,  due  (according  to  Rossbach)  to  the  oil  of 
hops,  which  resembles,  in  physiological  action,  oil  of 
turpentine.  They  are  desirable  for  those  who  cannot 
stand  the  cerebral  effects  of  wines. 


Since  one  gramme  of  absolute  alcohol  per  kilo  (2  lbs.) 
of  body -weight  is  the  average  limit  per  diem  that  cannot 
safely  be  exceeded,  a  list  of  the  strengths  of  the  more  com- 
mon alcoholic  drinks  seems  here  appropriate.  From  it 
may  be  calculated  the  maximal  dose,  which  it  is  not  desir- 
able to  exceed.  The  following  table  shows  the  average 
strengths  of  the  ordinary  liquors,  as  given  by  several 
authorities,  with  the  extremes  of  variation : 

Per  cent. 

Brandies,  gin.  and  whiskeys 48to56 

Sherries  and  port  20  to  33 

Clarets  and  hoclc  Stoll 

Sweet  Spanish  and  Italian ._ 13  to  17 

Ales  and  porter .' 6  to  10     - 

Beers 4  to   6 

Stout 4 

Kumyss 1  to    SJ 

The  pure  natural  wines,  of  course,  vary  in  strength, 
from  year  to  year,  according  as  the  season  has  produced 
a  very  sweet  or  a  sour  grape.  Sherries  and  port  are  fre- 
quently fortified  by  the  addition  of  brandy,  which  explains 
their  being  stronger  than  the  usual  eighteen  or  twenty  per 
cent,  strength.  Lewis  L.  McArthur. 

ALDEHYDE.  The  aldehydes  form  a  genus  of  chemical 
compounds ;  but  acetic  aldehyde  being  the  commonest 
member  thereof,  the  word  aldehyde,  when  used  singly,  is 
always  understood  to  mean  that  substance.  Acetic  alde- 
hyde, CjHjO,  is,  from  the  point  of  view  of  chemical  com- 
position, the  first  outcome  of  the  oxidation  of  common 
— ethylic — alcohol.  It  very  closely  resembles  alcohol  in 
physical  and  physiological  properties,  being  a  thin,  color- 
less fluid  of  pungent  smell  and  taste ;  inflammable,  miscible 
in  all  proportions  with  water,  alcohol,  and  ether ;  antiseptic, 
irritant,  and  narcotic.     It  is  not  used  in  medicine. 

Edward  Curtis. 

ALDER,  BLACK  (Ffrinos,  U.  S. ;  Ilex  vertidllata  Gray ; 
PHtws  verticillatus  Linn. ;  order,  Aquifoliacic^,  a  medium- 
sized  shrub,  with  gra3rish  bark,  alternate,  short,  petioled, 
pointed,  and  serrated  leaves,  and  small  clusters  of  axillary, 
minute,  whitish  flowers ;  fruit  a  glossy  scarlet,  six-celled, 
six-seeded,  persistent  berry,  in  small  close  clusters  along 
the  branches.  This  plant  is  common  in  most  parts  of  the 
United  States,  growing  along  roadsides  and  moist  by- 
ways and  in  swamps,  and  forms,  in  the  autumn,  a  striking 
and  characteristic  portion  of  our  country  landscape. 

The  bark  is  smooth,  grayish  or  whitish  ash-colored,  and 
when  dried  for  medicinal  use  is  in  "thin,  slender  frag- 
ments, about  one  millimetre  thick  {^g  inch),  fragile,  the 
outer  surface  brownish  ash-colored,  with  whitish  patches, 
and  blackish  dots  and  lines,  the  corky  layer  easily  separat- 
ing from  the  green  tissue  ;  inner  surface  pale-greenish  or 
yellowish  ;  fracture  short,  tangentially  striate ;  nearly  in- 
odorous, bitter,  slightly  astringent"  (tj.  S.  Ph.). 

No  important  or  definite  proximate  principles  have  been 
found  In  this  drug,  which  resembles  the  other  hollies  in 
its  general  properties.  Like  most  bitter  barks  and  woods, 
black  alder  has  been  considered  to  be  tonic  and  anti- 
periodic,  also,  perhaps,  slightly  astiingent ;  this  latter 
quality  has  recommended  it  as  a  local  applicatfon  to  in- 
dolent and  foul  ulcers,  and,  like  most  other  medicines 
without  definite  active  properties,  it  has  been  used  as  an 
alterative  in  the  treatment  of  various  chronic  skin  and 
other  diseases.  The  utility  of  black  alder  for  any  purpose 
excepting  a  mild  astringent  tonic  is  very  doubtful,  and 
where  it  may  be  serviceable  there  are  better  drugs  to  select 
from.  It  is  at  present,  in  regular  practice,  almost  obsolete, 
but  in  some  demand  for  domestic  use. 

Dose,  internally,  from  2  to  4  grm.  ( 3  ss.  ad  3  j.).  There 
is  no  officinal  preparation,  but  it  may  be  given  in  the 
regular  ten  percent,  decoction;  dose,  25  to  50  c.c.  (f  3  vj.  ad 
f  3  xij,),  two  or  three  times  a  day. 

Botanical  Rblations.— PKjios  is,  by  Bentham  and 
Hooker  and  Gray,  included  in  the  extended  genus  Ilex, 
which  comprises  about  one  hundred  and  forty  five  species, 
mostly  of  tropical  America,  a  few  in  Europe  and  Asia, 
and  is  the  principal  genus  of  the  order. 

Ilex  aquifoUum  Linn.,  the  common  holly  of  Europe, 
grows  there  both  wild  and  cultivated,  and  is  occasionally 
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cultivated  in  the  United  States  as  an  ornamental  or  hedge- 
plant.  It  has  similar  tonic  properties  to  those  of  black 
haw  ;  is  also  diaphoretic,  and  has  been  occasionally  used 
as  a  popular  remedy  in  digestive  derangements,  diarrhoea, 
etc.  The  berries  are  emetic  and  cathartic.  A  bird-lime 
was  formerly  prepared  from  the  bark.  The  leaves,  which 
are  bitter,  contain  ilicic  acid,  ilexanthin  (a  yellow  coloring 
matter),  and  the  bitter  principle  ilicin,  none  of  which  are 
obtained  in  complete  purity.  The  latter  has  been  used  as 
an  antiperiodio,  in  doses  similar  to  those  of  quinine,  but 
has  fallen  into  disrepute. 

Ilex  opaca,  American  hoUy,  a  good-sized  tree,  has 
•  qualities  similar  to  the  above. 

lUx  vomitaria  Linn.,  and  other  species  act  as  bitter 
cathartics  or  emetics. 

Ilexparaguaiensis  Lambert,  contains  caffeine  (see  Mate). 

Allibd  Drugs. — The  number  of  bitter  drugs  which  in 
moderate  doses  may  act  as  mild  tonics,  and  in  large  ones 
certainly  derange  the  digestion,  is  very  large ;  of  these, 
too,  a  considerable  proportion  have  been  proposed  as  sub- 
stitutes for  quinine ;  none  of  them  have  held  their  place 
as  antiperiodlcs ;  most  of  them,  it  must  be  confessed, 
have  a  little  value  as  tonics  ;  but  while  there  is  an  abun- 
dance of  typical  bitters,  like  the  gentians  and  quassias,  it 
is  hardly  worth  while  to  use  them.  If  a  laxative  astrin- 
gent or  stimulant  is  needed  in  addition  to  the  bitter,  it  can 
easily  be  added  to  the  pure  bitters.  For  list  of  bitter 
tonics  see  Gentian.  W.  P.  Bolles. 

ALEPPO  EVIL.  (Synonyms :  Delhi  boil,  oriental 
sore,  impetigo  annua,  mycosis  cutis  chronica,  lupus  en- 
demicus  ;  Fr.,  JBouton  d'Alep,  bouton  du  Nil,  houlon  du 
Caire,  bouton  de  Biskra,  bouton  de  Bagdad,  bouton  du 
Scinde,  bouton  de  Bombay ;  Ger.,  Beule  mn  Alep,  Delhi- 
Beule,  Jemen-Beule,  Biskara-Beule ;  It.,  gavoceiolo  d'- 
Aleppo;  Arabic,  liabab  el  seneh ,  one-year  ulcer  ;  Turkish, 
dous  el  kourmati,  date  disease ;  Persian,  salek.)  Defini- 
tion :  A  non-contagious,  indolent,  and  very  intractable 
sore,  commencing  as  a  papule,  terminating  as  an  en- 
crusted ulcer,  and  producing  a  permanent  cicatrix  like 
that  of  a  burn ;  found  chiefly  on  the  skin  of  the  face, 
neck,  and  dorsal  aspect  of  the  forearm,  hand,  and  foot, 
and  affecting  both  natives  and  foreign  residents  in  many 
parts  of  Asia  and  Africa.  The  lesion  is  either  single  or 
multiple,  usually  multiple.  Among  the  natives  of  places 
where  it  is  endemic,  it  generally  occurs  during  childhood, 
and  it  has  even  been  seen  in  children  at  the  breast ;  it 
may  occur  in  persons  of  any  age.  In  Aleppo,  where  the 
disease  was  first  observed  (by  Richard  Pococke,  in  1745), 
it  is  said  that  not  one  of  the  native  inhabitants  escapes. 
It  maybe  reproduced  by  inoculation  ;  it  attacks  dogs,  and 
perhaps  horses,  as  well  as  men. 

Etiology. — Nothing  at  all  definite  is  known  as  to  the 
cause  or  causes  of  this,  as  yet,  imperfectly  understood 
disease.  Drinking-water  (as  in  the  case  of  the  water  of 
the  Koweik  River  at  Aleppo),  parasites,  bites  or  stings  of 
insects,  the  influence  of  climate  and  of  particular  seasons, 
general  insanitary  conditions,  lupus,  and  syphilis,  have  all 
in  turn  been  held  to  blame  for  its  causation. 

Geographical  Distribution. — An  exanthematous  af- 
fection, more  or  less  like  the  original  Aleppo  evil,  ob- 
served and  described  by  Pococke  and  the  brothers  Rus- 
sel,  in  the  middle  of  the  eighteenth  century,  has  since 
that  time  been  noted  by  various  authors  as  prevailing  en- 
demically  in  Egypt,  in  the  Arabian  Peninsula,  in  the 
Valley  of  the  Euphrates,  at  Bagdad  and  Mosoul  in  the 
Valley  of  the  Tigris  ;  at  Basra,  near  the  Persian  Gulf ; 
at  Ispahan,  in  Persia ;  in  India,  especially  its  north- 
western portion  ;  in  Algeria,  Morocco,  the  Sahara,  and 
the  Island  of  Cyprus ;  perhaps  in  China,  and,  according 
to  Rigler,  even  in  Hungary,  Siberia,  the  Polynesian 
Archipelago,  and  New  Zealand.  Whether  it  be  one  and 
the  same  disease  which  prevails  in  all  these  localities, 
many  of  them  so  widely  separated  the  one  from  the 
other,  seems  reasonably  open  to  doubt,  especially  in  view 
of  the  conflicting  statements  of  authors  ;  and  it  is  equally 
evident  that,  until  Aleppo  evil,  or  oriental  sore,  has 
been  more  accurately  observed  and  more  carefully  differ- 
entiated as  a  special  form  of  disease,  no  adequate  or  satis- 
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factory  account  can  be  given,  either  of  its  nature,  etiol 
ogy,  or  appropriate.treatment. 

Symptoms. — Leaving  out  of  discussion,  so  far  as  pos- 
sible, the  points  of  dispute  in  the  descriptions  of  this 
malady,  it  would  appear  that  its  chief  characteristics  are 
as  follows  :  There  are  no  prodromal  symptoms.  The 
initial  lesion  characteristic  of  the  first  stage  of  the  disease 
is  a  small,  reddish  papule  appearing  on  the  skin  of  the 
face,  neck,  or  extremities,  and  increasing  slowly  in  size 
for  several  months,  desquamation  of  the  cuticle  over  the 
papule  occurring  after  a  time.  During  the  second  stage, 
or  period  of  softening,  a  vesicle  (or  vesicles)  appears  on 
the  surface  of  this  now  enlarged  papule  ;  the  vesicle  bursts 
and  discharging  its  contents,  of  a  sero-purulent  nature,  a 
scab  or  crust  is  produced.  This  scab  is  of  varying  thick- 
ness and  color,  sometimes  adherent,  sometimes  non-ad- 
herent. Under  it  is  an  ulcer,  having  a  diameter  from 
several  millimetres  up  to  eight  centimetres  in  length ;  the 
ulcerated  surface  may  be  excavated  or  not  excavated,  it 
may  be  smooth  or  be  covered  with  prominent  ^anula- 
tions.  One  writer  (A.  Barralier,  in  "Nouveau  Diction- 
naire  de  Medecine  et  de  Chirurgie  ")  describes  the  bouton 
d'Alep  as  surrounded,  during  this  stage,  by  a  narrow 
areola,  dotted  over  with  little  tubercular  prominences, 
and  he  quotes  Dr.  Suquet,  of  Beyrout,  as  testifying  to 
the  existence  of  ansesthesia  in  this  areola  ;  he  also  states 
that  at  times  the  ulcer  reposes  on  an  indurated  base, 
having  an  extent  greater  than  that  of  the  ulcer  itself. 
Sir  Joseph  Payrer  (in  Quain's  "  Dictionary  of  Medicine") 
speaks  also  of  induration  in  his  account  of  Delhi  boil. 
In  this  connection  it  may  be  of  interest  to  state  that 
Virchow  regards  the  various  forms  of  oriental  sore  as 
belonging  to  the  syphilides,  while  Hirsch  considers  them 
as  a  variety  of  lupus.  The  duration  of  the  stage  of 
softening  or  disintegration  is  usually  about  five  or  six 
months. 

The  third  and  final  stage  is  that  of  cicatrization.  The 
cicatrix  varies,  of  course,  according  to  the  severity  of  the 
preceding  ulcerative  stage  ;  it  is  not  generally  depressed; 
the  process  of  cicatrization  occupies  usually  about  two 
months.  As  a  rule  the  whole  duration  of  the  disease  is 
about  one  year  ;  it  may  not  be  so  long,  it  may  be  much 
longer.  The  natives  in  Arabia  and  Syria  call  the  disease 
' '  one-year  ulcer. "  There  is  a  general  tradition  that  it  can 
occur  but  once  in  a  lifetime.  When  the  lesion  is  single, 
the  name  male  has  been  applied  to  the  button  or  papule ; 
where  several  large  papules  have  appeared,  each  sur- 
rounded by  a  number  of  smaller  ones,  the  name  female 
button  has  been  used  to  designate  the  variety.  (In  one 
case,  of  unusual  severity,  reported  by  Guilhou,  seventy- 
seven  of  these  female  buttons  existed.)  Aleppo  evil  is, 
for  the  most  part,  a  painless  affection,  and  is  not  necessarily 
accompanied  by  any  febrile  movement,  or  other  evidences 
of  general  constitutional  disturbance. 

The  prognosis  is  good ;  the  cicatrices  are,  however, 
sometimes  very  disfiguring. 

Treatment. — There  is,  of  course,  no  specific  treatment 
for  a  disease  so  ill-defined  as  is  the  oriental  sore.  Tonics, 
change  of  climate,  the  use  of  caustics,  and  of  the  actual 
cautery  and  the  knife,  and  many  ointments  and  lotions, 
etc.,  have  all  been  used  with  varying  success. 
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(1,338  feet).  It  can  be  reached  in  two  hours'  time  from 
either  Quedlinburg  or  Ballenstedt,  stations  on  the  line  of 
the  railroad.  It  possesses  two  chalybeate  springs,  the 
"  Alexisbrunnen  "  and  the  "  Selkebrunnen."  A  chemical 
analysis  shows  that  in  1,000  parts  of  the  water  of  the 
Alexis  spring  there  are  0.5118  of  solid  constituents,  of 
which  carbonate  of  iron  represents  0.044,  and  carbonate 
of  manganese  0.025  parts.  This  water,  which  possesses 
no  very  great  therapeutic  properties,  is  used  only  as  a 
drinking-water.  The  water  from  the  "  Selkebrunnen" 
contains  sulphate  of  iron  (0.056  in  1,000  parts),  chloride  of 
iron  (0.104),  and  sulphate  of  manganese  (0.025),  and  is 
used  for  bathing  purposes  (temperature  11.8°  C. — 53°  F.). 
The  climate  may  be  described  as  a  mild  mountain  climate, 
with  protection  against  the  raw  easterly  and  northeasterly 
winds.  (Eulenburg.)  H.  F. 

ALGIERS.  Algiers,  the  largest  town  and  capital  city 
of  the  French  colony  of  Algeria,  lies  almost  due  south  of 
Marseilles,  upon  the  Mediterranean  coast  of  Afiica  (Lat. 
36°  47'  20"  N.,  Long.  8°  4'  32"  E.).  The  population  in 
1866  was  52,614.  As  seen  from  the  deck  of  an  approach- 
ing steamer,  the  appearance  of  the  city  is  exceedingly  pic- 
turesque and  striking,  its  compact  mass  of  dazzlingly 
white  houses,  having  the  form  of  a  triangle,  whose  base 
rests  upon  the  western  shore  of  the  bay,  while  its  apex 
climbs  almost  to  the  summit  of  the  range  of  hills  shutting 
in  the  bay  on  that  side,  and  culminates  at  the  Kasbah,  or 
former  palace  of  the  deys,  some  five  hundred  feet  above 
the  level  of  the  sea. 

Running  along  the  water-line  of  the  city  is  a  well-built 
quay,  backed  by  a  series  of  stone  arches  which  support  a 
wide  and  handsome  promenade  terrace,  or  boulevard. 
The  Place  du  Gouvernement  and  the  neighboring  streets 
constitute,  together  with  this  quay  and  esplanade,  the 
newer  part  of  the  town  built  by  tiie  French,  and  occupied 
by  public  buildings,  warehouses,  and  the  residences  of 
some  of  the  foreign  inhabitants.  Mustapha  Superior,  a 
very  pretty  suburb  lying  on  the  hillside  east  of  the  city, 
contains  many  villas,  and  is  probably  the  most  desirable 
place  of  residence  for  invalids  intending  to  pass  a  win- 
ter at  Algiers..  Another  suburb,  lying  also  to  the  east 
of  the  town,  is  known  as  Mustapha  Inferior,  just  be- 
yond which,  at  a  distance  of  two  miles  from  Algiers,  is 
situated  the  great  Jardin  d'Essai,  an  experimental  garden 
under  the  management  of  the  French  government,  wherein 
many  varieties  of  palms  and  other  tropical  plants  are  to  be 
seen  growing  in  the  open  air.  Ste.  Eugenie,  another  sub- 
urb of  Algiers,  also  contains  villas,  but  of  a  residence  in 
these  Dr.  Bennet  ("  Winter  and  Spring  on  the  Shores  of 
the  Mediterranean")  speaks  unfavorably,  stating  that 
"  they  are  decidedly  objectionable,  being  at  the  extremity 
of  the  western  promontory  that  contributes  to  form  the  bay 
of  Algiers,  and  exposed,  consequently,  both  to  the  north- 
west and  northeast  winds."  As  to  that  portion  of  the  city 
proper,  the  old  quarter,  which  climbs  the  hill  back  of  the 
French  quarter  previously  described,  it  is  not  for  a  mo- 
ment to  be  thought  of  as  a  residence  for  invalids,  consist- 
ing, as  it  does,  of  a  compact  mass  of  low,  flat-roofed 
whitewashed  houses,  intersected  by  the  narrow,  crooked, 
dark,  and  dirty  streets  characteristic  of  an  oriental  town. 
Picturesque,  indeed,  this  portion  of  the  city  may  justly  be 
considered,  and  a  ramble  through  its  dingy  streets  will 
well  repay  the  traveller  for  whom  the  tjfpical  scenes  of 
eastern  life  possess  a  fascination,  but  with  its  picturesque- 
ness  its  attraction  for  the  visitor  certainly  ends. 

From  its  low  latitude  and  its  situation  within  the  great 
Mediterranean  basin,  as  well  as  from  its  proximity  to  the 
desert  of  Sahara,  the  climate  of  Algiers  is  necessarily  a 
mild  one  in  winter  and  a  hot  and  very  dry  one  in  summer, 
having  its  rainf  ul  confined  almost  exclusively  to  the  colder 
mont&  of  the  year,  as  is  the  case  with  all  places  lying  in 
the  sub-tropical  region  of  the  Old  World.  The  greater 
mildness  of  its  winter  climate,  as  compared  with  that  of 
the  Genoese  Riviera,  is  ascribed  by  Dr.  Bennet  in  large 
measure  to  the  higher  temperature  of  the  hours  be- 
tween sunset  and  sunrise,  the  temperature  along  the 
Riviera  being  lowered  at  night  "by  down-draughts  from 
the  mountains  that  protect  it  from  the  north,  the  Mari- 


time Alps."  Another  element  in  producing  this  more 
equable  temperature  at  Algiers  is  probably  the  fact  that 
winds  blowing  from  the  north  must  pass  over  the  warm 
waters  of  the  Mediterranean  before  they  can  reach  the 
African  coast,  whereas  on  the  northern  shores  of  this  sea 
all  such  winds  partake  of  the  character  of  continental 
winds,  and,  notably  in  the  case  of  the  much-dreaded 
mistral  of  the  Rhone  Valley  and  of  the  bm-a  of  the  upper 
Adriatic,  they  are  accompanied  by  sudden  and  most  un- 
comfortable depression  of  the  atmospheric  temperature. 

The  following  data,  representing  the  climatic  features 
of  Algiers,  have  been  collected  from  various  sources: 
The  mean  annual  temperature  is  66.5°  P.,  according  to' 
the  writer  in  the  "  Encyclopsedia  Britannica  ;  "  67.89°  P., 
according  to  Martin  and  PoUey,  quoted  by  Dr.  H.  C. 
Lombard,  in  his  "Tralte  de  Climatologie  Mddicale;" 
64.58°  P.,  according  to  Angot,  quoted  by  Dr.  Julius 
Hann,  in  his ' '  Handbuch  der  Klimatologie ; "  69. 13°  F. ,  ac- 
cording to  the  author  of  the  article  on  "  Climate,"  in 
the  "  Nouveau  Dictionnaire  de  M^decine  et  de  Chirurgie  " 
(Jules  Rochard) ;  and,  finally,  about  68°  P.,  according  to 
Dr.  Hermann  Weber.  The  mean  of  all  these  figures 
would  .^ve  us  67.22°  P.  as  the  mean  annual  temperature 
of  Algiers.  On  page  448  of  his  work  above  cited,  Dr. 
Hann  states  as  follows:  "Entirely  erroneous  mean  tem- 
peratures have  hitherto  (1883)  been  given  for  Algiers, 
which  showed  especially  a  winter  temperature  by  far  too 
high.  The  figures  of  our  table  are  quoted  from  a  recently 
published  work  by  Angot,  and  relate  to  the  period  be- 
tween 1860  and  1879."  For  the  eight  months  of  August, 
October,  November,  December,  January,  February, 
March,  and  April  the  figures  of  Dr.  Hann  are  as  fol- 
lows : 


Aug. 

,   Oct. 

Nov. 

Deo. 

Jan. 

Feb. 

March. 

April. 

77° 

67.46° 

60.44° 

64.68° 

53.78° 

54.68° 

67.02° 

61.34° 

The  mean  absolute  minimum  temperature,  he  states 
(on  the  authoritjr  of  Angot)  to  be  38.48°  P,  Deducing 
from  the  above  given  figures  the  mean  temperature  of  the 
three  winter  months,  we  find  it  to  be  54.88°  P.,  while  that 
of  the  seven  colder  months  of  the  year  (October  to  April) 
is  58.48°  P.  The  duration  of  the  season  for  invalids 
("Kurzeit"),  according  to  Weber,  is  from  November 
until  the  end  of  April ;  for  this  period  of  six  months  the 
average  temperature  of  Algiers,  calculated  from  these 
same  figures,  is  56.99°  P.  There  appears  to  be  much  dif- 
ference of  opinion  respecting  the  degree  of  variability  of 
temperature  exhibited  from  day  to  day.  Thus,  the  writer 
in  Eulenburg's  "  Encyclopadie  "  remarks  that  the  changes 
in  temperature  during  the  course  of  a  single  day,  from 
one  day  to  another,  and  from  one  month  to  another,  are 
considerable  in  their  amount,  and  frequently  sudden  in 
their  manner  of  occurrence  (sind  sehr  bedeutend  und 
fallen  oft  sehr  plotzlich  ein).  Weber  (loc.  cit.)  says  the 
daily  variations  are  from  10.8°  to  14.4°  P.  (6°  to  8°  C). 
Rochard  (loc.  cit.)  states  that  the  annual  mean  of  the  vari- 
ation from  day  to  day  does  not  exceed  11.34°  P.  (6.8°  C), 
while  the  difference  between  the  day  and  night  tempera- 
tures (variations  nycthemerales)  is  given  by  him  at  from 
5.4°  to  9°  (3°  to  5°  C).  Lombard  remarks  that  the  former 
(variations  diurnes)  are  not  extreme,  not  exceeding  1.45° 
P.  in  winter,  2.03°  P.  in  spring,  2.66°  P.  in  summer,  and 
1 . 6°  P.  in  autumn.  The  absolute  minimum  temperature  ob- 
served at  Algiers  during  a  period  of  twenty  years  was 
35.6°  P. ,  according  to  the  author  last  quoted. 

The  following  figures  for  the  relative  humidity  are 
given  by  Dr.  Hann : 


Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Winter  Mean. 
Dec— Feb. 

68 

73 

73 

72 

69 

73 

The  extreme  figures  representing  this  factor  of  climate 
during  the  whole  year  are  given  as  16  per  cent,  and  80  per 
cent.  (Mitchell,  quoted  by  Rochard). 

The  annual  rainfall  at  Algiers  is  about  36  inches ;  Lom- 
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bard  puts  it  at  from  31.49  to  33  7  mches  and  gives  the 
following  extreme  quantities.  21.9  and  42  3  inches  As 
illustrating  the  seasonal  distribution  of  the  rainf  al ,  the 
following  tables,  quoted  by  Dr.  Bennet,  will  be  of  interest 
to  the  reader : 

A.— Mean  Rainfall  at  Alqiees,  1839-1S45. 

May If  to*- 

June Oi 

July °      „ 

August "I      j^ 

September 1 

October aiinchea. 

Xotal 5  inches. 


November 5  inches. 

December 8       '^ 

January  6 

February 5 

March 3 

April 4 

Total 31  inclies. 


B.— Ndmbeb  of  Days  and  Nights  in  1843  on  which  Bain  FEtL. 

DavB.  Nights.         .                            Days.  Nights. 

:  l(t           10  May 3  1 

.     B             2  June 3  " 

.  10             7  July 0  0 

,    9            7  August 0  0 

.    9             fi  September 2  0 

.     1             2  October 3  1 


November :  10 

December 5 

January 10 

February 9 

March 9 

April 1 

Total 44 


It  will  be  observed  that  the  mean  rainfall  for  October 
given  in  Table  A  is  but  little  less  than  that  for  March, 
thus  bearing  out  the  statement  made  by  Dr.  Hann  tliat 
the  duration  of  the  dry  season  for  places  lying  on  the 
Algerine  coast  is  but  five  months.  The  average  number 
of  fair  days  in  the  course  of  a  year  at  Algiers  is  233.  The 
prevailing  wind  for  the  year  is  the  northwest,  which  fre- 
quently blows  with  great  violence.  The  west  is  the  rain- 
bearing  wind,  and  is  the  one  which  is  of  commonest  occur- 
rence in  the  winter  season.  North  and  northeast  winds 
are  those  which  blow  most  frequently  during  the  spring' 
and  summer  months.  The  sirocco,  tailing  its  origin  over 
the  heated  sands  of  the  great  Sahara  desert,  is  most  com- 
monly felt  at  Algiers  during  the  hot  season,  at  which  time 
it  is  greatly  dreaded.  This  wind,  blowing  from  the  south- 
east, occurs  somewhat  less  frequently  during  the  colder 
months,  at  which  season  it  is  far  less  oppressive,  and  is 
more  easily  borne.  The  sirocco  at  Algiers  is  always  a  dry 
wind  ;  it  is  accompanied  by  clouds  of  dust,  a  portion  of 
which,  consisting  of  extremely  fine  particles  of  sand,  it 
brings  with  it  from  the  great  desert.  Dust,  it  may  be  re- 
membered, is  one  of  the  pests  of  the  Algerine  climate  ;  in 
great  part  it  is  of  purely  local  origin,  the  character  of  the 
soil  and  the  heat  of  the  sun,  together  with  the  almost  con- 
stant prevalence  of  wind,  favoring  rapid  evaporation  of 
the  rainfall,  and  the  rainfall  itself  occurring  chiefly  in  the 
form  of  lieavy  and  not  very  protracted  showers.  A  fall 
of  snow  at  the  city  of  Algiers  itself  is  an  extremely  rare 
phenomenon  ;  in  the  elevated  country  back  from  the 
coast,  known  as  the  Hants  Plateaux,  snow  falls  quite  fre- 
quently, and  at  times  to  a  considerable  depth.  The  water- 
supply  of  the  city  of  Algiers  is  abundant.  Concerning  the 
character  of  the  water,  the  writer  has  no  exact  informa- 
tion ;  but  from  the  absence  of  adverse  comments  in  the 
works  of  the  various  authors  consulted,  he  deems  it.prob- 
able  that  it  possesses  no  deleterious  qualities. 

The  mildness  of  its  winter  climate,  together  with  the 
moderate  percentage  of  relative  humidity  in  the  atmos- 
phere and  tlie  great  preponderance  of  clear  sides  and  of 
hriglit,  sunny  weatlier,  which  it  enjoys  at  all  seasons, 
combine  to  render  Algiers  a  desirable,  pleasant,  and 
beneficial  place  of  residence  during  the  winter  and  early 
spring  montlis,  for  invalids  suffering  from  pulmonary 
phthisis  and  from  certain  other  affections  of  the  respira- 
tory system.  For  such  cases  its  climate  is  recommended 
by  Lombard,  Rochard,  and  "Weber.  The  last-mentioned 
writer  speaks  of  the  climate  as  exercising  also  a  benefi- 
cial influence  upon  chronic  diarrhoeas  and  upon  the 
sequelae  of  dysentery.'  Lombard  specifies  chronic  bron- 
chitis, asthma,  and  phthisis  as  diseases  likely  to  be  bene- 
fited by  a  sojourn  at  Algiers,  and  he  calls  attention  to 
the  remarkable  immunity  from  pulmonary  phthisis  en- 
joyed by  the  native  population  as  well  as  by  the  soldiers 
of  the  French  army  stationed  in  Algeria.  This  immun- 
ity is  greater  upon  the  sea-coast  tlian  it  is  on  the  higher 
ground  lying  further  mland.     The  writer  on  Algiers  in 


"  Eulenburg's  Encyclopaedia"  speaks,  on  tlie  contrary, 
in  very  unflattering  terms  both  of  the  climate  of  the  city 
and  of  its  desirability  as  a  winter  residence  for  invalids. 
He  lays  great  stress  upon  tlie  variability  of  the  climate 
and  its  liability  to  sudden  changes  of  weather,  and  warns 
all  invalids  who  are  unpleasantly  affected  by  sucli 
changes,  all  asthmatics  and  persons  subject  to  attacks  of 
diarrhoea,  rheumatism,  and  intermittent  fever,  that  they 
would  do  well  to  avoid  the  place.  How  far  the  unfavor- 
able comments  of  this  writer  may  be  justified,  the  writer 
is  not  in  a  position  to  know  from  personal  experience ; 
but,  judging  from  the  meteorological  data  quoted  from 
reliable  sources  in  the  present  article  and  from  the  favor- 
able comments  made  by  Lombard  and  other  writers  of 
repute,  he  deems  it  not  improbable  that  the  contributor 
of  the  article  in  Eulenburg  has  overestimated  the  un- 
pleasant features  of  the  Algerine  climate. 

Huntington  Bieha/rds. 

I  Chronische  Bronchitis,  besonders  mit  Reizhusten,  Emphysem,  TJeber- 
reste  von  Pneumonic  und  Pleuritis  und  Phthisis  im  ersten  Anfang  bflden 
das  geeignete  Material ;  auch  Chronische  Diarrhoen  und  Folgezustiiiide 
^'on  Dysenterien  sind  geeignet  (Ziemssen's  Handbuch  der  allgemeineQ 
Therapie,  Band  ii.,  S.  80). 

ALHAMA  D'ARAGON  (Lat.  41°  13'  N.;  elevation  above 
the  sea,  1,880  feet),  a  Spanish  village  on  the  Saragossa 
&  Madrid  Railway  ;  a  spring  of  moderately  high  tem- 
perature (93.2°  F.),  and  of  slightly  mineralized,  almost 
tasteless  water.  Total  solids  6.1  per  1,000.  The  place  is 
frequented  chiefly  by  rheumatic  patients.  The  bathing 
estabhshments  are  on  a  grand  scale.     (Eulenburg.) 

KF. 

ALICANTE.  Tlie  city  of  Alicante  lies  upon  the  shore 
of  the  bay  bearing  the  same  name,  on  the  eastern  or  Med- 
iterranean coast  of  Spain,  and  about  forty  miles  south 
of  the  middle  point  of  that  coast  (Lat.  88°  30'  N.,  Long. 
0°  30'  W.).  The  population  of  the  town  is  31,500.  Ex- 
tending in  the  form  of  a  crescent  along  the  northern  sliore 
or  head  of  the  bay,  and  nestling  at  the  base  of  a  rocky 
eminence  some  400  feet  high,  the  town  is  tolerably  shel- 
tered from  north  and  northwest  winds.  The  streets  near 
the  port  are  wide  and  clean.  The  water  supply,  accord- 
ing to  Dr.  J.  H.  Bennet  ("Winter  and  Spring  on  the 
Shores  of  the  Mediterranean,"  fifth  edition,  1875),  is  de- 
rived from  one  large  spring  and  from  rain-water  tanks. 
"  Lippincott's  Gazetteer  "  (1864)  states  that  in  its  characttr 
the  water  is  not  good,  being  impregnated  witli  the  sahs 
of  magnesia,  but  in  the  point  of  abundance  it  would  ap- 
pear to  be  suflicient  for  the  needs  of  the  town.  Up  to  the 
time  of  Dr.  Bennet's  visit,  in  tlie  spring  of  1869,  no  ho- 
tel existed  at  Alicante  which  came  up  to  tlie  standard  of 
comfort  and  convenience  desirable  for  invalids  in  searcii 
of  a  good  sanitary  resort.  Perhaps  this  defect  may  have 
since  been  remedied.  The  climate  of  Alicante  is  a  mild 
and  a  very  dry  one.  The  annual  rainfall  is  only  16.98 
Inches  ;  of  which  (according  to  Lorenz  and  Rotlie,  quoted 
by  Dr.  Weber  in  Ziemssen's  "  Handbuch  der  Allg.  'Thera 
pie")  20.7  per  cent,  or  the  extremely  small  quantity  of 
3.5  inches,  falls  during  the  winter  months.  From  the 
other  percentage  figures  given  by  these  authorities,  the 
average  rainfall  during  the  spring  at  Alicante  would  be 
5  inches,  during  the  autumn  6.4  inches,  and  during  the 
hot  summer  months  only  1.9  inch  !  The  percentage  of 
clouds  prevailing  in  the  sky  of  that  portion  of  Spain  in 
which  Alicante  is  situated  is  much  lower  than  is  found  in 
any  other  part  of  Europe,  Italy  and  Greece  being  in- 
cluded. The  neighboring  province  of  Murcia  bears  the 
name  among  the  Spaniards  of  "el  reino  serenissimo,"  a 
title  justly  bestowed  upon  it  for  this  reason  (Hann's 
"  Klimatologie  ").  Figures  for  the  relative  humidity  of 
Alicante  itself  the  writer  has  not  been  able  to  find,  but  at 
Valencia,  lying  some  eighty-flve  miles  north  of  Alicante, 
the  mean  relative  humidity  of  the  year  is  66  per  cent.,  and 
it  varies  but  little  from  season  to  season  (Weber,  loc.  cit.). 
The  mean  annual  temperature  of  Alicante  is  64.4°  P.; 
the  mean  temperature  of  the  winter  season  nearly  53.5° 
F. ;  according  to  the  same  author,  who  quotes  these  fig- 
ures from  Francis.  For  Murcia,  lying  about  fifty  miles 
southwest  of  Alicante,  the  yearly  extremes  of  tempera- 
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ture  are_  26.5°  P.  in  winter,  and  106.5°  F.  in  summer; 
the  mean  temperature  of  January  being  48.7°  F.,  that  of 
April  60.3°  F.,  that  of  July  79°  F.,  and  tliat  of  October 
64.5°  F.  These  latter  figures  are  quoted  from  Hann's 
"  Klimatologie."  The  east  wind,  or  "Solano,"  is  the 
rain-bearing  wind  for  the  eastern  coast  of  Spain.  The 
"Leveche,"  a  very  dry,  hot  wind  from  the  Sahara, 
reaches  the  southeast  coast  between  the  Cabo  de  Gata  and 
the  Cabo  de  Nao. 

Dr.  Weber  says  (1880)  that  there  is  good  accommoda- 
tion to  be  found  at  Alicante.  He  speaks  favorably  of 
the  efEect  of  the  climate  upon  certain  cases  of  phthisis 
("einzelne  FaUe  von  apyretischer,  ruhender  Phthisis"). 
"Alicante,"  says  Dr.  Bennet,  "appears  to  me  decidedly 
the  most  favorable  health  station  that  I  have  seen  on  the 
southeastern  coast  of  Spain.  .  .  .  There  is  a  Hu&rta, 
or  irrigated  valley,  it  is  true,  connected  with  Alicante, 
but  it  is  situated  at  some  distance  north  of  the  town, 
.  .  .  and  there  are  no  rice  grounds  to  produce  ma- 
laria as  at  Murcia  and  Valencia."  On  account  of  its 
greater  dryness.  Dr.  Bennet  questions  whether  Alicante 
would  be  as  beneficial  to  certain  classes  of  patients  as  the 
Riviera  of  France  and  Italy. 

Huntington  Bichards. 

ALIMENT.  Food  or  aliment  is  matter  which,  in  con- 
junction with  the  air,  supplies  the  elements  necessary  for 
the  maintenance,  growth,  and  development  of  the  organ- 
ism, and  is  thus  the  source  of  the  power  on  which  the 
vitality  of  the  organism  is  dependent.  Hence,  in  the 
broadest  sense,  true  aliment  is  a  mixture  of  food-stuffs 
and  drink,  together  with  the  air  from  which  comes  the 
oxygen  necessary  for  the  oxidation  of  the  former  and  by 
which  force  is  produced.  Again,  physiologically  con- 
sidered, true  aliment,  especially  in  the  animal  kingdom, 
is  to  be  distinguished  from  so-called  "food "as  being 
only  that  portion  of  the  food  which  is  either  itself  di- 
rectly soluble  and  diffusible,  or  convertible  by  the  diges- 
tive juices  of  the  body  into  soluble  and  diffusible  prod- 
ucts, and  thus  capable  of  being  absorbed  by  the  blood. 

The  aliment  of  vegetable  organisms  is  quite  different 
from  that  of  animal  organisms.  Moreover,  the  nature  of 
the  processes  involved  is  likewise  quite  different.'  The 
vegetable  organism  by  a  synthetical  process — a  building 
up  of  more  complex  bodies  from  simpler  ones — derives 
its  nourishment  from  the  inorganic  world  ;  its  cells  ap- 
propriate such  of  the  inorganic  principles  as  are  needed 
for  its  growth  and  convert  them  under  the  influence  of 
the  sun's  rays  into  organic  compounds  which  enter  into 
its  own  structure. 

The  animal  organism,  on  the  other  hand,  does  not  pos- 
sess this  power,  and  thus  we  look  to  the  creative  power 
of  the  vegetable  kingdom  as  the  source,  either  directly  or 
indirectly,  of  the  aliment  of  animals.  Moreover,  the  veg- 
etable matter  which  thus  serves  as  food,  not  only  fur- 
nishes the  material  necessary  for  the  growth  and  life  of 
the  organism,  but  it  contains  in  addition,  stored  up  with- 
in its  molecules,  a  certain  amount  of  latent  force  derived 
from  the  solar  force  originally  used  in  its  construction. 

Animal  prganisms,  by  a  process  of  transformation 
quite  the  reverse  of  synthetical,  convert  the  preformed 
animal  or  vegetable  organic  matter  into  allied  or  simpler 
forms  which  are  absorbed  into  their  own  tissues.  Ani- 
mal food  approximating  more  closely  in  composition 
with  the  body  to  be  nourished  by  it,  is  more  easily  ap- 
propriated, and  probably  with  less  expenditure  of  energy, 
than  vegetable  products.  Animal  food,  moreover,  pos- 
sesses stimulating  properties,  due  without  doubt  to  the 
crystalline  nitrogenous  bodies  contained  in  muscle-serum. 
Organic  matter  once  entered  as  a  part  of  an  animal  organ- 
ism and  applied  to  the  purposes  of  life  is  decomposed  or 
broken  apart,  and  its  decomposition  products  are  ulti- 
mately reconverted  into  inorganic  principles.  There  is  thus 
a  complemental  relationship  between  vegetable  and  animal 
life  and  the  inorganic  world.  The  plant  by  a  selective 
action  appropriates  as  an  element  of  nutrition  certain 
kinds  of  mineral  matter,  together  with  nitrogen  in  the 
form  of  ammonia  and  nitrates,  from  the  soil  in  which  it 
grows,  at  the  same  time  drawing  from  the  air  carbon  in 


the  shape  of  carbonic  acid,  while  hydrogen  and  oxygen 
are  supplied  to  an  unlimited  extent  in  the  form  of  water. 
The  vegetable  products  thus  formed  serve  in  turn  as  the 
food  of  animals,  while  the  latter  at  every  breath  pour 
forth  carbonic  acid  and  water,  which  ultimately  find 
their  way  again,  more  or  less  modified,  into  the  tissues 
of  plants.  These,  together  with  the  nitrogenous  excreta, 
products  of  the  metabolism  of  life,  and  the  post-mortem 
decompositions  which  follow,  continually  serve  in  their 
variously  modified  forms  as  agents  by  which  the  conser- 
vation and  transference  of  energy  is  accomplished. 

The  alimentary  products  found  in  nature  can  be  sepa- 
rated by  chemical  analysis  into  several  well-defined  sub- 
stances, none  of  which  are  usually  found  free  in  nature. 
These  chemically  distinct  substances  arc  termed  the  ali- 
mentary principles.  Many  of  them  are  found  in  both 
animal  and  vegetable  foods,  as,  for  example,  certain  fats, 
casein,  and  some  forms  of  albumin,  although  in  the 
case  of  the  tw^o  latter  examples  there  would  appear  to  be 
some  few  minor  points  of  difference  both  in  percentage 
composition,  and  in  chemical  reactions.  Others  are  to 
be  found  only  in  one  kingdom,  as  starch  in  the  vege- 
table, or  collagen,  the  gelatin-forming  substance,  in  the 
animal. 

Now  since  food  is  the  source  from  which  the  various 
elements  of  the  body  are  supplied,  it  is  evident  that  to  ful- 
fil its  purposes  food  must  contain  all  of  the  elements 
present  in  the  body.  These  are  of  course  not  free,  but  in 
a  state  of  combination,  for  it  is  only  in  the  latter  case  that 
they  are  of  service  as  food,  and  as  Pavy  remarks,  "the 
combination  must  have  been  formed  by  the  agency  of  a 
living  organism — the  combination  must,  in  other  words, 
constitute  an  organic  product."  Aside  from  the  elements 
which  appear  as  inorganic  salts,  there  are  in  the  body  at 
the  most  but  six  elements,  two  of  which  are  present  only  in 
small  quantity  and  are  apparently  much  less  important. 
These  six  elements  are  carbon,  hydrogen,  nitrogen,  oxy- 
gen, sulphur,  and  phosphorus.  Any  substance  which  as 
food  is  to  satisfy  the  requirements  of  life,  must  contain  at 
least  the  first  four  of  these  six  elements,  in  addition  to  in- 
organic salts  and  water. 

Various  classifications  of  food  have  been  from  time  to 
time  proposed,  based  mainly  either  upon  physiological 
or  chemical  groimds.  Popularly,  aliment  is  frequently 
divided  into  food  and  drink,  without,  however,  any  suit- 
able reasons,  since  the  mere  fact  of  a  food  being  in  solu- 
tion does  not  preclude  the  possibility  of  the  presence  of 
even  a  large  amount  of  solid  matter,  as  for  example  in  the 
case  of  milk,  while,  on  the  other  hand,  butcher's  meat 
contains  on  an  average  sixty  to  seventy-two  per  cent,  of 
water.  Hence,  food  should  be  considered  as  including 
both  liquid  and  solid  matter.  The  most  natural  and  com- 
prehensive classification  of  foods  is  that  based  primarily 
on  chemical  composition  and  origin,  viz.,  organic  and  in- 
organic— that  is,  chemical  combinations  of  elements  pro- 
ducible only  through  the  agency  of  living  cells,  and  sec- 
ondly, inorganic  compounds  absorbed  from  the  mineral 
kingdom,  and  thus  intimately  mixed  with  the.  former. 
The  inorganic  portion  of  food  consists  simply  of  water 
and  various  saline  compounds.  The  organic  portion  may 
be  advantageously  subdivided  into  two  groups,  nitro- 
genous and  non-nitrogenous,  based  simply  on  the  pres- 
ence or  absence  of  the  element  nitrogen.  The  nitrogenous 
alimentary  principles  contain  carbon,  hydrogen,  oxygen, 
and  nitrogen  combined  in  varying  proportions,  and  gener- 
ally also  small  quantities  of  sulphur  and  frequently  of 
phosphorus.  The  non-nitrogenous  principles  contain  only 
the  three  elements  carbon,  hydrogen,  and  oxygen.  These 
are  in  turn  further  subdivided  according  to  the  relative 
proportion  with  which  the  carbon  and  hydrogen  unite 
with  oxygen,  viz.,  into  fats  and  carbohydrates;  the  for- 
mer consisting  of  carbon  and  hydrogen  united  to  only  a 
small  amount  of  oxygen,  as  in  the  case  of  tripalmitin, 
CsiHbsO,,  the  latter  of  carbon  vfith  the  hydrogen  and 
oxygen  always  in  such  proportion  as  to  form  water,  as  in 
the  case  of  cane-sugar  or  saccharose,  CiaHsjOu  ;  hence 
the  name  carbohydrates.  These  two  divisions  of  the  non- 
nitrogenous  principles  not  only  differ  in  percentage  com- 
position, but  they  are  likewise  widely  divergent  both  in 
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chemical  and  physical  properties.    Following  is  a  partial 
classification  of  foods : 


.  water. 


b.  Baits. 


calcium  sulphate  and  phosphate. 
?'„Suroh;?SaShospliate,  and  oarbo.j.te. 
sodium  chloride,  phosphate,  and  carbonate, 
iron  salts, 
silica,  fluorine. 


a.  non-nitrogenous. 


b.  nitrogenons. 


fats. 


carbohy- 
drates. 


'tristearin. 
■  tripalmitin. 
triolein. 


amylaceous. 


gelatinous 
principles. 


albuminous 
principles. 


L 


saccharine. 

collagen, 
chondrigen. 
gelatin, 
albumin, 
fibrin, 
canein. 
syntonin. 
globulin. 
,  vitellin. 


animal  and 
vegetable. 

'  starches. 

gums, 

dextrins. 
_  cellulose. 
'  grape-sugar. 

cane-sugar. 

milk-sugar. 

muscle-sugar. 


1  anittial  and 


vegetable. 


Examination  of  this  classlflcatlon  leads  us  first  to  notice 
the  importance  of  water'  as  food.     According  to  Voit 
the  body  of  a  fully  developed  man  contains  63  per  cent. 
of  water,  while  the  body  of  a  growing  child  contains 
nearly  66.5  per  cent.     Any  great  alteration  in  the  content 
of  water  in  the  animal  body  is  always  attended  with  dis- 
astrous results  ;   thus,  in  diarrhoea,   cholera,  etc.,  such 
large  quantities  of  water  are  lost  as  to  render  the  blood 
quite  thick,  and  even  the  muscles  may  lose  as  much  as 
six  per  cent,  of  water.     Such  loss,  if  long  continued,  soon 
results  in  loss  of  vitality  and  consequent  death.    It  is 
noticeable,  moreover,  that  a  certain  proportion  of  the  water 
contained  in  the  tissues  of  the  body  can  be  removed  with- 
out difficulty,  while  a  smaller,  residual  portion,  apparently 
more  closely  united  to  the  organic  matter,  can  be  separated 
only  with  great  difficulty  ;  this  is  well  illustrated  in  the 
simple  drying  of  dead  muscle-tissue.     Removal  of  the 
water  from  low  forms  of  animal  life  by  drying  them  at 
the  ordinary  temperature,  or  at  a  temperature  below  the 
coagulating  point  of  their  body  protoplasm,  causes  them 
to  lose  all  appearance  of  life,  but  in  such  condition  they 
will  again  absorb  the  water  lost,  and  return  to  their  for- 
mer appearance  and  vitality.     Increase  of  water  in  the 
organism  beyond  the  normal  amount  is  usually  associated 
with  an  unhealthy  condition  of  the  body.    Various  inves- 
tigators have  likewise  demonstrated  that  there  is  a  close 
connection  between  the  percentage  of  water  in  the  body 
and  the  diet,  irrespective  of  the  water  taken  as  drink.  Thus 
Voit  has  shown  that  a  bread  diet  continued  for  some  time 
renders  the  body  more  watery  than  normal.   In  one  experi- 
ment with  a  cat  the  amount  of  water  in  the  brain  and  mus- 
cles was  increased  three  to  four  per  cent.     Increase  of  fat 
in  the  body  is  usually  attended  with  a  diminished  per- 
centage of  water.*    A  vigorous,  well-nourished  man  pos- 
sesses organs  much  poorer  in  water  than  a  badly -fed  per- 
son.   Forster '  has  figured  that  under  normal  conditions 
a  person  living  on  an  average  diet  takes  dally  3,315  to 
3,538  grammes  (about  6.5  pounds  avoirdupois)  of  water. 
It  is  easy  to  see,  however,  that  a  great  variety  of  circum- 
stances, of  diet,  exercise,  temperature,  etc.,  may  excite  a 
modifying  influence  on  the  amount  of  water  taken  into 
the  system  during  the  twenty -four  hours.     The  figures 
just  given  do  not,  however,  represent  all  of  the  water, 
since  a  variable  amount  is  formed  within  the  body  by  ox- 
idation of  the  hydrogen  contained  in  the  organic  alimen- 
tary principles.    Thus,  according  to  Volt;  in  the  case  of  a 
hungry  man,  33  grammes  of  hydrogen  in  the  form  of  or- 
ganic matter  were  oxidized  to  388  grammes  of  water  dur- 
ing twenty-four  hours. 

It  is  thus  plainly  evident  from  the  foregoing  that  water 
is  a  necessary  constituent  of  the  body,  and  as  one  of  the 
alimentary  principles  is  a  decidedly  important  one ;  yet 
we  need  to  understand  its  true  significance.  It  does  not 
itself  undergo  any  chemical  change,  and  is  thus  not  con- 
cerned in  the  production  of  force,  though  it  aids  chemical 


change  in  supplying,  by  its  presence,  a  condition  abso- 
lutely necessary  for  its  occurrence  in  other  bodies. 

The  inorganic  salts,  as  Pavy  remarks,  "  stand,  if  not  to 
the  full  extent,  nearly  so,  in  the  same  position  as  water, 
as  regards  the  non-possession  in  itself  of  force-producing 
properties."    The  mineral  matters  are  more  closely  con- 
cerned in  the  structure  of  the  organism  than  in  the  devel- 
opment of  power,  and  this  is  true  both  of  the  animal  and 
'  vegetable  organisms.    They  are  particularly  necessary  in 
the  developing  animal  body,  and  of  all  the  forms  of  mineral 
matter  none  is  so  important  and  so  widely  distributed  as 
calcium  phosphate.     This  salt  is  seldom,  if  ever,  absent 
from  any  stnictural  element  of  the  body,  and  its  intimate 
union  with  many  of  the  nitrogenous  principles,  particu- 
larly the  albuminous  bodies,  is  so  decided  that  only  with 
the  greatest  care  can  this  salt  be  completely  removed 
without  changing  the  nature  of  the  albuminous  body;' 
indeed  in  many  cases  there  would  appear  to  be  a  chem- 
ical combination  between  the  proteid  body  and  inorganic 
salt     Mineral  matter  is  needed,  not  only  for  the  growth 
and  nutrition  of  the  skeletal  portions  of  the  body,  but  it 
is  also  needed  in  the  structure  of  the  softer  tissues  as 
well  as  in  the  formation  of  secretions  ;  thus  the  acid  of 
the  gastric  juice  has  its  origin  in  the  chlorine  of  sodium 
chloride    or  common  salt,  while  the  alkalinity  of  the 
pancreatic  secretion,  as  well  as  that  of    some  of  the 
other  fluids  of  the  body,  is  due  to  sodium  carbonate. 
Moreover,  the  removal  of  carbonic  acid  by  the  lungs, 
through  the  agency  of  the  venous  blood,  could  hardly  be 
accomplished  were  it  not  for  the  alkalinity  of  that  fluid. 
In  many  juices  of  the  body,  inorganic  elements  are  held  not 
only  in  solution,  but  quite  firmly  united  with  the  more 
characteristic  organic  matter,  as  in  the  sodium  salts  of 
the  bile  acids,  and  in  some  instances  they  can  be  removed 
only  by  decomposition  of  the  compound.     The  excess  of 
salts  taken  into  the  body,  by  the  food  or  other  means  and 
that  which  becomes  free  by  decomposition  within  the  body, 
is  easily  removed  through  the  urine  and  faeces. 

There  is  still  other  evidence  that  the  various  inorganic 
salts  of  food  serve  definite  purposes  in  the  body.  The 
two  alkalies,  potash  and  soda,  so  widely  distributed  and 
so  closely  allied  in  their  chemical  properties,  cannot  be 
made  to  replace  each  other  in  the  living  organism,  while 
the  same  is  likewise  true,  to  a  certain  extent,  of  the  alkali 
earths,  lime  and  magnesia.  Thus  a  qualitative,  and  also 
a  quantitative  selection  of  inorganic  matter  is  noticeable 
in  the  body,  particularly  in  the  blood,  where  the  corpus- 
cles contain  the  greater  portion  of  the  potash  salts  and 
phosphates,  while  in  the  serum,  soda  salts  and  chlorides 
are  in  excess.  Again,  it  is  quite  noticeable  that  potash 
salts  predominate  in  the  formed  tissues  of  the  body,  while 
soda  salts  are  characteristic  of  the  fluids. 

Porster's '  experiments  on  pigeons  with  food  poor  m 
salts,  and  on  dogs  with  powdered  meat  from  which  the 
greater  portion  of  inorganic  matter  had  been  removed  by 
extraction  with  hot  water,  fat  and  carbohydrates  being 
afterwards  added,  showed  that  these  animals  could  not 
bear  the  loss  longer  than  four  to  five  weeks  without  great 
suffering,  and,  finally,  death.     In  fact,  it  is  evident  from 
physiological  experiment,  that  an  organism  supplied  witli 
all  organic  food-stuffs  and  water  can  live  only  for  a  lim- 
ited time  without  mineral  matter.     For  a  time  the  body 
draws  upon  the  inorganic  matter  stored  up  in  its  own 
tissue ; «  but  this  failing,  and  that  naturally  present  in  the 
organic  foods  being  removed,  death  soon  results  from 
lack  of  inorganic  aliment."    In  the  ordinary  diet  of  men 
and  animals,  sufficient  salts  are  generally  contained  in  the 
fat  and  proteid  foods  to  furnish  the  required  amount  ot 
mineral  matter.     As  to  the  actual  quantity  of  inorganic 
matter  needed  to  counterbalance  that  withdrawn  from  the 
body  in  twenty-four  hours,  we  can  hardly  say.    IM 
content  of  ash  contained  in  the  smallest  amount  of  food 
necessary  to  keep  up  the  vitality  of  an  organism  would 
give  an  approximate  answer  to  this  question.     This  liis- 
chofE  and  Voit  attempted  to  ascertain  by  experimenting 
with  a  dog  weighing  31  kilogrammes  (68.3  pounds),  the 
daily  food  in  this  case  containing  6.5  grammes  (lOO.d 
grains)  of  ash.     The  excretion  of  ash,  however,  as  Voit 
has  pointed  out,  is  quite  different  in  the  hunger  condition 
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from  what  it  is  during  a  plentiful  diet ;  for,  in  the  case  of 
hunger,  the  inorganic  matter  of  the  organs  is  drawn  upon, 
the  salts  passing  into  the  excreta,  thus  keeping  the  per- 
centage composition  of  these  fluids  for  a  time  constant. 

The  importance  of  iron,  or  iron-salts,  as  aliment,  is 
hardly  second,  certainly  not  in  the  case  of  the  higher 
animals,  to  lime  salts.  The  position  which  it  occupies  in 
the  haemoglobin  molecule,  on  which  the  blood  depends 
for  its  power  of  carrying  oxygen,  would  alone  indicate 
this.  Boussingault '"  has  determined  the  amount  of  iron  in 
a  sheep  of  32  kilogrammes  weight  to  be  3.38  grammes, 
=  0.151  per  cent." 

Of  the  non-nitrogenous  foods,  the  fats  or  hydrocarbons 
which,  according  to  Liebig's  classification,  come  under 
the  head  of  elements  of  respiration  or  calorifacient  prin- 
ciples, are  particularly  applied  to  the  production  of  heat 
and  other  forms  of  force.  They  also  appear  to  be  con- 
cerned, to  a  certain  extent,  in  tissue  development.  The 
neutral  fats  alone  are  important  as  foods.  The  free  fatty 
acids  and  glycerine  are  seldom  present  in  sufficient  quan- 
tity to  have  any  significance.  The  more  important  fats 
are  tristearin  and  tripalmitin  among  the  solid,  while 
among  the  more  easily  melting  fats  triolein  alone  occurs. 
These  are  simply  neutral  compounds,  formed  by  the  union 
of  a  triatomic  alcohol,  glycerine,  with  three  molecules  of  a 
monatomic  fatty  acid.  The  fluidity  of  a  fat  depends  on 
the  amount  of  olein  present ;  thus,  beef -fat,  which  contains 
more  palmitin  and  .stearin,  melts  at  41°  to  50°  C,  while 
goose-fat,  which  contains  large  quantities  of  olein,  melts 
at  34°  to  26°  C.  The  following  table  gives  some  idea  of 
the  amount  of  fat  contained  in  a  few  common  foods : 

Fer  cent,  of  fat. 

Fat-tisBue  of  swine 92,21 

Fat-tissne  of  beef  88.88 

Fal>-ti8Bue  of  mutton 87.88 

Butter 85. 0  to  90.0 

Eggs 12.0 

Fat  meat B.O  to  IS.O 

Milk 3.0  to   4.0 

Clieese 8.0  to  30.0 

Vegetables 0  to   3.0 

Nuts  53.0to66.0 

All  animal  fats  show  a  remarkable  uniformity  in  elemen- 
tary composition,  containing  on  an  average  76.5  per  cent. 
C,,11.90  per  cent.  H,  and  11.60  per  cent  O.  The  chemical 
composition  of  the  fats  indicates  the  importance  of  these 
principles  as  heat-producing  agents.  In  the  carbohydrates 
and  other  allied  principles,  the  hydrogen  and  oxygen  are 
present  in  such  proportion  as  to  form  water  (starch 
CeHioOe),  while  in  the  fats,  as  in  tripalmitin  (CsiHoeOa), 
only  12  atoms  out  of  98  have  their  combining  equivalent 
of  oxygen  contained  in  the  compound,  and  hence  the  re- 
maining hydrogen  atoms,  as  well  as  all  of  the  carbon,  are 
'  free  for  oxidation.  And  since  the  quantity  of  heat  produced 
is  dependent  upon  the  amount  of  chemical  action  or  oxida- 
tion, it  follows  "that  a  given  "quantity  of  fat  will  have 
the  power  of  appropriating  about  2.4  times  as  much  oxy- 
gen as  the  same  quantity  of  starch,  or,  in  other  words, 
iWill  develop  about  3.4  times  as  much  heat  in  the  process 
of  oxidation,  and  hence  has  about  2.4  times  as  much  value 
as  a  heat-producing  agent "  (Pavy).  But  while  the  fats 
are  especially  important  for  the  production  of  heat,  and 
for  forming  the  basis  of  adipose  tissue,  they  are  likewise 
essential  for  tissue  development  generally.  The  great 
importance  of  fat  in  food  and  of  that  deposited  in  the 
body  is  to  be  found  in  the  aid  which  it  furnishes  to  the 
hungry  organism  in  developing  its  wasted  tissue.  A 
purely  proteid  diet  to  a  person  poor  in  fat  necessitates  a 
large  amount  of  the  former  to  sustain  the  weight  of  the 
body,  indeed  more  than  the  intestines  are  capable  of  ab- 
sorbing. But  a  mixture  of  fat  with  the  proteid  matter 
diminishes  both  the  amount  of  circulating  albumin  in  the 
body  and  the  proteid  metabolism.  The  proteid  food  is 
needed  to  sustain  the  bodily  wants,  and  at  the  same 
time  to  prevent  the  loss  of  fat.  Still,  it  is  not  possible  to 
convert  a  poor  body  into  a  body  rich  in  fat  and  proteid  ma- 
terial by  a  simple  albuminous  diet ;  fats  or  carbohydrates 
are  needed,  admixture  of  which  diminishes  the  work  of  the 
organism.  The  energy  of  the  active  cells  of  the  body  is 
then  only  in  part  used  for  the  decomposition  of  albumin, 
the  remaining  energy  being  applied  to  the  decomposition 


of  fatty  matter.  This  is  well  illustrated  by  the  increased 
metabolism  of  fatty  matter  during  muscular  exertion. 
In  the  words  of  Voit,  "muscular  work  renders  the  cells 
capable  of  decomposing  more  material,  and,  after  the  use 
of  the  disposable  albumin,  the  fat  is  brought  into  requisi- 
tion. Thus  nothing  is  of  greater  influence  upon  fat 
metamorphosis  than  work."    (See  Nutrition.) 

The  carbohydrates  being  especially  found  in  the  vege- 
table kingdom,  belong  essentially  to  a  vegetable  diet.  A 
few,  however,  occur  in  animal  food,  as  glycogen  and 
sugar  in  the  liver,  lactose  in  milk  and  the  sugars,  as  ino- 
site  present  in  small  quantities  in  muscle-tissue.  In 
composition,  the  carbohydrates  are  all  alike  in  containing 
hydrogen  and  oxygen  in  such  proportion  as  to  form  wa- 
ter, but  the  exact  chemical  constitution  of  the  bodies  is 
not  known.  As  a  class  they  constitute  very  easily  de- 
composable material,  readily  breaking  down  into  carbonic 
acid  and  water,  and  as  food-stuffs  they  are  especially 
prominent  in  causing  an  accumulation  of  glycogen  in  the 
liver.  They  are,  moreover,  without  doubt  the  source,  in 
part,  of  the  fat  in  the  body.  Sugar  or  starch  is  always 
present  in  fattening  foods,  and  although  it  is  doubtful 
whether  the  fat  is  formed  directly  from  the  carbohydrates, 
still  the  association  of  fat  and  glycogen  in  the  hepatic 
cells,  and  the  fact  that  the  former  is  increased  by  such 
diets  as  tend  to  increase  the  latter,  would  in  itself  tend  to 
indicate  a  connection  between  carbohydrates  and  the  pro- 
duction of  fat.  (For  a  discussion  of  this  question  see 
Nutrition.)  Carbohydrates,  like  the  fats,  tend  to  dimin- 
ish proteid  decomposition,  and  even  more  decidedly ;  and 
as  they  are  likewise  able  to  prevent  the  withdrawal  of  fat 
from  the  body  (according  to  Voit  175  parts  of  carbohy- 
drates accomplish  as  much  as  100  parts  of  fat)  it  is  evi- 
dent that  they  possess  the  power,  in  a  high  degree,  of 
taking  the  r61e  of  the  fats.  Moreover,  while  the  carbo- 
hydrates are  being  oxidized,  the  fat  formed  from  albumin 
is  spared,  and  Voit '"  considers  that  in  both  carnivorous 
and  herbivorous  animals  the  main  action  of  carbohydrate 
food  (so  far  as  its  connection  with  fat  is  concerned)  is  to 
protect  the  fat  already  formed,  and  that  in  no  case  does 
the  fat  itself  have  its  origin  in  the  carbohydrates,  but  in  the 
carbon  surplus  of  proteid  food.  (See  Nutrition.)  Carbo- 
hydrates differ  from  fats  in  that  they  contain,  weight  for 
weight,  less  potential  energy  than  the  latter.  They  diflrer 
likewise  in  being  more  easily  'digestible. 

The  nitrogenous  or  albuminous  and  gelatinous  princi- 
ples, are  all  very  much  alike  in  general  composition, 
showing,  however,  some  decided  differences  in  their  con- 
tent of  nitrogen.  Most  of  the  nitrogenous  principles  oc- 
cur in  the  solid  form,  both  in  the  animal  and  the  vegeta- 
ble kingdom,  though  a  few  are  to  be  found  dissolved  in 
the  fluids  of  the  organism.  Voit"  has  estimated  from 
analyses  by  Bischoff,  that  in  a  fully  developed  human 
body  weighing  68.65  kilos  (151.3  pounds)  there  would  be 
contained  when  dry  (at  100°  C),  33.4  per  cent,  of  albu- 
minous matter,  and  14.8  per  cent,  of  collagenous  tissue. 
The  excretory  products  of  animal  organisms  contain  such 
a  large  percentage  of  nitrogen,  it  is  evident  that  the  nitro- 
genous principles  must  play  an  important  part  in  supply- 
ing the  needs  of  the  body.  Of  these  the  albuminous 
principles  are  the  most  important,  and  for  man  and  ani- 
mals albumin,  in  its  various  forms,  constitutes  a  vital 
food-stuff,  without  which  life  cannot  be  long  sustained. 
As  the  content  of  albuminous  matter  in  the  body  is  large, 
and  as  all  the  active  cells  of  the  body  are  protoplasmic,  it 
follows  that  albumin  must  be  supplied  in  considerable  quan- 
tity to  take  the  place  of  that  used  up  in  the  ordinary  pro- 
cesses of  life.  It  is,  however,  widely  distributed  through 
both  the  animal  and  vegetable  kingdoms  ;  notably  in  the 
casein  of  milk,  egg-albumin,  and  myosin  of  muscle  in  the 
animal  kingdom,  and  in  the  coagulable  albumin,  vegeta- 
ble casein,  legumin,  and  congluten  of  the  legumins,  and 
gluten  of  wheat  and  rice,  etc.,  in  the  vegetable  kingdom. 
The  albuminous  principles,  moreover,  in  view  of  their 
containing  all  of  the  or^ganic  elements  necessary  to  life, 
are  capable,  when  used  in  conjunction  with  the  inorganic 
principles,  of  supplying  alone  all  the  needs  of  the  body ; 
still  such  a  diet  would  not  be  an  economical  one  for  the 
system,  owing  to  the  large  amount  of  proteid  matter 
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which  the  system  would  be  obliged  to  work  over,  to- 
gether with  the  subsequent  removal  of  the  nitropn,  in 
order  to  obtain  the  requisite  amount  of  carbon.  This  is 
easily  seen  from  the  composition  of  pure  egg-albumin 
with  its  53  per  cent,  of  carbon,  when  compared  with  a 
fat,  as  tripalmitin  with  76  per  cent,  of  carbon,  or  with  a 
carbohydrate  as  saccharose  with  43  per  cent,  of  carbon 
and  51  per  cent,  of  oxygen.  It  is  evident,  from  these  fig- 
ures, that  a  judicious  mixture  of  an  albuminous  food- 
stuff with  a  carbohydrate  or  fatty  food-stuff,  would  give 
a  food  containing  the  required  carbon  and  nitrogen,  as- 
similable with  less  expense  to  the  body.  Liebig's  theory, 
that  nitrogenous  food  is  used  wholly  in  building  up  al- 
buminous'tissues,  as  the  muscle,  and  other  forms  of  pro- 
toplasm, and  that  the  nitrogenous  excreta  are  formed 
wholly  from  the  metabolism  of  the  above  tissues,  is  now 
known  to  be  incorrect,  and  that  in  reality  proteid  food- 
stuffs may,  in  one  sense,  be  respiratory  and  also  give  rise 
to  the  storing  up  of  fat  as  well  as  the  production  of  force. 
In  fact,  in  the  decomposition  of  proteid  matter  within  the 
body,  into  the  ultimate  product,  urea,  which  is  excreted, 
there  results  a  complementary  hydro-carbonaceous  resi- 
due, apparently  applicable  to  the  production  of  force. 
At  the  same  time,  the  chemically  distinct  oleaginous  and 
saccharine  principles  which  are  together  especially  con- 
cerned, either  directly  or  indirectly,  in  the  production  of 
heat,  are  likewise  of  use  in  force-production,  and  thus 
any  classification  of  the  alimentary  principles  based  on 
the  physiolorical  grounds  advanced  by  Liebig,  is  wholly 
untenable.  The  view  now  taken  regarding  the  produc- 
tion of  force  within  the  body  is  that  the  combination  of 
muscles  and  nerves  is  to  be  considered  as  a  form  of  appa- 
ratus especially  adapted  to  transform  the  force  liberated 
by  chemical  action  into  those  other  forms  of  force  termed 
muscle  and  nerve  force.  This  being  the  case,  any  easily 
oxidizable  organic  matter  will  answer  the  purpose. 
Hence,  to  a  certain  extent,  the  two  groups  of  nitrogenous 
and  non-nitrogenous  alimentary  principles  are  qualita- 
tively alike,  in  that  both  may  be  concerned  in  the  pro- 
duction of  force,  in  the  development  of  heat,  and  the  stor- 
ing up  of  fat,  although  the  non-nitrogenous  are  not 
distinctly  provocative  of  metabolism.  The  nitrogenous 
principles  are,  however,  indispensable  to  the  growth  of 
the  tissues  of  the  body,  and  are  likewise  indispensable  in 
the  production  of  the  nitrogenized  ferments,  on  the  pres- 
ence of  which  the  digestive  juices  of  the  body  depend  for 
their  special  action. 

Collagenous  tissue,  comprising  the  gelatinous  principles 
(organic  basis  of  bone,  cartilage,  tendons,  and  connective 
tissue),  cannot  supply  the  place  of  the  albuminous  princi- 
ples ;  still.  Volt'*  has  found  that  nitrogenous  equilibrium 
is  established  at  a  lower  level  of  proteid  food  when  gela- 
tin is  added,  and  Foster  "  apparently  considers  that  in  the 
metabolism  of  gelatin  it  rapidly  splits  up  into  a  urea  and 
a  fat  moiety,  but  is  unable  to  imitate  the  other  function  of 
proteid  matter,  or  to  take  part  in  the  formation  of  living 
protoplasm.  (For  nitrogenous  metabolism  see  Nutrition.) 
There  are  a  number  of  crystalline  nitrogenous  sub- 
stances occurring  in  both  the  animal  and  vegetable  king- 
doms which  are  present  in  greater  or  less  quantity  in 
food,  such  as  creatin  and  other  like  proteid  decomposition- 
products,  contained,  for  example,  in  some  quantity,  in 
Liebig's  extractum  carnis;  also  the  vegetable  alkaloids. 
None  of  these,  however,  are  of  any  value  as  food ;  the 
majority  of  them  pass  quickly  out  of  the  body,  but  little 
if  any  altered,  although  one  or  two,  as  asparagin,"  are 
said  to  slightly  diminish  proteid  metabolism.  The  more 
highly  complex  lecithin,  present  in  the  yolk  of  the  egg, 
in  the  brain,  etc.,  may  possibly  be  placed  among  the  true 
foods,  though  no  direct  experiments  have  been  tried  to 
demonstrate  its  action.  The  main  action  of  the  alka- 
loidal  substances,  as  the  caffein  of  coffee,  is  that  of  a 
stimulant,  acting  especially  upon  the  fatigued  nervous 
system  though  many  of  the  common  alkaloidal  infusions 
made  from  roots,  leaves,  and  berries  may  be  somewhat 
nutritious  from  the  albuminous  and  fatty  matters  which 
thCT  contain,  as  is  the  case  with  cocoa. 

The  drinks  commonly  used  as  food  may  be  divided 
aside  from  water,  into  the  alcoholic,  acidulated,  saccharine! 
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gaseous,  and  infusions  of  various  substances,  such  as  tea. 
The  alcoholic  drinks  contain  from  about  sixty  per  cent. 
of  alcohol,  as  in  rum,  brandy,  and  whiskey,  to  from  two  to 
ten  per  cent. ,  as  in  beer  and  light  wines.  Malt  liquors  con- 
tain, perhaps,  the  largest  number  of  constituents,  among 
others  there  being  sugar,  dextrin,  gluten,  and  various 
substances  from  the  hops.  The  exact  influence  of  alco- 
hol, or  its  value  as  a  food,  is  uncertain.  It  is,  without 
doubt,  decomposed  in  great  part  within  the  body,"  and 
split  up  into  simpler  substances ;  but  its  main  action  is 
doubtless  that  of  a  local  excitant  to  the  mucous  membrane 
of  the  alimentary  canal,  possibly  thereby  stimulating  di- 
gestion, and  as  a  stimulant  upon  the  central  nervous  sys- 
tem and  upon  the  circulation. 

Food,  as  eaten  by  man  and  animals,  is  a  natural  mixt. 
ure  of  the  various  alimentary  principles  described.  Sel- 
dom are  the  isolated  principles  eaten .  by  themselves, 
other  than  in  the  case  of  sugar  and  salt,  or  pure  fat.  It 
is  the  function  of  digestion  to  separate  the  individual 
principles  from  this  natural  mixture,  by  which  means 
they  are  separately  absorbed.  The  behavior  of  animal 
and  vegetable  food  is  quite  different  in  the  alimentary 
canal,  which  difference  is  dependent  more  upon  the 
quality  of  dry  substance  contained  in  the  latter  food 
than  upon  its  quantity.  Vegetable  food  yields  a  much 
larger  percentage  of  indigestible  residue,  and  is  in  itself 
much  less  easily  digestible,  owing  to  the  fact  that  it  is 
more  or  less  enclosed  in  the  diflBcultly  soluble  cellulose, 
while  animal  food  is  free.  Moreover,  vegetable  food,  as 
a  rule,  is  less  easily  absorbed,  and,  as  it  contains  a  less 
percentage  of  nitrogen,  a  much  larger  quantity  is  needed 
to  furnish  a  certain  amount  of  this  element  than  in  the 
case  of  animal  food.  Again,  the  large  quantities  of 
starch  contained  in  a  vegetable  diet  tend  to  produce  an 
acid  fermentation  in  the  small  intestines,  with  formation 
of  butyric  acid,  together  with  marsh  gas  and  hydrogen, 
which  causes  the  frequent  intestinal  excretions  of  her- 
bivorous animals. 

The  following  tables  give  the  percentage  amounts  of  the 
alimentary  principles  contained  in  several  of  the  natural 
animal  and  vegetable  foods.  It  is  to  be  borne  in  mind, 
however,  that  the  nutritive  value  of  a  food  depends  not 
only  upon  its  composition  but  also  upon  its  digestibility. 

ANiMAii  Foods. 


Water 

Solids 

Albuminous. . , 
CoUageuous... 

Fatty 

Carbohydrates. 
Extractives  . . . 
Ash 


« 

li 

n 

C* 

,. 

"lO 

S 

£ 

A 

h" 

& 

■6 

75.90 

6^.93 

75.S4 

73.90 

87.41 

72.33 

24.10 

37.07 

24.75 

as.io 

12.59 

27.67 

18.36 

23.93 

18.53 

14.10 

3.41 

2U.10 

1.64 

0.00 

12.81 

6.16 

10.90 

3.66 
4.82 

5.58 
0.45 

1.90 

1.30 

1.33 

1.06 

0.70 

1.64 

Ii6.0» 
34.00 
S.7U 

26  70 
2.80 


Vegetable  Foods. 


Water 

Solids 

Albuminous 

Woody  fibre  (cel- 
lulose)   

Fatty 

Starch 

Sugars,  gums,  etc. 
Ash 


m 

n 

t" 

i 

! 

1 

jl 

1^ 

74.00 

13.00 

15.00 

14.00 

12.60 

26.00 

87.00 

86.00 

86.00 

87,60 

2.50 

6.30 

12.60 

11.10 

30.80 

1.04 

3.00 

O.U 

0.70 

5.60 

8.10 

1.90 

1.09 

79.6 
0.60 

63.80 

65.10 

48.30 

8.00 

1.70 

3.50 

16.42 
0.99 


5.17 
7.78 
0.81 


1  BischofE  and  Voit :  Gesetze  d.  Krntihrung  des  Fleischf ressers,  1860, 
p.  .304. 

»  W.  O.  Atwater :  Bericbte  d.  deutsch,  chem.  Gesell.,  16  Jahrgang, 
p.  1844.  '  Voit  J  Hermann's  Handbuoh  d.  Physiologie,  6,  460. 

4  J.  IConig:  Hermann's  Handbuch  d.  Physiologie,  6,  463. 

*  According  to  Payen.  «  Dr.  Letheby'fl  Tables. 

'  According  to  Payen.       ^  Letheby's  Tables.        "  Payen.       ^^  Voit. 
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In  studying  the  composition  of  animal  substances,  with 
a  view  to  determining  their  Mod-value,  the  percentage 
amount  of  nitrogen  is  the  most  important  point  to  be  ascer- 
tained, inasmuch  as  this  element  is  an  index  of  the  amount 
of  albuminous  matter  present:  At  the  same  time  it  is  to 
be  remembered  that  proteid  food-stuffs  alone  do  not  con- 
stitute an  economical  diet.  A  rational  diet  is  to  be  found 
only  in  a  judicious  mixture  of  proteids,  fats,  and  carbo- 
hydrates. Even  milk  is  not  a  properly  constituted  food 
for  a  working  man,  for  though  it  contains  both  fat  and 
carbohydrate  it  has  too  large  a  percentage  of  nitrogen 
(albumin  and  casein)  for  the  carbon. 

It  has  been  found  by  repeated  experiment  that  an  aver- 
age working  man,  in  order  to  prevent  loss  of  nitrogen  and 
carbon,  requires  daily  about  18.03  grammes  of  nitrogen 
(=  118  grammes  of  dry  albumin),  and  at  least  328  grammes 
of  carbon ;  and  as  the  118  grammes  of  albumin  contain 
but  63  grammes  of  carbon,  it  is  plain  that  there  would  be 
required  265  grammes  in  the  form  of  fats  or  carbohy- 
drates. '^  The  following  table  gives  the  number  of  gi-ammes 
of  several  common  foods  necessary  to  furnish  the  daily 
requisite  of  carbon  and  nitrogen : 


For  18.3  grammes  Nitrogen. 

For  328  grammes 

Carbon. 

Gm. 
538 

Lard 

Gm. 
.      450 

796 

Corn 

801 

EggB  (18j 

905 

824 

989 

1,868 

2,905 

4,675 

4.  TOR 

Rice 

896 

Bice 

Milk 

Potatoes 

Eggs  (48) 

Lean  meat 

Potatoes 

Milk 

2,231 

2,620 

3,124 

..   4fiB2 

It  is  thus  evident  that  no  one  of  these  substances  is  in 
itself  a  proper  food.  Lean  meat,  for  example,  must  have 
added  to  it  fat  or  carbohydrate,  or  both ;  while  potatoes, 
as  an  example  of  a  carbonaceous  food,  require  an  admixture 
of  nitrogenous  matter.  Hence  a  judicious  mixture  of  all 
the  alimentary  principles  from  both  the  animal  and  vege- 
table kingdoms  constitutes  the  food  best  adapted  to  the 
wants  of  mankind.  jB.  E.  Chittenden: 

1  Wurtz :  Chimie  Biologique,  chapters  1-2.    1884. 

2  Hoppe-Seyler  :  Ptiysiologische  Chemie,  p.  28. 

8  Hermann's  Handbuch  der  Physiologie,  vi.,  347. 

4  Philosophical  Transactions,  2,  494. 

'  Zeitschrif t  fur  Biologic,  ix.,  387. 

"  Aronatein :  Pfliiger's  Archiv  fiir  Physiologie,  viii.,  p.  75.  Alex. 
Bchmidt :  Pfliiger's  Archiv,  xi.,  p.  1. 

'  Zdtsohrift  fur  Biologie,  vol.  ix.,  1873. 

'  Weiske :  Zeitschrif  t  fur  Biologie,  vol.  vii.,  pp.  179  and  333. 

^  Forster :  Zeitschrif t  fiir  Biologie,  vol.  xil.,  p.  464. 
>»  Comptes  Rendos,  1872,  64,  p.  1353. 

11  Compare  Hamburger;  Zeitschrift  fiir  Physiolog.  Chem.,  vol.  ii,  191. 
13  Hermann's  Handbuch  der  Physiologie,  vi,,  260. 
IS  Ibid.,  vi.,  888. 

»  Zeitschrift  fur  Biologie,  viii.,  297. 
1=  Text-Book  of  Physiology,  p.  467. 
1^  Zeitschrift  fiir  Biologie,  xv.,  261. 
1'  Pfluger's  Archiv  fiir  Physiologie,  vol.  xxxii.,  398. 
18  Voit :  Hermann's  Handbuch  der  Physiologie,  vi.,  497. 

ALIMENTATION,  RECTAL.  The  literature  of  this 
subject  does  not  date  back  very  many  years.  Dr.  Austin 
Flint  says  that  Samuel  Hood,  in  1822,  was  the  first  in  this 
century  to  write  concerning  this  form  of  nourishing  ;  the 
next  writer  was  Steinhausen,  in  1845.  It  is  recorded, 
however,  that  an  Italian  physician  employed  this  method 
successfully  two  centuries  ago  (Dr.  Bodenhamer  :  "  Rec- 
tal Medication  ").  In  the  discussion  of  this  subject  the 
topic  of  rectal  medication  will  be  included.  In  almost 
all  cases  of  nourishing  by  the  rectum  it  is  found  necessary 
or  convenient  that  the  nutritive  material  or  the  drugs 
should  be  either  in  fluid  form  or  in  suspension.  (The  sub- 
ject of  suppositories  will  not  be  discussed  in  this  article.) 
In  many  instances  rectal  alimentation  has  been  used  al- 
ternately with  feeding  by  the  natural  method  or  by  the 
use  of  the  stomach-tube,  for  a  longer  or  shorter  period  ; 
indeed  it  is  rare  to  find  an  instance  where  rectal  nourish- 
ing has  been  carried  on  exclusively  for  a  great  length  of 
time. 

The  rectum  is  freely  supplied  with  lymphatics  and 
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blood-vessels  ;  its  glandular  supply  is  abundant,  there 
being  both  the  follicles  of  Lieberkiihn  and  lymphoid  fol- 
licles, similar  to  the  solitary  glands  of  the  small  intestine. 
Dr.  Flint  thinks  that  digestion  and  absorption  may  be 
due  to  the  presence  of  the  follicles  of  Lieberkiihn,  which 
may  take  on  a  vicarious  action  when  stimulated  by  the 
presence  of  digestible  material;  also  that  the  presence  of 
food  in  the  large  intestine  may  stimulate  the  glands  of  the 
stomach  and  small  intestine,  the  secretions  passing  into 
the  large  intestine. 

Rectal  alimentation  has  been  used  in  the  following  dis- 
eases and  injuries  :  in  spasmodic  constriction  of  the 
oesophagus,  cancer  of  the  oesophagus,  cancer  of  the 
pylorus,  ulcer  of  stomach,  "encephaloid  disease  of  uterus 
with  sympathetic  stomach  disturbance,"  phthisis,  anaemia, 
dyspepsia,  pyaemic  abscess  and  sloughing  of  the  parotid 
gland,  inflammation  of  mouth,  fauces,  oesophagus,  and 
stomach  due  to  swallowing  strong  ammonia  water,  and 
in  lacerated  wound  of  pharynx  and  trachea.  The  long- 
est period  during  which  this  form  of  nourishment  has 
been  kept  up  is  fifteen  months  (Dr.  Flint  in  Ameriean 
Practitioner).  In  another  case  (reported  by  Niemeyer) 
this  method  was  kept  up  for  three  months  ;  in  a  case  of 
carcinoma  life  was  prolonged  forty-two  days  ;  in  several 
cases  this  method  has  been  kept  up  for  twenty-eight  days. 
In  most  cases  feeding  by  the  stomach  was  resumed  grad- 
ually and  carried  on  in  connection  with  rectal  alimenta- 
tion. Kauflman  (Lancet,  1877)  reports  nine  cases,  seven 
of  cancer  of  oesophagus,  one  of  cancer  of  pylorus,  and 
one  of  ulcer  of  the  stomach,  in  which  this  method  was 
used ;  all  lived  nine  or  more  months  under  this  treat- 
ment. 

In  the  report  of  the  Therapeutical  Society  (New  York, 
February,  1879)  there  is  the  following  analysis  of  sixty- 
three  cases  which  were  nourished  by  enemata  of  deflbrin- 
ated  blood  :  in  thirty-eight  cases  of  phthisis,  eight  did 
not  bear  the  treatment  well,  ten  were  not  benefited, 
twenty  were  benefited,  one  case  of  diarrhoea  was  made 
worse  ;  in  nine  cases  of  ansemia,  one  received  no  benefit, 
eight  were  improved  or  cured  ;  in  five  cases  of  dyspepsia 
all  were  cured  ;  in  four  cases  of  exhaustion  all  were  im- 
proved ;  in  three  cases  of  neuralgia,  one  was  not  bene- 
fited, two  were  improved  ;  in  two  cases  of  gastric  ulcer, 
one  was  not  benefited,  the  other  recovered  when  appar- 
ently moribund. 

The  indications  for  the  employment  of  this  form  of 
alimentation  may  be  stated  as  follows  :  "Whenever  from 
any  cause  it  is  impossible  to  convey  food  to  the  stomach 
by  the  natural  passages ;  whenever  the  stomach  is  too 
irritable  to  retain  food  or  too  much  diseased  to  digest  it ; 
whenever  the  presence  of  food  in  the  stomach  or  small 
intestine  causes  trouble,  or  when  there  is  great  exhaustion 
from  any  cause,  then  rectal  alimentation  is  clearly  indi- 
cated. Except  when  the  difficulty  is  obstruction  of  the 
oesophagus  or  disease  of  the  stomach,  this  method  is  used 
in  connection  with  feeding  by  the  natural  method. 

The  process  of  nourishing  by  the  rectum  is  quite  sim- 
ple. The  rectum  is  prepared  for  the  nutrient  enema  by 
first  administering  an  enema  of  lukewarm  water.  It  is 
not  always  necessary  to  do  this,  but  it  should  be  done  if 
there  has  not  been  a  passage  since  the  last  nutrient  enema, 
or  if  any  portion  of  this  has  not  been  absorbed,  although  it 
almost  always  is  entirely  taken  up.  The  mechanical 
means  employed  is  similar  to  that  used  in_  giving  an  or- 
dinary injection  :  a  syringe  with  a  screw-piston  is  safest, 
but  an  ordinary  barrel-syringe,  or  Davidson's  syringe,  may 
be  employed,  care  being  taken  not  to  use  too  great  force. 
After  withdrawing  the  tube  of  the  syringe  a  towel  should 
be  pressed  against  the  anus  until  the  desire  to  void  the 
contents  of  the  rectum  has  passed  away.  The  quantity 
to  be  injected  should  not  exceed  six  ounces  at  a  time,  and 
this  may  be  repeated  every  four  or  five  hours  ;  not  less 
than  three  hours  and  not  more  than  six  should  intervene 
between  any  two  injections. 

Various  substances  have  been  employed  in  this  method, 
as  raw  beef,  beef-soup,  chicken-broth,  beef-tea,  defibrin- 
ated  blood,  milk,  cream,  eggs,  and  coffee.  (Leube  was  of 
the  opinion  that  eggs  and  milk  were  not  absorbed  by  the 
rectum,  but  this  seems  to  have  been  an  error.)    LieWg's 
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extract  of  meat  has  been  used  with  success.  In  the  report 
of  the  Therapeutical  Society  deflbrinated  blood  is  recom- 
mended for  the  following  reasons  :  Patients  thrive  on  it ; 
in  quantities  from  two  to  six  ounces  it  is  all  absorbed ;  it 
causes  constipation  in  but  very  few  cases  for  a  few  days 
only ;  it  causes  no  irritability  of  the  bowels  except  m  very 
few  cases ;  it  gives  an  impulse  to  nutrition,  and  it  is  wholly 
unattended  by  danger.  Brown-S^quard  {TMncet,  1878) 
has  used  the  following  formula :  Two-thirds  of  a  pound 
of  raw  beef,  one-third  of  a  pound  of  fresh  pancreas ;  this 
was  injected  twice  a  day.  This  was  followed  by  the  pas- 
sage of  well-formed  faeces.  The  fat  and  cellular  tissue 
should  be  rejected.  Kauffman,  in  his  cases,  gave  one 
pound  of  finely  divided  beef,  and  one-half  pound  of  minced 
pancreas  every  morning ;  half  this  quantity  was  given  at 
noon  and  at  nighty  A  solid  stool  followed  every  day. 
The  patients  were  able  to  walk  about.  In  one  case  good 
results  were  obtained  from  the  use  of  two  teaspoonf uls  of 
Liebig's  extract  in  a  teacupful  of  milk,  about  every  four 
hours.  Dr.  J.  H.  Beech  nourished  a  patient  with  uterine 
trouble  and  sympathetic  stomach  trouble  for  five  weeks 
with  enemata  of  chicken-broth,  cofiee  and  cream,  beef- 
broth  and  milk  and  eggs ;  he  found  that  coffee  and 
cream  seemed  best  to  relieve  the  thirst.  Dr.  J.  O.  Davis 
(Medical  Record,  1878)  nourished  a  patient  with  ulcer 
of  the  stomach  by  lukewarm  enemata  of  beef-tea,  or 
chicken-broth,  for  six  weeks.  Dr.  McLane  nourished  a 
patient  exclusively  by  enemata  of  unsalted  beef -tea  for' 
twenty-eight  days,  eggs  and  milk  being  resorted  to  only 
three  times ;  a  little  brandy  and  tincture  of  opium  (ten 
drops)  was  added  to  each  "injection.  Later,  feeding  by 
the  stomach  was  partially  resumed.  The  patient  lived 
one  year.  Dr.  "W.  T.  Chandler  (Louisville  Medical  News) 
reported  a  case  of  ulceration  of  the  oesophagus,  from 
swallowing  strong  ammonia  water,  in  which  rectal  in- 
jections of  eggs  and  milk  were  the  only  nourishment 
taken  for  twelve  days ;  feeding  by  the  stomach  was  re- 
sumed gradually.  In  a  case  of  sloughing  of  the  parotid 
gland,  following  a  pysemic  abscess,  the  patient,  a  woman, 
sixty-five  years  old,  was  nourished  solely  by  enemata  of 
beef-tea  for  four  weeks,  followed  by  recovery  (Woman's 
Hospital).  In  a  case  occurring  at  Bellevue  Hospital  in 
1878,  a  patient  was  nourished  by  enemata  of  eggs  and 
milk,  together  with  a  little  brandy  and  a  few  drops  of 
the  solution  of  morphia  (IT.  8.  Ph.).  The  prepara- 
tion known  as  Leube's  Pancreatic  Meat  Emulsion  has 
been  recommended  for  use  in  this  form  of  alimentation. 
It  is  prepared  as  follows ;  Five  to  ten  ounces  of  meat 
free  from  fat  and  chopped  very  finely ;  half  this  weight 
of  fresh  minced  pancreas  (of  pig  or .  ox)  is  added  to  the 
meat,  and  the  whole  rubbed  up  with  five  ounces  of  luke- 
warm water.  When  administered  the  enema  should  be 
tepid. 

It  may  be  mentioned  here  that  when  water  cannot  be 
administered  by  the  stomach,  thirst  may  be  relieved  by 
bathing  the  body. 

In  many  cases  it  has  been  found  necessary  to  overcome 
the  irritability  of  the  bowels  by  the  use  of  some  prepara- 
tion of  opium.  In  one  case,  from  twenty  to  thirty  drops 
of  laudanum  were  added  to  the  enema  whenever  it  seemed 
necessary.  Solutions  of  morphine  have  also  been  used 
successfully  for  this  purpose. 

If  the  necessary  amount  of  nutriment  has  been  con- 
veyed to  the  system  by  this  method  there  will  be  the 
usual  feeling  of  comfort  experienced  after  a  meal,  with- 
out, of  course,  the  sensation  of  fulness  in  the  epigastric 
region.  Diarrhoea  is  very  seldom  caused,  and  the  func- 
tions of  the  skin  and  kidneys  do  not  seem  to  be  affected. 
Patients  not  only  thrive  under  this  treatment,  but  actu- 
ally gain  in  flesh  and  strength. 

The  subject  of  medication  hy  the  rectum  is  very  closely 
associated  with  that  of  feeding  by  the  rectum.  In  al- 
most all  cases  of  prolonged  rectal  alimentation,  drugs 
are  combined  with  the  enemata,  either  for  their  general 
effect  on  the  system  or  to  assist  in  the  process  of  nourish- 
ing. There  are  many  cases,  however,  in  which  drugs 
have  been  administered  alone.  The  indications  for  this 
method  of  medication  are  the  same  as  for  alimentation 
by  the  rectum  ;  this  method  is  especially  useful  in  irrita- 


bility of  the  stomach.  It  is  quite  common  to  add  a 
small  amount  of  brandy  or  whiskey  to  a  nutrient  enema 
in  cases  where  a  stimulant  is  needed.  One  writer  says 
that  in  using  stimulants  it  is  well  to  add  cream  to  the 
enema.  He  says,  also,  that  tincture  of  the  chloride  of 
iron  may  be  given  in  this  vehicle.  Quinine  has  been 
given  in  this  way  quite  frequently.  In  a  case  of  peri- 
tonitis following  ovariotomy  (Woman's  Hospital,  New 
York),  quinine  was  administered  in  enemata  to  re- 
duce the  temperature  ;  thirty  grains  were  given  in  milk 
every  four  hours ;  the  rectum  became  irritable  after 
the  first  few  injections,  and  this  method  had  to  be  given 
up.  Dr.  Flint  cites  a  case  of  violent  hsematemesis  whieli 
was  controlled  by  injecting  three  drachriis  of  the  fluid 
extract  of  ergot  into  the  rectum  ;  rectal  alimentation  was 
carried  on  for  some  time  subsequently;.  Thirty-grain 
doses  of  chloral  hydrate  have  been  administered  in  this 
way  in  cases  of  neuralgia,  in  cases  of  acute  mania,  and 
also  in  the  vomiting  of  pregnancy.  The  ethereal  tincture 
of  iodine  has  been  injected"  in  five-drop  doses,  and  also 
the  balsam  of  copaiba  in  two-drachm  doses.  In  all  cases 
it  is  necessary  to  add  a  vehicle  in  sufficient  quantity  to 
make  about  a  four-ounce  mixture. 

The  use  of  simple  enemata  of  warm  water  or  warm 
water  and  soap,  to  cause  an  evacuation  of  the  bowels,  is 
of  such  common  occurrence  in  domestic  practice  that  it 
is  hardly  necessary  to  speak  of  it  here.  Several  medi- 
cines, as  castor-oil,  oil  of  turpentine,  and  assaf  CBtida,  may 
be  added  to  these  simple  enemata. 

Willia/m  R.  Murra/g. 

ALKALIES.  The  alkalies  are  inorganic  substances, 
possessed  usually  of  a  caustic  "alkaline"  taste,  which 
unite  readily  with  acids  to  form  salts.  They  will  restore 
the  blue  color  to  litmus  paper  reddened  with  acids,  turn 
syrup  of  violets  and  red  cabbage  infusion  green,  and  tur- 
meric yellow  a  reddish  brown.  Properly  speaking,  only 
those  substances  answering  to  the  above  description,  whose 
carbonates  are  soluble  In  water,  are  called  alkalies,  viz., 
ammonia,  lithia,  potassa,  and  soda ;  but  in  medicine  twf 
of  the  alkaline  earths,  lime  and  magnesia,  are  also  in- 
cluded under  this  term.  The  carbonates  of  these  sub 
stances  possess  many  properties  in  common  with  their 
bases,  and  exert  a  similar  therapeutical  action  when  in- 
ternally administered.  The  acetates,  citrates,  and  tar 
trates  resemble  in  their  remote  effects  the  carbonates,  and 
may  therefore  for  our  present  purposes  be  classed  among 
the  alkalies. 

External  Uses. — Potassa,  soda,  and  lime,  when  ap- 
plied in  concentrated  form,  are  powerful  escharotics.  Po- 
tassa is  the  strongest  and  is  the  one  to  be  preferred  when 
extensive  and  complete  destruction  of  tissue  is  desired. 
It  penetrates  deeply  and  widely,  and  the  skin  about  the 
part  to  be  destroyed  should  therefore  be  protected  by 
cerate  or  a  ring  of  adhesive  plaster.  It  is  employed  to 
destroy  malignant  pustule,  epiUielioma,  and  other  morbid 
growths,  to  establish  healthy  action  in  sloughing  and  pha- 
gedenic ulcers,  and  to  cauterize  the  bites  of  reptiles  and 
rabid  animals,  and  other  poisoned  wounds.  It  was  for- 
merly used  also  to  open  abscesses  or  cysts  of  the  liver. 
Its  action  causes  intense  pain,  and  the  slough  formed  is 
of  a  dirty  grayish  color.  When  the  destructive  action 
has  proceeded  as  far  as  desirable,  it  may  be  arrested  by 
washing  the  parts  with  vinegar  or  some  other  dilute  acid. 
Caustic  potash  abstracts  the  fluids  from  the  tissues,  and, 
uniting  with  them,  forms  a  liquid  which  exerts  an  es- 
charotic  action  wherever  it  may  flow.  In  order  to  absorb 
this  fluid,  and  thus  limit  the  extent  of  the  caustic  action, 
an  equal  quantity  of  unslaked  lime  is  added  to  the  potash 
and  formed  into  a  pa.ste  with  alcohol.  This  is  the  well- 
known  Vienna  paste.  Caustic  soda  is  milder  than  po- 
tassa, and  is  seldom  used  as  an  escharotic.  A  mixture  of 
soda  and  lime,  rubbed  up  with  alcohol  into  a  consistent 
mass,  is  called  London  paste.  It  is  employed  for  the  same 
purpoises  and  in  the  same  way  as  "Vienna  paste,  than  which 
it  is  milder.  Alkaline  lotions  are  used  to  allay  itching, 
as  an  application  in  various  skin  affections,  and  to  correct 
the  fetor  of  bromidrosis.  Liquor  potassse,  or  a  solution 
of  the  carbonate  of  potash,  is  generally  selected  for  this 
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purpose.  Liquor  potassse  is  also  used  to  soften  the  edges 
of  the  nail  In  ingrowing  toe-nail.  Bicarbonate  of  soda  is 
one  of  the  best  applications  for  burns  and  scalds  of  the 
integument ;  in  burns  of  the  first  or  second  degree  its  im- 
mediate application  in  strong  solution  will  almost  in- 
stantly relieve  the  pain  and  prevent  inflammation.  This 
is  a  remedy  superior  to  the  mixture  of  lime-water  and 
linseed  oil,  known  as  carron  oil.  Ammonia  is  much  em- 
ployed as  a  rubefacient  and  counter-irritant,  in  the  form 
of  liniment.  If  strong  aqua  ammoniae  be  applied  to  the 
skin  and  covered  by  a  glass  to  prevent  evaporation,  vesi- 
cation is  produced.  It  is  used  likewise  in  the  bites  of 
venomous  reptiles,  because  of  its  repute  as  an  antidote  to 
snake-poison,  but  the  better  plan  is,  when  possible,  to 
thoroughly  destroy  the  parts  with  potassa  or  the  actual 
cautery.  The  irritation  resulting  from  the  bites  of  insects 
is  relieved  by  ammonia.  Solutions  of  the  lithia  salts  are 
sometimes  applied  to  the  affected  joints  in  chronic  rheu- 
matic arthritis. 

Intebnal  Uses. — Potassa  and  its  salts,  when  given  in 
large  doses,  act  as  cardiac  depressants  and  paralyzers  of 
the  spinal  cord.  In  medicinal  doses  the  acetate  and 
citrate  increase  the  quantity  of  urine,  and  render  this  se- 
cretion alkaline.  For  the  former  purpose  the  acetate  is  to 
be  preferred,  and  for  the  latter  the  citrate.  Liquor  po- 
tassse in  small  dose,  given  before  meals,  stiniulates  the  se- 
cretion of  the  gastric  juice,  and  thus  promotes  digestion. 
Given  after  meals  it  neutralizes  an  excess  of  acid  in  the 
stomach,  but  magnesia  and  bicarbonate  of  soda  are  pref- 
erable as  antacids.  The  former  is  also  a  laxative,  and  is  to 
be  selected  when  the  action  of  the  bowels  is  sluggish. 
When  the  opposite  condition  prevails,  carbonate  of  lime 
or  chalk  may  be  prescribed  with  advantage.  It  is  es- 
pecially in  the  acid  diarrhoea  of  infants  that  chalk  mixture 
is  valuable.  Lime-water  relieves  gastrodynia  and  vomiting, 
and  is  added  to  milk  to  prevent  the  formation  of  caseous 
masses  in  the  stomach.  The  treatment  of  rheumatism  by 
alkalies  was  formerly  much  in  vogue,  but  these  are  now 

fenerally  superseded  by  other  more  efficacious  remedies, 
'he  alkalies  promote  the  absorption  of  fat  atod  induce  an- 
aemia, and  hence  they  leave  the  patient  in  a  weakened  con- 
dition after  the  rheumatism  has  been  cured,' and  convales- 
cence is  thereby  unnecessarily  prolonged.  When  alkalies 
are  to  be  used,  the  lithia  salts  should  by  preference  be  se- 
lected. Ammonia  is  a  diffusible  stimulant,  and  is  seldom 
employed  as  an  antacid.  The  carbonate  and  muriate  are 
excellent  stimulant  expectorants,  and  are  very  frequently 
given  in  bronchitis  and  in  the  resolving  stage  of  pneu- 
monia. In  cases  of  sudden  and  profound  depression  the 
intravenous  injection  of  ammonia  has  answered  an  ex- 
cellent purpose.  Ammonia  is  also  given  internally  as  an 
antidote  to  snake  poisons,  but  its  efficacy  in  this  respect  is 
doubtful.  Thomas  L.  Stedman. 

ALKALINITY.  Oxidation  of  organte  substances  in  the 
human  economy,  as  in  the  chemical  laboratory,  occurs 
best  in  alkaline  media.  Many  organic  substances  require 
the  presence  of  alkalies  to  render  them  oxidizable  at  the 
body  temperature.  Thus  alcohol,  in  the  presence  of  a 
free  alkali,  is  easily  burned  up  at  body  heat,  and  glycer- 
ine, ordinarily  resistant  to  such  influences,  will  readily  be 
oxidized.  Life,  which  is  dependent  upon  a  constant 
succession  of  oxidation  processes,  takes  advantage  of 
this  fact  by  maintaining  that  menstruum  (the  blood)  in 
which  its  important  chemical  changes  occur,  in  a  con- 
stantly alkaline  condition.  No  indubitable  examples  of 
acidity  of  the  same  have  ever  been  recorded  as  existing 
during  life  ;  though  some  cases  of  leucocythsemia,  sun- 
stroke, and  cholera  have  been  reported,  in  which,  soon  after 
death,  the  blood  was  feebly  acid.  Moreover,  attempts  to 
render  it  acid  have  signally  failed,  death  occurring  be- 
fore such  a  condition  could  be  induced.  Witness  the  ex- 
periments of  Hoffman,  who,  in  attempting  to  render  the 
blood  of  pigeons  acid  by  the  administration  of  foods 
yielding  acid  oxidation  products,  induced  toxaemia  before 
acidity  (of  the  blood).  Besides  favoring  oxidation  pro- 
cesses, the  alkaline  salts  aid  in  maintaining  the  albu- 
minoids in  a  soluble  condition,  and  increase  the  power  of 
absorption  for  gases  of  the  blood-serum.    The  amount  of 


alkaline  matter  in  the  blood  is  comparatively  constant, 
though  subject  to  slight  fluctuations. 

The  blood  owes  its  alkalinity  chiefly  to  the  sodic  bicarbo- 
nate (NaHCOs)  and  sodic  phosphate  (NasHP04),  though 
partly,  too,  to  the  alkaline  albuminates.  In  health  its  re- 
action is  subject  to  variations  intimately  dependent  upon 
the  digestive  processes ;  the  chemical  nature  of  the  foods 
taken  determining  the  extent  of  change.  During  the 
absorption  of  the  foods  there  are  always  being  taken  into 
the  circulation  organic  salts  of  the  alkaline  bases,  and 
often  small  quantities  of  the  alkaline  phosphates.  The 
former,  in  the  presence  of  ozone  and  an  alkaline  serum, 
are  easily  converted  into  the  alkaline  bicarbonates.  Hence 
increased  alkalinity  of  the  blood.  This  is  the  more 
marked  when  the  organic  salts  have  been  introduced 
either  incidentally  to  the  preparation  of  the  foods,  or  for 
medicinal  purposes.  Thus  the  "saleratus,"  "cooking 
soda,"  and  "baking  powders"  now  so  extensively  used 
to  lighten  our  breads,  biscuits,  cakes,  and  pastries,  by 
their  liberation  of  COs,  are  converted  at  the  same  time 
into  organic  salts  (acetates,  lactates,  or  tartrates),  which, 
on  entering  the  circulation,  are  burned  up  into  the  alka- 
line bicarbonates  with  distinct  effect  upon  the  blood  re- 
action. Or  again,  the  so-called  "lemon"  treatment, 
when  it  is  desired  to  induce  an  increased  alkalinity,  is 
thoroughly  scientific.  The  lemon-juice,  which  already 
contains  potassium  and  calcium  citrates,  being  added  in 
large  excess  to  a  small  quantity  of  sodium  bicarbonate, 
converts  the  latter  into  a  citrate,  at  the  same  time  making 
a  pleasantly  acid  effervescent  drink.  This,  on  being  al> 
sorbed,  increases  the  blood  alkalinity,  as  do  the  other  or- 
ganic salts.  It  is  just  to  this  absorption  and  conversion 
of  organic  salts  that  the  daily  changes  in  the  urine  reaction 
are  due.  Just  before  the  meal  hour  the  urine  (in  health 
really  an  index  of  the  alkalinity  of  the  blood)  reaches  its 
maximum  acidity ;  at  the  same  time  the  blood  is  least 
alkaline.  In  a  short  while,  when  absorption  and  conver- 
sion of  the  organic  salts  has  begun,  its  alkalinity  steadily 
increases,  until  finally  (particularly  after  the  consump- 
tion of  the  "soda-raised"  foods)  the  urine  becomes  neu- 
tral, or  even  distinctly  alkaline,  from  the  excretion  of  the 
excess  of  alkaline  matter.  When  the  organic  salts  have 
been  converted  into  bicarbonates,  and  the  excess  has  been 
excreted  through  the  urine,  the  latter  begins  again  to 
resume  its  normally  acid  reaction  from  the  oxidation 
products  of  the  nitrogenous  tissues  chiefly. 

It  is  not  probable  that,  as  some  authors  suggest,  the 
normal  alkalinity  is  maintained  by  the  excretion  of  ex- 
cess of  alkaline  matter  by  the  salivary,  biliary,  and  pan- 
creatic glands,  and  excess  of  acids  by  the  gastric  follicles  ; 
because  it  has  been  Repeatedly  demonstrated  that  when 
one  secretion  withdraws  from  the  blood  acid  matter, 
other  secretions  .increase  decidedly  their  alkaline  constitu- 
ents. Thus  the  withdrawal  from  the  blood  of  alkaline 
and  acid  matter  at  the  same  time  would  not  alter  its  rela- 
tive alkalinity.  When  the  stomach  is  pouring  out  its 
acid  secretion,  the  salivary,  biliary,  and  pancreatic  secre- 
tions become  unusually  alkaline.  The  kidneys,  assisted 
by  the  lungs  and  integument,  serve  as  the  chief  exits  for 
the  excess  of  alkalies  or  acids  from  the  blood. 

Lewis  L.  MeArihur. 

ALKANET  (Oreanette,  Codex  Med.  ;  Alkanna  tinctoria 
Tausch. ;  Anohusa  tinctoria  L. ;  lAthospermum  tinctoriwn 
D.  C,  etc.  ;  order,  Borraginacem)  is  a  small  perennial 
hairy  herb,  with  straggling  forked  stems,  simple  spatu- 
late  or  lanceolate  leaves,  and  one-sided  cymes  of  tubular, 
nearly  regular  flowers.  It  is  a  native  of  the  southern 
and  eastern  part  of  Europe  and  Asia  Minor,  and  is  also 
cultivated. 

The  fleshy  root,  which  is  the  part  employed,  is  one  or 
two  centimetres  (two-fifths  to  four-fifths  of  an  inch) 
in  diameter,  branched  above  into  several  stem-bearing 
heads,  usually  simple  below,  soft  and  stringy  in  texture. 
The  dried  root  of  commerce  is  sometimes  entire,  with  a 
purplish-red  external  surface,  a  soft,  easily  separable  and 
exfoliating  bark.  It  is  of  a  dull,  deep  red  color  within, 
and  has  a  pinkish  or  whitish,  hard,  but  easily-sjilitting 
wood.     More  often  the  roots  are  twisted  and^incom- 
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pletely  split  into  coarse  shreds ;  in  the  better  grades,  the 
woody  cylinder  is  removed,  and  they  consist  of  the  tough 
and  flexible  bark. 

Alkanet  has  no  odor,  but  a  sweetish,  afterward  bitter- 
ish and  slightly  astringent  taste,  coloring  the  saliva  when 
chewed. 

Its  only  valuable  constituent  is  its  coloring  matter, 
alkannin,  or  alkanna  red,  which  was  first  separated  by 
Pelletier,  and  named  adde  anchuaigue.  To  obtain  it,  the 
root,  first  treated  with  water,  is  exhausted  by  slightly 
acidulated  alcohol,  the  tincture  so  obtained  is  evapo- 
rated to  a  thickish,  turbid  extract,  and  the  alkannin  pre- 
cipitated with  water.  It  is  then  re-dissolved  in  ether, 
the  ether  mostly  washed  out  by  shaking  with  successive 
portions  of  water,  and,  finally,  the  thick  solution  evap- 
orated to  dryness  (Huseman,  Bailey,  and  "Wydler,  "  Ann. 
Chem.  Pharm.,"  141). 

It  is  a  dark  brownish-red,  resinous  mass,  or  powder, 
insoluble  in  water,  but  soluble  in  the  liquids  above  named ; 
neutral  in  reaction.  Its  red  color  is  intensified  by  acids, 
and  changed  to  bluish-green  by  alkalies. 

Alkanet  has  no  physiological  action  and  no  medical  use. 
It  is,  however,  used  in  elegant  pharmacy  to  color  oils, 
cerates  ("rose  lip-salve  "),  and  tinctures,  and  occasionally 
in  making  test-papers  which  maybe  prepared  either  red 
or  blue. 

Allied  Plants. — The  order  Borragmaoem  comprises 
a  number  of  bland,  hairy  herbs  with  no  distinctive  medici- 
nal qualities.     (See  Borage.) 

Allied  Dkttgs. — For  a  list  of  the  pharmaceutical  col- 
oring matters  see  Saffron.  W.  P.  Bolles. 

ALKEKENGI  {Alkekengi  coqueret,  Codex  Med. ;  Physalu 
alkekengi  L.  ;  order,  Solanacece ;  ground  plum).  This 
little  genus  of  annual  or  perennial,  spreading,  sometimes 
prostrate,  herbs  dltCers  but  little,  botanically,  from 
Holanum  or  Lycopersicum  (the  tomato)  excepting  that  the 
calyx  loosely  envelops  the  fruit  in  a  miniature,  usually 
five-angled  papery,  balloon-like  bag.  One  species,  with 
fragrant  yellow  edible  fruit,  is  cxiltivated  in,  this  country, 
now  and  then,  under  the  name  of  "  strawberry  tomato." 
Physalis  alkekengi  is  a  perennial  weed  of  Central  and 
Southern  Europe,  bearing  a  round,  shining  scarlet-red 
berry,  about  as  big  as  a  cherry,  enclosed  in  its  calyx- 
bag,  four  or  five  times  as  large.  The  fruit  is  two-celled, 
with  numerous  kidney-shaped,  flat  seeds  embedded  in  a 
fleshy,  pulpy  pericarp ;  odorless,  with  mawkish  sweet 
tasto,  sometimes  bitter,  and,  dried,  forms  the  commercial 
drug.  It  is  then  brownish  red,  much  shrunken,  and 
generally  bitterish.  It  is  reputed  to  be  diuretic  and  lax- 
ative, and  is  an  ingredient  of  some  European  preparations, 
but  is  not  entitled  to  rank  as  a  medicine.  The  berries  are 
also  pickled  and  eaten. 

The  calyx,  which  is  not  used,  contains  an  abundant 
bitter  principle,  which  has  been  Tiam.eA  physalin. 

For  allied  plants  and  drugs  see  Belladonna. 

W.  P.  Bolles., 

ALLANTOIS.  In  this  article  is  given  an  account  only 
of  the  origin  and  morphology  of  the  allantois  ;  for  its 
metamorphoses  and  functions  see  Placenta.  The  allan- 
tois is  a  hollow  outgrowth  from  the  ventral  wall  of  the 
posterior  extremity  of  the  digestive  canal ;  morphologi- 
cally. It  is  a  modification  of  the  bladder,  lasting  till  the 
end  of  foetal  life.  The  bladder  appeared  early  in  the 
evolution  of  vertebrates,  being  constant  in  the  amphibia 
and  all  higher  forms.  In  the  fcetus  of  all  reptiles  birds 
and  mammals  the  bladder  is  modified  by  being  greatly 
enlarged  and  projecting  beyond  the  body  proper!  so  as 
to  be  a  true  appendage,  the  allantois,  the  possession  of 

riiifJ^i  '^1°^""''^'/''^  ^"^^^yo^  of  the  three  classes 
named.  The  same  classes  also  have  an  amnion,  a  struct- 
ure not  found  m  the  lower  vertebrates.  The  terms  al- 
kmtoidea,  and  amnwta  are  therefore  strictly  synonymous 

iftract'^thp"*^'*-'  ^^":^  ^'§!'^'  "^^^^'"^"^  vertebrates. 
Wp  nSfat?^'^  °'i^l  °^  *H  ^"'^°*°'«  ^e  find  a  remarka- 
ble illustration  of  change  of  function  ;  the  organ  which 

^SE^''''^  ''  ^^  ""  urinary  vesicle  is  precocioSsly  devel- 
oped and  enormously  enlarged  in  the  embryo  ;  and  has 
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acquired  respiratory  functions  in  the  reptiles  and  birds 
and  later  nutritive  functions  in  the  mammalia.  In  35! 
cordance  with  its  new  duties  the  vesicle  is  furnished  with 
a  greatly  increased  vascular  apparatus.  The  aorta  forks 
at  its  caudal  extremity,  and  each  fork  again  divides ;  one 
branch  goes  to  the  leg  (iliac  artery)  and  one  branch  runs 
up  along  the  side  of  the  bladder  and  ramifies  upon  its 
outer  portion  ;  the  main  stem  is  known  as  the  hypogag. 
trie  artery.  The  blood  is  collected  from  the  allantois  by 
two  veins  (umbilical  or,  better,  allantoic) ;  in  man  and 
other  mammals,  however,  one  of  these  veins;  the  right 
early  disappears,  so  that  during  most  of  the  f cetal  life 
there  is  only  one  vein,  the  left. 

The  exact  origin  and  growth  of  the  allantois  in  the 
embryo  can  be  understood  only  in  connection  with  the 
history  of  the  germ-layers,  and  is  treated  of  under  Fcetus. 
In  form  the  allantois  varies  greatly  ;  in  birds  and  reptiles 
it  is  a  large  sac  which  protrudes  from  the  abdomen ;  in 
the  higher  (placental)  mammals  this  sac  is  still  further 
modified  to  constitute  the  essential  part  of  the  placenta  ■ 
indeed  the  placenta  may  be  best  defined  as  an  allantois 
so  specialized  as  to  establish  a  direct  nutritive  relation  be- 
tween the  mother  and  offspring. 

The  following  brief  account  will  suffice  to  elucidate  the 
comparative  morphology  of  the  allantois.  It  will  be 
remembered  that  during  the  very  early  stages  of  the  em- 
bryo, the  body  cavity  is  not  closed  but  open ;  the  external 
abdominal  walls  (somatopleure)  extend  down  for  a  short 
distance,  and  then  bend  outward  and  upward  on  all  sides 
so  as  to  completely  arch  over  the  back  of  the  embryo ; 
that  part  of  the  somatopleure  which  thus  encloses  the 
embryo  is  a  thin  membrane,  long  known  as  the  amnion. 
On  the  other  hand,  the  walls  of  the  intestinal  canal 
(splanchnopleure)  likewise  extend  beyond  the  embryo, 
making  a  contracted  stalk  at  the  end  of  which  is  the  yolk- 
sac.    These  relations  are  shown  in  the  accompanying  diar 


Fio.  74.— Diagram  of  a  Young  Allnntoidean  Embryo  Chick,  sft,  calcore- 
onsegg-BheU;  sji,  air-space;  oto,  amniotic  cavity  ;  ys,  yolk-sac  or  iim- 
biljoal  vcBicle  ;  w,  remnant  ol  the  white  of  the  egg ;  al,  allantois ;  al', 
dotted  imes  representing  the  later  nearly  maximum  extension  of  the 
allantois. 

gram.  It  will  be  observed  that  the  body-cavity  is  continu- 
ous with  a  large  space  around  the  embryo,  lying  entirely 
outside  the  closed  amnion  and  inside  the  chorion.  Into  this 
space  pows  out  the  allantois,  appearing  first  as  a  small 
diverticulum,  but  rapidly  enlarging  to  an  ample  vesicle. 
As  the  embryo  grows  the  yolk-sac,  except  when  modi- 
fied as  a  secondary  respiratory  organ  (rabbit,  etc.),  di- 
minishes while  the  allantois  enlarges  still  more  rapidly, 
and  thus  soon  becomes  the  principal  appendage  of  the 
embryo.  In  this  stage  it  is  readily  identified  in  birds 
and  reptiles  ;  the  actual  relations  are  well  indicated  by 
the  admirable  diagram  here  given  of  a  hen's  egg  after 
about  ten  days'  incubation  ;  the  figure  is  copied  from 
Allen  Thompson.  If  the  walls  of  the  vesicular  allantois 
be  examined,  they  are  found  to  consist  of  two  layers,  1, 
a  stratum  of  epithelium  which  is  directly  continuous  with 
the  epithelium  of  the  digestive  tract,  and  therefore  rep- 
resents the  innermost  germ-layer  or  entoderm ;  2,  a 
stratum  of  connective-tissue  (so-called  mucus)  cells  lying 
externally  and  representing  the  middle  germ-layer  01 
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mesoderm.  Now  the  placenta  of  mammals  Is  formed 
mainly  by  the  developments  which  take  place  in  the  outer 
(mesodermic)  layer  of  the  allantois.  There  arise,  namely, 
irregular  outgrowths  or  villosities,  richly  supplied  with 
blood-vessels  ;  these  force  up  the  chorion  and  so  project 
beyond  the  general  surface  of  the  ovum  ;  the  projecting 
villi  fastened  by  their  tips  to  the  irregular  surface  of  the 
uterine  wall.  This  combination  of  foetal  and  maternal 
tissues  constitutes  the  placenta.  In  the  majority  of  mam- 
mals the  allantois  retains  its  vesicular  character ;  the 
various  classes  are  distinguished  from  one  another  by 
the  form  and  distribution  of  the  villi  over  the  allantois. 
They  are  diffusely  scattered  in  the  horse,  pig,  etc.  ;  in  the 
ruminants  they  are  collected  into  patches  or  cotyledons; 
in  the  carnivora  and  elephants  they  are  gathered  into  a 
distinct  mne  ;  in  the  rabbit  they  are  restricted  to  a  circular 
dish.  In  man  still  further  modifications  occur ;  the  cavity 
of  the  allantois  remains  always  exceedingly  small,  and 
the  epithelial  lining  is,  of  course,  correspondingly  re- 
duced ;  the  mesodermic  layer,  on  the  contrary,  under- 
goes an  excessive  enlargement  and  produces  a  circular 
villous  area,  which  enters  into  the  formation  of  the  pla- 
centa ;  the  term  metadiscoidal  is  employed  to  distinguish 
the  human  placenta  from  the  discmdal  of  the  rabbit. 

For  the  early;  history  of  the  human  allantois,  which 
is  in  reality  quite  unlike  that  of  the  bird,  see  Foetus, 
Development  of  ;  for  the  details  of  its  structure  and  con- 
nection with  the  uterine  wall,  see  Placenta ;  for  a  state- 
ment of  the  manr>er  in  which  it  is  enclosed  to  form  part 
of  the  umbilica'  cord,  see  Amnion ;  compare  also  IJm- 
bilical  Cord. 

CJui/rles  Sedgwick  Minot. 

ALLEGHANY  SPRINGS.  Location  and  PosUOffice, 
Alleghany  Springs,  Montgomery  County,  Va.  Three 
and  one-b»if  miles  from  Shawville  station,  on  the  Norfolk 
&  Western  Railroad,  and  about  eighty  miles  west  of 
Lynchburg.  The  geological  character  of  the  neighbor- 
hood is  "magnesian  limestone  of  the  lower  Silurian  pe- 
riod; Intercalated  with  argillaceous  slates  of  the  same  age." 
The  spring  at  present  in  use  is  a  moderately-flowing  one, 
dis'/harging  about  four  hundred  gallons  per  day.  As  an- 
alyzed by  Dr.  F.  A.  Genth,  the  composition  and  general 
rhiaracter  of  the  water  are  as  follows  :  Limpid ;  tempera- 
'tire,  53°  F. ;  taste,  slightly  alkaline,  but  pleasant ;  faint 
\cid  reaction,  when  fresh,  from  free  and  partially  com- 
iined  COa.  On  standing,  the  water  deposits  a  small 
Quantity  of  lime  carbonate,  magnesium  carbonate,  and 
tninute  traces  of  silicic  acid,  aluminium  silicate  and  phos- 
phate, etc. — in  all  about  4.704  grains  to  the  gallon. 

Analysis. — One  gallon  (70,000  grains)  contains  : 

Grains. 

Sulphate  of  magnesia... 50.884290 

Sulphate  of  lime 115.294098 

Sulphateof  Koda  ;.„ 1.717959 

Sulphate  of  potassa 3.699081 

Carbonate  of  copper 0.000359 

Carbonate  of  lead 0.000569 

Carbonate  of  zinc 0.001713 

Carbonate  of  iron 0.157049 

Carbonate  of  manganese 0.060617 

Carbonate  of  lime 3.61.3209 

Carbonate  of  magnesia 0.362362 

Carbonate  of  strontia 0.060636 

Carbonate  of  baryta 0.022404 

Carbonate  of  lithia 0.001679 

Nitrate  of  magnesia 3.219562 

Nitrate  of  ammonia 0.559412 

Phosphate  of  alumina 0.025549 

Silicate  of  alumina 0.207399 

Fluoride  of  calcium •.  0.022858 

Chloride  of  sodium 0.274676 

Silicic  acid  . .  0.882782 

Crenioacid 0.001921 

Apoorenic  acid 0.000192 

Other  organic  matter ."  1.999121 

Carbonate  of  cobalt,     V  Trawn 

Terojtide  of  antimony,!  i.races. 

183.069321 
[Solid  ingredients  by  direct  evaporation  gaVe  184.072000.] 

Halt-combined  carbonic  acid 1.885526 

Free  carbonic  acid 5.455726 

Hydro-sulphuric  licid 0.001339 

Total  amount  of  ingredients 190,411912 


Therapeutic  Pbopbrtibs. — The  presence,  as  in  this 
water,  of  both  the  lime  and  magnesium  sulphates  is  very 
unusual,  and  especially  in  such  large  proportions.  As 
regards  the  effect  upon  the  bowels  it  would  be  imagined 
that  these  two  ingredients  would  counteract  each  other, 
and  such,  to  some  extent,  is  the  fact.  Taken  in  large 
quantities  the  water  is  purgative  and  diuretic,  but  in 
smaller  doses  the  effect  is  tonic.  The  reputation  of  the 
spring  is  firmly  established  as  of  great  efficacy  in  many 
forms  of  digestive  disorders,  those  especially  associated 
with  chronic  diarrhoea,  constipation,  and  torpid  liver.  It 
is  doubtful  whether  any  of  the  other  numerous  iugre- 
dients  are  of  any  medicinal  value. 

The  accommodations  for  guests  are  upon  a  liberal  scale, 
and  consist  of  a  large  and  well-appointed  hotel,  and  about 
one  hundred  and  fifty  outlying  double  cabins  or  cottages. 
Pure  spring  water  is  freely  distributed,  being  brought 
from  the  mountains  through  pipes,  thus  affording  hot 
and  cold  bathing  in  every  part  of  the  establishment.  The 
ordinary  drinking  water  is  of  two  kinds — limestone  and 
freestone.  There  are  churches  and  school  accommoda- 
tions on  the  grounds. 

Situated  on  the  eastern  slope  of  the  Alleghanies,  the 
highest  point  between  the  eastern  seaboard  and  the 
Rocky  Mountains,  and  on  the  headwaters  of  the  Roanoke 
River,  these  famous  springs  offer  unusual  attractions  in 
point  of  scenery  and  healthful  climate. 

Oeo.  B.  Fowler. 

ALLEVARD,  a  watering-place  in  the  Department  of 
Isere,  France,  near  the  border  of  Savoy;  latitude, 
45°  34'  N.  ;  altitude,  475  metres  (1,558  feet).  From  Lyons 
it  may  be  reached  by  taking  the  railway  as  far  as  Mont- 
mSlian,  and  then  driving  a  distance  of  twenty-four  kilo- 
metres (about  fifteen  miles).  The  town  is  situated  in  one 
of  the  most  beautiful  valleys  of  that  region,  which  is  also 
celebrated  for  the  wine  which  it  produces.  The  climate, 
however,  is  very  variable.  There  is  but  one  spring,  whose 
copious  waters  have  a  temperature  of  24.3°  C.  (76°  F.). 
Several  analyses  of  the  water  have  been  made,  but  their 
results — in  harmony  with  the  varying  composition  of 
the  water  itself — vary  so  considerably  that  no  reliance 
can  be  placed  on  any  one  of  them.  This,  however,  is 
not  an  uncommon  experience  in  saline  springs  containing 
an  abundance  of  earthy  matter.  There  were  found  from 
twelve  to  twenty-two  parts  of  solids  in  ten  thousand  parts 
of  water,  magnesium  and  sodium  sulphate  furnishing  the 
largest  proportion.  A  little  iodine  was  also  found.  ■  Of 
the  gases,  hydrogen  sulphide  is  the  most  prominent,  and 
is  indeed  present  in  large  amount,  perhaps  to  the  extent 
of  0.31  in  ten  thousand  parts  by  weight.  The  water  is 
taken  at  the  spring  at  its  natural  temperature.  Patients 
suffering  from  chronic  pulmonary  and  bronchial  affec- 
tions drink  it  heated  to  36°  C.  (96.6°  F.).  Taken  in  small 
doses,- the  water  seems  to  produce  no  appreciable  effects, 
but  in  large  draughts  it  is  a  powerful  circulatory  stimu- 
lant. Aside  from  the  use  of  the  water  as  a  beverage,  it 
is  employed  in  the  form  of  baths,  and  particularly  is  it 
advisable  to  use  these  in  combination  with  whey,  at  a 
temperature  of  36°  C.  (96.6°  F.).  The  proportion  of  whey 
to  water  should  be  as  three  to  two.  In  this  way  a  power- 
ful tonic  and  sedative  effect  is  produced,  which  forms  an 
important  element  in  the  course  of  treatment.  In  the 
bathing  establishment  there  are  seven  large  inhalation 
chambers,  in  which  the  temperature  is  of  a  pleasant 
degree  of  coolness.  Then  there  are,  in  addition,  two 
inhalation-rooms  of  various  degrees  of  saturation  with 
watery  vapor  and  hydrogen  sulphide,  heated  to  a  tem- 
perature of  from  80°  to  83°  F.  The  air  in  these  may 
contain  hydrogen  sulphide  in  the  proportion  of  one  to 
one  hundred  thousand  parts.  The  effect  of  inhaling  the 
air  in  the  large  cool  chambers  is  at  first,  in  the  case  of 
a  healthy  person,  somewhat  soothing,  but  after  a  time  it 
begins  to  produce  some  excitement  of  the  respiration 
and  of  the  heart's  action,  which,  however,  is  soon  suc- 
ceeded by  a  period  of  comparative  quiet.  A  protracted 
stay  in  the  inhalation-chamber  may  produce  serious 
symptoms,  such  as  bronchial  irritation,  a  condition  sug- 
gesting intoxication,  pain  in  the  stomach,  loss  of  appetite. 
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persistent  constipation,  or  a  diarrhoea  characterized  by 
black  stools,  disturbed  sleep,  etc.  The  treatment  should 
therefore  be  pursued  under  the  guidance  and  advice  of 
a  physician  who  is  familiar  with  the  methods  of  the 
establishment  and  with  the  effects  to  be  expected  in  dif- 
ferent diseases.  Beneficial  effects  may  be  expected  from 
the  inhalations  in  cases  of  simple  bronchitis,  in  the 
bronchial  catarrhs  of  old  people,  in  bronchial  catarrh  as- 
sociated with  emphysema,  in  nervous  cough,  in  asthma 
(except  during  the  paroxysms),  in  simple  laryngitis,  and 
in  chronic'  pleuro-pneumonia.  In  cases  of  herpes,  rheu- 
matism, gout,  and  pulmonary  tuberculosis,  the  water 
should  be  administered  internally  and  in  the  form  of 
baths,  as  well  as  by  inhalations.  In  diseases  of  the  skin, 
generally,  the  baths  of  Allevard  will  be  found  to  be  too 
irritating.  Henry  Fleischner. 

ALLSPICE  {^Pimenta,  U.  S.  Ph.  ;  Pimenta  officinalis 
Lindley ;  Eugenia  Pimenta,  D.  C.  ;  order,  Myrtaoea), 
whose  unripe  fruits  constitute  "allspice,"  is  a  handsome, 
evergreen,  fragrant  tree,  about  ten  metres  (thirty  feet)  in 
height,  with  opposite  dark-green,  shining  leaves,  and 
small  *hite  flowers.  The  leaves  are  oval,  with  tapering 
bases,  thick,  coriaceous,  and  punctated,  like  the  others 
of  the  family,  with  semi-transparent  dots,  indicating  oil- 
glands  in  their  substance.  The  flowers  are  in  axillary 
cymes  near  the  ends  of  the  branches — tetramerous,  witid 
numerous  stamens  and  a  two-celled  inferior  ovary.  The 
fruit  is  a  rather  dry,  stony  berry,  from 
one-half  to  one  centimetre  (one-fifth  to 
two-fifths  inch)  in  diameter,  nearly  spher- 
ical and  crowned  with  its  four-parted 
calyx  and  short  cylindrical  style. 

The  allspice  tree  is  a  native  of  the 
West  Indies,  South  and  Central  Ameri- 
ca, and  Mexico.  It  is  abundant  in  the 
island  of  Jamaica,  both  wild  and  culti- 
vated, and  has  been  introduced  into  Asia  and  other  tropi- 
cal places. 

This  spice  has  been  used  in  Europe  for  more  than  two 
centuries,  and  is  still  in  great  demand,  both  there  and 
here,  as  a  domestic  condiment.  It  comes  almost  entirely 
from  Jamaica,  where  it  is  obtained  in  enormous  quan- 
tities from  both  wild  and  cultivated  trees.  The  fruits — like 
those  of  pepper  and  cubebs— are  collected  just  before 
they  are  ripe  and  dried  in  the  open  air.  When  fully 
ripe  a  portion  of  the  fragrance  is  lost.  The  dried  fruits 
are  slightly  smaller  than  the  fresh,  round  or  nearly  so, 
finely  wrinkled  or  tuberculated  upon 
the  surface,  of  a  brown  or  grayish- 
brown  color,  and  having  a  strong,  agree- 
able, aromatic,  clove-like  odor.  The 
limb  of  the  calyx  is  usually  rubbed  away, 
leaving  a  circular  projecting  margin,  or 
crown,  at  the  apex  of  the  fruit,  enclosing 
a  shallow,  saucer-shaped  calyx  cup,  from 
the  middle  of  which  rises  the  style,  usu- 
ally broken  off  at  the  top.  They  are  two- 
celled  and  two-seeded  (sometimes  one- 
seeded  by  suppression).  Seeds  brown, 
flattish,  exalbuminous ;  embryo  spirally  coiled.  A  sec- 
tion of  the  fruit  reveals,  just  below  the  surface,  numerous 
large  oil-cells,  some  of  which  projecting  outward  form 
Uie  small  corrugations  to  be  seen  upon  the  outside 
These  cells  contain  most  of  the  oil ;  in  the  seeds  are  also 
fewer  and  smaller  oil-cells. 

The  oil  of  allspice  (O^mto  Pimentm,  U.  S.  Ph  Br  Ph  ) 
which  is  its  only  valuable  constituent,  can  be  obtained 
to  the  extent  of  two  to  four  per  cent.  It  is  a  heavy 
yellow,  thickish  essential  oil,  having  the  odor  and  taste 
ol  Its  source  ;  specific  gravity,  1.037.  It  consists  of  two 
parts,  one  lighter  than  water,  a  hydrocarbon,  and  one 
heavier,  probably  Eugenol,  the  same  as  in  oil  of  cloves 

Action  AND  tJsE.-Similar  to  that  of  other  aromatics. 
(Bee  Cloves.)  Not  often  used  as  a  medicine,  occasionally 
as  fm  adjuvant,  probably  inferior  to  cubebs  for  the 
special  purposes  for  which  they  are  used ;  as  a  stomachic 
the  choice  between  allspice,  cinnamon,  and  cloves  is 
merely  a  matter  of  taste,  all  being  equally  good.     All- 
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spice  Is  not  often  taken  in  substance,  but  might  be  il 
desired.  A  dozen  berries  or  a  gramme  (gr.  xv.)  of  the 
powder  would  be  slightly  stimulant  to  the  stomach.  The 
oil  is  to  be  preferred  and  might  be  given  in  doses  of 
from  two  to  four  centigrammes  (Tf|_  iij.  ad  vj.). 

It  is  an  ingredient  in  the  officinal  bay  rum  {SptritiM 
Myrcvs,  U.  S.  Ph.),  and  Syvv/pus  Bhami  (Br.  Ph.),  also 
there  is  an  Aqua  Pimenim  (Br.  Ph.).  For  allied  plants 
and  allied  drugs,  see  Cloves.  W.  P.  BolUa. 

ALMONDS,  BiTTBR  and  Sweet  (Prunus  Amygda- 
lus  H.  Bn.  ;  Amygdaliis  communis  Linn.  ;  order,  So- 
sacece,  Prunes).  The  almond  tree  is  a  small,  gra'cefal 
tree,  inhabiting  the  countries  bordering  the  Mediterranean 
Sea,  Greece,  Asia  Minor,  Syria,  Algeria,  as  well  as  Abys- 
sinia and  other  Eastern  lands.  It  has  been  cultivated 
also  in  many  of  these  places  from  time  immemorial.  It 
is  very  similar  in  size  and  appearance,  as  well  as  leaf  and 
flower,  to  its  near  ally,  the  peach,  growing  from  five  to 
ten  metres  in  height  (sixteen  to 
thirty -two  feet),  with  graceful 
branching  top.  The  leaves  are  ob- 
long, lanceolate,  finely  serrated, 
simple,  and  give  when  bruised  a 
peachy  odor.  The  flowers  are  large, 
pale-rose  colored,  almost  exact  coun- 
terparts of  those  of  the  peach.  But 
the  fruit,  although  structurally 
similar,  develops  diflerently;  that 
part  (the  sarcocarp)  which  in  the 
peach  becomes  juicy  and  edible,  in 
the  almond  dries  up,  splits,  and  falls 
away,  leaving  the  stone  (putamen) 
attached  to  the  tree.  This  is  then 
gathered  and  makes  the  almond  of 
commerce. 
It  is  an  oblong  ovate,  pointed, 
jrellow  "  nut,"  somewhat  flattened,  with  blunt  or  sharp- 
ish borders,  and  a  roughish  surface,  perforated  with  nu- 
merous pores  and  depressions.  The  shell  is  variable, 
usually  hard  enough  to  require  a  light  hammer  to  break 
it ;  in  some  varieties  easily  crushed  between  the  thumb 
and  forefinger.  The  seed  is  sometimes,  in  some  varieties 
always,  imported  without  the  shell.  It  is  solitary  and 
exalbuminous.  ' 

Long  cultivation  has  produced  many  horticultural 
varieties  of  almonds,  depending  mostly  upon  their  size, 
shape,  and  thickness 
of  shell ;  but  the  most 
important  distinction 
is  that  of  taste  and 
coinposition,  in  re- 
spect to  which  these 
varieties  fall  into  one 
or  another  of  two 
series,  namely,  those 
with  bitter,  and  those 
with  sweet  or  bland 
seeds.  The  trees  pro- 
ducing them  do  not 
differ  from  each  other 
much,  excepting  in 
the  character   of   the      I'"'- ''P.-Prunns  Amygdalus,  Flowers. 

seeds,  but  yet  appear  to  be  distinct,  both  existing  in  the 
wild  state. 

1.  Pruwas  Amygdalus  amara  Benth.  and  Hook  {Amyg- 
dalus  communis  amara  L.)  grows  wild  and  is  culti- 
vated in  the  localities  given  above,  but  is  more  especially 
cultivated  in  Northern  Africa  and  the  Mediterranean 
Islands,  the  rather  small  Barbary  almonds  being  pre- 
ferred.    This  variety  yields  : 

Bitter  Almonds  (Amygdala  Amara,  U.S.  Ph.,  Br.  Ph. ; 
Amygdalm  amarm,  Ph.  G.  ;  Amandes  amires.  Codex 
Med.,  etc.).  They  are  smaller  and  thicker  than  some 
kinds  of  sweet  almonds,  but  are  of  several  sorts  them- 
selves, and  vary.  They  are  thus  described :  "  About  one 
inch  (twenty-five  millimetres)  long,  oblong  lanceolate,  flat- 
tish, covered  with  a  cinnamon  brown  scurvy  testa,  marked 
by  about  sixteen  lines,  emanating  from  a  broad  scar  at 
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the  blunt  end.  The  embryo  has  the  shape  of  this  seed. 
Is  white,  oily,  consists  of  two  plano-convex  cotyledons, 
and  a  short  radicle  at  the  pointed  end  ;  has  a  bitter  taste, 
and  when  triturated  with  water,  yields  a  milk-white  emul- 
sion, which  emits  an  odor  of  hydrocyanic  acid"  (U.  8. 
Ph.).  A  magnified  section  of  the  seed  shows  the  scurvi- 
ness  of  the  surface  to  be  due  to  a  layer  qi  large  project- 
ing blunt  hairs,  easily  broken  away  ;  the  embryo  consists 
of  parenchymatous  tissue,  with  occasional  vascular 
bundles,  the  former  filled  with  aleurone  and  other  al- 
buminous granules  and  drops  of  oil. 

The  most  abundant  constituent  of  almond,  whether  bit- 
ter or  sweet,  is  the  Jwed  oil,  which  is  the  same  in  both  {Ole- 
um amygdalcB  expreasum,  U.  8.  Ph.),  although  usually  for 
commercial  reasons  obtained  from  the  former,  in  which 
it  is  present  in  from  forty  to  forty-five  per  cent.,  by  sub- 
jecting the  seeds,  after  being  ground  and  gently  warmed, 
to  high  pressure.  It  is  a  pale  yellow  or  almost  white 
limpid  oil,  with  slight,  if  any,  odor,  and  a  bland,  pleas- 
ant, nutty  taste,  recalling  that  of  almOnds.  It  consists 
of  nearly  pure  olein,  and  does,  not  congeal  until  cooled 
to  a  point  below  zero.  Keeps  pretty  well,  but  finally 
becomes  rancid.  Almond  oil  has  no  medicinal  proper- 
ties, but  is  adapted  to  any  use  where  a  simple  liquid  fat 
is  desired.  According  to  Hager  ("  Pharmaceutische 
Praxis  "),  the  oil  expressed  from  bitter  almonds  is  not  so 

food  and  does  not  keep  so  well  as  that  of  the  sweet, 
[oreover  the  commercial  oil  is  largely  expressed  from 
the  so-called  "peach-meats,"  as  well  as  the  seeds  of  other 
JPruni. 

The  most  interesting  constituent,  although  less  abun- 
dant, in  bitter  almonds,  is  amygdalin,  a  remarkable  crys- 
talline glucoside  contained  in  them  to  the  extent  of  from 
one  and  a  half  to  three  per  cent.  It  was  discovered  in 
1830  by  Robiquet  and  Boutron  Charlard,  and  its  peculiar 
decomposition  lq  1835  by  WOhler  and  Liebig.  Amyg- 
dalin m.ay  be  prepared  by  exhausting  the  cake  left  after 
pressing  out  the  fixed  oil,  with  boiling  alcohol,  evaporat- 
ing and  precipitating  with  ether,  washing  the  impure 
precipitate  again  with  ether,  and  then  crystallizing  it 
from  boiling  alcohol.  It  is  in  fine  pearly  scales,  or 
yarger  transparent,  colorless,  orthorhombic  prisms,  ac- 
cording to  the  amount  of  water  of  crystallization  con- 
tained. Soluble  in  twelve  parts  of  water  at  ordinary 
temperatures,  and  in  all  proportions  of  boiling  water. 
Nearly  insoluble  in  cold,  but  freely  soluble  in  boiling  al- 
cohol. Ether  does  not  dissolve  it  at  all.  Its  taste  is  in- 
tensely and  purely  bitter ;  it  has  no  odor,  and  alone  is  not 
poisonous,  and  probably  a  simple  bitter  tonic ;  as  much 
as  four  grammes  ( 3  j.  +)  having  been  taken  at  one  dose 
with  impunity.  Half-gramme  (gr.  xxxj.)  doses,  three 
times  a  day,  have  been  continued  without  ill  effects,  but 
once  an  odor  of  prussic  acid  was  noticed  in  the  eructations. 
Besides  the  above  substance,  bitter  almonds  also  con- 
tain, in  common  with  sweet  almonds,  an  uncrystallizable 
albuminoid  ferment,  emuldn,  which  exerts  a  peculiar 
power  over  amygdalin.  This  was  discovered  by  Wohler 
and  Liebig  in  1835,  and  is  prepared  by  a  rather  compli- 
cated process  of  treating  sweet  almonds  with  water, 
separating  the  other  albuminous  substances  in  the  solu- 
tion by  acetic  acid,  acetate  of  lead,  or  fermentation,  and 
finally  precipitating  the  emulsin.  It  is  an  amorphous, 
whitish  or  pinkish  powder,  by  no  means  chemically 
pure,  as  it  contains  at  least  one-third  of  its  weight  of  ash, 
insoluble  in  alcohol,  freely  so  in  water,  from  which  a 
portion  is  separated  upon  boiling,  both  portions  thereby 
losing  their  power.  It  is  closely  related  to  the  casein  and 
albumen  of  the  almonds,  of  which  it  is  probably  a  modi- 
fication, is  not  poisonous  of  itself,  but  it  has  the  property 
of  determining  the  disintegration  of  the  amygdalin  under 
certain  circumstances.  If  solutions  of  each  of  these  sub- 
stances in  water  are  made,  and  one  poured  into  the  other, 
after  a  few  seconds  the  odor  and  taste  of  the  mixture  is 
altered  and  the  presence  of  priusic  acid  and  bemaldehyd 
(oil  of  bitter  almonds)  is  easily  proved,  while  the  amyg- 
dalin has  disappeared ;  with  the  addition  of  two  equiva- 
lents of  water  it  has  been  completely  resolved  into  the 
above-named  substances  and  glucose.  The  emulsin  is 
not  decomposed,  but,  in  common  with  other  ferments, 


there  appears  to  be  a  limit  to  the  amount  of  change  it  can 
produce.  The  same  reaction  takes  place  in  the  bitter  al- 
mond seeds  whenever  they  are  ground  and  moistened. 
Advantage  is  taken  of  this  reaction  in  the  preparation  of 
the  commercial  oil  of  bitter  almonds  (Oleum  AmygdaXx 
Amwrm,  U.  S.  Ph.).  The  mash  left  after  expressing  the 
fixed  oil  is  reground,  moistened  and  macerated  to  de- 
compose the  amygdalin,  then  distilled  from  water  after 
the  manner  u^d  in  the  extraction  of  volatile  oils.  The 
benzaldehyd  and  prussic  acid,  which  together  constitute 
the  "  oil,"  pass  over  and  are  condensed.  It  is  a  colorless, 
or  light  yellow,  thin,  volatile  liquid,  having  a  "peach- 
meat  "  odor,  distinct  from,  but  recalling  that  of  prussic 
acid,  and  a  sharp,  burning  taste.  Specific  gravity,  1.050 
to  1.060.  It  is  soluble  in  alcohol  and  ether  in  all  propor- 
tions, and  in  300  parts  of  water ;  on  long  standing  it 
deposits  crystals  of  benzoic  acid.  It  must  not,  in  conse- 
quence of  its  name,  be  associated  with  the  numerous  hy- 
drocarbons and  their  allies,  which  constitute  most  of  our 
aromatic  stimulants,  and  with  which  it  has  neither  chem- 
ical nor  therapeutic  affinity.  In  its  ordinary  state  it  is  a 
preparation  of  prussic  acid,  and  should  only  be  used  with 
that  fact  in  mind.  It  is  not  difficult  to  separate  the  acid 
from  the  oil,  and  the  latter  when  so  freed  has  a  pleas- 
anter,  purer  odor,  and  may  be  used  freely  as  a  flavor ;  in- 
deed, it  is  largely  so  prepared  for  culinary  and  confec- 
tionery uses. 

3.  Sweet  Almonds  {Amygdala  BuMa,  U.  S.  Ph. ;  Br.  Ph., 
Amygdalm  dulees,  Ph.  G. ;  Amandes  douoes,  Codex  Med.). 
The  treatment  of  bitter  almonds  leaves  little  to  be  said  of 
these.  They  are  often  larger  and  longer  than  the  pre- 
ceding, but  cannot  be  distmguished  from  them  by  the 
eye  alone.  They  have  a  sweet,  bland,  oily  taste,  free 
from  bitterness  or  odor.  Their  composition  resembles 
the  others  in  most  particulars ;  they  contain  the  same 
ficed  oil  in  slightly  larger  proportion  (up  to  fifty  per  cent.), 
emulsin  also  in  larger  proportion,  similar  albuminoids, 
but  no  amygdalin.  As  the  amount  of  emulsin  in  bitter 
almonds  is  not  quite  enough  to  fully  decompose  the 
amygdalin,  it  is  usual,  in  its  manufacture,  to  mix  in 
some  sweet  almond  seeds. 

Action  and  Usbs. — Sweet  almonds  have  no  physio- 
logical action  beyond  that  of  an  oily,  agreeable,  rather 
indigestible  food,  and  are  only  used  for  two  officinal 
preparations,  whose  office  is  that  of  agreeable  vehicles. 

1.  Mistura  Amygdalm,  U.  S.  Ph. ;  strength  ^.  Almond 
mixture  is  an  emulsion  made  by  rubbing  six  parts  of  al- 
mond with  one  of  gum  arable  and  three  of  sugar  into  one 
hundred  parts  of  water.  It  is  a  white,  opaque,  milk-like 
liquid,  with  sweetish  taste  and  nutty  flavor.  It  may  be 
used  freely  internally  or  as  a  lotion,  but  does  not  keep 
well,  and  should  be  freshly  made.  It  is  pharmaceutically 
incompatible  with  acids  and  alcohol,  which  will  curdle 
it.  A  few  bitter  almonds  may  be  added  in  making,  for 
the  sake  of  flavor. 

3.  Byrupus  Amygdalm,  U.  S.  Ph.  (Syrup  of  Almonds, 
Syrup  of  Orgeat);  strength  -ts  sweet,  and  tou  bitter 
(sweet  almonds,  10 ;  bitter  almonds,  3 ;  sugar,  50  ;  orange 
flower  water,  5  ;  water  enough  to  make  100).  A  thicker, 
sweeter,  and  more  elegant  vehicle  than  the  preceding ; 
useful  in  cough  and  antispasmodic  mixtures. 

The  expressed  oil  (see  above)  is  an  ingredient  in  "  cold 
cream"  {Ungwntum  Aqum  Bosm,  U.  8.  Ph.),  of  which  it 
comprises  one-half ;  the  other  ingredients  being,  sperma- 
ceti, 10  ; .  wax,  10  ;  rosewater  (from  which  it  takes  its 
name),  80.  A  pleasant,  cooling,  unirritating,  widely-used, 
cosmetic  ointment. 

The  essential  oil  (see  above)  is  used  in  the  preparation 
of  bitter  almond  water  {Aqua  Amygdalm  Ama/rm, U.  S.  Ph. ) , 
of  which  it  comprises  the  one-thousandth  part.  Dose 
of  the  oil,  fifteen  to  sixty  milligrammes  (0.015  to  0.060 
grm.  =  gr.  i  to  j.)  This  would  allow  for  an  active  dose 
of  the  water  from  fifteen  to  sixty  grammes  (15  to  60  c.c. 
=  3  iijss.  to  I  ij.),  but  it  is  in  fact  only  used  as  a  flavor, 
and  should  be  restricted  to  this,  as  there  is  a  distilled 
water  in  the  market  often  much  stronger ;  from  five  to 
ten  or  twelve  grammes  (  3  j-  to  3  iij.)  is  as  much  as  it  is 
safe  to  give.  The  action  of  the  oil  in  full  doses  is  that 
of  prussic  acid,  which  see. 
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Botanical  Relations. — The  order  Bosacem  is  so  large, 
and  its  members  have  such  disconnected  qualities,  that  it 
-will  be  most  instructive  to  study  its  different  tribes  sep- 
arately. (See  Rose,  etc.)  The  tribe  Pmnem  is  a  well- 
marked  division,  comprising  Bosacem  with  solitary  free 
carpels,  containing  a  one-seeded  drupe.  The  principal 
genus  is  Prunus,  with  eighty-three  species  scattered  over 
the  north  temperate  zone.  Several  species  are  cultivated 
for  ornament,  and  many  for  their  edible  fruits,  which 
have  been  much  improved  by  cultivation.  A  strong 
bitter  almond  flavor  pervades  the  genus,  especially  in 
leaves,  bark,  and  seeds,  which  are  often  used.  They 
occasionally  poison  cattle.  A  gum  consisting  of  almost 
pure  bassorin  (cherry-tree  gum)  exudes  from  the  bark  of 
a  few  species.  Aside  from  the  hydrocyanic  possibilities 
the  gum  is  not  poisonous. 

In  its  present  extended  limits,  Prunus  Includes  at  least 
five  old  genera  of  familiar  domestic  plants,  as  follows  : 

1.  Sub-genus  AmygdaXua. — Drupe  with  velvety  surface, 
stone  rough  pitted ;  sarcocarp  hard,  leaves  conduplicate 
in  the  bud.  Ten  species,  including  the  almonik  and 
Prunus  nana  Jess.,  a  European  and  Eastern  almond, 
yielding  the  so-called  "peach-meats,"  which  are  exten- 
sively used  in  making  the  almond  oils.  Europe  and 
Asia. 

3.  Sub-genus  Armeniaca. — Fruit  velvety,  fleshy ;  ver- 
nation convolute;  peaches  and  apricots,  species  two — 
one  Asia,  one  America. 

3.  Sub-genus  Prunvs. — Fruit  smooth,  often  glaucous ; 
seed  oblong,  compressed ;  vernation  convolute ;  species 
twenty,  widely  distributed.  Plums,  etc. 
_  4.  Sub-genus  Oerasus.— Emit  smooth,  rounder ;  verna- 
tion conduplicate;  twenty  species,  widely  distributed. 
Cherries,  etc. 

5.  Sub-genus  Zaurocerasus.-^FloweTa  in  racemes ;  fruit 
smaller,  oblong,  or  globose ;  stone  smooth  or  rough  • 
vernation  conduplicate ;  thirty  species  ;  temperate  and 
tropical  regions.  Cherry  laureb.  (See  also  Cherry,  "Wild 
and  Prune.) 

Medical  Relations.— Amygdalin,  or  something  hav- 
ing the  same  power  of  producing  prussic  acid,  exists  in 
minute  quantity  in  a  number  of  neighboring  genera  of 
tribes  Pome<x  and  Spiraea,  as  well  as  in  the  widely  different 
Janiphamanihot,  or  cassava  plant.  For  characters  and 
action  of  prussic  acid,  see  article  upon  it.  For  list  of  the 
bland  oils,  see  Olive  Oil.  'W'  P 


ALOES (J.foe,U.  S.  Ph.,  Socotrine  Aloes  ;  AUesocotrina, 
lir  i'h.,  which  also  recognizes  Barbadoes  aloes.  Aloe  bar- 
bmUnm;  Aloe,  Ph.  G.,  includes  both  socotrine  and  Cape 
aloes,  the  latter  being  mostly  used  in  Germany ;  Aloes 
\°i^\  ^^^-^  '!  °^  *^°  varieties,  L'Alo^  du  Cap  and 
LAlohdea  Barbades,  a  note  being  appended  in  which  it 
IS  stated  that  the  former  is  to  be  preferred  and  that  Soco- 
trine aloes  IS  only  accidentally  in  the  market) 

Aloes  consists  of  the  milky  juice  contained  in  the 
leaves  of  various  species  of  aloe,  evaporated  to  a  thick 
or  solid  brown  or  black  extract.  The  places  of  manufact- 
ure give  the  names  to  the  different  commercial  sorts. 
It  IS  one  of  the  oldest  of  medicines,  valued-according  to 
Uadition-long  before  the  Christian  era.  Certainlf  it 
was  known  to  the  Greeks  and  Romans  of  the  first  cen- 
tury and  fo  the  rest  of  Europe  during  the  middle  ages. 
It  has  always  been  extensively  used  and  highly  prized  as 

nm,nd"«  w-f"™^'/'^'"-*"  "^"^^  °^  ^"^^  older^Toes  com 
fnn  tht  '*'^^-  ^>l  ':*™*7  ^'^'■"est  '^°o^''>  is.  singularly 
LnH  oL  T'' ^^''''^  '^.'f'll  considered  the  best  il  Eng 
snmp  Sh  ^T""^*  ^""^  ^l  nominally  obtained  from  tlfe 
same  little,  obscure,  out-of-the-way  island  that  Alexander 
L??n?''^  *°  ^^^  peopled  with  fereeks,  in  order  to  pro- 
tect and  improve  its  production.   From  Socotra  the  di-u2 

Ifexandrif^  A^^^.L  '"^^  ^"™P^  ^^  ^he  Red  Sea  anf 
the  Caoe  of  ^1^^  ^IT^^^  "^  ^"^"^  ^'ite  around 
meroe  ?n  th«t  rt?v  ^°^'  "  f°^^°^"''^  ^^-^  '=°"'-se  of  com- 
merce m  that  direction ;  at  present,  Socotrine  aloes  i<i 
apt  to  go  to  India,  and  from  there  (o  England  with  the 
enormous  mass  of  Indian  products.  ^  *^'' 

the  WesfrndJp'f/  Barbadoes  aloes  has  been  produced  in 
the  West  Indies  for  nearly  two  hundred  and  fifty  yeaS 
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from  cultivated  plants.  Cape  aloes  was  first  prepared  a 
little  more  than  a  hundred  years  ago  ;  the  other  varieties 
are  mostly  recent  introductions.  It  is  an  abundant  and 
rather  cheap  drug,  of  which  there  are  many  grades  of 
value.  Only  a  comparatively  small  portion  of  the  en- 
tire amount  is  used  in  human  medicine,  as  it  is  a  favor- 
ite veterinary  cathartic. 

The  flowers  are  borne  on  long  spikes  or  racemes 
which  are  sometimes  forked,  more  usually,  however' 
simple.  They  are  tubular,  nearly  or  quite  regular,  with 
a  six-parted  perianth,  six  stamens,  and  a  three-celled 
many-ovuled  ovary.  The  fruit  is  a  loculicidal  capsule  ' 
The  genus  comprises  about  eighty  species,  most  of 
which  are  inhabitants  of  Southern  or  Eastern  Africa 
How  many  are  concerned  in  the  production  of  the  drug 
is  not  known,  but  probably  a  number  contribute  to 
that  obtained  from  the  Cape. 

Aloe  -mlgwris  Lamarck  is  one  of  the  best  known 
species.  It  is  found  in  Africa,  India,  the  Mediterranean 
shores,  and  elsewhere,  and  is  cultivated  in  the  West 
Indies  as  the  source  of  Barbadoes  aloes.  It  is  a  low 
thick  plant,  about  half  a  metre  in  height  (twenty  inches)' 
with  a  thick  head  of  pale  bluish-green,  mottled  leaves' 
about  as  long  as  the  stem.  The  flowers  are  greenish-yel- 
low, about  three  centimetres  (one  and  one-flf  th  inch)  long 
in  dense  spikes.  Aloe  socotrina  Lamarck,  the  reputed 
source  of  Socotrine  aloes,  grows  in  Socotra,  and  lately 
also  in  Southern  Africa.  It  is  a  larger  plant,  from  one 
to  nearly  two  metres  in  height  (three  to  five  feet),  with  a 
stem  a  decimetre  (four  inches)  in  thickness,  often  forked  , 
Leaves  numerous,  long  and  narrow,  incurved.  Spike 
about  a  metre  long,  scaly.  Flowers  purplish  red,  greenish 
at  the  tips.  ° 

The  Cape  aloes,  as  stated  above,  appears  to  be  the 
yield  of  several  species. 
AJoe  spicata  Linn,  f.,  one  or  two  metres  in  height  and 
Aloeferox  Miller,  one  of  the  largest,  sometimes  twenty 
metres  (over  sixty  feet)  high,  as  well  as  several  other 
species  inhabiting  Cape  Colony,  are  regarded  as  affording 
Cape  aloes.  * 

There  is  still  a  considerable  lack  of  definite  knowledge 
concerning  the  sources  of  aloes  that  is  remarkable,  con- 
sidering the  length  of  time  the  drug  has  been  used. 

The  preparation  of  aloes  varies  in  details,  but  is  nearly 
alike  in  principle,  as  far  as  known,  wherever  it  is  made 
and  consists  in  draining  the  cut  leaves  and  evaporating 
the  juice.  Of  Socotrine  aloes  the  manufacture  is  not 
known,  further  than  the  merest  outline.  Herman  states 
that  the  juice  is  evaporated  in  the  sun.  As  the  so-called 
bocotrme  aloes  comes  from  various  places,  and  is  by  no 
means  of  uniform  quality,  it  may  not  always  be  made  in 
the  same  manner.  The  methods  used  at  the  Cape  and  in 
Barbadoes  are  so  well  and  recently  detailed  from  orig- 
inal sources  in  the  Plumnocographia,  that  thev  are 
quoted  here  verbatim.  "The  cutting  takes  place  in 
March  and  April,  and  is  performed  in  the  heat  of  the 
aay.  Ihe  leaves  are  cut  off  close  to  the  plant,  and 
placed  very  quickly,  the  cut  end  downward,  in  a  V-shaped 
wooden  trough,  about  four  feet  long  and  twelve  to 
eighteen  inches  deep.  This  is  set  on  a  sharp  incline,  so 
that  the  juice  which  trickles  from  the  leaves  very  rapidly 
flows  down  Its  sides,  and  finally  escapes  by  a  hole  in  its 
lower  end  into  a  vessel  placed  beneath.  No  pressure  of 
any  sort  is  apphed  to  the  leaves.  It  takes  about  a  quar- 
ler  ot  an  hour  to  cut  leaves  enough  to  fill  a  trough.  The 
troughs  are  so  distributed  as  to  be  easily  accessible  to 
«1^  °?i^  «J.-u7^^5;y  number  is  generally  five,  and  by  the 
time  the  fifth  is  filled,  the  cutters  return  to  the  firsthand 
throw  out  the  leaves,  which  they  regard  as  exhausted. 
Ihe  leaves  are  neither  infused  nor  boiled,  nor  is  any  use 
M^erward  made  of  them,  except  for  manure. 

When  the  vessels  receiving  the  juice  become  filled, 
the  latter  IS  removed  to  a  cask  and  reserved  for  evapora- 
tion, ihis  may  be  done  at  once,  or  it  may  be  delayed 
tor  weeks,  or  even  months,  the  juice,  it  is  said,  not  fer- 
menting or  spoiling.  The  evaporation  is  geiierally  con- 
ducted m  a  copper  vessel ;  at  the  bottom  of  this  is  a  large 
ladle,  into  which  the  impurities  sink,  and  are  from  time 
to  time  removed  as  the  boiling  goes  on.    As  soon  as  th« 
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inspissation  has  reached  the  proper  point,  which  is  de- 
termined solely  by  the  experienced  eye  of  the  workman, 
the  thickened  juice  is  poured  into  large  gourds,  or  into 
boxes,  and  allowed  to  harden." 

At  the  Cape  of  Good  Hope,  "  the  operator  scratches  a 
shallow,  dish-shaped  hollow  in  the  dry  ground,  spreads 
therein  a  goat-skin,  and  then  proceeds  to  arrange  around 
the  margin  a  radial  series  of  aloe  leaves,  the  cut  ends 
projecting  inward.  Upon  this  a  second  series  is  piled, 
and  then  a  third,  care  being  taken  that  the  ends  of  each 
series  overhang  sufficiently  to  drop  clear  into  the  central 
hollow.  When  these  preparations  have  been  made,  the 
operator  either  loafs  about  after  wild  honey,  or,  more 
likely,  lies  down  to  sleep.  The  skin  being  nearly  filled, 
four' skewers  run  in  and  out  at  the  edge,  square-fashion, 
give  the  means  of  lifting  this  primitive  salucer  from  the 
ground,  and  emptying  its  contents  into  a  cast-iron  pot. 
The  liquid  is  then  boiled,  an  operation  conducted  with 
the  utmost  carelessness.  Fresh  juice  is  added  to  that 
which  has  nearly  acquired  the  finished  consistence ;  the 
fire  is  slackened  or  urged  just  as  it  happens,  and  the  boil- 
ing is  often  interrupted  for  many  hours,  if  neglect  be 
more  convenient  than  attention.  In  fact,  the  process  is 
thoroughly  barbarous,  conducted  without  industry  or 
reflection ;  it  is  mostly  carried  on  by  Bastaards  and  Hot- 
tentots, but  not  by  Kaffirs."  ' '  The  only  aloe  I  have  seen 
used,"  says  Mr.  MacOwan,  "  is  the  very  large  one  with 
di-  or  tri-chotomous  inflorescence — A.  ferox/i.  believe." 

Description. — Aloes  varies  considerably  in  appear- 
ance, independently;  of  its  botanical  source,  according  to 
the  mode  of  preparing  it.  It  is  sometimes  inferior  in 
consequence  of  dirt  or  adulteration,  sometimes,  prob- 
ably, from  careless  boiling  or  other  neglect.  It,  how- 
ever, never  loses  its  extractiform  character,  although  it 
may  vary  very  much  in  its  consistency.  Occasionally  it 
is  hquid.  The  Socotrine  variety  is  often  soft  enough  to 
be  moulded  like  putty.  Barbadoes  and  some  samples  of 
African  aloes,  when  fresh,  will  generally  flatten  a  little 
if  large  lumps  are  kept  in  a  warm  place  and  enclosed  so 
as  to  prevent  evaporation.  The  typical  Cape  aloes  is, 
however,  hard  and  very  brittle.  All  varieties,  if  broken 
up  and  exposed  to  a  dry  atmosphere,  become  brittle,  and 
may  be  ground  to  a  fine  powder,  which,  however,  is  apt 
to  become  cohesive.  Occasionally,  transparent  pieces 
are  seen,  but  only  as  curiosities.  Lumps  down  to  the 
size  of  a  pea  are  almost  always  opaque,  but  most  fine 
specimens  of  Cape  and  many  of  Socotrine  aloes  are 
translucent  in  thin  sections  or  on  the  edge  of  fragments. 
Barbadoes  aloes  is  usually  very  opaque ;  this  opacity  is 
sometimes  due  to  impurities,  sometimes  to  a  feculent  de- 
posit of  probably  changed  aloin  in  the  manufacture, 
sometimes  to  crystals  of  aloin ;  when  due  to  the  latter 
cause,  it  is  not  an  evidence  of  inferiority. 

The  color  also  varies.  Fresh  Socotrine  aloes  is  usually 
yellow-brown,  but  upon  exposure  and  drying  grows 
darker  and  is  then  usually  of  a  burnt  sienna  or  burnt 
umber  brown,  sometimes  reddish.  Barbadoes  aloes  has 
a  dark,  cold,  bistre-brown  shade,  becoming  almost  dull 
black.  The  best  Cape  varieties  have  a  greenish-black 
color,  and  a  bright  glossy  fracture.  The  powders  are 
fawn-yellow,  olive-yellow,  and  greenish-yellow  respect- 
ively. The  odor  is  bitter  and  nauseous,  with  a  sort  of 
resinous  fragrance  peculiar  to  each  variety,  and  is  relied 
upon  by  dealers  in  their  estimate  of  the  kind  and  qual- 
ity ;  that  of  Socotrine  is  spoken  of  by  authors  as  rather 
agreeable,  chacun  d  son  gout.  It  is  certainly  associated, 
in  our  minds,  with  the  most  prized  aloes.  Breathing 
upon  the  drug  freshens  and  increases  the  odor. 

The  taste  of  all  varieties  is  exceedingly  nauseous  and 
bitter. 

Vabibtibs. — These  have  been  described  in  part  in  the 
general  description  above  given  ;  the  remaining  peculi- 
arities may  be  summed  up  as  follows  :  1.  Socotrine  aloes  : 
In  original  boxes  or  kegs,  is  almost  always  soft,  and,  in 
largish  pieces,  remains  so  for  a  considerable  length  of 
time ;  very  soft,  sticky  specimens,  requiring  to  be  baled 
out  on  a  spatula,  are  not  uncommon  ;  at  length  it  dries 
and  becomes  quite  brittle  and  crumbly.  Its  powder 
is  yellow,  buff,  or  reddish-yellow,  not  greenish.    For 


color  and  odor  see  above.  It  is  generally  expected  to  be 
translucent  in  thin  splinters,  but  varies.  "  Almost  en- 
tirely soluble  in  alcohol,  and  in  four  times  its  weight  of 
boiling  water."  2.  Barbadoes  aloes:  Imported  in  boxes 
or  gourds,  into  which  it  has  been  poured  while  melted, 
and  of  whose  shape  the  solid  mass  is  a  casting ;  generally 
pretty  hard  and  tough ;  of  a  dark  bistre-brown,  fracture 
without  lustre  ;  powder  dull  olive-yellow.  Odor  rank 
and  nauseous.  3.  Cape  aloes:  Imported  in  casks  or 
boxes ;  very  brittle  when  dry  ;  very  dark  greenish-black 
or  pure  black,  with  brilliant  fracture.  The  pieces  chafe 
each  other  like  rosin,  and  the  greenish-yellow  powder 
can  be  seen  at  the  corners  and  on  the  sides.  Splinters 
generally  translucent,  odor  strong,  sourish.  The  solu- 
bilitjr  and  general  properties  of  the  above  two  varieties 
are  similar  to  those  of  Socotrine.  The  medical  qualities 
are  undoubtedly  nearly  the  same.  Besides  these,  Oura- 
foa  aloes,  Natal  aloes,  Bonaire  aloes  and  others,  have 
about  the  same  properties.  Hepatic  aloes  is  a  terra 
without  any  very  definite  meaning,  and  is  nearly  obso- 
lete. 

Composition. — Aloes  dissolves  freely  in  alcohol,  with 
the  exception  of  its  impurities,  and  even  in  spirit  diluted 
to  twenty  per  cent.;  it  is  also  soluble  in  three  or  four 
parts  of  boiling  water,  which,  however,  deposits  about 
two-thirds  upon  cooling.  Cold  water  extracts  about 
forty-five  or  more  per  cent,  of  aloes,  leaving  behind 
about  thirty  per  cent,  of  resin,  five  of  albuminous  mat- 
ter and  impurities.  The  most  important  constituents  are 
the  aloins,  of  which  different  varieties  contain  varying 
proportions.  Fliickigcr  gives  from  twenty  to  twenty- 
five  per  cent,  as  the  yield  of  Barbadoes  aloes,  and  from 
sixteen  to  twenty-five  in  Natal  aloes.  Socotrine  aloes 
contains  a  large  amount.  From  Cape  aloes  it  has  not 
been  obtained  crystallized,  but  an  analogous  amorphous 
powder  is  separated  from  it,  and  recognized  as  aloin  by 
German  pharmacists.  Hager  gives  as  the  reason  that 
the  crystalline  aloin  is  changed  to  amorphous  by  the 
boiling  the  juice  undergoes  in  South  Africa,  but  Barba- 
does aloes  is  also  boiled. 

Aloin  was  discovered  in  1850  by  T.  and  H.  Smith  in 
Barbadoes  aloes,  later  by  Ilisted  (or  Pereira)  in  Soco- 
trine, and  by  Fluckiger  in  the  Natal  varieties,  and  it 
was  also  ascertained  that  the  three  constituents  are  not 
exactly  the  same  in  all  respects ;  they  have,  accordingly, 
been  distinguished  as  barbaloin,  nataloin,  and  socaloin, 
respectively.  Besides  these  crystalline  aloins,  correspond- 
ing amorphous  substances  are  also  found  in  the  same 
drugs,  and  are  probably,  as  suggested  by  Hager,  pro- 
duced, or  at  least  increased,  by  prolonged  heat.  Theii 
amount  is.  very  variable. 

The  formula  of  socaloin  is  given  as  CibHuO?.  Thera- 
peutically the  aloins  do  not  appear  to  differ  much.  "What 
we  get  as  aloin  in  the  market  is,  perhaps,  not  always  the 
same  substance.  It  is  generally  an  amorphous,  bright 
yellow  powder. 

Aloes  contains  a  minute  trace  of  essential  oil. 

Action  and  Use. — Aloes  is  a  slow-acting  purgative 
whose  chief  force  appears  to  be  expended  upon  the  large 
intestine.  In  moderate  doses  it  does  not  usually  move  the 
bowels  before  ten  or  twelve  hours,  when  it  produces 
often  only  one  normal-appearing  dejection ;  the  contents 
of  the  rectum.  In  larger  doses  it  does  not  act  much 
sooner,  nor  proportionately  more  energetically,  but  the 
griping  may  be  considerably  increased.  There  is  some 
reason  to  believe  that  it  increases  the  blood-supply  of  the 
pelvic  organs,  at  least  of  the  rectum  and  uterus,  and  that 
it  is  of  service  in  suppressed  or  delayed  menstruation, 
both  when  prqduced  by  cold  and  by  anaemia.  In  the 
latter  case  it  is  appropriately  accompanied  by  iron.  It  has 
a  popular  reputation  for  producing  or  aggravating  hsemor- 
rhoids,  which  is  the  legacy  from  the  medical  teaching  of  a 
previous  generation.  In  suitable  doses  or  cases  it  certainly 
does  not  do  so.  Whether  it  might  produce  this  effect 
when  used  as  a  drastic  frequently  and  without  suffi- 
cient cause,  the  writer  does  not  know.  It  is  undoubt- 
edly now  generally  used  in  smaller  doses  than  formerly. 
As  a  purgative,  either  to  produce  a  derivative  action,  oi 
to  clear  the  whole  intestinal  tract  or  remove  the  cause 
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of  an  attack  of  indigestion,  aloes  alone,  when  other 
means  can  be  obtained,  is  not  generally  the  most  suita- 
ble drug  for  the  purpose,  on  account  of  its  slowness  ot 
action.  For  the  same  reason  it  is  not  so  profitable  to 
combine  it  with  the  other  quick-acting  cathartics,  as,  if 
given  together,  they  do  not  act  synchronously.  But  a 
dose  of  aloes  may  often  be  advantageously  supplemented 
by  some  other  purgative,  given  five  or  six  hours  later. 
In  the  large  class  of  cases  of  chronic  constipation,  when 
through  neglect  or  irregular  habits,  or  atony  or  dimin- 
ished irritability  of  the  large  intestine,  the  rectum  is  con- 
tinually filled  or  even  distended  with  faeces,  for  certainty 
and  quietness  of  action  there  are  few  drugs  which  can 
compare  with  it.  It  has  also  the  unusual  property  of 
not  producing,  tolerance,  so  that  it  can  be  given  for  a 
long  time  without  losing  anything  of  its  valuable  effect. 
The  external  use  of  aloes  is  nearly  obsolete. 

Administratioh. — One  gramme  (gr.  xvss.)  of  good 
aloes  will  usually  act  as  a  free,  sometimes  drastic,  and 
griping  purgative,  and  may  be  considered  to  be  a  full 
average  dose  for  this  purpose.  Two  or  three  deci- 
grammes (gr.  iij.  to  gr.  v.)  will  usually  move  the  bowels 
once  quietly  ;  and  one  or  two  decigrammes  (gr.  jss.  tb 
gr.  iij.)  daily  will,  in  the  same  way,  relieve  moderate  con- 
stipation. These  doses  are  only  given  as  approximations, 
and  should  be  always  adjusted  to  the  patient's  responsive- 
ness, the  smallest  dose  being  chosen  which  will  answer 
the  purpose.  It  is  better  to  use  a  cleaner  product  than 
ordinary  aloes,  however,  and  two  such  are  officinal,  viz. , 
Aloe  Puriflcata  and  Extractum  Aloes  Aquosum.  Aloe 
Pu,rificala,\].  S.  Ph. ,  is  prepared  by  melting,  thinning  with 
a  little  alcohol,  straining,  and  evaporating  to  dryness.  It 
contains  all  the  constituents,  excepting  mechanical  im- 
purities, and  perhaps  some  precipitated  gum,  and  is  sim- 
ply clean  aloes.  This  is  used  in  making  all  the  other 
preparations.  Its  dose  is  about  the  same  ;  theoretically, 
it  should  be  a  little  less.  Extractum  Aloes  Aguosum,  V. 
S.  Ph.,  is  prepared  by  dissolving  crude  aloes  in  boil- 
ing water  and,  after  the  solution  is  cold,  straining  it 
and  evaporating  to  dryness.  This  separates  impurities 
and  resin,  and  yields  something  more  than  fifty  per 
cent,  of  the  amount  of  aloes  used ;  but  the  result  va- 
ries. Dose  about  one-half  that  of  crude  aloes.  Fort- 
unately the  doses  of  aloes  are  small  enough  to  be 
given  in  the  form  of  pills,  which  is  now  the  general 
method.  Several  are  officinal,  almost  classical :  Pilulm 
Aloes,  U.S.  Ph.  :  Aloes  and  soap,  equal  parts,  two  grains 
of  each  in  every  pill.  Pilulm  Aloes  ei  AsafcetidcB,  U.  S. 
Ph.  :  One  grain  of  each,  and  one  grain  of  soap  in  each 
pill.  Pilulm  Aloes  et  Mastiches  ("  Lady  Webster's  Pills  " 
essentially),  IT.  S.  Ph. :  Aloes,  two  grains  ;  mastiche,  one- 
half  graui ;  red  rose,  one-half  grain.  And  finally,  Pilulm 
Aloes  et  Myrrhm,  U.  S.  Ph. ,  vrith  two  grains  of  aloes,  one 
grain  of  myrrh,  and  one-half  grain  of  aromatic  powder 
(cinnamon,  ginger,  etc.).  All  but  the  first  are  essen- 
tially duplicates — aloes  and  corrigent.  Pilulm  Aloes  et 
JFerri,  U.  S.  Ph.,  containing  aloes,  dried  sulphate  of  iron, 
and  aromatic  powder,  of  each  one  grain,  contain  also 
an  efficient  dose  of  iron,  and  are  useful  in  constipation 
with  ansemia,  amenorrhoea,  and  in  similar  conditions. 
Extemporaneous  pills  of  aloes  can  easily  be  made,  asso- 
ciating atropine,  extract  of  belladonna,  extract  of  nux 
vomica,  or  other  suitable  adjuvants.  Such  pills  are  con- 
siderably used. 

The  liquid  preparations  are  venerable  but  less  useful, 
and  will  scarcely  be  tolerated  on  account  of  their  taste 
by  any  one  able  to  swallow  a  pill.  They  are  Vinum  Aloes, 
IT.  S.  Ph. ,  strength,  not  quite  one-sixteenth,  corrected  with 
ginger  and  cardamom ;  TineUra  Aloes,  U.  S.  Ph. ,  strength 
one-tenth,  flavored  with  liquorice  ;  Tinetura  Aloes  et 
Myrrhm,  U.  S.  Ph.,  strength,  one-tenth  of  each  ("  Elixir 
Proprietatis "  approximately).  Aloin,  not  officinal  is 
considerably  used.  It  is  hardljr  yet  a  uniform  substance. 
Ihe  Germans  require  an  amorphous  article  prepared 
from  Cape  aloes,  and  do  not  appear  to  regard  it  very 
highly.  That  which  is  used  in  England  and  in  the 
United  States  resembles  exactly  some  impure  barbaloin 
in  the  writer's  possession,  and  is  perhaps  the  same.  Au- 
thors differ  ia  their  estimate  of  it ;  his  acquaintance  has 
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been  favorable  ;  pills  containing  one  or  two  •  mill;, 
grammes  (grain  one-sixth  to  grain  one-third)  with  a  little 
strychnine  or  atropine  have  appeared  fully  as  useful  in 
his  hands  as  the  larger  aloes  pills,  and  far  more  elegant. 

There  are  innumerable  non-officinal  preparations  of 
aloes,  many  of  them  having  a  historic  interest  and 
christened  with  quaint  and  fanciful  names.  It  is  also  a 
leading  ingredient  of  numerous  popular  arcana.  For  a 
long  list  of  these,  see  Hager's  "  Pharmaceutische  Praxis " 
and  other  works  on  pharmacy. 

Allied  Plants. — For  a  notice  of  the  order  LUimm, 
see  Squill.  The  Tuccas  were  referred  to  above,  as  well 
as  the  Agaves,  which  appear  to  take  their  place  on  the 
American  continent.  Besides  these,  there  is  not  mucli 
suggestive  in  their  relations,  XanihorrhoM,  which  by 
some  botanists  is  placed  near  Aloe,  resembles  it  in  habit 
and  in  having  a  resinous  juice,  of,  however,  an  entirely 
different  character  (see  Acaroides). 

Allied  Medicines. — The  vegetable  cathartics  ;  for  a 
list  of  them  see  Senna.  W.  P.  Bolles. 

I 

ALOPECIA.  By  the  term  alopecia  is  understood  a 
general  or  local  loss  of  hair  to  an  abnormal  extent.  The 
most  convenient  method  of  considering  the  several 
varieties  of  alopecia  is  that  adopted  by  Michelson  (Ziems- 
sen's  "  Handbuch  der  Speciellen  Path.  u.  Ther.."  Bd.  14, 
Halfte  2,  S.  106),  who  divides  the  subject  as  follows : 
(1)  Alopecia  congenita ;  (2)  alopecia  symptomatica ;  (3) 
alopecia  senilis  and  pre-senilis ;  (4)  alopecia  pityrodes ; 
(5)  alopecia  simplex  ;  (6)  alopecia  areata  ;  (7)  alopecia 
neurotica. 

Congenital  alopecia  is  rather  an  anomaly  than  a  disease. 
Although  rare,  cases  have  been  met  with  where  infants 
born  without  hair  have  developed  first  a  growth  of  lanugo 
or  fine  wool-like  short  hairs ;  and  later,  usually  by  the  third 
year,  a  more  or  less  considerable  growth  of  hair.  More 
rarely,  however,  congenital  baldness,  which  may  involve 
all  parts  of  the  body  as  well  as  the  head,  is  a  permanent 
condition,  and  the  individual  remains  almost  or  entirely 
bald  throughout  life.  As  in  the  case  of  hirsuties,  or  ab- 
normal growth  of  hair,  anomalies  in  the  growth  and  dis- 
tribution of  the  teeth  are  apt  to  be  observed  in  connection 
with  congenital  alopecia.  I  have  had  under  observation  a 
gentleman  who  was  born  nearly  or  quite  bald,  and,  until 
the  age  of  three  years,  showed  only  lanugo  upon  the  scalp. 
The  hair  then  began  to  grow  quite  luxuriantly,  and  he 
continued  to  enjoy  a  full  suit  of  hair  until  after  his 
twentieth  year.  'The  hair  then  began  to  fall  out,  as  in 
ordinary  premature  alopecia,  and  continued  to  do  so  until 
a  patch  of  almost  complete  baldness  extended  from  the 
forehead  nearly  to  the  occipital  regions  on  either  side. 
The  hair  which  was  of  a  very  light  brown  shade  grew  to 
a  moderate  degree  on  the  eyebrows  and  face  generally. 
Over  the  body,  the  hair  growth  is  at  the  present  time  nor- 
mal. This  gentleman  displays  an  excellent  set  of  teeth 
as  regards  condition.  The  first  teeth,  however,  are  some- 
what misshapen ;  some  only  partly  project  beyond  the 
fum,  and  one  of  the  upper  incisors  is  entirely  missing, 
'he  finger-nails  are  normal. 

Cases  are  on  record  of  persons  who  have  reached  adult 
age  without  having  either  teeth  or  hair. 

Localized  congenital  alopecia  has  been  observed  in  a 
number  of  cases.  There  is  little  or  no  prospect,  so  far 
as  experience  has  shown,  that  the  hair  will  ever  be  re- 
stored in  these  cases.  In  fact,  the  tendency  is  to  the 
development  of  new  centres  of  alopecia. 

The  causes  which  lead  to  congenital  baldness  are  not 
known  ;  but  it  is  evidently  an  anomaly  of  development 
finding  its  origin  in  intra-uterine  life. 

Microscopic  examinations  of  portions  of  skin  taken 
from  well-developed  patches  of  baldness  have  shown 
well-developed  sebaceous  follicles,  with  a  free  opening 
directly  upon  the  surface.  Partly  developed  embryonal 
hairs  have  also  been  found.  Extreme  cases  have  shown 
the  cutis  of  the  hair  region  supplanted  by  a  stringy 
areolar  tissue  containing  fat-cells  and  collections  of 
granules.  Among  these,  altered  follicles,  with  here  and 
there  jpapillse,  have  been  observed.  The  epidermis  was 
atrophic. 
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Alopecia. 


Alopecia  syrrvptomatica  is  that  shedding  of  the  hair 
which  is  due  to  local  causes,  and  confined  to  limited 
areas.  The  skin  and  hair  being  but  parts  of  one  system,  it 
is  easily  understood  that  when  one  suffers  the  other  must 
be  affected.  Thus,  an  acne  pustule  may  involve  and 
destroy  the  life  of  the  hair  about  which  it  forms,  or  an 
attack  of  erysipelas  may  give  rise  to  a  general  shedding 
of  the  hair.  This  fall  of  hair,  however,  is  in  each  case 
rigidly  limited  to  the  area  of.  the  local  disease  which  is  its 
cause. 

Symptomatic  alopecia  may  occur  as  the  result  of  scaly 
diseases  like  psoriasis,  but  it  is  more  apt  to  be  found  in 
connection  with  inflammatory  affections  of  the  skin,  as 
eczema,  acne,  erysipelas,  vanola,  the  vegetable  parasitic 
diseases,  and  also  in  connection  with  syphilis  and  other 
new  growths.  Compression  of  the  skin,  as  by  tumors, 
may  also  give  rise  to  symptomatic  alopecia. 

The  pathology  of  this  form  of  alopecia  is  closely  con- 
nected with  that  of  the  causative  affection  in  each  case, 
and  the  prognosis  likewise  depends  upon  the  character  of 
the  local  affection.  When  this  is  ulcerative  and  ends  in 
scarring,  as  in  ulcerative  syphilis,  some  forms  of  lupus, 
tinea  favosa,  etc. ,  no  restoration  of  hair  can  be  looked 
for.  When,  however,  the  local  disorder  has  been  a  sim- 
ple inflammation,  as  psoriasis,  erysipelas,  etc.,  complete  or 
almost  complete  restitution  of  the  hair  may  be  expected., , 

Alopecia  senilis  and  presenilis  is  that  form  of  loss  of 
hair  which  is  usually  connected  with  the  advance  of  age. 
It  is  confined  almost  invariably  to  the  hair  of  the  head 
(scalp);  the  body  hair  may  be  thin  or  thick,  may  de- 
crease or  increase,  but  with  the  advance  of  age  the  hair  of 
the  scalp  almost  always  becomes  thihneis  as  the  skin  gen- 
erally takes  on  the  retrogressive  changes  of  old  age. 

The  baldness  of  old  age  comniohly  precgdes  the  gray- 
ing of  the  hair,  and  joccursnoibre  frequently  in  men  than 
in  women.  It  usually  begins  on  the  vertex  and  spreads 
gradually  forward  and. laterally.  The  hair  does  not  fall 
out  entirely  and  at  once,  but  ;jSie  normal  hair  is  succeeded 
by  fine  woolly  hairs,  "laniig'o," 

Premature.baldness,  alopteia  pre-SeBilis,  is  like  the  bald- 
ness of  old  age,  excepting  that  .the  hair  does  not  fall  so 
rapidly,  and  that  the  lanugo  only  succeeds  the  long  hair 
on  the  vertex,  the  other,  parts,  according  to  Pincus,  be- 
coming completely  bald  without  any  intermediate  stage. 

The  skin,  in  premature  and  s^hile.baldness,  is  thinned, 
somewhat  tense,  but  movable  over  the  parts  beneath. 
In  well-nourished  persons  the  scalp  has  an  oily  look  un- 
der the  skin. 

The  pathological  appearances  in  this  form  of  alopecia 
are,  according  to  the  German  authorities  (Michelson), 
those  of  retrogressive  metamorphosis  in  the  skin.  A 
fibrous  endarteritis  narrows  the  lumen  of  the  cutaneous 
arteries  and  the  rich  capillary  network  filling  the  connec- 
tive tissues  under  the  skin,  and  particularly  surrounding 
the  hair-sacs,  gradually  disappears.  The  sebaceous  and 
sweat-glands  are  slightly,  or  not  at  all,  involved  in  this 
degenerative  process.  In  premature  alopecia  of  an  ad- 
vanced stage  the  appearances  are  the  same  as  those  pre- 
sented in  alopecia  pityrodes,  only  the  thinning  of  the 
middle  layer  of  the  skm  is  still  more  marked. 

No  treatment  of  this  form  of  alopecia  is  of  any  avail. 

Alopecia  pityrodes  is  one  of  the  commonest  forms  of 
alopecia,  and,  thanks  to  the  laborious  studies  of  Pincus, 
one  of  the  best  understood  of  all  forms  of  disease  con- 
nected with  the  loss  of  hair.  In  order  to  set  forth  more 
fully  the  characteristics  of  this  affection,  a  few  words 
may  be  said  with  regard  to  the  normal  growth  and  shed- 
ding of  the  hair. 

Bach  hair  has  a  certain  rate  of  growth  and  a  certain 
typical  length,  varying  in  different  individuals  and  in 
different  parts  of  the  body,  but  which  in  each  case  is 
normally  constant.  The  duration  of  life  of  the  individ- 
ual hair  varies  from  two  to  six  years  ;  at  the  end  of  its 
period  of  life  it  falls  put  and  is  replaced  by  a  new  hair. 

Any  influence  which  shortens  the  life  of  the  hair  tends 
to  baldness  in  two  ways  :  by  the  preponderance  of  short- 
lived hairs,  and  by  the  slow  diminution  in  the  length  of 
the  full-grown  hairs,  which  fall  out  before  they  have  at- 
tained their  typical  length. 


Such  influences  are  at  work  in  alopecia  pityrodes.  The 
patient,  who  is  always  an  adult,  or  who  at  least  has  passed 
the  age  of  puberty,  begins  to  notice  slight  thinning  of 
the  hair.  This  goes  on  through  successive  years  until 
baldness  begins  to  show  itself,  usually  at  first  at  the  ver- 
tex and  above  the  forehead.  At  the  same  time,  if  the 
hairs  which  fall  out  day  by  day  are  carefully  examined, 
a  noticeable  number  of  "  pointed  hairs"  will,  in  the  case 
of  men,  be  found  among  those  cut  off  at  the  ends.  These 
pointed  hairs  are  the  ones  which  have  liyed  out  their  life 
and  fallen  out  before  attaining  a  sufficient  length  to  be 
cut  by  the  scissors.  Their  number  in  proportion  to 
the  entire  number  of  hairs  shed  will  give  a  rough 
guide  to  the  extent  to  which  the  disease  has  gone.  For 
with  each  reproduction  in  these  cases  the  hair  lives  a 
briefer  Ufe  and  dies  at  a  shorter  length,  so  that  in  a  case 
which  is  progressing,  a  larger  proportion  of  short  hairs 
are  continually  appearing  in  the  combings.  At  the  same 
time  a  certain  number  of  hairs  become  diminished  in 
volume,  and  assume  the  character  of  lanugo,  or  fine 
woolly  hairs. 

The  process,  if  unarrested,  goes  on  until  the  healthy 
hair  growing  on  the  vertex  of  the  scalp  has  been  suc- 
ceeded by  lanugo,  and,  the  lanugo  disappearing,  the  scalp 
is  left  bald,  shining,  and  smooth  as  ivory.  In  this  form 
of  alopecia,  the  baldness  having  affected  a  certain  area 
goes  no  further,  until  old  age  brings  vrith  it  senile  alo- 
pecia, which  pushes  its  ravages  still  farther  into  the 
scanty  crop  of  hair  remaining. 

One  of  the  earliest  symptoms  of  alopecia  pityrodes  to 
attract,  attention  is  the  scaliness  of  the  scalp,  an  abun- 
dant formation  of  branny  epithelial  scales,  the  increase  of 
which  usually  goes  pari  passu  with  the  loss  of  hair,  but 
is  occasionally  only  slight  through  the  whole  course  of 
the  disease.  This  furfuraceous  desquamation  is  called 
"  pityriasis,"  or  popularly  "  dandriff." 

The  only  subjective  symptom  attending  this  form  of 
alopecia  is  a  certain  prickling  or  itching  sensation  in 
the  scalp,  with  an  occasional  feeling  of  heat. 

Alopecia  pityrodes  is  more  rarely  encountered  among 
women  than  among  men.  It  runs  essentially  the  same 
course,  only  ceasing  its  destructive  progress,  however,  in 
the  former  before  entire  baldness  supervenes. 

Hereditary  predisposition  is  perhaps  the  most  impor- 
tant factor  in  the  etiology  of  alopecia  pityrodes.  Various 
debilitating  diseases,  as  scrofula,  syphilis,  fevers,  the 
puerperal  state,  nervous  and  mental  disturbances,  may 
directly  or  indirectly  induce  the  affection,  while  among 
women  anaemia  and  chlorosis  are  often  the  cause  of  its 
occurrence.  It  was  formerly  believed  that  atrophy  or 
some  other  condition  of  the  nerve-supply  was  the  cause 
of  alopecia  pityrodes,  but  this  view  lacks  confirmatory 
pathological  basis.  Some  Germans  have  fancied  it  to  be 
due  to  a  parasitic  affection,  but  this  theory  also  lacks  con- 
firmation. 

Examination  of  sections  of  the  skin  from  the  bald 
scalp  in  alopecia  pityrodes  shows  that  the  middle  layer 
of  the  true  skin  between  the  epidermis  and  the  sub- 
cutaneous connective  tissue  is  invariably  thinned,  while 
the-  panniculus  adiposus  is  thickened  with  usually  so 
much  increase  in  fibrous  meshwork  as  to  account  for  the 
tense  adherence  of  the  scalp  observed  clinically.  '  There 
is  no  change  whatever  in  the  vascular  supply,  nor  in  the 
condition  of  the  blood-vessels.  The  hairs  themselves  do 
not  differ  microscopically  from  such  as  die  and  fall  from 
healthy  scalps,  excepting  that,  as  in  other  forms  of 
atrophy  of  the  hair  (see  Hair,  Diseases  of),  increased 
brittleness  is  observed  in  the  early  stage. 

Microscopic  examination  of  the  accompanying  pityri- 
asic  epithelial  scales  shows  them  to  be  composed  of 
epithelial  cells  from  the  horny  layer  of  the  epidermis, 
many  of  them  fattily  degenerated,  but,  as  I  showed  some 
years  ago,  not  to  be  confounded  with  the  crusts  of  se- 
borrhcea  capitis.     (See  Pityriasis  and  Seborrhoea.) 

The  diagnosis  of  alopecia  pityrodes  is  usually  not  diffi- 
cult. The  accompanying  pityriasis  is  the  most  charac- 
teristic symptom,  although  this  may  be  so  slight  at  times 
as  not  to  attract  attention. 

The  treatment  of  alopecia  pityrodes  is  essentially  that 
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of  pityriasis  capitis  (q.  v.)-  The  scales  should  be  re- 
moved by  vigorous  shampooing  with  a  soap  solution 
and,  subsequently,  some  oil  or  ointment  should  be 
firmly  and  thoroughly  rubbed  into  the  scalp  over  all  the 
affected  portion.  Cold-water  douches,  followed  by  brisk 
brushing  and  rubbing  and  the  application  of  one  of 
the  remedies  mentioned  below,  under  alopecia  areata, 
may  also  be  useful.  Internal  remedies  rarely  prove  of 
value  in  this  form  of  alopecia,  although  any  obvious 
weakness  of  constitution  or  disease  should  be  combated, 
because  the  alopecia  of  debility,  transient  in  itself,  may 
pass  on  to  alopecia  pityrodes. 

The  prognosis  of  alopecia  pityrodes  is  unfavorable, 
particularly  where  there  is  a  strong  hereditary  tendency 
to  early  baldness.  Much  can  be  done,  however,  if  treat- 
ment is  instituted  at  an  early  stage  of  the  disease.  The 
sooner  after  puberty  this  form  of  alopecia  appears,  the 
more  rapid  is  its  course.  The  duration  and  amount  of 
pityriasis  present  is  to  some  extent  a  measure  of  the  past 
duration  and  severity  of  the  disease.  The  increase  or 
decrease  in  the  proportion  of  pointed  hairs  found  in  the 
combings  is  also  a  gauge.  Pincus  suggests  that  the 
combings  be  collected  daily  for  four  successive  days,  and 
that  each  day  the  comparative  number  of  pointed  hairs 
be  counted.  If  the  proportion  of  pointed  hairs  is  to  the 
entire  combing  as  one  to  eight,  the  average  length  of  the  cut 
hair  being  five  inches,  or  as  one  to  ten,  the  average  length 
being  two  to  three  inches,  then  the  amount  of  hair  shed  is 
abnormal.  It  is  not  the  number  of  hairs  shed  which  should 
arouse  apiprehension,  but  the  large  proportion  of  pointed 
or  short-lived  hairs.  In  the  case  of  women,  where  all 
the  hairs  are  pointed  hairs,  a  decrease  in  length  from 
the  typical  standard  is  significant  in  the  prognosis  in 
proportion  to  its  extent. 

Under  the  name  of  alopecia  pityrodes  universalis 
Michelson  describes  a  form  of  alopecia  which  in  many 
respects  resembles  alopecia  areata  of  the  malignant 
variety.  The  affection  begins  suddenly  and  severely,  by 
a  rapid  and  increasing  thinning  of  the  hair  in  various 
parts  of  the  scalp,  preceded  and  accompanied  by  an  in- 
creased desquamation  of  fatty  epidermis.  The  affection 
differs  from  alopecia  areata  in  that  the  patches  are  at  no 
point  completely  bald,  but  are  covered  with  fine  color- 
less lanugo  hairs,  or  at  least  show  rudimentary  hairs  in 
the  follicles,  and  also  that  the  transition  from  the 
affected  area  to  the  surrounding  healthy  hair  is  not 
.abrupt,  but  gradual.  The  parts  usually  attacked  by 
alopecia  pityrodes  localis  are  those  first  attacked  by  the 
universal  variety.  Unlike  alopecia  areata,  the  skin  in 
alopecia  pityrodes  universalis  is  not  thinned. 

Debility  from  various  causes  seems  to  be  the  chief  ex- 
citing etiological  factor.  Salt  baths,  tonic  medicines 
and  nourishing  food  are  called  for  in  the  way  of  treat- 
ment, with  shampooing  of  the  scalp  and  stimulant  appli- 
cations.   The  prognosis  is  favorable. 

Alopecia  mnplex  is  the  name  given  by  Pincus  to  those 
exceptional  cases  of  falling  of  the  hair  which  in  their 
general  course  resemble  alopecia  pityrodes,  but  in  which 
one  essential  feature  of  that  affection  is  wanting,  namely, 
the  increased  desquamation  of  the  epidermis.  The 
management  of  such  cases  does  not  differ  essentially 
from  that  of  alopecia  pityrodes,  excepting  that,  instead 
of  the  shampooing  with  soap  washes,  etc.,  to  remove  the 
epidermic  scales,  stimulating  applications  alone  are  called 
for. 

Alopecia  a/reata  is  an  affectiop  which  has  been  known 
from  the  earliest  ages  of  medicine,  its  striking  character- 
istics having  attracted  the  attention  of  authors  who  have 
passed  over  most  other  skin  affections  in  silence  It  has 
been  described  under  the  various  names  of  area  Celsi 
alopecia  circumscripta,  alopecia  accidentalis,  porrigo  or 
tinea  decalvans,  and  pelade  or  ieigne  pelade.  It  is 
characterized  by  the  usually  sudden  appearance  of  one  or 
more  roundish,  somewhat  sharply  defined,  circumscribed 
bald  patches  which  may  spread  slowly  at  the  periphery 
n^?.i!L?  ^1™!^^  "^^  together,  forming  larger  irregular 
patches,  or  leading  to  entire  loss  of  al?  the  hair  on  the 

unchanged  '^^  "'""  '■'°''''°'  ''""'^^  °'  "^^^^ 
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In  the  milder  form  of  the  disease,  as  usually  en- 
countered, a  single  patch,  or  a  few  patches  of  small  size 
situated  on  the  scalp  or  in  the  beard  constitute  the  whole 
disease.  This  form  is  called  by  Michelson  the  "  benign " 
form.  The  severe  cases  eventuate  in  a  total  loss  of  Eair 
from  every  part  of  the  body,  and  are  called  by  Michelson 
"  malignant." 

Alopecia  areata  is  a  comparatively  rare  disease  in  this 
country,  although  I  imagine  less  rare  than  in  Europe 
The  statistics  of  the  American  Dermatological  Associa- 
tion show  350  cases  in  a  total  of  over  58,000  cases  of  skin 
diseases,  a  proportion  of  about  one-half  of  one  per  cent 
It  usually  occurs  among  comparatively  young  persons 
but  may  occasionally  attack  persons  of  mature  years.  It 
occurs  in  both  sexes. 

The  disease  is  sometimes  ushered  in  by  subjective 
symptoms,  as  headache,  itching,  tingling,  or  warmth  of 
the  part  to  be  affected,  but  more  commonly  the  hair  falls 
without  warning ;  a  whole  bunch  may  come  out  at  once 
while  dressing  the  hair,  or  during  the  night.  The  patch 
affected  may  be  perfectly  bald,  or  a  few  straggling  hairs 
quite  healthy  in  appearance,  may  be  left.  About  the 
edge  of  the  diseased  patch  short  broken-off  hairs  are 
sometimes  found  in  small  numbers.  In  the  earlier  stages 
of  the  disease  the  openings  of  the  hair-follicles  are  quite 
perceptible,  but  if  the  process  has  gone  on  for  some  time 
these  ducts  collapse,  and  in  advanced  cases  are  hardly 
perceptible.  The  skin,  in  severe  cases,  is  abnormally 
pale,  responding  to  stimulation,  however,  but  soon  recov- 
ering its  pale  tint.  The  affected  skin  is  at  first  slightly 
raised  above  the  surrounding  surface,  but  later  sinks  be- 
low it  and  he- 
comes  abnor- 
mally movable 
over  the  crani- 
um, owing  to 
the  partial  dis- 
appearance of 
the  panniculus 
adiposus.  The 
sensibility  of 
the  affected 
patches  is  in  no 
way  altered. 

In  the  ordi- 
nary milder 
form  of  the  dis- 
ease entire  bald- 
ness of  the  af- 
Some  fine  lanu- 


Fig.  79.— Alopecia  Areata. 


(After  Michelson.) 

fectcQ  patches  only  lasts  a  short  time.     

go  hairs  make  their  appearance  which  may  give  place  to 
a  stronger  growth,  or  may  fall  out  and  gradually  be  re- 
placed by  another  crop  of  downy  hairs.  This  growth 
and  fall  of  ill-developed  hair  may  continue  for  months, 
or  years  almost,  before  the  patch  is  finally  covered  with 
healthy  hair.  While  one  patch  is  becoming  covered,  the 
hair  may  begin  to  fall  out  at  another  point,  and  a  case 
observed  in  the  full  height  of  the  disease  will  often  be 
found  to  show  bald  patches,  patches  covered  with  lanu- 
go, others  thinning  rapidly,  and  still  others  becoming  re- 
generated. 

Under  the  name  of  malignant  alopecia  are  included 
those,  fortunately  rare,  cases  where  a  more  or  less  rapid 
fall  of  hair  from  aU  parts  of  the  body  takes  place,  re- 
sulting in  absolute  baldness.  Michelson  says  that  these 
cases  recover  by  very  slow  degrees.  I  have  seen  four 
cases  of  general  alopecia,  three  of  which  were  under  my 
observation  for  several  years  without  visible  improve- 
ment, while  the  fourth  occurred  in  an  elderly  man  who 
had  been  quite  hairless  for  a  number  of  years. 

The  etiology  of  alopecia  areata  has  never  yet  been 
satisfactorily  settled.  Two  theories  have  for  some  years 
past  divided  dermatologists,  the  neurotic  and  the  para- 
sitic. Against  the  latter  view  we  have  the  fact  that  the 
clinical  appearances  presented  by  the  disease  are  in  no 
way  like  those  of  other  vegetable  parasitic  skin  diseases, 
and  also  that  each  discoverer  of  fungus  in  the  disease 
depicts  a  different  variety  from  all  previous  observers. 
Finally,  also,  antiparasitic  remedies  have  no  effect  toward 
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the  cure  of  the  disease.  Proof  of  the  neurotic  origin 
of  alopecia  areata  has  been  sought  in  the  (supposed) 
change  of  sensibility  in  the  skin,  in  the  occun'ence  of 
nervous  symptoms  at  the  outbreak  of  the  disease,  and  in 
the  resemblance  of  the  patches  of  alopecia  areata  to  those 
bald  patches  which  occur  as  the  direct  result  of ,  nerve  in- 
juries (see  alopecia  neurotica).  In  addition,  the  facts 
that  the  disfease  is  occasionally  known  to  occur  in  near 
relatives  (heredity),  and  finally  that  loss  of  hair  has  been 
produced  by  section  of  certain  nerves  more  or  less  con- 
nected with  the  locality,  have  been  brought  forward  in 
favor  of  the  neurotic  origin  of  the  disease.  None  of 
these  theories  is  satisfactory,  and  although  the  pallor  of 
the  skin  in  the  diseased  areas  leads  to  the  view  that  a 
vaso-motor  disturbance  may  be  connected  with  its  oc- 
currence, yet  even  this  leads  us  only  one  step  farther 
back,  and  it  must  be  admitted  that  for  the  present  the 
true  etiology  of  this  curious  affection  remains  unknown. 

Microscopic  examination  of  sections  of  the  skin  in  alo- 
pecia areata  have  thus  far  yielded  little  result.  The  skin 
is  thinned,  but  not  abnormal  beyond  showing  premature 
corniflcation  of  the  hair.  The  existence  of  a  vegetable 
parasitic  growth  about  the  roots  of  the  hair  has  frequently 
been  asserted,  but  no  convincing  observations  to  this 
effect  have  been  brought  forward. 

The  diagnom  of  alopecia  areata  as  usually  found  upon 
the  scalp  and  head  is  not  diflBcult.  The  one  disease  with 
which  it  is  liable  to  be 
confounded  is  tinea  tonsu- 
rans, or  tinea  barbee.  In 
the  latter,  however,  the 
patch,  instead  of  being 
smooth  and  white,  is  ashen 
gray,  with  a  nutmeg-grater 
surface  covered  with  brok- 
en-off  stumps  of  diseased 
hairs.  Microscopic  exami- 
nation of  scales  or  broken 
stumps  from  the  diseased 
patches  will  decide  the  di- 
agnosis in  doubtful  cases. 
It  is  possible  that  a  patch 
of  tinea  tonsurans,  when 
the  disease  has  been  cured 
and  nothing  more  than 
baldness  exists  just  before 
the  new  hairs  are  repro- 
duced, might  be  taken  for 
alopecia  areata.  Here,  however,  the  history  of  the  case 
will  settle  the  question. 

The  treatment  of  alopecia  areata  consists  essentially  in 
tonics  and  supporting  diet,  with  the  local  employinent 
of  rubefacients.  Iron,  quinine,  arsenic,  and  cod-liver 
oil  may  be  used  as  the  case  demands.  Blistering  the 
patches  repeatedly  with  cantharidal  collodion  and  can- 
tharides  in  combination,  or  even  as  the  pure  tincture,  may 
be  employed.  The  following  combination  is  a  good 
one:  5.  Tinct.  cantharidis,  f  3  iij.  (10.10  gm.) ;  tinct. 
nucis  vom.,  f  3  ij.  (6.75  gm.) ;  aceti  destillat.  f  3  vj. 
(20.25  gm.) ;  glycerinse,  f  3  j.  (5  gm.) ;  aquae,  ad  f  §  iij. 
(90.00  gm.).  M.  The  following  formula  of  "Wilson 
is  much  used — its  virtues  reside  in  the  liquor  ammonise  : 
3-  Olei  amygdalae  dulcis,  f^j.  (27.00  gm.) ;  liq.  am- 
monisB  fort.,  fjj.  (30.00  gm.)  ;  sp.  rosmarini,  f  |v. 
(135.00  gm.) ;  ol.  limonis,  f  3  j.  (3.40  gm.).  M.  Elec- 
tricity has  also  been  recommended  by  means  of  the  far- 
adic  current,  with  one  pole  upon  the  back  of  the  neck  and 
the  other  armed  with  a  fine  metallic  brush  to  the  af- 
fected part. 

The  prognosis  of  alopecia  areata  is  on  the  whole  favor- 
able, although,  even  in  the  mildest  form,  months  or  even 
a  year  or  more  may  elapse  before  the  hair  is  fully  re- 
stored. Relapses  also  are  not  uncommon,  and  beyond  a 
general  prediction  of  final  recovery,  it  is  unsafe  to  hazard 
a  prognosis  as  to  time  in  any  case.  Cases  of  general 
alopecia,  the  "malignant"  alopecia  of  Michelson,  may 
last  for  years,  and  yet  he  says  the  patient  may  finally 
recover  the  full  growth  of  hair. 

Under  the  name  of  alopecia  neurotica,  Michelson  in- 
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eludes  such  cases  as  occur  in  connection  with  diseases 
on  which  they  may  be  supposed  to  depend,  and  where 
the  loss  of  hair  is  confined  to  the  area  supplied  by  cer- 
tain nerves.  How  the  falling  of  the  hair  is  connected 
with  nerve  influence  we  cannot  on  the  solid  basis  of 
anatomical  or  physiological  research  say  :  clinical  facts 
alone  support  the' view  taken.  Cases  have  been  reported 
where  entire  loss  of  hair  over  the  whole  body  has  re- 
sulted from  brain  injury.  Similarly  injury  to  one  lat- 
eral half  of  the  brain  has  been  followed  by  unilateral 
alopecia.  Injury  to  nerve-trunks  is  likewise  at  times 
followed  by  alopecia  of  the  region  supplied.  Alopecia 
may  accompany  unilateral  atrophy  of  the  face  and  simi- 
lar trophoneurotic  affections,  also  neuralgia. 

Arthur  Van  Ma/rlingen. 

ALPENA  WELL.  Location  and  Post-office,  Alpena, 
Alpena  County,  Mich. 

Access. — From  Bay  City,  Mich.,  by  steamer  to  Al- 
pena, about  one  hundred  and  ten  miles  north,  on  the 
shore  of  Thunder  Bay. 

Analysis  (Professor  S.  P.  Duffleld). — One  pint  con- 
tains : 

Grains. 

Carbonate  of  potassa Trace. 

Carbonate  of  soda 1.364 

Carbonate  of  magnesia 4.661 

Carbonate  of  iron 0.170 

Carbonate  of  lime 4.787 

Chloride  of  sodium 8.633 

Sulphate  of  lime 3.757 

Alumina  and  silica , 0.386 

23.657 
Carbonic  acid  gas,  1.05  cubic  inch ;  sulphuretted  hydrogen,  4.43  cubic 
inches ;  nitrogen,  0.03  cubic  inch. 

This  artesian  well  is  900  feet  deep.  The  water  has  a 
temperature  of  52°  F. 

Thbbapbutic  PEOPEBTrBS. — This  water  is  celebrated 
for  its  unusual  proportion  of  sulphuretted  hydrogen, 
being  equal,  in  this  respect,  to  any  in  Europe  or  America. 
The  claim  of  magnetic  properties  is  not  sustained.  The 
locality  is  cool  in  summer,  and  healthful  at  all  times. 

G.  B.  F. 

ALPS.  The  extensive  and  lofty  group  of  mountains 
occupying  the  central  region  of  Europe,  in  Switzerland, 
Savoy,  Southern  Bavaria,  and  Western  Austria,  and  sep- 
arating Italy  from  the  colder  countries  which  lie  to  the  . 
north  of  it,  presents  to  the  invalid  a  great  variety  of 
■places  of  resort,  some  chiefly  serviceable  during  the 
summer  months,  some  during  the  winter  season,  and 
some  of  them  available  as  sanitaria  at  all  times  of  the 
year.  For  a  discussion  of  the  peculiar  properties  and 
advantages  of  the  more  elevated  of  these  health  stations 
see  article  on  Mountain  Climate  ;  for  description  of  the 
special  features  of  individual  stations  of  the  more  truly 
Alpine  class  see  Davos,  Wiesen,  St.  Moritz,  etc.  ;  for 
accounts  of  individual  resorts  lying  on  a  lower  level 
than  those  just  mentioned,  see  Vevey,  Meran,  Montreux, 
etc.  S.  S. 

ALTERATIVES.  (Syn.  :  Catalytics,  eutrophics.)  The 
class  of  remedies  thus  designated  are  agents  which,  pro- 
moting nutrition,  so  alter  the  course  of  morbid  processes 
as  to  lead  to  the  elimination  of  disease  and  a  return 
of  the  organism  to  a  normal,  healthy  condition.  This 
change  occurs  without  any  clear  evidence  of  drug  action 
upon  the  various  organs,  and  without  any  notable  in- 
crease in  the  excretions  from  the  body.  The  mode  of 
action  of  alteratives  is  at  present  but  imperfectly  under- 
stood, and  we  have,  for  the  time  being,  to  content  our- 
selves with  the  knowledge,  gained  empirically,  that 
certain  diseases  or  dyscrasise  are  alleviated  or  cured  by 
the  exhibition  of  certain  remedies.  "We  may  in  time 
learn  the  why  and  the  wherefore  of  certain  alterations 
which  now  are  evidenced  only  by  results,  but  that  time 
is  not  yet.  But,  although  we  are  obliged  to  confess  ig- 
norance as  to  the  manner  in  which  these  remedies  influ- 
ence disease,  we  must  nevertheless  acknowledge  the  fact 
that  they  do  so,  and,  as  "Wood  so  justly  insists,  it  is  not 
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tlie  part  of  wisdom  to  reject  the  teachings  of  empiricism 
simply  because  they  cannot  he  satisfactorily  explained. 

The  remedies  which  are  most  frequently  employed  tor 
their  alterative  effects  are:  Arsenic,  iodine,  mercury, 
phosphorus  and  the  hypophosphites,  sulphur,  cod- 
liver  oil,  colcMcum,  guaiac,  sarsaparilla,  and  water. 

Uses.-— Arsenic  is  employed  in  a  variety  of  skin  dis- 
eases affecting  the  superficial  layers— rete  and  epidermis. 
It  should  never  be  given  in  the  acute  inflammatory  stage, 
and  is  of  little  value  in  those  diseases  which  involve  the 
deeper  layers  of  the  integument.  It  s^ems  to  be  espe- 
cially indicated  in  squamous  affections  associated  with 
the  rheumatic  diathesis.  It  is  also  of  frequent  use  in 
malarial  cachexia.  Iodine  and  its  preparations  are  used 
in  scrofula  and  syphilis  ;  the  tincture  is  employed  both  ex- 
ternally and  internally  in  scrofula,  and  is  especially  valu- 
able in  the  treatment  of  indolent  glandular  enlargements, 
but  is  of  less  service  when  suppuration  is  present.  _  In  the 
suppurative  stage  of  scrofulous  gland  disease,  cod-liver  oil 
is  to  be  preferred.  The  iodides  are  employed  in  tertiary 
syphilis  and  in  chronic  metallic  poisoning,  more  particu- 
larly in  lead-poisoning  and  the  mercurial  cachexia.  Mer- 
cury is  given  in  secondary  syphilis  and  to  promote  the 
•absorption  of  plastic  exudations  of  the  serous  membranes. 
In  purgative  dose,  mercury  relieves  the  condition  known 
as  biliousness.  Phosphorus  and  the  hypophosphites  are 
exhibited  with  benefit  in  scrofulous  bone  affections  and  in 
rachitis.  Sulphur  finds  employment  in  the  prevention  of 
abscesses,  boils,  and  other  suppurative  affections.  It  is 
usually  given  for  this  purpose  in  the  form  of  the  sulphide 
of  calcium.  Cod-liver  oil  is  used  in  all  conditions  of  mal- 
nutrition and  ansemia,  in  rachitis,  scrofula,  tuberculosis, 
and  whenever  there  is  a  tendency  to  cell  proliferation. 
Colchicum  is  the  remedy  for  gout  and  the  gouty  dia- 
thesis ;  it  is  usually  given  in  combination  with  a  salt  of 
potassa.  Guaiac  is  exhibited  with  apparent  benefit  in  sub- 
acute and  chronic  rheumatism  and  in  syphilis.  The  al 
terative  action  of  sarsaparilla  has  been  disputed  ;  it  has  a 
great  popular  reputation,  however,  and  is  the  principal 
ingredient  of  many  of  the  "  blood  purifiers,"  and  other 
nostrums,  which  are  consumed  in  such  quantities  all  over 
the  civilized  world.  It  is  certainly  harmless  in  its  effects, 
and  is  a  pleasant  excipient  for  the  exhibition  of  other 
more  reliable  alterative  remedies.  Finally,  water  is  an 
excellent  solvent  of  effete  matters  within  the  system ; 
when  given  in  large  quantity  it  enhances  very  materially 
the  beneficial  effects  of  the  iodides  and  other  alteratives, 
and,  indeed,  the  former  should  always  be  taken  with 
copious  draughts  of  water.  Thomas  L.  Btedman. 

ALUM,  Poisoning  bt. — Cases  of  poisoning  by  this 
drug  are  rare.  The  symptoms  appear  very  soon  after 
the  poison  has  been  swallowed.  There  is  severe  pain  in 
the  oesophagus  and  stomach,  followed  by  vomiting,  often 
of  blood ;  sanguineous  discharges  from  the  bowels,  and 
all  the  symptoms  of  a  violent  gastro-enteritis.  The  pulse 
is  small  and  frequent ;  there  is  muscular  tremor  with 
great  weakness  ;  thirst  is  sometimes  excessive,  and  swal- 
lowing is  difficult  and  painful ;  the  body  temperature  is 
lowered.  Death  may  occur  in  syncope.  Alkalies  and 
their  carbonates  and  calcined  magnesia  are  the  antidotes 
for  alum.  After  the  immediate  danger  has  passed  away, 
the  gastro-enteric  inflammation  remains  to  be  treated  on 
general  principles.  Chronic  alum  poisoning  is  manifested 
by  gastric  disturbance  and  constipation.  It  is  to  be 
treated  by  first  removing  the  cause,  and  then  combating 
the  effects  by  means  of  laxatives  and  stomachics. 

T.  L.  8. 

ALUMINIUM.  1.  General  Medicinal  Pbopbrties 
OF  THE  Compounds  op  Aluminium.— As  compared  with 
the  majority  of  the  heavy  metals,  aluminium  exerts  but 
an  insignificant  constitutional  action— one  useless  in 
medicine,  and  not  certainly  recognizable  even  in  poison- 
ing by  aluminium  compounds.  All  the  evidence  there 
is  of  constitutional  action  of  this  metal  is  that,  in  toxic 
doses  of  alum,  there  have  been  observed  along  with 
the  symptoms  of  local  irritation,  tremors,  spasms 
tainting  fits,  and,  in  one  case,  death,  with  disproportion- 
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ately  slight  local  lesions.  Locally,  aluminium  compounds 
are  astringent ;  the  freely  soluble,  such  as  alum,  highly 
so,  but  yet  with  less  conjoint  irritation  than  is  usual  with 
astringent  metallic  salts.  The  main  therapeutic  use  of 
aluminic  preparations  is  for  a  local  astringent  effect,  for 
which  purpose  these  compounds  combine  potency  with 
freedom  from  bad  taste,  undue  irritation,  or  power  to  stain. 

3.  The  Mbdicbstally-used  Compounds  op  Alumin- 
ium.—These  are  the  hydroxide,  sulphate,  and  potassio- 
sulphate  (potassa  alum). 

Aluminic  liydroxide,  Al2(OH)8.  Aluminic  hydroxide, 
or  hydrated  alumina,  as  it  is  commonly  called,  is  offlciDai 
in  the  U.  S.  Pharmacopoeia  as  Aluminii  Hydras,  Hydrate 
of  Aluminium,  Hydrated  Alumina.  It  is  prepared  by  pre- 
cipitation, a  boiling-hot  aqueous  solution  of  alum  being 
poured  into  a  similarly  hot  solution  of  sodic  carbonate. 
The  precipitate  of  the  hydroxide  is  then  washed  with 
hot  distilled  water,  drained,  dried,  and  pulverized.  The 
product  is  "a  white,  light,  amorphous  powder,  perma- 
nent in  dry  air,  odorless  and  tasteless,  and  insoluble  in 
water  or  alcohol.  Soluble,  without  residue,  in  hydro- 
chloric and  sulphuric  acids,  and  also  in  solution  of  potassa 
or  soda.  When  heated  to  redness  it  loses  34.6  per  cent. 
of  its  weight  (water  of  hydration) "  (U.  S.  Ph.).  This 
preparation,  from  its  insolubility,  can  exert  active  prop- 
erties only  through  chemical  conversion.  Locally  ap- 
plied, it  operates  as  an  absorbent  powder,  developing, 
possibly,  a  faint  astringency.  Its  employment  is  almost 
exclusively  German,  and  consists  in  its  application  to  the 
skin  in  inflammatory  affections. 

Aluminic  sulphate,  A^SOOa.lSHsO.  The  salt  is  offici- 
nal in  the  U.  S.  Pharmacopoeia  as  Aluminii  Sulphas,  Sul- 
phate of  Aluminium.  It  occurs  as  "  a  white,  crystalline 
powder,  permanent  in  the  air,  odorless,  having  a  sweetish 
and,  afterward,  astringent  taste,  and  an  acid  reactioD ; 
soluble,  without  leaving  more  than  a  trifling  residue,  in 
1.2  parts  of  water  at  15°  C.  (59°  F.),  and  very  soluble  in 
boiling  *ater ;  almost  insoluble  in  alcohol.  When  heated, 
the  salt  melts  in  its  water  of  crystallization,  and  at  or 
near  300°  C.  (393°  F.),  it  loses  the  whole  of  it,  amounting 
to  48.6  percent,  of  its  weig;ht"  (U.  S.  Ph.).  Aluminic 
sulphate  is  powerfully  astringent,  and  also  antiseptic. 
Its  use  is  local  only,  as  a  conjoint  astringent  and  deter- 
gent, or,  in  saturated  solution,  as  even  a  mild  caustic  in 
simple  hyperplasise. 

Potassio-aluminic  sulphate,  KaAl2(S04)4.24HaO.  This 
double  salt  is  oflBcinal  in  the  U.  S.  Pharmacopoeia  as  Alu- 
men.  Alum.  In  the  revision  of  the  Pharmacopoeia  of  1870 
the  title  alum  was  transferred  to  the  ammonio-sulphate,  a 
salt  Indistinguishable  from  the  present  except  by  chem- 
ical tests  (rubbing  with  potassa  or  lime  and  a  little  water, 
when  an  ammoniacal  odor  will  be  evolved).  This  was 
because  the  ammoniaralum,  from  its  cheapness,  had 
come  to  be  largely  used  instead  of  the  older  potassic  com- 
pound. The  Pharmacopoeia  of  1880  has,  however,  re- 
turned to  the  potassa-alum,  and  does  not  even  recognize 
the  ammonic  salt  as  an  alternate  preparation.  Alum  is 
in  "  large,  colorless,  octahedral  crystals,  sometimes  modi- 
fled  by  cubes,  acquiring  a  whitish  coating  on  exposure  to 
air,  odorless,  having  a  sweetish,  astringent  taste,  and  an 
acid  reaction.  Soluble  in  10.5  parts  of  water  at  15°  C. 
(59°  F.),  and  in  0.3  part  of  boiling  water ;  insoluble  in 
alcohol,  when  gradually  heated  the  salt  loses  water ; 
at  93°  C.  (197.6°  F.)  it  melts,  and  if  the  heat  be  gradually 
increased  to  200°  C.  (393°  P.),  it  loses  45.57  per  cent,  of 
its  weight  (water  of  crystallization),  leaving  a  bulky, 
white  residue  "  (U.  8.  Ph.).  Alum  is  decomposed  by  the 
alkalies  and  their  carbonates,  lime,  magnesia  and  its  car- 
bonate, potassic  tartrate,  and  lead  acetate.  The  salt  is 
highly  astringent,  and,  internally,  in  dose  of  from  4  to  S 
^ni.  or  more  (one  or  two  drachms),  is  promptly  and  ef- 
ficiently emetic,  with  little  nausea  or  depression.  In 
large  concentrated  dosage  it  is  an  irritant  poison,  but 
death  is  rare.  Alum  is  principally  employed  locally  as 
an  astringent.  For  limited  application  to  an  accessible 
part  a  smooth  crystal  may  be  swept  over  the  surface,  but 
more  commonly  aqueous  solutions  are  used,  ranging 
in  strength  from  one-half  of  one  per  cent,  to  three  or  four 
per  cent.,  according  to  the  sensitiveness  of  the  part.    A 
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domestic  but  serviceable  form  of  application,  is  aXum 
curd,  made  by  boiling  alum  in  milk,  one  part  to  sixty, 
until  coagulation  ensues,  then  straining  and  applying  the 
curds  like  a  poultice  between  layers  of  fine  linen.  Or 
the  curd  may  be  obtained  by  mixing  3  gm.  (thirty 
grains)  of  powdered  alum  with  the  white  of  an  egg.  Alum 
may  be  almost  universally  used  for  astringent  purposes, 
except  that  as  a  gargle  it  is  objectionable  because  of  an 
injurious  action  upon  the  teeth,  and  as  a  coUyrium  be- 
cause of  its  attacking  and  softening  the  tissue  of  the  cor- 
nea wherever  the  protective  iniiuence  of  the  epithelium 
may  be  wanting,  as  in  case  of  abrasion  or  ulcer.'  Inter- 
nally alum  may  be  used  as  an  emetic  in  the  doses  stated 
above,  and  has  been  held  for  a  century — off  and  ou — to 
be  of  peculiar  avail  in  lead  colic,  abatmg  all  the  symp- 
toms, even  to  breaking  the  tendency  to  constipation.  For 
internal  astringent  medication  alum  is,  nowadays,  com- 
paratively seldom  used,  other  astringents  being  preferred. 
The  dose  of  alum  is  from  0.30  to  1.00  gm.  ^five  to  fifteen 
grains)  in  powder,  with  sugar  and  an  aromatic,  or  in  mixt- 
ure with  honey  or, molasses.  Or  alum-whey  may  be  given 
— simply  the  whey  left  after  straining  out  the  curds  in  the 
preparation  of  the  latter  from  alum  and  milk  as  de- 
scribed above.  Such  whey  may  be  given  by  the  wine- 
glassful.  These,  various  dosings  may  be  repeated  three 
or  four  times  a  day,  or,  in  lead  colic,  given  even  hourly. 
As  has  been  already  said  in  the  quoted  description  of 
alum,  the  salt  parts  with  water  of  crystallization  when 
heated  to  about  200°  C.  Such  heating  of  effloresced  alum, 
continued  till  the  alum  has  been  reduced  to  a  standard 
weight,  is  ordered  by  the  U.  S.  Pharmacopoeia,  and  the 
product,  pulverized,  is  entitled  Alumen  Exsicca,tum, 
Dried  Alum,  more  commonly  called  burnt  alum.  Dried 
alum  is  "a  white,  granular  powder,  attracting  moisture 
when  exposed  to  the  air,  odorless,  having  a  sweetish,  as- 
tringent taste,  very  slowly  but  completely  soluble  in 
twenty  parts  of  water  at  15°  C.  (59°  F.),  and  quickly  solu- 
ble in  0.7  part  of  boiling  water.  It  answers  to  the  same 
reactions  as  alum"  (TJ.  S.  Ph.).  Dried  alum  dissolves 
more  slowly  in  water  than  the  crystalline,  but  is,  yet, 
physiologically  much  more  active,  for  it  is  powerfully 
astringent  even  to  causticity,  and  its  use  is,  applied  dry, 
to  cauterize  exuberant  granulations  or  unhealthy  ulcers, 
or  to  repress  haemorrhage  as  from  a  leech-bite  or  tooth- 
socket.  Edward  Ourtis. 

•  John  Tweedy :  The  Practitioner,  November,  1883,  p.  .331. 

AMBER,  SucciNUM.  (Preparation :  Oleum  Suceini, 
U.  S.  Ph.). 

A  fossil  resin  produced  by  Pityooeylon  succiniferwm 
Kr.  and  other  tertiary,  and  long  ago  extinct  Ooniferai. 
The  range  of  these  trees  must  have  been  a  considerable 
one,  as  amber  has  been  found  in  many  widely  sep- 
arated places — Siberia,  Alaska,  Greenland,  Maryland, 
in  the  United  States,  and  in  nearly  all  quarters  of 
Europe.  But  the  tract  now  covered  by  the  Baltic 
Sea  must  have  produced  these  trees  in  the  greatest 
abundance,  for  from  its  southern  borders  nearly  all  the 
amber  of  commerce  is,  and  for  many  centuries  has  been, 
obtained. .  The  west  coast  of  Denmark,  and  nearly  the 
whole  north  coast  of  Prussia  is  included  in  this  amber- 
iferous  region.  It  is  continually  found  cast  upon  the 
shores  by  the  waves,  especially  after  heavy  storms, 
either  loose  or  entangled  in  the  "roots"  of  /«c»  and 
other  marine  algse  ;  it  is  also  fished  up  from  the  bottom  ; 
and  finally,  large  quantities  are  dug  out  of  a  stratum  of 
glauconitic  sand,  "  blue  earth,"  underlying  layers  of  peat 
and  marl,  and  extending  often  far  beneath  the  bed  of  the 
sea.  It  is  assorted  into  numerous  grades,  according  to 
its  purity  and  size,  the  finest  pieces  are  cut  and  polished 
for  articles  of  ornament,  the  small  and  unsightly  ones, 
with  the  chips  and  cuttings,  are  made  into  varnishes  and 
various  compositions,  or  distilled  for  the  oil. 

Amber  is  found  in  hard  brittle  tears  and  lumps  of 
more  or  less  rounded,  but  often  irregular,  shape.  They 
are  round,  usually  small,  rarely  exceed  a  few  grammes 
in  weight,  and  vary,  very  much  in  clearness  and  trans- 
parency. They  often  contain  coarse  impurities,  vege- 
table remains,  and  dirt.    Occasionally  entire  insects  are 


beautifully  preserved  in  them.  The  color  of  amber  is 
generally  yellow  or  brownish,  but  varies  from  almost 
white  to  nearly  black ;  it  is  rarely  greenish.  The  ex- 
ternal or  natural  surface  is  usually  rough  orirreguiai, 
the  interior  often  beautifully  transparent.  It  is  harder 
than  most  resins,  has  no  odor  or  taste,  breaks  with  a  con- 
choidal  fracture,  and  is  capable  of  receiving  a  high  polish. 

It  is  insoluble  in  water  and  cold  alcohol,  but  may  be 
dissolved  in  boiling  alcohol,  benzol,  etc.  It  softens  at  a 
moderately  high  temperature,  but  does  not  melt  until 
39°  C,  when  it  begins  also  to  decompose.  Composition, 
CioHieO,  and  hydrocarbons. 

The  use  of  amber  itself  in  medicine  is  long  past.  It  is 
sometimes  an  ingredient  of  fumigating  powders  or 
pastilles ;  directions  also  for  making  an  ethereal  tincture 
are  in  pharmaceutical  works.  The  oil  of  amber  (Oleum 
Bucdni,  U.  S.  Ph.)  is  an  empyreumatic  liquid,  obtained 
by  dry  distillation  and  purified  by  distillation  from 
water.  The  crude  oil  is  a  mixture  of  hydrocarbons 
and  acids;  a  thick,  dark  red,  offensive  smelling  liquid. 
The  redistilled  is  pale  or  white,  "a  colorless  or  pale 
yellow,  thin  liquid,  becoming  darker  and  thicker  by 
age  and  exposure  to  air ;  having  an  empyreumatic 
balsamic  odor,  a  warm,  acrid  taste,  and  a  neutral  or 
faintly  acid  reaction.  Specific  gravity  about  0.930.  It 
is  readily  soluble  in  alcohol,"  etc.  (U.  S.  Ph.).  It  is  ex- 
tensively adulterated.  Internally  used— ifose,  two  to  five 
decigrammes  (0.3  to  0.5  gm.ziiltiij.  ad  viij.=  gtt.  5  to 
15) — it  is  said  to  be  stimulant  and  antispasmotic.  Ex- 
ternally it  is  rubefacient,  and  is  occasionally  used  as  an 
ingredient  of  liniments.  The  residual  pitch,  "  amber 
resin,"  left  after  the  distillation  of  the  oil,  is  dissolved  to 
make  a  slowly  drying,  but  very  hard  and  durable  varnish. 
Succinic  acid  is  also  one  of  the  products  of  the  disintegra- 
tion of  amber. 

Allied  Plants. — For  other  Goniferm  see  Turpentine. 

Allied  Drugs, — Oil  of  tar  is  chemically  and  thera- 
peutically analogous  to  oil  of  amber.  Copal,  kauri,  and 
other  fossil  resins  are  strictly  analogous  products. 

W.  P.  ~ 


AMBERGRIS  [Ambre  gris.  Codex  Med.;  Amhra  griaea, 
i.e.,  gray  amber).  A  peculiar  fatty  material,  found  in 
lumps,  generally  on  the  surface  of  tropical  seas ;  oc- 
casionally in  the  intestines  of  the  sperm-whale,  Pkyseter 
macrooephalus  Shaw,  where  it  is  supposed  to  be  a  patho- 
logical formation.  The  balls  are  often  of  concentric 
structure,  and  in  appearance  and  position  are  analogous 
to  concretions  found  in  other  animals.  Pieces  vary  in 
size  from  small  fragments  to  great  masses  of  fifty  kilos 
or  more  (100  lbs.).  It  is  a  waxy,  tasteless  substance, 
crumbling,  but  also  softening  in  the  hand,  having  about 
the  consistency  of  some  gallstones,  its  color  usually 
grayish  or  brownish,  streaked  or  spotted  with  white. 
Odor  slight,  peculiar,  not  nauseous.  At  the  temperature 
of  boiling  water  it  melts,  and  at  a  higher  one  is  dissipated, 
leaving  but  little  residue.  Soluble  in  alcohol,  ether, 
fixed  and  essential  oils,  etc. 

Ambergris  consists  to  the  extent  of  about  eighty-five 
per  cent,  of  a  peculiar  non-saponiflable,  crystallizable 
fat,  mnhreiri,  besides  small  amounts  of  extractive, benzoic 
acid,  etc. 

Ambergris  has  been  used  as  an  antispasmodic  of  the 
musk  type,  but  is  probably  weaker  than  that.  Its  medi- 
cal use  is  nowadays  not  worth  serious  thought.  In 
perfumery,  like  musk,  it  has  the  property  of  holding  and 
developing  the  vegetable  odors. 

The  dose  may  be  accepted  as  from  one-fourth  to  one 
gramme  (=  gr.  iv.  ad  gr.  xvj.).  A  tincture  would  be  a 
suitable  form. 

Allied  Animals,  etc. — Several  species  of  whales  and 
other  Cetacea  are  hunted  mostly  for  their  oils,  but  none 
supply  any  medicines. 

Allied  Drugs. — A  number  of  animal  secretions  have 
been  reputed  to  have  antispasmodic  qualities.  For  a  list 
of  them  see  Musk.  Among  vegetable  products  assa- 
fwlida,  vale/iian,  etc.,  have  taken  the  place  which  was 
formerly  held  by  the  others.    See  Assaf ostida. 

W.P.  Bolles. 
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AMBULANCES  ai^d  the  Ambijlai^ce  Service  m 
Lab&ek  Cities. — Ambulance  is  a  military  term  which 
is  somewhat  differently  applied  in  different  countries.  It 
is  probably  derived  from  the  Latin  amimlo,  "  I  walk  "  or 
"  move  slowly,"  because  a  gentle  motion  was  necessary 
for  the  wounded.  In  Prance  the  teriri  is  applied  to  a 
movable  hospital,  Iwpiial  amMdant,  which  is  attached  to 
each  division  of  an  army.  The  invention  or  improve- 
ment of  this  system,  during  the  wars  of  the  First  Na- 
poleon, is  attributed  to  Baron  Larrey.  In  England  and 
America  the  word,  as  now  used,  signifies,  "A  two- or 
four-wheeled  vehicle,  which  serves  as  a  movable  hospital 
for  the  wounded."  Much  study  has  been  given  to  the 
construction  of  ambulances  suitable  for  use  during  war, 
and  great  improvements  have  been  made.  During  the 
War  of  the  Rebellion  the  "  Wheeling  "  and  the  "  Ruckcr  " 
patterns  were  principally  used.  When,  subsequent  to 
the  establishment  of  peace,  the  subject  of  the  introduc- 
tion of  the  ambulance  for  service  in  New  York  City 
was  presented,  these  vehicles  were  found  unsuitable  for 
the  requirements  of  such  a  service,  and  an  entirely  differ- 
ent wagon  was  constructed.  The  army  ambulance  is 
built  to  convey  a  large  number  of  wounded  with  the 
greatest  comfort  possible,  from  the  place  of  immediate 
dressing  to  the  place  of  permanent  dressing,  or  operation ; 
water,  food,  and  stimulants,  being  generally  all  the  re- 
quirements needed  while  en  route.  It  was  found  that 
the  ambulance  for  service  in  cities  should  be  made  lighter, 
to  permit  of  speed  ;  should  have  the  body  of  the  wagon 
lower,  to  increase  comfort,  and  to  allow  of  the  bed  being 


Fia.  81. — ^Abbot-Downing  Company's  Ambulance. 

drawn  out,  and  inclined  to  the  pavement  at  as  slight  an 
angle  as  possible ;  should  have  the  fore  wheels  turn 
under  an  arch  in  the  body  of  the  wagon,  so  as  to  per- 
mit placing  the  horse  out  of  the  way  of  passing  vehicles, 
when  the  ambulance  is  backed  to  the  curb,  awaiting  a 
patient,  and  also  to  allow  turning  the  wagon  in  the  nar- 
rower thoroughfares.  Again,  experience  showed  the  im- 
portance of  carrying  in  the  vehicle  surgical  and  medical 
appliances  of  all  kinds,  to  meet  the  everchanging  charac- 
ter of  cases  presented.  After  fifteen  years  of  study  by 
the  surgeons  and  carriage-makers  of  New  York,  who  are 
interested  in  the  improvement  of  this  service  and  its  ap- 
pointments, an  ambulance  has  been  produced  which 
meets  all  the  needs  of  city  service.  I  speak  concerning 
New  York,  for  so  far  as  I  have  been  able  to  discover, 
with  one  exception,  the  few  ambulances  worthy  of  notice 
which  have  been  constructed  in  other  cities  are  close 
copies  of  this  vehicle.  The  one  exception  is  the  design 
of  Messrs.  Atkinson  &  Philipson,  of  Newcastle-on-Tyne 
(see  Scientific  American,  June  7,  1884).  This  ambulance 
does  not,  from  the  description  given,  add  anything  to  the 
American  model.  It  seems  to  be  too  heavy,  its  closed 
compartment  too  confining,  and  its  wheel  stretcher  ar- 
rangement unnecessarily  complicated.  The  popularity 
of  the  present  patterns  of  ambulances  constructed  in 
New  York  is  proved  by  the  great  number  which  have 
been  built  here  and  sent  by  the  manufacturers  from  this 
city  for  service  in  other  localities.  I  find  that  they  have 
shipped  them  within  a  short  time  to  the  following  places : 
London  and  Bristol,  England  ;  the  Panama  Canal  Com- 


pany, Panama ;  Guatemala ;  and  the  cities  of  Boston, 
Charlestown,  Springfield,  Brooklyn,  Williamsburg,  Al' 
bany,  Buffalo,  Cleveland,  Chicago,  Cincinnati,  Charles- 
ton, San  Francisco,  Philadelphia,  Washington,  New 
Orleans,  and  Baltimore. 

The  first  vehicle  used  in  New  York  was  the  four- 
wheeled  covered  "market  wagon."  In  this  a  mattress 
was  placed,  with  pillows  and  blankets,  _  and  the  limited 
supplies  were  carried  in  a  bag  or  placed  in  a  box.  It  was 
found  that  the  motion  of  the  wagon  was  objectionable, 
that  the  mattress  soon  became  hard,  and  it  and  the  bed- 
ding soiled  and  tenanted.  The  Fielding  Brothers  made 
the  first  improvement  toward  an  acceptable  ambulance. 
Mr.  M.  Curley,  who  was  later  wagon-builder  to  the  Depart- 


FiQ.  82. — Bellevue  Hoepital  Ambulance. 

ment  of  Charities  and  Corrections,  being  asked  to  provide 
a  vehicle  more  suitable  for  the  uses  of  the  Hospital, 
found  it  impossible  to  alter  the  old  "sick  wagon"  for 
such  service,  and  a  short  time  afterward  delivered  by 
order  to  the  department  an  ambulance  which  met  with 
favor.  From  time  to  time  improvements  upon  this  have 
been  made.  At  the  present  day  there  are  three  patterns 
or  styles,  either  of  which,  except  during  the  winter  when 
the  presence  of  snow  in  the  streets  impedes  travel,  is 
easily  and  rapidly  drawn  by  a  single  horse.  The  internal 
fittings  and  supplies  being  nearly  the  same,  the  patterns 
approved  by  the  different  hospitals  depend  much  upon 
the  service  which  it  is  their  duty  to  perform.    Fig.  81 


Fio.  83.— New  York  Hospital  Ambulance. 

represents  an  ambulance  built  by  the  Abbot-Downing 
Company.  This  style  was  formerly  used  at  Bellevue 
Hospital,  and  still  is  in  service  at  some  institutions.  It  is 
the  earliest  model  of  ambulance,  having  a  box  body,  the 
driver's  seat  inside,  and  only  a  rest  for  his  feet  forward. 
It  cannot  be  turned  easily,  and  is  rather  too  high  and  too 
short  for  the  comfort  of  the  patient.  Its  advantages 
are  its  lightness  (weight,  from  800  to  1,000  lbs.)  and  the 
fact  that  it  is  not  so  expensive  as  the  more  elegant  patterns 
(cost,  less  than  $500).  This  vehicle  is  suited  to  a  service 
where  the  streets  are  macadamized,  or  well  paved,  where 
the  roads  are  wide,  the  distance  to  travel  long,  and  where 
collisions  with  other  vehicles  or  qfcjects  is  improbable. 
The  lightest  ambulance  yet  made  weighed  675  lbs.  Figs. 
83  and  83  represent  two  other  varieties  of  ambulance,  the 


128 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Ambnlances. 
AmbnlanceH. 


first,  Fig.  83,  constructed  by  Mr.  M.  Curley  and  used  by 
the  Bellevue  and  some  other  hospitals  ;  the  second  built 
by  the  Abbot-Downing  Company,  and  adopted  by  the 
New  York  and  Chambers  Street  Hospitals.  At  first  view 
these  seem  to  be  very  much  alike,  and  they  are  so,  ex- 
cept in  respect  to  the  arrangement  of  the  parts  in  front 
of  the  arch,  in  the  construction  of  the  driver's  seat  and 
hood,  and  in  the  attractiveness,  of  outline.  Either  one 
will  weigh  from  1,100  to  1,300 lbs.,  will  cost  in  the 
neighborhood  of  $600,  and  will  meet  the  modern  requli-e- 
ments  of  a  serviceable  ambulance.  Naturally,  each 
manufacturer  claims  a  superior  quality  of  wood  used  or 
a  better  make  of  springs  or  wheels  for  his  vehicle,  and 
each  ambulance  has  minor  points  of  superiority  or  in- 
feriority, according  to  the  nature  of  the  service  which  it 
will  have  to  perform.  The  further  description  of  the 
ambulance  will  refer  to  these  two  patterns. 

It  has  been  the  effort  of  the  builders  to  produce  a 
vehicle  which  would  be  distinct  in  character,  and  not  re- 
semble the  so-called  "Black  Maria,"  which  is  used  to 
transfer  those  suffering  from  contagious  diseases,  and  is 
therefore  avoided  by  the  public;  the  "undertaker's 
wagon"  which,  at'least,  is  not  a  cheerful  looking  object ; 
and  the  "  business  delivery  wagon"  which  does  not  in- 
spire the  drivers  of  other  vehicles  with  respect.  As  the 
"right  of  way"  is  given  by  law  to  the  ambulance,  it  is 
of  advantage  that  it  should  be  easily  recognized  in  the 
crowded  thoroughfares,  and  as  the  most  aristocratic 
neighborhoods  are  often  traversed  by  it  in  response  to 
summons,  it  should  be  attractive,  rather  than  an  object 
offensive  to  the  eye,  or  one  warranted  to  arouse,  through 
an  attempt  to  conceal  the  contents,  a  suspicion  of  con- 
tagion. These  considerations,  however  unimportant 
they  may  seem  now  that  public  confidence  has  been 
established,  were  at  one  time  of  weight. 

It  is  hardly  necessary  to  go  into  the  details  of  the 
construction  of  the  running  gear  of  these  wagons,  as 
the  pictures  presented  show  as  well  as  words  could 
describe,  their  build.  The  length  of  the  body  is  more 
than  sufficient  to  permit  of  the  patient  lying  on  the 
bed,  and  gives  room  for  the  feet  of  the  surgeon,  who 
sits  on  a  seat  in  the  rear  ;  it  is  wide  enough  for  two 
patients  to  lie  side  by  side  without  interference.  The 
front  box  gives  room  for  the  driver  and  a  seat  for 
one  patient.  Eight  persons  can  be  carried  should  occa- 
sion require ;  one  sitting  with  the  driver,  three  lying  upon 
the  bed  (one  having  his  head  to  the  rear  and  tlie  other  two 
with  their  heads  forward),  two  sitting  on  the  surgeon's 
cross-seat,  supported  by  straps  in  the  rear,  and  the  surgeon 
riding  upon  the  step  which  hangs  down  from  the  back 
end  of  the  body.  The  driver's  or  forward  seat,  over  the 
arch,  is  made  wide,  the  cushions  and  top  lift  up  on 
hinges,  affording,  in  the  box  underneath,  a  receptacle  for 
dressings,  splints,  etc.  The  floor  in  front  is  raised  at  an 
angle  to  give  a  firm  rest  for  the  feet,  and  to  admit  of  the 
working  of  the  lever  by  one  foot  of  the  driver,  which 
rings  the  gong  seen  on  the  dashboard.  In  a  pocket  at 
the  side  of  the  dash-board  is  a  leather  apron  for  use  in 
rainy  weather.  The  surgeon's  seat  is  a  padded  cross- 
board  at  the  rear,  firmly  fixed  to  one  side  of  the  body 
with  hinges,  and  at  the  other  side  secured  by  a  catch. 
This  seat  can  be  raised  at  one  end  when  the  ambulance  is 
opened,  and  the  catch  is  caught  in  the  side  of  the  roof, 
thus  keeping  it  perpendicular  and  out  of  the  way.  The 
rear  end  of  the  box  or  body  is  then  unfastened  at  each 
side,  and  being  hinged  to  the  floor  falls  down  against  the 
rod  of  the  surgeon's  step,  thereby  admitting  of  free  ac- 
cess to  the  interior.  The  sides  and  rear  of  the  ambulance 
are  furnished  with  adjustable  leather  curtains,  though 
the  centre  panel  at  the  sides  is  frequently  made  of  wood. 
The  roof  is  of  hard  wood.  Upon  each  side  and  the  rear 
end  of  the  Tbody,  the  name  "Ambulance"  is  painted  in 
large  letters ;  this  word  is  again  conspicuously  placed  on 
a  board  running  crosswise  at  the  front  of  the  roof.  The 
lamps  are  placed  at  the  sides,  and  sometimes  a  more  pow- 
erful reflector  has  been  attached  to  the  centre  of  the  roof 
in  front.  The.  surgeon's  step  is  a  wide,  wooden  platform, 
hanging  down  from  the  floor  by  rods  at  the  rear,  and 
allows  of  the  surgeon  entering  or  leaving  the  wagon  while 
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it  is  in  motion,  strong  straps  being  placed  at  either  side, 
firmly  fastened  to  the  rear  roof -supports  near  their  middle, 
to  assist  him  in  controlling  his  movements.  The  colors 
used  in  painting  are  generally  black  and  dark  green.  The 
mountings  and  metal  work  of  the  body  are  painted, 
nickel-plated,  or  made  of  brass.  When  everything  mov- 
able is  taken  from  the  inside  of  the  ambulance,  the  floor, 
which  is  of  wood,  will  be  seen  to  have  set  into  it  two 
smoMh  iron  strips  about  three  inches  wide,  running  from 
end  to  end,  one  on  each  side  ;  this  is  the  track  on  which 
the  rolling  bed  is  placed.  The  sides  of  the  body  are 
padded  and  covered  with  enamelled  leather  or  gum  cloth  ; 
to  the  rear  of  the  driver's  seat  is  an  iron  frame  made  to 
hold  the  medicine-chest ;  at  one  side  is  another  frame  to 
receive  a  box  containing  antiseptic  dressings  and  instru- 
ments. Near  the  roof  are  straps  for  the  reception  of 
thigh-splints,  and  further  back  there  is  an  ingenious  ar- 
rangement to  hold  the  surgeon's  lantern.  When  in  this 
condition  the  whole  interior  can  be  thoroughly  washed 
and  disinfected.  The  "  fitting  up  "  of  the  ambulance 
consists  in  placing  the  rolling  bed  upon  its  floor,  pre- 
paring this  for  the  reception  of  patients,  and  stowing 
away,  in  a  convenient  and  compact  manner,  the  medical 
and  surgical  supplies.  The  rolling  bed  consists  of  a 
frame  made  to  fit  the  floor  of  the  ambulance.  Mortised  into 
its  under  side,  so  as  to  rest  upon  the  iron  track  before  men- 
tioned, are  a  number  of  small  iron  wheels,  admitting  of 
the  bed  being  easily  rolled  in  or  pulled  out  from  the  body 
of  the  vehicle  ;  when  the  bed  is  withdrawn,  its  rear  end  is 
lowered  to  rest  at  an  easy  angle  on  the  ground,  while  the 
front  end  remains  within  the  back  part  of  the  ambulance. 
On  this  frame  bed,  covering  it  entirely,  is  constructed  a 
spring  and  hair  mattress,  higher  at  the  middle  than  at 
the  sides  (to  permit  fluids,  etc.,  to  run  off),  and  covered 
with  gum  cloth  for  cleanliness.  At  the  front  or  head  is 
an  elevation  which  serves  as  a  rest  for  the  pillows,  and 
prevents  their  sliding  forward.  After  the  patient  is 
placed  upon  this  bed  (which  is  not  taken  out  of  the  am- 
bulance except  to  be  cleaned),  and  comfortably  covered, 
the  rear  end,  which  is  provided  with  handles,  is  lifted  to 
the  level  of  the  floor,  and  the  couch  is  rolled,  without 
jarring  the  patient,  into  its  place.  The  latest  pattern  of 
bed  has,  at  its  forward  end,  heavy  clamps  which  catch 
in  rings  at  the  rear  of  the  ambulance  when  the  bed  is 
rolled  out,  thus  preventing  its  falling  entirely  out  should 
the  horse  start.  These  are  so  strongly  made,  that  lately 
an  ambulance  having  started  when  the  bed — on  which 
was  a  patient  weighing  200  Ibs.^— was  out,  the  lower  end 
of  the  bed  did  not  strike  the  ground,  and  the  patient 
was  held  only  by  the  clamps.  A  further  addition  is  an 
adjustable  support  or  legs  for  the  rear  end  of  the  bed,  so 
that  it  may  not  rest  on  the  walk,  but  be  placed  at  such  an 
angle  as  may  seem  most  desirable.  Each  wagon  is  pro- 
vided with  one  or  more  stretchers  ;  on  these  the  patients 
are  brought  to  the  ambulance,  and,  still  remaining  on 
the  stretcher,  are  laid  upon  the  bed,  thus  being  ready  for 
removal  when  the  hospital  is  reached.  These  stretchers 
each  consist  of  three  pieces  of  heavy  canvas  of  equal 
size,  the  ends  of  which  being  turned  over  and  firmly 
stitched  down,  leave  a  "sleeve"  through  which  poles 
are  passed  ;  the  three  pieces  being  placed  one  after  an- 
other on  these  two  parallel  poles,  which  extend  far 
enough  beyond  for  handles,  furnish  a  convenient  and 
strong  litter  on  which  to  carry  the  patient  from  the  scene 
of  accident.  Two  iron  crossbars,  having  rings  to  admit 
the  poles,  are  used  to  extend  the  stretcher.  'The  canvas 
is  divided  into  three  pieces  for  the  comfort  of  the  patient 
when  the  stretcher  is  taken  from  under  him.  In  doing 
this  the  poles  are  first  withdrawn,  the  head  is  raised,  and 
one  piece  slid  out ;  next  the  pelvis  and  then  the  feet  are 
lifted,  and  the  other  sections  are  in  turn  removed,  so  that 
without  disturbing  the  patient  to  any  great  extent,  the 
orderly  at  the  hospital  can  place  him  in  bed.  Two  or 
more  pillows  and  double  blankets  are  carried  ;  these 
should  be  frequently  changed  and  disinfected.  The  sup- 
plies, consisting  of  medicines,  instruments,  and  surgical 
appliances,  are  stored  in  their  appropriate  receptacles. 
Under  the  driver's  seat  are  placed  long  and  short  coapta- 
tion splints  in  pairs  ;  right  and  left  tin  arm-splints, 
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special  splints,  cotton  in  rolls,  prepared  jute,  bandages  of 
all  widths  and  lengths,  sheet  lint  and  unbleached  muslin, 
rubber  tissue,  a  can  of  dressing  for  burns,  sufficient  to 
treat  a  number  of  cases,  and  sometimes  a  strait-jacket 
and  stomach-pump.  In  the  medicine  chest,  which  is 
carried  in  an  iron  frame  behind  the  driver's  seat,  and 
which  is  easily  lifted  out,  and  brought  by  the  attendant 
to  anyplace  designated  by  the  surgeons,  the  drugs  are 
stored,  each  bottle  being  plainly  marked  and  fitted  into 
a  tray  to  avoid  breaking.  Here  are  found  emetics  for 
use  in  poisoning,  antidotes  of  every  kind,  styptics,  Heart 
stimulants,  anodynes,  anaesthetics,  vaseline,  and  oil.  In 
a  smaller  wooden  box,  placed  on  a  similar  frame  at  one 
side  of  the  ambulance,  are  stored  antiseptic  dressings, 
hermetically  enclosed,  for  use  in  wounds  perforating 
cavities  of  the  body,  and  antiseptic  solutions  for  washing 
or  irrigation.  Instruments  were  sometimes  kept  in  this 
box,  but  as  those  needed  by  the  ambulance  surgeon  are 
few,  and  when  wanted  are  required  immediately,  they 
are  more  frequently  carried  in  the  satchel  which  the 
surgeon  keeps  in  his  possession.  Hanging  in  leather 
straps,  close  to  the  roof,  are  long  and  short  thigh-splints, 
different  varieties  being  approved  by  different  hospitals, 
the  best  probably  being  provided  with  an  adjustable  foot 
piece  and  having  rubber  bands  for  extension  and  counter- 
extension.  The  satchel  is  marked  with  the  name  of  the 
hospital  on  the  outside,  and  contains  usually,  a  pocket- 
case,  hypodermic  syringe,  tracheotomy  tubes,  rubber  tub- 
ing, a  Nelaton's  probe,  a  syringe,  tourniquet,  catheters, 
dressings  for  minor  injuries,  a  bottle  of  antiseptic  solu- 
tion, stimulants,  such  as  brandy  and  nitrite  of  amyl, 
morphine,  ergot,  a  pocket  street-directory,  and  an  offi- 
cial list  of  the  location  of  fire-alarm  boxes.  The  surgeon's 
lantern  is  of  that  variety  which  can  be  carried  on  the 
arm  ;  it  is  hung  on  a  hook  when  in  the  ambulance,  and 
is  kept  in  place  by  a  spring  clamp  at  the  side  of  the  vehi- 
cle. A  second  inside  light  is  useful,  so  that  the  driver 
may  have  light  to  find  articles  should  the  surgeon  send 
for  them. 

The  manner  of  hitching  the  horse  or  horses  to  the  am- 
bulance has  been  greatly  improved  since  the  swinging 
harness,  as  furnished  by  0.  L.  Berry,  of  Boston,  has  been 

fenerally  adopted.  This  is  similar  to  that  used  by  the 
re  department.  If  a  single  horse  is  employed,  the  har- 
ness is  attached  to  the  shafts,  excepting  only  the  head 
stall,  which  is  kept  on  the  horse.  By  an  arrangement  of 
spring  hooks,  pulleys,  and  ropes,  the  harness,  together 
with  the  shafts,  is  raised  from  the  floor,  at  nearly  an 
angle  of  sixty  degrees,  for  the  reception  of  the  horse. 
As  soon  as  the  trained  animal  has  taken  his  proper  place, 
it  is  necessary  to  pull  down  the  shafts,  which  causes  the 
harness  to  be  unloosed  and  fall  into  place  on  the  horse,  to 
spring  the  adjustable  collar  and  hames  together  under 
the  neck,  and  to  fasten  by  snaffles  the  lines  into  the  al- 
ready-placed bit  in  the  horse's  mouth.  This  can  be  ac- 
complished, after  practice,  in  a  few  seconds.  Tho  ad- 
vantages are,  first,  the  horse  is  relieved  of  harness  while 
in  the  stable,  which,  particularly  during  hot  weather  and 
at  night,  is  desirable  ;  second,  the  leather  and  trimmings: 
can  be  cleaned  with  care  and  without  disturbing  the 
horse,  as  was  impossible  when  one  animal  was  always 
under  harness  ;  third,  the  time  saved  in  "hitchin";  up," 
compared  with  the  best  arrangement  of  the  old  s'yle)  is 
worth  the  additional  expense. 

The  stable  for  the  service  requires  a  few  words.  It 
should  be  so  located  as  to  give  a  straight  road  or  way  to 
the  street,  and  as  near  the  surr  eon's  quarters  as  possible. 
It  should  be  so  arranged  that  the  driver  and  horse  on 
duty  alone  should  be  disturbed  by  a  summons,  and  tho 
opening  of  doors,  etc.,  should  not  affect  the  entire  stable 
by  the  admission  of  cold  air.  This  requires  that  tho 
floor  should  be  divided  into  two  distinct  portions,  the 
front  being  the  ambulance  room,  and  the  rear  the  stable 
proper.  The  ambulance  and  horse,  or  horses,  ready  for 
duty  should  be  placed  in  their  separate  room,  the  horse- 
stall  being  at  one  side  and  behind  the  ambulance.  The 
advantages  of  this  are  twofold  ;  first,  the  varnish  on  the 
ambulance,  soon  affected  by  the  ammonia  rising  from  a 
stable,  is  protected,  and  the  communication  of  the  odor 
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to  the  bedding  is  avoided  ;  second,  the  horse,  or  horses 
for  duty  are  placed  in  a  working  stall  and  unloosed  bv 
electricity  when  the  gong  rings.  Horses,  in  this  service 
often  become  nervous,  but  if  trained  to  know  their  place' 
those  in  the  stable  proper  will  not  move  when  the  bell 
rings,  while  the  same  animals,  when  placed  in  the  ambu- 
lance room,  will  instantly  run  into  place.  Two  horses 
are  necessary  for  a  single  ambulance  service,  and  at  least 
three  for  the  readiness  of  two  vehicles  ;  accidents,  sick- 
ness, and  shoeing  generally  keeping  one  animal  more  or 
less  out  of  condition.  The  number  of  surgeons,  drivers 
and  stablemen  needed  is  a  matter  for  the  action  of  the 
authorities  having  supervision.  The  New  York  Hospital 
has  lately  established,  at  its  Bloomingdale  Hospital  farm, 
a  stable  for  the  preparation  of  horses  for  this  service  in  its 
branches  in  the  city  of  New  York. 

The  changes  that  may  be  made  in  a  vehicle  for  ambu- 
lance service  cannot  be  foretold  ;  yet  at  the  present  time 
there  seem  to  be  only  two  points  assailable,  viz.,  the 
probable  improvement  of  springs  for  the  ambulance  or 
for  the  bed,  and  the  possible  adoption  of  rubber  tires  for 
the  wheels.  These  have  been  tried,  without  satisfaction, 
in  this  city.  Dr.  Robert  Lawson,  Inspector-General  of 
Hospitals,  England,  writes  in  Tlie  Lancet  (July,  1884, 
page  96),  an  article  on  the  "  Construction  of  Appliances 
for  the  Eemoval  of  Sick  and  "Wounded."  After  review- 
ing the  latest  improvements  in  army  ambulances,  the 
Locale  and  Evans,  and  considering  the  introduction  of 
springs  inside  the  wagon  for  the  stretchers  to  rest  on,  he 
concludes  :  "  It  is  obvious  that  a  man  severely  wounded 
is  more  advantageously  situated  when  he  is  subjected  to 
the  motion  of  the  body  of  the  wagon  alone,  at  a  point  as 
near  the  floor  as  can  be  managed,  and  the  ease  of  this  mo- 
tion can  only  be  adequately  provided  for  by  careful  adap- 
tation of  the  springs  to  the  weight  they  have  to  carry." 

The  question  of  the  disinfection  and  sanitary  conddtion 
of  the  ambulance  has  been  brought  forward,  and  it  has 
been  shown  how  the  ambulance  of  the  present  form  can 
be  thoroughly  cleaned  and  rendered  aseptic.  These 
measures  and  the  use  of  cleanliness  in  supplies  will, 
under  all  common  circumstances,  be  found  adequate. 
Most  ambulance  surgeons  have  sat  behind  many  con- 
tagious cases,  but  we  have  yet  to  hear  of  a  single  surgeon 
by  whom  the  disease  was  contracted.  "This  might  be 
more  easily  possible  were  the  vehicles  closed.  The 
Johns  Hopkins  Hospital,  in  its  prospectus,  advises  an 
ambulance  of  "iron  skeleton  frame,  with  linings  of 
wood  and  leather,  which  can  be  easily  removed,  being 
divisible  into  several  parts.  The  litters  should  be  iron 
wire  mattresses.  The  lining  should  be  frequently 
removed,  and  it  and  the  ambulance  wagon  often  disin- 
fected by  fumigation."  If  contagious  cases  were  gen 
orally  carried  in  the  ambulance,  it  would  be  well  to  spare 
the  time  to  follow  this  plan  ;  but,  except  where  the  symp- 
toms call  for  instant  action,  as  in  patients  requiring 
tracheotomy  in  diphtheria,  etc.,  such  cases  belong  to  the 
Health  Department,  and  should  be  sent  in  a  special 
wagon  to  the  hospital  for  contagious  diseases;  thus 
avoiding  the  risk  of  contaminating  the  ordinary  amhu. 
lance  and  insuring  the  public  against  contraction  of  dis- 
ease through  this  channel. 

Historical  Sketch.— The  origin  of  a  City  Ambu- 
lance Service,  beyond  doubt,  is  correctly  credited  to  the 
city  of  New  York.  The  history  of  the  conception  of 
such  a  department  and  its  establishment,  has  up  to  this 
time  never  been  fully  written.  From  what  can  be 
learned,  tho  idea  of  a  "city  relief  service  for  the 
wounded,"  had  been  in  tho  mind  of  Dr.  Edward  B.  Dal- 
ton  from  tho  time  when  he  became  Sanitary  Superinten- 
dent of  the  Board  of  Health,  in  1866,  until  the  time  when 
he  made  the  report  which  is  referred  to  farther  on.  Dr. 
Dalton  was  commissioned  in  1861  a  Surgeon  of  Volun- 
teers in  the  United  States  Army.  Later  he  became  the 
Medical  Inspector  of  the  Department  of  the  Potomac, 
and  having  established,  organized,  and  conducted  the 
celebrated  Dep6t-Pield  Hospital  of  tlie  Army  of  the 
Potomac,  was,  by  the  President  of  the  United  States, 
breveted  Lieutenant-Colonel  and  Colonel  of  Volunteers. 
It  is  not  surprising,  therefore,  that  one  who  had  had 
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thousands  of  wounded  under  his  care,  and  had  superin- 
tended and  provided  for  their  transportation,  should 
originate  the  idea  of  a  city  ambulance  service,  when  he 
hecame  a  municipal  officer.  The  story  of  the  first  sug- 
gestion of  a  service  of  this  kind,  related  by  the  Hon.  Jack- 
son 8.  Schultz,  of  New  York,  at  that  time  (1868)  Presi- 
dent of  the  Board  of  Health,  is  as  follows  :  "  One  day, 
while  present  at  the  old  New  York  Hospital,  then  situ- 
ated in  the  central  part  of  the  lower  city,  a  sea  captain, 
who  had  been  severely  injured  on  shipboard,  was  brought 
from  his  vessel  to  the  receiving  ward ;  he  was  suffering 
more  from  the  rough  manner  of  transportation  than 
seemed  necessary  and,  until  his  arrival  at  the  building, 
had  received  no  expert  medical  attention.  In  the  pres- 
ence of  some  members  of  the  attending  staff,  Dr.  Daltou 
spoke  to  this  effect :  '  The  ambulance  service  of  the 
army  could  be  so  modified  in  a  city  as  to  give  such  cases 
aid  at  the  place  of  accident,  and  convey  them  comforta- 
bly to  some  institution  for  immediate  surgical  attention.' 
He  was  invited  to  present  his  ideas  to  the  Staff  of  the 
New  York  Hospital.  Whether  this  was  done  or  not,  it 
is  impossible  from  the  records  to  state,  but  it  is  said  that 
he  did  make  an  oral  report."  The  minutes  of  the  Gov- 
ernors of  the  New  York  Hospital,  at  a  meeting  held 
February  33,  1869,  show  the  following  resolution,  which 
would  suggest  that  such  a  report  had  been  made,  proba- 
bljr  to  the  Visiting  Committee  :"  Resolved,  that  the 
Visiting  Committee  be  requested  to  procure  for  the  use 
of  this  hospital  an  ambulance  of  the  most  approved  con- 
struction. "  About  this  time  the  New  York  Hospital  dis- 
posed of  their  property  in  the  lowel:  part  of  the  city,  and 
nothing  was  done  under  this  resolution.-'  On  May  1, 
1869,  the  Department  of  Public  Charities  and  Correction 
wrote,  through  their  commissioner,  a  letter  to  Dr.  E.  B. 
Dalton,  Associate  Surgeon,  in  reference  to  the  establish- 
ment of  a  Reception  Hospital,  for  which  a  bill  was  pend- 
ing in  the  Le^slature  of  the  State  of  New  York,  re- 
questing him,  in  view  of  the  pjrobable  passage  of  the 
bill,  "to  frame  a  Code  of  Rules  suitable  for  the  con- 
templated hospital,  and  espedaUy  for  an  ambulance  sys- 
tem for  the  prompt  and  careful  removal  of  the  sick  and 
wounded."  On  May  5th  (see  repbrt  of  Commissioners  of 
Charities  and  Corrections,  18b9,  p.  288)  Dr.  Dalton  sub- 
mitted in  answer  a  document  giving  full  particulars  as 
to  the  best  mode,  in  his  opinion,  of  establishing  the  hos- 
pital, and  of  conducting  the  ambulance  service.  This 
paper  is  divided  under  these  heads :  First;  Receiving 
JJepot ;  second.  Officers  and  Employees ;  third.  Materi- 
als ;  fourth.  Provisions  and  Rules  for  Transportation ; 
fifth.  Duties  of  Officers  at  Receiving  Depot.  After  the 
submission  of  this  paper,  and  at  the  same  meeting,  it 
was  resolved  by  the  Board  of  Public  Charities  and  Cor- 
rections :  "  That  the  city  be  divided  into  two  surgical 


districts  for  the  care  of  casualty  cases,"  and  the  follow- 
ing rules  were  adopted  : 

"  I.  There  shall  be  provided  at  Bellevue  Hospital  two 
ambulances  of  the  form  recommended  by  Dr.  E.  B. 
Dalton  in  his  report  of  May  5th,  and  it  shall  be  the  duty 
of  tho  warden  to  see  that  they  are  at  all  times  in  good 
order  and  fit  for  service.;  also  two  horses,  one  of  which 
shall,  always  be  in  harness,  and  ready  to  be  attached  to 
the  ambulance  ;  two  drivers,  one  of  whom  shall  alwaysi 
be  on  duty  ;  two  helpers,  one  of  whom  shall  always  be 
on  duty. 

"  II.  Each  ambulance  shall  have  a  box  beneath  the 
driver's  seat  containing : 

"1.  One  quart  flask  of  brandy. 

"2.  Two  tourniquets. 

"  3.  Half  dozen  bandages. 

"4.  Half  dozen  small  sponges.  ; 

"  5.  Splint  material. 

"  6.  Pieces  of  old  blankets,  for  padding. 

"  7.  Straps  of  various  lengths,  with  buckles. 

"  8.  Two-ounce  vial  of  persulphate  of  iron. 

"  III.  The  bed  of  each  ambulance  shall  be  composed  of 
two  stretchers  or  litters  (with  ifon  handles  and  shoulder- 
belts  at  each  end)  sliding  readily  in  and  out  on  small 
rollers,  and  held  firmly  in  place,  -when  in,  by  spring 
snaps,  or  bolts."  Articles  No.  IV.,  V.,  VI.,  VII.,  and 
VIII.,  which  follow  and  complete  the  resolutions,  refer 
to  the  administration  of  the  service,  and  the  contem- 
plated co-operation  of.  the  Police  Department.  On  June 
1,  1869,  the  Police  Department  reported  by  letter  from 
James  H.  Kennedy,  Superintendent,  that  they  would  do 
everything  within  their  power  to  make  the  service  a  suc- 
cess. On  June  30,  1869,  Dr.  A.  L.  Loomis,  Attending 
Physician  to  Bellevue  Hospital,  reported  to  the  Commis- 
sioners of  Charities  and  Corrections  the  fact  that,  an  ex- 
amination for  ambulance  surgeons  had  been  held,  and 
two  successful  candidates  were  recommended  for  duty. 
On  October  13, 1869,  a  request  was  received  by  the  Com- 
missioners of  Charities  and  Corrections  for  a  telegraphic 
connection  between  the  Eighteenth  Precinct  of  the  Po- 
lice Department  and  Bellevue  Hospital.  In  the  fall  of 
1869  (page  719  of.  report  of  Commissioners  of  Public 
Charities  and  Corrections),  among  the  estimated  expenses 
of  the  year  to  follow,  was  included  $4,716  for  an  ambu- 
lance service.  On  December  2,  1869,  the  ambulance  ser- 
vice was.  established  in  New  York  at  Bellevue  Hospital 
by  the  Hon.  Thomas  S.  Brennan,  then  "Warden  and 
Commissioner.  It  was  soon  recognized  as  a  necessity, 
and  the  favor  which  it  has  received  from  the  private 
hospital  corporations  and  the  public  is  shown  in  the  fol- 
lowing table,  which  is  compiled  from  official  reports  from 
the  several  hospitals  named,  giving  figures  until  the  ex- 
piration of  the  year  of  service  in  1884. 
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Hospitals. 

1869. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1381. 

1882. 

1883. 

Bellevue 

Ninety-ninth  Street 

74 

1,466 

1,375 

1,483 

1,484 

1,030 

1,846 

1,610 

1,217 

1,606 

1,888 

1,868 

2,282 

2,008 

2,813 
837 

1,669 

2,345 
815 

1,430 
614 

New  York 

480 

1,155 

61 

651 

1,263 

273 

585 

1,321 

291 

823 

1,178 
1,992 

288 
1.106 

276 

1,154 

2,29.3 

353 

1,387 
387 

1,091 
f  124 

736 
1,400 

507 

Ohambei-B  Street... 

978 

Boosevelt 

St.  Vincent's 

Presbyterian 

■ 

Date  Estab- 
'lislled. 


Deo.  2, 1869. 
Nov.,  1871. 
April,  1877. 

,  1876. 

Sep.  12, 1877. 
Jan.  1, 1879. 
July  5, 1880. 


Number 

of 
Ambu- 
lances. 


The  record  of  service  at  the  Ninety-ninth  Street  Hos- 
pital cannot  be  obtained  previous  to  ,1883.  The  increase 
of  calls  responded  to  from  1873,  1,484,  to  1883,  10,413,  is 
remarkable.  The  number  of  vehicles  has  been  raised 
from  two  to  nineteen.  During  the  year  1883  the  average 
time  reported  by  the  superintendents  required  to  hitch 
and  start  varies  in  the  different  institutions  from  thirty 
seconds  to  two  and  one-half  minutes.  The  time  per  mile 
in  the  business  portion  of  the  city  is  reported  as  five  to 
eight  minutes  ;  in  the  less  crowded  thoroughfares,  three 
and  one-half  to  six  minutes.  The  number  of  fire  calls 
responded  to  during  the  year  was  27  at  the  New  York 


Hospital,  39  at  Roosevelt,  60  at  Bellevue,  and  63  at  St. 
Vincent's.  Chambers  Street  has  no  separate  list,  and  the 
fire-,::ong  signal  is  new  at  the  Presbyterian. 

From  this  compilation  it  is  evident  that  the  City  Am- 
bulance Service  has  become  of  great  value  in  the  humane 
care  of  the  injured  in  New  York  City.  To  facilitate  the 
execution  of  the  duties  of  those  connected  with  the  ser- 
vice, the  following  Act,  relating  to  ambulances,  was 
passed  in  the  State  Legislature  of  New  York,'  April  16, 
1879  : 

"  Section  1.  Every  ambulance  or  other  vehicle  used  for 
the  transportation,  of  sick  and  wounded  persons  or  ani- 
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mals  shall  be  entitled  to  the  right  of  way  over  all  other 
vehicles  upon  every  public  street,  highway,  and  place. 
Any  person  who  shall  wilfully  interfere  with,  or  retard, 
or  obstruct,  or  impede  the  progress  of  any  such  ambu- 
lance or  vehicle  thereon,  or  who  shall  wilfully  injure  the 
same,  or  wilfully  drive  any  vehicle  into  collision  there- 
with, shall  be  guilty  of  a  misdemeanor. 

"Sec.  3.  All  police  officers,  sheriffs,  and  constables 
shall,  when  called  upon,  aid  the  persons  in  charge  of 
such  ambulance  or  vehicle  in  placing  sick  or  wounded 
persons  or  animals  therein,  and  in  the  enforcement  of 
the  provisions  of  this  Act. 

"  Sec.  3.  Nothing  in  this  Act  contained  shall  affect  the 
existing  right  of  way  of  the  United  States  Mail,  or  of  the 
officers,  men,  and  fire  apparatus  of  any  municipal  fire 
department  or  insurance  patrol." 

By  this  Act,  which  obtained  recognition  on  the  part 
of  drivers  of  vehicles  in  the  crowded  thoroughfares  of 
the  city  of  New  York  only  after  a  considerable  lapse 
of  time,  the  ambulance  was  enabled  to  reach  the  scene 
of  accident  without  delay.  The  bell-gong,  to  inform 
(by  its  ringing)  the  drivers  of  other  vehicles  to  clear 
the  way,  and  the  police  to  aid  the  passage  of  the  wagon, 
was  found  necessary  to  facilitate  transit,  and  has  now 
become  a  recognized  feature. 

At  the  present  time  the  ambulance  service  of  the  city 
of  New  York  is  performed  by  both  public  and  private 
hospitals,  these  having  each  been  given  certain  precincts 
by  the  Police  Department,  and  a  limited  numeral  list  of 
calls  by  the  Fire  Department,  to  which  they  respond 
individually.  A  call  for  a  number  of  ambulances,  hav- 
ing its  regular  summons  by  telegraph  signal,  is  recog- 
nized in  each  branch,  thus  economizing  the  work  of  any 
one  institution.     Dr.  De  Forest  "Willard  says  in  his 


appeal  to  the  city  of  Philadelphia  in  1883  for  the  intro- 
duction of  ambulance  service  in  that  city :  "  The  early 
arrival  of  professionally  trained  aid  offers  infinite  ad- 
vantages over  the  plan  of  depending  upon  the  well- 
meant  but  injudicious  effort  of  superficially  and  con- 
sequently dangerously  educated  helpers."  For  this  rea- 
son, therefore,  the ' '  internes  "  of  hospitals,  who  have  won 
their  position  therein  after  severe  competitive  examina- 
tion, and  have  served  in  the  wards  as  assistant  surgeons 
for  some  time,  are  detailed  as  ambulance  surgeons  in 
most  institutions,  they  thus  having  gained  full  knowledge 
for  the  proper  application  of  apparatus,  and  practical 
education  for  immediate  diagnosis  and  treatment  of  the 
injured. 

The  method  of  service  in  the  City  of  New  York,  which 
to-day  may,  perhaps,  be  taken  as  the  most  complete 
model  in  the  world,  is  thus  performed :  A  person  is 
injured  or  sick ;  the  attention  of  a  policeman,  or  possibly 
a  fireman,  or  citizen  having  the  key  to  the  nearest  fire- 
alarm  box,  is  obtained.  If  a  policeman,  the  order  for  an 
ambulance  is  communicated,  by  messenger  or  by  him- 
self, immediately  to  his  precinct  headquarters ;  a  tele- 
gram is  instantly  sent  to  the  Police  Central  OfBce,  and 
from  there  the  hospital  doing  service  in  the  neighborhood 
of  the  accident  is  notified.  If  the  call  is  sent  by  the  fire 
alarm  telegraph  (which  is  used  only  in  case  of  urgent 
necessity),  the  nearest  fire-alarm  box  is  opened,  and  an 
ambulance  call  of  twenty  strokes  and  the  number  of  the 
box  are  sent  to  the  Fire  Department  Headquarters  ;  this  is 
repeated  by  them  on  aU  the  gongs  of  the  department  in 
the  city,  both  in  hospitals  and  fire  stations,  and  the  insti- 
tution required  to  respond  to  the  call  despatches  its 
ambulance  to  the  box  indicated.  At  the  hospital,  the 
instant  an  ambulance  call  is  recognized,  either  by  tel- 
ephone or  "Morse"  instrument  from  Police  Central 
Oflice,  or  by  signal  gong  from  the  Fire  Department,  an 
electric  switch  is  turned  which  communicates  with  the 
stable,  ringing  the  gong,  unhitching  the  horse,  opening 
the  door,  stopping  the  clock,  and  turning  up  the  gas  (if 
the  call  be  in  the  night).  The  trained  horse,  now  un- 
loosed, runs  into  place ;  the  driver  pulls  down  the  shafts, 
and  clasps  the  patent  collar  and  hames,  attaches  the 
reins  into  the  bit-rings,  and  drives  out.  At  the  same  time 
a  bell  in  the  ambulance  surgeon's  room  has  been  rung. 
The  attendant  at  the  office  writes  on  a  prepared  slip  of 


paper  the  origin  of  call,  the  destination,  and  the  time 
when  received  ;  this  he  places  immediately  on  a  rack  in 
the  passage-way  most  convenient  for  the  surgeon,  whicli 
rack  contains  the  name  of  the  party  then  responsible  for 
the  ambulance  service.  The  surgeon  who  is  ever  ready 
for  duty  in  the  day-time,  and  at  night  is  prepared  to 
jump  into  his  uniform  in  a  few  seconds,  grasps  hia 
satchel,  runs  to  the  rack,  obtains  the  written  instruction 
intercepts  the  ambulance  as  it  is  passing,  gives  the  proper 
orders  to  the  driver,  and  climbs  into  his  place,  seating 
himself  in  the  rear  of  the  vehicle.  The  time  occupied 
from  the  first  signal  received  at  the  hospital  until  the 
departure  of  the  ambulance  varies  from  twenty  seconds  to 
one  minute.  Quicker  time  has  been  made,  though  it  is 
rarely  necessary ;  delay  being  most  frequently  caused  by 
the  surgeon,  who  at  the  instant  of  call  is  engaged  in 
ward  duties. 

At  the  seat  of  accident  the  members  of  the  police  and 
fire  departments  are  always  ready  to  aid  in  the  care  and 
preparation  for  transportation  of  the  injured. 

Upon  arrival  at  the  hospital,  the  orderlies  remove  the 
patient  to  the  reception  ward.  The  surgeon  notifies  the 
house-surgeon,  and  then  enters,  in  an  ambulance-book, 
a  record  of  the  call,  giving  time,  place,  name,  diagnosis' 
cause  of  injury,  and  other  particulars ;  the  book  being 
for  the  use  of  the  public. 

Having  detailed  the  manner  of  performing  the  service 
in  New  York,  it  is  well  that  I  should  speak  of  the 
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changes  and  modifications  which  have  been  adopted  in 
other  cities.  Up  to  the  present  time  it  seems  that  the 
value  of  this  department  has  not  been  fully  recognized 
in  Europe.  There  is  an  ambulance  service  m  some  for- 
eign cities,  but  the  telegraph  system  is  not  used,  and 
the  necessity  for  rapid  work  is  not  appreciated. 

In  London  Dr.  Howard  has  succeeded  in  establishing 
the  service  in  connection  with  a  number  of  hospitals 
(see  British  Medical  Journal,  February  4,  and  March  4, 
1882).  In  many  of  the  manufacturing  towns  a  service 
of  some  form  is  used,  but  the  system  of  summoning 
the  ambulance  by  telegraph  or  telephone  is  not  generally 
adopted. 

In  Paris,  according  to  the  latest  reports  (see  New  York 
Medical  Journal,  March  15,  1884,  and  New  York  Medical 
Record,  October  18,  1884),  although  Dr.  Henri  Nachtel 
after  his  return  from  New  York  set  forth  to  the  medical 
profession  in  that  city  the  advantage  of  an  ambulance 
service,  and  a  representative  body  formally  recom- 
mended to  the  municipal  authorities  the  adoption  of  a 
similar  service,  nothing  as  yet  has  been  accomplished.  To 
give  strength  to  his  cause,  Dr.  Nachtel  has  lately  secured 
the  support  of  Victor  Hugo.  In  a  recent  letter  Victor 
Hugo  expresses  himself  as  follows:  "New  York  has 
commenced,  Paris  will  continue  that  which  you  propose, 
and  which  is  suggested  by  reason,  and  by  evidence. 
The  success  of  the  scheme  will  confirm  your  afBrma- 
tions  ;  it  is  clear,  it  is  definite,  it  is  humane." 

Dr.  James  Whitson  writes  in  the  Edinburgh  Medicai 
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Jmirrtal,  September,  1884,  an  article,  entitled  "  The  Am- 
bulance Movement  in  Scotland."  He  gives  the  history  of 
the  establishment  of  the  St.  Andrew's  Ambulance  Asso- 
ciation in  1883.  He  informs  us  that  the  ambulance 
wagons  are  now  used  in  Glasgow,  Edinburgh,  and  Coat- 
bridge. The  varieties  of  vehicles  used  in  England  and 
Scotland  are  shown  by  illustration  of  the  "Coatbridge 
Ambulance,"  "The  Atliinson  &  Philipson  Wagon,"  and 
the  first  wagon  of  the  St.  John's  Ambulance  Association 
of  London. 

On  the  continent  (elsewhere  than  at  Paris)  little  prog- 
ress has  been  made  in  the  adoption  of  an  ambulance 
service.  This  may  be  due  to  two  reasons  :  first,  the  dis- 
inclination to  adopt  an  American  institution  (as  one 
writer  on  the  subject  in  France  has  said,  "  I  consider  it 
highly  descreditable  to  the  country,  the  inhabitants  of 
which  assume  to  be  in  the  van  of  progress  and  civiliza- 
tion, to  be  so  exclusive  and  so  adverse  to  foreign  inter- 
vention, even  when  it  affects  their  nearest  interests") ; 
second,  there  is  not  such  a  rivalry  among  charitable  in- 
stitutions as  in  this  country,  nor  such  a  desire  for  cases 
as  to  induce  the  hospitals  to  voluntarily  add  to  their  ex- 
pense in  the  maintenance  of  the  system,  I  have  been 
told — to  illustrate  this  feeling — that  one  day  an  American 
student,  being  at  one  of  the  great  hospitals  in  a  continen- 
tal city,  saw  a  man  injured  in  its  immediate  vicinity  ;  he 
remarked  to  a  professor,  "  If  you  had  an  ambulance  sys- 
tem, that  man  would  be  cared  for  immediately."  The 
answer  was,  "What  difference  would  that  make?  the 
case  miist  come  to  the  hospital  anyway." 

In  the  United  States  the  service  has  been  adopted  in 
nearly  every  large  city.  It  is  hardly  worth  while  to  men- 
tion their  names  here;  the  system  of  conducting  the 
same  is  different,  however,  in  places,  and  each  seems  to 
have  its  supporters.  , 

In  Philadelphia  Dr.  De  Forest  Willard  has  established 
the  service  in  connection  with  seven  hospitals,  each  hav- 
ing purchased  ambulances,  and  two  wagons  having 
been  lately  ordered  by;  the  Department  of  Parks.  The 
"  Gamerrell  system  "  is  now  being  tested  in  several  po- 
lice districts,  and  is  working  satisfactorily.  This  is  the 
placing  of  every  square  in  the  city  in  telephonic  com- 
munication with  the  central  station.  The  city  appro- 
priates $375  to  each  hospital  which  agrees  to  send  an  am- 
bulance promptly  to  any  point  in  its  allotted  district  upon 
summons  over  telephone  from  a  police  station. 

In  Chicago  the  police  telegraph  service  has  the  ren- 
dering " aid  to  the  injured" under  its  care.  The  regular 
ambulance  is  used  by  some  of  the  hospitals,  but  not  by 
the  city.  The  police  wagon  and  ambulance  combined 
responds  to  calls  from  street  boxes.  This  vehicle  is 
open  and  somewhat  similar  to  the  insurance  patrol 
wagon ;  it  is  drawn  by  two  horses,  carries  from  four  to 
ten  policemen,  contains  a  stretcher,  handcuffs,  lantern, 
blankets,  medicine-chest,  and  coil  of  rope  for  use  at  fires. 
No  surgeon  accompanies  this  vehicle.  A  book  of  medi- 
cal instruction  for  officers  in  charge  of  patrol  and  am- 
bulance wagons,  by  Dr.  F.  Henrotin,  Surgeon  of  the 
Police  and  Fire  Department,  is  provided.  Dr.  Henrotin 
says :  "  You  are  simply  to  supply,  as  far  as  lies  in  your 
power,  the  place  of  the  physician,  and  when  he  arrives 
are  to  follow  his  instructions,  and  render  him  what  as- 
sistance you  can."  The  alarm-boxes,  of  which  there  are 
several  hundreds  in  the  city,  are  placed  in  little  houses 
similar  to  a  sentry-box,  having  a  lamp  on  top,  thus 
taking  the  place  of  iron  lamp-posts.  These  boxes,  when 
open,  reveal  a  signal-box  with  dials  for  different  calls 
(criminal,  fire,  and  accidental),  and  telephone  for  the  use 
of  patrolmen  in  communication  with  police  stations. 
Keys  to  these  boxes  are  numbered  and  widely  distrib- 
uted to  citizens  ;  a  register  of  name  being  kept,  to  prevent 
false  alarms.  A  key  cannot  be  removed  from  the  box, 
except  by  the  ambulance-driver,  who  upon  arrival  releases 
it  and  returns  it  to  the  proper  number. 

In  some  cities  the  service  is  under  the  direction  of 
the  Board  of  Health,  in  others  it  is  a  private  system, 
the  ambulance  being  owned  by  individuals,  and  per- 
mitted to  carry  sick  and  wounded  for  hire,  the  city  pay- 
ing for  the  service. 


The  question,  where  the  ambulance  shall  be  stationed, 
is  well  answered  by  Dr.  Willard,  in  favor  of  the  hos- 
pital. He  says,  "The  great  value  of  the  service  lies 
in  the  prompt  attendance  of  a  skilled  medical  man,  pro- 
vided with  appliances  for  the  comfortable  and  speedy  re- 
moval of  the  patient."  That  better  men  will  be  secured 
for  this  service  by  the  hospital,  rather  than  by  the  city, 
I  think  no  one  will  deny.  In  the  one  case  it  will  be  a 
choice  man,  selected  with  care  from  a  number  of  appli- 
cants, all  of  whom  as  a  rule  are  the  better  members  of 
the  recently  graduated  medical  classes.  His  associations 
and  other  duties  will  tend  to  make  him  a  far  preferable 
attendant  upon  the  injured  than  would  be  the  medical 
man,  who,  for  a  small  salary,  would  spend  his  day  at  the 
station-house  waiting  for  an  ambulance  call.  Again,  a 
patient  arriving  at  a  hospital  in  charge  of  one  of  its  own 
surgeons  is  at  once  admitted,  while,  in  the  other  case,  a 
possible  justifiable  rejection  might  subject  the  sufferer  to 
a  longer  journey  before  admission  could  be  secured.  It  is  a 
fact  that  the  very  best  college  men,  the  sons  of  many  of 
our  most  prominent  citizens,  perform  willingly  for  their 
hospitals,  at  the  risk  of  health,  and  sometimes  of  life, 
the  arduous  duties  of  ambulance  surgeon  in  New  York. 
No  compensation  is  expected  or  would  be  received  by 
these  devoted  professional  men.  Yet  it  seems  that  some 
recognition  should  be  made  by  the  public,  when  through 
skill  and  heroism  a  life  has  been  saved.  This  is  hardly 
probable,  however.  The  Humane  Society  does  not  fol- 
low the  surgeon  to  the  side  of  the  patient,  it  does  not  rec- 
ognize how  necessary  to  the  life  of  the  patient  was  the 
operation  so  quickly  and  coolly  performed.  It  overlooks 
the  bravery  in  facing  crime  and  contagion  in  the  most 
uninviting  portions  of  the  city  at  all  hours  of  the  day 
and  night.  The  ambulance  surgeon  can  possibly  gain 
encouragement  from  the  peculiar  motto  of  the  Chicago 
service,  "  To  save  one  good  life  is  a  greater  blessing  than 
to  punish  many  criminals."  George  W.  Leonard. 

t 

AMELIE-LES-BAINS,  formerly  Arles-les-Bains,  is  situ- 
ated in  the  Department  of  the  Eastern  Pyrenees,  near 
the  town  of  Aries.  Altitude,  233  metres  (728  feet).  The 
nearest  railroad  station  is  Perpignan,  distant  a  little  over 
twenty -three  miles.  The  climatic  conditions  are  so  favor- 
able that  this  watering-place  has  become  a  popular  winter 
resort,  especially  as  it  also  possesses  hot  sulphur  springs. 
The  mean  temperature  for  the  winter  months  (from  No- 
vember to  March)  is  9.55°  C.  (49°  F.).  Climatologically, 
therefore,  it  occupies  a  position  midway  between  Nice  and 
Pan. 

There  are  four  springs  that  deserve  particular  mention : 
the  Source  dfu  petit  Eacaldadon,  the  Source  du  gros  E»cal- 
dadon,  the  Source  Amelie,  and  the  Source  Manjolet,  the 
latter  only  being  used  internally. 

The  analysis  of  the  Gros  Escaldadon,   as  given  by 

Poggiale,  is  as  follows.     In  one  litre  (1,000  gms.)   are 

contained : 

Gm. 

Sodium  Bulphide 013 

Sodium  chloride "44 

Sodium  carbonate 071 

FotaBSium  carbonate 010 

Sodium  sulphate 049 

Sodium  silicate 118 

Aluminium  and  ferrous  oxide 004 

Organic  matter 009 

Magnesia  and  lime traces, 

Totalsolids 317 

Temperature  of  the  water,  62°  C.  (143.6"  P.). 

The  mild  climate  and  sheltered  position  of  Amelie-les- 
Bains,  and  the  excellent  arrangements  which  its  bathing 
establishments  afford,  render  it  a  very  desirable  resort  for 
patients  suffering  from  diseases  of  the  skin,  rheumatism, 
scrofula,  etc.  It  is  found  to  be  specially  beneficial,  how- 
ever, in  cases  of  chronic  disease  of  the  respiratory  organs. 
The  French  Government,  recognizing  the  merits  of  the 
place,  has  established  here  a  large  military  hospital  for 
the  treatment  of  soldiers  suffering  from  diseases  of  the 

Beside  the  military  hospital  just  mentioned,  there  are 
two  very  large  and  complete  establishments,  which  offer 
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every  comfort  and  modem  appliance  that  can  be  wished 
for.  These  are  the  Thermes  Bomains,  supplied  by  the 
Source  du  petit  Escaldadon,  and  the  Tliermes  Pujade,  sup- 
plied by  the  Source  Amelie.  The  number  of  visitors 
during  the  winter  is  about  six  hundred. 

Henry  Fleuehner. 

AMENORRH(EA.  Disregarding  refinements  of  nomen- 
clature, we  may  define  amenorrhoea  as  a  suspension  or 
cessation  of  the  menstrual  function  in  a  woman  who  is 
hot  pregnant  and  who  has  not  reached  the  "change  of 
life,"  or  the  period  at  which  menstruation  naturally 
ceases.  The  term  should  not  be  employed  to  include 
cases  in  which  menstrual  blood  really  exudes  from  the 
uterine  mucous  membrane  (or  from  that  of  the  oviducts, 
if  we  accept  the  doctrine  that  the  Fallopian  tubes  take 
part  in  the  function),  but  is  prevented  from  making  its 
appearance  externally  by  some  malformation,  such  as 
an  imperforate  hymen.  It  should  be  borne  in  mind  that 
amenorrhcea  is  not  in  itself  a  disease,  but  simply  a  result 
of  some  morbid  condition  affecting  either  the  system  at 
large  or  some  part  of  the  genital  apparatus. 

Causes. — There  is  scarcely  any  derangement  of  the 
general  health,  especially  if  of  a  serious  nature  and 
chronic  in  its  course,  that  is  not  prone  to  prove  at  least 
the  predisposing  cause  of  amenorrhoea.  IJsually,  how- 
ever, these  deviations  from  health  affect  either  the  func- 
tion of  hsematosis,  the  general  nutrition  of  the  body,  or 
the  normal  action  of  the  nervous  system,  and  any  two,  or 
all  three,  of  these  disturbances  may  be  combined.  More- 
over, it  may  be  said  that  defective  hasmatosis  is  itself  a 
nutritive  disorder,  and  that  all  irregularities  of  nutrition 
may  take  their  origin  in  impaired  nervous  action.  All  this 
is  true,  but  the  practical  utility  of  these  distinctions  re- 
mains, nevertheless.  Of  the  particular  diseases  that  give 
rise  to  amenorrhoea,  the  most  noticeable  are  pulmonary 
consumption  and  chlorosis.  In  both  instances,  the.sus- 
pension  of  menstruation  seems  to  be  a  conservative  effort 
on  the  part  of  nature  to  spare  the  systetn  every  unneces- 
sary tax,  and  this  consideration  alone  ought  to  be  enough 
to  teach  us  that  it  is  not  the  re-establishment  of  the  men- 
strual fiow  that  we  should  aim  at,  but  rather  the  restora- 
tion of  the  general  health. 

It  has  been  doubted  by  good  observers  whether  it  is 
possible  for  a  woman  in  perfect  health  to  suffer  from 
amenorrhoea,  and  there  is  much  to  sustain  this  posi- 
tion ;  but  it  is  certain,  nevertheless,  that  in  many 
cases  the  impairment  of  the  general  health  goes  on  for 
a  long  period  without  producing  amenorrhtea  until, 
finally,  some  additional  factor  comes  into  play,  and 
may  truly  be  looked  upon  as  the  exciting  cause  of  the 
disorder.  Among  these  exciting  causes  we  may  reckon 
almost  all  pelvic  diseases,  the  functional  perturbation 
consequent  on  exposure  to  cold  during  a  menstrual 
period,  emotional  shocks,  and  traumatic  injuries.  It 
will  be  seen  that  these  factors  must  vary  widely  in.  their 
mode  of  action. 

Varieties. — Doubt  has  lately  been  cast  upon  the  doc- 
trine that  the  menstrual  function  is  dominated  by  the 
ovaries,  but  it  cannot  be  said  that  the  doctrine  has  been 
seriously  weakened,  and  we  have,  therefore,  to  distin- 
guish, for  purposes  both  of  diagnosis  and  of  prognosis, 
between  amenorrhoea  which  is  and  that  which  is  not  due 
to  failure  on  the  part  of  the  ovaries.  In  other  words, 
concerning  ourselves  only  with  the  mechanism,  and  leav- 
ing ultimate  causes  out  of  account  for  the  time  being,  we 
have  to  distinguish  between  uterine  and  ovarian  amenor- 
rhoea. Practically,  the  only  guide  we  have  to  a  failure 
of  that  ovarian  action  which  should  serve  to  stimulate 
the  menstrual  flow,  is  the  absence  of  the  menstrual 
"  molimen  "—the  ensemble  of  symptoms  usually  attendant 
upon  the  flow,  including  a  sense  of  weight  and  pain 
in  the  pelvis,  and  in  some  cases  pain,  tenderness,  and 
swelling  of  the  breasts,  with  or  without  the  various  re- 
flex disturbances  that  sometimes  attend  the  menstrual 
effort. 

The  uterine  variety  is  to  be  recognized  by  the  state  of 
the  uterus,  which  will  commonly  be  found  to  be  one  of 
atrophy  (including  the  so-called  "  superin volution  ")  or 


of  impeded  circulation  due  to  the  contraction  of  old  ij. 
flammatory  exudates. 

Diagnosis. — Amenorrhoea,  as  it  is  here  defined  re- 
quires to  be  diagnosticated  only  from  retention  of  the 
menses  and  from  the  physiological  suspension  due  to 
pregnancy.  The  diagnosis  will  necessarily  rest  upon  a 
physical  examination,  and  for  the  details  the  reader  is 
referred  to  the  articles  on  Pregnancy,  and  on  Retention  of 
the  Menses. 

Prognosis, — The  question  of  our  ability  to  restore  the 
menstrual  function  is  to  be  answered  wholly  in  the  light 
of  the  causes  on  which  its  suspension  is  found  to  depend, 
Grave  constitutional  diseases,  such  as  phthisis  pulmo- 
nalis,  imply  the  futility  of  all  treatment  in  that  direction 
while  the  cure  of  the  fundamental  disorder  may,  on  the 
other  hand,  be  reasonably  expected  to  be  followed  by  the 
re-establishment  of  menstruation.  As  regards  the  local 
conditions,  atrophy  of  the  uterus  and  functional  inac- 
tivity of  the  ovaries  must  give  rise  to  an  unfavorable 
prognosis,  although  temporary  benefit  may  be  produced 
by  treatment  in  some  instances.  The  prospect  is  better 
in  the  case  of  old  inflammatory  disease  within  the  pelvis, 
for  such  affections  are  often  amenable  to  treatment.  In 
general,  the  causes  will  be  found  to  be  remediable,  and 
therefore,  the  prognosis  favorable. 

Treatment. — In  the  first  place,  the  practitioner  should 
avoid  taking  the  patient's  view  of  the  matter — that  she 
would  "feel  better  if  her  courses  would  only  come  on." 
Women  very  commonly  express  themselves  in  some  such 
phrase,  and  they  apply  to  a  physician  under  the  idea  that 
his  art  will  bring  on  the  menstrual  flow  promptly,  and 
thus  restore  them  to  health.  From  what  has  been  said  of 
the  causes  of  amenorrhoea,  the  reader  will  have  inferred 
that  any  .such  expectation  on  the  patient's  part  is  likely  to 
bring  disappointment  to  her,  and,  if  he  allows  it  to  go  on, 
discredit  upon  himself,  for,  in  all  probability,  he  will  not 
be  able  to  meet  the  demand  made  upon  him.  It  is  better 
to  give  the  patient  to  understand,  at  the  outset,  that  her 
condition  might  be  expressed  more  truly  by  a  change  in 
the  phrase  alluded  to,  namely,  that  her  courses  will  come 
on  when  her  health  has  been  re-established.  ■ 

Another  caution  needs  to  be  given.  Women  who  know 
or  suspect  themselves  to  be  pregnant,  frequently  consult 
a  physician  in  the  hope  that,  in  the  attempt  to  bring  on 
menstruation,  he  will  really  succeed  in  causing  abortion. 
Whoever,  under  such  circumstances,  prescribes  any  meas- 
ure, no  matter  how  innocent,  with  the  understood  pur- 
pose of  inducing  the  menstrual  flow,  is  liable  to  have  un- 
pleasant charges  brought  against  him  in  case  abortion 
actually  does  take  place,  even  as  the  result  of  some  inter- 
ference with  which  he  had  no  connection.  When  called 
upon  to  undertake  the  treatment  of  a  case  of  suppressed 
menstruation,  it  is  prudent,  therefore,  for  the  practitioner 
to  satisfy  himself  that  pregnancy  does  not  exist,  and,  in 
case  of  doubt,  to  decline  the  management  of  the  case  un- 
less he  can  protect  himself  in  some  way,  as  by  insisting 
that  some  trustworthy  person  be  made  acquainted  with 
the  facts  at  the  start. 

Having  undertaken  the  management  of  a  case  in  which 
treatment  is  sought  for  on  account  of  amenorrhoea,  a 
systematic  inquiry  should  be  made  into  the  patient's 
state  of  health,  and  whatever  deviation  from  the  normal 
standard  is  found  should  be  made  the  subject  of  treat- 
ment. For  the  details  of  such  treatment,  the  reader  is 
referred  to  the  articles  devoted  to  the  various  diseases 
that  may  be  found.  But,  while  insisting  upon  the  gen- 
eral futility  of  measures  addressed  to  the  organs  con- 
cerned in  the  menstrual  function,  without  first  attending 
to  the  general  health,  I  must  admit,  nevertheless,  that 
stimulation  of  those  organs  may  be  resorted  to  with  some 
chance  of  success  when  no  other  indication  can  be  made 
out ;  and,  moreover,  that,  in  cases  where  there  are  other 
indications  at  first,  there  often  comes  a  time  when  the  re- 
sult aimed  at  may  be  hastened  by  measures  that  operate 
directly  upon  the  pelvic  organs. 

There  are  but  few  therapeutic  procedures  that  have  a 
direct  and  unequivocal  influence  upon  the  function  of 
menstruation,  and,  in  so  far  as  they  tend  to  relieve 
amenorrhoea,  those    few  act  as   local  stimulants.    Tho 
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go-called  emmenagogues  are  not  much  to  be  depended 
upon,  although  we  may  admit  that  aloetics  and  chalyb- 
eates  tend  to  produce  a  pelvic  congestion  favorable  to 
heightened  functional  activity  of  the  sexual  organs. 
Their  use,  however,  in  the  absence  of  other  indications 
than  the  mere  failure  of  the  menstrual  flow,  is  not  to  be 
recommended,  although,  if  employed  in  conformity  with 
such  indications,  they  undoubtedly  exert  a  certain  influ- 
ence. As  a  matter  of  fact,  they  are  often  indicated,  and 
it  is  seldom  improper  to  resort  to  them. 

The  preparations  of  manganese  have  lately  been  rec- 
ommended by  Dr.  Ringer  and  Dr.  Murrell,  of  London 
(Lancet,  January  6,  1883).  One-(jrain  pills  of  per- 
manganate of  potassium  may  be  administered,  begin- 
ning with  one  pill  three  times  a  day,  and  increasing  to 
two  four  times  a  day.  •  The  use  of  the  drug  should  be 
begun  three  or  four  days  before  the  time  at  which  a  men- 
struation should  take  place;  and  be  continued,  if  the  flow 
does  not  come  on,  until  the  time  for  the  next  period.  It 
should  be  kept  up  also  during  the  flow.  Both  the  man- 
ganate  of  sodium  and  the  binoxide  of  manganese  are  said 
to  be  equally  effective,  and  it  is  stated  that  manganese 
acts  as  well  with  the  plethoric  as  with  the  ansemic.  It 
has  been  used  to  some  extent  in  this  country,  and  favor- 
able results  have  been  reported. 

Electricity  probably  acts  more  directly  as  a  provoca- 
tive of  menstruation  than  any  other  agent.  Good  effects  ; 
may  be  produced  by  either  the  galvanic  or  the  induced 
current,  but  the  choice  should  not  be  a  matter  of  mere 
caprice  or  convenience.  Galvanism  is  more  to  be  relied 
on  for  increasing  the  blood-supply  of  the  uterus,  while 
faradization  is  useful  to  intensify  and  precipitate  the 
hsBmorrhagic  effort.  To  kccomplish  the  latter  purpose, 
the  application  ought  to  ,be  made  at  a  time  when  the  de- 
generative changes  in  the  endometrium  have  advanced  to 
such  a  degree  that  heightened  blood-pressure,  aided  by 
muscular  action,  may  operate  at  the  greatest  advantage 
in  producing  rupture  of  the  capillaries.  This  condition 
can  be  judged  to  be  present  only  when  there  are  some  ; 
symptoms  of  ovulation,  or  when  the  amenorrhoea  is  of 
such  recent  date  that  the  time  for  a  menstrual  flow  to 
fall  due  is  accurately  known.  In  the  use  of  galvanism,  it 
will  generally  be  prudent  to  place  both  electrodes  on  the 
external  surface,  unless  the  current  is  quite  weak  and  the 
sitting  a  short  one  ;  aiming,  however,  to  pass  the  current  I 
directly  through  the  uterus.  "When  the  f  aradic  current 
is  employed,  on  the  other  hand,  one  electrode  should  be 
applied  within  the  vagina,  or  even  within  the  canal  of  the 
cervix. 

Milder  measures  than  the  use  of  electricity  will  often 
succeed,  especially  where  there  is  not  complete  absence 
of  the  flow,  but  scantiness  and  lack  of  color  of  the  dis- 
charge. Among  the.se  measures,  refrigeration  of  that 
portion  of  the  spinal  region  corresponding  to  the  motor 
centre  of  the  uterus,  is  of  great  value.  The  skin  over  the 
junction  of  the  dorsal  with  the  lumbar  vertebroe  may  be 
sprayed  with  either  three  or  four  times  a  day,  for  five  or 
ten  minutes  at  a  time,  or  ice- water  compresses  may  be 
applied.  These  means  are  supposed  to  exert  their  effect 
by  depressing  the  activity  of  the  vaso-motor  nerves. 
They  are  to  be  used  only  at  the  time  when  a  menstrual 
flow  is  due.  In  the  interim,  an  auxiliary  measure  of 
some  value  consists  in  the  use  of  a  very  brief  cold  hip- 
bath every  night.  Frank  P.  FosUr. 

AMMONIA  AND  AMMONIC  SALTS.  1.  Gbnebal 
Medicinal  Pbopertibs  op  Ammonio  Compounds. — 
Ammonic  compounds,  as  a  class,  are  irritant,  locally,  to 
a  degree  greater  than  that  shown  by  the  corresponding 
compounds  of  sodium,  but  less  than  in  the  case  of  com- 
pounds of  potassium.  They  tend  to  be  of  high  diffusion 
power,  and  are  therefore,  when  swallowed,  quickly  ab- 
sorbed, and  hence  are  free  from  the  purgative  tendency 
of  the  low  diffusion  salts  of  potassium,  sodium,  and  mag- 
nesium. Constitutionally  they  tend  to  increase  the  force 
and  frequency  of  the  heart's  action  and  to  determine  a 
rise  of  arterial  tension;  to  excite  the  "  respiratory  cen- 
tre "  in  the  medulla  oblongata,  causing  fuller  and  more 
frequent  respirations,  and  to  enhance  reflex  irritability 


of  the  motor  tract  of  the  spinal  cord — an  enhancement 
leading  in  poisonous  dosage  in  animals  to  tetanoid  con- 
vulsions. General  nutrition  is  not  seriously  affected  by 
therapeutic  doses.  In  long-continued  excessive  dosage 
the  heart  becomes  enfeebled  and  the  quality  of  the  blood 
deteriorates,  the  haemoglobin  having  its  power  of  fixing 
oxygen  notably  impaired.  An  important  difference  be- 
tween the  alkaline  ammonic  compounds  and  the  corre- 
sponding potassic,  sodic,  and  lithic  preparations  is,  that 
whereas  the  latter  carry  their  alkalinity  through  the  sys- 
tem generally  and  into  the  urine,  no  such  effect  follows 
the  ingestion  of  the  ammonio  compounds.  On  the  con- 
trary, if  anything,  the  acidity  of  the  urine  tends  to  be 
enhanced  under  ammonic  medication.  The  explanation 
of  this  peculiarity  among  ammonic  compounds  is  an  as- 
sumed oxidation  of  the  elements  of  the  ammonic  radicle, 
leading  to  the  formation  of  nitric  acid  as  one  of  the  prod- 
ucts. By  virtue  of  the  properties  described,  ammonic 
compounds  furnish  important  medicines  for  restoring  or 
sustaining  flagging  heart  or  lung  action ;  for  relieving 
dyspncea,  and  for  opposing  the  action  of  motor-paralyz- 
ing poisons. 

2.  The  Medicinally  ttsed  Ammonic  Compounds.— 
These  are  ammonia,  and  the  following  ammonic  salts : 
acid  carbonate,  acetate,  phosphate,  chloride,  bromide, 
iodide,  benzoate,  and  valerianate.  In  the  present  article 
wiU  be  discussed  the  first  four  only  :  for  the  others  see 
respectively  Chlorides,  Bromides,  Iodides,  Benzoic  Acid, 
Valerianic  Acid.  The  sulphate  and  nitrate  are  also 
officinal  salts,  but  for  pharmaceutical  purposes  only. 

Ammonia,  NHs.  Ammonia  is  used. in  medicine  only 
in  aqueous  or  alcoholic  solution,  as  afforded  by  the  follow- 
ing officinal  preparations  of  the  U.  S.  Pharmacopoeia : 
Aqua  Amm/>nm  Fortior,  Stronger  "Water  of  Ammonia- 
This  is  an  aqueous  solution  of  ammonia,  containing 
twenty-eight  per  cent. ,  by  weight,  of  the  gas.  It  presents 
itself  as  a  "  colorless,  transparent  liquid,  of  an  excessively 
pungent  odor,  a  very  acrid  and  alkaline  taste,  and  a 
strongly  alkaline  reaction  ;  specific  gravity,  0.900  at 
lo"  C.  (59°  F.).  It  is  completely  volatilized  by  the  heat  of  a 
water-bath.  On  bringing  a  glass  rod  dipped  into  hydro- 
chloric acid,  near  the  liquid,  dense,  white  fumes  are 
evolved"  (U.  8.  Ph.).  From  the  volatility  of  its  contained 
ammonia  this  preparation  is  directed  to  be  kept  in 
"  strong  glass-stoppered  bottles,  not  completely  filled,  in 
a  cool  place."  Aqua  Ammonim,  "Water  of  Ammonia  : 
"  An  aqueous  solution  of  ammonia,  containing  ten  per 
cent.,  by  weight,  of  the  gas."  This  weaker  solution  has 
the  properties  of  the  stronger,  only  not  to  so  intense  a  de- 
gree. Its  specific  gravity  is  0.959,  at  15°  C.  (59°  F.).  It 
also  should  be  kept  cool,  in  glass-stoppered  bottles,  but 
the  precaution  to  avoid  filling  the  bottles  completely  is 
not  here  necessary.  Spiritus  Ammoniw,  Spirit  of  Am- 
monia :  "  An  alcoholic  solution  of  ammonia,  containing 
ten  per  cent. ,  by  weight,  of  the  gas. "  This  solution  is  pre- 
pared by  subjecting  stronger  water  of  ammonia,  in  a  still, 
to  a  gentle  heat,  and  conducting  the  ammonia  gas  thereby 
volatilized  to  a  receivef  containing  freshly  distilled  alco- 
hol. The  product  is  assayed  and  brought  to  standard 
strength  by  the  addition  of  alcohol.  Spirit  of  ammonia 
is  a  "  colorless  liquid,  having  a  strong  odor  of  ammonia, 
and  a  specific  gravity  of  about  0.810"  (U.  S.  Ph.).  It 
should  be  kept  in  glass-stoppered  bottles,  in  a  cool  place. 
Spiritus  Ammonim  Aromaticus,  Aromatic  Spirit  of  Am- 
monia :  This  is  a  composite  preparation,  containing  in 
1,000  parts,  carbonate  of  ammonium,  40  ;  water  of  am- 
monia, 100  ;  oil  of  lemon,  13  ;  oil  of  lavender  flowers  and 
oil  of  pimenta,  each,  1  ;  alcohol,  700  parts ;  and  the  rest 
distilled  water.  It  is  a  "  nearly  colorless  liquid  when 
freshly  prepared,  gradually  acquiring  a  slightly  darker 
tint,  of  an  aromatic,  pungent,  ammoniacal  odor,  and  hav- 
ing a  specific  gravity  of  about  0.885  "  (U.  S.  Ph.).  This 
spirit,  like  the  other  ammonia  solutions,  should  be  kept 
glass-stoppered,  in  a  cool  place.  But  in  spite  of  this  pre- 
caution, the  fact  obtains  generally  with  ammoniacal  solu- 
tions that  they  lose  strength  upon  keeping,  so  that  a  sam- 
ple a  year  or  more  old  may  be  almost  wholly  without 
ammoniacal  odor.  Ammoniacal  solutions  are  incompati- 
ble with  acids,  acidulous  salts,  and  many  salts  of  the 
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metals  and  earths  ;  ammonia,  however,  does  not  decom- 
pose calcic  salts,  nor,  except  partially,  magnesic.  _ 

Ammonia  is  chemically  a  powerful  alkali,  and,  physio- 
logically, is  in  gaseous  form  intolerably  pungent,  its 
fumes,  if  strong,  exciting  vigorous  spasm  of  the  larynx. 
In  strong  solution,  it  is  intensely  irritant.  Either  of  the 
officinal  waters  of  ammonia,  or  the  simple  spirit  will,  it 
of  standard  strength,  excite  severe  irritation  upon  incau- 
tious inhalation  of  the  fumes,  and,  if  applied  to  the  skm 
upon  cloths  so  covered  as  to  prevent  evaporation,  will 
very  speedily  cause  burning  pain  and  redness,  and,  after 
a  few  minutes,  blistering.  Prolonged  application  may 
lead  to  ulcerative  inflammation  or  gangrene.  Internally, 
in  proper  dilution,  ammoniacal  solutions  are  locally  alka- 
line so  far  as  the  contents  of  the  stomach  and  bowels  are 
concerned,  and  also,  because  of  the  pungency  and  vola- 
tility of  ammonia,  they  tend  to  allay  nausea  and  to  expel 
flatus.  Ammonia,  being  of  high  diffusion  power,  is  read- 
ily absorbed,  whether  taken  by  swallowing  or  by  inhala- 
tion, and  then  quickly  but  evanescently  exerts  the  pecu- 
liar effects  of  the  ammonic  compounds  upon  the  heart, 
respiration,  and  motor  tract  of  the  cord  as  already  set 
forth.  Undiluted,  the  three  first  named  pharmacopoeial 
solutions  of  ammonia  are  so  irritant  as  to  be  practically 
corrosive  to  the  mucous  membrane  of  the  stomach  and 
bowels.  Large  doses  are,  therefore,  violently  poisonous, 
capable  of  causing  speedy  death,  with  all  the  usual  symp- 
toms of  corrosive  irritation.  In  some  cases  death  results 
in  so  short  a  time  as  a  very  few  minutes,  probably  from 
suSocation  through  rapidly  developed  cedema  of  the 
glottis.  So  small  a  quantity  as  about  a  teaspoonf  ul  and 
a  half  of  a  strong  solution  of  ammonia,  swallowed  undi- 
luted, has  killed.  Dangerous,  and  even  fatal,  poisoning 
has  also  resulted  from  inhalation  of  strong  ammoniacal 
fumes. 

The  therapeutical  uses  of  ammoniacal  solutions  are  lo- 
cal and  general.  Locally,  according  to  strength  of  applica- 
tion, ammonia  may  be  made  to  serve  as  a  vesicant  or  ru- 
befacient. To  blister,  a  pledget  of  lint,  steeped  in  a  strong 
solution,  is  covered  with  a  watch-glass  or  wooden  pill-box 
to  prevent  evaporation,  and  then  directly  applied.  In 
such  way  the  stronger  water  of  the  Pharmacopoeia  has 
been  used,  but  this  solution  is  unnecessarily  and,  unless 
very  carefully  manipulated,  dangerously  strong.  If  em- 
ployed, the  application  should  be  held  in  contact  with  the 
skin  for  only  three  or  four  minutes,  or  until  the  part  is 
well  reddened,  and  should  then  be  removed  and  a  hot 
poultice  applied  until  the  blister  rise.  It  is  safer  to  di- 
lute the  stronger  water  with  one-half  its  volume  of  addi- 
tional water.  Ammonia  is  rarely  selected  as  a  blistering 
agent,  unless  the  need  for  the  blister  is  urgent,  when  the 
quickness  with  which  ammonia  acts  makes  it  preferable 
to  cantharides.  For  rubefacient  purposes  a  dash  of  the 
stronger  water  is  a  very  common  addition  to  composite 
liniments,  and  there  is  officinal  in  the  U.  S.  Pharmaco- 
poeia Idnimentwm  Ammonice,  Ammonia  Liniment,  or  as 
it  is  commonly  called,  volatile  l^nimeni.  This  prepara- 
tion is  made  by  mixing  three  parts  of  water  of  ammo- 
nia (not  the  stronger  water)  with  seven  of  cotton-seed 
oil.  An  ammonia  soap  results,  which  partly  dissolves 
and  partly  remains  emulsified  in  the  fluid,  forming  a 
white  viscid  mixture.  The  preparation  is  saponaceous, 
yet  possesses  mildly  the  irritant  qualities  of  ammonia,  and 
makes  a  capital  liniment  for  rubef action.  Still  a  third 
local  purpose  of  ammonia  is  to  relieve  the  pain  or  itching 
of  bites  of  insects.  For  this  purpose  a  drop  or  two  of 
the  weaker  water,  clear  or  diluted,  may  be  applied  to  the 
part.  Internally,  ammonia  may  be  used,  first,  to  cor- 
rect the  gastric  malaise  that  attends  a  fit  of  acid  indiges- 
tion, or  to  allay  nausea  from  any  cause.  For  such  pur- 
pose the  aromatic  spirit  is  specially  devised,  to  be  given 
in  doses  of  from  one-half  to  one  teaspoonful,  diluted 
with  three  or  four  volumes  of  water.  Secondly,  ammo- 
nia may  be  given  for  the  constitutional  effects  of  reviv- 
ing the  heart  in  faintness,  of  supporting  it  in  chronic 
conditions  threatening  heart-failure,  of  stimulating  flag- 
ging_  respiration,  as  in  dyspnoea  from  lung  disease,  or 
respiratory  failure  in  poisoning  by  paralyzing  agents,  of 
allaying  mild  spasmodic  seizures,  and  of  opposing  gen- 


erally the  action  of  narcotics  and  paralyzers.  For  all  in- 
ternal medication  the  stronger  water  is  entirely  too 
strong,  and  the  weaker  water  or  the  spirits  are  preferred 
Of  this  water  or  simple  spirit  from  ten  to  thirty  drops 
may  be  administered  at  a  dose,  largely  diluted.  If  swal- 
lowing be  impossible,  as  in  case  of  unconsciousness  from 
a  faint,  the  effects  of  ammonia  may  be  obtained  by  in- 
halation, but  ^reat  caution  is  necessary  lest  dangerous,  or 
even  fatal,  irritation  of  the  air-passages  be  set  up  by  too 
strong  inhalation  during  complete  or  semi-unconscious- 
ness. None  of  the  pharmacopoeial  ammoniacal  solutions 
should  be  applied  close  to  the  nostrils. 

Acid  ammonic  carbonate,  NH4HCOS.  Upon  sublim. 
ing  a  mixture  of  chalk  and  ammonic  chloride  or  sul- 
phate, double  decomposition  ensues,  and  a  sublimate  is 
obtained  which  consists  of  acid  ammonic  carbonate 
and  ammonic  carbamate,  represented  by  the  symbol, 
NHjHCOs.NHiNHjCOs.  This  composite  salt  is  of- 
ficinal under  the  title  Ammonii  Carbonas,  Carbonate  of 
Ammonium.  It  occurs  as  '_'  white,  translucent  masses, 
consisting  of  bicarbonate  (acid  carbonate)  of  ammonium 
and  carbamate  of  ammonium,  losing  both  ammonia  and 
carbonic  gas  on  exposure  to  air,  becoming  opaque, 
and  finally  converted  into  friable,  porous  lumps,  or  a 
white  powder  (acid  carbonate  of  ammonium).  The  salt 
has  a  pungent,  ammoniacal  odor,  free  from  empyreuma, 
a  sharp,  saline  taste,  and  an  alkaline  reaction.  Soluble 
in  4  parts  of  water  at  15°  C.  (59°  F.),  and  in  1.5  part  at 
65°  C.  (149°  F.).*  Alcohol  dissolves  the  carbamate  and 
leaves  the  acid  carbonate  of  ammonium.  When  heated 
the  salt  is  wholly  dissipated,  without  charring.  If  the 
aqueous  solution  is  heated  to  near  47°  C.  (116.6°  F.),  it 
begins  to  lose  carbonic  acid  gas,  and  at  88°  0.  (190.4°  F.) 
it  begins  to  give  off  vapor  of  ammonia.  Dilute  acids 
wholly  dissolve  the  salt  with  effervescence"  (U.  S.  Ph.). 
This  salt  must  be  kept  in  well-stopped  bottles  in  a  cool 
place. 

Ammonic  carbonate  behaves,  physiologically,  like  am- 
monia itself,  but  is  a  little  less  rapid  and  evanescent  in 
operation.  In  concentrated  solution  it  is  locally  irri- 
tant and,  taken  internally,  dangerously  poisonous.  The 
salt  is  used  for  the  constitutional  stimulant  and  sustain- 
ing effects  of  ammonia,  being  for  such  purpose  often 
preferred  to  solutions  of  ammonia  because  of  the  slightly 
longer  duration  of  the  action.  It  is  given  internally  in 
frequently  repeated  doses  of  from  0.30  to  0.60  gramme 
(five  to  ten  grains)  in  aqueous  solution,  with  the  acri- 
mony disguised  by  gum  arable  or  sugar,  or  some  agree- 
ably flavored  aromatic  addition.  Large  single  doses  should 
be  avoided,  since  they  easily  over-irritate  the  stomach 
and  may  excite  vomiting.  Ammonic  carbonate  is  also 
much  used  to  get  an  ammoniacal  effect  by  inhalation. 
For  this  purpose  it  is  coarsely  bruised,  treated  with  half 
its  bulk  of  strong  water  of  ammonia,  and  flavored  witli 
a  little  oil  of  lavender  or  bergamot,  such  mixture  con- 
stituting what  is  known  as  smelling  salts. 

Ammonic  acetate,  NH4CaH80a.  This  salt  is  used 
only  in  the  aqueous  solution  in  which  it  results  from 
the  procedure  of  neutralizing  with  ammonic  carbonate 
the  diluted  acetic  acid  of  the  Pharmacopoeia.  Such  so- 
lution, commonly  called  spirit  of  mindererus,  is  officinal 
as  Liquor  Ammonii  Acetatis,  Solution  of  Acetate  of  Am- 
monium. It  is  "  a  clear,  colorless  liquid,  free  from  em- 
pyreuma, of  a  mildly  saline  taste,  and  a  neutral  or 
slightly  acid  reaction  ;  specific  gravity,  1.023.  It  is 
wholly  volatilized  by  heat.  "When  heated  with  potassa 
it  evolves  vapor  of  ammonia,  and  when  heated  with  sul- 
phuric acid  it  gives  out  vapor  of  acetic  acid.  It  coii| 
tains  about  7.6  per  cent,  of  acetate  of  amnionium" 
(U.  S.  Ph.).  It  should  be  freshly  made  for  use,  smce  like 
other  solutions  of  alkaline  salts  of  the  common  organic 
acids  it  tends  to  spontaneous  decomposition  on  keep- 
ing, Ammonic  acetate  is  a  bland,  mawkish  salt,  which 
upon  absorption  may  prove  feebly  diaphoretic  or  diuretic, 
according  to  circumstances,  and  may  to  a  slight  degree 
exert    the    characteristic  effects  of  the  ammonic  com- 

*  According  bo  Squibb  the  salt  begins  to  deoompoBe  at  mucli  less  than 
this  temperature. 
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pounds  generally.  It  is  used  to  allay  headache,  espe- 
cially the  headache  of  pyrexia,  to  quiet  an  uneasy 
stomach,  or  to  promote  gentle  diaphoresis  or  diuresis  in 
fever ;  but  it  is  at  best  a  feeble  medicine.  One  or  two 
tablespoonfuls  may  be  given  at  a  dose,  clear  or  diluted, 
sweetened  and  aromatized.  If  diluted,  carbonic  acid 
water  makes  an  excellent  addition. 

(Df)  Ammonie  {ortfio-)  phosphate,  (NH4)aHP04.  The 
salt  is  offlciml  as  Am/monii  Phoaphas,  ifhosphate  of  Am- 
monia. It  occurs  in  "colorless,  translucent,  monoolinic 
prisms,  losing  ammonia  on  exposure  to  dry  air,  without 
odor,  having  a  cooling,  saline  taste,  and  a  neutril  or 
faintly  alkalme  reaction.  iSoluble  in  4  parts  of  water  at 
15°  C.  (59°  F.),  in  0.5  part  of  boiling  water,  but  insoluble 
.  in  alcohol.  When  strongly  heated  the  salt  fuses,  after- 
ward evolves  ammonia,  and  at  a  bright  red  heat  is 
wholly  dissipated "  (U.  S.  Ph.).  Ammonic  phosphate  is 
a  bland  saline  without  any  marked  physiological  proper- 
ties, and  has  been  used  on  theoretical  grounds  in  rheu- 
matism, gout,  and  diabetes,  by  a  few  practitionui:;,  with- 
out very  startling  results.  It  may  be  given  in  doses  of 
from  0.65  to  2.00  gm.  (ten  to  thirty  grains)  three  or  four 
times  a  day  in  solution. 

Ammonic  nitrate,  NHjNOs.  The  salt  is  ofllcinal  in 
the  TJ.  S.  Pharmacopoeia  as  Ammonii  Nitras,  Nitrate  of 
Ammonium.  It  is  not  used  in  medicine,  but  inasmuch 
as  one  of  its  pharmaceutical  uses  may  need  to  be  availed 
of  by  the  physician  himself — namely,  the  making  from 
it  of  nitrogen  monoxide  gas  —  the  pharmacopoeial  de- 
scription and  also  tests  for  purity  are  here  appended  : 
"  Colorless  crystals,  generally  in  the  form  of  long,  thin, 
rhombic  prisms;  or  in  fused  masses,  somewhat  deliques- 
cent, odorless,  having  a  sharp,  bitter  taste,  and  a  neutral 
reaction.  Soluble  in  0.5  part  of  water  and  30  parts  of 
alcohol  at  15°  C.  (59°  F.) ;  very  soluble  in  boiling  water 
and  in  3  parts  of  boiling  alcohol.  When  gradually 
heated,  the  salt  melts  at  165°  to  166°  C.  (339°  to  331°  F.), 
and  at  about  185°  C.  (365°  F.)  it  is  decomposed  into 
nitrous  oxide  gas  and  water,  leaving  no  residue.  The 
aqueous  solution  of  the  salt,  when  heated  with  potassa, 
evolves  vapor  of  ammonia.  On  heating  the  salt  with 
sulphuric  acid  it  emits  nitrous  vapors.  The  aqueous  so- 
lution, when  acidulated  with  nitric  acid,  should  not  be 
rendered  cloudy  by  test  solutions  of  nitrate  of  silver  * 
(chloride),  or  of  nitrate  of  barium*  (sulphate) "  (U.  S.  Ph.). 

Normal  ammonic  sulphate,  (NHi)sS04.  The  salt  is  of- 
ficinal in  the  U.  8.  Pharmacopoeia  as  Am/monii  Sulphas, 
Sulphate  of  Ammonium.  It  is  used  only  in  the  phar- 
maceutical making  of  ammonia  and  iron  alums. 

Edward  Curtis. 

AMMONIA,  POISONING  BY.— The  first  symptoms  of 
poisoning  by  ammonia,  when  the  drug  has  been  swal- 
lowed, are  those  due  to  the  local  action  of  the  drug  upon 
the  mucous  membrane  of  the  mouthy  throat,  and  stomach. 
There  is  intense  pain  in  the  oesophagus  and  abdomen,  and 
the  lips,  tongue,  and  pharynx  are  swollen  and  reddened. 
Vomiting  occurs  soon,  and  the  vomited  matters  often 
consist  largely  of  blood.  Purging  sets  in,  and  blood  is 
passed  also  in  the  stools.  There  is  a  considerable  degree 
of  dysphagia.  The  pulse  becomes  rapid  and  weak,  and 
respiration  is  greatly  accelerated.  There  is  cough,  with 
increased  secretion  from  the  trachea  and  bronchi,  and 
oedema  of  the  glottis  sometimes  occurs.  The  intellect 
may  be  preserved  to  the  end,  or  stupor  may  arise,  pass- 
ing into  coma  and  death.  The  symptoms  of  gastro- 
enteric and  bronchial  inflammation  are  manifested  al- 
most immediately,  and  increase  in  intensity,  reaching 
their  maximum  in  the  course  of  a  few  days.  When 
poisoning  has  been  produced  by  inhalation,  there  is 
spasm  of  the  glottis,  and  consequent  dyspnoea,  often  with 
aphonia.  CEdema  glottidis  very  commonly  occurs,  and 
all  the  respiratory  symptoms  are  intensified,  but  those  of 
the  gastro-enteric  system  are  absent,  or  very  insignificant. 
The  diagnosis  of  poisoning  by  ammonia  presents  no 
difiiculty,  owing  to  the  characteristic  odor  of  this  sub- 
stance.   Poisoning  has  been  caused  by  the  ingestion  of 

*  Five  per  cent,  aqueous  solution  (distilled  water). 


carbonate  of  ammonia,  as  well  as  of  the  aqueous  and 
alcoholic  solutions  of  the  gas,  but  the  chloride  (muriate) 
of  ammonium  is  practically  of  no  toxicological  impor- 
tance. 

Treatment. — The  stomach-pump  should  never  be  used 
after  poisoning  by  ammonia,  for  fear  of  doing  further  in- 
jury to  the  gastric  mucous  membrane.  Dilute  vegetable 
acids,  vinegar,  or  lemon- juice,  should  be  given  at  once, 
and  then  oily  or  mucilaginous  drinks  may  be  taken. 
The  resulting  bronchitis  and  gastro-enteritis  are  then  to 
be  treated  on  general  principles.  When  the  poison  has 
been  inhaled  simply,  the  inflammation  of  the  respiratory 
passages  only  will  demand  attention.  In  the  dyspnoea 
resulting  from  osdema  glottidis,  tracheotomy  may  be 
necessary  to  preiserve  the  patient's  life. 

Thomas  L.  Stedman. 

AMMONIAC  (Ammoniacum,  U.  S.  Ph.,  Br.  Ph., 
Ph.  G-.;  Oomme  armnoniaque.  Codex  Med.;  Borema 
Ammoniacum  Don).  The  source  of  the  above  is  a  large, 
weird-looking  umbelliferous  plant,  growing  abundantly 
in  the  wastes  of  Persia  and  Beloochistan.  fi  has  a  fleshy, 
turnip-shaped,  perennial  root,  nearly  thirty  centimetres 
(one  foot)  in  length,  which  is  itself  an  article  of  com- 
merce in  the  East,  and  known  as  "Bombay  sumbul." 
The  flowering  stem  does  not  appear  until  the  plant  is  five 
or  more  years  old  ;  it  is  thick  and  coarse,  two  metres  or 
more  (over  six  feet)  in  height.  There  are  a  few  large 
compound  leaves  at  its  base,  but  above  it  is  leafless.  It 
terminates  in  a  large,  close  raceme,  along  the  branches  of 
which  the  minute  flowers  are  clustered  m  small  globular 
heads. 

The  plant  is  filled  with  an  abundance  of  milky  juice, 
contained  in  both  stem  and  roots,  which  exudes  either 
spontaneously  or  from  punctures  made  by  a  beetle  which 
feeds  upon  it.  The  sap,  as  it  escapes, 
hardens  and  dries  upon  the  stem,  and 
flows  or  drops  to  the  ground.  It  is  col- 
lected in  July  and  August,  partly  from 
the  stems,  partly  from  the  ground,  by 
Persian  peasants,  and  exported  to  India, 
and  from  there  to  Europe. 

Ammoniac  consists  of  these  hardened 
drops,  or  tears,  as  they  are  technically 
called.  In  the  best  qualities  they  are 
separate,  or  only  loosely  stuck  together 
in  porous  masses  ;  in  inferior  grades  they 
are  imbedded  in  a  dark-brown  resinous 
matrix.  Fine  specimens  consist  of  rounded  pieces  from 
one  millimetre  to  a  centimetre  or  two  (one-twenty-fifth  to 
three-quarters  of  an  inch)  in  diameter.  They  are  brown- 
ish, cream-colored  externally,  darkening  to  cinnamon- 
brown  with  age,  creamy  white,  or  pure  white  within 
They  break  with  a  conchoidal  fracture,  disclosing  a 
waxy,  but  shining  surface.  The  odor  is  peculiar,  rather 
disagreeable,  but  faint,  excepting  in  masses  or  upon 
warming ;  the  taste  bitter  and  rather  acrid.  Inferior 
specimens  are  those  having  a  large  proportion  of  the 
darker  homogeneous  resins  and  extraneous  substances, 
such  as  dirt,  sticks,  chaff,  etc.  It  is  a  difficult  drug  to 
powder,  unless  very  cold  or  very  dry  (dried  over  quick- 
lime, Hager).  When  heated  it  softens,  but  does  not 
melt.  Alcohol  dissolves  about  three-fourths  of  it.  Water 
disintegrates  it,  and  forms  with  it  a  milky  emulsion. 

Ammoniac  consists  of  about  seventy  per  cent,  of 
resin,  fifteen  to  eighteen  of  soluble  gum,  and  the  rest  is 
insoluble  gum,  water,  and  a  trace  of  essential  oil.  The 
latter,  according  to  Fliickiger,  does  not  contain  sulphur, 
and,  therefore,  is  not  similar  to  the  oil  of  assaf oetida. 

Ammoniac  is  stimulant,  expectorant,  and  to  a  slight 
extent  said  to  be  antispasmodic,  but  is  scarcely  used  now 
internally.  The  dose  is  stated  to  be  half  a  gramme  to 
two  grammes  (gr.  viij.  ad  gr.  xxx.)  three  or  more  times 
a  day.  An  emulsion  would  be  an  eligible  form,  al- 
though a  tincture  would  probably  contain  all  that  v^as 
active  in  it.  The  only  officinal  preparation  is  Ammoniac 
Plaster  {Emplaatrum  Ammoniaei,  U.  S.  Ph.),  made  by 
softening  the  ammoniac  in  diluted  acetic  acid,  and  evap- 
orating to  a  suitable  extent.    It  is  a  stimulating  and  rube- 
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facient,  sometimes  blistering  application,  useful  as  a 
mild  counter-irritant. 

Allied  Plants.— One  other  species  of  Dorema,  ac- 
cording to  the  "Pliarmacographia,"  yields  ammoniac. 
Bentham  and  Hooker  only  include  two  species  m  the 
genus.  The  ammoniac  of  Dioscorides  and  Pliny,  and 
other  ancient  writers,  was  obtained  in  Africa,  and  is  a 
different  article,  namely,  a  gum  resin  obtained  from 
Fm-ula  Tingitana  Linn.  It  is  rarely  found  in  European 
markets.  Sagapenum  is  an  obsolete  product  of  a  similar 
nature.  See  Assafoetida  ;  also  see  Anise,  for  a  notice  of 
the  order. 

Allled  Drugs.— See  Assafoetida.         W.  P.  BoUes. 

AMNION.  The  amnion  is  a  thin,  pellucid  membrane, 
which  is  the  innermost  of  the  envelopes  enclosing  the 
fcEtus  while  in  utero.  Morphologically  it  is  an  extension 
of  the  body- walls  (somatopleure)  of  the  foetus  itself,  and, 
therefore,  consists,  histologically,  of  two  layers,  one  epi- 
thelial, continuous  with  the  ectoderm  (seu  epidermis)  of  the 
embryo,  the  second  of  loose  connective  tissue  continuous 
with  the  outer  leaf  of  the  mesoderm,  which,  after  the 
splitting  of  the  middle-germ  layer,  unites  with  the  ecto- 
derm to  form  the  somatopleure.  The  epithelial  layer  is 
turned  toward  the  embryo,  and  the  connective  tissue  con- 
sequently lies  upon  the  outside  of  the  amnion,  away  from 
the  embryo  and  toward  tlfe  uterine  wall. 

The  usual  descriptions  of  the  development  of  the  am- 
nion in  mammalia  are  erroneous,  in  that  the  process  is 
described  as  essentially  the  same  as  in  birds,  whereas  it  is 
essentially  different,  as  has_  been  recently  demonstrated 
for  the  rabbit  and  bat  by  Edouard  van  Beneden  and 
Charles  Julin  ("  Arch,  de  Biologie,"  tome  v.,  p.  369),  and 
has  been  rendered  very  probable  for  man  by  Wilhelm 
His  ("  Anatomic  Menschlicher  Embryonen"). 

In  birds  and  mammals,  according  to  the  tradition 
which  has  come  down  to  us  from  Von  Baer  and  Von 
Bischoffl,  the  amnion  arises  in  the  same  manner  as  in 
reptiles  ;  we  now  know  that,  this  is  true  only  of  birds. 
In  the  sauropsida  (birds  and  reptiles)  the  amnion  grows 
up  around  all  sides  of  the  embryo  ;  in  the  rabbit  it  grows 
up  over  the  posterior  end,  and  gradually  presses  forward 
until  it  covers  the  whole,  or  nearly  the  whole,  embryo  ; 
in  man  it  is  supposed  by  His  to  grow  up  over  the  head 
and  advance  backward,  but  it  must,  in  view  of  Van 
Beneden's  and  Julin's  discoveries,  be  surmised  that, 
when  actual  knowledge  replaces  supposition,  the  devel- 
opment of  the  f CBtal  envelopes  in  man  will  be  found  to 
conform  more  closely  to  the  process  in  other  mammals 
than  now  appears  to  be  the  case.  In  this  article  it  has 
been  deemed  best  to  give  a  short  account  of  the  origin  of 
the  amnion,  1,  in  the  chick  ;  3,  in  the  rabbit ;  3,  In  man, 
according  to  His's  theory. 

1.  Amniok  in  the  Chick. — The  middle  germ-layer  di- 
vides very  early  into  an  outer  leaf,  which  unites  with  the 
ectoderm  to  make  the  somatopleure,  and  an  inner  leaf, 
which  unites  with  the  entoderm  to  make  the  splanchno- 
pleure  ;  the  space  produced  by  the  splitting  of  the  me- 
soderm is  the  future  body-cavity  (coelom),  and  is  gener- 
ally known  as  the  pleuro-peritoneal  space.  The  split 
extends  beyond  the  region  of  the  embryo  proper  over 
the  surface  of  the  ovum,  hence  there  is  a  distinct  so- 
matopleure in  the  area  around  the  germ,  and  this  it  is 
which  gives  rise  to  the  amnion  in  all  cases,  both  in  birds 
and  mammals.  In  the  hen's  egg,  at  about  the  twentieth 
hour  of  incubation,  there  appears  around  the  anterior 
end  of  the  primitive  groove,  which  is  the  only  embryonic 
structure  distinguishable  by  the  naked  eye  at  that  period, 
a  large  arch.  Fig.  86,  i>Af;  this  semilunar  fold  is  pro- 
duced by  the  arching  upward  of  the  somatopleure. 
Somewhat  later  a  second,  but  smaller,  fold  appears 
around  the  caudal  extremity  of  the  embryo,  and  this  is 
soon  followed  by  lateral  folds,  one  on  each  side.  Mean- 
while the  head  fold  has  greatly  increased  in  extension, 
and  partly  covers  over  the  anterior  end  of  the  embryo, 
which  has  also  advanced  rapidly  in  its  development. 
By  the  fusion  of  all  the  folds  the  embryo  becomes  en- 
closed in  a  thin  somatopleuric  duplicature,  which  forms 
a  continuous  wall  all  around  it.     The  folds  increase  in 


height  and  are  gradually  drawn  over  the  dorsal  aspect  of 
the  embryo,  and  at  last  meet  and  completely  coalesce,  all 
traces  of  their  junction  being  removed.  Beneath  these 
united  folds  there  is,  therefore,  a  space,  within  which 
the  embryo  lies  ;  this  space  is  the  cavity  of  the  amnion. 


Fig.  86. — Area  Pellucida  of  a  Ohick;  Twenty  Hours'  Incubation. 
vAf,  anterior  amniotic  fold ;  Pr,  primitive  groove  in  the  area  pel- 
lucida, .^p.    (Alter  Kolliker.) 

The  accompanying  diagrams  will  serve  to  elucidate  these 
changes ;  they  are  taken  from  Allen  Thompson.  In 
these  figures  the  parts  of  the  embryo,  and  those  near  it, 
are  represented  larger  than  natural  in  proportion  to  the 
rest  of  the  egg.  Fig.  87,  A,  represents  a  longitudinal  sec- 
tion of  a  hen's  egg  and,  therefore,  a  transverse  section  of 
the  embryo ;  sh,  is  the  calcareous  shell,  etc. ;  sp,  the  air- 
space at  the  larger  end ;  vm,  the  vitelline  membrane ;  y, 
the  yolk  partially  covered  by  the  spreading  layers  of  the 
blastoderm,  viz. ,  ep,  somatopleure,  and  hy,  entoderm ;  of 
the  mesoderm  only  the  splanchnopleuric  portion,  me,  is 


Fio.  87. 


indicated ;  the  embryo,  e,  is  black  ;  the  rising  lateral  folds 
of  the  somatopleure  are  seen  on  either  side  of  the  em- 
bryo. Fig.  87,  B,  is  a  longitudinal  section  of  an  embrjro 
of  the  same  stage,  to  show  the  large  size  of  the  cephalic 
amniotic  fold  and  its  extension  backward  ;  also  the  lesser 
proportions  of  the  caudal  fold.  Fig.  88  represents  the  suc- 
cessive steps  in  the  development  of  the  amnion ;  -4,  at  the 
beginning ;  B,  at  the  end  of  the  second  day  of  incuba- 
tion ;  C,  on  the  third  day ;  D,  on  the  fourth  day.  The 
embryo  is  black  ;  the  lettering  is  the  same  as  on  Fig.  87. 
The  manner  in  which  the  meeting  and  the  final  coalesc- 
ence of  the  folds  is  accomplished,  is  here  very  well  shown. 
Another  important  point  is  likewise  made  plain  by  thesa 
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diagrams,  viz.,  that  the  amniotic  folds  consist  of  two 
leaves,  an  inner  and  an  outer  leaf ;  so  that  after  their  co- 
alescence there  appear  over  the  embryo  two  membranes. 
Fig.  88,  D,  the  inner  of  which  is  the  true  amnion,  am^ 
and  lies  close  about  the  embryo  ;  from  the  mode  of  its 
formation  we  understand  why  the  epithelium  of  the  am- 
nion, being  the  continuation 
of  the  embryonic  epidermis, 
faces  toward  the  embryo. 
The  outer  membrane,  D,  ep, 
passes  outside  the  true  am- 
nion and  over  part  of  the 
surface  of  the  yolk  ;  it  goes 
by  the  name  of  the  f  filse  am- 
nion, or  membrana  serosa  of 
Von  Baer ;  according  to  the 
text-books,  it  is  vaguely  said 
to  participate  in  the  forma- 
tion of  the  chorion,  and,  in- 
deed, current  opinion  is  ex- 
tremely confused  in  regard 
to  the  whole  history  of  the 
chorion.  In  fact,  however, 
the  relations  of  the  mem- 
brane and  its  homologies  ar6 
quite  evident  and  easily  un- 
derstood :  the  false  amnion 
is  the  equivalent  of  a  part  of 
the  cJwrion  of  mammals  ;  the 
remainder  of  t|ie  mammalian 
chorion  being  represented  by 
the  layer  of  ectoderm  and  subjacent  mesoderm  on  the 
external  surface  of  the  yolk.  This  interpretation,  which 
is  here  published  for  the  first  time,  appears  to  me  incon- 
trovertible. 

2.  FtETAL  Envelopes  of  the  Eabbit. — Yeiy  differ- 
ent is  the  arrangement  of  the  amnion  iu  the  rabbit ;  it  is 
shown  in  the  accompanying  very  admirable  diagram,  after 
Van  Beneden  and  Julin.  In  the  higher  mammalia,  it  will 
be  remembered,  the  yolk  substance  has  almost  entirely  dis- 
appeared.   (In  the  monotremes,  according  to  Caldwell, 


Fio.  88. 


Fio.  89.— Fcetal  Envelopes  of  a  Rabbit ;  Embryo  of  Eleven  Days.  A.pl.^ 
area  placentalls;  P/.,  placenta;  Al.^  allantois;  CA.,  churion;  Am,, 
amnion;  am^f  portion  of  the  amnion  united  with  the  walls  of  the 
allantois;  As,  Av',  area  vasculosa;  T,  T',  sinus  terminalis;  C<e, 
coelom,  or  body  cavity ;  Cue.',  C(x"^  extra  embryonic  portion  of  the 
body  cavity;  En^  entodermic'canal  of  the  embryo;  Ent',  entoderm  of 
the  blastodermic  vesicle  ;  Y,  cavity  of  the  blastodermic  vesicle ;  Ec, 
ectoderm ;  pro-A,  Proamnion. 

it  is  Still  preserved.)  In  the  placentalia,  the  yolk-sac  is 
present  as  a  vesicle  of  varying  dimensions  ;  in  the  rabbit, 
it  is  much  dilated,  forming  (together  with  part  of  the 
original  blastodermic  cavity)  a  large  space — the  so-called 
cavity  of  the  blastodermic  vesicle,  T,  This  cavitjr,  as  is 
shown  in  the  figure,  communicates  with  the  digestive 
canal  directly  ;  the  walls  of  the  vesicle  are  constituted  by 


various  layers  ;  inferiorly  is  ectoderm  only,  while  supe- 
riorly there  is  a  continuous  sheet  of  ectoderm  ;  on  either 
side  of  the  embryo,  and,  in  fact,  completely  around  it,  the 
entoderm  is  united  with  a  stratum  of  the  middle  layer,  thus 
making  the  area  vasculosa,  Av,  Av' ;  the  head  of  the  em- 
bryo is  bent  downward,  and  has  forced  in  part  of  the  wall 
of  the  blastodermic  vesicle.  This  invaginated  membrane, 
pro-A,  is  called  the  pro-amnion,  and  in  consequence  of  its 
peculiar  developmental  history  is  formed  by  the  ecto- 
derm and  entoderm  without  any  mesoderm  between  tliem. 
The  pro-amnion  has  been  usually  mistaken  for  a  part  of 
the  true  amnion,  am,  am'.  The  allantois,  Al,  has  a  very 
large  cavity  ;  its  outer  wall  is  very  much  thicliened  to 
form  the  placenta,  pi.  The  amnion  covers  only  the  pos- 
terior portion  of  the  embryo,  and  is  partly  grown  together 
with  the  wall  of  the  allantois.  After  this  stage,  the  pro- 
amnion, jjro-^,  gradually  atrophies,  the  embryo  protrudes 
less  and  less  into  the  blastodermic  vesicle,  and  in  the  same 
measure  the  amnion  expands,  spreading  farther  and  far- 
ther forward  over  the  front  end  of  the  embryo.  The 
amnion,  in  earlier  stages,  arises  as  a  fold  of  the  somato- 
pleure  over  the  tail  of  the  embryo.  There  appears  to  be  no 
stnicture  in  the  rabbit  comparable  to  the  cephalic  amniotic 
fold  of  the  chick.  For  further  details  in  regard  to  the 
origin  of  the  membranes  in  rabbits,  etc.,  see  Proamnion. 
3.  The  Httmatj  Amnion. -;-The  early  stages  of  the 
human  amnion  have   never  been   observed.    His  has 


,FlG.  90. — Diagrams  to  Show  the  Formation  of  the  Human  Amnion.  _  A, 
fi^«t  stage;  B,  second  stage;  Am,  amnion;  Al,  allantois;  Ch,  chorion, 
the  villi  of  which  are  drawn  smaller  and  more  numerous  than  in 
■  nature ;   V,  yolk-sac. 

studied  an  embryo  of  2.6  mm.,  which  showed,  ac- 
cording to  his  description  and  interpretation,  essentially 
the  relations  shown  in  Fig.  90,  B.  The  embryo  rested 
upon  the  large  yolk-sac,  F,  and  was  connected  by  a 
short  stalk,  Al,  with  the  chorion,  Ch.  The  amnion  arose 
under  the  head,  at  the  junction  of  the  yolk-sac  and  the 
embryo,  passed  upward  around  the  head  and  back  over 
the  embryo,  to  join  posteriorly  the  allantois  stalk.  To  ex- 
plain this  disposition.  His  has  advanced  the  following  hy- 
pothesis as  to  the  course  of  development :  The  embryo 
arises  upon  the  surface  of  the  blastodermic  vesicle ;  its 
tissues  pass  over  into  the  external  chorion  for  one  part, 
and  the  internal  yolk-sac  for  the  other.     The  embryo 
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now  sinks  down,  as  shown  in  Fig.  90,  A,  toward  tlie  centre 
of  the  vesicle  ;  the  connection  of  the  posterior  end  with 
the  chorion  becomes  the  allantoidean  stalk,  Al,  while  the 
smooth  membranous  connection  between  the  front  end 
and  the  villous  chorion  represents  the  commencing  am- 
nion, Am.  The  fold,  constituted  by  the  amnion  and.  the 
chorion,  grows  backward  over  the  embryo,  as  indicated 
by  the  dotted  line.  Am' ,  until  it  finally  reaches  the  allan- 
tois  stalk,  and  the  amnion  completely  arches  over  the  em- 
bryo. The  growth  of  the  amnion  is  quite  rapid,  so  that 
early  in  foetal  life  it  comes  by  its  own  expansion  to  lie 
close  against  the  inside  of  the  chorion,  with  which  it 
unites  loosely.  The  amnion,  however,  can  always  be 
easily  stripped  off  from  the  chorion,  even  at  the  very  end 
of  pregnancy.  By  the  sixth  week,  the  amnion  stands 
well  ofl  from  the  embryo,  but  does  not  touch  the  chorion ; 
by  the  fourth  month  it  lies  against  the  chorion.  As  it 
enlarges  it  also  comes  to  enclose  the  stalks  of  the  allantois 
and  the  yolk-sac,  thus  making  the  umbilical  cord.  For 
the  detailed  explanation  of  this  process,  see  Umbilical 
Cord. 

Histology  of  the  Amnion. — The  amnion  consists  of 
two  layers:  (1)  The  ectodermal  epithelium;  (2)  the  meSoder- 
mic  connective  tissue.  The  epithelium  faces  tho  amniotic 
cavity ;  it  consists  originally  of  low  cylindrical  cells,  which 
apparently  undergo  during  the  later  half  of  pregnancy  a 
slow  degeneration  ;  indeed,  in  a  surface  view  one  can  dis- 
tinguish after  the  fifth  month  little  more  than  the  oval 

granular  nuclei,  and 
even  these  become 
each  month  more  dif- 
ficult to  stain  with 
the  histologist's  dyes. 
Over  the  surface  one 
sees  occasionally  light- 
er round  spaces  be- 
tween the  nuclei ; 
these  spaces  have  been 
held  to  be  true  sto- 
mata  by  Winkler, 
but  this  interpreta- 
tion is  very  doubtful. 
Viewed  in  vertical 
section,  each  cell  is 
usually  seen  to  end 
dome-like  on  the  free 
surface.  The  epitheli- 

Pio.  91.— Nuclei  of  Epithelium  of  Amnion ;  um  thins  OUt,  accord- 
Human  Foetus  of  about  Six  Month,.         jj^g  ^  KoUiker,  f  orm- 

ing  a  single  layer  of 
Fflasterzellen,"  but  I  have  not  been  able  to  observe 
this  modification  in  my  own  preparations.  Over  the  um- 
bilical cord  the  epithelium  becomes  stratified,  according 
to  Koster  and  also  Kolliker.  The  histological  character 
of  the  mesodermic  layer  has  never  been  satisfactorily  elu- 
cidated. .Some  authors  have  described  a  larger  number 
of  tissues,  muscles,  nerves,  etc.,  but  there  appears  to  be 
no  satisfactory  evidence  of  the  existence  of  any  such 
specialized  tissues  in  the  amnion.  All  that  is  certain  is 
the  presence  of  a  gelatinous  matrix  of  homogeneous  ap- 
pearance, in  which  lie  a  large  number  of  cells  of  irregular 
shape  and  distribution.  After  staining  with  hsematoxy- 
lon,  nuclei  of  the  most  varied  shape  are  brought  out 
(Fig.  93),  some  round  or  oval  and  lightly  colored,  others 
more  deeply  stained  and  irregular  in  outline.  Satisfac- 
tory observations  in  regard  to  the  cell-bodies  to  which 
these  nuclei  belong  are  much  needed.  They  should  be 
first  attempted  upon  the  young  amnion,  as  lHo  cells  be- 
come less  distinct  during  the  later  stages.  The  amnion 
ot  the  chick  has  contractile  power,  and  is  said  to  contain 
smooth  muscle-fibres. 

Concerning  the  evolution  of  the  amnion  nothing  is 
known,  nor  do  the  speculations  of  Balfour  ("Compara- 
tive Embryology,"  ii.,  356)  nor  of  Van  Benedonand  Julin 
(  Arch,  de  Biologie,"  v.,  435)  seem  satisfactory,  although 
the  view  of  the  latter  is  suggestive;  They  say  :  "Dans 
notre  opinion,  la  cause  d^terminante  de  la  formation  de 
1  enveilope  amniotique  reside  dans  la  descente  de  I'em- 
Dryon,  determine  elle  mSme  par  le  poids  du  corps.     C'est 
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par  une  acceleration  du  developpement  que  la  cavita 
amniotique  en  est  venu  a  se  former  quand  rembryon  ne 
posslde  encore  qu'un  poids  insignifiant."  The  chief  ob- 
jection to  this  theory  is  that  it  really  gives  no  cause  for 
the  expansion  of  the  somatopleure  and  chorion ;  there  is 
no  proof  that  a  mere  strain  by  weight  can  cause  the  cells 
of  a  membrane  to  proliferate,  and  since  such  proliferation 
is  the  immediate  cause  of  the  growth  of  the  amnion,  Van 
Beneden  and  Julin  must  assume  for  their  theory  that  the 
strain  of  weight  does  cause  proliferation ;  but  this  as- 
sumption lacks  support. 

Amniotic  Fluid.  The  amniotic  fluid,  known  also  as 
the  Liquor  amnii,  the  Pi'uchtwasser  of  German  writers 
is  a  serous  liquid,  which  entirely  fills  the  cavity  of  the 
amnion,  and  bathes  the  embryo  on  all  sides.  We  con- 
sider in  this  article,  1,  its  functions  ;  3,  Its  quantity ;  3 
its  composition ;  4,  its  origin. 

functions. — The  amniotic  fluid  obviously  serves  for  the 
mechanical  protection  of  the  foetus  against  sudden  shocks 
blows,  or  pressure  ;  assists  in  the  maintenance  of  a  con- 
stant temperature,  and  affords  the  foetus  scope  for  its 
movements  in  utero.  When  deficient  in  quantity  it  may 
no  longer  prevent  the  pressure  of  the  uterine  wsuls  from 
acting  on  the  child,  in  which  case  deformities  may  re- 
sult. It  keeps  the  skin  of  the  foetus  moist,  and  does  the 
same  for  the  genital  passages  of  the  mother  during  de- 
livery ;  it  is,  however,  not  essential  to  the  act  of  birth,  as 
is  shown  by,  1,  the  delivery  of  the  child  in  some  cases 


Flo.  92.— Surface  View  of  the  Mesodermic  Layer  of  the  Amnion ;  FcetnJ 
of  Six  Months. 

several  hours  after  the  outflow  of  the  fluid,  and,  3,  the  de- 
livery of  the  child  with  the  membranes  intact. 

The  chief  function  of  the  fluid,  however,  is  to  serve  as 
a  water-supply  to  the  embryo.  It  is  probable  that  during 
the  early  stages  of  foetal  life,  possibly  during  the  greater 
part  or  even  the  whole  period  of  intra-uterine  existence, 
the  embryo  absorbs  considerable  quantities  of  fluid  di- 
rectly through  the  skin,  but  of  this  absorption  we  have 
no  direct,  certain  proof.  On  the  other  hand,  the  swallow- 
ing of  the  liquor  amnii  by  the  foetus  per  oram  is  well  es- 
tablished, first,  by  direct  observations  of  the 'bird's  ovum ; 
second,  by  the  flndfhg  in  the  mammalian  digestive  tract 
of  remnants  of  foetal  epidermis,  hairs,  and  of  the  vernix 
caseosa,  which  can  have  reached  their  site  only  by  being 
swallowed  while  floating  in  the  amniotic  fluid.  That  the 
embryo  chick  swallows  the  amniotic  liquid  was  known 
to  Harvey '  (1651),  and  is  said  to  have  been  observed  by 
Haller ;  renewal  and  extension  of  these  observations  is 
much  needed.  As  regards  the  swallowing  by  the  mam- 
malian foetus  there  are  many  observations.  Needhara, 
Haller,  Moriggia,  and  many  others  have  found  meconium 
in  the  stomach  of  foetus  ;  the  presence  of  epidermal  scales 
mthe  foetal  digestive -tract  appears  to  be  constant ;  the 
presence  of  hairs  and  fat^  (.Vernix  caseosa),  or  of  fatty 
acids '  derived  from  the  fatty  vernix,  is  very  common  in 
the  meconium.  The  fact  that  the  foetus  does  swallow 
is  established,  and  analogy  with  the  bird  suggests  that  it 
swallows  constantly  the  liquor  amnii,  together  with  such 
detritus  as  may  be  suspended  in  it.    As  the  fluid  contains 
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only  one  to  two  per  cent,  solids,  it  can  hardly  serve  as 
nourishment  to  the  embryo.  The  above  considerations, 
taken  collectively,  render  the  supposition  plausible  that 
the  foetus  obtains  much  of  its  water  from  the  amniotic 
fluid. 

Quantity. — The  amount  of  amniotic  fluid  at  full  term 
has  been  estimated  by  Fehling*  and  Levison.'  The  for- 
mer burst  the  envelopes  with  the  finger,  or  with  a  tro- 
car, collected  and  measured  the  outflowing  liquid  ;  the 
afterflow  was  collected  upon  a  tared  linen  lying  on  a 
waterproof  sheet.  The  minimum  obtained  in  any  case 
was  365  c.c,  the  maximum  3,300  c.c.  (certainly  abnor- 
mal). The  average  amount  at  full  term  was  680  c.c. ;  for 
foetus  from  the  middle  of  the  ninfh  to  the  middle  of  the 
tenth  month,  433  c.c.  Fehling  ob^rved  34  cases.  Levi- 
son found  the  average  of  33  cases>  821  gms.  ;  CS-assner ' 
the  average  of  35  cases,  1,730  gms.  ;  but  as  Gassner's 
results  seem  to  deserve  less  confidence,  we  may  safely 
conclude  that  at  full  term  there  is  usually  under  one 
htre  of  amniotic  fluid,  while  it  must  be  remembered  that 
the  amount  is  extremely  variable. 

The  amount  during  development  gradually  increases, 
but  no  exact  proportion  exists  between  the  stage  of  devel- 
opment of  the  ioetus  and  the  amount  of  fluid.  Fehling 
attempted  to  show  a  relation  between  the  length  of  the 
umbilical  cord  and  the  quantity,  but  Krukenberg '  demon- 
strated from  Fehling's  own  figures  ■*  that  this  conclusion 
was  untenable. 

Composition. — The  liquor  amnii  has  the  character  of  a 
serous  fluid.  Levison '  found  its  specific  gravity  to  vary 
from  1.0005  to  1.0070,  while,  according  to  Prochownick," 
it  varies  from  1.0069  to  1.0082.  The  latter  found  it  to 
contain  between  1.07  and  1.60  per  cent,  dry  solids,  giving 
0.51  to  0.88  per  cent.  ash.  With  the  increase  of  quan- 
tity there  is  no  constant  diminution  of  the  percentage  of 
solids.  The  following  table,  compiled  from  Vogt '  and 
Scherer,'"  indicates  the  little  that  is  known  concerning  the 
changes  in  composition  during  gestation  : 


3  months. 

4  months. 

5  months. 

6  months. 

10  months. 

Water 

983.47 
9.26 

979.45 

10.77 
3.69 
B.09 

975.84 

7.67 
7.24 
9.25 

990.39 

6.67 
034 

2.70 

991.74 

Albumen     and 

Mucin 

Extract 

Salts 

0.82 
0.60 
7.06 

It  is  clear  that  there  is  a,  great  diminution  in  the  amount 
of  albumen,  especially  toward  the  last  month,  and  there 
is  apparently  a  small  diminution  in  the  percentage  of 
salts.  The  salts  are  such  as  are  usually  contained  in  se- 
rous fluids.  In  connection  with  the  albumen,  it  may  be 
remarked  that  the  fluid  contains  no  fibrin-forming  ma- 
terial, as  has  been  shown  by  Gusserow."  There  is  a  small 
quantity  of  urea,  but  not  more  than  is  found  in  other 
serous  fluids  ;  hence,  the  presence  of  urea  is  no  argument 
in  favor  of  the  view  that  the  amniotic  fluid  is  an  excretion 
of  the  foetal  kidney.  Early  in  gestation  the  amount  is 
small,  but  it  gradually  increases,  until  the  ninth  month, 
0.030  per  cent.,  and  tenth,  0.045  per  cent.  (Fehling).  The 
figures  of  various  authors  differ  greatly — sometimes  no 
urea  being  found  (cf.  Preyer,  "  Specielle  Physiologic  des 
Embryos,"  p.  289).  Finally,  we  have  to  note  the  pres- 
ence of  lymph-corpuscles,  but  whether  they  are  always 
present,  and,  if  so,  in  what  numbers,  is  unknown  ;  in  a 
few  cases  they  have  been  found  in  large  numbers. 

Ongin. — It  is  a  hypothesis  of  long  standing  that  the 
Uqum-  amnii  is  an  excretion  of  the  foetus,  and  opinion  has 
inclined  to  regard  it  as  the  product  of  the  foetal  urinary 
apparatus.  There  is,  however,  no  satisfactory  argument 
of  any  kind  in  favor  of  this  view,  but,  on  the  contrary, 
there  are  many  forcible  objections  to  it ;  while  there  is 
strong  evidence  to  show  that  it  is  derived  from  the  mother 
by  direct  transudation.  It  is  to  be  considerfed,  firstly, 
that  the  liquor  has  the  composition  of  a  serous  fluid,  trans- 
uded from  the  blood-vessels,  and  does  not  resemble 
urine  ;  like  other  serous  fluids  it  contains  a  small  amount 
of  urea,  but  this  is  no  indication  whatsoever  of  the  uri- 


nary origin  of  the  fluid  ;  secondly,  that  the  foetal  penis  is 
completely  closed  during  the  greater  part  of  embryonic 
life,  because  after  the  closure  of  the  raphe  on  the  stalk, 
the  glans  remains  long  imperforate,  so  that  in  the  male, 
at  least,  the  direct  discharge  of  the  urine  into  the  amni- 
otic cavity  is  impossible  ;  unless,  therefore,  we  are  ready 
to  attribute  the  formation  of  the  fluid  to  different  sources 
in  the  two  sexes,  we  cannot  as.sume  the  kidney  to  be  the 
source  of  the  fluid  in  either  sex  ;  thirdly,  that  the  fluid  is 
not  excreted  by  the  epidermal  glands  is  proved  by  the  very 
late  development  thereof,  and  the  early  and  abundant 
formation  of  the  fluid  ;  fourthly,  that  the  amniotic  fluid 
appears  very  early,  being  certainly  present  in  the  third 
week,  at  which  time  the  enibryo  is  entirely  without  ex- 
cretory or  glandular  organs  of  any  kind,  and  all  its  tissues 
are  still  undifferentiated  ;  lastly,  that  it  seems  improba- 
ble that  the  foetus,  which  constantly  requires  water  for 
its  own  use,  should  excrete  a  large  quantity  only  to  swal- 
low it  again. 

That  the  liquor  transudes  directly ,  from  the  uterine 
wall  or  from  the  chorion  through  the  amnion  into  the 
amniotic  cavity,  is  indicated,  first,  by  the  composition  of 
the  fluid ;  second,  by  experimental  evidence  that  certain 
salts  can  pass  directly  from  the  mother  into  the  fluid 
without  passing  through  the  foetus,  at  least  during  the 
latter  part  of  pregnancy.  Zuntz  '*  was  the  first  to  make 
such  an  experiment ;  he  injected  an  aqueous  solution  of 
sulph-indigotate  of  sodium  into  the  jugular  vein  of  a 
pregnant  rabbit ;  the  liquor  amnii  showed  a  distinct  blue 
color,  while  no  trace  of  blue  was  found  in  any  part  of  the 
foetus.  Wiener",  repeated  an^  extended  this  observa- 
tion, ,  and  G.  Krukenberg '  made  similar  experiments, 
with  like  results,  with  iodide  of  potassium. 

All  the  facts  taken  collectively,  point,  it  seems  to  the 
writer,  to  the  theory  that  the  liquor  amnii  is  a  product  of 
the  osmotic  function  of  the  amnion  ;  that,  during  the  ear- 
liest period,  the  osmosis  takes  place  from  the  fluid  in  the 
space  between  the  amnion  and  chorion;  that, during  a 
certain  interval,  namely,  while  the  superficial  capillaries 
of  the  chorion  maintain  an  active  circulation  in  that  mem- 
brane (cf.  Chorion),  the  fluid  may  come  from  the  chorion, 
and,  therefore,  indirectly  from  the  foetus ;  and  flnally, 
that  during  at  least  the  latter  half  of  pregnancy,  the 
transfusion  occurs  from  the  decidua  through  the  chorion 
and  amnion  both.  This  theory,  as  far  as  known  to  the 
writer,  is  new ;  that  the  amnion  itself  produces  the  liquid 
it  encloses,  is  highly  probable,  but  the  exact  source  of 
supply  upon  which  the  amnion  draws  is  much  more  un- 
certain. 
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[Note. — Since  the  preceding  article  went  to  press  an 
interesting  paper,  by  Richard  Haidlen,  has  been  received, 
entitled,  "  Ein  Beitrag  zur  Lehre  vom  Frnchtwasser,"  in 
Arch.  f.  Oyrmkologie,  Bd.  xxv.,  pp.  40  to  50.  He  gives 
a  table  of  forty-three  observations  of  the  amount  of  the 
amniotic  fluid  determined  according  to  Fehling's  method, 
mde  supra,  and  has  recorded  also  for  each  case  the  sex, 
length,  and  weight  of  the  child,  the  weight  of  the  after 
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birth,  the  length  of  the  umbilical  cord,  etc.  Combining 
his  observations  with  those  of  Fehling  (thirty-four  cases),. 
he  is  still  unable  to  detect  any  constant  relation  between 
the  amount  of  the  fluid  and  the  weight  of  the  child,  the 
weight  of  the  afterbirth,  or  the  length  of  the  umbilical 
cord.  Haidlen's  method  of  tabulation,  however,  hardly 
corresponds  to  the  requirements  of  rigid  statistics,  and  it 
is  possible  that  a  reworking  of  his  figures  will  give  difEer- 
ent  results.  I  find  the  average  of  his  observations  to  be 
714  c.c.  of  fluid  ;  taking  out  two  isolated  extreme  observa- 
tions, one  of  50  c.c.,  and  one  of  7,000  c.c.  (hydramnios), 
the  average  of  forty-one  observations  is  only  577  c.c. 
Haidlen  also  failed  to  find  any  proportion  between  the  per- 
centage of  solids  and  the  amount  of  the  fluid.  Haidlen 
also  repeated  Krukenberg's"  experiment  of  giving  women 
iodide  of  potassium  in  the  early  stages  of  labor,  and  also 
small  repeated  doses  for  several  days  before  labor ;  in 
each  case  he  found  the  salt  in  the  amniotic  fluid,  and  also 
in  the  first  urine  of  the  child.  This  experiment,  there- 
fore, does  not  show  whether  the  diffusion  takes  jilace 
from  the  uterine  wall  or  the  foetus  into  the  amniotic 
cavity.] 

AMPUTATION.  Amputation  (amputare,  to  cut  away) 
is  a  term  generally  used  to  designate  the  removal  by 
surgical  operation  of  a  portion  or  the  whole  of  an  ex- 
tremity. In  a  wider  application  the  word  is  still  used 
with  reference  to  separations  of  other  prominent  or  pro- 
jecting portions  of  the  body,  such  as  the  mamma,  penis, 
and  cervix  uteri.  In  this  article  amputations  of  the  ex- 
tremities alone  will  be  considered.  Older  writers,  and 
many  of  the  present  time  in  Germany  and  France,  still 
further  restrict  the  term  amputation  to  the  operative 
removal  of  a  limb  in  its  continuity,  as  in  amputation 
through  the  forearm  or  thigh,  while  they  designate  as 
"disarticulations,"  "enucleations,"  the  removal  of  a 
member  in  its  contiguity  {i.e.,  through  the  joint).  This 
distinction  is  properly  ignored  by  English  and  American 
writers,  since  many  operations  present  combinations  of 
the  two  procedures.     (Syme-Pirogofl.) 

HiSTOBiCAii  Skbtch. — The  helplessness  of  surgeons  of 
ancient  times  to  cope  with  profuse  hsemorrhage  is  gener- 
ally accepted  as  the  sole  admissible  explanation,  of  the 
fact  that,  for  nearly  two  thousand  years,  from  the  time 
of  Hippocrates  to  that  of  Parfi,  amputations  were  prac- 
tically limited  to  the  removal  by  cutting  through  the 
dead  tissues  of  gangrenous  extremities.  The  only 
reference  to  amputations  in  the  Hippocratic  writings  is  as 
follows :  "In  case  of  fractures  of  the  bones,  when 
strangulation  and  blackening  of  the  parts  takes  place,  at 
first  the  separation  of  the  dead  and  living  parts  quickly 
occurs,  and  the  parts  speedily  drop  oft',  as  the  bones  have 
already  given  way  ;  but  when  the  blackening  (mortifica- 
tion) takes  place  while  the  bones  are  entire,  the  fleshy 
parts  in  this  can  also  quickly  die,  but  the  bones  are  slow 
in  separating  at  the  boundary  of  the  blackening,  and 
where  the  bones  are  laid  bare.  Those  parts  of  the  body 
which  are  below  the  boundaries  of  the  blackening  are  to 
be  removed  at  the  joint  as  soon  as  they  are  fairly  dead 
and  have  lost  their  sensibility,  care  being  taken  not  to 
wound  any  living  part ;  for  ifi  the  part  which  is  cut  off 
give  pain,  and  if  it  should  prove  to  be  not  quite  dead, 
there  is  great  danger  lest  the  patient  swoon  away  from 
the  pain,  and  such  swoonings  are  often  immediately 
fatal"  ("Hippocrates,"  Sydenham,  vol.  ii.,  p.  639). 

The  anatomical  labors  of  the  Alexandrian  school  could 
not  have  been  without  influence  on  the  status  of  surgery. 
This  we  see  illustrated  in  the  surgical  writings  of  Celsus, 
who  unquestionably  was  the  first  to  suggest  amputations 
in  the  living  tissues  above  the  line  that  separates  them 
from  the  sphacelus.  While  he  admits  that  patients 
frequently  succumb  during  the  operation  from  haemor- 
rhage, there  can  be  no  question  but  that  Celsus  was  ac- 
quainted with  the  great  usefulness  of  the  ligature.  In 
his  chapter  on  wounds,  he  advises  that,'"  "if  these 
(plugging  the  wound,  compression,  and  mild  caustics)  do 
not  prevail  against  the  hfemorrhage,  the  vessels  which 
discharge  the  blood  are  to  be  taken  hold  of  and  tied  in 
two  places,  about  the  wounded  part,  and  cut  through, 
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that  they  may  both  unite  together  and  nevertheless  have 
their. orifices  closed." 

It  seems  scarcely  possible  that  the  theory,  if  not  the 
practice,  of  surgery  could  have  developed  to  the  position 
designated,  unless  a  less  difficult  procedure  for  the  liga- 
tion of  a  bleeding  vessel  in  an  open  wound  had  been  like" 
wise  perfected,  particularly  in  view  of  the  facts  that 
Archigenes  had  introduced  the  tourniquet,  that  every 
writer  of  the  Greek  and  Arabian  schools  makes  repeated 
reference  to  the  use  of  the  ligature  for  the  relief  of 
hsemorrhage,  and  that  torsion  of  bleeding  vessels  was 
advised  under  certain  circumstances  by  Galen,  Rhazes 
and  Paulus  .^Eginfeta.  ■  It  is  quite  certain,  therefore,  that 
the  proper  management  of  haemorrhage  was  not  entirely 
lost  sight  of  even  in  the  darkest  period  of  the  history  of 
medicine.  Indeed,  the  indications  for  amputation  seem 
to  have  been  more  elucidated  for  a  time  after  the  labors 
of  Celsus.  Thus  Archigenes  enumerates,  among  the 
circumstances  which  require  amputation,  "the  presence 
of  intractable  disease,  such  as  gangrene,  necrosis,  putre- 
faction, cancer,  certain  callous  tumors,  and  sometimes 
wounds  inflicted  by  weapons  "  (Syd.  "  Paul  ^gin.,"  vol. 
ii.,  p.  410).  Nevertheless,  the  advanced  position  occu- 
pied by  this  writer  was  soon  receded  from.  For  a  thou- 
sand years  from  the  time  of  the  latter  authority  retro- 
gression was  the  fate  of  amputations  as  of  surgery  in 
general.  Where  recourse  to  amputations  was  unavoid- 
able, the  most  barbarous  methods  were  resorted  to. 
The  Arabians  operated  with  red-hot  knives.  Through- 
out the  dark  ages  the  actual  cautery  was  applied  to  the 
bleeding  stump,  or  this  was  covered  with  boiling  oil,  or 
molten  pitch,  or  sulphur.  More  cruel  than  any  other 
was  the  practice  of  Guy  de  Chauliac,  who  in  the  four- 
teenth century  bound  a  cord  with  sufficient  force  around 
a  limb  to  insure  its  removal  by  gangrene.  While  ampu- 
tations were  thus  dreaded,  until  within  the  last  three 
centuries,  alike  by  surgeons  and  patients,  it  is  certain 
that  this  operation  was  not  called  for  so  frequently  as  it 
is  now.  Lacerations  as  terrible  as  those  produced  by 
machinery  and  firearms,  which  for  the  most  part  force 
the  amputating  knife  into  the  surgeon's  hands,  could 
hardly  have  been  often  encountered  prior  to  the  dis- 
covery of  gunpowder  and  steam. 

While  Gersdorff,  of  Strassburg,  probably  had  used  the 
ligature  in  amputation  wounds  for  some  years,  it  re- 
mained for  the  genius  of  Par6  to  give  to  amputations  a 
comparatively  firm  position  among  surgical  operations. 
After  nearly  thirty  years  of  experimentation  and  practical 
test  of  the  ligature,  he  published  results  which  should  at 
once  have  revolutionized  the  surgical  practice  of  the 
time.  With  the  retraction  of  the  skin  and  soft  parts 
above  the  site  of  operation,  to  insure  sufficient  tissue  to 
cover  the  divided  bone,  and  the  use  of  a  constricting 
band,  Parfi  had  adopted  all  the  preliminary  means  which 
are  deemed  necessary  to-day  by  many  for  making  a  cir- 
cular amputation.  Grasping  the  open  mouths  of  the 
arteries  with  curved  forceps,  he  closed  them  with  a 
double  thread,  and  the  wound  with  three  or  four  sutures. 
Likewise  was  Pare  the  first  who  clearly  taught  the  value 
of  the  ligature  en  masse  in  refractory  hfemorrhages. 
"  Inspired  by  God  with  this  good  work,"  it  would  seem 
that  Par6  should  have  speedily  moulded  the  practice  of 
his  contemporaries.  That  this  was  not  the  case  is  evi- 
dent from  the  great  opposition  encountered  by  him,  and 
that  it  required  nearly  two  centuries  for  the  ligature  to 
supplant  the  actual  cautery  as  a  hsemostatic  measure. 
Although  Fabricius  Hildanus,  in  Germany,  Dionys,  in 
France,  and  Richard  Wiseman,  in  England  (last  half  of 
seventeenth  century),  make  mention  of  the  ligature,  they 
in  nowise  recommend  it.  It  is  not  remarkable,  there- 
fore, that  in  the  seventeenth  century,  Botal  did  not  hesi- 
tate to  perform  amputation  by  means  of  two  hatchets, 
one  placed  immediately  below  the  member  and  the  other 
loaded  with  leads  let  fall  upon  it  (Velpeau,  "  Operat. 
chir."),  and  that  even  as  late  as  1761  W.  Sharp  saw  cause 
for  complaint  at  the  restricted  practice  of  ligaturing  bleed- 
ing vessels.  Indeed,  it  is  questionable  whether  the  liga- 
ture of  vessels  in  amputation  wounds  could  even  then 
have  obtained    u  firm  foothold  without  the  assistance 
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given  to  it  by  the  tourniquet.  The  origin  of  the  latter 
is  enahrouded  in  mystery.  There  can  be  no  doubt  that 
H.  V.  GersdorfE  made  use  of  constricting  bands.  It  ap- 
pears that  the  idea  of  provisional  compression  of  the 
artery,  as  now  practised,  was  introduced  Independently 
by  two  surgeons  of  different  countries  at  about  the  same 
time.  Morel,  in  France,  and  Young,  in  England,  each 
devised  a  tourniquet  for  the  arrest  of  the.  circulation.  It 
remained,  however,  for  the  great  J.  L.  Petit  (1718)  to 
elaborate  the  principles  of  arterial  compression  and  to 
construct  an  instrument  from  which  those  now  in  use 
differ  but  little.  Finally,  with  the  introduction  of  digi- 
tal compression  and  the  use  of  the  Esmarch  bandage, 
the  appliances  for  the  control  of  haemorrhage  appear  as 
perfect  as  human  ingenuity  can  make  them. 

The  most  dangerous  feature  of  an  amputation  being 
controlled,  attention  could  be  directed  toward  the  secur- 
ing of  a  more  rapid  cure  and  a  useful  stump.  When  in 
ancient  and  mediaeval  times  an  amputation  terminated 
well,  a  year  elapsed  before  the  wound  had  healed,  and  a 
conical  stump  usually  resulted.  In  1678  a  friend  of 
Thomas  Young  expressed  his  great  surprise  that  larger 
extremities  could  be  removed  in  such  a  manner  that  the 
wound  was  firmly  cicatrized  by  first  intention  in  three 
weeks.  The  circular  incision  for  amputations  being  the 
one  most  quickly  accomplished  and  intuitively  resorted 
to  by  the  earlier  operators,  was  the  one  generally  adopted. 
Although  Celsus  clearly  indicates  the  necessity  of  com- 
pletely covering  the  ends  of  the  bone  with  the  soft  parts, 
by  dividingituponahigherlevel,  yet  it  was  but  rarely  ac- 
complished. This  will  not  appear  remarkable  when  we 
consider  how  the  operation  was  described  as  late  as  the 
sixteenth  century  by  Hans  v.  Gersdorffl,  the  great  bar- 
ber-surgeon of  Strasbourg:  "And  when  you,  will  cut 
him,  order  some  one  to  draw  the  skin  hard  up,  and  then 
bind  the  skin  with  your  bleeding-tape  tight.  Next  tie  a 
simple  tape  in  front  of  the  other  tape  in  such  a  way  that 
a  space  is  left  between  the  twq  tapes  of  one  finger's 
breadth,  so  that  you  may  cut  with  the  razor  between 
them.  In  this  way  the  cut  is  quite  reliable,  goes  easily, 
and  makes  a  perfect  stump.  Now  when  you  have  done 
the  cut,  take  a  saw  and  separate  the  bone,  and  after  that 
undo  again  the  bleeding-tape  and  order  your  assistant  to 
draw  the  skin  over  the  bone  and  the  flesh,  and  to  hold  it 
hard  in  front.  You  should  have  a  bandage  ready  of  two 
fingers'  breadth  ;  it  should  be  moistened  beforehand,  so 
as  to  be  wet  through,  then  bind  the  thigh  from  above 
downward  to  the  cut,  that  the  flesh  may  protrude  in  front 
of  the  bone,  and  then  bandage  this  too."  '  Amputation 
by  a  single  circular  incision  down  to  the  bone  has  since 
been  revived  by  Louis  and  Briinninghausen  in  the  begin- 
ning of  our  century,  and  has  been  advised  by  Esmarch 
recently  in  emaciated  and  exhausted  subjects.' 

Early  in  the  last  century  J.  L.  Petit  originated  the  first 
decided  improvement  upon  the  ancient  method  of  prac- 
tising the  circular  incision.  With  the  first  circular  in- 
cision he  divided  the  skin  and  subcutaneous  cellular  tis- 
sue alone,  and  after  reflecting  them  divided  the  muscles 
upon  a  higher  level  by  a  second  circular  sweep  of  his 
concave  knife.  Cheselden  and  Sharp  in  England,  and 
Heister  in  Germany,  independently  devised  and  became 
adherents  of  this  improved  operation,  by  which  the  end 
of  the  bone  could  be  completely  covered.  To  still  fur- 
ther improve  tho  stump  Edward  Alanson,  after  the  cus- 
tomary circular  incision  through  the  skin,  sought  to  give 
the  wound  a  funnel-shape  by  applying  the  knife  ob- 
liquely and  dividing  the  muscles  in  the  form  of  a  hollow 
cone.  Subsequent  operators  finding,  however,  that  the 
wound  thus  made  was  not  conical,  but  spiral,  and  that  it 
entailed  conditions  unfavorable  to  primary  union,  this 
modification  failed  to  get  a  permanent  foothold  among 
recognized  operations.  A  better  and  simpler  means  to 
produce  a  conical  wound  was  produced  by  Desault,  who, 
after  division  of  the  skin,  divided  the  superficial  and 
deep  muscles  on  different  levels  by  two  separate  sweeps 
of  the  knife. 

Meanwhile  flap  operations  had  been  devised.  Al- 
though, according  to  Velpeau  and  Lacauchie,  Helio- 
dorus  had  described  amputation  of  superfluous  fingers 


by  the  double  flap  operation,  the  knowledge  of  this 
method  was  entirely  forgotten.""  R.  Lowdham,  of  Ex- 
eter, in  1679,  introduced  the  flap  operation  for  amputa- 
tion of  the  leg  by  making  a  lateral  flap  on  one  side,  a 
semicircular  incision  on  the  opposite  side  completing  the 
operation.  The  incision  was  made  from  without,  and  in- 
cluded the  skin  and  muscles  of  the  calf  of  the  leg.  Al- 
though, as  already  indicated.  Young  (currus  triumphalis) 
most  highly  lauded  the  results  achieved  by  the  new 
method,  it  was  ignored  until  Peter  A.  Verduyn,  of  Am- 
sterdam (1696),  practised  a  similar  amputation,  transfix- 
ing the  soft  parts  with  a  double-edged  knife.  Sabourin 
and  Garengeot  adopted  the  method  by  transfixion.  Other 
modifications  rapidly  followed  the  first  steps  of  the  new 
method.     H.  Ravaton  (1750),  and  Vermale  (1767),  sur- 

feons  of  the  Palatinate,  recommended  the  formation  of 
ouble  flaps,  while  Charles  Bell  (1807),  and  the  elder 
Langenbeck  (Gottingen),  again  practically  returned  to 
the  older  operation  of  Lowdham.  On  the  other  hand, 
S^dillot,  in  1841,  and  Teale,  in  1858,  greatly  improved 
the  double  flap  operation.  S^dillot  formed  two  musculo- 
cutaneous flaps,  in  which  only  a  small  part  of  the  flesh 
was  included,  and  divided  the  remaining  soft  parts  by  a 
circular  incision.  A  number  of  operators  advised  that 
the  flaps  be  of  unequal  size,  lest  the  cicatrix  become  ad- 
herent to  the  divided  end  of  the  bone.  Finally,  Thomas 
Teale,  of  Leeds  (1858),  devised  the  antero-posterior  rect- 
angular musculo-cutaneous  flaps.  Scoutetten,  of  Metz, 
in  1827  combined  into  what  is  termed  the  oval  method,  a 
number  of  operations  which  had  been  previously  em- 
ployed by  the  older  Langenbeck,  Larrey,  Guthrie,  and 
others.  According  to  Scoutetten,  this  method,  which  is 
best  adapted  to  disarticulations,  is  supposed  to  possess 
the  advantages  of  both  flap  and  circular  operations. 
While,  on  the  continent,  this  operation  has  found  a  small 
band  of  followers,  it  has  never  met  with  general  favor. 

Indications. — Amputation  has  been  termed  the  "last 
resource  "  and  the  "  opprobrium  "  of  the  surgeon.  Re- 
course to  this  radical  measure  signifies  the  surgeon's  un- 
belief in  his  e:^orts  to  restore  to  usefulness  an  injured 
limb  ;  it  is  his  concession  that,  in  the  combat  with  dis- 
ease, he  has  been  conquered,  or  that  his  ability  to  rectify 
a  congenital  deformity  is  limited.  To  recognize  the  limits 
of  his  powers  to  save  a  part  reqiflres  ihe  keenest  judg- 
ment of  the  surgeon,  and  it  is  remarkable  how,  in  the 
history  of  amputations,  this  has  swayed  between  the  ex- 
tremes of  radicalism  and  conservatism.  It  is,  of  course, 
not  remarkable  that,  prior  to  the  introduction  of  the 
ligature,  amputations  were,  for  the  most  part,  confined 
to  the  removal  of  parts  which  were  all  but  removed  by 
an  accident  itself,  or  were  already  the  seat  of  gangrene. 
On  the  other  hand,  the  multiplication  of  methods  of  am- 
putation, during  the  last  and  the  early  part  of  this'  cen- 
tury, went  hand  in  hand  with  the  most  reckless  con- 
demnation of  limbs.  The  voices  of  Gervaise*  and 
Boucher, °  which  were  raised  in  defence  of  conservatism, 
were  unheard,  and  even  the  remarkable  reports  of 
Bilguer  were  unable  to  stay  the  useless  sacrifice  of  limbs. 
Bilguer,*  the  father  of  conservative  surgery,  and  surgeon 
to  Frederick  the  Great,  could  report,  in  1763,  169  com- 
pound fractures  successfully  treated  by  conservative 
methods.  Among  these  were  9  of  the  femur,  42  of  the 
leg,  19  of  the  ankle,  9  of  the  head  of  the  humerus,  16  of 
its  shaft,  33  of  the  elbow,  9  of  the  forearm,  3  of  the  wrist, 
and  3  of  the  hand.  The  distinction  which  these  statistics 
brought  to  Bilguer  was  materially  dimmed  by  the  fact 
that  he  published  his  successes  alone,  and  that  for  a  while 
he  denied  amputations  a  place  among  justifiable  opera- 
tions. The  incredulity  of  surgeons  in  these  results  and 
extreme  views  was  one  of  the  causes  which  prevented 
them  for  many  decades  from  restricting  the  indications 
for  an  amputation.  Faulty  methods  of  treating  wounds 
and  an  insufficient  appreciation  of  the  dangers  attending 
major  amputations  were  likewise  potent  factors  in  so 
frequently  forcing  the  amputating-knife  into  the  hand  of 


*  The  importance  of  covering  the  end  of  the  bone  was  patent  to  many 
—Earth,  Maggi,  among  others.  (Von  K.  Sprengel:  Gesoh.  der  Chir., 
vol.  i.,  p.  408,  Halle,  1805.) 
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the  surgeon.  The  introduction  of  immovable  dressings, 
the  startling  statistics  of  Malgaigne,  published  in  1842 
and  1848,  the  favor  with  vrhich  excisions  were  received, 
and,  above  all,  the  advantage  of  antiseptic  treatment  in 
the  widest  sense,  were  the  chief  causes  in  finally  deter- 
mining the  indications  for  amputations  as  they  are  now 
generally  accepted. 

In  general  terms,  it  is  proper  to  resort  to  amputation 
when  the  sacrifice  of  a  part,  which  is  hopelessly  diseased, 
is  necessary  to  the  preservation  of  life  or  the  enjoyment 
of  its  various  functions  and  duties.  It  is  well  to  remem- 
ber that  "  the  vast  majority  of  people  would  prefer  living 
with  three  extremities  to  being  buried  with  four."  While 
in  each  individual  case  the  danger  and  advantages  of  an 
operation  are  to  be  carefully  balanced,  conditions  may 
arise  which  may  make  an  operation  imperative  which  but 
a  few  days  before  seemed  uncalled  for. 

Contra-indications  to  amputation,  either  temporary  or 
permanent,  should  also  be  clearly  recognized.  Among  the 
former,  particularly  as  to  amputations  for  injury,  should 
be,  considered  extreme  shock  and  exhaustion  from  ex- 
cessive hsemorrhage.  As  permanent  contra-indications, 
such  conditions  should  be  recognized  as  will  preclude 
the  possibility  of  attaining  the  object  of  all  operative  pro- 
cedure, viz.,  the  restoration  of  the  patient  to  health. 
Such  indications  are,  first,  so  extensive  an  involvement, 
by  disease,  of  a  limb  and  contiguous  parts  that  amputa- 
tion will  not  suffice  for  its  complete  removal,  and,  second, 
complications  on  the  part  of  important  internal  organs 
from  injury  or  disease,  under  which  circumstances  an 
amputation  would  not  only  be  useless,  but  would  prob- 
ably curtail  life. 

While  it  is  an  axiom  that  amputation  should  be  resort- 
ed to  only  under  circumstances  where  no  other  means 
will  avail,  there  is  no  little  diflBculty  in  determining  the 
conditions  that  ca,ll  for  this  extreme  measure.  They  may 
be  most  readily  investigated  by  considering  them  under 
the  three  general  headmgs  of  injuries,  non-traumatic 
lesions,  and  deformities. 

(as)  Injuries. — When,  from  accident  of  any  kind,  a  limb 
is  entirely  severed  from  its  connection,  or  the  soft  parts 
so  mutilated  that  it  is  attached  by  skin  alone,  or  by  it  and 
pulpified  flesh,  an  amputation  is  absolutely  indicated. 
Wounds  from  circula!r-saws,  railroad  accidents,  extensive 
gun-shot  lacerations,  afford  numerous  instances  in  which 
the  amputation  consists  in  nothing  more  than  trimming 
off  the  ragged  edges  of  the  wound,  levelling  the  inequal- 
ities of  the  protruding  fleshy  masses,  and  placing  the 
stump  in  the  best  condition  for  speedy  repair.  To  this 
class  of  injuries  belong  those  cases,  caused  by  railroad 
trains,  heavily  loaded  wagons,  entanglement  in  machin- 
ery, etc.,  in  which  the  soft  parts  are  extensively  torn 
from  the  bone,  the  muscles  being  pulpified,  the  blood- 
vessels and  nerves  lacerated.  It  is  remarkable  that  in  in- 
stances of  this  character  the  skin  itself  may  remain  un- 
broken, while  all  that  it  covers  has  been  practically 
crushed.  The  shock  attending  the  tearing  off  of  a  leg 
or  an  arm  is  usually  so  excessive  that  a  formal  operation 
with  attendant  loss  of  blood  must  be  dispensed  with. 

On  the  other  hand,  it  is  a  well-established  fact  that 
fingers,  portions  of  the  nose  and  ear  which  had  been 
almost  completely  and  even  totally  separated  by  an  in- 
cised wound  uncomplicated  by  contusion,  have  been  per 
manently  replaced  by  the  careful  use  of  sutures. 

0)  Extensive  burns  and  circumferential  lacerations  of 
only  the  skin  and  subcutaneous  cellular  layers  may,  in 
rare  cases,  require  the  sacrifice  of  a  limb.  When,  from 
the  depth  of  a  burn,  it  becomes  evident  that  the  repara- 
tive process  must  be  suppurative  in  character,  and  com 
tinue  for  many  months,  and  when  finally  ended  leave  a 
disfigured  and  practically  useless  member,  it  is  usually 
better  at  once  to  amputate  than  to  expose  the  life  of  the 
sufferer  to  the  dangers  of  septic  infection,  amyloid  de- 
generation, or  exhaustion.  Extensive  stripping  of  the  in- 
tegument from  a  member  may  likewise  impel  the  surgeon 
to  operative  interference.  A  most  interesting  case  of  this 
character  is  recorded  by  M.  Schede  (Billroth  und  Pitha, 
vol.  n. ,  Heft  ii. ,  3  Abth. ,  p.  19),  in  which  an  entire  arm  was 
caught  m  a  cogwheel  and  stripped  of  its  integument,  the 
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muscles  of  the  arm  and  forearm  bein^  laid  bare  as  in  a 
careful  dissection.  Although  amputation  at  the  shoulder 
was  successfully  re.sorted  to  and  the  acromion  removed,  the 
integument  was  insufficient  for  the  closure  of  the  wound 

(c)  The  simultaneous  injury  of  the  main  artery  and 
vein  of  an  extremity  has  usually  been  considered  an  in. 
dication  for  amputation,  since  it  almost  invariably  results 
in  its  mortification  if  conservatism  is  practised.  This 
has  applied  particularly  to  wounds  of  the  femoral  artery 
and  vein.  The  advisability  of  an  operation  in  all  such 
cases  must,  however,  be  seriously  questioned,  since  in- 
stances are  multiplying  in  which,  with  neoplasms,  several 
inches  of  the  main  vessels  of  the  limb  have  been  removed 
without  resulting  in  its  death.  When  the  vein  alone  is 
slightly  injured,  it  is  far  preferable  to  trust  to  a  properly 
applied  lateral  ligature,  or  if  completely  divided,  an  at- 
tempt to  save  the  limb  should  be  made  by  ligation  of  the 
accompanying  artery.  Quite  recently  a  case  has  been 
recorded  by  Pilcher  in  which  an  incised  wound  of  both 
femoral  artery  and  vein  was  successfully  treated  by 
double  ligation  of  both  vessels.'  On  the  other  hand,  am- 
putation may  be  required  for  the  relief  of  traumatic 
aneurisms  or  those  of  spontaneous  origin  which  have 
become  diffused.  Particularly  may  ablation  of  the 
thigh  be  preferable  to  other  plans  of  treatment  of  aneu 
rism  of  the  popliteal  and  of  the  deep  arteries  of  the  leg 
in  persons  of  advanced  years.  In  cases  of  subclavian 
aneurism  exarticulation  at  the  shoulder  has  likewise  been 
successfully  performed  as  a  modified  distal  ligation. 
Finally,  secondary  haemorrhage  after  injuries  from  what- 
ever cause,  when  other  measures  have  failed,  can  be  re- 
lieved alone  by  the  sacrifice  of  the  limb.  Since  after 
ligation  in  continuity  of  an  artery  the  secondary  haemor- 
rhage most  frequently  comes  from  the  distal  end  of  the 
vessel,  it  is  apparent  why  amputation  is  often  successfully 
practised. 

(d)  Compound  fractures  and  dislocations  are  the  con- 
ditions which  most  frequently  call  for  amputation  in  all 
communities  where  manufacturing  interests  are  largely 
developed  and  where  railroads  furnish  employment  to 
large  numbers.  Not  very  long  ago,  the  presence  of  a 
compound  comminuted  fracture  was  deemed  sufficient 
cause  for  an  amputation,  even  if  unattended  by  exten- 
sive laceration  of  the  soft  parts.  In  no  field  of  surgery 
have  greater  triumphs  been  recorded  than  in  the  con- 
servative treatment  of  these  compound  fractures.  There 
can  be  no  question  but  that  to-day  all  surgeons  of  twenty 
years'  experience  save  limbs  which  in  their  earlier  ex- 
periences they  would  have  doomed.  For  these  results 
we  are  in  the  main  indebted  to  the  principles  of  antiseptic 
treatment,  which,  although  first  promulgated  in  1865  in 
Glasgow  by  Mr.  Lister,  were  first  extensively  practised 
on  the  continent,  especially  in  Germany,  by  Bardeleben, 
Volkmann,  and  Nussbaum. 

It  is  immaterial  for  our  purpose  which  of  the  numer- 
ous antiseptic  agents  be  preferred,  or  whether  the  open 
method  of  wound  treatment  with  thorough  drainage  he 
employed.  Such  remarkable  results  have  been  achieved 
in  the  conservative  treatment  of  compound  fractures  that 
ordinary  cases  may  be  said  to  present  no  indications  for  am- 
putation. Nearly  a  year  ago  a  lad  of  eighteen  had  his  left 
arm  caught  in  the  belt  of  a  machine-shop.  When  brought 
to  the  Good  Samaritan  Hospital,  in  Cincinnati,  an  hour 
after  the  accident,  there  was  detected  a  double  fracture  of 
the  humerus,  one  of  which  was  compound,  a  simple  dis- 
location backward  of  the  elbow,  a  compound  fracture  in 
the  middle  third  of  the  radius  with  two  inches  of  fragment 
protruding,  and  a  compound  dislocation  of  the  ulna  at 
the  wrist.  An  amputation  was  strenuously  advised,  but, 
fortunately,  rejected  by  the  parents.  The  boy,  after  con- 
finement for  nine  months,  recovered  after  two  inches  of 
the  radius  and  six  inches  of  the  ulna  were  removed. 
The  hand  and  forearm  are  almost  useless,  but  infinitely 
preferable  to  the  best  artificial  limb. 

Statistics  of  the  advantages  of  conservatism  in  the 
treatment  of  these  accidents  are  rapidly  accumulating. 
Thus  Volkmann  was  enabled  to  report  75  compound 
fractures  of  the  larger  long  bones  without  a  single  death, 
although  in  8  cases  he  was  compelled  to  resort  to  secondary 
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amputation.  Sir  Joseph  Lister,  with  rigid  adherence  to 
the  antiseptic  method,  lost  3  out  of  97  cases.  In  the 
treatise  of  Billroth  and  Luecke*  is  a  most  exhaustive 
compilation  of  354  cases  which  were  treated  by  the  Lis- 
terian  method.  Of  334  of  these  cases  which  were  treated 
conservatively  only  14  died.  But  it  remained  for  our 
own  countryman.  Dr.  Fred.  S.  Dennis,  to  record  the 
most  brilliant  and,  indeed,  unique  successes  ever  ob- 
tained in  this  field.'  Of  144  cases  of  compound  fracture 
treated  in  the  New  York  Hospital,  not  one  died  from 
septic  infection,  and  100  cases  were  treated  without  a 
death  from  any  cause.  Extensive  splintering  of  bone 
and  laceration  of  soft  parts  can,  therefore,  no  longer  be 
considered  an  excuse  for  the  sacrifice  of  the  limb.  If 
amputations  still  form  a  considerable  percentage  of  the 
operations  performed  in  large  hospitals,  it  is  because  of 
the  more  extensive  employment  of  heavy  machinery,  and 
the  great  extent  of  railway  travel.  Most  of  the  primary' 
amputations  thus  practised  are  indicated  by  the  condi- 
tions above  detailed.     (Siib.  a.) 

(e)  Closely  allied  to  compound  fractures  in  their  re- 
lation to  amputations  are  compound  dislocations.  Since 
the  more  general  appreciation  of  the  value  of  primary 
excision  of  joints,  amputations  for  these  injuries  are  now 
less  frequently  resorted  to  than  formerly.  Indeed,  all 
formal  operations  for  compound  dislocations  should  be 
greatly  restricted.  Cooper '"  and  Nelaton  "  already  leaned 
toward  conservatism.  The  latter  advised  reduction  of  the 
dislocation,  closure  of  the  external  wound,  and  antiphlo- 
gistic measures.  What  has  been  accomplished  in  this 
way  in  recent  years,  and  particularly  by  immobilization, 
could  be  demonstrated  by  a  stately  array  of  cases  of  com- 
pound dislocations  of  large  joints  in  which  the  limb  was 
saved,  and  often  with  perfect  motion.  Compound  disloca- 
tions of  shoulder,  wrist,  hand,  and  elbow,  unless  the  dam- 
age of  the  soft  parts  is  such  as  per  se  to  call  for  amputa- 
tion, should  always  be  treated  without  operation,  or  by 
excisions.  A  com^pound  dislocation  of  the  elbow,  with 
laceration  of  the  brachial  artery,  was  successfully  treated 
without  operation  by  McCarthy,  and  Davis  '*  reports  an- 
other such  dislocation  of  the  knee,  in  which  all  the  func- 
tions of  the  joint  were  retained. 

On  the  other  hand,  amputations  for  compound  disloca- 
tions of  the  foot  and  ankle  are  more  frequently  indicated, 
since  excision  and  conservative  measures  often  leave  the 
parts  useless,  if  not  positively  a  burden,  and  the  dangers 
of  primary  amputations  are  at  least  no  greater  than  those 
which  attend  milder  methods  of  treatment  of  these  cases. 

if)  Gun-sfiot  Wounds. — These  are  of  sufficient  frequence 
in  civil  practice  to  often  call  for  amputation.  Here,  on 
account  of  suitable  accommodations  and  facilities  for 
proper  treatment,  conservative  means  may  be  adopted, 
where  in  the  field  a  part  must  be  sacrificed  for  the  benefit 
of  the  whole.  A  recent  writer  thus  enunciates  the  con- 
ditions which  caU  for  amputation:"  "1.  When  there 
has  been  great  destruction  of  soft  and  hard  parts,  as  in  a 
crush  by  Targe  shot,  or  when  the  limb  has  been  almost 
completely  or  altogether  carried  away.  3.  When  the 
fracture  is  associated  with  laceration  of  the  main  vessels 
or  nerves  of  the  part.  3.  When  acute,  infective  osteo- 
myelitis has  been  developed.  In  the  chronic  form  of  this 
disease,  when  the  entire  length  of  the  bone  has  become  af- 
fected, it  may  or  may  not  be  necessary  to  amputate,  ac- 
cording to  the  general  condition  of  the  patient,  and  the 
particular  bone  that  is  diseased.  4.  When  there  is  severe 
secondary  haemorrhage  from  an  eroded  vessel,  or  from  a 
ruptured  traumatic  aneurism.  5.  When  traumatic  gan- 
grene has  supervened." 

(g)  Mortification. — The  presence  of  mortification,  as  a  se- 
quel of  trauma  or  of  the  application  of  the  extremes  of 
heat  and  cold,  offer  an  unmistakable  indication  for  the 
ablation  of  a  part  as  soon  as  the  evidences  of  the  limita- 
tion of  the  gangrene  are  made  manifest.  Nor  is  it  always 
advisable  to  wait  for  this  in  the  case  of  traumatic  gan- 
grene, which  often  extends  with  such  rapidity  that  a  few 
hours  will  rob  the  sufferer  of  his  only  chance.  The  mor- 
tification which  follows  the  ligation  of  an  arteij,  or  upon 
an  embolism,  is  a  condition  calling  for  operative  interfe- 
rence. On  the  other  hand,  this  is  rarely  permitted  by  the 
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general  condition  of  the  patients  in  cases  of  senile  gan- 
grene. 

{h)  Tetanus. — Amputation  may  be  said  to  be  one  of  the 
most  successful  measures  for  the  relief  of  traumatic  tet- 
anus. According  to  the  latest  experiences  an  equal  pro- 
portion of  good  results  follow  this  method  and  nerve- 
stretching.  The  latter  should  be  given  the  preference 
in  every  case,  when,  in  the  event  of  failure,  amputation 
should  be  resorted  to  as  a  dernier  ressort. 

NoN-TEATJMATic  AFFECTIONS. — (o)  Inflammation. — 
Severe  and  extensive  inflammations  of  the  skin,  subcu- 
taneous cellular  layer,  and  intermuscular  layer,  as  they 
are  frequently  encountered  in  phlegmonous  erysipelas  from 
injuries  which  in  themselves  are  most  trivial,  and  which 
from  septic  infection  or  protracted  suppuration  would 
lead  to  death,  are  conditions  that  may  necessitate  an  am- 
putation. While  with  free  incisions,  the  permanent 
water-dressing,  and  irrigation,  many  limbs  thus  affected 
may  be  saved,  amputation  must  always  be  resorted  to  in 
a  certain  small  proportion  of  especially  aggravated  cases. 
The  presence  of  septicaemia  and  pyasmia  should  not  be 
deemed  a  contra-indication  unless  the  want  of  vitality  of 
the  patient  will  preclude  the  possibility  of  surviving  the 
shock  resulting  therefrom.  Billroth,  Volkmann,  Fayrer, 
Weinliichner,  Luecke,  and  numerous  other  surgeons  cite 
cases  in  which  amputation  was  successfully  practised 
after  a  varying  number  of  rigors  had  placed  the  presence 
of  the  gravest  constitutional  infection  beyond  doubt.  By 
removing  the  primary  seat  of  the  septic  changes,  the  gen- 
eral manifestations  of  pysemia  may  frequently  be  caused 
to  disappear. 

(i)  Inflammatory  conditions  of  the  bones  and  joints 
which  cannot  be  relieved  by  less  radical  measures  often 
make  an  amputation  imperative.  Acute  spontaneous 
osteo-myelitis,  when  unrelieved  by  trephining,  and  when 
affecting  only  a  single  bone,  must  be  considered  a  condi- 
tion requii'ing  this  radical  interference.  Necrosis  which 
involves  the  entire  thickness  of  the  shaft  of  the  bone, 
when  this  is  single  on  the  part  of  an  extremity  (humerus, 
femur),  and  when  repeated  necrotomies  have  been  una- 
vailing, occasionally  requires  the  sacrifice  of  a  limb.  In 
extensive  caries  of  the  articular  ends  of  the  long  bones, 
or  of  the  carpus  and  tarsus,  when  from  the  depraved  con- 
dition of  the  patient  excision  is  unfeasible,  amputation 
is  compulsory.  The  improved  methods  of  dealing  with 
suppurative  and  destructive  affections  of  joints  by  im- 
mobilization, and,  if  need  be,  by  resection,  have  happily 
reduced  the  number  of  cases  calling  for  amputation  from 
these  causes  to  a  minimum. 

(c)  Extensive  circumferential  ulcerations  of  the  leg, 
which  sap  tlje  strength  of  patients  through  haemorrhage 
or  profuse  suppuration,  or  which  unfit  the  patient  for  the 
vocations  of  life,  not  unfrequently  render  amputation 
advisable.  This  also  applies  to  cases  of  true  and  spurious 
elephantiasis,  in  which  milder  measures  have  proven  of 
no  avail. 

(d)  Tumors  of  benign  and  malignant  character,  when 
from  their  size  they  destroy  the  usefulness  of  a  limb 
or  endanger  life,  are  well-recognized  indications  for  am- 
putation. The  neoplasms  most  frequently  demanding 
the  latter  are  carcinomatous  degenerations  of  chronic 
ulcers  or  epitheliomas  developing  around  a  sequestrum, 
or  an  osteo-sarcoma  of  the  articular  ends  of  the  long  bones. 
Under  all  these  conditions  amputation  offers  a  better 
chance  for  permanent  recovery  than  excision.  The  rule 
which  applies  to  the  management  of  neoplasms  generally, 
that  an  operation  must  be  refrained  from  unless  all  of 
the  diseased  tissue  can  be  removed,  is  particularly  to  be  re- 
membered before  an  amputation  is  determined  upon  for 
the  relief  of  a  tumor  of  an  extremity.  The  bearing  of 
amputation  to  certain  traumatic  affections  of  the  blood- 
vessels and  special  spontaneous  aneurisms  has  already 
been  referred  to.  Congenital  telangiectases  likewise 
exact  amputation  when  rapidity  of  growth  endangers 
life  or  when  other  plans  of  treatment  have  been  unsuc- 
cessful. 

Defobmities. — (a)  Supernumerary  fingers  and  toes  are 
proper  cases  for  removal,  and  the  operation  may  be 
safely  practised  six  months  after  birth.    This  early  re- 
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moval  assures  a  better  form  of  hand  or  foot  and  a  di- 
minutive scar.  Cases  of  club-foot  which  have  been  alto- 
gether neglected  or  badly  managed,  and  vrhich,  from 
extensive  ulceration  or  inflamed  bursee,  entail  great  suf- 
fering upon  patients,  not  infrequently  can  be  relieved  by 
amputation  only.  But  in  early  life  no  case  of  talipes 
is  of  sufficient  severity  to  warrant  the  removal  of  the  foot. 
(b)  Cicatricial  contractions  of  the  joints,  associated 
with  great  wasting  of  the  muscles,  from  extensive  burns ; 
great  deformity  and  uselessnesa  of  a  limb  from  neglected 
dislocation  (foot  or  ankle),  may  call  for  an  amputation.  For 
these  and  similar  cases,  amputations  of  expediency  may 
occasionally  be  required,  but  the  surgeon  should  care- 
fully weigh  all  factors  in  the  case  before  subjecting  his 
patient  to  the  risks  of  an  operation  for  the  relief  of  a 
condition  which  in  itself  is  only  a  burden  and  not  a  source 
of  danger. 

Time  for  Amputation. — When,  in  consequence  of  an 
injury,  an  amputation  is  indicated,  the  proper  time  for 
performing  it  must  be  considered.  While  the  patient  is 
still  suffering  from  shock,  collapse,  or  even  exhaustion 
from  excessive  haemorrhage,  it  would  be  sealing  his  fate 
to  resort  to  an  operation.  At  least  moderate  reaction 
must  invariably  be  awaited,  irrespective  of  its  early  or 
late  appearance.  When  reaction  has  once  been  estab- 
lished, with  the  aid  of  restoratives,  the  most  appropriate 
period  for  an  amputation  has  arrived,  since,  for  a  period 
varying  from  twelve  to  seventy-two  hours,  the  injured 
part  remains  in  apparently  the  same  condition  that  it  was 
in  immediately  after  the  accident.  After  this  interval, 
there  may  be  expected  to  supervene  those  local  and  sys- 
temic manifestations  which  belong  to  severe  inflamma- 
tory changes  in  the  injured  part.  All  amputations  prac- 
tised prior  to  the  advent  of  these  changes  are  designated 
primwy  amputations.  Since  the  time  when  these  changes 
supervene  varies  from  one  to  three  or  four  days,  ac- 
cording to  a  multitude  of  circumstances,  foremost  of 
which  are  the  constitution  of  the  patient  and  the 
character  of  the  wound,  no  absolute  limit  can  be 
fixed  to  the  time  when  an  amputation  should  no 
longer  be  classed  among  the  primary  amputations. 
With  very  few  exceptions,  sUrgeons  of  the  present  day 
recognize  the  necessity  of  immediate  amputation  in  every 
instance  where  conservatism  cannot  be  practised.  The 
diversity  of  opinion  which  has  prevailed  on  this  subject 
has  been  great.  Among  the  advocates  of  primary  ampu- 
tation may  be  enumerated  Du  Chesne,  Wiseman,  Pott, 
Percy,  J.  Bell,  Larrey,  and  Guthrie ;  among  its  oppo- 
nents, Faure,  Hunter,  and,  within  the  last  quarter  of  a 
century,  J.  NeudorfEef,  Paul,  and  Gross.  The  extensive 
experiences  of  Guthrie  and  Larrey  have  finally  con- 
vinced surgeons  of  the  advantages  of  early,  as  compared 
with  late,  amputations.  Of  291  primary  amputations, 
107  recovered,  24  died,  and  160  remained  under  observa- 
tion. Of  551  secondary  operations,  170  recovered,  265 
died,  while  116  remained  under  treatment  (Guthrie).  The 
accumulated  experiences  of  the  Crimean  and  Franco- 
Prussian  wars,  and  the  vast  statistics  of  our  civil  war, 
indorse  the  prevailing  practice  of  resorting  to  early  am- 
putations. In  the  statistics  of  Otis,  there  were  in  3,259 
primary  amputations  of  arm,  602  deaths,  18.4  per  cent, 
mortality  ;  in  902  intermediary  amputations  of  arm,  302 
deaths,  33.4  per  cent,  mortality  ;  in  411  secondary  ampu- 
tations of  arm,  114  deaths,  27.7  per  cent,  mortality ;  in 
1,914  primary  amputations  of  lower  third  thigh,  927 
deaths,  48.7  per  cent,  mortality;  in  676  intermediary 
amputations  of  lower  third  thigh,  459  deaths,  67.9  per 
cent,  mortality ;  in  207  secondary  amputations  of 
lower  third  thigh,  100  deaths,  48.3  per  cent,  mortality. 
The  obvious  reasons  for  the  better  results  which  follow 
early  operations  are  that  they  are  made  at  a  time  when 
the  constitution  has  not  yet  been  exhausted  by  pro- 
tracted suppuration  and  high  temperatures,  and  that 
they  leave  wounds  which  can  be  kept  free  from  septic 
infection. 

The  second  date  at  which  an  amputation  might  be 
forced  upon  the  surgeon  is  that  during  which  the  severe.st 
local  and  general  signs  of  inflammation  present  them- 
selves.    The  damaged  limb  has  become  red,  cedematous, 
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and  painful.  From  the  wound  there  issues  a  sanious 
malodorous  fluid,  and  a  more  or  less  extensive  slougliin? 
of  the  tissues  adjacent  to  the  wound  ensues.  Associated 
with  these  local  conditions  are  an  acceleration  of  pulse 
elevation  of  the  temperature,  often  to  a  dangerous  degree  '• 
headache,  dry  tongue,  scanty  urine,  and  muttering  delir! 
ium.  Unless  the  patient  succumbs  to  the  paralyzing  in. 
fluences  of  excessive  temperatures,  his  condition  becomes 
gi-adually  ameliorated  in  from  five  to  fifteen  days.  As 
the  discharge  of  scant/  serum  is  followed  by  a  free  secre- 
tion of  pus,  the  gangrenous  parts  are  exfoliated,  and  the 
swelling  largely  subsides  ;  the  fever  and  acceleration  of 
pulse  are  reduced ;  the  tongue  regains  its  normal  moisture 
and  color,  and  a  comparative  degree  of  comfort  is  enjoyed. 
Amputations  practised  during  this  stormy  period  of  the 
clinical  history  of  an  accident  have,  after  the  designations 
of  Boucher  and  Alcock,  been  called  intermediary.  Since 
they  are  made  at  a  time  when  the  damaged  part  and 
the  system  at  large  are  in  the  very  worst  condition  for 
operations,  it  is  not  remarkable  that-  sucli  amputations 
offer  the  worst  prospects  for  recovery.  Although  the 
mortality  following  such  amputations  must  therefore  be 
very  much  greater  than  that  following  primary  or  lata 
amputations,  cases  will  arise  in  which  the  very  gravity 
of  the  local  and  general  phenomena,  such  as  recurrent 
hsemorrhage,  impending  gangrene  or  septicsemia,  will  ne- 
cessitate the  speedy  removal  of  the  limb,'  as  the  last  hope 
of  deliverance. 

With  the  subsidence  of  the  grave  constitutional  symp- 
toms and  the  advent  of  profuse  suppuration,  begins  that 
period  when  if  amputations  are  performed,  they  are 
termed  secondary.  It  has  already  been  seen  that  the  pros- 
pects of  recovery  after  amputations  in  this  period  are  less 
promising  than  alter  those  of  an  earlier  period.  An  equally 
strong  objection  to  waiting  for  this  period  is  that  more  of 
a  limb  must  generally  be  sacrificed  than  by  an  early 
operation.  Thus  Guthrie  observes  that,  "When  an  am- 
putation is  delayed  from  any  cau.se  to  the  secondary 
period,  a  joint  is  most  frequently  lost ;  for  instance,  if  a 
leg  be  shattered  four  inches  below  the  knee,  it  can  fre- 
quently be  taken  off  on  the  field  of  battle  and  the  joint 
saved.  Three  or  four  weeks  after,  the  joint  will  in  all ' 
probability  be  so  much  concerned  in  the  disease  that  the 
operation  must  be  performed  in  the  thigh ;  the  same  in 
regard  to  the  forearm  and  hand,  and  the  upper  part  of 
the  arm  with  the  shoulder."  Notwith- 
standing the  drawbacks  attending  sec- 
ondary amputations,  certain  circum- 
stances frequently  make  them  impera- 
tive. Continued  fever,  impending  ex- 
haustion from  excessive  and  protracted 
suppuration  and  evident  uselessness  of 
the  limb,  even  if  saved,  may  force  the 
knife  into  the  hand  of  the  surgeon, 
after  much  valuable  time  has  been  lost 
ihrough  an  error  of  judgment  on  his 
part,  or  a  procrastination  on  the  part 
of  friends. 

Pkbpabatiojts. — Before  beginning 
an  amputation  it  is  essential  to  make 
such  preparations  for  it  as  are  required 
for  every  major  operation.  If  possible, 
this  should  be  made  in  the  early  part 
of  the  day,  in  order  that  if  there  be 
much  hemorrhage  subsequent  to  the 
operation  its  source  can  be  looked  for 
without  artificial  illumination.  It  can 
be  most  satisfactorily  performed  on  any 
operating  table,  or  in  the  absence  of 
this  on  two  kitchen  tables  placed  end 
to  end.  The  instruments  necessary 
for  major  amputations  are  :  1.  An  Es- 
march  elastic  bandage  and  strap  for 
the  production  of  anaamia  of  the  part  to  be  removed.  2. 
A  suitable  tourniquet.  3.  Amputating  knives  of  various 
lengths  and  widths,  with  at  least  one  double-edged  blade 
(Fig.  53)  (catling).  4.  One  large  and  one  metacarpal  am- 
putating saw.  5.  From  six  to  twelve  haemostatic  forceps. 
6.  A  bone-cutting  forceps,  and  a  lion-jawed  forceps.    7. 


Via.  93. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Amputation. 
Amputation. 


Cartolized  animal  and  silk  ligatures,  drainage-tubes,  nee- 
dles, and  an  abundance  of  hot  water. 

The  preparations  which  are  to  be  made  for  the  after- 
treatment,  although  they  are  necessarily  a  preliminary  to 
the  operation  itself,  will  vary  according  to  the  plan  to  be 
adopted,  and  will  be  considered  at  some  length  hereafter. 

While  a  finger  or  toe  can  be  removed  by  a  surgeon  with 
only  such  aid  as  a  layman  can  give,  at  least  three  assist- 
ants are  required  for  every  larger  amputation.  The 
duties  of  these  should  be  first  clearly  defined  by  the 
operator,  lest  valuable  time  be  lost  during  the  operation. 
The  undivided  attention  of  one  must  be  given  to  inducing 
and  maintaining  anaesthesia.  The  second  is  to  support  the 
part  to  be  removed,  after  which  he  can  be  entrusted  with 
the  ligation  of  the  vessels.  The  duty  of  the  third  should 
be  confined  to  controlling  the  circulation  of  the  limb 
above  the  seat  of  operation  and  eventually  to  retract  the 
flaps.  Where  there  is  a  fourth  assistant,  it  should  be  his 
duty  to  hand  the  instruments  to  the  operator  as  he  may 
require  them.  This  assistant  is  dispensable,  since  when 
the  instruments  are  placed  on  a  table  near  the  operator, 
the  latter  can  help  himself  quite  as  expeditiously  as 
when  assisted  to  them.  These  details  arranged,  the 
patient  is  anaesthetized  and  brought  into  such  a  position 
that  the  limb  to  be  removed  is  everywhere  accessible. 
The  part  to  be  removed  must  now  be  carefully  wrapped 
in  towels,  the  entire  limb  thoroughly  cleansed  with  soap 
and  brush  and  the  hair  removed  , 

from  the  part  where  the  incision  is 
to  be  malde.  The  surgeon  is  then 
ready  to  take  the  final  and  most  im- 
portant preliminary  measure  for  the 
amputation,  that  by  which  he  in- 
tends to  control  the  circulation  of 
the  limb  and  reduce  the  loss  of  blood 
to  a  minimum. 

There  are  various  methods  by 
which  the  circulation  may  be  more 
or  less  controlled  during  an  amputa- 
tion, and  they  are  of  sufiioient  im- 
portance to  justify  a  detailed  con- 
sideration. To  prevent  haemorrhage 
the  surgeon  can  choose  between  tour- 
niquets, digital  compression,  and  the 
Esmarch  elastic  bandage,  or  combine 
the  latter  with  one  of  the  other  two. 
From  the  time  of  Morel  the  ingenu- 
ity of  surgeons  has  been  taxed  to  de- 
vise an  instrument  which  will  safely 
compress  the  main  artery  of  a  limb 
above  the  point  where  an  amputa- 
tion is  to  be  practised.  Of  the 
many  instruments  introduced,  only  a  few  have  been  able 
to  gain  general  recognition.  The  oldest  of  these  is  the 
Spanish  windlass  or  garrdt  of  Morel,  which  consists  of 
nothing  more  than  a  wide  band  (g)  of  an  unyielding  material 
(muslin  or  linen),  firmly  drawn  around  the  limb  and  tied. 
Over  the  main  artery  and  at  a  point  diametrically  opposite, 
there  are  inserted  underneath  it  compresses  of  linen,  a  piece 
of  thick  leather,  or  a  piece  of  paste-board  (p).  At  a  point 
opposite  the  artery  a  firm  rod  («  s)  is  introduced  underneath 
the  encircling  band  and  turned  in  such  a  manner  as  to 
shorten  the  latter,  and  thus  the  compression  of  the  main  ar- 
tery is  effected  (Fig.  94).  Ovring  to  the  simplicity  of  its 
construction  the  garr6t  of  Morel  stands  without  a  peer  in 
cases  of  emergency  in  civil  as  well  as  military  practice. 
It  has,  however,  one  great  detraction  which  renders  its 
use  a  matter  of  necessity  rather  than  of  choice.  Notwith- 
standiog  the  use  of  the  pads  of  linen  or  leather  already 
referred  to,  veins,  arteries,  and  soft  parts  are  compressed 
to  an  almost  uniform  degree  ;  hence  extensive  venous 
haemorrhage  and  insuflScient  retraction  of  the  muscles 
follow.  A  great  improvement  on  the  windlass  is  the 
tourniquet  of  Petit  which  is  now  so  generally  in  use.  It 
consists  of  two  metal  plates,  the  distance  between  which 
can  be  regulated  by  a  screw,  and  which  are  connected  by  a 
strong  linen  band  supplied  with  a  buckle,  by  which  the 
limb  is  encircled  (Pig.  95).  To  apply  it  properly,  the  limb 
should  be  surrounded  by  a  few  turns  of  a  roller,  while 


Fig.  94.— Morel's  Tour- 
niquet. 


Fig.  95. — Petit's  Tonmiquet. 


the  body  of  the  bandage  (p)  is  placed  over  the  artery  (a). 
Over  this  bandage  the  lower  metallic  plate  is  then  placed, 
the  band  and  buckle  are  fastened,  when,  by  turning  the 
screw,  compression  of  the  main  vessel  can  be  regulated  at 
pleasure.  The  objection  has  been  raised  to  the  tourni- 
quet of  Petit  that  it  compresses  not  only  the  artery,  but 
also  its  accompanying  vein,  and  thus  induces  venous  stasis, 
and  enhances  the  dangers  of  thrombosis.  While  this  is 
doubtless  true,  it  is  an  insurmountable  defect  common  to 
all  tourniquets ;  and  based  more  on  theoretical  than  on 
clinical  data.  When  properly  applied  the  tourniquet  of 
Petit  is  not  apt  to  slip  or 
yield,  and  its  safety  is  such 
that  in  case  of  emergency  the 
management  of  the  screw 
might  be  entrusted  even  to  a 
layman.  In  order  to  limit 
the  compression  to  the  main 
vessel  alone,  complete  or  in- 
complete metallic  rings  have 
been  devised  which,  while 
they  surround  the  limb  more 
or  less  completely,  make  com- 
pression at  only  two  points, 
i.e.,  over  the  artery  and  at  a 
point  diametrically  opposite. 
The  best  known  tourniquets 
constructed  on  this  principle 
are  the  horseshoe  tourniquet 
of  Signorini  and  Dupuytren, 
the  arterial  compressor  of 
the  late  Professor  Gross,  and  the  abdominal  tourniquet 
of  Pancoast  and  Lister  (Pig.  96).  While  with  these  the 
compression  can  be  limited  to  the  main  vessels  of  the  limb, 
and  the  circumferential  constriction  of  the  latter  is  thus 
avoided,  they  are  more  liable  to  slip  than  the  tourniquet 
of  Petit,  and  are  far  less  reliable  than  digital  compres- 
sion. For  certain  amputations,  however  (of  the  hip  and 
shoulder),  the  instrument  of  Petit  is  inapplicable  ;  it  is 
then  that  one  or  other  of  the  horseshoe  tourniquets  or 
dirftal  compression  will  be  found  indispensable. 

Digital  compression,  when  made  by  trustworthy  hands, 
is  admirably  suited  to  control  temporarily  the  circulation. 
If  compression  of  the  artery 
alone  is  anatomically  possi 
ble,  it  can  be  best  accom- 
plished by  the  finger.  To  be 
practicable,  the  vessel  must 
be  contiguous  to  a  bone 
against  which  it  can  be 
pressed,  as  the  femoral  upon 
the  OS  innominatum,  the  bra- 
chial upon  the  humerus,  the 
subclavian  against  the  first 
rib,  or  the  abdominal  aorta 
against  the  vertebrae.  Since 
only  a  few  minutes  are  re- 
quired for  the  amputation  of 
a  limb,  and  the  ligation  of 
Fia.  96.-HorBeshQe  Tourniquet,  tj^g  larger  arteries,  the  endur- 
ance of  the  assistant  entrusted  with  the  duty  is  not  severe- 
ly tasked.  In  digital  compression,  associated  with  the 
use  of  the  elastic  bandage,  we  have  a  combination  with 
which'  the  circulation  of  a  limb  can  be  completely  con- 
trolled, and  by  which  parts,  the  compression  of  which 
would  be  useless  or  even  harmful,  are  protected.  Not- 
withstanding the  advantages  of  this  method,  the  surgeon 
should  never  resort  to  it  unless  he  can  absolutely  rely 
upon  the  ability  and  skill  of  his  assistant. 

Elastic  C'onyw«««4()«.— Notwithstanding  the  precautions 
against  haemorrhage  after  amputations,  these  were  invari- 
ably associated  with  very  great  loss  of  blood  until  twenty 
years  ago.  The  blood  thus  lost  was  venous  in  character, 
and  came  from  the  veins  of  the  amputated  member. 
Through  the  practices  of  Grandesso  Silvestri,"  an  Italian 
surgeon,  and  particularly  of  Esmarch,  "of  Kiel,  the  blood 
contained  in  the  part  to  be  removed  is  saved,  and  that  this 
is  not  an  inconsiderable  quantity  has  been  demonstrated 
by  experiment. '8    The  apparatus  of  Esmarch  consists  of 
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an  elastic  bandage  and  an  elastic  tube  or  flat  band  with 
chain  or  clasp  attachments.     Commencing  at  the  fingers 
or  toes,  the  bandage  is  applied  by  spiral  turns  until  the 
limb  is  covered  to  a  line  at  least  four  inches  above  the 
point  where  the  bone  is  to  be  divided.     Above  the  last 
turn  of  the  bandage,  the  elastic  band  or  tube  is  rather 
flnfily  and  repeatedly  wound  around  the  limb,  and  secured 
by  clasp  or  hook  and  chain  (Fig.  97).    When  the  bandage 
is  then  removed,   a  condition  of   ischeemia  is  observed 
in  the  limb,  which  will  permit  its  amputation  without 
a  more  than  appreciable  loss  of  blood  during  the  operation 
proper.     When  the  elastic  strap  is  ^removed,  the  integu- 
ment of  the  stump  rapidly  assumes  a  bright-red  color,  and 
in  the  wound  there  appears  free,  persistent,  and  often  em- 
ban-assing,  capillary  oozing.     It   is    generally  accepted 
now  that  the  source  of  this  haemorrhage  is  from  the 
dilated  capillaries,  the  walls  of  which  have  been  paralyzed 
in  consequence  of  the  pressure  exerted  by  the  strap  on  the 
vaso-motor  nerves.    When  in  from  twenty  to  thirty  min- 
utes the  vessel- walls  regain  their  tonicity,  the  hsemorrhage 
ceases.     To  check  this    capillary  oozing,  a   number  of 
remedies  have  been  suggested.     That  of  Riedinger,"  to 
apply  the  faradic  current,  while  very  serviceable,  is  not 
always  practicable.    Esmarch  relies  upon  closure  of  the 
wound  and  elevation  of  the  stump  before  the  strap  is  en- 
tirely removed.     Hot  water  (150°  to  180°  F.),  applied  with 
sponges,  often  acts  admirably  in  these  cases.     Since  com- 
pression of  the  vaso-mo- 
tor nerves,  caused  by 
the  bandage,  is  the  cause 
of  this  parenchymatous 
haemorrhage,   this   can 
best   be    obviated    by 
completely  substituting 
digital  compression  for 
the  elastic  strap,  or,  if 
the  latter  be  used,  by 
preventing,  the  ingress 
of  blood  by  the  use  of 
a  tourniquet  until  the 
vessels  have    regained 
their  natural  tone.    The 
latter  plan,  as  practised 
by  Ashhurst,'*  is   "to 
place  a  tourniquet  in  po- 
sition, but  not  screwed 
down    over   the   main 
artery  of  the  limb,  and 
then  to  apply  the  Es- 
march tube  a  few  inches 
above  the  point  at  which 
it  is  intended  to  ampu- 
tate.    As  soon  as  the 
principal  vessels   have 
been  secured,  the  tourniquet  plate  is  screwed  down,  and 
the  tube  removed.     No  bleeding  follows,  and  by  the  time 
that  the  remaining  arteries  requiring  ligatures  have  been 
tied,  the  vessels  will  have  regained  their  tone,  and  the  tour- 
niquet can  be  removed  without  any  risk  of  bleeding  fol- 
lowing."   In  amputations  near  the  trunk,  the  elastic  strap 
or  tube  should    not  be  used  in  the  ordinary  manner. 
(See    Special  Amputations.)    In  an  amputation  of  the 
shoulder,  and  another  of  the  hip,  I  have  seen  it  loosen  or 
slip  over  the  stump  immediately  after  the  disarticulation 
was  effected,  and  in  both  instances  the  hasmon-hage  was 
most  alarming.     In  amputation  at  the  shoulder,  when  by 
the  use  of  the  bandage,  the  blood  in  the  extremity  has 
been  returned  to  the  economy,  it  is  better  to  rely  upon 
compression  of  the  main  artery  against  the  first  rib  with 
the  tinker  or  a  padded  key.     In  amputations  of  the  hip 
the  main  artery  can  be  compressed  against  the  pubic  bone 
or  even  the  circulation  in  the  aorta  can  be  controlled 
"y  one  01  the  many  compressors  already  referred  to 

Methods  of  Ampdtation.— Every  amputation  con- 
.  sists  ot  three  steps  :  1.  Division  of  the  soft  parts  ■  2  di- 
vision of  the  bone,  or  disarticulation  ;  3,  ligation  of'  the 
vessels  and  closure  of  the  wound. 

According  to  the  method  adopted  for  the  division  of  the 
sott  parts,  amputations  are  classified  as  circular  or  flap 
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Fig.  97. — Esmarch's  apparatus. 


operations,  and  in  the  choice  of  the  method  the  surgeon 
must  be  guided  by  the  condition  of  the  soft  parts  about 
the  bone,  the  ease  vrith  which  the  joint  can  be  opened  in 
a  disarticulation,  the  probable  position  of  the  cicatrix  and 
form  of  the  stump,  and,  above  all,  the  desire  to  save  as 
much  of  the  limb  as  possible.  Of  the  circular  and  flan 
operations  all  methods  of  amputation  may  be  said  to  be 
but  modifications.  By  the  circular  method  it  is  at- 
tempted to  give  to  the  stump  the  form  of  an  inverted 
cone  or  funnel,  the  apex  of  which  is  occupied  by  the  di- 
vided end  of  the  bone,  the  base  or  margin  of  wMch  is 
represented  by  the  cutaneous  margin  of  the  wound.  In 
the  flap  operation  the  soft  parts  are  so  divided  as  to  inake 
one  or  more  flaps,  the  bases  of  which  are  on  a  level  with 
the  divided  bone,  And  the  free  margins  of  which  are  so 
adapted  to  each  other  as  to  completely  cover  the  bone  and 
admit  of  the  ready  closure  of  the  wound.  Whatever  plan  of 
operation  is  adopted,  the  surgeon  should  stand  in  such  a  po- 
sition that  he  grasps  the  stump  with  his  left  hand,  and  that 
the  amputated  part  therefore  falls  toward  his  right  side. 

Ovrcular  Method. — All  modifications  of  the  circular 
method  have  a  similar  incision  through  the  skin  and  sub- 
cutaneous cellular  layer,  which  is  made  around  the  en- 
tire circumference  of  the  limb  and  at  a  right  angle  to  its 
axis.  According  to  the  depth  to  which  the  incision  is 
carried,  the  method  is  subdivided  into  that  by  single  in- 
cision and  that  by  double  incision. 

Single  incision :  This,  as  already  remarked  (see  His- 
tory), is  the  oldest  method  of  amputation,  and  is  gener- 
ally known  as  the  Celsian  operation.  After  retraction  of 
the  soft  parts  a  long  amputating  knife  is  swept  around 
the  limb,  and  all  of  the  soft  parts  are  divided  down  to 
the  bone.    This  is  then  divided  on  a  slightly  higher 


Fio.  98. 

level  by  the  retraction  of  the  soft  parts.  While  this 
operation  yields  the  smallest  wound,  and  is  the  most 
rapid  in  its  execution,  its  manifest  disadvantage  is  in  the 
insuflicient  covering  which  it  affords  for  the  bone.  It  is 
admissible  only  in  greatly  emaciated  subjects.  Brun- 
ninghausen,"  in  the  beginning  of  the  century,  reintro- 
duced this  method,  but,  after  the  amputation  of  the  limb 
was  completed,  made  a  second  section  of  the  bone  sev- 
eral inches  above  the  point  at  which  it  was  first  divided. 
Double  incision :  This  operation,  of  which  those  of 
Petit,  Cheselden,  B.  Bell,  Desault,  and  Alanson,  are  but 
unimportant  modifications,  has  received  its  name  from 
the  fact  that  the  skin,  underlying  fascia,  and  muscles 
are  divided  upon  different  levels,  and,  therefore,  by  at 
least  two  circular  incisions.  It  is  made  as  follows :  The 
surgeon,  firmly  holding  the  limb  with  the  left  hand,  car- 
ries his  right  hand,  in  which  he  firmly  holds  a  large  am- 
putating-knife,  underneath  and  around  the  limb  until 
the  heel  of  the  cutting  edge  is  over  the  uppermost  part 
of  _  the  line  of  the  proposed  incision.  Giving  the  knife 
this  position  forces  the  operator  into  a  more  or  less  stoop- 
ing posture,  from  which  he  raises  himself  as  the  incision  is 
completed.  This  is  commenced  with  the  heel  of  the  knife, 
which,  by  a  single  sweep,  is  carried  around  the  entire  cir- 
cumference of  the  limb,  severing  the  skin  and  adipose 
layer  down  to  the  deep  fascia  (Fig.  98).  Two  incisions, 
the  ends  of  which  meet,  will  answer  as  well  as  the  di- 
vision by  a  single  sweep  of  the  knife.    As  soon  as  the 
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integument  is  divided  tlie  wound  gapes.  Tlie  upper  mar- 
gin w  raised  by  tlie  tliumb  and  finger  of  the  left  hand, 
and  gradualljr  detached  from  the  fascia  by  repeated  long 
incisions  carried  perpendicularly  to  the  axis  of  the  limb. 
This  operation  of  detachment  is  continued  until  the  skin 
and  adipose  layer  can  be  reflected  like  a  cuff,  the  length 
of  which  should  be  equal  to  half  the  diameter  of  the  limb 


(Fig.  99).  Where  the 
latter  rapidly  increases 
in  circumference,  or 
there  is  a  thick  subcu- 
taneous layer,  or  this 
has  been,  infiltrated,  the 
reflection  of  a  cufl  is 
often  impracticable. 
Pig.  99.  Then  two  longitudinal 

incisions,  diametrically 
opposite  each  other,  will  materially  facilitate  this  part  of 
the  operation,  although  by  this  means  the  amputation  is 
in  a  manner  converted  into  a  flap  operation.  The  in- 
tegument having  been  reflected  to  the  required  extent, 
the  muscles  are  next  divided  close  to  the  line  of  reflection 

by  one  steady  cir- 
cular sweep  of  the 
knife,  which 
should  cut  through 
every  thing  do  wn  to 
.  the  bone  (Pig.  100). 

C'^  Where  there  is 


Fio.  100. 

but  one  bone  to  be  divided,  the  surgeon  is  now  prepared 
to  use  the  saw.  Where  there  are  two  bones,  the  interos- 
seous tissues  remain  to  be  divided.  Whereas  this  can  be 
accomplished  with  an  or- 
dinary amputating-knife, 
it  is  safer  to  use  a  double- 
edged  instrument  (catling) 
for  this  purpose.  By  using 
it  in  the  manner  indicated 
in  Fig.  101,  there  is  no  dan- 
ger of  cutting  the  blood-  Vy  "% 
vessels  twice,  and  thus 
one  danger  of  troublesome 
haemorrhage  is  avoided. 
To  protect  the  soft  parts 
from  injury  by  the  saw,  j^iq  jqj 
they  must  be  well  retracted 

by  the  hands  of  an  assistant,  or  by  the  use  of  a  band  of 
muslin  (retractor)  divided  into  two  or  three  slips,  accord- 
ing to  the  absence  or  presence  of  an  interosseous  space 
(Fig.  103). 

When  it  is  deemed  advisable  to  save  sufficient  perios- 
teum to  cover  the  divided  end  of  the  bone,  this  can  now 
be  readily  effected  with  the  back  of  the  knife  or  the  han- 
dle of  the  scalpel.  The  utility  of  this  procedure  must 
certainly  be  questioned,  since  in  a  number  of  instances  it 
has  interfered  with  the  ready  drainage  of  the  medullary 
cavity,  and  has  thus  been  -the  indirect  cause  of  a  fatal 
issue.™ 

The  movements  of  the  saw  can  be  greatly  facilitated 


by  guiding  them  with  the  nail  of  the  left  thumb  (Fig.  103). 
The  to-and-fro  movements  of  the  saw  should  be  slow, 
lest  the  heat  developed  by  its  too  rapid  use  endanger  the 
vitality  of  the  bone.  Where  there  are 
two  bones  of  the  same  diameter  (fore- 
arm), they  should  be  divided  simulta- 
neously. In  the  leg,  the  tibia  is  to  be 
almost  entirely  divided  before  the  sec- 
tion of  the  fibula  is  commenced.  Un- 
less this  precaution  is  adopted,  splinter- 
ing of  the  bone  is  not  easily  avoided. 
For  the  same  rea- 
son, the  assistant  in 
charge  of  the  part 
to  be  amputated 
should  hold  it  hori- 
zontally, allowing  i 
it  neither  to  drag  by 
its  weight  nor  to  be 
raised  in  a  manner 
to  interfere  with  the 

movements    of   the  Fia.  108. 

saw.    Should  splin- 
tering of  the  bone  nevertheless  occur,  the  splinters  and 
sharp  margin  of  the  latter  must  be  removed  with  the  cut- 
ting bone-forceps. 

Oval  Method. — Holding  an  intermediate  position  be- 
tween the  circular  and  flap  operations  is  the  oval  method, 
which,  although  practised  by  the  older  Langenbeck  and 
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others,  was  first  generalized  by  Scoutetten  (1837).  The 
essential  feature  of  this  amputation  in  the  continuity  of 
the  limb  is,  that  the  incision,  instead  of  being  made  per- 
pendicular to  its  long  axis,  is  carried  at  an  angle  of  forty- 
five  degrees,  and  in  such  a  way  that  the  soft  parts  m 
front  of  the  bone  are  divided  upon  a  higher  level  than 

those  on  its 
posterior  as- 
pect. At  the 
same  time  the 
upper  portion 
of  the  wound  is 
converted  into 
an  acute  angle, 
whereas  its 
lower  portion 
is  given  an  oval 
outline.  The 
upper  extrem- 
ity  of  the 
wound  is 
placed  at  the 
point  where  the 
bone  is  to  be 
divided.  The 
operation  i  s 
commenced  by 
two  incisions, 
in  the  form  of 
an  inverted  V, 
the  lower  ends 
of  which  are 
united  by  a 
transverse   cut 


Fig.  104. 


on  the  posterior  surface  of  the  limb  (Blasius).     Here,  as 
in  the  circular  amputation,  by  a  single  incision  all  the 
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soft  parts  are  divided  at  once  on  each  side  of  the  bone  and 
then  those  on  its  posterior  aspect.  This  operation  has 
heen  senerally  discarded  for  amputations  m  the  continuity, 
although  for  disarticulations  at  certain  joints  it  presents 
advantages  which  are  worthy  of  consideration  (see  J<ig. 

104) 

Flap  Method.— ks  already  indicated,  this  consists  m 
the  formation  of  one  or  more  flaps,  comprismg  integu- 
ment and  muscular 
tissue,  or  integument 
alone,  designed  in  a 
manner  to  complete- 
ly cover  the  divided 
extremity  of  the  bone 
or  its  exposed  articu- 
lar surface.  Accord- 
ing to  the  anatomical 
components  of  the 
flaps,  they  can  there- 
fore be  called  tegu- 
mentary  and  muscu- 
.AMife&i  f     ''Mk.^^  lo-tegumentary. 

Tegwmentary  Flwp». 
— This  opera- 
tion is  gener- 
ally practised 
by  making 
two  semilunar 
incisions,  the 
ends  of  which 
meet  on  oppo- 
site sidesof  the 

part,  down  to  the  deep  fascia,  and  dissecting  up  the  skin 
and  subcutaneous  cellular  layer  to  an  extent  sufficient  to 
cover  the  stump  (Fig.  105).  when  it  is  practicable,  the  flap 
should  be  taken  from  the  anterior  and  posterior  aspects  of 
the  limb  in  the  forearm,  thigh,  and  leg,  and  they  .should 
not  be  of  equal  lengths,  the  anterior  flap  usually  being 
made  longer  to  fall  like  a  curtain  over  the  divided  end  of 
the  bone,  where  it  comes  in  contact  with  the  posterior 
(shorter)  flap.  In  recent  years  the  tegumentary  method, 
with  only  one  cutaneous  flap,  made  from  the  anterior  sur- 
face of  the  limb,  has  been  most  highly  advocated  (Garden, 
Bruns).  "When,  from  choice  or  necessity,  a  single  tegu- 
mentary flap  is  to  be  made,  the  incision  should  be  com- 
menced on  a  level  with  the  point  where  the  division  of 
the  bone  is  contemplated,  and  carried  for  a  varying  dis- 
tance down  one 
aspect  of  the 
limb,  parallel 
to  its  axis,  and 
then  by  a  wide 
curve  on  the 
opposite  side  to 
a  point  on  a 
level  with  its 
commence-  , 
ment  (see  Fig.  ii' 
106).  In  this 
manner  the 
base  of  the  cu- 
taneous flap  ex- 
tends over  half 
the  circumfer- 
ence of  the 
limb,  while  its 
length  should  be  greater  than  its  antero-posterior  diameter 
at  the  leveL  of  the  amputation.  After  separation  of  this 
flap  from  the  deep  fascia  (it  may  be  made  to  include  this) 
it  is  reflected  and  the  ends  of  the  incision  united  by  a 
posterior  incision  carried  perpendicularly  to  the  axis  of 
the  limb  as  in  the  circular  operation  (Pig.  106). 

Whether  one  or  more  cutaneous  flaps  be  made,  the 
division  of  the  remaining  soft  parts  is  practised  by  a 
single  sweep  of  the  knife,  carried  perpendicularly  around 
the  limb  at  the  base  of  the  flap,  as  in  the  circular  opera- 
tion. Owing  to  this  division  of  the  muscles,  amputations 
by  the  tegumentary  flap  method  are  not  infrequently 
called  "modified  circular  operations." 


Fia.  106. 


Mu8Culo-iegumenta/ry  Flaps. — Here,  as  in  the  tegument- 
ary method,  one  or  more  flaps  may  be  made,  to  cover  the 
stump.  They  may  be  formed  by  transfixion  of  the  limb 
and  cutting  from  within  outward,  or  by  cutting  from 
without  inward,  or  by  making  one  flap  by  the  former 
and  the  other  by  the  latter  mentioned  method.  'WTiere 
there  is  but  a  single  bone  (thigh,  arm),  it  is  customary 
to  make  at  least  one  flap  by  transfixion.  The  integument 
being  well  retracted,  and  the  soft  parts  raised  from  the 
bone  with  the  left  hand,  a  sharp-pointed  and  large  ampu- 
tating-knife  is  passed  through  the  limb  from  side  to  side, 
the  knife  being  made  to  graze  the  surface  of  the  bone  (Fig. 
107).  By  a  sawing  movement  the  instrument  is  gradually 
carried  downward  and  forward,  and  then  obliquely  out- 
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ward,  thus  forming  a  vride  flap  with  convex  margin. 
The  danger  of  making  a  flap  too  narrow  is  best  avoided 
by  not  cutting  outward  too  soon.  The  knife  is  then  en- 
tered at  the  angle  of  the  wound  on  one  side,  passed  around 
the  bone  on  the  side  where  the  soft  parts  are  still  adhe- 
rent, and  out  at  the  opposite  end  of  the  wound.  The  sec- 
ond flap  is  then  made  by  cutting  outward  as  before.  The 
flaps  being  now  retracted,  the  knife  is  rapidly  carried 
around  the  bone,  as  high  as  possible,  to  divide  the  mus- 
cular tissue  still  adhering  to  it.  The  application  of  the, 
saw  then  follows.  In  order  to  make  sufficient  allowance 
for  shrinkage  the  flaps  should  have  a  length  at  least 
equal  to  three-fourths  the  diameter  of  the  limb.  Redun- 
dance of  the  flap  is  always  preferable  to  insufficiency,  since 
the  excess  of  muscular  tissue  can  easily  be  removed  with 
a  few  strokes  of  the  knife.  In  flap  operations,  owing  to 
unequal  retraction  of  the  soft  parts,  tendons  and  nerves 
are  particularly  apt  to  protrude 
above  the  surface  of  the  wound, 
thus  giving  it  an  irregular  ap- 
pearance, and  interfering  with  its 
ready  union.  After  ligation  of 
the  blood-vessels,  these  protrud- 
ing masses  are  to  be  carefully  re- 
moved with  the  scissors.    The 


Fig.  108. 

protrusion  of  the  muscular  tissue  of  the  flap  and  the  ir- 
regularity of  the  latter  can  be  totally  avoided  by  cutting 
from  without  inward.  This  plan,  generally  known  as 
that  of  Langenbeck  (Pig.  108),  insures  perfect  symmetry 
of  the  flaps,  and  permits  the  ligation  of  the  vessels  as  they 
are  exposed  or  divided.  It  is  also  practicable  to  cut 
through  the  skin  and  subcutaneous  tissue  from  without 
inward,  and  complete  the  operation  by  transflxion.  Al- 
though already  practised  by  Dupuytren,"  this  plan  has 
been  recently  advocated  byAgnew  ("System  of  Sur- 
gery," vol.  11.,  p.  805). 
Eectangular  Flap.— In   1855   Mr.    Teale,  of  Leeds, 
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practised  the  formation  of  one  long  and  one  short  rec- 
tangular flap,  each  of  which  comprised  one-half  the 
circumference  of  the  limb  and  all  the  tissues  down  to  the 
hone.  The  operation  is  made  as  follows  :  A  rectangular 
anterior  flap  (poste- 


rior in  the  forearm), 
equal  in  length  and 
breadth  to  half  the 
circumference  of  the 
limb  at  the  base  of 
the  flap,  is  marked 
out  by  one  trans- 
verse and  two  paral- 
lel longitudinal  inci- 
sions, the  latter  in- 
volving only  the  skin 
and  superficial  fas- 
cia, the  former  being 
carried  down  to  the 
bone.  The  longitudi- 
nal incisions  should 
be  so  placed  that  the 
posterior  obtains 
one-fourth  the 
length  of  the  ante- 
rior flap.  The  two 
flaps  are  then  turned  up  from  the  bone,  from  below  up- 
ward, and  the  saw  applied.  To  insure  equal  width  of 
the  flaps  at  their  bases  and  their  extremities  it  is  best  to 
map  out  the  flaps  by  actual  measurement  before  the  in- 
cisions are  made.  In  closing  the  wound  the  long  flap  is 
doubled  upon  itself  so  that  the  square  ends  of  the  two 
flaps  are  brought  into  apposition,  where  they  are  retained 
by  a  number  of  sutures  (Fig.  109). 

Comparison  op  Methods. — The  surgeon  who  would 
obtain  the  best  results  after  amputations  should  be  fa- 
miliar with  all  the  different  methods  without  becoming  too 
partial  to  any,  since  the  condition  of  the  part  to  be  am- 
putated, the  thickness  and  vitality  of  the  subcutaneous 
cellular  tissue,  the  position  of  the  wound,  and  many 
other  circumstances  should  guide  him  in  the  selection  of 
a  method  rather  than  individual  preference.  To  save  as 
much  of  a  limb  as  possible  must  be  the  first  aim  of  the 
operator,  and  this  can  only  be  accomplished  by  resorting 
to  various  methods  according  to  the  exigencies  of  indi- 
vidual cases.  If  one  method  of  operating  deserves  a 
preference,  it  is  that  by  tegumentary  flaps  with  circular 
division  of  the  remaining  soft  parts.  By  this  method  the 
position  of  the  angles  of  the  wound  for  favorable  drainage 
and  that  of  the  cicatrix  can  be  readily  determined,  and 
when  two  oval  cutaneous  flaps  are  made  no  anxiety  for 
their  vitality  need  ordinarily  be  entertained.  When  the 
subcutaneous  cellular  layer  is  very  thin,  there  is  a  mani- 
fest advantage  in  dissecting  up  with  the  integument  some 
of  the  superficial  muscular  fibres.  The  marked  ad- 
vantage of  the  tegumentary  flap  over  the  circular 
method  lies  in  the  fact  that  by  it,  when  the  disease  extends 
higher  on  one  side  of  the  limb  than  on  the  other,  it  often 
enables  us  to  amputate  several  inches  lower  than  we 
could  by  the  circular  method.  While  during  the  early 
part  of  this  century  the  musculo-cutaneous  method,  by 
transfixion,  was  very  extensively  practised,  on  account 
of  the  rapidity  with  which  it  could  be  executed  and  the 
muscularity  of  the  stump  which  it  left,  it  is  gradually 
being  discarded  for  two  reasons  chiefly.  In  the  first 
place,  the  general  use  of  anaesthetics  has  removed  the 
necessity  for  unusual  haste,  and  in  the  second  place,  the 
muscular  tissue  left  in  the  stump  generally  undergoes 
atrophic  changes  from  disuse  during  the  first  year.  A 
most  decided  disadvantage  of  the  musculo-tegumentary 
flaps  exists  in  the  oblique  division  of  the  blood-vessels,  on 
account  of  which  they  are  often  difiScult  to  find  and  to 
ligate.  It  is  for  this  reason  that  secondary  hsemorrhages 
are  more  prone  to  follow  amputations  made  by  this 
method,  although  by  proper  care  in  the  act  of  ligation, 
and  with  sufficient  compression  of  the  stump  with  the 
dressing  this  can  usually  be  avoided.  The  circular  oper- 
ation commends  itself,  owing  to  the  facility  with  which 
it  can  be  executed,  even  by  a  novice  in  the  operative  art, 


and  by  its  special  applicability  for  amputations  in  certain 
parts,  as  in  the  forearm  and  lower  part  of  the  leg.  Where 
the  operator  can  choose  his  method,  amputations  may 
be  made  with  good  results  as  follows  :  In  the  arm  and 
forearm,  by  circular  method  or  rectangular  flaps  ;  in  the 
upper  part  of  the  leg,  by  tegumentary  and  rectangular 
flaps  (lateral  or  antero-posterior) ;  in  the  lower  part  of  the 
thigh,  antero-posterior  muscular  flaps  ;  in  the  middle  of 
the  thigh,  by  one  tegumentary  flap  raised  from  the  an- 
terior surface  of  the  limb.  The  oval  method  will  be 
found  particularly  applicable  to  amputations  at  certain 
articulations,  while  the  method  of  Teale,  which  has  not 
been  extensively  practised  in  this  country,  will  give  good 
results  in  amputations  of  the  leg  and  forearm  where  the 
injury  or  disease  has  invaded  a  limb  more  extensively  on 
one  side  than  on  the  other. 

Ligation  op  Vessels. — When  the  amputation  proper  is 
completed,  the  entire  attention  of  the  operator  must  at  once 
be  directed  toward  permanently  controlling  the  haemor- 
rhage. For  this  purpose  it  is  best  to  grasp  the  divided  blood- 
vessels, one  after  another,  as  they  are  seen,  with  haemostatic 
forceps,  which  are  allowed  to  remain  in  the  wound  until 
all  the  vessels  are  thus  held.  This  accomplished,  the  ves- 
sels are  separately  tied  with  animal  ligature  or  carbolized 
silk  (Fig.  110)  In  former  years  it  was  customary  to  cut 
one  end  of  the  ligature  short,  while  the  other  was  given 
sufficient  length  to  reach  beyond  the  angle  of  the  wound. 
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At  present,  most  operators,  and  properly,  cut  both  ends 
of  the  ligature  short,  for  it  has  been  well  established  that 
the  presence  of  a  silk  ligature  does  not  interfere  with  the 
primary  union.  This  is  not  the  place  to  dilate  upon  the 
material  used  for  ligatures.  (See  Ligatures.)  It  will  suf- 
fice to  say  that  a  carbolized  silk  may  be  best  fitted  for 
tying  the  main  vessel,  whereas  animal  ligatures  will  an- 
swer for  smaller  arteries.  As  a  rule,  not  more  than  four 
or  six  arteries  will  require  ligation  in  all  amputations, 
except  those  of  the  hip  and  shoulder,  although  long- 
standing disease  (large  neoplasms  or  pre-existing  occlu- 
sion of  the  main  artery)  may  have  multiplied  the  number 
of  vessels  requiring  ligation.  Here,  as  in  ordinary 
wounds,  at  least  the  larger  arteries  should  be  carefully  ex- 
posed before  the  ligature  is  applied.  In  the  smaller  ves- 
sels, where  their  exposure  would  entail  an  unnecessary 
loss  of  time,  portions  of  the  tissues  in  which  they  are  em- 
bedded may  safely  be  included  in  the  ligature  by  passing 
this  with  a  needle  behind  the  bleeding  vessel.  The  ques- 
tion has  for  a  long  time  been  discussed  as  to  whether  the 
veins  should  be  ligated.  There  can  be  no  question  but 
that  the  ligature  of  the  divided  veins  removes  a  common 
source  of  secondary  haemorrhage,  and  materially  reduces 
that  immediately  following  the  removal  of  the  Esmarch 
bandage.  The  opposition  to  the  ligation  of  veins  in  am- 
putations has  been  mainly  based  upon  the  fears  of  exciting 
an  ascending  phlebitis  and  embolic  processes.  That  these 
fears  are  utterly  groundless  has  been  conclusively  demon- 
strated. "Of  forty  cases  of  ligation  of  the  internal  jugu- 
lar vein,  death  was  fairly  ascribable  to  the  ligature  in 
only  four,  all  due  to  secondary  hsemorrhage  coming  on 
about  the  time  of  the  separation  of  the  thread.    In  not  a 
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single  instance  was  diffused  phlebitis  excited.  In  twenty 
cases  of  ligation  of  the  external  jugular  vein,  and  fifteen 
of  the  axillary,  additional  evidence  of  the  ligation  of  veins 
is  recorded."  "  The  most  troublesome  haemorrhage  is  the 
parenchymatous  oozing  which  supervenes  when  the  Es- 
march  bandage  is  removed.  How  to  contend  against  this 
has  already  been  discussed  (see  above).  It  is  proper  to 
add,  however,  that  in  every  case  the  application  of  an 
abundance  of  hot  water  is  of  unquestionable  value. 
When  the  oozing  from  the  divided  end  of  the  bone  is  not 
checked  by  this,  the  medullary  canal  may  be  temporarily 
plugged  with  clean  white  wax,  or,  what  is  preferable,  a 
mass  of  carbolized  catgut.  The  accurate  closure  of  the 
wound  and  pressure  upon  it  by  a  well-applied  bandage 
are  among  the  best  means  of  checking  the  capillary 
haemorrhage.  When  it  is  necessary  to  resort  to  this 
means,  a  large  sponge  is  firmly  pressed  against  the  wound 
and  retained  until  the  sutures  are  passed.  The  sponge 
being  then  withdrawn,  the  sutures  are  rapidly  tightened, 
while  the  wound-surfaces  are  tightly  pressed  against  each 
other  by  an  assistant. 

Aptbe-Tebatmbnt. — It  is  beyond  the  scope  of  this 
article  to  enter  into  an  extended  discussion  of  the  various 
methods  of  treatment  of  wounds,  although  in  hardly  any 
other  class  of  wounds  are  the  good  or  evil  results  so 
clearly  attributable  to  the  manner  of  treatment  adopted. 
The  question  at  once  presents  itself  whether  the  surgeon 
will  pursue  a  course  which  will  reasonably  assure  a  total, 
or  at  least  partial  primary  agglutination  of  the  wound,  or 
whether  he  will  avoid  the  dangers  of  retention  and  de- 
composition of  the  secretion  of  the  wound  by  treating  this 
openly,  thus  expecting  its  closure  by  the  slower  process 
of  granulation.  The  latter  plan,  which  is  now  known 
as  the  "  open  method,"  was  first  enunciated  by  Vezin, 
Bartscher,  andBurow,  mGevmaTyy  (D6utsc?ieS2inilc,  1856), 
and  disseminated  in  this  country  by  the  late  Dr.  James  R. 
Wood.  When  this  method  of  treatment  is  adopted,  su- 
tures, adhesive  straps,  etc.,  are  entirely  dispensed  with, 
the  stump  being  comfortably  placed  on  a  pillow  or  pad, 
and  the  wound  freely  exposed  to  the  air.  A  cup,  or  a 
mass  of  absorbent  cotton,  is  placed  underneath  the  stump 
to  catch  the  discharges  from  it.  Twice  dally  the  wound 
is  irrigated  with  an  antiseptic  solution,  usually  of 
carbolic  acid,  until  at  the  termination  of  the  first  week, 
when  the  process  of  granulation  has  been  thoroughly 
established,  the  edges  of  the  wound  are  approximated  by 
adhesive  strips,  care  being  taken  that  retention  does  not 
occur.  The  manifest  advantage  of  the  "  open  method  " 
of  treating  amputation  wounds  is  in  the  ready  outlet 
which  is  given  to  the  secretions.  Their  decomposition 
in  the  wound  is  thoroughly  prevented,  and  the  chief  fac- 
tor of  septic  infection  is  thus  avoided.  However  admi- 
rable the  results  which  have  been  obtained  from  it,'*  the 
length  of  time  required  for  the  closure  of  the  wound  (six 
to  twelve  weeks)  militates  against  its  general  adoption. 
While  incomparably  better  than  the  older  methods  of 
tightly  closing  the  wound  regardless  of  proper  drainage, 
the  open  treatment  of  wounds  has  subserved  its  purpose, 
and  has  yielded  to  the  superior  advantages  of  the  anti- 
septic method,  which  strives  to  obtain  the  ideal  of  the 
surgeon  in  the  treatment  of  wounds,  viz.,  primary  union. 
The  open  treatment  of  amputation-wounds  has  been 
therefore  properly  relegated  to  those  cases  in  which  the 
surgeon  is  convinced  that,  from  the  condition  of  the  parts 
in  which  the  operation  has  been  made,  or  from  the  gen- 
eral condition  of  the  patient,  primary  union  cannot  take 
place. 

Therefore,  in  most  amputations,  the  operation  is  not 
completed  until  measures  have  been  taken  for  the  effi- 
cient drainage  of  the  wound  and  the  close  approximation 
of  its  surfaces.  The  first  object  is  accomplished  by  the 
msertion  of  soft  rubber,  decalcified  bone,  or  glass  drain- 
age-tubes, which  are  made  to  pass  through  the  deepest 
portions  of  the  wound,  projecting  from  this  at  its  angles, 
i  or  reasons  that  are  apparent,  it  is  always  advisable  to 
place  the  tube  in  close  proximity  to  the  divided  end  of 
tiie  bone.  Where,  as  in  the  case  of  amputations  of  the  heel 
(byme),  thorough  sewerage  cannot  be  obtained  through 
the  angle  of  the  wound,  one  of  the  flaps  can  be  perfo- 
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rated  in  such  a  manner  as  to  permit  the  passage  of  the 
tube.  When  long  anterior  flaps  have  been  used,  the  tube 
can  even  be  dispensed  vsdth,  since  the  position  of  the 
wound  is  such  that  the  secretions  would  be  naturally  re- 
moved. Too  much  importance  cannot  be  given  to  the 
matter  of  drainage,  since  the  chief  factor  in  the  preven- 
tion of  primary  union  must  be  sought  in  an  accumulation 
of  bloody  serurn  which  mechanically  separates  surfaces 
which  ought  to  be  held  in  apposition.  When,  therefore 
the  drainage  of  the  wound  has  been  properly  cared  for' 
the  wound  is  to  be  closed  by  sutures.  The  material  to 
be  used  for  this  purpose  may  be  carbolized  silk,  silver- 
wire,  or  catgut.  It  is  always  advisable  to  introduce  one 
or  two  deep  sutures,  which  should  pass  through  the  soft 
parts  just  beneath  the  end  of  the  bone,  and  for  these 
either  a  strong  silk  or  a  silver-wire  should  be  used. 
These  deep  sutures  not  only  insure  an  approximation  of 
the  soft  parts  along  the  entire  length  of  the  wound,  but 
they  also  materially  assist  in  securing  drainage.  For  the 
superficial  sutures,  which  should  be  introduced  at  inter- 
vals of  half  an  inch,  either  catgut  or  silk  should  be  used, 
the  latter  being  probably  preferable.  The  superficial 
sutures  may  with  safety  be  removed  after  the  third  or 
fourth  day,  the  deeper  ones  being  allowed  to  remain 
several  days  longer.  With  the  closure  of  the  wound, 
the  stump,  after  being  thoroughly  cleansed,  is  prepared 
to  be  dressed  in  such  a  manner  as  to  prevent  the  ingress 
into  the  wound  of  those  micro-organisms  which  are  now 
almost  universally  conceded  to  be  the  chief  element  in 
the  causation  of  suppuration  and  its  many  dangerous 
consequences.  That  this  entrance  of  deleterious  germs 
can  be  best  prevented  by  the  use  of  any  of  the  modifica- 
tions of  the  antiseptic  method  there  can  be  no  question. 
Whether  this  be  accomplished  by  strict  adherence  to  the 
practices  of  Lister,  or  by  adopting  the  method  of  M. 
Gru^rin  and  encasing  the  stump  in  a  dense  mass  of  cot- 
ton, is  comparatively  unimportant.  When  Listerismis 
adopted,  a  narrow  strip  of  "protective,"  moistened  in  a 
three  per  cent,  solution  of  carbolic  acid  or  in  a  1  to  10,000 
solution  of  corrosive  sublimate,  is  placed  in  contact  with 
the  line  of  union.  This  and  the  stump  are  then  covered 
with  one  or  more  layers  of  carbolized  gauze,  or  one  satu- 
rated with  iodoform  or  corrosive  sublimate.  Upon  this 
follows  a  layer  of  "  mackintosh,"  and  finally  five  or 
more  thicknesses  of  gauze,  the  dressing  being  retained 
by  a  layer  of  similar  material.  In  resorting  to  this 
method,  care  should  be  taken  to  include  the  joint  above 
the  seat  of  amputation  in  the  dressing.  The  first  dress- 
ing is  permitted  to  remain  until  it  becomes  stained  or 
until  constitutional  evidences  indicate  that  some  unfavor- 
able process  in  the  stump  requires  investigation.  Even 
in  amputations  of  the  thigh  union  by  first  intention  is  not 
infrequently  achieved,  while  in  many  instances,  not  more 
than  two  or  three  dressings  of  the  stump  are  required. 
When  the  surgeon  decides  upon  the  method  of  Gu&'in, 
drainage-tubes  can  be  dispensed  with,  masses  of  cotton 
being  applied  to  the  upper  and  lower  surfaces  of  the 
stump.  These  are  held  in  position  by  narrow  cotton 
strips.  Upon  the  outside  of  these  the  stump  is  covered 
with- sufficient  cotton  to  make  the  diameter  of  the  stump 
when  dressed  three  times  that  of  the  limb  itseU.  The 
cotton  is  then  retained  by  numerous  turns  of  an  ordinary 
roller-bandage.  The  dressing  is  allowed  to  remain  for 
many  days,  and  need  not  be  changed  until  a  decided  odor 
indicates  the  decomposition  of  the  retained  fluids. 

When  the  facilities  for  the  more  complicated  dressings 
of  the  stump  are  wanting,  simpler  dressings  can  he  re- 
sorted to.  Among  the  vast  number  which  have  been 
advocated  from  time  to  time,  none  commends  itself  more 
than  that  with  pure  laudanum,  so  highly  lauded  by 
Dr.  Pancoast  and  Dr.  Ashhurst.  We  quote  the  latter 
("Enoycl.  of  Surg.,"  vol  i.,  p.  599),  as  follows:  "The 
laudanum  is  certainly  antiseptic  from  the  alcohol  which 
it  contains,  and  its  use  is  certainly  very  soothing  to  the 
patient ;  it  prevents  to  a  greater  extent,  if  not  entirely, 
that  painful  jerking  of  the  stump  which  is  so  apt  to  fol- 
low amputation.  At  the  second  dressing,  forty-eight 
hours  after  the  operation,  I  Qommonly  substitute  diluted 
alcohol  for   the  laudanum,   and  continue   this  dressing 
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until  the  wound  is  entirely  healed,  after  which  the  oint- 
ment of  the  oxide  of  zinc  may  be  employed  instead. 
Whatever  material  be  employed  for  the  dressing,  this 
must  be  kept  moist,  otherwise  it  will  adhere  to  the  edges 
of  the  wound  and  produce  irritation.  This  object  is  best 
accomplished  by  saturating,  with  whatever  preparation  is 
employed,  a  large  piece  of  lint,  la)dng  it  underneath  the 
stump,  folding  it  over  the  end,  and  then  again  (doubled) 
from  either  side,  so  that  on  top  of  the  stump  are  placed 
five  layers  of  wet  lint,  constituting  a  reservoir  from  which 
the  medicated  fluid  is  gradually  drawn  downward.  The 
whole  should  be  covered,  moreover,  with  oiled  silk  or  some 
other  impermeable  tissue,  which  will  keep  the  part  moist 
for  at  least  forty-eight  hours."  (See  also  article,  Wounds.) 
Whatever  method  of  treatment  be  adopted,  the  stump 
should  be  placed  in  an  easy  position  on  a  pillow  or  in  a 
well-padded  posterior  splint.  It  is  usually  advisable  to 
elevate  this  to  a  degree  sufficient  to  facilitate  the  return 
of  blood  through  the  veins. 

After  amputations  where  the  after-treatment  has  been 
successfully  carried  out,  even  the  largest  wounds  will 
often  heal  entirely  by  first  intention.  The  dissimilarity 
of  tissues  which  are  often  brought  in  contact  with  each 
other  in  an  amputation-wound,  and  which  were  formerly 
supposed  to  preclude  the  possibility  of  immediate  union, 
is  no  obstacle  to  the  achievement  of  this  result.  Of 
greater  importance  are  the  novel  relations  of  the  blood- 
vessels to  each  other.  The  circulation  of  the  veins  of  the 
stump  have  lost  the  ins  a  tergo,  so  essential  to  the  proper 
performance  of  their  function,  while  the  smaller  arteries 
are  distended  with  blood  in  consequence  of  the  inter- 
rupted circulation  in  the  main  vessel.  It  is  for  this  rea- 
son that,  no  matter  how  successfully  the  after-treatment 
be  conducted,  a  marked  osdema  and  congestion  will  mani- 
fest itself  in  the  stump.  Synchronous  with  this  mani- 
fest appearance  on  the  exterior  is  a  transudation  of 
serum  loaded  with  leucocytes  in  the  wound  Itself.  When 
efficient  drainage  has  been  achieved,  this  does  not  inter- 
fere with  primary  union.  Failure  of  this  measure  places 
the  wound  in  the  most  favorable  condition  for  extensive 
inflammations,  which,  when  once  established,  invariably 
terminate  in  suppurations,  more  or  less  localized  gan- 
grene of  the  soft  parts,  or  necrosis  of  the  end  of  the  bone. 
The  suppuration  is  particularly  prone  to  extend  along 
the  intermuscular  connective-tissue  spaces,  so  that  when 
the  process  of  repair  is  fully  established,  muscles,  inter- 
muscular spaces,  bone,  and  subcutaneous  cellular  tissue, 
are  covered  by  a  layer  of  granulations  which  renders 
the  underlying  parts  indistinguishable,  and  for  the  per- 
manent cicatrization  of  which  many  weeks,  or  even 
months,  will  be  required. 

In  whatever  manner  the  wound  heals,  certain  marked 
changes  will  occur  in  the  stump.  The  muscular  tissue 
undergoes  atrophic  changes,  its  fibrous  elements  becom- 
ing firmly  adherent  to  the  end  of  the  bone.  This  itself 
gradually  decreases  in  size,  the  end  becoming  rounded 
off  and  often  covered  by  a  rounded  osteophyte  formed 
from  the  periosteum  or  from  the  granulations  springing 
from  the  medullary  canal.  Where  two  bones  are  present  an 
irregular  osseous  bridge  not  infrequently  unites  them  (see 
Gueterbock,  P.,  Arch.  f.  Klin.  Ohir.,  Bd.  xv.  and  xvii.). 
As  a  rule,  the  end  of  the  bone  is  intimately  united  to  the 
soft  parts  covering  it,  although  at  times  a  mucous  bursa 
is  developed  between  them.  The  ligated  vessels  are  con- 
verted.into  firm  fibrous  cords  for  a  varying  distance,  and 
are  reduced  in  she  not  only  in  the  stump,  but  in  the  en- 
tire limb.  Thus,  in  amputations  of  the  leg,  the  artery  and 
vein  are  reduced  over  one-half  in  size,  as  high  as  the  in- 
ferior vena  cava  and  the  bifurcation  of  the  aorta."  The 
divided  nerves  lose  their  nervous  elements  by  atrophy, 
while  their  connective-tissue  components  increase  in 
numbers  until  their  extremities  are  often  expanded  and 
bulbous,  thus  forming  false  neuromata. 

Complications. — Pain  and  muscular  spasm  may  be 
said  to  be  present  to  a  greater  or  less  degree  after  every 
major  amputation.  They  usually  supervene  soon  after  the 
patient  regains  consciousness,  and  may  develop  to  a  dis- 
tressing severity,  particularly  in  persons  of  a  nervous 
and  irritable  disposition.    For  the  relief  of  these  symp- 


toms hypodermatic  Injections  of  morphia  act  most 
promptly.  The  jactitations  of  the  stump  are  most  suc- 
cessfully overcome  by  lightly  fastening  the  stump  with 
a  few  turns  of  a  bandage  to  a  well-padded  posterior 
splint. 

Inflammation  of  a  moderate  degree  may  be  said  to  be 
necessary  to  the  process  of  repair.  Unfortunately,  this 
limit  of  safety  is  very  often  passed,  when  it  may  lead  to 
extensive  suppuration,  limited  sloughing,  or  mortifica- 
tion of  the  stump.  The  causes  which  conduce  to  this 
untoward  complication  have  already  been  alluded  to. 
When  such  severe  inflammation  attacks  the  wound,  the 
stump  becomes  exquisitely  sensitive  and  hot,  and  assumes 
a  dusky  red  and  glistening  appearance.  The  discharges 
from  the  wound  are  scant  and  offensive,  while  the  ele- 
vated temperature,  and  hard  and  rapid  pulse  sufficiently 
indicate  the  constitutional  disturbances.  When  the  in- 
flammatory process  extends  along  the  intermuscular 
spaces  the  limb  becomes  sensitive  to  the  touch,  and  swol- 
len for  a  considerable  distance  above  the  seat  of  opera- 
tion. When  suppuration  ensues  all  may  yet  be  well. 
On  the  other  hand,  the  exudation  into  the  tissues  may 
develop  in  proportions  incompatible  with  the  vitality 
of  the  parts,  when  extensive  sloughing,  and  even  gan- 
grene of  the  entire  stump  may  result.  The  treatment  of 
these  conditions  must  be  conducted  upon  established  an- 
tiphlogistic principles ;  iron,  quinia,  salicylates,  and  al- 
coholic stimulants  are  almost  always  indicated.  For 
the  local  condition  nothing  answers  so  excellent  a  pur- 
pose as  measures  which  relieve  the  tension.  Stitches, 
when  too  tight,  must  be  removed,  and  as  soon  as  a  sus- 
picion of  purulent  accumulation  is  aroused,  free  inci- 
sions are  to  be  made.  When  such  extensive  suppuration 
has  supervened  it  is  advisable  to  remove  all  constricting 
dressing,  and  treat  the  wound  by  the  open  method,  cov- 
ering it  with  iodoform  or  boracic  acid,  and  removing 
sloughs  as  fast  as  they  are  formed.  As  an  especially 
dangerous  seat  of  inflammation  the  medullary  canal  of 
the  bone  must  be  referred  to.  Periosteo-osteomyelitis  is 
particularly  prone  to  follow  amputations  made  for  gun- 
shot injuries.  It  usually  manifests  itself  during  the  flrst 
week  after  the  operation  by  a  brownish  or  greenish  ap- 
pearance of  the  medulla,  the  bone  appearing  dull  and  de- 
vitalized, the  periosteum  detached  from  its  surface.  The 
pain  is  usually  very  severe,  and  associated  with  it  are  the 
well-known  symptoms  of  systemic  affection,  i.e.,  rigors, 
elevated  and  irregular  temperatures,  diminished  secre- 
tion of  the  kidneys,  and  a  dry  and  thickly  coated  tongue. 
Not  only  does  this  condition  lead  to  extensive  necrosis 
when  recovery  ensues,  but  frequently  death  results  from 
the  absorption  of  the  pus  which  is  retained  in  the  medul- 
lary canal.  The  only  measures  that  offer  any  hope  for 
this  condition  are  in  scooping  out  the  bone-cavity  with  a 
sharp  spoon,  and  if  this  prove  unavailing,  to  resort  to 
a  second  amputation  at  the  nearest  joint.  However 
desperate  this  procedure  may  be,  a  very  large  num- 
ber of  cases  have  been  reported  in  which  lives  have 
been  saved  which,  without  it,  would  have  been  inevitably 
lost. 

As  a  sequel  of  moderate  inflammation  of  bone,  necrosis 
of  its  extremity  is  not  infrequently  encountered.  If  this 
necrosis  be  limited  to  the  divided  end,  this  condition  does 
not  interfere  with  the  primary  union  of  the  greater  part 
of  the  wound.  The  existence  of  such  a  superficial  se- 
questrum can  be  deemed  probable,  when  after  the  per- 
manent closure  of  the  wound,  a  fistulous  tract  continues 
to  discharge  more  or  less  pus.  Its  actual  presence  can 
always  be  recognized  by  the  cautious  use  of  a  probe. 
When  the  sequestrum  is  of  larger  proportions,  numerous 
fistulous  openings  will  usually  be  found  in  the  soft  parts, 
which  are  then  more  or  less  adherent  everywhere  to  the 
bone.  The  treatment  of  this  condition  must  be  palliative 
until  nature  has  completely  separated  the  sequestrum, 
when  it  can  ordinarily  be  removed  with  little  difficulty 
by  laying  the  fistulee  freely  open.  When  the  sequestrum 
is  large  it  occasionally  becomes  necessary  to  resort  to  a 
formal  sequestrotomy  for  its  removal.  In  a  very  small 
proportion  of  cases  the  irritation  consequent  upon  the 
long-standing  discharges  from  the  necrosis  of  the  bone 
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gives  rise  to  epithelioma  of  the  latter,  for  the  relief  of 
which  a  second  amputation  is  usualljr  necessary. 

One  of  the  most  dreaded  complications  of  an  amputation 
is  hsemorrhage.  It  may  supervene  within  a  few  hours  after 
the  completion  of  the  dressing,  or  as  late  as  the  third  or 
fourth  week.  The  sources  of  early  and  late  hemor- 
rhages after  amputations  differ  materially.  The  former 
arise  f  roln  small  arteries  or  veins  that  have  escaped  liga- 
tion, from  arteries  divided  above  the  ligature,  or  from  the 
divided  capillaries  of  the  muscles.  This  condition  is 
readily  recognized  by  the  staining  of  the  dressing,  the 
distended  appearance  of  the  stump,  and  the  flowing  of 
blood  from  a  number  of  places  where  the  edges  of  the 
wound  have  been  separated.  The  rapid  distention  of  the 
stump  and  the  bright  hue  of  the  blood  which  is  dis- 
charged, at  once  indicate  the  arterial  source  of  the  hsemor- 
rhage.  The  darker  appearance  of  the  blood,  and  its  appear- 
ance in  a  sluggish  stream  sufficiently  indicate  its  venous 
origin.  When  the  haemorrhage  is  slight,  and  particularly 
if  it  can  be  recognized  as  venous,  elevation  of  the  limb 
and  the  application  of  ice  may  suffice  for  its  control. 
When  it  becomes  evident  that  such  simple  measures  are 
futile,  the  wound  must  be  reopened,  the  coagula  removed, 
the  bleeding  vessel  found  and  ligated.  When  it  is  found 
that  the  haemorrhage  has  come  from  the  medullary  canal, 
this  must  be  treated  in  the  manner  already  described. 
The  haemorrhages  which  supervene  during  the  second 
week,  or  even  later,  usually  result  from  the  softening  of 
the  plug  that  occluded  a  ligated  vessel  or  from  erosion 
of  the  latter  from  primary  disease  of  the  vessel-wall  or 
from  its  being  bathed  in  pus.  By  cutting  short  both  ends 
of  the  ligature  the  necessity  for  the  "  cutting  through  " 
of  the  latter  is  done  away  with  and,  at  least,  one  impor- 
tant factor  in  the  causation  of  late  haemorrhages  is  thus 
removed.  For  the  relief  of  late  haemorrhages  compres- 
sion of  the  artery  by  a  compress  and  firm  bandage  should 
first  be  tried.  When  this  proves  unsuccessful,  pressure 
«hould  be  made  at  different  points  of  the  main  artery  to 
determine  the  point  nearest  the  stump  where  the  haemor- 
rhage can  be  controlled.  Here  the  artery  is  to  be  ex- 
posed and  ligated,  or,  what  seems  to  be  preferred  by  most 
recent  writers,  it  may  be  included  in  the  pressure  of  an 
acupressure-needle.  In  extreme  cases  it  may  become 
necessary  to  resort  to  re-amputation. 

A  peculiar  and  very  rare  condition  of  the  stump  is  the 
development  in  it  of  a  dilatation  of  the  blood-vessels,  com- 
monly in  the  form  of  an  aneurismal  varix.  Cases  of  this 
nature  have  been  recorded  by  Cadge,  of  Norwich,  Eng- 
land, Gross,  and  Agnew.  Whereas,  in  some  cases  of  this 
kind,  operative  treatment  would  not  be  called  for,  in 
others  it  may  become  directly  indicated.  Thus,  in  the 
case  of  Gross  ("  System  of  Surgery,"  vol.  i.,  p.  530),  liga- 
tion of  the  femoral  was  deemed  necessary.  The  opera- 
tion resulted  fatally,  from  secondary  haemorrhage,  on  the 
sixth  day. 

The  form  of  the  stump  very  frequently  gives  rise  to 
considerable  annoyance  and  suffering.  A  healthy  stump 
should  present  a  nicely  rounded  outline,  with  the  bones 
hidden  beneath  and  away  from  the  cicatrix.  From  a  va- 
riety of  causes  this  normal  appearance  of  the  stump  may 
give  place  to  prominence  of  the  bone,  retraction  and  ul- 
ceration of  the  soft  parts  coverihg  it,  and  uselessness  of 
the  part  for  locomotion.  Such  an  abnormal  condition  is 
commonly  known  as  the  "conical"  or  "sugar-loaf" 
stump.  It  may  result  from  an  insufficiency  of  flap,  from 
inordinate  retraction  of  the  soft  parts,  or  from  gangrene 
of  the  integument  alone.  It  is  a  condition  which  is  more 
likely  to  follow  the  circular  and  tegumentary  flap  ampu- 
tations, although  with  ordinary  precautions  it  would 
seem  that  amputations  in  healthy  tissues  should  not  re- 
sult in  a  badly  formed  stump.  When  this  condition  does 
result,  nevertheless,  its  treatment  must  vary  according  to 
the  extent  of  the  deformity.  When  from  an  insufficiency 
of  flap  or  excessive  retraction  of  the  soft  parts,  the  end 
of  the  bone  assumes  a  too  prominent  position,  the  flaps 
can  be  drawn  down  by  appropriate  bandaging,  from 
above  downward,  or  by  the  aid  of  adhesive  straps  and 
weights  extension  may  be  made  in  such  a  way  as  to  cover 
the  end  of  the  prominent  bone  with  integument  (Pig.  111). 


When,  notwithstanding  these  measures,  the  proper  rela. 
tion  between  bone  and  soft  parts  cannot  be  brought  about, 

nothing  re'. 
mains  but  to 
enlarge  the 
wound,  re- 
move the 
periosteum 
from  the 
bone,  and  di- 
vide this  sev- 
eral inches 
above  the 
Eio.  111.  level  of  the 

first  section. 
It  is  unnecessary  to  defer  this  until  the  first  wound  has 
cicatrized.  In  extreme  cases  of  conical  stump  re-amputa- 
tion will  be  indicated.  It  can  be  more  higlily  recom- 
mended since- re-amputation  is  not  often  followed  by  bad 
results.  Mr.  Bryant  ='  refers  to  a  very  interesting  condi- 
tion Of  amputation-stumps  in  children,  in  whom  the  de- 
velopment of  conical  stumps  may  be  in  a  measure  ex- 
pected, since,  in  the  process  of  growth,  the  bone  appears 
to  develop  more  rapidly.  In  the  case  of  a  boy  whose  leg 
was  amputated,  he  found  it  necessary  on  two  occasions, 
at  intervals  of  three  years,  to  remove  two  pieces  of  bone 
at  least  an  inch  long. 

Neuroses  of  the  stump  are  among  the  most  intractable 
of  its  diseases.  They  may  appear  in  the  form  of  severe 
neuralgias,  or  in  the  form  of  spasmodic  muscular  con- 
tractions. The  former  condition  usually  depends  upon 
an  adherence  of  the  divided  nerves  to  the  bone  or  the 
cicatrix,  while  in  exceptional  cases  it  results  from  the 
bulbous  enlargement  of  the  extremities  of  the  nerve.  For 
the  relief  of  the  former  condition,  subcutaneous  division 
of  the  adherent  cicatrix  must  be  practised.  Where  neu- 
romata can  be  felt,  these  are  to  be  removed  ;  when,  from 
the  number  of  these  enlargements,  or  from  their  deep 
positions,  this  procedure  is  impracticable,  nothing  short 
of  a  re-amputation  will  give  relief.  Continuous  jactita- 
tions, or  "  chorea"  of  the  stump,  as  it  might  be  termed 
(Gross),  is  very  rarely  encountered.  It  is  more  prone  to 
develop  in  the  thigh  than  elsewhere.  The  stump,  when 
thus  affected,  is  the  seat  of  a  constant  tremor,  often 
sufficiently  extensive  to  be  noticed  when  covered.  In  a 
case  of  this  character  which  I  saw  two  years  ago,  and 
which  involved  the  thigh  in  an  otherwise  healthy  subject, 
the  spasm  continued,  notwithstanding  all  efforts  to  allay 
them.  The  most  efficient  measure  was  the  deep  injec- 
tion of  ether,  which  would  relieve  the  spasm  for  about 
two  weeks  at  a  time,  when  the  injection  had  to  be  re- 
peated. 

Pkognobis  and  Mobtalitt. — In  estimating  the  inhe- 
rent dangers  of  the  operation  we  must  take  into  consider- 
ation only  those  cases  in  which  the  individuals  operated 
on  were — aside  from  the  lesion  which  necessitated  the  op- 
eration— in  the  enjoyment  of  comparatively  good  health. 
As  it  is  incorrect  to  attribute  the  immense  mortality  of 
tracheotomy  for  diphtheritic  croup  to  an  operation  which, 
if  performed  for  the  removal  of  foreign  bodies,  is  almost 
always  successful,  so  it  is  manifestly  improper  to  attrib- 
ute most  deaths  after  amputation  to  the  operation  itself. 
A  compilation  of  the  amputations  of  "  expediency,"  made 
in  Guy's  Hospital,  indicates  a  mortality  of  36.8  per  cent. 
If  we  remember,  however,  that  these  statistics  of  Bryant 
and  Golding-Bird  include  amputations  made  for  neo- 
plasms, and  that  the  most  valuable  methods  of  after- 
treatment  were  at  that  time  not  employed  in  the  hospital 
in  question,  this  percentage  must  be  misleading  as  to  the 
inherent  dangers  of  amputations.  That  the  mortality 
of  the  operation  under  favorable  circumstances  can  be 
greatly  reduced  from  the  percentage  above  given  can  be 
easily  demonstrated.  Thus,  of  716  late  and  pathological 
amputations  collected  by  Sir  James  Y.  Simpson"  from 
smaller  hospitals  and  private  practitioners  of  Scotland 
and  England  only  74,  or  nine  per  cent.,  died.  Of  100 
amputations  (including  39  of  the  thigh),  made  by  Bruns," 
only  12  terminated  fatally.  Finally,  of  187  amputations 
made  by  Volkmann,'^  for  disease,  only  7  succumbed  (three 
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per  cent).  This  number  includes  74  amputations  of  the 
thigh,  with  only  two  deaths. 

Unhappily,  these  statistics  are  largely  at  variance  with 
those  gathered  either  from  large  hospitals  or  from  the 
hattle-fleld.  Thus,  of  560  larger  amputations  for  all 
causes  collected  by  Malgaigne  in  the  hospitals  of  Paris, 
299  ended  fatally,  the  mortality  being  fifty-three  per  cent. 
The  fatality  attending  amputations  by  English  surgeons  in 
the  Crimean  campaign^'  is  represented  by  426  operations, 
with  169  deaths  (39.6  per  cent.),  while  the  figures  of  the 
French  surgeons  during  that  war  are  4,390  amputations, 
with3,218  deaths,  giving  the  appalling  mortality  of  seven- 
ty-three per  cent.  Compared  with  such  results  those  ob- 
tained during  the  war  of  the  Rebellion  show  a  most  de- 
cided improvement.  Of  29,980  amputations,  the  result 
was  determined  in  28,261 ;  of  these,  20,803  recovered. 
There  were  7,459  deaths,  thus  yielding  a  mortally  of  26.3 
per  cent.*"  This  is  about  the  fatality  that  attends  amputa- 
tions in  civil  practice  in  the  larger  hospitals  of  this  coun- 
try and  of  England,  although  occasionally  better  results 
are  recorded.  Thus,  of  100  amputations  made  in  the 
Pennsylvania  Hospital  (1874-78)  only  17  died,  while  of 
539  amputations  made  for  all  causes  in  St.  Bartholomew's 
Hospital  (1873-83)  only  88  died,  giving  a  mortality  of 
16.3  percent. 

It  is  not  the  least  important  achievement  of  Malgaigne 
to  have  directed  the  attention  of  surgeons  to  the  chief 
causes  which  modify  the  prognosis  in  the  individual 
case  of  amputation,  and  how,  therefore,  statistics  must 
vary  according  to  certain  now  well-known  conditions 
under  which  they  are  collated.  In  a  somewhat  similar 
direction  were  the  investigations  of  Simpson.  The  con- 
ditions which  influence  the  prognosis  of  amputations  will 
'  now  be  considered  in  the  order  of  their  importance. 

J^je. — The  mortality  of  amputations  is  determined 
more  by  age  than  by  any  other  one  factor,  since  they  are 
better  borne  in  childhood  and  adolescence  than  later  in 
life.  Malgaigne  was  the  first  to  point  this  out  by  the 
tabulation  of  560  cases  in  which  the  mortality  steadily  in- 
creased with  the  age  of  the  patients.  Amputations  be- 
tween the  ages  of  five  and  fifteen  years  yielded  a  mortality 
of  33  per  cent.,  those  between  fifty  and  sixty-five  of  71.4 
per  cent.  Similar  investigations  have  been  made  by 
Callender,  Holmes,  Bryant,  and  Golding-Bird  in  Eng- 
land, and  by  Morton  and  Ashhurst  in  this  country.  The 
last-mentioned  author  ^'  has  combined  the  statistics  from 
various  sources,  and,  after  the  manner  of  Mr.  Holmes, 
divided  life  into  three  periods  of  twenty  years  each.  The 
total  number  of  cases  thus  tabulated  is  summarized  as 
follows : 

TabziB  Showing  Feboentage  of  Mobtalitt  at  Diffeueht  ^ges. 


Whole  num- 
ber of 
capes. 

Mortality  be- 
low ao 
years. 

Mortality 

between 

2U  and  40. 

Mortality  over 
40  years. 

Greneral 
death-rate. 

2,649 

16.7 

30.1 

43.4 

29.4 

Tabie   Showiko  Pebokntagb  of  Mobtality  Bbfoee  akd  ArrKH 
Thtbty  Ybabs  op  Age. 

Whole  number  of 
caaes. 

Mortality  below 
30  years. 

Mortality  above 
30  years. 

General  death- 
rate. 

1,805 

19.2 

37.4 

26.7 

The  comparatively  excellent  results  after  amputations 
in  children  must  be  attributed  to  the  rapidity  with  which 
even  large  wounds  unite  in  them,  to  the  resistance  which 
their  ordinarily  unvitiated  constitutions  offer  to  septic 
processes,  and  to  their  freedom  from  visceral  complica- 
tions. The  ease  with  which  even  large  amputations  are 
supported  in  childhood  was  particularly  impressed  on 
the  mind  of  the  writer  by  the  case  of  a  lad  of  seven,  in 
whom  he  had  amputated  below  the  shoulder  for  railway 
injury.  Because  he  was  not  given  the  freedom  of  the 
ward,  the  boy  escaped  from  the  hospital  (Good  Samaritan, 
in  Cincinnati)  on  the  eighth  day  after  the  operation. 
The  wound  had  healed  per  primam. 


The  very  unfavorable  results  which  follow  amputa- 
tions in  advanced  life  are  readily  accounted  for  by  the 
reduced  vitality  of  the  system  at  large,  by  the  imperfect 
nutrition  of  the  stump  from  impaired  integrity  of  the 
blood-vessels,  and  by  the  rapidity  with  which  these 
patients  succumb  to  septic  infection.  It  is  extremely 
probable  that  if  the  latter  could  be  prevented  the  marked 
influence  of  advanced  life  on  the  results  of  amputations 
would  be  materially  lessened.  Thus  of  sixty-one  uncom- 
plicated amputations  made  by  Volkmann,  in  persons  over 
fifty,  only  4.8  per  cent.  died.  Among  these  was  a  suc- 
cessful amputation  of  the  thigh  for  injury  in  a  man 
eighty-four  years  of  age. 

Seat  of  Operation. — The  danger  of  an  amputation  al- 
ways increases  with  the  size  of  the  wound  and  its  prox- 
imity to  the  trunk — amputations  of  the  lower  extremity 
yielding  a  greater  mortality  than  those  of  the  upper. 
Since  about  thirty-two  per  cent,  of  the  deaths  following 
amputations  are  directly  attributable  to  the  combined 
shock  and  haemorrhage  consequent  upon  the  injury 
and  the  operation,  it  is  easily  understood  why  the  mor- 
tality varies  in  the  manner  indicated.  The  dangers  of 
septic  infection  also  increase  with  the  size  of  the  wound, 
and  when  amputation  wounds  fail  to  unite  by  primary 
union,  death  often  results  from  the  exhaustion  consequent 
upon  protracted  suppuration.  The  situation  at  which 
the  bone  is  divided  also  materially  influences  the  result. 
The  opening  of  the  medullary  cavity  of  a  large  bone 
like  the  femur,  or  tibia,  is  more  apt  to  be  followed  by 
osteomyelitis  and  its  consequences  than  is  the  division  of 
the  bone  through  its  articular  end.  This  is  well  shown 
by  a  comparison  of  the  results  of  amputation  through 
the  lower  third  of  the  thigh  and  through  the  femoral 
condyles,  the  former  ©"jieration  yielding  a  mortality  of 
39  per  cent,  against  39  of  the  latter. 

The  ratio  of  deaths  following  amputations  for  injury 
and  disease  in  different  parts  of  the  body  is  well  illus- 
trated in  a  subjoined  table  from  large  hospital  reports, 
issued  within  tJtie  last  two  decades.  For  exceptional 
operations  (hip-joint  and  elbow)  reports  of  cases  from 
private  practice  were  included.  This  doubtless  explains 
the  apparently  greater  mortality  of  amputation  of  the 
thigh  than  of  the  hip,  since  relatively  more  successful 
than  imsuccessf  ul  cases  are  thus  recorded. 


Table  I. 

(From 

Max  Schede). 

32 

Amputations  fob 
Injury. 

Amputations  for 
Disease. 

1 

0    EC 

I- 

i- 

!i 

II 

1 

1 
■§■3 

Amputation — 

55 
73 
67 
149 
186 

1,884 

314 

130 

33 

1,958 

223 

274 

1,167 

23 

39 

57 
50 
74 
44 

664 

103 

54 

3 

785 

45 

116 

864 

6 

70.9 

78.0 

74.6 

50. 

32.3 

48. 
32.8 
41.5 
9.1 
40. 
20.2 
42.3 
31.2 
26. 
10.8 
2.5 
1.8 

153 

42 

137 

205 

79 

2,494 
123 
178 
128 

1,695 
662 
118 
441 
8 
506 
27 
329 

65 
15 
55 
64 
20 

817 
30 
44 
19 

2)5 
70 
33 
81 
1 
62 

6 

42.6 

of  thigh,  upper  third 

of  thigh,  middle  third 

of  thigh,  lower  third 

of  thigh  through  condyles. . 
of  thigh,  locality  not  speci- 
fied  

35.7 
40.1 
31. 
25.4 

32.7 

at  knee 

24.4 

of  leg,  up.  and  middle  third 

24.7 
14. 

of  leg,  locality  not  specified. 

12.7 
12.4 

28. 

18.4 

12.5 

1,316  1  143 
199  1      5 

12.2 

of  fingers  and  toes 

337 

6 

i.8 

Nature  of  Lesion.— Yerj  potent  in  its  influence  on  the 
results  of  amputations  are  the  causes  for  which  they  are 
made.  "When  the  operation  is  resorted  to  in  an  individual 
who,  while  in  perfect  health,  has  received  a  severe  injury 
from  which  he  has  probably  lost  a  considerable  amount 
of  blood,  the  prognosis  is  much  less  favorable  than  when 
it  is  made  for  disease.    This  applies  particularly  to  am- 
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putations  after  railway  injuries  and  traumata  inflicted  by 
heavy  machinery.  The  shock  and  hsmorrhage  are  very 
often  so  severe  that  death  results  within  a  few  hours  after 
the  operation.  The  prejudicial  effect  of  a  trauma  on  the 
results  of  amputations  is  still  further  enhanced  if  the 
subject  is  addicted  to  intemperate  habits.  This  was  well 
illustrated  in  our  recent  riots  (Cincinnati,  1884).  Those 
injured  were  for  the  most  part  more  or  less  under  the  in- 
fluence of  alcohol  when  wounded,  and  four-fifths  of  those 
in  whom  amputations  were  made  succumbed. 

It  will  be  seen  from  the  table  given  below  that  the  statis- 
tics indicate  with  remarkable  uniformity  the  greater 
mortality  of  amputations  when  made  for  injury  than 
when  made  for  disease.  The  explanation  generally  of- 
fered for  this  feature  of  the  prognosis  of  amputations  is 
that  patients  who  have  for  a  long  time  been  subjected  to 
suppurative  processes  (necrosis,  caries,  etc.),  are  so  inured 
to  suffering  that  they  bear  the  shock  of  an  operation  com- 
paratively well,  and  that  they  are  less  prone  to  septic  in- 
fections which  are  so  often  the  immediate  causes  of  death 
after  amputations  for  trauma.  The  correctness  of  this 
view  is  substantiated  by  the  fact  that  about  seventy-five 
per  cent,  of  so-called  pathological  amputations  are  made 
for  chronic  inflammatory  conditions  of  either  bones  or 
joints,  and  that  under  these  circumstances  the  soft  parts 
are  usually  more  or  less  atrophied,  and  yet  at  the  same 
time  densely  infiltrated  with  a  connective-tissue  growth 
which,  when  divided  in  an  operation,  presents  a  barrier 
to  the  absorption  of  deleterious  elements.  It  is  note- 
worthy, as  Mj.  Bryant  ^*  has  pointed  out,  that  this  infiltra- 
tion of  the  soft  parts  does  not  necessarily  interfere  with 
the  ready  union  of  the  wound.  While  amputations  for 
chronic  affections  of  the  nature  indicated  terminate  fa- 
tally in  only  14  per  cent,  of  the  cases,  those  made  for  de- 
formity and  neoplasms  present  a  mortality  of  36.8  per 
cent,  and  46  per  cent,  respectively  (Golding-Bird  and 
Spence). 


Authority. 


Malfcaigne  i 

Guy's  Hosp.  Itep.3,, 

Chadwick  8 

Billroth  (1860-67)4.. 

Wilms' 

Iibcke' 

Volkmann  ' 

Afhhursc  8 

Spence" 

Glabgow  Inf.'" 

Leeds  Inf.'i 

St  George's  Hosp.  12, 
St.  Barth.  Hosp.is... 

Total 


Amputations 
FOR  Injury, 


es 


1S2 
447 
848 
106 
144 

28 
130 

78 
186 
888 
355 
1S9 

lis 


117 
201 
202 
57 
68 
21 


64 

46 
24 
64 
40 
75 
24  19 
24  33 
77  41 
126  32 
84 '24 
72  46 
33  29 


8,168  1,096  34.7 


Amputations 
FOB  Disease. 


378 

679 

524 

68 

94 

52 

187 

28 

371 

338 

305 

409 

424 


3,847    832 


as 


182  48 
147  22  4 
102,19 

1831 

32|33 

25  48 
7 


14 
19 
12 
16 
24 
13 

21.6 


Total  Ampu- 
tations. 


gs 


660 

1,126 

1,370 

164 

238 

80 

317 

100 

557 

726 

660 

668 

539 


S  as 


299  53 
348  31 
S04  22 

75  46 

90S 


46 
31 
28 
160 
166 
132 
171 


7,005  1,928 


57 
9+ 
28 
27 
23 
20 
.90 
16 

27.5 


"  Mttlgaigne  :  Arch.  G6n.  de  M4d.,  1842,  14,  p.  52. 

»  Guy's  Hospital  Beports,  published  statistics  of  vol.  xxi.,  3d  S.    to 
which  ca^es  since  reported  have  been  added.  ' 

s  Amputation,  statistics  of,  in  four  American  hospitals. 

*  Statistics  of  Surg.  Clinic  of  Ziirioh.    Langenbeok's  Arch,  f  Chir 
vol.  X,  •  M 

1.^-  GWeibook:  Statistics  of  Bethanien,  Langenb.  Arch.  f.  Chir.  vol. 
xxii,,  p.  80. 

*oon  °^^  •  St**^^^tic8  of  HospitalB  of  Berne.    Zeitachr.  t.  Chir.,  vol.  ii. 
p.  o80.  '     "' 

iqL*'-  2^TV  ^'°  Amputationen  in  d.  Volkmann'schen  Klinik.    Halle, 
1882.    Statistics  rearranged  to  suit  this  table ;  57  oomplicatod  cases  with 
17  deaths  are  included. 
SAshhurst:  Bncyclop.  of  Snrg.,  vol,  i. 

Inte'r^nir  E^l^f  of'^S  "vol'"?""' '  ^'"''-  ""''■  '™™-    ^''*'"'='  " 

Th:i^r^i'i™?,/i8Vv^i'i.,riV^'"^ '''°™'''' '''  ''''•  ^• 

18rO.'\T'i'""°163'"  *"  ^"^'  ^°^™'""y  ^y  Thomas  Nunnely,  Lancet, 

voK^x.'^and  X.'  ^''  '^^"''^"'^  Hospital  Beports,  vols.  i.  and  viii.    Also 

"  St.  Bartholomew's  Hospital  Reports,  vol.  xix.,  Stat.  Tables,  p.  92. 
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After-treatment. — A  comparison  of  the  statistics  from 
the  Parisian  hospitals  (Malgaigne)  and  those  of  St.  Bar- 
tholomew's Hospital,  clearly  shows  that  the  mortality  of 
amputations  is  gradually  diminishing.  Whereas  a  large 
part  of  this  reduction  is  attributable  to  the  general  use  of 
anaesthetics,  most  credit  must  be  given  to  improved 
methods  of  after-treatment,  the  term  being  used  in  its 
widest  sense.  If  the  mortality  of  amputations  in  large 
hospitals  is  still  from  thirty  to  forty  per  cent.,  it  is  be- 
cause the  atmosphere  of  the  overcrowded  wards  is  laden 
with  the  germs  of  erysipelas  and  pyaemia.  Sir  James  Y 
Simpson  directed  the  attention  of  rsurgeons  to  the  per- 
nicious influences  of  the  wards  of  large  hospitals,  when 
he  compared  the  disastrous  results  there  obtained  (40  per 
cent.)  with  those  obtained  in  private  practice,  in  the  coun- 
try, and  in  small  hospitals.  Of  1,382  amputations  made 
for  injuries  only  153  died  (11  per  cent.),  while  716  operar 
tions  were  made  for  disease  with  only  74  deaths  (10  per 
cent.).  Mr.  Burdett^*  has  recently  shown  that  the  mor- 
tality of  the  smaller  hospitals  (averaging  ninety  beds)  of 
England  does  not  exceed  17  per  cent.  On  the  other  hand, 
in  1859  Mr.  Bryant,  in  a  report  from  Guy's  Hospital  to 
the  Royal  Medical  and  Chirurgical  Society,  attributed 
33  out' of  76  deaths  (43  per  cent.)  to  pysemia,  and  the  ap- 
palling statistics  of  Billroth  in  Zurich,  and  Liicke  in 
Berne,  speak  even  more  forcibly  against  this  chief  factor 
in  the  causation  of  death  after  amputations.  Since  the 
principles  of  cleanliness  and  thorough  ventilation  have 
been  better  understood  and  regarded  in  the  management 
of  even  large  hospitals,  the  mortality  from  pyaemia,  ery- 
sipelas, and  gangrene  has  been  gradually  reduced.  Thus, 
in  Guy's  Hospital,  from  1861  to  1868,  only  39  out  of  119 
deaths  (33.7  per  cent.)  resulted  from  pyaemia,  while  at  a 
still  later  period  (1869  to  1878),  only  23  per  cent,  could ' 
be  ascribed  to  this  cause.  During  a  part  of  this  time  the 
antiseptic  method  was  resorted  to  by  some  of  the  sur- 
geons of  the  hospital  in  question. 

The  improved  methods  of  treating  the  stump  next 
merit  consideration,  as  having  very  materially  contributed 
toward  diminishing  the  mortality  after  amputations.  If 
all  hospitals,  as  they  do,  show  an  improvement  in  their 
results  obtained  after  amputations,  it  is  only  an  evidence 
of  the  fact  that  the  principles  of  properly  draining  a 
wound  have  become  generally  recognized,  and  that  if 
the  deleterious  influences  of  a  vitiated  atmosphere  mani- 
fest themselves,  nevertheless,  in  a  wound,  the  process 
remains  localized  in  it ;  although  suppuration  occurs,  it, 
as  a  rule,  does  not  lead  to  septic  infection. 

In  no  other  class  of  wounds  has  the  influence  of  the 
antiseptic  treatment  been  so  much  considered  as  in  those 
made  by  the  amputating  knife.  To  the  unprejudiced 
observer  there  can  be  no  question  but  that,  under  Lis- 
terism,  better  results  can,  as  a  rule,  be  obtained,  at  least 
in  large  hospitals,  than  by  other  methods  of  treatment. 
The  evidence  in  proof  of  this  is  convincing.  Thus  the 
statistics  of  the  Surgical  Clinic  of  Basle  for  periods  of 
ten  years  before  and  after  1870,  when  the  antiseptic 
method  was  introduced,  are  in  most  marked  contrast. 
From  1861  to  1870,  36  amputations  were  made  for  in- 
juries, with  a  mortality  of  41.6  per  cent.  From  1871  to 
1880,  46  amputations  were  made  for  the  same  cause,  with 
a  mortality  of  only  15.2  per  cent.  From  1861  to  1870, 
28  amputations  were  made  for  disease,  with  a  mortality 
of  44.4  per  cent.,  whereas  of  93  pathological  amputations 
made  from  1871  to  1880,  only  9.6  per  cent,  terminated  fa- 
tally. The  terrible  mortality  of  amputations  experienced 
by  Billroth,  in  Zflrich,  from  1860  to  1867,  has  already  been 
referred  to  (see  Table  II.).  Under  an  imperfect  antisep- 
tic method,  the  mortality  of  his  amputations  in  Vienna 
was  reduced  to  29.7  per  cent.,  whereas,  under  strict  Lis- 
terism,  from  1877  to  1880,  of  91  larger  amputations  only 
19.7  per  cent,  succumbed."  Similar  experiences  can  be 
gathered  from  English  hospitals.  For  three  years  prior 
to  1876,  under  ordinary  methods  of  treatment  in  the  In- 
firmary at  Newcastle-on-Tyne,'"  49  out  of  98  major  am- 
putations terminated  fatally  (50  per  cent.).  In  three 
years  subsequent  to  the  introduction  of  the  antiseptic 
method,  only  13  deaths  resulted  from  108  amputations, 
the    mortality  being  thereby  reduced  to  12  per  cent 
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The  mortality  of  amputations  in  tlie  Glasgow  Infirmary 
prior  to  1869,  was  39. 1  per  cent.  From  1873  to  1881,  under 
strict  Listerism,  it  was  reduced  to  22.8  per  cent.*'  From 
these  statistics  it  becomes  evident  that  where  the  mor- 
tality after  amputations  in  large  hospitals  is  great,  it  can 
be  materially  reduced  by  the  introduction  of  the  anti- 
septic method,  and  the  duty  of  the  surgical  staff  of  such 
institutions  is  therefore  clearly  defined. 

On  the  other  hand,  very  excellent  results  are  obtaina- 
ble without  the  antiseptic  method.  Thus,  of  539  ampu- 
tations made  at  St.  Bartholomew's  Hospital,  only  88 
ended  fatally  (16  per  cent.),  and  of  100  amputations 
treated  in  the  ordinary  way  in  the  Pennsylvania  Hospital, 
only  17  died.  While  these  are  remarkable  results,  they 
cannot  bear  comparison  with  those  achieved  by  Volk- 
mann  and  Bruns  with  the  antiseptic  method.  Of  100 
amputations  made  by  the  latter,  including  39  of  the 
thigh,  only  12  died.  Of  317  amputations  made  by  Volk- 
mann,  including  112  of  the  thigh,  only  9  per  cent,  ter- 
minated fatally.  Of  the  amputations  of  the  thigh,  112 
in  number,  16  died  (14  per  cent.),  although  in  this  num- 
ber are  included  37  amputations  of  the  thigh  in  subjects 
who  were  already  septic  at  the  time  of  operation,  and  of 
whom  12  succumbed.  The  average  age  of  cases  of  am- 
putation of  the  thigh  was  thirty-six.  Of  73  primary 
amputations  for  injury  in  uncomplicated  cases,  including 
11  of  the  thigh  (with  2  deaths)  and  3  of  the  hip  (all  fatal), 
there  were  7  deaths  (10  per  cent.).  Unprecedented  re- 
sults like  these,  demonstrate  beyond  doubt,  that  except 
in  amputations  that  end  fatally  from  the  shock  of  the 
injury,  the  mortality  depends  largely  upon  the  surgeon's 
ability  to  keep  the  wound  aseptic.  (See  articles  Anti- 
septics in  Surgery  and  Wounds.) 

Multiple  Ajn>UTATioNS. — While  it  is  comparatively 
rare  that  disease  or  injury  affects  more  than  one'  extrem- 
ity, in  a  degree  sufficient  to  warrant  double  amputations, 
these  are  nevertheless  occasionally  required.  It  is  self- 
evident  that  they  are  of  the  gravest  importance  and  pre- 
sent a  most  unfavorable  prognosis,  on  account  of  the 
shock  associated  with  the  injury.  Of  28  double  amputa- 
tions made  in  the  Western  Pennsylvania  Hospital,**  27 
were  for  railroad  accidents,  and  15  of  the  patients  died. 
The  fact  that  eleven  of  the  deaths  occurred  in  the  first 
forty-eight  hours  shows  that  they  were  due  rather  to  the 
injuries  than  to  the  amputations.  When  multiple  amputa- 
tions are  made  for  disease,  which  is  in  about  ten  per 
cent,  of  all  cases,  it  is  usually  for  frost-bite. 
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The  mortality  attending  multiple  amputations,  it  will 
be  seen  from  the  preceding  tables,  is  about  fifty  per  cent., 
amputations  through  the  lower  extremities  presenting  a 
greater  fatality  than  those  of  the  upper.  The  first  table 
illustrates  the  mortality  of  these  amputations  in  military 
practice.  The  second  table,  made  up  from  German,  Eng- 
lish,' and  American  reports  of  the  last  twenty  years, 
shows  the  relative  frequency  and  fatality  of  multiple 
amputations  as  they  are  made  in  different  parts  of  the 
body. 

When  the  necessity  for  multiple  amputations  arises,  the 
question  must  be  considered  whether  they  shall  be  made 
at  the  same  time,  when  they  are  called  synchronous  am- 
putations, or  whether  a  longer  or  shorter  interval  shall 
intervene  between  them.  In  these  cases,  as  in  amputa- 
tions generally,  no  definite  rules  can  be  formulated.  In 
cases  of  trauma  it  is  generally  advisable  to  make  both 
amputations  at  the  same  time,  removing  the  larger  mem- 
ber first,  but  deferring  the  closure  of  the  wound  until 
both  amputations  are  completed.  If,  after  the  first  oper- 
ation the  condition  of  the  patient  is  such  as  to  preclude 
the  possibility  of  recovery  if  the  second  is  performed  at 
once,  the  less  injured  member  must  be  treated  as  if  the 
injury  sustained  by  it  were  of  a  less  degree  of  severity 
and  justified  an  attempt  at  conservatism.  In  cases  of 
disease  affecting  several  extremities  (frost-bite,  white- 
swelling,  etc.),  it  is  generally  better  to  observe  a  sufficient 
interval  between  the  operations  to  permit  the  constitution 
to  rally  from  the  first  before  the  second  amputation  is 
made.  In  these  cases  the  danger  of  septic  infection  from 
the  limb  that  is  spared  is  not  as  great  as  in  cases  of  trau- 
matic origin. 

Even  triple  and  quadruple  amputations  are  occasion- 
ally performed  with  success.  In  a  case  of  railway  acci- 
dent. Dr.  G.  Koehler,  of  Schuylkill  Haven,  Pa.,  in 
1867,  removed  simultaneously,  on  account  of  a  railway 
injury,  both  legs  and  one  arm  from  a  lad  thirteen  years 
of  age,  recovery  taking  place.  Professor  Stone,  of  New 
Orleans,  had  a  similar  case  in  a  man  of  thirty,  the  sub- 
ject of  a  railway  accident.'"'  According  to  Professor  Ag- 
new,^'  successful  triple  amputations  were  made  in  York, 
Pa. ,  in  1868,  and  Rochard,**  reported  to  the  Academy  the 
case  of  De  Leseleuc,  of  Brest,  who  had  successfully  am- 
putated a  thigh,  leg,  and  arm  in  a  man  the  subject  of 
trauma.  Quadruple  amputations,  usually  made  for 
frost-bite,  have  been  successful  in  the  cases  of  Muller, 
of  the  U.  S.  Army,''*  Dr.  Begg,  of  Dundee,  and  M. 
Champenois,  of  the  French  Army.  Other  cases  are  re- 
ferred to  by  Morand,  Longmore,  and  Southam."  M. 
Larrey  mentions  two  cases,  one  of  which,  the  case  of  a 
soldier  who  had  all  his  extremities  removed  by  heavy 
ordnance,  he  had  seen  in  the  ' '  Invalides. "  The  other  case, 
which  he  had  seen  in  Algiers,  was  that  of  an  Arab,  twelve 
years  of  age,  who  had  intentionally  placed  himself  on  the 
track  in  such  a  position  that  a  passing  train  mangled 
both  hands  and  feet.'"'  Still  another  successful  quad- 
ruple amputation  for  frost-bite  has  recently  been  re- 
corded by  Tremaine.*' 

Individttal  Amputations. 

Amputation  of  the  Fingeks. — When  the  phalanges 
of  the  fingers  or  thumbs  are  the  seat  of  incurable  dis- 
ease or  of  severe  injury,  amputation  often  becomes 
necessary.  It  is  well  to  remember  that  if  the  bone 
of  the  distal  phalanx  alone  is  affected,  its  natural  ex- 
foliation should  be  awaited,  when  the  soft  parts  can 
often  be  preserved,  to  the  great  advantage  of  the  patient. 
Particularly  in  the  thumb  and  index  finger  is  it  neces- 
sary to  save  as  much  as  possible.  In  the  third  and  fourth 
fingers  amputation  should  not  be  practised  at  the  second 
joint,  since  the  preservation  of  the  proximal  phalanx 
leaves  a  part  that  is  ungainly  and  does  not  add  to  the 
usefulness  of  the  hand.  When  a  portion  of  a  finger  re- 
quires removal  the  operation  may  be  practised  either  at 
a  joint  or  in  the  continuity  of  a  phalanx.  In  both  cases 
it  is  important  to  remember  that  -^hen  the  finger  is 
flexed  the  articulations  are  below  the  prominences  made 
by  the  knuckles,  the  distal,  middle,  and  proximal  articu- 
lations being  respectively  one-sixth,  one-fourth,  and  one- 
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third  of  an  inch  below  the  most  prominent  lines  of  the 
joints.  It  must  also  be  borne  in  mind  that  strong  lateral 
ligaments  prevent,  until  they  are  divided,  the  complete 
exposure  of  articular  surfaces  (Pig.  112).  When  the 
amputation  is  to  be  made  at  the  joint,  it  can  be  most 
expeditiously  executed  in 
the  following  manner :  The 
hand  being  held  in  the  prone 
position,  the  tip  of  the  finger, 
encased  in  a  rag  or  piece  of 
lint,  is  firmly  seized  by  the 
operator  and  flexed.  "With 
a  long  and  narrow  knife  an 
incision  is  made  from  side  to 
Fio.  112.  side  over  the  dorsal  surface. 

By  this  the  joint  is  at  once 
optned.  With  two  rapid  strokes  of  the  point  of  the 
knife  the  lateral  ligaments  are  next  severed.  The  blade 
of  the  knife,  with  edge  directed  downward,  is  then  placed 
behind  the  flexor  surface  of  the  phalanx  to  be  removed, 
from  the  soft  parts  of  which  a  well-rounded  flap  is  to  be 
cut  from  within  outward  by  a  sawing  movement.  The 
wound  presents  the  appearance  shown  in  Fig.  113.  Only 
when  there  is  an  insuf- 
ficience  of  flap  is  it 
proper  to  remove  the 
head  of  the  proximal 
bone.  The  disarticula- 
tion of  a  phalanx  can 
also  be  effected  by 
transfixion :  the  hand 
being  held  in  a  supine 
position  and  the  finger  fig.  i13. 

extended,  the  latter  is 

transfixed  on  the  palmar  side  of  the  bone,  just  below  the 
fold  of  the  joint ;  a  palmar  flap  of  sufiicient  length  is 
then  made.  The  flap  being  held  out  of  the  way,  the 
joint  is  made  prominent  by  hyperextension  and  opened. 
The  soft  parts  on  the  dorsal  surface  of  the  joint  are  then 
divided  by  a  single  sweep  of  the  knife.  In  amputations 
of  the  fingers,  the  soft  parts  of  the  palmar  aspect  are 
always  preferable  for  a  flap,  since  the  cicatrix  is  then 
protected  from  pressure.  Where  they  cannot  be  utilized, 
a  dorsal  flap  can  be  made,  either  by  transfixion  or,  what 
is  preferable,  by  cutting  from  without.  .  Lateral  flaps, 
single  or  double,  can  likewise  be  utilized  in  this  ampu- 
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tation.  In  amputations  in  the  continuity  of  a  phalanx 
the  flap  may  be  cut  from  the  palmar  aspect  by  a  trans- 
fixion, the  dorsal  surface  being  divided  by  a  transverse 
mcision,  or  a  second  flap  may  be  formed.  The  circu- 
lar operation,  with  longitudinal  lateral  cuts,  may  likewise 
be  successfully  practised  in  this  position.  After  the  di- 
vision of  the  soft  parts,  the  bone  must  be  divided  with 
a  metacarpal  saw  or  the  cutting  forceps.  In  all  amputa- 
tions of  the_  fingers  two  digital  arteries  usually  "spirt." 
Iheir  ligation  IS  unnecessary;  the  approximation  of  the 
wound  surfaces  generally  suflSces  for  their  closure 
Amputation   of  an  entire  finger   at  the  metacarpo- 
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phalangeal  joint  can  be  readily  accomplished  as  follows  ■ 
The  adjacent  fingers  being  held  aside  by  an  assistant  thn 
operator,  with  his  back  to  the  patient,  grasps  the  finger  tn 
be  removed  with  the  left  hand  and  extends  it  sufflcientlvtn 
see  its  palmar  surface.  A  narrow  knife  being  introducprt 
from  the  right  side  divides  the  soft  parts  on  the  palmar 
surface  on  a  level  with  the  extended  interdigital  web 
The  incision  is  then  carried  around  the  right  ade  of  thp 
finger  (Pig.  114,  Esmarch)  in  a  slight  curve  into  the  dor 
sal  surface  of  the  head  of  the  metacarpal  bone  The 
knife  is  then  carried  around  the  left  side  of  the  finger  in 
the  same  manner,  the  ends  of  the  first  incision  being  thus 
joined.  The  tendons,  lateral  ligaments  and  capsule  be 
ing  successively  divided,  the  disarticulation  is  completed 
and  a  heart-shaped  wound  left.  The  margins  of  this 
wound  come  accurately  into  contact  when  the  remaining 
fingers  are  approximated  to  each  other.  When  comeli- 
ness of  the  hand  is  valued  more  than  strength,  it  is  best 
to  remove  the  head  of  the  metacarpal  bone  with  cutting 
forceps  (Pig.  115),  since  its  preservation  usually  leaves  an 
unsightly  prominence.  In  persons  who  do  manual  labor 
its  removal  should 
be  avoided,  sinceit 
would  materially 
lessen  the  strength 
of  the  hand. 

The     incisions 
for       disarticula- 
tions    of    the 
thumb,  index  and 
little  fingers  may 
often  be  advanta- 
geously  modified 
in  such  a  manner 
as  to   make    two 
lateral   flaps,   the 
longer  of  which  is 
on  the   free    side 
of  the  finger,  the 
shorter      being 
made  on  the  side 
of  the  interdigital 
web.   To  preserve 
the  symmetry  of 
the  hand  the  heads 
of  the  second  and 
fifth     metacarpal 
bones    should  al- 
ways be  removed 
by  an  oblique  section  when  the  index  and  little  fingers  are 
amputated.   When  two  or  more  fingers  are  to  be  removed, 
it  can  easily  be  done  by  making  two  convex  flaps,  one  on 
the  dorsal  and  the  other  on  the  palmar  aspect  of  the 
hand,  the  latter  being  given  the  greater  length.    A  flap 
may  likewise  be  taken  from  the  side  of  one  finger,  or  rec- 
tangular flaps  from  the  opposite  surfaces  of  the  fingers  that 
are  farthest  from  each  other.  In  amputations  of  a  number 
of  fingers  it  is  generally  best  to  remove  each  finger  sepa- 
rately, since  unnecessary  sacrifices  for  the  sake  of  brilliancy 
will  thereby  be  avoided  and  a  better  result  be  obtained. 
When,  in  consequence  of  accident  or  disease,  the  meta- 
carpal bone  must  be  removed  with  the  finger,  the  inci- 
sions are  like  those  for  the  removal  of  an  entire  finger, 
only  that  the  dorsal  cut  must  be  continued  upward"  to- 
ward the  wrist  for  a  varying  distance,  and  that  the  in- 
cision around  the  root  of  a  finger  is  to  be  made  above  the 
interdigital  web.     The  extensor  tendons  being  divided  as 
high  as  possible,  and  the  bone  separated  from  its  muscu- 
lar attachments,  this  is  divided  with  cutting-forceps  near 
its  articular  extremity  or  entirely  enucleated.     When  the 
surgeon  has  the  option,  the  former  practice  should  be 
preferred,  to  avoid  opening  the  articulations  of  the  wrist. 
Exceptions  can  be  made  in  the  first  and  fifth  metacarpal 
bones,  which,  having  individual  synovial  sacs,  may  be  re- 
moved without  the  danger  of  producing  extensive  in- 
flammation  of    the  wrist.      Amputation  of   the  entire 
thumb  should  rarely  be  practised,  for  every  portion  of  it 
that  can  be  saved  is  of  value  for  opposition  to  the  fingers. 
When  it  becomes  necessary  to  remove  the  thumb  with 
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its  metacarpal  bone,  it  is  best  accomplished  by  the  oval 
method.  The  point  of  a  knife  should  be  entered  above 
its  articulation  -with  the  carpus,  and  a  triangular  incision 
(Fig.  116)  made  along  its  radial  aspect,  the  sides  of  the 
triangle  diverging  from  each  other  as 
they  approach  the  head  of  the  meta- 
carpal bone  and  becoming  continuous 
with  each  other  in  the  web  and  index 
finger.  The  muscles  being  detached 
and  the  extensor  tendons  divided,  dis- 
articulation is  readily  effected  by  for- 
cibly extending  the  thumb  toward  the 
radial  side  and  severing  the  ligaments. 
In  disarticulating,  the  edge  of  the  knife 
should  be  kept  close  to  the  base  of  the 
hone,  lest  the  joint  between  the  second 
metacarpal  and  trapezium,  and  through 
it  the  remaining  carpal  joints,  be 
opened.  After  this  operation  a  linear 
cicatrix  remains.  The  most  expedi- 
tious method  of  amputating  the  thumb 
yet  devised  is  that  of  Walther,  and  is 
admirably  suited  to  cases  in  which  an 
anaesthetic  is  not  used.  The  thumb 
being  abducted,  the  knife  is  made  to 
cut  its  way  between  the  first  and  sec- 
ond metacarpal  bones  until  the  base  of  the  former  is 
reached  (Fig.  117).  The  thumb  being  greatly  abducted, 
the  joint  between  its  metacarpal  bone  and  trapezium  is 
opened  and  traversed.  The  knife  is  then  carried  down- 
ward upon  the  radial  side  of  the  bone,  where,  by  cutting 
outward  to  the  level  of  the  interdigital  web  a  radial  flap 
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is  made.  Amputations  of  the  little  finger  with  its  meta- 
carpal bone  can  be  made  in  the  same  manner,  either  by 
the  oval  or  by  the  flap  method. 

Injuries  of  tie  palm  of  the  hand  are  generally  of  such 
a  nature  that  by  a  little  ingenuity  on  the  part  of  the  sur- 
geon, part  of  it  can  be  preserved.  When  in  rare  cases 
disarticulation  of  the  last 
four  metacarpal  bones  be- 
comes necessary,  the  thumb 
being  left,  it  may  be  done 
as  follows :  The  hand  being 
grasped  and  held  in  supine 
position,  a  long,  narrow 
blade  is  passed  through  the 
palm  from  the  base  of  the 
fifth  metacarpal  bone  to  the 
web  of  the  thumb.  By  cut- 
ting outward,  a  broad  semi- 
lunar flap  is  made  (Fig. 
118).  An  incision  is  next 
made  on  the  back  of  the 
hand,  beginning  at  the  web 
of  the  thumb  and  carried  obliquely  upward  to  the  upper 
third  of  the  second  metacarpal  bone,  whence  it  is  con- 
tinued transversely  over  the  three  last  metacarpal  bones 
until  it  meets  the  palmar  flap  at  the  ulnar  border  of  the 
hand.  Both  flaps  are  thus  reflected  to  the  carpo-meta- 
carpal  joints  and  disarticulation  is  effected  from  the  ulnar 
side,  the  hand  being  forcibly  abducted. 
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Amputation  at  the  Wrist.— In  amputations  at  the 
wrist  the  surgeon  has  the  choice  of  the  circular  and 
tegumentary  flap  methods,  both  of  which  leave  a  very 
excellent  stump. 

Circular  Method. — Retracting  the  skin  of  the  forearm 
with  his  left  hand,  the  operator  carries  the  knife  in  a  cir- 
cular sweep  around  the  hand  one  inch  below  the  styloid 
processes.  The  skin  and  subcutaneous  layers  being  lib- 
erated by  incisions  perpendicular  to  the  axis  of  the  limb 
as  far  as  the  styloid  processes,  should  be  reflected  like 
a  cuflf.     The  hand  being   then  pronated,  and  forcibly 


flexed,  the  tendons  are  divided 
and  the  joint  opened  by  an  in- 
cision over  the  dorsum  from 
one  styloid  process  to  the  other. 
In  making  this  incision  the 
convexity  of  the  upper  surface 
of  the  carpus  must  be  remem-  pjg  jjg 

bered.     The  lateral  ligaments 

being  next  severed,  the  anterior  part  of  the  capsule  and 
all  the  flexor  tendons  are  cut  through  with  one  stroke  of 
the  knife  (Fig.  119). 

Anteroposterior  Fla/p. — The  operator  seizes  the  lower 
part  of  the  pronated  hand,  and  after  flexing  it  makes  a 
semilunar  incision  over  the  middle  of  the  back  of  the 
hand  from  one  styloid  process  to  the  other  (Fig.  130). 
After  reflection  of  the  flap  the  joint  is  opened  as  in  the  cir> 
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cular  operation,  and  the  operation  is  completed  by  cut- 
ting a  short  palmar  flap  from  within  outward  (Fig.  121). 
The  projection  of  the  pisiform  bone  frequently  renders 
this  part  of  the  operation  embarrassing. 

Method  of  Bubreuil. — A  very  .excellent  result  can  be 
obtained  by  making  a  single  lateral  flap,  either  from  the 
radial  surface  of  the  thumb  or  from  the  soft  parts  cov- 
ering the  fifth  metacarpal  bone,  the  former  being  prefer- 
able. As  will  be  seen  from  Fig.  133,  the  operation  con- 
sists in  making  a  semilunar  flap  with  broad  base,  from 
the  integument  which  covers  the  first  metacarpal  bone, 
the  point  of  the  flap  reaching  the  base  of  the  first  phalanx. 
A  transverse  Incision  around  the  wrist  is  then  made  and 
disarticulation  completed  as  in  the  other  operations. 
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Amputation  op  the  Eoreabm  may  be  practised  by 
the  circular,  tegumentary,  or  musculo-tegumentary  flap 
methods.  The  lower  third  of  the  forearm,  containing  a 
large  number  of  tendons,   is  ill-suited  for  the  latter 

method,  the  cir- 
'  cular  operation 
being  preferable 
(Pig.'  99).  "When 
the  integument  is 
greatly  infiltrated 
and  the  reflection 
of  a  cuff  is  thereby 
rendered  imprac- 
ticable, tegumen- 
tary flaps  can  be 
made,  the  tendons 
being  divided  by  a 
circular  incision 
(Fig.  133).  The 
presence  of  a  large, 
number  of  syno- 
Tial  sheaths,  and 
the  danger  of  in- 
flammations  in 
them  when  they 
.,.,  ,         .        ,        ,  are  opened  should 

not  militate  against  the  value  of  operations  in  the  lower 
third  of  the  forearm,  since,  by  operating  below  the  in- 
sertion of  the  pronator  radii  ierea,  movements  of  prona- 
tion and  supination  will  be  preserved. 

A  number  of  surgeons  prefer  the  flap  operation  in  all 
amputations  of  the  forearm,  making  both  flaps  by  trans- 
fixion m  fleshy  subjects. 
Under  opposite  circum- 
stances the  anterior  flap 
can   be  made    in   this 
manner,  and  the  poste- 
rior   by  cutting   from 
within  outward.   When 
this  method  is  resorted 
.  to,  the  bones  must  be  di- 
vided as  high  up  as  pos- 
sible, to  overcome  their 
tendency  to  protrude  at 
the  angles  of  the  wound.    Musculo-tegumentary  flaps 
should  be  used  only  in  the  fleshy  part  of  the  forearm. 
In  all  amputations  in  this  part  the  catling  is  to  be  used 
in  the  manner  already  described  (Fig.  101).    The  divided 
tendons  and  nerves  must  be  drawn  from  the  wound  and 
cut  as  short  as  possible.     The  arteries  requiring  ligation 
are  the  radial,  ulnar,  and  interosseous.    It  is  particularly 
essential  that  the  latter  should  be  divided  but  once  and 
carefully  secured.     When  secondary  haemorrhage  occurs 


which  attended  disarticulations  of  the  forearm  diirin 
the  Crimea."'    On  the  other  hand,  of  39  amputationa  ai 
the  elbow,  made  during  the  War  of  the  Rebellion  in 
which  the  result  was  determined,   only  3  succumbed 
the  mortality  being  less  than  8  per  cent.  ' 

The  operations  generally  resorted  to  in  amputations  at 
the  elbow  are  the  circular  and  niusculo-tegumentarvflan 
methods.  When  the  former  is  practised,  a  circular  in 
cision  should  divide  the  skin  and  subcutaneous  cellular 
layer  of  the  forearm  at  least  two  inches  below  tiiehu 
meral  condyles.  When  a  cuff  of  sufficient  length  has  been 
reflected,  the  anterior  surface  of  the  joint  is  made  prom 
inent  by  hyperextension,  and  divided  by  a  transverse 
cut  with  the  end  of  the  knife.  When  the  lateral  liga- 
ments are  next  divided,  the  joint  surfaces  are  sufflcientiv 
separated  from  each  other  to  permit  the  knife  to  be  passed 
behind  the  olecranon,  where  the  tendon  of  the  triceps  is 
to  be  divided.  The  latter  step  of  the  operation  is  some- 
times attended  with  such  difficulty  that  many  sur- 
geons preserve  the  olecranon  process  by  sawing  the  ulna 
transversely  after  disarticulation  of  the  radius  has  been 
effected.  The  advantages  which  are  to  be  obtained  by 
Its  preservation  on  account  of  the  influence  which  the 
triceps  will  have  over  the  artiflcial  limb,  are  more  than 
balanced  by  the  increased  dangers  of  retention  of  secre- 
tion in  the  wound  and  necrosis. 

Excellent  results  can  also  be  obtained  by  tegumentarv 
flaps.    As  represented  in  Fig.  134  (Esmarch),  a  curved 

incision  is  made  over  the 
flexor  surface  of  the  fore- 
arm, beginning  and  ending 
about  one  inch  below  the 
condyles.  The  large  semi- 
lunar flap  thus  made  is  re- 
flected to  its  base.  A  sec- 
ond, but  shorter  convex 
flap  is  made  posteriorly, 
which,  when  reflected,  ex- 
poses the  olecranon.  The 
operation  is  then  com- 
pleted by  disarticulation, 
as  in  that  by  the  circular 
method.  The  most  brill- 
iant operation,  and  at  the 
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after  amputation  of  the  forearm,  it  is  almost  always  the 
result  of  faulty  ligation  of  this  vessel.     ■ 

Amputation  at  the  Elbow.— The  removal  of  the 
forearm  at  its  articulation  with  the  humerus  is  generallv 
acknowledged  to  have  been  first  performed  by  A  Pari 
in  1536,  m  the  case  of  a  soldier  who  had  received  a  Kunl 
shot  wound  of  the  forearm,  which  was  followed  by  gan- 
grene. The  operation  did  not  meet  with  much  favor  bv 
surgeons  generally,  until  it  was  again  advised  and  prac- 
tised m  the  second  quarter  of  this  century  by  Textor  of 
Wurzburg,  Dupujrtren,  and  Listen.  With  the  exception 
^L  '^^  '  statistics,  the  results  of  amputation  at  he 
r^JZ^fl^"'"'  ^ery  favorable,  the  de^th-rate  not  ex 
ceeding  14  per  cent.  (Agnew).  The  last-named  writer 
however,  gives   a  mortality   of  65  per  cent,   as  that 
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same  time  a  very  satisfactory  one,  is  that  by  which  a 
long  anterior  flap  is  made  by  transfixion.  The  knife 
bemg  introduced  a  little  less  than  an  inch  below  the 
external  condyle  (for  the  right  arm)  of  the  humerus,  is 
pushed  directly  across  the  front  of  the  articulation  to  a 
point  on  the  same  level  on  the  opposite  side.  The  arm 
being  held  in  a  supine  position,  a  broad,  almost  rectangu- 
lar flap,  from  four  to  five  inches  in  length,  is  made  by 
cutting  outward.  The  ends  of  the  wound  should  then 
be  united  by  a  slightly  convex  incision  carried  across 
the  posterior  aspect  of  the  joint.  Disarticulation  is  then 
eiiected  as  in  the  previous  operations. 

When  the  soft  parts  of  the  anterior  portion  of  the  fore- 
arm cannot  be  utilized,  the  integument  of  the  posterior 
surface  can  be  shaped  into  an  admirable  covering  for  the 
end  of  the  bone.  Ashhurst  thus  describes  the  elliptical  in- 
cision by  which  this  is  accomplished  :^'  "  The  arm  being 
semiflexed,  the  point  of  the  knife  is  entered  nearly  an 
inch  below  the  internal  condyle  of  the  humerus,  curved 
upward  over  the  front  of  the  forearm  nearly  to  the  line 
■u  iS  ■'°''^'''  ^^^  downward  again  to  a  point  an  inch  and 
a  half  below  the  external  condyle  ;  the  arm  being  then 
forcibly  flexed,  the  ellipse  is  completed  on  the  back  of 
the  forearm  by  a  curved  incision  passing  nearly  three 
inches  below  the  tip  of  the  olecranon.  The  cuff  thua 
marked  out  is  rapidly  dissected  upward  as  far  as  neces- 
sa^,  wuen  the  muscles  of  the  front  of  the  forearm  are 
cut  about  half  an  inch  below,  and  the  ulnar  nerve  as  far 
above  the  joint,  and  disarticulation  is  effected  from  the 
outer  side.  The  wound  is  closed  transversely,  formings 
small  curved  cicatrix  in  front  of  the  bone." 

It  is  probably  always  advisable,  except  in  cases  of  dis- 
ease, to  preserve  the  articular  surface  of  the  humerus  in- 
tact, although  Sir  William  Ferguson  ■"believed  that  a  sec- 
tion above  the  condyles  leaves  a  preferable  stump,  and 
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one  more  likely  to  heal  promptly.  In  all  amputations 
at  the  elbow,  the  radial,  ulnar,  and  interosseous  arteries 
require  ligation.  When  the  incision  through  the  soft 
parts  anteriorly  is  made  on  a  higher  level  than  is  ordin- 
arily necessary,  the  brachial  may  be  divided  and  require 
ligation. 

Amputation  of  the  Arm. — This  may  be  performed 
at  any  point  below  the  axillary  folds,  and  all  the  methods 
of  amputating  may  be  used  with  advantage  in  different 
cases,  since  the  choice  of  methods  often  permits  the  oper- 
ator to  save  a  considerable  portion  of  the  arm.  On  ac- 
count of  the  central  position  of  the  humerus,  the  arm  is 
properly  considered  the  typical  position  for  the  double 
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musculo-tegumentary  flap  operatioii  by  transfixion,  and 
most  surgeons  prefer  this  method  in  this  situation.  The 
objection  to  bo  urged  against  it  is  the  unequal  retraction 
of  the  integument  and  underlying  muscles,  the  latter  gen- 
erally protruding  a  varying  distance  over  the  cutaneous 
margins  of  the  wound.  Agnew  properly  advises  that,  to 
overcome  this  unequal  retraction,  antero-posterior  oval 
skin-flaps  should  be  raised  of  sufficient  length  to  compen- 
sate for  the  difference  in  muscular  and  cutaneous  retrac- 
tion ;  after  these  are  made,  the  muscular  flaps  are  formed 
either  by  transfixion  or  by  cutting  ftom  within  outward. 
The  latter  plan  of  operating,  although  less  brilliant  than 
that  by  transfixion,  should  always  be  preferred  in  ampu- 
tations of  the  arm  in  very  fleshy  subjects.     In  making 


the  flaps,  the  posterior  should  always  be  made  first,  the  an- 
terior, containing  the  important  vessels  and  nerves,  being 
taade  last.  According  to  the  dimensions  of  the  limb,  the 
flaps  should  be  made  from  two  to  three  inches  in  length. 
In  slender  subjects,  the  circular  operation  answers  ad- 
mirably. In  exceptionally  thin  arms,  the  integument 
can  be  retracted  sufficiently  to  make  the  operation  by  a 
single  circular  incision.  As  a  rule,  however,  it  is  best  to 
formally  reflect  a  cuff  (Fig.  125),  or  to  make  rectangular 
cutaneous  flaps  by  slitting  the  cuff  on  each  side.  In  di- 
viding the  muscles  by  a  circular  incision,  the  biceps  gen- 
erally retracts  more  than  the  remaining  muscles.  The 
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wound  is  often  so  irregular  in  consequence  that  a  second 
division  of  the  muscles  becomes  necessary  (Pig.  136).  In 
cases  of  injury  attended  with  great  destruction  of  the  soft 
parts  on  the  dorsal  aspect  of  the  arm,  the  Teale  method, 
by  rectangular  flaps,  offers  particular  advantages.  The 
incisions  for  making  the  long  anterior  flap  must  be  made 
in  such  a  manner  that  the  inner  one  shall  be  without  the 
brachial  artery,  which  should  be  contained  in  the  short 
posterior  flap. 

In  amputations  through  the  middle  and  lower  thirds  of 
the  arm,  the  circulation  can  be  controlled  in  the  ordinary 
manner  by  the  Esmarch  tube  or  tourniquet.  In  amputa- 
tions higher  up,  where  the  tourniquet  would  be  in  the 
way  of  the  operator,  and  liable  to  slip,  the  main  artery 
can  be  compressed  against  the  head  of  the  bone  by 
an  assistant,  or  against  the  first  rib  above  the  clavicle. 
When  a  tourniquet  is  used  in  amputations  in  the  upper 
part  of  the  arm,  it  should  be  so  applied  that  a  roller 
covers  the  axillary  artery  in  the  arm-p!t,  while  the  plate 
of  the  tourniquet  can  be  fixed  against  the  acromial  process 
of  the  scapula.  The  arteries  requiring  ligation  after  am- 
putaltion  of  the  arm  are  the  brachial,  superior  or  inferior 
profunda,  occasionally  the  anastomotica,  and  four  or  five 
muscular  branches.  It  should  be  remembered,  likewise, 
that  in  every  fifth  subject,  according  to  Quain,  there  is 
a  high  division  of  the  brachial  into  radial  and  ulnar. 

In  5,273'°  cases  of  amputation  of  the  arm  for  gunshot 
injury,  1,246,  or  23.6  per  cent.,  terminated  fatally.  The 
gravity  of  amputation  of  the  arm  does  not  increase  with 
the  extent  of  the  limb  removed,  amputations  through  the 
lower  third  presenting  a  mortality  of  thirty-five  per  cent, 
against  nineteen  per  cent,  for  amputations  in  the  middle 
and  twenty-two  per  cent,  for  those  of  the  upper  third. 
In  the  statistics  of  Gorman,  derived  from  civil  practice, 
the  remarkable  feature  in  the  prognosis  of  amputations  of 
the  arm  is  even  more  pronounced,  the  mortality  follow- 
ing amputations  in  the  upper,  middle,  and  lower  thirds 
being  twenty-three  per  cent,  twenty-one  per  cent,  and 
forty-four  per  cent,  respectively.  For  the  comparative 
mortality  after  amputations  of  the  arm  for  injury  and  for 
disease  the  reader  is  referred  to  Table  I.,  p.  155. 

Amputation  at  the  Shouldbk. — Although  this  op- 
eration was  referred  to  by  ancient  writers  on  medicine. 


Fig.  137. 

it  was  not  performed  as  a  formal  operation  tUl  1710, 
when  the  elder  Morand  performed  it  with  a  fatal  result 
in  a  case  of  caries.  The  case  was  not  recorded  until 
some  years  later,  by  the  younger  Morand.  The  second 
operation,  which  was  successful,  was  made  in  1715  by 
the  elder  Le  Dran,  likewise  for  caries.  That  the  arm 
had  previously  been  removed  at  the  shoulder  in  a  case 
of  gangrene  appears  in  the  Jowr.  de  Mid.  de  M.  Be  la 
Boque,  1686.  "  The  surgeon  took  a  small  saw  to  remove 
the  bone  of  the  arm,  but  perceiving  that  it  was  loose  in 
the  joint,  he  gave  it  several  slight  '  jerks,'  when  the  bone 
was  readily  drawn  from  the  socket.""  Ravaton,  La 
Faye,  Heister,  and  Bromfleld  repeated  the  operation 
from  time  to  time  on  the  continent  and  in  England,  but 
it  remained  for  the  distinguished  Larrey  to  give  it  a  firm 
footing  among  surgical  procedures.  Of  111  amputa- 
tions made  by  him  at  this  part  97  recovered. 

In  all  amputations  of  the  shoulder,  the  circulation  in 
the  axillary  artery  must  be  controlled.    While  this  can 
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be  accomplished  by  the  use  of  the  rubber  tube  of  the 
Esmarch  bandage  firmly  wound  around  the  axilla  and 
shoulder,  and  held  by  an  assistant  or  clasped  toward  the 
neck  of  the  patient  (Fig.  127)  it  is  much  better  to  be  pre- 
pared to  make  compression  of  the  subclavian  artery 
against  the  first  rib  with  a  wrapped  key  from  the  mo- 
ment which  precedes  the  division  of  the  axillary  until 

it  is  firmly  secured  by  a 
ligature.  In  all  amputa- 
tions of  the  shoulder  the 
joint  should  be  ap- 
proached from  the  outer 
side,  so  that  the  artery  is 
not  divided  until  disar- 
ticulation has  been  ef- 
fected. In  this  manner 
an  assistant  can  pass  his 
thumb  into  the  wound 
above  the  knife  (Fig.  128) 
and  compress  the  vessel 
before  it  is  cut.  When 
•  such  precautions  as  have 
been  described  can  be 
taken,  it  is  not  necessary 
to  make  a  preliminary  liga- 
tion of  the  artery  in  the 
axilla.  Amputations  at  the  shoulder-joint  can  be  made 
by  the  oval  or  flap  method,  and  likewise  by  a  circular 
operation  with  external  longitudinal  incision. 

Oval  Method.  —  This  operation,  generally  designated 
Larre/s  operation  (as  shown  in  Pig.  104),  is  performed 
as  follows :  The  patient  being  placed  in  a  semi-recum- 
bent position,  with  the  part  to  be  amputated  projecting 
over  the  edge  of  the  operating- table,  the  point  of  the 
knife  is  introduced  just  beneath  the  point  of  the  acro- 
mion process,  and  carried  down  over  the  external  surface 
for  a  distance  of  two  and  one-half  to  four  inches,  accord- 
ing to  the  dimensions  of  the  part.  This  incision  should 
divide  all  the  tissues  down  to  the  bone.  From  the  centre 
of  this  incision  an  oval  cut  is  carried  around  the  arm, 
passing  a  little  below  the  axillary  folds,  but  involving 
only  the  skin  and  superficial  fascia.  The  flaps  thus  out- 
lined are  carefully  liberated  from  the  bone.  The  capsule 
is  then  freely  opened  by  a  transverse  cut  over  the  head  of 
the  humerus,  and  the  arm  is  rotated  inward  and  out- 
ward to  facilitate  the  division  of  the  tendons  of  the  ar- 
ticular muscles  ;  in  this  part  of  the  operation,  the  edge 
of  the  knife  must  be  kept  in  close  contact  with  the  bone. 
As  soon  as  the  disarticulation  is  effected,  an  assistant 
passes  his  thumbs  above  and  behind  the  back  of  the  knife 
and  compresses  the 
axillary  artery  in  the  _ 

wound.  The  operation 
is  completed  by  divid- 
ing the  soft  parts  on  the 
internal  surface  of  the 
arm  on  a  level  with  the 
cutaneous  incision  al- 
ready made.  While  it 
is  not  essential,  in  this 
operation,  to  carry  the 
oval  incision  complete- 
ly around  the  arm  before 
beginning  the  dissection 
of  the  flaps,  it  is  prefer- 
able, since  without  it 
the  lower  part  of  the 
oval  woimd  is  very  apt 
to  be  ragged  and  un- 
even. The  wound  fol- 
lowing this  operation  is 
united  so  as  to  leave  a 
linear  cicatrix  parallel 
to  the  axis  of  the  body 
(Fig.  129.  from  a  photo- 
graph of  one  of  Ash- 
hurst's  patients). 

In  cases  in  which  the  humerus  is  shattered  to  such  a 
degree  that  it  cannot  easily  be  used  in  the  manipulations 
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necessary  for  effecting  disarticulation,  the  folio-wing 
modification  of  the  circular  incision  will  answer  admir- 
ably. The  arm  being  abducted,  a  circular  incision  at  the 
lower  border  of,  or  through,  the  deltoid  divides  all  the 
soft  parts  down  to  the  bone.  This,  if  necessary,  is  di- 
vided  on  the  same  level,  and  all  the  gaping  vessels  are 
ligated.  When  the  amputation  of  the  arm  is  thus  com- 
pleted, a  long  incision,  dividing  all  the  soft  parts,  is  made 
from  the  tip  of  the  acromion  over  the  external  surface  of 
the  shoulder  to  the  circular  wound.  The  remaining 
stump  of  the  humerus  is  then  seized  with  a  strong  pair 
of  forceps,  and  liberated  from  its  muscular  attachments 
and  from  the  joint  by  short  incisions  directed  well 
against  the  bone  (Esmarch). 

Amputations  at  the  shoulder  by  the  flap  method  can 
be  made  either  by  transfixion  or  by  cutting  from  with- 
out inward.  The  latter  method,  while  less  brilliant,  is 
preferable  in  every  way.  It  should  be  performed  in  the 
following  manner :  In  amputation  of  the  left  arm  the 
operator  begins  his  incision  at  the  coracoid  process  and 
carries  it  down  over  the  anterior  surface  of  the  shoulder 
to  the  level  of  the  insertion  of  the  deltoid,  across  which 
it  is  carried  in  a  wide  curve ;  it  is  then  prolonged  up- 
ward on  the  posterior  surface  of  the  shoulder  to  the  junc- 
tion of  the  acromion  with 
the  spine  of  the  scapula 
(Fig.  130).  This  broad 
flap,  including  a  great 
part  of  the  deltoid,  is  their 
raised  by  rapid  strokes  of 
the  knife  and  reflected 
over  the  acromion  in  or- 
der that  the  joint  may  be 
teposed.  This  is  made 
prominent  by  pushing  the 
head  of  the  humerus  up- 
ward, and  is  to  be  opened 
by  a  transverse  cut  upon 
the  latter.  'The  head  of 
the  bone  is  now  easily 
dislocated.  The  knife  is 
then  carried  behind  the 
humerus  (as  shown  in 
Fig.  128)  and  down  its 
inner  surface  to  a  point 
one  or  two  inches  below 
the  axillary  fold,  when, 
by  rapidly  cutting  outward,  all  the  soft  parts  on  the  in- 
ner side  are  divided. 

In  making  this  operation  by  transfixion  (Dupuytren's 
method)  the  arm  must  be  held  at  a  right  angle  with  the 
body,  while  the  surgeon  grasps  and  raises  the  fleshy  pai-t 
of  the  shoulder  with  the  left  hand.  The  knife  is  entered 
one  or  two  inches  behind  the  acromion  and  pushed  di- 
rectly across  the  front  of  the  joint,  emerging  just  without 
the  coracoid  process  of  the  scapula.  Transfixion  being 
effected,  a  broad  flap  is  cut  from  within  outward.  The 
further  steps  of  the  operation  are  similar  to  those  above 
detailed. 

Both  of  the  operations  described  leave  a  wound  that, 
from  its  position,  is  more  readily  drained  than  that  which 
is  left  by  the  oval  method.  The  cicatrix  which  remains 
is  transverse  in  direction  and  curvilinear. 

A  wound  closely  resembling  that  left  by  Larrey's  oval 
operation  remains  after  the  formation  of  postero-external 
and  antero-internal  flaps  by  Lisf  ranc's  method.  In  prac- 
tising this  method,  when  the  left  arm  is  to  be  removed, 
a  long  and  narrow  amputating-knife  is  introduced  at 
the  margin  of  the  posterior  axillary  fold.  The  blade  is 
then  pushed  along  the  posterior  surface  of  the  humerus 
until  the  head  of  the  bone  has  been  cleared,  when  the 
counter-puncture  can  readily  be  made  an  inch  beneath 
the  clavicle  and  on  the  outer  side  of  the  coracoid  pro- 
cess. A  broad  postero-external  flap  must  then  be  shaped 
by  cutting  from  within  outward.  The  capsule  is  then 
opened  as  in  other  operations,  and  to  antero-internal  flap 
cut  likewise  from  within  outward.  In  operations  on  the 
right  side  the  posterior  flap  is  likewise  made  first;  the 
surgeon,  standing  behind  the  patient,  inserts  the  point  of 
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the  knife  from  above  and  lets  it  emerge  from  tlie  pos- 
terior axillary  fold. 

Professor  Spence,  of  Edinburgh,  has  recently  intro- 
duced a  method  of  amputating  which  is  but  a  modiflcar 
tion  of  the  oval  operation,  in  which  the  perpendicular 
incision  is  made  upon  the  head  of  the  humerus,  nearer  to 
its  inner  than  its  outer  surface.  This  incision  is  com- 
menced just  beneath  and  outside  of  the  coracoid  process 
and  carried  through  the  clavicular  fibres  of  the  pectoralis 
major  and  deltoid  muscles  until  the  humeral  attachment 
of  the  former  is  reached.  From  the  lower  end  of  this 
incision  the  external  and  internal  curvilinear  incisions  are 
almost  the  same  as  those  of  the  oval  operation  as  gener- 
ally practised.  The  advantages  claimed  by  Professor 
Spence  '*  for  this  modiflcatipn  are  the  facility  with  which 
the  disarticulation  can  be  effected,  the  avoidance  of  in- 
jury to  the  main  trunk  of  the  posterior  circumflex  artery, 
and  the  better  shape  of  the  stump. 

The  mortality  following  amputation  at  the  shoulder 
can  be  estimated  from  an  examination  of  Table  I.,  p. 
155.  Of  827''  amputations  of  the  shoulder  for  gun-shot 
fracture,  in  which  the  result  was  determined,  336  termi- 
nated fatally ;  the  mortality  being  38  per  cent.  Of  76 
cases  collected  from  American  hospitals  by  Morton,  Chad- 
wick,  and  Gorman,  38  succumbed ;  the  mortality  being 
37  per  cent. 

Amputations  above  the  SHOtTLDBR-jorNT. — At  least 
fourteen  cases  of  avulsion  of  the  upper  extremity  have 
been  recorded  in  which  recovery  has  ensued."  In  cases 
of  this  character  the  integument  of  the  stump  is  ordinarily 
so  extensively  lacerated  and  contused  that  insufficient 
tissue  remains  for  the  closure  of  the  wound.  Under  these 
circumstances  it  then  may  become  necessary  to  remove 
the  whole  or  a  greater  portion  of  the  scapula.  In  all 
eases  of  avulsion  of  the  extremity,  whether  haemorrhage 
be  present  or  not,  the  main  vessel  must  be  sought  and 
ligated.  Formal  amputations  of  the  arm  and  part  of  the 
scapula  may  likewise  become  necessary  for  disease. 
Most  of  the  amputations  which  have  been  made  for  this 
cause  were  indicated  by  extensive  sarcomatous  growths. 
In  cases  where  a  formal  amputation  of  this  nature  is  to 
be  made,  it  is  best  to  amputate  the  arm  at  the  shoulder, 
after  one  of  the  methods  already  described,  although  the 
oval  method  or  that  of  Lisfranc  would  leave  a  wound 
which  could  more  easily  be  extended  in  a  manner  to  make 
the  scapula  and  the  outer  end  of  the  clavicle  accessible. 
Separation  from  the  clavicle  may  be  accomplished  either 
with  cutting-pliers  or  with  a  chain-saw.  Professor  Ash- 
hurst  has  tabulated  51  cases  of  amputation  above  the 
shoulder,  of  which  S3  recovered  and  13  died,  the  mortality 
being  only  35.5  per  cent.  It  is  highly  probable  that  in 
the  case  of  this,  as  in  many  other  major  operations,  more 
of  the  successful  than  of  the  fatal  cases  are  recorded. 

Amptitation  of  tke  Toes. — It  is  occasionally  neces- 
sary to  remove  the  toes  in  consequence  of  accident,  disease, 
or  deformity.  While  in  cases  of  accident,  it  may  occasion- 
ally be  well  to  save  a  part  of  one  of  the  smaller  phalanges, 
it  IS  generally  best  that  the  amputation  be  made  at  the 
metatarso-phalangeal  joint.  In  amputations  of  the  phar 
langes,  a  flap-operation,  like  that  for  the  fingers,  must  be 
made,  care  being  taken,  as  in  all  amputations  of  the  foot, 
that  the  cicatrix  is  placed  on  the  dorsal  aspect  of  (he  stump. 
In  amputations  of  an  entire  toe,  the  incision  should  be 
commenced  on  the  dorsal  surface  of  the  metatarsal  bone, 
a  little  above  the  joint,  but  considerably  above  the  web, 
and  carried  directly  down  an  inch  or  more.  It  is  then 
carried  obliquely  aroiind  the  web  on  each  side,  in  such  a 
manner  as  to  preserve  as  mucb  of  the  soft  parts  as  pos- 
sible. This  preservation  of  tissue  is  necessary  for  a  suffi- 
cient covering  for  the  large  head  of  the  metatarsal  bone. 
When  performed  in  this  manner,  the  cicatrix  is  linear 
and  entirely  removed  from  pressure.  No  part  of  the 
metatarsal  bone  should  be  removed,  lest  the  strength  of 
the  foot  be  deteriorated.  Disarticulation  of  the  great  toe 
may  be  effected  by  the  oval  method  just  described,  or  by 
the  formation  of  an  internal  flap.  In  the  latter  case,  an 
incision  is  begun  on  the  outer  side  of  the  extensor  tendon, 
just  below  the  joint,  and  carried  longitudinally  to  the 
head  of  the  first  phalanx.    From  its  lower  end  an  incision 


is  carried  transversely  around  the  inner  side,  to  the  flexor 
tendon,  along  the  outer  side  of  which  it  is  continued 
backward  to  the  plantar  fold,  whence  it  is  again  given  a 
transverse  direction  around  the  outer  side  ctf  the  toe  until 
it  meets  the  first  incision  near  its  centre  (Stimson).'^  The 
rectangular  flap  thus  marked  out  is  dissected  up,  the 
tendons  are  divided,  and  disarticulation  efllected.  Al- 
though it  is  sometimes  recommended,  *'  the  head  of  the 
first  metatarsal  bone  should  never  be  removed  unless  it 
be  implicated  in  the  lesion,  since  it  forms  one  of  the  most 
important  points  of  support  in  the  foot. 

Amputation  of  all  the  toes  at  the  metatarso-phalangeal 
joints  may  be  made  by  carrying  a  curved  incision  along 
the  groove  between  the  base  of  the  toes  and  sole  of  the 
foot  from  one  margin  of  the  latter  to  the  other.  The  toes 
being  forcibly  flexed,  a  similar  incision  is  made  along  the 
dorsum,  which  joins  the  ends  of  the  plantar  wound.  The 
semilunar  flaps  thus  formed  are  dissected  back  as  far  as 
the  metatarso-phalangeal  joints,  when  disarticulation  of 
the  individual  toes  can  be  made.  It  certainly  cannot  be 
often  that  a  formal  operation  of  this  nature  is  called  into 
requisition.  • 

Amputation  through  the  Metatarsus. — In  conse- 
quence of  injury  or  disease  it  not  unfrequently  becomes 
necessary  to  remove  a  part  or  all  of  the  metatarsal  bones. 
In  amputations  through  individual  bones  of  the  meta- 
tarsus, conservatism  must  be  particularly  insisted  upon, 
since,  except  in  that  of  the  great  toe,  the  complete  re- 
moval of  a  metatarsal  bone  cannot  be  accomplished  with- 
out opening  the  large  synovial  sac  which  separates  it  from 
the  first  row  of  the  tarsus.  For  amputations  through  the 
second,  third,  and  fourth  metatarsal  bones,  the  longitudi- 
nal incision 

necessary  t 

for  disar- 
ticulation at 
the  metatar- 
so-phalan- 
geal  joint 
must  be  car- 
ried upward 
for  a  dis- 
tance vary- 
ing accord- 
ing '  to  the 
extent      o  f 

bone  to  be  removed.  A  short  transverse  incision  is  then 
made  to  facilitate  the  separation  of  the  soft  parts  and  the 
use  of  either  chain-saw  or  bone-cutting  forceps.  When 
the  bone  has  been  divided,  its  distal  end  is  drawn  from  the 
wound  with  a  pair  of  stout  forceps,  and  the  operation  is 
completed  by  severing  the  soft  parts  on  its  plantar  surface 
with  short  strokes  of  the  scalpel.  The  removal  of  the 
first  and  fifth  metatarsal  bones  can  be  accomplished  by 
the  oval  method  or  by  internal  and  external  flaps  respec- 
tively. The  oval  method,  where  it  is  practicable,  is  doubt- 
less preferable,  since  it  yields  a  smaller  wound  and  a  cica- 
trix protected  from  pressure.  The  incisions  for  the  oval 
amputation  of  the  great  toe  with  its  metatarsal  bone  are 
well  shown  in  Fig.  131.  On  account  of  the  great  width 
of  the  base  of  the  latter  bone,  a  short  transverse  incision 
facilitates  the  liberation  of  the  fiaps.  In  disarticulations 
of  the  fifth  metatarsal  bone  the  oblique  line  of  its  artic- 
ulation with  the  cuboid  bone  should  be  borne  in  mind. 
When  the  first  or  fifth  metatarsal  bone  is  amputated  in 
its  contmuity  the  section  should  be  made  obliquely  to 
avoid  undue  prominence  of  the  stump. 

Amputation  in  the  continuity  of  all  the  metatarsal 
bones  is  not  very  infrequently  called  for,  in  consequence 
of  injury  or  gangrene  following  frost-bite.  When  it  can 
be  resorted  to,  it  is  preferable  to  amputation  through  the 
tarso-metatarsal  articulation.  The  operation  is  com- 
menced with  a  curved  incision  carried  along  the  anterior 
furrow  of  the  sole  of  the  foot,  from  border  to  border,  and 
the  semilunar  flap  thus  outlined  is  reflected  to  the  line 
where  section  of  the  bones  is  to  be  made.  A  smaller  semi- 
lunar flap  is  then  shaped  from  the  dorsal  surface  of  the 
foot.  The  interosseous  soft  parts  are  then  divided  trans- 
versely with  a  narrow  knife,  and  retracted  by  means  of 
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narrow  strips  of  linen,  when  the  hones  are  sufficiently  ex- 
posed for  the  application  of  the  saw  (Pig.  133).  The  ap- 
pearance of  the  wound  resulting 
from  this  operation  is  well  shown 
in  Pig.  133. 

In  this  age  of  conservatism  in 
surgery,  in  which  ' '  the  least  sacri- 
fice of  parts  "  is  the  leading  tenet 
of  surgical  creed  and  practice, 
every  half -inch  of  the  foot  that 
can  be  saved  to  the  economy  is 
properly  considered  of  incalcula- 
ble value.  It  is  for  this  reason 
_^^^^g:;g~.  that,  whereas  before 
^'■^""■^■"  the  times  of  Hey, 
Chopart,  and  Lisfranc,  amputa- 
tions of  the  foot  above  the  ankle 
were  made  comparatively  often, 
they  have  of  late  been  largely 
replaced  by  partial  amputations 
through  the  different  articula- 
tions' which  it  contains.  The 
partial  amputations  which  will 
be  considered  are  the  tarso-meta- 
tarsal,  the  medio-taraal,  the  subastragaloid,  and  their 
modifications. 

Tarso-mbtatarsal  Amptjtation. — A  glance  at  Pig. 
134  shows  the  difficulty  which  the  surgeon  must  contend 
with  in  this  amputation  of  the 
foot.  It  is  the  firm  impaction 
of  the  base  of  the  second  meta- 
tarsal bone  between  the  inter- 
nal and  external  cuneiform.  In 
1797,  Mr.  Hot,  of  Leeds,  over- 
came this  difficulty  by  disarticu- 
lating the  outer  metatarsal  bones, 
and  dividing  the  prominent  in- 
ternal cuneiform  with  a  saw. 
Surgeons  after  him  have  gen- 
erally adopted  the  plan  of  sepa- 
rating the  outer  three  and  inter- 
nal metatarsal  bones  at  their 
articulations,  and  dividing  the 
base  of  the  second  metatarsal 

below  its  articulation  with  the  middle  cuneiform  ,,  ..^^ 
disarticulation  of  all  the  metatarsal  bones  is  effected  the 
operation  is  known  as  Lisfranc's  (1815). 

Lisfrmc'a  amputation  of  the  foot  is  made  as  follows  : 
The  joint  between  the  cuboid  and  prominent  base  of  the 
fifth  metatarsal  bone  having  been  marked  on  the  outer 
side  of  the  foot,  and  that  between  the  first  metatarsal  and 


Fig.  133. 


When 


Fio.  134. 

internal  cuneiform  (about  one  inch  and  a  half  below  the 
tuberosity  of  the  scaphoid)  on  the  inner  side,  a  large  semi- 
lunar incision  IS  made  between  them  on  the  soil  of  the 
foot  the  convexity  of  which  should  pass  over  the  heads 

Sw      ^?  *f  ected  up  to  its  base.    The  foot  being  then 

r«rriP^h''f''"^"l\,^  ^^^P^^^I  ™°^«  dorsal  incisfon  is 
carried  between  the  ends  of  the  plantar  flap  (Pig  135) 

t^P  nn»f  t^''"^  retracted  and  the  foot  forcibl/extended; 
„nLSJ? "'^f  °Pe°s  the  joint  from  the  outer  oi- inner  side 
according  to  whether  the  right  or  the  left  foot  be  the  seat 
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of  the  operation  (Fig.  136).  The  articulation  of  the  secnn,l 
metatarsal  bone  (Pig.  137,  b),  which  is  less  than  half  an  inch 
above  the  general  level  of  the  joints 
must  then  be  opened  by  a  transverse 
cut,  the  lateral  attachments  of  the 
bone  to  the  cuneiform  being  severed 
with  the  point  of  the  knife  by  lonsi 
tudinal  incisions  (Pig.  134).  yf-^^ 
all  the  joints  are  widely  opened  bv 
this  process,  the  remaining  ligamenta 
at  the  side  and  sole  of  the  foot  and 
the  soft  parts  still  undivided,  are  sev- 
ered. As  the  operation  is  generally 
performed,  the  plantar  flap  is  merely 
outlined  by  an  incision  through  the 
skin  in  the  first  step  of  the  operation 
the  flap  being  cut  from  within  out^ 
ward  after  disarticulation  has  been 
effected.  The  vessels  usually  requir- 
ing ligation  are  the  dorsal  arteiy  of 
the  great  toe,  the  metatarsal  branches 
and  the  plantar  arteries.  When  the 
parts  are  brought  together  by  suture 
the  stump  should  be  placed  in  a  posterior  splint,  to  over- 
come the  contraction  of  the  powerful  muscles  of  the  calf 
of  the  leg.  In  Hay's  amputation,  the  external  incisions 
are  identical  with  those  necessary  for  the  Lisfranc  opera- 
tion.   The  cicatrix  resulting  from  either  of  these  proced. 


FlQ.  135. 
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ures  is  far  removed  from  pressure,  and  the  stump,  on  ac- 
count of  its  length,  one  admirably  fltted  for  use. 

Mbdio-tabsal  Amputation. —Although  Garengeot 
and  Heister  mentioned  the  practicability  of  amputation 
between  the  rows  of  the  tarsal  bones,  the  operation  was 
first  performed  by  du  Vivier,  of  Rochefort,  in  1781."  In 
1791  Chopart  re- 
peated the  opera- 
tion a  number  of 
times,  and  pub- 
lished his  experi- 
ence with  it.  It 
has  since  been 
known  as  "  Cho- 
part's  amputa- 
tion,"    and    the 

joint  between  the  fiq.  ig?. 

rows  of  the  tar- 
sus is  not  infrequently  designated  by  his  name.  Although 
It  was  opposed  by  Larrey,  who  preferred  to  amputate  m 
the  lower  part  of  the  leg,  the  operation  was  popularized 
by  Roux  and  Walther  on  the  continent,  and  by  Mr. 
James,  of  Exeter,  and  Syme,  in  Great  Britain. 

The  articulation  between  the  scaphoid  and  the  head  of 
the  astragalus,  and  that  between  the  cuboid  and  os  calcis 
are  respectively  placed  one-half  inch  above  the  tuberosity 
of  the  scaphoid  on  the  inner  border,  and  one  inch  or  more 
above  the  prominence  of  the  fifth  metatarsal  bone  upon 
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the  outer  border  of  the  foot.  These  two  points  being 
fixed,  a  curved  incision,  extending  to  within  an  inch  or 
less  of  the  heads  of  the  metatarsal  bones,  is  earned  across 
the  sole  of  the  foot,  and  connects  them.  The  foot  being 
then  forcibly  extended,  a  curvilinear  incision,  with  con- 
vexity below,  is  carried  between  the  same  points  across 
the  dorsal  surface.  The  small  dorsal  cutaneous  flap  thus 
outlined  is  retracted,  and  by  one  stroke  of  the  knife  the 
tendons  are  divided  and  the  joint  widely  opened.  The 
point  of  the  knife  then  divides  the  lateral  and  plantar  liga- 
ments, which  are  put  on  the  stretch  by  forcible  extension 
until  the  articular  surfaces  of  the  scaphoid  and  cuboid 
bones  are  completely  liberated.    By  inserting  the  knife 


Fig.  138. 

behind  these  bones,  the  plantar  flap  is  completed  by  cut- 
ting from  within  outward  (Fig.  138).  The  vessels  requir- 
ing ligation  are  the  dorsal  and  two  plantar  arteries,  and 
occasionally  a  few  muscular  twigs.  The  appearance  of 
the  stump  after  the  completion  of  Chopart's  amputation 
is  well  shown  in  Fig.  139,  from  Esmarch. 

The  only  difficulty  at  times  encountered  in  this  opera- 
tion is  in  the  opening  Of  the  joint  in  front  instead  of  ie- 
hind  the  scaphoid  bone.  The  error  is  readily  recognized 
through  the  presence  of  three  articular  facets  on  the  an- 
terior surface  of  the  scaphoid  bone,  and  can  easily  be 
corrected  if  it  be  desired,  or  the  operation  may  be  com- 
pleted by  dividing  the  cuboid  bone  , 
with  a  saw  on  a  line  with  the  ante-  t 
rior  surface  of  the  scaphoid.  In  ''• 
this  manner  the  operator  would  be 
practising  Porbes's  ■"  modification  of 
the  medio-tarsal  amputation,  a  modi- 
fication also  mentioned  by  Mr.  Han- 
cock and  Professor  Agnew. 

After  Chopart's  amputation,  the 
gastrocnemius  and  soleus  having  ex- 
clusive control  of  the  stump,  there 
is  a  marked  tendency  toward  its 
hyperextension.  This  may  assume 
such  a  degree  that  the  cicatrix  it- 
self will  be  pressed  upon  in  locomo- 
tion. This  objection  to  the  opera- 
tion is  best  overcome  by  bandaging 
the  leg  from  above  downward,  ana 
keeping  the  limb  flexed.  In  ex- 
treme cases  the  difficulty  is  easily  remedied  by  division  of 
the  tendo  Achillis,  and  forced  flexion  of  the  stump. 
Sdbastbagalgid  Amputation.  —  Although,  accord- 
ing to  Velpeau,  this 
operation  was  made 
by  de  LigneroUes 
and  by  Textor,  it 
was  first  given 
prominence  by  Mal- 
gaigne,  in  1846.  In 
this  amputation  all 
the  bones  of  the 
foot,  except  the  as- 
tragalus, are  re- 
moved. The  opera- 
tion is  commenced 
by  an  incision,  which,  beginning  behind  and  immediately 
above  the  great  tuberosity  of  the  os  calcis,  at  once  divides 
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the  tendo  Achillis.  The  incision  is 
then  carried  in  a  wide  curve  on  the 
outer  surface  of  the  os  calcis  below 
the  external  malleolus  (Fig.  140,  Mal- 
gaigne).  Thence  it  is  continued  over 
the  middle  of  the  cuboid  and  anterior 
margin  of  the  scaphoid,  across  the  dor- 
sum of  the  foot  (Fig.  141),  and  over  its 
internal  border  to  the  centre  of  the  sole 
(Fi^s.  142  and  143).  From  this  point 
the  incision  is  turned  at  a  right  angle 
and  continued,  directly  back  till  it 
meets  the  beginning  of  the  incision  at 
the  inner  border  of  the  tendo  Achillis 
(Esmarch).  The  short  internal  and 
long  interno-plantar  flaps  thus  formed 
are  dissected  up  until  the  lateral  sur- 
faces of  the  OS  calcis  are  exposed, 
when  disarticulation  of  the  anterior 
part  of  the  foot  is  effected  in  the  medio- 
tarsal  joint.  The  anterior  end  of  the  ^"''  ^*^' 
OS  calcis  being  then  seized  .with  a  lion- jawed  forceps,  and 

rotated  from  side 
to  side,  the  opera- 
tion is  completed 
by  dividing  the 
external  lateral 
and  interosseous 
ligaments.  The 
appearance  of  the 
stump  after  this 
operation  is 
shown  in  Fig.  144 
(Esmarch).  The 
marked  irregu- 
larities of  the  inferior  surface  of  the  astragalus  do  not  in- 
terfere with  its  usefulness  in  locomo- 
tion. In  a  case  of  gangrene- in  a  de- 
formed limb,  Linhart  performed  the 
subastragaloid  amputation,  and  was  en- 
abled two  years  later  to  examine  the 
stump.  The  astragalus,  which  had 
maintained  a  perpendicular  position  be- 
fore, and  even  at  the  time  of  amputa- 
tion, had  been  forced  into  its  normal 
horizontal  position  by  the  act  of  walk- 
ing." 

A  number  of  modifications  of  the 
subastragaloid  amputations,  both  in  the 
direction  of  the  incisions  and  in  the 
preservation  of  parts  of  the  os  calcis, 
have  been  devised.  In  the  operation  of 
Mr.  Hancock,  a  large  plantar  flap  is  re- 
flected as  far  back  as  the  tuberosities 
of  the  calcaneum,  and  a  short  dorsal 
flap  is  formed  by  a  transverse  incision 
across  the  foot  on  a  level  with  the  ante- 
rior margin  of  the  astragalus.  By  the  use  of  a  saw,  the 
plantar  flap  being  retracted,  a  perpen- 
dicular section  of  the  os  calcis  is  then 
made  in  front  of  the  tuberosities.  Dis- 
articulation of  the  foot,  with  the  ante- 
rior portion  of  the  os  calcis,  in  the  me- 
dio-tarsal joint  is  next  effected,  and  the 
operation  completed  by  making  a  trans- 
verse section  of  the  astragalus.  When 
the  flaps  are  approximated  the  divided 
surfaces  of  the  latter  bone  and  os  calcis 
are  brought  into  apposition.  The  opera- 
tion of  Mr.  Hancock,  although  as  inge- 
nious as  that  of  PirogofE,  is  much  more 
difficult  of  execution,  and  time  will 
probably  show  that  the  results  obtained 
from  it  are  far  less  valuable.  In  Tri- 
pier's  operation  the  incision  is  made  in 
the  form  of  an  oval,  the  apex  of  which 
is  on  the  outer  side  of  the  foot,  just  be- 
neath the  external  malleolus,  while  the  sides  pass  for- 
ward and  inward  over  the  back  and  sole  of  the  foot,  and 


Fig.  143. 


Fig.  144. 


165 


Amputation. 
Amputation. 


EEFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


meet  at  its  inner  border.  After  disarticulation  in  the 
medio-tarsal  joint,  a  transverse  section  of  tlie  os  calcis 
completes  tlie  operation. 

Partial  amputations  of  the  foot,  at  least  in  civil  prac- 
tice, are  not  attended  with  great  mortality.  Of  152  cases 
of  Chopart's  amputation,  examined  hy  Hancock,  only_  11 
terminated  fatally,  seven  per  cent.  ;  the  fatality  following 
this  operation  in  France  has  been  much  greater,  14  out 
of  38  cases  recorded  by  Larger  (36.8  per  cent.)  having 
died  (Ashhurst).  Of  22  cases  of  the  subastragaloid  am- 
putation 30  recovered. 

Of  123  partial  amputations  of  the  foot,  made  during 
the  late  Rebellion,  in  which  the  result  was  determined,  18 
were  unsuccessful,  the  mortality  being  fifteen  per  cent. 
Of  these  partial  amputations  there  were  83  of  the  medio- 
tarsals,  with  11  deaths ;  33  Lisfranc  operations  with  1 
death,  and  17  Hey's  amputations  with  6  deaths.™ 
Amputation  at  the  Ankle. — Historically  associated 

with  this  operation 
is  the  name  of 
Syme,  of  Edin- 
burgh, who,  in 
1842,  devised  and 
practised  a  method 
by  which  a  shapely 
and  useful  stump 
could  be  obtained 
after  removal  of 
the     entire     foot. 

Disarticulation    at 
FiQ.  145.  tjjg  a^^jjlg  jja^^  ,3ggQ 

performed  during  the  last  and  early  part  of  this  cen- 
tury. It  was  performed  by  S^illier,  Rossi,  and  Bau- 
dens.  and  recommended  by  Brasdor  and  Sabatier.  But 
the  circular  operation  of  the  latter  and  the  dorsal  flap 
method  of  Baudens  yielded  alike  unsatisfactory  results, 
and  the  operation  was,  therefore,  discarded  for  amputa- 
tion in  the  lower  part  of  the  leg.  Lateral  flaps  taken 
from  below  the  malleoli,  as  suggested  by  Velpeau,  also 
failed  to  form  a  sufBcient  cushion  for  the  end  of  the  tibia. 
This  great  desideratum  in  amputation  at  the  ankle  is 
squarely  met  by  the  operation  of  Syme,"  since  its  princi- 
pal feature  is  the  retention  of  the  integument  of  the  heel, 
which  is  accustomed  to  pressure,  to  form  the  end  of  the 
stump.  The  operation  is  made  in  the  following  manner : 
The  foot  being  held  at  a  right  angle  to  the  body,  the  mal- 


PlG.  146. 


leoli  are  fixed  by  the  thumb  and  fingers  of  the  left  hand, 
the  heel  resting  between  them.  A  perpendicular  incision 
touching  the  bone  is  then  made  across  the  sole  of  the  foot 
from  the  tip  of  one  malleolus  to  that  of  the  other  *  (Pig. 
145).  The  posterior  lip  of  the  wound  is  then  seized  with 
the  left  hand,  and  the  soft  parts  covering  the  calcaneum 


*  Recent  writers  juHtly  observe  that  the  incision  on  the  inner  side 
should  end  at  least  one-half  inch  below  the  malleolus. 


are  separated  from  it  by  short  strokes  of  the  knife,  whiclj 
must  be  kept  close  against  the  bone  to  prevent  perforaf 
tion  of  the  integument  and  damage  to  the  plantar  vessels. 
When,  by  this  process  of  dissection,  the  tuberosities  of 
the  OS  calcis  have  been  f  airljr  exposed,  a  transverse  inci- 
sion joining  the  two  extremities  of  the  first  is  carried 
across  the  instep  (Fig.  145).  The  ankle-joint  being  thus 
opened  from  in  front,  the  knife  is  carried  down  on  each 
side  of  the  astragalus  until  the  lateral  ligaments  are  di- 
vided,  when  complete  disarticulation  is  effected.  By  forci- 
bly depressing  the  foot  the  tendo  AchiUis  should  fiien  be 
divided  from  before  backward, 
when  by  a  few  strokes  of  the 
knife  the  foot  can  be  removed 
(Fig.  146,  Esmarch).  Lastly, 
the  knife  is  drawn  around  the 
extremities  of  the  tibia  and  fibu- 
la, so  as  to  expose  them  suffi- 
ciently for  being  grasped  in  the 
hand  and  removed  by  the  saw. 
"After  the  vessels  have  been 
tied,  and  before  the  edges  of  the 
wound  are  stitched  together, 
an  opening  should  be  made 
through  the  posterior  part  of 
the  flap  where  it  is  thinnest,  to 
afford  a  dependent  drain  for 
the  matter." 

The  appearance  of  the  wound 
after  Syme's  amputation  is  well 
shown  in  Fig.  147.  It  will  be 
seen  that  the  heel  flap  presents 
the  form  of  a  cup,  which  must 
be  flattened  by  pressure  against 
Fia.  147.  j-ijg  |,p^gg  of  the  leg.    While 

there  is  danger,  therefore,  of  making  the  flap  too  short, 
there  is  likewise  a  danger  in  making  it  too  long,  since  a 
pouch  would  be  formed  for  the  retention  of  inflammatory 
products. 

The  favorable  results  which  follow  Sjrme's  amputation 
in  civil  practice  are  shown  by  the  statistics  of  Hancock 
and  Spence,  who,  among  316  operations,  found  only  25 
deaths  (7  per  cent.).  In  military  practice  the  results  are 
far  less  favorable.  Of  159  amputations  made  at  the  ankle 
during  the  civil  war,*^  and  in  which  the  result  was  deter- 
mined, 40  terminated  fatally  (25.1  per  cent.). 

Pirogoff'a  Amputation.  —  On  the  principle  that  by 


Fig.  148. 

preserving  the  posterior  portion  of  the  calcaneum  the 
natural  length  of  the  limb  could  almost  be  preserved, 
Pirogoff,  during  the  Crimean  war,  devised  the  osteoplas- 
tic operation  that  bears  his  name.  It  difflers  from  the 
operation  of  Syme  in  preserving  a  portion  of  the  os  calcis, 
in  the  expectation  that  it  will  unite  firmly  to  the  divided 
end  of  the  tibia.  The  incisions  for  this  amputation  are 
identical  with  those  made  in  Syme's  operation.  After 
opening  the  joint  from  in  front,  the  foot  is  depressed  un- 
til the  posterior  extremity  of  liie  astragalus  is  exposed, 
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when  a  saw  is  introduced  behind  this  and  the  os  calcis 
ivided  exactly  on  a  level  with  the  incision  in  the  sole  of 
the  foot  (ligs.  148  and  149,  Esmarch).    Both  malleoli  and 
a  thin  section  of  the  tibia  and  fibula 
are  removed,  as  in  Syme's  operation. 
It  is  generally  advisable  to  divide  the 
tendo  Achillis  and  at  the  same  time  to 
perforate  the  skin  for  the  passage  of  a 
drainage-tube.    The  appearance  of  the 
stump  after  a  successful  Pirogofl  am- 
putation is  well 
shown  in  Pig. 
150,takenfrom 
amanwhodied 
three  years  af- 
ter the  opera- 
^  tion  was  made 
by  Linhart.*^ 
A  number  of 
^«»-"9-  modifications 

o  f  Pirogoff's 
amputation  have  been  devised.  Ferguson  and  Agnew 
have  wedged  the  end  of  the  os  calcis  into  the  interval  be- 
tween the  malleoli,  and  obtained  good  results.  .  Different 
methods  of  dividing  the  bone  have  been  devised  by  S6dil- 


Fia.  150. 

lot,  Gunther,  Le  Fort,  and  Bruns,  to  remove  the  pressure 
from  the  thin  part  of  the  integument  on  the  back  of  the 
heel,  which  must  bear  it  after  the  PirogofE  amputation, 
and  to  keep  the  retained  part  of  the  os  calcis  in  its  natural 
position.  S6dillot  and  Giinther,  therefore,  advised  that 
an  oblique  section 
(from  above  down- 
ward and  forward)  of 
the  calcaneum,  tibia, 
and  fibula  be  made. 
Le  Port  (Pig.  151)  ad- 
vised a  transverse  sec- 
tion of  the  bone,  by 
which  the  stump  ob- 
tains a  very  broad 
base.  Bruns  has  mod- 
ified the  operation  of 
Le  Port  by  sawing  the 
OS  calcis  in  such  a 
manner  as  to  make 
the  upper  surface  of  the  retained  part  concave,  the  con- 
cavity thus  formed  receiving  the  convex  section  of  the 
tibia  and  fibula. 

A  comparison  of  the  merits  of  Syme's  amputation  and 
its  osteoplastic  modification  shows  that  a  cure  follows 
more  rapidly  after  the  latter  than  the  former,  although 
the  mortality  of  Pirogoff's  amputation  in  military  prac- 
tice is  37.7  per  cent,  against  31.4  per  cent,  following  that 
of  Syme.    Of  147  cases  of  Pirogoff's  amputation  collected 


Pig.  IBl. 


by  Hancock,  Gross,  and  Pasquier,  only  14  proved  fatal, 
and  Volkmann  has  performed  the  operation  thirty-four 
times  without  a  death.  Considering  the  number  of  re- 
amputations  after  Syme's  and  Pirogoff's  operations,  the 
latter  would  seem  to  be  the  more  successful.  Of  83  cases 
of  Syme's  amputation,  20,  or  34  per  cent.,  submitted  to 
reamputation ;  of  49  Pirogoff's  operations,  8,  or  16.3  per 
cent.,  were  subjected  to  reamputation." 

In  cases  of  caries  involving  all  the  bones  of  the  tarsus, 
preference  should  be  given  to  the  Syme  operation,  since 
disease  is  not  unlikely  to  develop  in  the  retained  segment 
of  the  calcaneum.  In  traumatic  cases,  the  greater  ease 
with  which  it  is  made  and  the  length  of  limb  which  fol- 
lows it  should  incline  the  operator  to  choose  the  opera- 
tion of  Pirogoff.  That  necrosis  often  follows  the  latter 
operation  is  emphatically  denied  by  its  originator,  who 
had  never  witnessed  it  in  over  60  cases  in  which  he  had 
performed  it.'* 

Amptjtatiok  of  the  Leg. —  An  amputation  may  be 
performed  in  any  part  of  the  leg  accor(Ung  to  the  nature 
and  seat  of  disease  or  injury.  When  the  surgeon  can  se- 
lect the  seat  of  operation,  the  amputation  should  be  made 
two  or  three  inches  above  the  malleoli,  on  account  of  the 
greater  safety  of  the  operation  in  this  locality  and  the 
greater  power  to  be  exerted  over  an  artificial  limb.  The 
operations  which  have  hitherto  been  most  frequently 
performed  in  amputations  above  the  malleoli,  are  the 
circular  and  that  by  lateraV  flaps.  Unhappily,  the  ana- 
tomical construction  of  the  part  is  such  that  after  these 
operations  the  cicatrices  are  central  and  not  infrequently 
adherent,  and  therefore  unable  to  bear  pressure.  In 
this  situation  M.  Guyon '°  practises  the  elliptical  method. 


Fig.  152. 


According  to  Stimson,"  this  operation  promises  well. 
"  'The  incision  is  made  in  the  fdrm  of  an  ellipse,  whose 
lower  end  crosses  the  heel  below  the  insertion  of  the 
tendo  Achillis,  and  whose  upper  end  is  about  an  inch 
above  the  anterior  articular  edge  of  the  tibia.  Beginning 
at  the  lower  end  and  dividing  the  tendo  Achillis  at  its  in- 
sertion, and  hugging  the  bone  all  the  way,  the  flap  is  dis- 
sected up  posteriorly  as  high  as  the  upper  end  of  the 
ellipse.  The  anterior  muscles  are  then  divided  by  trans- 
fixion, the  bones  sawn  through,  and  the  posterior  tibial 
nerve  resected.  In  this  operation  the  sheath  of  the  tendo 
Achillis  is  not  opened,  and  the  tendon  itself  serves  after- 
ward as  a  covering  for  the  ends  of  the  bones. " 

In  amputations  in  the  lower  third  of  the  leg  in  fleshy 
subjects,  a  long  anterior  flap  containing  the  interosseous 
muscles  may  sometimes  be  used  with  advantage  (Bell). 
The  rectangular  operation  of  Teale  may  likewise  be  prac- 
tised in  this  region,  the  long  anterior  flap  being  made 
from  the  soft  part  of  its  anterior  aspect  (Pig.  109,  see  above. 
Methods  of  Amputation).  By  this  method  the  cicatrix, 
being  placed  posteriorly,  is  out  of  the  way  of  pressure. 

In  the  middle  and  upper  thirds  of  the  leg  very  many 
operators  amputate  by  means  of  antero-posterior  flaps 
after  the  following  manner  (for  the  left  limb) :  The  point 
of  the  knife  being  entered  at  the  posterior  edge  of  the 
tibia,  an  incision  is  carried  downwards  along  this  for  an 
inch  and  a  half  to  two  inches,  then  by  a  wide  curve 
across  the  anterior  surface  of  the  leg  it  is  continued  to  the 
posterior  border  of  the  fibula  up  which  it  is  carried  until 
the  level  of  its  commencement  on  the  opposite  side  is 
reached.  The  broad  flap  thus  outlined  is  rapidly  dis- 
sected up,  the  interosseous  muscles  being  carefully  severed 


167 


Ampntatlon. 
Amputation. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


from  the  underlying  membrane.  The  posterior  flap  is 
then  made  by  transfixion  and  cutting  from  within  outward, 
and  should  be  about  three  inches  long  (Fig.  152,  Erich- 
sen).  The  flaps  being  held  out  of  the  way,  the  catling  is 
to  be  used  for  completing  the  division  of  the  interosseous 
soft  parts,  care  being  taken  that  the  arteries  be  divided 
transversely  and  only  once.  After  division  of  the  bones 
with  a  saw,  the  sharp  anterior  edge  of  the  tibia  should  be 
removed  obliquely  with  the  saw  or  bone-cutting  forceps. 

For  the  upper  portions  of  the  leg  the  long  posterior  rect- 
angular flap  amputation  advised  by  Henry  Lee  ^'  gives 
an  excellent  result.  The  incisions,  similar  to  those  of 
Teale,  involve  only  the  skin,  the  long  flap  being  made 
from  the  posterior,  the  short  one  from  the  anterior  sur- 
face of  the  limb.  With  the  long  posterior  flap  only  the 
superficial  muscles  of  the  calf  are  reflected,  the  remaining 
soft  parts  being  divided  by  a  circular  incision.  A  good 
covering  is  likewise  obtained  in  this  region  by  an  exter- 
nal flap,  made  either  by  transfixion  (Sedillot),  or  by  cut- 
ting from  without  inward  (Langenbeck).  In  the  former 
operation  the  knife  is  entered  a  little  external  to  the  crest 
of  the  tibia,  and  while  the  soft  parts  are  drawn  to  the 
outer  side  with  the  left  hand,  it  is  made  to  graze  the  sur- 
face of  the  fibula  and  to  perforate  the  posterior  surface 
of  the  limb  as  far  to  the  inner  side  of  the  fibula  as  pos- 
sible. By  cutting  downward,  close  to  the  bones,  a  broad 
rounded  flap,  three  to  four  inches  long,  is  formed.  The 
extremities  of  this  flap  are  then  united  by  a  slightly  con- 
vex incision  across  the  autero-internal  aspect  of  the  limb. 
The  remaining  soft  parts  being  then  divided  by  circu- 
lar incision,  the  operation  is  completed  in  the  ordinary 
way.  In  Langenbeck's  operation,  the  internal  incision  is 
semicircular,  and  the  external  flap  being  cut  from  with- 
out presents  a  smoother  surface  and  a  more  perfect  out- 
line. The  arteries  requiring  ligation  after  amputation  of 
the  leg  are  the  tibials,  peroneal,  and  a  varying  number  of 
muscular  branches. 

Since  good  results  follow  all  the  different  methods  of 
operation  in  the  middle  and  upper  portions  of  the  leg, 
the  surgeon  should  be  guided  in  his  choice  solely  by  the 
desire  to  sacrifice  as  little  of  the  limb  as  possible.  An 
exception  should  probably  be  made  in  the  upper  portion 
of  the  upper  third,  where  it  is  better  to  amputate  at  the 
knee  than  to  save  only  the  portion  of  the  tibia  above  its 
tubercle. 

The  mortality  following  amputation  of  the  leg,  as  has 
already  been  seen,  is  largely  determined  by  the  conditions 
necessitating  it.  According  to  Chadwick,  the  mortality 
of  pathological  amputations  is  16  per  cent,  ;  that  of  am- 
putations for  trauma  nearly  37'  per  cent.  The  general 
mortality  of  the  operation  at  Guy's  Hospital  for  a  period 
of  thirty  years  was  35  per  cent.  ;  that  for  traumatic  am- 
putations bemg  55  per  cent,  against  15  per  cent,  following 
those  for  disease.  Volkmann,  who  emijloys  a  long  an- 
terior and  short  posterior  flap,  performed  the  operation  in 
54  cases  with  only  4  deaths  (7  per  cent.),  of  which  there 
were  14  traumatic  cases  -with  only  3  deaths  (14  per  cent ) 
Of  46  amputations  in  the  leg  made  by  Bruns  7  suc- 
cumbed (16  per  cent.).  The  fatality  following  imputa- 
tions of  the  leg  in  military  practice  is  well  shown  by  the 
statistics  of  Otis.  Of  5,314  amputations «»  in  which  the 
result  was  determined,  1,753  terminated  fatally,  the  mor- 
tality being  33  9  per  cent.  From  statistics  obtained 
during  the  late  War  of  the  Rebellion,  it  appears  that  am- 
putation of  the  leg  IS  attended  with  least  danger  when  vei- 
f ormed  in  the  middle  third.  The  fatality  of  operations 
in  the  upper  third  was  37  per  cent.,  in  the  middle  third 
-iU.6  per  cent.,  and  in  the  lower  third,  37  6  per  cent 

Amputation  at  the  Knee.— According  to  Sabatier  " 
this  operation  was  first  performed  by  Fabricius  Hildanus 
fll'  '^  M,''^^®  °*  gunshot  injury.  Although  advo- 
cated by  GuiUemeau  (f613)  in  preference  to  hifher  am- 
putation,  there  is  no  record  of  a  repetition  of  the 
operation  until  1764,  when  it  was  successfully  performed 
and  T  T„  P  ?t'°"i  •°''.,  traumatic  gangrene.  Brasdor 
,W  tif.  ^f*  ^i'''?^^  ^^^  operatTon,  the  latter  hav- 
wg  twice  witnessed  it.  In  1830,  Velpeau  attempted 
with  success  to  firmly  establish  the  operation  by  citW 
a  number  of  successful  cases.     The  operation  was  S 
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performed  in  this  country  by  Nathan  Smith,  of  New 
Haven,  in  1884,  since  which  time  it  has  graduallv 
grown  in  popularity.  Fergusson  and  Legouest  for  a  Iom 
time  questioned  the  advisability  of  the  operation  mt 
ferring  amputation  in  the  lower  portion  of  the  thigh. 
The  reasons  which  prevailed  to  give  this  operation  recoe". 
nition  are  the  greater  length  of  the  stump  and  its  abilitv 
to  bear  pressure,  the  smaller  probability  of  pysemia  the 
medullary  canal  remaining  unopened,  and,  most  important 
of  aU,  the  smaller  mortality  which  follows  this  operation 
at  least  in  civil  practice,  as  compared  with  amputations 
of  the  thigh. 

Amputation  at  the  knee  may  be  practised  by  either  the 
circular,  flap,  or  oval  method.  The  circular  operation 
recommended  by  Velpeau,  Sanson,  and  Malgaigne,  made 
by  an  incision  two  or  three  inches  below  the  patella  and 
the  reflection  of  a  cuff,  is  difficult  of  execution,  and 
should  be  resorted  to  only  when  an  insufflcience  of  tissue 
prevents  the  adoption  of  one  of  the  other  methods.  The 
oval  method  has  been  practised  by  Baudens  and  sidillot 
the  former  preferring  the  integument  from  the  anterior 
portion  of  the  leg,  the  latter  that  from  the  posterior  por- 
tion as  a  covering  for  the  end  of  the  femur.  The  oper- 
ation of  Baudens  is  performed  as  follows :  An  oval  in- 
cision is  carried  around  the  leg,  crossing  its  anterior 
surface  five  finger-breadths  below  the  end  of  the  patella 
and  its  posterior  surface  three  finger -breadths  higher  tlian 
in  front.  The  anterior  and  lateral  portions  of  the  oval 
are  then  reflected  until  the  ligamentum  patellse  is  fairly 
exposed.  This  is  then  divided  transversely,  the  capsule  is 
fairly  opened,  and  the  lateral  and  crucial  ligfunents  di- 
vided. In  this,  as  in  all  amputations  of  the  knee,  the  lat- 
ter structures  should  be  divided  with  the  point  of  the 
knife,  and  from  behind  forward  to  prevent  injury  of  the 
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popliteal  vessels.  When  disarticulation  has  been  effected, 
the  soft  parts  on  the  posterior  aspect  of  the  limb  are 
divided  with  one  sweep  of  the  knife.  This  operation  is, 
doubtless,  preferable  to  Sedillot's  method,  according  to 
which  the  lower  part  of  the  oval  is  placed  behind. 

In  amputating  at  the  knee,  a  long  flap  may  be  taken 
from  the  anterior  or  posterior  surface  of  the  leg.  The 
latter  method,  that  of  Hoin  (Fig.  153),  can  be  most  readily 
executed,  but  is  objectionable  on  account  of  the  excess  of 
muscular  tissue  in  the  flap,  and  the  difficulty  of  establish- 
ing thorough  drainage.  Lateral  flaps  have  been  advised 
by  Rossi  and  Stephen  Smith.  The  operation  which  is 
generally  performed,  however,  is  that  by  one  long  an- 
terior and  one  short  posterior  flap.  It  is  readily  per- 
formed, leaves  a  wound  that  is  easily  drained,  and  a  stump 
in  which  the  cicatrix  is  protected  from  pressure. 

Operation.— Ths  leg  being  raised,  a  semilunar  flap, 
three  to  four  inches  long,  is  outlined  from  the  calf,  the 
incision  beginning  a  little  below  the  middle  of  the  lateral 
border  of  the  condyles.  This  flap  is  dissected  up  as  far 
as  its  base.  The  leg  being  then  flexed,  an  anterior  flap, 
four  to  five  Inches  long,  is  outlined  on  the  anterior  sur- 
face of  the  leg  from  the  ends  of  the  posterior  incision 
(Fig.  154,  Esmarch).  The  anterior  flap  is  then  raised 
from  its  attachments  until  the  ligamentum  patellse  is  en- 
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countered  and  transversely  divided.  The  capsule  is  then 
extensively  incised  laterally,  and  the  anterior  flap,  includ- 
ing the  patella,  reflected  (Fig.  155).  Disarticulation  and 
division  of  the  soft  parts  on  the  posterior  aspect  of  the 
limb  are  then  effected  in  the  manner  already  described. 
This  operation  is  preferable  to  forming  the  posterior  flap 
without  the  guidance  of  a  cutaneous  incision.  The  ves- 
sels requiring  ligation  are  the  popliteal  artery  and  vein, 
which  should  be  carefully  separated  and  tied  individually. 
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A  number  of  smaller  arteries,  sural  and  muscular,  Tvill 
also  require  ligation  in  the  posterior  portion  of  the  wound. 

A  number  of  operators  (Billroth  among  them)  advise 
the  removal  of  the  patella,  lest  inflainmatory  products 
accumulate  in  the  pouch  above  it.  This  procedure  is 
generally  held  to  be  superfluous,  since  the  upper  part  of 
the  wound  can  readily  be  drained  without  it,  and  the  re- 
moval of  the  patella  endangers  the  vitality  of  the  long 
flap.  It  is  always  advisable,  to  insure  drainage,  to  divide 
the  lateral  attachments  of  the  synovial  membrane  to  the 
femoral  condyles,  by  which  means  the  retention  of  in- 
flammatory products  in  the 
pouch  alluded  to  can  be 
avoided. 

In  the  last  forty  years  a 
number  of  modifications  of 
the  operations  just  described 
have  been  introduced.  They 
all  have  the  feature  in  com- 
mon that  a  portion  of,  or  the 
entire  condyles  of  the  femur 
are  to  be  removed.  In  1845 
Syme  advised  airiputation 
through  the  condyles,  mak- 
ing a  large  posterior  mus- 
culo-tegumentary  flap.  In 
1846  Mr.  Carden  "  first  per- 
formed the  operation  which 
has  since  borne  his  name, 
and  has  become  deservedly 
popular.  The  operation 
consists  in  the  formation  of 
a  long  anterior  flap,  which, 
like  a  hood,  falls  easily  over 
the  divided  end  of  the  bone. 
The  incision,  similar  to  that 
made  for  amputation  at  the 
knee,  extends  no  farther 
down  than  the  tubercle  of 
the  tibia.  The  anterior  fl  ap 
being  reflected,  the  joint  is  opened  fls5o»6  the  patella,  which 
is  not  included  in  the  flap.  After  disarticulation  has  been 
effected,  the  soft  parts  of  the  posterior  "  aspect  of  the 
limb  are  severed  by  a  single  stroke  of  the  knife,  and  the 
saw  is  applied  through  the  bases  of  the  condyles.  For 
the  better  coaptation  of  the  cutaneous  margins  of  the 
wound  Lister  has  advised  the  formation  of  a  short  pos- 
terior tegumentary  flap.  Mr.  Carden  has  recorded  80 
operations,  with  only  five  deaths  from  this  method.  Of 
26  Carden  amputations  made  by  Volkman,  3  terminated 
fatally. 

In  1857,  Gritti,  of  Milan,  devised  an  osteo-plastic  oper- 
ation by  which  the  articular  surface  of  the  patella  is  re- 
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moved,  and  placed  in  amiosition  with  the  divided  ends  of 
the  femoral  condyles.  The  operation  was  first  practised 
by  Sawostytzki  in  1863.'^  In  this  operation,  long  anterior 
and  short  posterior  rectangular  flaps  are  formed.  Paikrt 
and  Linhart"  after  raising  the  anterior  flap,  amputate 
without  first  disarticulating.  In  1870  Dr.  Wm.  Stokes  " 
still  further  modified  Gritti's  operation  by  making  an  oval 
fiap  and  dividing  the  femur  at  least  half  an  inch  above  the 
antero-superior  margin  of  the  condyloid  cartilage.  Hence 
this  amputation  is  generally  known  as  the  supra-con- 
dyloid  amputation,  that  of  Carden  being  known  as  the 
trans-condyloid  operation.  The  relative  merits  of  these 
various  methods  of  amputation  at  the  knee  have  been  ex- 
tensively investigated  by  American,  English,  and  German 
writers.  Edmund  Andrews,'*  of  Chicago,  shows  that 
disarticulation  at  the  knee  and  trans-condyloid  amputa- 
tion present  a  like  mortality  (28  per  cent.).  Of  Gritti's 
operation  and  Stokes's  modification,  Dr.  R.  F.  Weir" 
has  collected  76  cases  with  22  deaths.  While  time  may 
show  that  the  last-mentioned  procedures  may  be  of  ser- 
vice in  amputations  for  disease,  sufficient  evidence  has 
been  adduced  by  Zeiss,™  Beck,"  and  Salzman,™  that,  so 
far  as  military  practice  is  concerned,  the  operation  ought 
to  be  abandoned. 

The  mortality  of  amputations  at  the  knee  in  civil  prac- 
tice appears  from  an  examination  of  Table  I.  (see  above). 
Of  187  amputations  made  for  gunshot  injury,  in  which 
the  result  was  determined,  106  succumbed,  the  mortality 
being  56.6  per  cent.,  and  exceeding  by  3.8  per  cent,  the 
fatality  of  amputations  in  the  lower  part  of  the  femur.'' 

Amputation  of  the  Thigh. — This  operation  may  be 
called  for  in  any  part  of  the  thigh.     The  central  position 


Fig.  156. 

of  the  femur,  and  its  extensive  muscular  covering,  sanc- 
tion the  application  of  any  of  the  various  methods  of  am- 
putation in  this  part.  The  choice  from  among  the  dif- 
ferent operations  permits  the  surgeon  at  all  times  to  save 
as  much  of  the  femur  as  possible.  It  has  been  found, 
however,  that  the  method  with  anterior  and  posterior 
flaps  is  generally  attended  by  better  results,  and  is  more 
readily  executed  than  other  operations.  The  manner 
in  which  it  is  generally  performed  is  the  following: 
Grasping  and  raising  the  soft  parts  on  the  anterior  aspect 
of  the  limb  with  his  left  hand,  the  operator  introduces  the 
knife  at  the  side  of  the  limb,  at  a  point  an  inch  or  more 
below  the  level  of  the  proposed  section  of  the  femur,  and, 
carrying"  it  across  the  anterior  surface  of  the  femur,  trans- 
fixes and  cuts  out  a  broad  fiap  equal  in  length  to  half  the 
diameter  of  the  limb  (Fig.  156,  Fergusson).  The  flap  thus 
formed  being  retracted,  the  knife  is  again  introduced  into 
the  wound  behind  the  femur,  and  a  posterior  flap  formed  ■ 
by  cutting  from  within  outward  and  downward  through 
the  soft  parts.  The  flap  thus  made  should  be  quite  as 
long  as  the  anterior,  since  the  greater  retraction  of  the 
posterior  muscles  would  otherwise  reduce  it  to  a  size  that 
would  prevent  the  accurate  coaptation  of  the  cutaneous 
margins  of  the  wound.  In  very  fleshy  subjects,  all  of  the 
muscular  tissue  should  not  be  included  in  the  flaps  thus 
made.  When  the  flaps  have  been  made  they  are  re- 
tracted by  an  assistant,  the  bone  is  cleared  of  the  still  ad- 
herent soft  parts  by  a  circular  sweep  of  the  knife  at  the 
level  where  the  saw  is  to  be  applied.  In  amputating  by 
musculo-tegumentary  flaps  below  the  middle  of  the  thigh, 
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the  anterior  flap  should  be  formed  first ;  m  amputations 
higher  up  it  must  be  made  last,  in  order  that  the  femoral 
vessels  may  not  be  divided  until  the  operation  has  been 
nearly  completed.  The  vessels  requiring  ligation  m 
amputations  below  the  middle  of  the  thigh  are  the  fem- 
oral anastomotic,  and  five  or  six  muscular  branches. 

Amputation  of  the  thigh  by  lateral  musculo-tegumen- 
tary  flaps,  as  recommended  by  Vermale,  should  not  be 
resorted  to,  since,  owing  to  the  weight  of  the  soft  parts, 
the  flaps  are  easily  displaced,  and  the  end  of  the  bone  is 
liable  to  protrude  from  the  upper  angle  of  the  wound. 

In  the  middle  and  upper  portions  of  the  thigh  the  very 
best  results  are  unquestionably  to  be  obtained  by  the 

modified  circular  meth- 
)     -....T-w,^  _  od,  the  cutaneous  flaps 

being  made  in  front  and 
behind,  and  the  muscles 
divided  by  a  circular  in- 
cision. The  admirable 
results  which  Volkmann 
and  Bruns  achieved 
from  amputations  of  the 
thigh  are  largely  attribu- 
table to  their  preference 
for  this  method.  With 
a  longer  anterior  and 
shorter  posterior  cuta- 
neous flap,  the  wound 
obtains  an  excellent  po- 
"  "*•  ^^^-  sition  for  drainage  (Pig. 

157,  Hueter),  and  the  stump  which  is  left  is  well  suited 
for  the  application  of  an  artificial  limb.  In  the  lower 
third  of  the  thigh  the  operation  may  be  made  with  only  a 
single  long  anterior  flap,  which  should  extend  as  low  as 
the  upper  margin  of  the  patella,  the  integument  on  the 
posterior  aspect  of  the  limb  being  divided  by  a  semicircu- 
lar incision.  The  latter  should  be  made  at  least  half  an 
inch  below  the  ends  of  the  margins  of  the  anterior  flap  ; 
to  allow  for  the  greater  retraction  of  the  posterior  lip 
of  the  wound  (Fig.  158).  In  amputations  near  the  hip  or 
through  the  trochanters,  no 
other  operation  than  that  by 
long  anterior  and  short  pos- 
terior flaps  leaves  a  wound 
that  is  easily  drained. 
When  there  is  any  question 
as  to  the  vitality  of  the  long 
anterior  flap,  it  is  an  easy 
matter  to  include  with  it  a 
varying  thickness  of  the  mus- 
cular tissue. 

A  study  of  Table  I.  shows 
that  amputations  of  the  thigh 
are  associated  with  a  mor- 
tality that  is  largely  responsi- 
ble for  the  high  death-rate 
attending  major  amputations 
in  general.  The  fatality  of 
this  operation  in  civil  prac- 
tice increases  as  the  trunk 
is  approached. 

According  to  Macleod  and 
Legouest,  this  applies  equally 
to  amputations  for  gunshot 
injury. 

According  to  the  statistics 
of  Otis,**  this  view,  which 
is  generally  entertained,  must 
be  modified.  Of  768  ampu- 
tations for  gunshot  injury, 
made  in  the  upper  third  of 
the  thigh,  53.8  per  cent.  died. 
Of  the  1,866  amputations 
made  in  the   middle  third, 

44.5  per  cent.  died.  Of  3,901  operations  iu  the  lower 
third,  53.6  per  cent,  succumbed. 

The  general  mortality  attending  the  operation  is  repre- 
sented by  6,239  cases,  with  3,310  deaths,  the  mortality 
bemg  53.8  per  cent. 

iro 
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Amputation  at  tkb  Hip. — The  first  idea  of  this 
operation,  the  most  formidable  of  justifiable  surgical  pro- 
cedures, appears  to  have  originated  with  Morandandtwo 
of  his  pupils,  Volker  and  Puthod,  who  practised  it  on 
the  cadaver  in  1788.  A  year  later,  Le  Dran  taught  the 
operation  in  his  practical  courses,  and  presented  a  report 
on  its  feasibility  to  the  French  Academy.  In  1840  Ravaton 
proposed  to  amputate  at  the  hip-joint  on  a  patient,  but  was 
dissuaded  therefrom  by  other  surgeons  in  consultation.  la 
1756  and  1759  the  Parisian  Academy  offered  a  prize  for 
the  best  treatise  on  the  justifiability  of  the  operation  and 
the  best  method  of  performing  it.  Of  forty-four  contest- 
ants, thirty-four  supported  the  operation,  the  prize  being 
awarded  to  Barbette,  who  concisely  mentioned  the  indi- 
cations that  made  it  necessary.  That  life  could  continue 
after  loss  of  the  lower  extremities  had  been  shown  by  the 
following  case  :  "  In  1748,  there  came  to  the  hospital  of 
Orleans,  a  lad  fourteen  years  of  age,  who  was  the  subject 
of  ergotism.  Gangrene  of  both  lower  extremities  had 
supervened,  extending  on  the  right  side  to  the  hip-joint, 
and  on  the  left  to  the  trochanter.  The  suppuration  whicll 
was  established  almost  separated  the  right  thigh,  the 
round  ligament  and  great  sciatic  nerve  alone  holding  it 
to  the  trunk.  Lacroix,  surgeon  to  the  hospital,  com- 
pleted the  separation  of  the  member.  This  operation 
succeeded  so  well,  that  four  days  later  he  also  amputated 
the  left  thigh.  There  was  neither  haemorrhage  nor  pain, 
and  the  patient  progressed  well  till  the  tenth  day,  when 
fever  supervened,  and  death  followed  fifteen  days  after 
the  first  operation."*^  In  1773  Perault  removed  the  entire 
thigh  in  a  case  of  traumatic  gangrene  ' '  of  several  months' 
duration,"  in  which  a  complete  recovery  ensued  in  eigh- 
teen months. 

Although  in  1774  and  1778  Kerr  and  Thomson  made 
the  first  amputations  at  the  hip  through  living  tissues  in 
cases  of  coxalgia,  both  operations  terminated  fatally,  and 
the  procedure  was  not  again  resorted  to  till  the  last  de- 
cade of  the  past  century.  Amputation  at  the  hip  in 
reality  owes  its  existence  to  the  wars  of  the  French  Revo- 
lution. In  1794  the  elder  Blandin  performed  it  thrice, 
with  one  recovery.  During  his  different  campaigns, 
Larrey  repeated  the  operation  seven  times  and  gave  it  a 
standing  among  surgical  procedures,  although  it  is  douljt- 
ful  whether  any  of  his  cases  recovered.**  In  1812  and 
1815,  Brownrigg  and  Guthrie,  after  repeated  failures,  were 
enabled  to  report  successful  amputations  at  the  hip  for 
gunshot  injury.  The  first  operation  in  this  country  was 
made  in  Kentucky  in  1806,  by  Brashear,  for  compound 
fracture,  and  ended  in  recovery. 

The  most  comprehensive  statistics  of  the  operation  in 
question  have  been  collected  by  Otis,*'  Liining,*'  and 
Ashhurst.*'  Over  three-fourths  of  all  the  operations  have 
been  made  since  the  introduction  of  anaesthesia,  and  fully 
two-thirds  of  the  entire  number  were  performed  later  than 
1860.  Up  to  1875  Liining  was  enabled  to  collect  but  497 
well  authenticated  cases,  while  in  1881,  Ashhurst  was  en- 
abled to  tabulate  633  operations,  since  which  time  over  a 
hundred  cases  have  been  added  to  the  list. 

The  question  of  supreme  moment  in  amputation  at  the 
hip- joint,  is  that  which  pertains  to  a  complete,  and  yet  safe 
method  of  controlling  the  circulation  during  the  operation. 
Its  importance  becomes  manifest  from  the  fact  that  five  per 
cent,  of  the  patients  operated  on  do  not  survive  the  opera- 
tion, and  that  seventy  per  cent,  of  the  deaths  occur  during 
the  first  five  days  (Liining).  To  overcome  this  great  and 
immediate  danger  of  amputations  at  the  hip,  progress  has 
been  made  in  the  direction  of  preserving  the  blood  con- 
tained in  the  condemned  part  and  by  temporarily  or  per- 
manently occluding  the  sources  of  its  blood-supply.  By 
the  use  of  the  elastic  bandage  from  the  toes  to  the  groin, 
and  keeping  it  in  place  during  the  operation  (Erskine 
Mason),  or  in  cases  of  extensive  suppuration  of  the  ex- 
tremity, by  maintaining  the  latter  in  a  vertical  position 
for  some  minutes  before  the  operation,  a  not  inconsiderar 
ble  amount  of  blood  can  be  saved  to  the  economy. 

Preliminary  ligation  of  the  femoral  or  external  iliac 
artery  is,  as  a  rule,  unnecessary,  and  has  been  generally 
abandoned  since  it  has  been  ascertained  that  secondary 
haimorrhage  is  more  apt  to  follow  the  ligation  of  an  artery 
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in  its  continuity  than  at  its  cut  extremity  in  a  wound.  In 
exceptional  cases,  however,  where  skilful  assistants  are 
not  at  hand,  or  where  a  neoplasm  extends  quite  up  to  the 
pelvis,  preliminary  ligation  may  still  be  resorted  to  with 
advantage.  An  interesting  case  of  the  latter  nature  has 
recently  been  recorded  by  Trendelenburg,  in  which  the 
external  iliac  was  llgated,  the  patient  making  a  good  re- 
covery.*' 

In  1860  Professor  Pancoast  first  called  attention  to  the 
practicability  of  compressing  the  aorta  against  the  verte- 
bral column  by  means  of  an  abdominal  tourniquet.  A 
number  of  instruments  have  since  been  devised  similar  to 
that  of  Pancoast,  by  Lister,  Skey,  and  Esmarch,  and  it  is 
to  one  of  these  contrivances  that  most  surgeons  have  re- 
course before  proceeding  to  the  operation  proper.  In  the 
tourniquet  of  Esmarch  the  aortic  pad  exerts  its  compres- 
sion by  means  of  an  elastic  band  which  is  passed  through 
its  handle.  In  the  absence  of  a  tourniquet,  a  pad  can  be 
improvised  by  firmly  winding  a  long  roller  bandage 
around  the  middle  of  a  stick,  which  should  be  about  a 
foot  long,  and  of  the  thickness  of  the  thumb.  The  pad 
thus  formed  being  placed  in  position,  is  retained  by  five 
or  six  turns  of  an  elastic  bandage  around  the  abdomen 
(Esmarch).  Professor  Spence  resorts  to  a  similar  proced- 
ure. Whatever  tourniquet  be  used,  it  should  be  applied 
while  the  patient  is  lying  on  the  right  side,  the  pad  being 
placed  a  Uttle  to  the  left  of  the  umbilicus  (Pig.  159.  Es- 
march). The  opera- 
tion should  not  be 
commenced  until  the 
operator  has  satisfied 
himself  that  the  cir- 
culation in  the  lower 
extremities  is  com- 
pletely controlled. 

It  having  been 
held,  but  without 
sufficient  clinical  evi- 
dence, that  prolonged 
compression  of  the 
abdominal  aorta  is 
injurious  from  dam- 
age to  the  branches 
of  the  solar  plexus, 
and  by  interfering 
with  respiration, 
compression  of  the  common  iliac  artery  through  the  rec- 
tum has  been  advised  and  practised.  Woodbury,  of  Phila- 
delphia, and  Van  Buren,  of  New  York,  proposed  that  this 
he  accomplished  by  the  hand  of  an  assistant,  while  R. 
Davy,"  of  London,  devised  for  the  same  purpose  a  polished 
rod  twenty  inches  long,  and  from  half  to  three-fourths  of 
an  inch  thick,  surmounted  at  its  extremity  by  an  ivory 
enlargement,  with  which  the  artery  is  to  be  compressed 
against  the  brim  of  the  pelvis.  In  one  case  in  which 
Davy  used  the  lever  on  the  right  iliac  artery,  death  fol- 
lowed from  a  rent  in  the  rectum.  In  seventeen  other 
cases  in  which  he  had  resorted  to  its  use  no  accident  re- 
sulted. According  to  the  originator  of  the  "  lever,"  this 
instrument  has  been  used  in  forty  cases,  in  an  almost 
equal  proportion  of  amputations  of  the  right  and  left  side, 
and  sixty-five  per  cent,  of  the  cases  recovered.'" 

In  thin  or  emaciated  subjects,  the  circulation  can  be 
.  controlled  by  digital  compiression  of  the  aorta  or  ex- 
ternal iliac  artery,  or  both  may  be  employed  (Gross). 
It  may  likewise  be  effected  by  the  use  of  a  wide  roller- 
bandage  placed  over  the  external  Iliac  and  held  in  posi- 
tion by  an  elastic  bandage.  The  latter  should  be  about 
two  yards  in  length,  its  centre  being  placed  between  the 
anus  and  tuberosity  of  the  ischium  ;  the  anterior  part 
of  the  bandage  is  brought  above  the  crest  of  the  ilium, 
the  posterior  portion  crossing  the  sacro-sclatic  notch  and 
meeting  the  anterior  above  the  iliac  crest ;  both  are  firmly 
held  in  position  by  an  assistant.  This  method  of  pre- 
venting hsemorrhage  from  both  anterior  and  posterior 
flaps  has  been  resorted  to  in  four  cases  by  Jordan  Lloyd, 
of  Birmingham,  three  of  which  recovered." 

In  1876  Trendelenburg,'^  of  Rostock,  devised  a  steel 
rod  fifteen  inches  long,  one-fourth  of  an  inch  wide,  and 
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one-eighth  of  an  inch  thick,  with  a  movable  point  at- 
tachment which  is  to  be  pushed  through  the  soft  parts  in 
front  of  the  joint,  an  inch  above  the  level  where  transfix- 
ion is  to  be  made  with  the  knife.  "  The  rod  having  been 
pushed  through  the  soft  parts,  the  point  is  removed  and 
a  rubber  tube  wound  around  the  protruding  ends  of  the 
rod  in  figure  of  8  turns.  In  this  manner  compression 
of  all  the  soft  parts  in  front  of  the  joint  is  efEected,  and 
the  flap  can  be  made  without  loss  of  blood.  After  the 
vessels  divided  in  the  anterior  flap  have  been  ligated,  the 
rod  is  introduced  thi'ough  the  soft  parts  behind  the  joint 
in  a  similar  manner  before  the  posterior  flap  is  made." 
Although  tedious  in  its  performance,  this  method  of  con- 
trolling hsemorrhage  is  thoroughly  practicable  and  prom- 
ises ^ood  results.  It  has  been  successfully  resorted  to  by 
Varrick  in  a  case  of  traumatic  amputation  in  a  subject 
very  anaemic  from  haemorrhage.*' 

Methods.  — Although  a  large  number  *  of  methods  of  am- 
putation at  the  hip  have  been  devised,  only  a  few  of  them 
are  of  practical  value,  and  are,  therefore,  commonly  em- 
ployed. The  methods  which  will  be  considered  are,  that 
by  musculo-tegumentary  flaps,  that  by  cutaneous  flaps 
and  circular  division  of  the  remaining  soft  parts,  and  that 
by  a  high  circular  amputation  with  subsequent  excision. 

Museulo-tegumentary  Fla/ps. — Amputation  at  the  hip 
can  be  most  quickly  accomplished  by  means  of  antero- 
posterior muscular  flaps,  of  which  the  anterior  is  made 
by  transflxion,  and  the  posterior  by  cutting  from  within 
outward.  With  able  assistance  the  operation  can  easily 
be  performed  in  less  than  twenty  seconds.  At  least  three 
assistants  are  required  in  this,  as  in  all  amputations  of  the 
hip.  One  of  these  is  entrusted  with  the  control  of  the 
circulation  in  the  limb,  the  second  follows  the  knife  to 
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Sasp  the  flap  before  the  artery  is  divided  (Fig.  160, 
ueter)  and  then  to  retract  it,  and  the  third  takes  charge 
of  the  condemned  limb. 

The  patient's  body  having  been  brought  to  the  foot  of 
the  table,  the  nates  are  made  to  project  over  its  edge,  and 
the  scrotum  and  sound  thigh  are  held  out  of  the  way. 
While  the  condemned  limb  is  slightly  flexed,  the  operator, 
standing  on  the  left  side,  enters  the  point  of  an  amputat- 
ing knife,  the  blade  of  which  is  at  least  a  foot  long,  mid- 
way between  the  anterior  superior  spinous  process  of  the 
ilium  and  the  trochanter  major.  It  is  carried  deeply  into 
the  limb  in  a  direction  parallel  to  Poupart's  lig'ament, 
across  the  anterior  surface  of  the  joint,  which  is  thus 
opened  and  made  to  issue  on  the  inner  surface  of  the 
thigh  close  to  the  perineum  and  just  in  front  of  the  tu- 
berosity of  the  ischium.  Transfixion  accomplished,  a 
broad  rounded  flap,  five  to  seven  inches  in  length,  is 
made  by  carrying  the  knife  downward  in  front  of  the 
bone  and  cutting  outward.  This  fiap  is  at  once  reflected 
and  held  out  of  the  way.  By  a  transverse  Incision  on  the 
head  of  the  bone  the  capsule  is  then  widely  opened,  while 
the  limb  is  forcibly  abducted  and  everted  Hyperextension 
then  causes  the  head  of  the  bone  to  start  from  its  socket 
with  a  "popping"  noise  when  the  ligamentum  teres  is 
cut.     The  knife  being  then  introduced  behind  the  head 


*  According  to  Ashhurst  there  are  forty-flre. 
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of  the  femur,  the  posterior  portion  of  the  capsule  is  di- 
vided and  a  posterior  flap  four  inches  m  length  is  cut 
from  within  outward  (Listen).  When  the  operation  is 
made  on  the  right  side,  the  knife  is  entered  from  the  in- 
ner side  iust  above  the  ischial  tuberosity  When  the  pos- 
terior fl^ap  is  cut  from  within  outward,  the  cutaneous 
margin  of  the  wound  is  generally  irregular  and  apt  well 
suited  for  close  coaptation  with  the  anterior  flap.  It  is  aa- 
visable,  therefore,  particularly  in  robust  limbs,  to  either 
outline  this  flap  by  an  incision  throughthe  skm,  or  to  cut 
it  altogether  from  without  inward  (Fig.  161,  Esmarch) 
(Manec).  Indeed,  both  flaps  may  advantageously  be  cut 
in  this  manner  (Guthrie).  _       .     ^  j        -v  j  • 

The  great  advantage  of  the  operation  ]ust  descnbea  is 
in  the  rapidity  with  which  it  can  be  executed ;  its  disad- 
vantages are  in  the  excessively  large  wound  which  it 
leaves,  the  tendency  to  the  retention  of  pus  m  the  inter- 
muscular spaces,  and  the  great  probability  of  excessive 
haemorrhage  from  the  posterior  flap. 

A  wound  better  suited  for  drainage  is  that  made  by  lat- 
eral flaps.  In  this  form  of  operation  a  semicircular  in- 
cision is  made,  beginning  at  the  tuberosity  of  the  ischium, 
and  terminating  on  the  outer  side  of  the  femoral  vessels 
in  the  centre  of  the  groin.  The  incision  crosses  the  outer 
surface  of  the  thigh  four  or  five  inches  below  the  tro- 
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chanter.  ■  The  flap  thus  outlined  is  then  reflected  over  the 
latter  aijd  the  joint  opened.  The  inner  flap  is  then  made 
by  cutting  from  within  outward. 

2'egumentary  Flap  Method. — This  is  an  admirable 
method  to  overcome  the  superfluity  of  muscular  tissue  in 
the  wound  and  the  consequent  tendency  to  purulent  in- 
fection, and  it  is,  therefore,  preferred  by  a  number  of 
operators,  among  whom  are  Agnew  and  Volkmann.  The 
operation  is  described  by  Agnew  as  follows :  "  The  sur- 
geon makes  a  semilunar  incision  in  front  of  the  limb, 
with  its  convexity  downward,  and,  commencing  midway 
between  the  anterior  superior  spinous  process  and  the  tro- 
chanter on  the  outside,  descending  the  thigh  in  a  longitu- 
dinal direction  for  flve  inches,  then  passing  across  the 
front  of  the  limb  in  an  oval  course,  adding  thereby  an 
inch  to  the  length  of  the  flap,  and,  last,  ascending  the  in- 
ner border  of  the  thigh,  and  terminating  one  inch  below 
the  ramus  of  the  pubes.  The  integument  is  now  rapidly 
dissected  up  from  the  deep  fascia  and  intrusted  to  the  fin- 
gers of  an  assistant." 

The  next  step  is  to  isolate  the  femoral  vessels  above  the 
origin  of  the  profunda,  and  to  apply  separately  to  tlie  ar- 
tery and  vein  a  strong  ligature.*  By  displacing  the  peq- 
tineus  muscle  the  obturator  artery  can  be  readily  found 
and  ligated  below  the  obturator  membrane. 

The  limb  being  now  raised,  the  surgeon  proceeds  to  cut 
a  semilunar  tegumentary  flap  from  the  back  of  the  thigh, 
one  inch  shorter  than  the  anterior.      With  an  amputating 

*  Volkmann  divideB  the  vessels  between  two  ligatures. 


knife  the  muscles  are  then  severed  circularly  in  front  of 
the  joint,  "when  after  liberation  of  the  head  of  the  bone 
as  in  other  methods,  the  operation  is  completed  by  divid. 
ing  through  the  soft  parts  posteriorly."  According  ts 
Agnew,  this  operation  can  be  completed  in  forty  seconds. 

Circular  Amputation. — In  order  to  make  a  smaller 
wound,  and  to  divide  the  vessels  where  they  are  smaller, 
a  circular  amputation  of  the  thigh  at  the  lower  part  of 
the  upper  third  is  made.  This  may  be  accomplished  by 
a  single  incision  in  thin  subjects,  while  in  robust  extremi- 
ties it  is  preferable  to  resort  to  a  double  incision.  When 
the  amputation  in  this  part  is  effected,  all  the  blood- 
vessels that  can  be  recognized  must  be  ligated.  An  in- 
cision is  then  made  along  the  outer  side  of  the  stump 
from  a  point  two  inches  above  the  trochanter  to  the  circu- 
lar wound,  and  dividing  everything  down  to  the  bone 
(Dieffenbach).  The  operator  then  seizes  the  stump  of  the 
femur  with  a  lion-jawed  forceps,  and  while  the  edges  of 
the  vertical  incision  are  separated  by  an  assistant,  the  soft 
parts,  including  the  periosteum,  are  stripped  from  the 
bone,  and  the  capsule  is  opened  and  disarticulation 
effected  as  in  other  procedures.'*  In  1880,  Mr.  Furneaux 
Jordan,  of  Birmingham,  published  a  method  of  amputat- 
ing at  the  hip  which  does  not  differ  essentially  from  the 
method  just  described.  In  his  operation  the  outer  in- 
cision is  first  made,  disarticulation  is  effected,  and  the  cir- 
cular incision  forms  the  last  step  of  the  operation." 

Finally,  mention  must  be  made  of  the  methods  of 
Verneuil  '*  and  Ed.  Rose,  who,  in  amputating  at  the  hip, 
treat  the  lower  extremity  as  they  would  a  neoplasm  iiat 
is  to  be  removed,  cutting  from  without  inward,  and 
tying  each  vessel  as  it  is  encountered.  A  shorter  internd 
and  longer  external  incision  is  made  through  the  skin 
when  the  femoral  artery  and  vein  are  to  be  divided  be- 
tween two  ligatures.  The  incisions  are  then  gradually 
carried  through  the  muscles  in  front  and  on  the  outer  side 
until  the  articulation  is  reached,  when,  after  disarticula- 
tion has  been  effected,  the  adducted  muscles  are  divided 
last  of  all. 

Amputations  at  the  hip  of  necessity  present  a  deplorable 
mortality.  Of  633  cases  tabulated  by  Dr.  P.  C.  Sheppard 
for  Ashhurst,  393  terminated  fatally,  and  in  30  the  result 
was  undetermined.  The  general  mortality  of  the  operation 
is,  therefore,  64  per  cent.  The  most  unfavorable  results  ob- 
tained are  those  from  military  practice.  Of  349  cases  of  this 
character  in  which  the  result  was  ascertained,  including  66 
operations  performed  during  the  War  of  the  Rebellion, 
only  37  patients  recovered,  the  mortality  bein^  89.1  per 
cent ; "  35  of  the  66  cases  referred  to  were  primary  am- 
putations, of  which  3  recovered  ;  33  of  the  operations 
were  secondary,  and  all  terminated  fatally.  Of  9  second- 
ary operations,  2  survived,  and  of  9  reamputations,  6  re- 
covered. Of  71  cases  of  hip-joint  amputation  for  injury 
in  civil  practice,  47  died,  the  mortality  being  66.1  per 
cent.  Of  376  cases  of  hip-joint  amputation  for  disease,  of 
which  15  were  undetermined,  105  terniinated_fatally,_the 
mortality  being  40.3  per  cent.'* 
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1880.  »•  Bull,  de  I'Aoad.  de  M4d.,  1877.  »'  Med.  and  Surg.  Hist,  of 
War,  part  iii.,  p.  18U.       "  Ashhurst :  Int.  Encjol.,  vol,  i.,  p.  676. 

AMYLENE.  Valerine,  CeHio.  Amylene  is  a  volatile 
and  inflammable  ethereal  fluid  of  an  unpleasant  odor, 
resembling  that  of  cabbage.  It  was  experimented  with  by 
Snow  in  1856,  as  an  anaesthetic,  and  proved  itself  powerful, 
after  the  manner  of  chloroform  ;  but  proving  itself  also 
capable  of  killing,  it  never  came  into  accepted  service. 

Edward  Curtis. 

AMYLIC  ALCOHOL.  The  title  amylic  alcohol  is  ap- 
plied to  two  associated  isomeric  alcohols  of  the  composi- 
tion CjHiaO,  which  occur  as  the  principal  ingredients  of 
so-called  fusel-oil,  an  acrid,  oily  liquid  forming  as  one  of 
the  products  of  alcoholic  fermentation.  Amylic  alcohol 
is  obtained  from  fermented  grain  or  potatoes,  by  continu- 
ing distillation  after  the  ordinary  spirit  has  ceased  to  come 
over.  It  is  a  colorless,  oily  fluid  of  a  peculiar  disagree- 
able odor,  and  an  acrid,  burning  taste.  It  is  nearly  in- 
soluble in  water,  but  dissolves  freely  in  alcohol,  ether,  and 
volatile  oils.  > 

Amylic  alcohol  affects  the  animal  system  after  the  gen- 
eral manner  of  common  alcohol,  but  it  is  locally  more 
irritating  and  constitutionally  more  unpleasant  in  itspper- 
ation.  It  is  rarely  used  in  medicine,  but  is  valuable  as  a 
source  of  artificially -made  valerianic  acid.  It  is  not  now 
officinal  in  the  TJ.  S.  Pharmacopoeia.      Edward  Curtis. 

AMYLOID  DEGENERATION.  (From  amylum,  starch, 
as  the  amyloid  material  resembles  starch  in  certain  chemi^ 
cal  reactions.  Also  called  waxy,  lardaceous  or  albumi- 
noid degeneration.  French,  JJigin&rescence  am/ykMe ; 
German,  AmyhMentartung ,  also  Wachsentartung,  Spech- 
entartung.) 

Bythe  term  amiyloid  degeneration  is  meant  the  appear- 
ance in  certain  tissues  of  the  body  of  a  clear,  colorless, 
homogeneous,  translucent,  highly  refractive  material, 
which,  from  its  resemblance  to  wax,  has  led  to  its  desig- 
nation as  waxy  material,  and  to  the  process  as  waxy  de- 
generation ;  further,  from  its  behavior  with  iodine  and 
sulphuric  acid,  Virchow  gave  it  the  name  of  amyloid 
raaterial,  he  supposing  at  the  time  that  the  substance  was 
similar  or  closely  allied  to  starch.  Re'peated  chemical 
analyses  have  shown,  however,  that  it  is  not  a  hydro- 
carbon, but  a  nitrogenous  material  resembling  in  some 


respects  albumen,  but  differing  from  the  latter  in  its  re- 
actions, to  be  presently  mentioned,  and  also  in  its  resist- 
ance to  both  putrefaction  and  digestion  with  pepsin. 

Amyloid  material  reacts  to  certain  reagents  in  a  very 
characteristic  way.  The  application  of  a  watery  solution 
of  iodine  in  iodide  of  potash  changes  it  to  a  mahogany- 
brown  color,  whereas  tissues  not  the  seat  of  this  change 
assume  a  yellow  tint ;  further,  addition  of  sulphuric  acid 
produces  a  blue  color  in  amyloid  material.  One  of 
the  aniline  dyes,  methylviolet,  is  a  very  delicate  test,  the 
amyloid  material  taking  on  a  rose-red  color,  the  other  por- 
tions a  blue. 

Amyloid  degeneration  never  occurs  as  a  primary  dis- 
ease, but  represents  the  secondary  result  of  a  disturbance 
of  nutrition,  dependent  either  upon  long-continued  sup- 
puration, especially  of  bones,  or  upon  syphilis,  tubercu- 
losis, chronic  malaria,  and  occasionally  cancer.  It  shows 
a  special  predilection  for  certain  organs,  notably  the  liver, 
spleen,  kidneys,  and  mucous  membrane  of  the  intestine, 
especially  of  the  lower  portion  of  the  ileum  and  the  colon ; 
whereas  in  the  epidermis,  glands  of  the  skin,  lung,  bones, 
and  nerves,  it  has  never  been  observed,  no  matter  how 
far  advanced  the  process  might  have  been  in  other  parts 
of  the  body. 

When  present  in  small  amount  amyloid  material  can 
only  be  detected  by  the  microscope.  In  larger  amount 
the  appearances,  though  differing  with  various  organs, 
aj-e  so  characteristic  as  not  to  be  readily  overlooked.  In 
general,  it  may  be  said  that  the  organs  are  enlarged  and 
of  an  increased  density ;  the  cut  surface  is  pale,  dry, 
and  shows  a  homogeneous,  translucent,  and  waxy-  ap- 
pearance, greater  or  less  in  degree  according  to  the  stage 
of  the  degeneration.  Thin  slices  of  the  organ,  especially 
of  the  liver,  when  held  up  to  the  li^ht,  show  a  much 
greater  translucency  than  do  similar  slices  of  normal  or- 
gans. The  mucous  membrane  of  the  intestine,  when  the 
seat  of  this  change,  is  thickened,  dry,  and  translucent, 
looking  exactly  as  if  mucilage  had  been  brushed  over  it. 

Microscopically  examined,  amyloid  material  shows  an 
entire  absence  of  definite  structure,  it  being  a  homogene- 
ous, glass-like  substance  of  a  high  index  of  refraction, 
unaffected  by  ordinary  reagents,  but  staining  brown  with 
iodine,  and  rose-red  with  an  aqueous  solution  of  methyl- 
violet,  by  either  of  which  means  its  presence  in  tissue  is 
readily  confirmed. 

In  general,  the  seat  of  the  amyloid  change  is  primarily 
in  the  middle  coat  of  the  smaller  arteries  ;  later,  it  may 
involve  connective  tissues,  and  possibly,  in  some  organs, 
epithelial  structures  ;  but  this  latter  point  is  still  under 
discussion ;  all  that  can  be  said  is  that  the  epithelial  cells 
disappear,  either  by  conversion  into  amyloid  material,  or 
else  by  atrophy  from  pressure  from  the  encroaching  ma- 
terial. 

In  the  liver  the  amyloid  change  begins  in  the  small 
branches  of  the  hepatic  artery  distributed  to  the  so-called 
middle  zone  of  the  liver  acinus  ;  hence  its  presence  can 
often  be  detected  in  early  stages  as  a  translucent  ring  con- 
taining in  its  centre  the  red  and  opaque  central  region  of 
the  acinus,  and  surrounded  by  the  paler  peripheral  zone. 
Later,  all  parts  of  the  acinus  may  become  affected,  show- 
ing, as  a  whole,  appearances  like  those  previously  de- 
scribed. 

In  the  spleen,  the  follicles  alone  may  be  affected,  pro- 
ducing the  so-called  sago  spleen,  the  follicles  being  en- 
larged and  translucent,  resembling  grains  of  boiled  sago, 
or  the  pulp  and  follicles  may  be  both  degenerated,  pro- 
ducing the  so-called  ham  or  bacony  spleen,  from  its 
resemblance  in  its  dense,  dry,  dark,  translucent  surface, 
to  these  familiar  objects. 

In  the  kidney  the  afferent  arteries  of  the  glomeruli  are, 
as  a  rule,  first  affected,  then  the  capillaries  forming  the 
glomerular  tuft ;  then  the  efferent  vessels ;  next,  the 
capillaries  surrounding  the  convoluted  tubules;  and, 
finally,  the  membrana  propria  of  the  tubules.  The  ar- 
teries and  capillaries  in  the  pyramids  are  often  affected 
early  in  the  disease.  ,    -,,        . 

In  the  intestine,  vessels  and  unstriped  muscle-fibres  be- 
come amyloid.  .         .  ,  .j  j 

The  important  question  in  connection  with  amyloid  de- 
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generation  is  one  -which  is  still  under  controversy,  and 
hence  can  receive  but  passing  notice  in  an  article  of  this 
character.  It  is  whether  the  amyloid  material  is  formed 
in  loco  by  a  metamorphosis  of  the  albuminoid  material  of 
the  part  itself,  or  whether  it  represents  the  result  of  an 
infiltration  into  the  part,  from  the  blood,  of  a  material 
formed  elsewhere  in  the  body.  Its  general  distribution 
and  its  primary  presence  in  the  walls  of  blood-vessels 
favor  the  latter  idea,  but  against  it  is  the  fact  that  no  ma- 
terial at  all  resembling  amyloid  has  ever  been  found  in 
the  blood. 

The  amyloid  change  is  a  slowly  progressive  one,  occu- 
pying months  and  even  years.  Recovery  never  occurs 
where  the  process  is  at  all  advanced,  and  it  is  questionable 
whether,  even  in  milder  grades,  such  a  result  is  possible, 
though  Frerichs,  of  Berlin,  records  a  case  of  the  latter 
kind,  sent  by  him  to  the  baths  of  Aix-la-Chapelle. 

The  disease  may  often  be  diagnosticated  during  life, 
where,  one  of  the  predisposing  causes  above  mentioned 
being  present,  one  finds  the  liver  and  spleen  enlarged,  and 
the  urine  abundant  in  amount  and  containing  consider- 
able albumen. 

As  regards  its  importance  in  interfering  with  the  func- 
tions of  organs,  it  may  be  said  that  the  portions  affected 
are  no  longer  capable  of  functional  activity  ;  but  it  is  often 
surprising  to  see  how  extensively  a  liver  may  be  affected, 
and  yet  be  capable  of  secreting  sufficient  bile,  at  least. 

Individuals  with  amyloid  degeneration  of  the  organs 
show  a  marked  degree  of  anaemia,  and  usually  die  under 
conditions  of  hydraemia  or  marasmus. 

There  is  no  treatment  known  for  the  restoration  of 
parts  which  have  become  amyloid,  but  the  physician's  en- 
deavors should  be  devoted  to  the  treatment  of  the  predis- 
posing diseases  previously  mentioned.  Of  far  less  im- 
portance than  the  general  form  of  the  disease  described, 
is  a  local  form  of  amyloid  degeneration  occurring  in 
lymph-glands,  thrombi,  and  conjunctiva.  It  always  oc- 
curs in  previously  diseased  parts,  and  possibly  may  be 
more  closely  allied  to  hyaline  degeneration  than  to  amy- 
loid. ■ 

'  In  the  same  category  are  to  be  included  the  so-called 
corpora  amylacea,  microscopic  bodies  showing  a,  series  of 
concentric  markings,  and  hence  closely  resembling  starch- 
granules.  To  iodine  they  give  a  blue  color,  and  to  methyl- 
violet  a  red  color  in  their  centres,  though  only  occasionally 
throughout.  They  are  found  in  the  central  nervous  sys- 
tem, especially  where  there  is  an  active  growth  of  neu- 
roglia, as  in  the  chronic  form  of  ependymitis  of  the 
ventricles  of  the  brain,  and  in  the  neighborhood  of 
degenerated  nerves. 

Large  corpora  amylacea  of  a  snuff -brown  color  are  fre- 
quently seen  in  the  prostates  of  old  men. 
_  The  significance  of  these  bodies  in  either  of  the  above 
situations  is  unknown.  W.  W.  Gannett. 

AN/EMIA,  HYDR/EMIA,  AND  PLETHORA,  Gen- 
eral AND  Experimental  Pathology  op.  Normal 
BegulatMn  of  the  Composition  of  the  Blood.— The  blood,  as 
it  circulates  in  the  body,  is  constant  in  composition  only 
within  certain  limits.  It  is  at  all  times  necessarily  under- 
going variation  from  fresh  material,  in  the  shape  of  water 
and  the  solutions  of  different  substances  being  added  to 
and  taken  from  it  concomitantly  with  the  acts  of  diges- 
tion and  tissue  change  in  which  it  participates.  Besides 
these  ever- varying  changes,  in  quality  as  well  as  quantity, 
the  blood,  as  a  whole,  adapts  itself  to  the  alterations  oc- 
curring m  the  general  nutrition  of  the  body,  increasing  as 
It  grows  decreasmg  as  it  emaciates,  thus  ever  keeping 
pace  with  the  exigencies  of  the  system,  and  preserving! 
certain  pretty  definite  proportion  to  the  weight  of  the  body 
—amounting  in  man  to  about  eight  percent.  (Bischofl). 
10  maintain  this  relation  the  regulative  functions  must 
be  continually  at  work,  and  their  mode  of  action  we  will 
now  cursorily  pass  in  review. 

Regulation  of  the  Amount  of  TTate?-.— Probably  the 
most  trequent  changes  in  the  composition  of  the  blood 
are  brought  about  by  variations  in  the  quantity  of  water 
present.  After  a  meal,  and  still  more  after  a  full  draught 
01  water,  the  fluid  portion  of  the  blood  is  for  the  time  in- 
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creased.  It  is,  however,  soon  reduced  again  by  an  in 
creased  elimination  either  by  skin  or  kidneys,  or  both 
combined.  In  summer,  when  the  vessels  of  the  skin  are 
dilated  by  the  heat  and  hence  cutaneous  activity  is  great 
the  excess  of  water  will  be  removed  by  transpiration  the 
urine  becoming  comparatively  scanty.  In  winter,  how- 
ever, the  case  is  reversed.  The  skin  is  inactive  and  the 
brunt  of  the  labor  is  put  upon  the  kidneys,  which  then  se- 
crete abundantly.  When,  after  muscular  exercise  or  ex- 
posure to  heat,  much  water  has  been  removed  by  evapo- 
ration from  the  skin,  or  after  copious  watery  stools  Uie 
blood  has  been  deprived  of  its  needful  fluidity,  the  vessels 
begin  to  absorb  moisture  from  the  tissues.    This  process 

fives  rise  to  the  sensation  of  thirst,  which  in  turn  leads  to 
linking  the  needed  water. 

The  harmful  effects  upon  the  system  caused  by  non- 
compensated desiccation  of  the  blood  are  shown  in  the  case 
of  cholera,  where  repeated  watery  stools  rapidly  produce 
a  marked  thickening  of  the  blood.  My  own  experience 
with  sunstroke  shows  a  similar  condition  to  exist  as  the  re- 
sult of  excessive  perspiration.  On  post-mortem  examina- 
tion the  right  ventricle  will  be  found  gorged  with  venous 
blood,  and  accompanied  by  intense  venous  congestion  of 
the  lungs  arising  from  inability  of  the  heart  to  propel 
blood  of  such  altered  consistence  through  the  pulmonary 
capillaries.  In  the  only  case  where  I  attempted  venesec- 
tion, not  more  than  a  few  grams  could  be  made  to  flow 
from  the  median  basilic  vein,  the  blood  being  distinctly 
thickened.  Large  enemata  of  cold  (ice)  water,  which 
were  retained,  we  found  one  of  the  best  means  of  treat- 
ment, the  water  being  absorbed  by  the  large  intestine, 
thus  liquefying  the  blood,  while  its  low  temperature 
helped  to  cause  a  rapid  diminution  of  the  intend  fever  so 
characteristic  of  insolation.  (Cases  having  temperatures 
of  110°  F.  recovered.) 

Megulation  of  the  Amount  of  Solid  Ingredients.— There 
is  no  evidence  whatever  that  an  overproduction  of  the 
corpuscular  elements  occurs  during  health  ;  indeed,  the 
experiments  on  artificial  plethora,  to  be  touched  on  later, 
show  that  such  a  condition  of  polycythsemia  can  only  be 
of  (juite  temporary  duration,  the  excess  being  removed 
by  increased  corpuscular  disintegration.  Dunng  certain 
diseases,  however,  as  leukaemia,  etc.,  more  white  corpus- 
cles than  normal  are  produced. 

Excessive  amounts  of  the  unformed  solid  materials  of 
the  blood  taken  into  the  system  as  food,  when  not  stored 
up  in  the  body  as  fat,  show  themselves  in  the  urine.  The 
albumins  reappear  principally  in  the  form  of  urea  (to  a 
less  degree  also  as  uric  acid  and  creatinin),  and  it  is  im- 
material whether  the  excess  of  albumin  is  derived  from 
without,  in  the  shape  of  food,  or  from  the  tissues  of  the 
body  itself,  as  the  result  of  increased  consumption  from 
muscular  exercise  (Flint,  New  York  Medical  Jowmal, 
1871,  and  Pavy,  London  Lancet,  1876,  experiments  on  the 
pedestrian  Weston),  or  in  consequence  of  fever. 

The  inorganic  salts  are  eliminated  chiefly  by  the  kid- 
neys ;  to  a  less  degree  in  the  sweat  and  fseces. 

Foreign  bodies  introduced  in  solution  into  the  circula- 
tion are  removed  often  with  great  rapidity.  Some,  such 
as  potassium  iodide,  quinine,  atropine,  and  the  alkaloids 
in  general,  pass  out  in  the  urin6  under  their  own  form, 
others  are  changed  in  the  system  and  escape  as  deriva- 
tives. For  instance,  the  vegetable  acid  salts  of  the  alka- 
lies become  carbonates,  benzoic  becomes  hippuric  acid, 
the  oleo-resins  of  copaiba,  cubebs,  etc.,  are  converted  into 
resinous  acids,  all  of  which  appear  in  the  urine.  The 
kidneys  play  the  chief  part  in  this  depurative  process, 
though  the  lungs,  skin,  liver,  salivary,  intestinal  and  (in 
the  female)  the  mammary  glands  are  also  more  or  less 
actively  engaged,  different  drugs  having  evidently  certain 
seats  of  predilection  for  their  elimination.  Thus  many 
volatile  bodies  escape  by  the  lungs.  This  is  true  of  ether 
and  chloroform  and  their  allies.  The  allyl  sulphide,  the 
characteristic  odorous  principle  contained  in  onions,  is 
exhaled  by  both  lungs  and  skin  together.  The  purgative 
salts  are,  after  absorption,  eliminated  from  the  intestinal 
walls,  and  many  drugs  reappear  in  the  milk.  In  cases 
where  permanent  combinations  are  entered  into  between 
the  blood  and  such  substances  foreign  to  it  as  materially 
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interfere  with  its  functions,  serioxis  disturbances  or  death 
of  the  organism  take  place.  Thus  the  union  between  car- 
bon monoxide  and  the  hsemoglobin  of  the  corpuscles  is  a 
permanent  one.  This  irrespirable  gas  is  neither  con- 
sumed by  oxidation  in  the  tissues  nor  expelled  by  respi- 
ration, since  haemoglobin  has  a  greater  affinity  for  carbon 
monoxide  even  than  for  oxygen.  An  oxygen  famine  con- 
sequently ensues,  which  is  of  more  or  less  serious  import 
according  to  the  amoxmt  of  hsemoglobin  rendered  unser- 
viceable. 

Organized  bodies  entering  the  circulation  are  eventually 
removed  unless  death  occur.  In  relapsing  fever,  for  in- 
stance, the  blood,  during  the  paroxysms,  is  found  to  be 
full  of  the  spirochaeta  Obermeyen,  yet  these  disappear 
entirely  after  recovery.  They  probably  die,  their  remains 
disintegrate,  and  are  removed  either  wlule  still  in  the  blood 
itself  or  after  being  carried  to  the  spleen  and  perhaps  some 
other  organs.  The  spiriUa  are  not  found  in  the  urine, 
and  consequently  are  not  eliminated  by  the  kidneys. 
Similar  processes  occur  in  other  infectious  diseases. 

In  cases  where  the  regulative  functions  are  not  power- 
ful enough  to  remove  from  the  blood  either  the  living  or- 
ganism itself  or  the  septic  material  which  it  elaborates, 
the  economy  is  forced  to  suffer  accordingly,  illness  and 
death  resulting. 

Anaemia.— The  term  "ansemia,"  i.e.,  lack  of  blood, 
has  come  to  include  not  only  absolute  quantitative 
alterations  in  the  blood  volume,  but  in  a  narrower  sense 
also  it  is  used  to  designate  those  qualitative  changes 
connected  with  a  decrease  in  the  amount  of  red  cor- 
puscles, more  properly  called  "oligocythaemia"  (Or., 
oligos,le'w,  small ;  k^tos,  cell),  or,  simply,  "oligsemia." 

Absolute  diminution  in  quantity  is  usually  termed 
"acute  anaemia,"  while  qualitative  changes  are  broadly 
grouped  together  under  the  title  "chronic  anaemia," 
which  includes,  besides  the  ansemia  resulting  from  de- 
bility, chlorosis,  leucocythaemia,  idiopathic  (pernicious) 
ansemia,  and  their  allied  affections — conditions  which  are 
perhaps  more  accurately  designated  by  the  word  "  span- 
semia"  (Qr.,  spanos,  poor). 

Acute  aruBmia  is  the  result  of  haemorrhage  from  any 
cause.  The  total  quantity  of  blood  in  the  body  is  re- 
duced, but  the  elements  of  the  quantity  remaining  keep 
their  relative  proportions,  with  the  exception  perhaps  of 
the  white  blood-globules,  which  will  be  found  to  be  in  :!X- 
cess ;  for,  owing  to  their  adhesion  to  the  walls  of  the  ves- 
sels and  to  their  lying  in  the  peripheral  zone  of  the  arte- 
rial current,  a  proportionately  fewer  number  of  white  than 
red  will  be  swept  away  by  the  escaping  blood  (Cohnheim). 
ThetefEects  of  a  hsemorrhage  are  proportionate  to  its  de- 
gree. A  small  quantity  of  blood  may  be  withdrawn  from 
a  healthy  individual  without  any  perceptible  result,  but 
it  frequent  small  bleedings  occur,  as  happens  in  cancer, 
metrorrhagia,  etc.,  the  consequences  for  the  system,  and 
the  degree  of  anaemia  produced,  will  be  far  more  pro- 
found— from  reasons  to  be  discussed  later — than  those 
caused  by  one  large  haemorrhage. 

SffeeU  of  Moderate  Acute  Anmmia  on  BloodrPreasure. — 
1.  Immediate. — When  moderate  amounts  of  blood  are 
successively  drawn  from  a  vessel,  no  lasting  efEects  on 
the  blood-pressure  are  observed.  Arterial  pressure  sinks 
while  the  blood  is  flowing,  but  rises  again  to  its  original 
level  as  soon  as  the  flow  is  stopped.  In  this  way  as  much 
as  one-fourth  of  the  blood  in  a  dog's  body  may  be  with- 
drawn without  immediate  effect  on  the  arterial  pressure. 
The  vaso-motor  regulative  forces,  by  causing  contraction 
of  the  vessels — especially  those  of  the  skin,  as  is  evident 
from  its  pallor  and  coldness — keep  the  blood  at  its  origi- 
nal pressure,  and  as  the  consistency  of  the  blood  is  un- 
changed, and  hence  the  amount  of  friction  against  the 
vessels  unaltered,  both  the  action  of  the  heart  and  the 
speed  of  the  current  remain,  for  the  time  at  least,  unaf- 
fected by  the  loss. 

2.  Secondary. — Though  the  immediate  efEects  on  the 
circulation  itself  may  be  but  very  slight,  the  results  for 
the  system  at  large  are  not  so  indifferent.  Normally  the 
amount  of  blood  in  the  body  is  only  of  such  quantity 
that  when  one  apparatus  is  in  a  state  of  functional  activ- 
ity, and  hence  requires  an  increased  supply,  blood  has  to 


be  withdrawn  from  other  parts  of  the  body.  This  is 
shown  by  our  daily  experience  of  disinclination  for  ac- 
tive mental  or  physical  exercise,  when,  after  a  full  meal, 
there  is  a  determination  of  blood  away  from  the  nerve- 
centres,  and  muscles,  and  to  the  alimentary  canal ;  and, 
contrariwise,  of  inability  to  perform  digestion  well  if 
severe  muscle-  or  brain-work  be  persisted  in  nevertheless. 

After  any  considerable  haemorrhage,  therefore,  whether 
from  a  single  copious  loss  of  blood,  or  often  repeated 
bleedings,  the  functional  activity  of  the  body  generally, 
with  the  exception  of  the  hsemapoietic  (blood-forming) 
function,  will  necessarily  be  in  abeyance.  For,  all  the 
remaining  blood  being  required  for  the  activity  of  the 
blood-forming  organs,  now  stimulated  beyond  their  nor- 
mal production,  to  the  regeneration  of  the  blood-tissue, 
the  other  organs  are  forced,  from  lack  of  material,  to 
work  at  a  minimum  of  their  capacity.  Consequently  we 
see  after  haemorrhage  bodily  and  mental  lassitude,  in- 
ability to  perform  well  the  acts  of  digestion,  an  enfeebled 
action  of  the  heart  (and  hence,  as  a  secondary  result, 
diminished  blood-pressure),  and  general  relaxation  of  all 
the  tissues. 

We  have  said  that  the  immediate  effects  on  the  circu- 
lation were,  owing  to  the  unaltered  consistence  of  the 
blood,  very  slight.  This  unaltered  condition,  however, 
does  not  long  obtain,  for  almost  immediately  regenerative 
processes,  tending  toward  a  restoration  of  the  blood,  be- 
gin, these  being  inaugurated  by  absorption  of  water  from 
the  tissues,  and  a  condition  known  as  hydraemia  is  the 
result.  A  reversed  current  of  transudation  sets  in  from 
the  tissues  toward  the  vessels,  and  this  backward  flow 
will  continue  until  the  normal  equilibrium  between  intra- 
and  extra-vascular  pressure  is  found.  It  is  this  rapid  re- 
sorption which  after  sudden  large  haemorrhages  gives 
the  pinched  and  drawn  expression  to  the  face,  and  causes 
the  parched  mouth  and  feeling  of  thirst, — symptoms 
which  soon  disappear  when  sufficient  water  has  been  in- 
gested to  supply  the  demand  of  the  desiccated  tissues. 

Frequently  repeated  haemorrhages  become  the  more 
injurious  tj  the  system  than  a  single  large  one,  because 
they  maintain  a  constant  state  of  hydraemia ;  for,  before 
regeneration  can  Live  been  completed,  a  fresh  bleeding  oc- 
curring, the  already  I'.ydraemicjDlood  becomes  still  further 
diluted  and  less  fit  for  functional  work — less  fit  for  supply- 
ing those  very  organs  by  which  its  own  regeneration  is 
effected — and  hence  the  regenerative  process  may  be 
postponed  indefinitely. 

In  addition  to  the  hydrsemic  state  there  is  also  after 
acute  anaemia  a  condition  of  moderate  leucocythaemia. 
As  a  stream  of  lymph,  riph  in  white  blood-corpuscles,  is 
continually  flowing  into  the  subclavian  veins  from  the 
lymph-ducts,  a  relative  increase  of  the  white  over  the  red 
corpuscles  soon  takes  place.  Furthermore,  from  the  with- 
drawal of  a  certain  quantity  of  red  blood-corpuscles,  a 
state  of  oligocythaemia  (disk-scarcity)  occurs.  It  has  been 
found  (Hiinerfauth,  Lyon,  Buntzen,  Von  Ott)  that  after  a 
hemorrhage  the  red  corpuscles  continue  to  decrease  for 
several  days  (owing  probably  to  lessened  production  from 
suspended  ha;mapoiesis)  before  regeneration  begins,  the 
period  varying  according  to  the  amount  of  blood  lost. 
The  time  required  for  complete  regeneration  likewise 
varies,  occurring  sooner  in  moderate,  later  in  severe  haem- 
orrhages. The  limit  may  be  put  down  at  from  three  to 
five  weeks  in  cases  where  from  three  and  a  half  to  four 
and  a  half  per  cent,  of  the  body's  weight  of  blood  has 
been  lost  (Lyon  :  Virchow's  Archiv,  Bd.  84,  1881). 

In  his  experiments  on  dogs.  Von  Ott,  of  St.  Petersburg 
("  Uebe^'  den  Mnflv^a  der  KochsaUinfusionen  auf  den  ver- 
bluteten  Organismus  im  Yergleich  mit  andern  sur  Trans- 
fum>n  wrwendeten  Flmsigkeiten,"  Virchow's  Arclm,  Bd. 
93, 1883),  found  that  when  haemorrhage  had  been  followed 
by  an  injection  of  an  equal  amount  of  normal  (six-tenths 
per  cent.)  sodium  chloride  solution,  regeneration  was  car- 
ried to  even  beyond  the  normal  limits,  a  true  polycythae- 
mia  resulting,  and  lasting  for  several  weeks  (thus,  in  one 
case,  half  as  many  more  red  disks  than  were  originally 
present  were  found  at  the  end  of  about  two  months  after 
the  transfusion  !),  the  number  of  corpuscles  gradually 
sinking  back  to  normal.     He  points  to  the  analogous 
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overproduction  of  reparative  tissue  in  redundant  granu- 
lation, in  bony  calluses,  etc.,  as  an  explanation  of  this 

fact.  J  J.  , 

That  after  haemorrhage  the  disintegration  of  red  disks 
is  diminished  is  shown  by  the  light  color  of  the  urine  and 
bile,  which  derive  their  pigments  from  the  destructive 
metamorphoses  of  the  hsemoglobin. 

Curiously  enough.  Von  Ott  found  that  the  unformed 
elements,  the  soluble  albumins  of  the  blood,  were  the  last 
to  be  replaced. 

Effects  of  Severe  Acute  Aimmia.  —  In  severe  haemor- 
rhage, where  more  than  one-half  of  the  blood  has  been  lost, 
the  effects  on  the  system  are  of  a  more  severe  nature  than 
those  just  described.  The  arterial  pressure  falls,  and  re- 
mains low  in  spite  of  arterial  contraction,  because  the 
quantity  of  blood  remaining  in  the  vessels  is  too  small  to 
properly  fill  them  even  when  they  are  reduced  to  their 
minimum  calibre.  As  the  heart  receives  less  blood  both 
into  its  ventricles  and  in  its  muscular  substance,  its  con- 
tractions become  more  feeble ;  the  stimulus,  also,  of  a  full 
supply  of  blood  to  the  cardio-inhibitory  centres  being  ab- 
sent, their  restraining  action  is  lessened,  and  the  heart- 
beats become  more  rapid  but  lose  in  force.  The  blood- 
pressure  consequently  tends  to  become  still  further 
reduced.  In  spite  of  a  reversed  current  of  absorption 
taking  place,  as  already  alluded  to,  the  quantity  of  blood 
remaining  is  too  small  to  carry  on  the  functions  of  the 
body,  and  a  general  lowering  of  all  the  vital  processes 
occurs  in  the  meanwhile,  so  that  a  secondary  rise  of  press- 
ure either  does  not  take  place  at  all,  or  is  insufficient. 
In  these  cases,  death  will  sooner  or  later  ensue,  unless 
some  means  are  taken  to  artificially  raise  the  arterial  press- 
ure ;  for  it  has  been  found  by  experiments  on  animals 
that  the  mere  fact  of  the  pressure  being  normal  is  in  it- 
self sufficient  to  maintain  life,  even  after  what  would 
otherwise  have  been  a  fatal  haemorrhage.  The  only  cer- 
tain and  immediate  means  to  effect  this  end  is  to  practise 
transfusion  (see  Transfusion). 

After  many  disastrous  experiments  on  man,  unfortu- 
nately, as  well  as  on  animals,  it  was  found  that  trans- 
fusion, whether  directly  or  indirectly,  of  blood  of 
another  species  was  usually  followed  by  fatal  results. 
Then  for  some  time  the  transfusion  of  homologous  blood 
was  practised  with  more  or  less  success.  Experiments  on 
animals,  however,  gradually  led  to  the  belief  that  the 
blood  used  might  be  equally  well  replaced  by  an  indifferent 
sodium  chloride  solution.  Von  Ott  has  placed  our  know- 
ledge on  this  subject  on  a  secure  experimental  basis  (loc. 
cit.).  He  found  that  after  depriving  dogs  of  as  much  as 
even  two- thirds  of  their  estimate^  amount  of  blood,  and  re- 
placing the  quantity  lost  by  an  equal  quantity  of  a  nor- 
mal sodium  chloride  solution  (six-tenths  per  cent.),  life 
was  in  all  instances  preserved,  and  the  animal  did  not 
even  suffer  any  subsequent  apparent  discomfort.  Com- 
parative experiments  made  with  defibrinated  as  well  as 
with  normal  blood  of  other  dogs,  and  with  the  blood  se- 
rum of  horses,  showed  the  remarkable  result  that  in  all 
cases  the  corpuscular  as  well  as  albuminoid  elements  of 
the  tranf used  material  were  destroyed  in  the  body  before 
the  formation  of  new  blood  began.  The  terms  "  trans- 
plantation" and  "substitution,^"  proposed  by  Panum 
cannot  therefore  be  rightly  used.  This  destruction  oc- 
curred even  when  blood  was  reinjected,  after  defibrina- 
tion, into  the  very  dog  from  which  it  had  just  been  taken. 
Von  Ott  determined  by  quantitative  examinations,  that 
after  transfusion  of  salt  solutions  complete  regeneration  of 
the  corpuscular,  albuminoid,  and  saline  elements  of  the 
blood  occurred  twice  as  rapidly  as  when  transfusion  of 
blood  itself  had  been  performed.  As  in  man,  hsemor- 
rhages  amounting  to  as  much  as  two-thirds  of  the  total 
amount  of  blood  rarely,  if  ever,  occur,  this  simple  pro- 
cedure of  transfusing  a  six-tenths  per  cent,  salt  solution 
can,  and  should  be  used  after  any  severe  haemorrhage 
where  reaction  does  not  take  place,  or  in  which  there  is 
subsequent  collapse. 

Regarding  the  nature  of  the  processes  concerned  in  the 
regeneration  of  the  red  corpuscles,  the  most  conflicting 
opinions  exist  (see  Blood),  nor  can  our  knowledge  on 
the  subject  take  definite  shape  until  the  exact  site  or  sites 


of  the  cytogenetic  (Gr.,  Kytos,  cell;  genesis,  generation) 
function  and  its  mode  of  action  are  satisfactorily  settled 
The  following  is  a  brief  summary  of  the  most  generally 
accepted  views  on  the  subject  existing  at  the  present  time 

The  white  blood-corpuscles  originate  in  the  spleen,  the 
lymphatic  glands,  the  marrow  of  the  bones  (and  perhaps 
ailso  in  the  liver),  and  from  the  division  of  pre-existing 
ones.  ° 

The  red  corpuscles,  by  many,  are  supposed  to  be  de- 
rived from  the  white,  or  from  the  embryonal  form  of 
nucleated  red  corpuscle  found  in  the  marrow  during 
adult  as  well  as  fcetal  life.  Rindfleisch  and  Malassez 
hold  that  these  nucleated  red  corpuscles  lose  a  part  or 
the  whole  of  their  colored  protoplasm ;  the  separated 
portion,  at  first  globular,  assumes  later  a  flattened  shape 
and  is  then  carried  into  the  circulation  as  a  perfect  red 
corpuscle.  The  nucleus,  with  some  of  the  surrounding 
colored  protoplasm,  remains  behind  in  the  bone  marrow 
to  give  rise  to  new  red  corpuscles  by  a  repetition  of  this 
budding  process.  Certain  giant  cells  found  in  the  fatal 
liver,  spleen,  and  marrow  are  considered  by  some  to 
have  cytogenetic  functions,  the  mode  of  formation  of 
the  red  corpuscles  from  them  being  similar  to  that  just 
described.  This  view  has  been  particularly  elaborated  by 
FoS.  and  Salvioli  {AreMvio  delle  seieme  m^icJie,  .vol.  iv.). 
Both  of  the  above  explanations,  however,  rest  as  yet  on 
too  slender  evidence  to  gain  general  acceptance. 

Bizzozero  is  of  opinion  that  the  karyokinetic  or  indirect 
nuclear  division  (see  Cell)  of  pre-existing  red  blood-cor- 
puscles is  the  only  source  that  can  be  given  for  the  origin 
of  the  colored  corpuscle  in  the  adult,  "which  strictly  satis- 
fies the  demands  of  scientific  inquiry.  Bizzozero  first 
described  this  division  as  observed  in  the  blood  of  the 
frog  (Annali  universali  di  medicina,  1869),  and  later  in 
the  blood  of  adult  man  {CentraMatt  fiir  die  med.  Win- 
sensch.,  1881).  These  observations  have  since  been  con- 
firmed by  Flemming  and  Arnold,  and  again,  quite  re- 
cently, by  Aly  and  Eberth  ("  Jleber  die  Vermehrung  der 
rotlien  Blutkorper."  Fortschriite  der  Medicin,  16B5).  This 
karyokinetic  division  has  been  seen  by  Bizzozero,  in  its 
very  act  of  occurrence,  even  in  warm-blooded  animals, 
and  in  cold-blooded  ones,  he  states,  it  can  be  observed 
with  ease. 

Those  elements  which  he  calls  "  young  red  blood- 
globules,"  found  in  the  marrow  of  mammalia,  and  in  the 
spleen  and  kidneys  of  the  oviparous  vertebrates,  are  re- 
garded by  him  as  resulting  from  this  karyokinetic  divis- 
ion. A  portion  of  them,  after  becoming  flattened  and 
increasing  their  amount  of  haemoglobin,  finally  pass  into 
the  blood-current  as  perfect  red  corpuscles,  while  others, 
after  attaining  a  certain  growth,  remain  to  continue 
this  multiplying  process,  by  constant  re-division.  In 
adult  mammals  they  lose  their  nuclei,  in  some  manner 
undescribed.  From  his  experiments  he  is  inclined  to 
look  upon  the  pre-existing  blood-corpuscles  as  the  sole 
source  of  regeneration  in  adult  individuals,  and  in  sup- 
port of  this  view  he  instances  the  jEollowing  facts  in 
proof  :  First,  abundance  of  karyokinetic  forms  constantly 
to  be  found  in  the  cytogenetic  organs  of  the  different 
classes  of  animals  (marrow  of  mammals,  birds,  reptiles, 
and  tailless  amphibia  ;  spleen  and  renal  lymphoid  bodies 
of  fish).  Secondly,  the  rapidity  with  which  the  process 
occurs  (ten  to  fifteen  minutes  in  cold-blooded  animals). 
Thirdly,  the  variation  in  the  number  of  elements  met 
with  undergoing  karyokinesis  according  to  the  demands 
of  the  system  ;  thus,  they  are  very  plentiful  after  bleed- 
ing. Fourthly,  from  the  very  first  period  of  embryonal 
life  all  through  adult  existence,  there  is  no  period  during 
which  these  karyokinetic  forms  are  not  to  be  met  with. 
To  this  last  fact  he  attaches  special  significance.  (For  a 
very  interesting  account  of  the  whole  subject  see  the  ar- 
ticle by  him  :  "Ueber  die  Bildung  der  roihen  Blutkorper- 
clien,"  Virchow's  Archim,  vol.  xcv.,  1884.) 

Hayem  considers  certain  small  colorless  disks— micro- 
Cytes — found  largely  in  idiopathic  (pernicious)  anaimia, 
to  be  the  initial  stages  of  new  red  corpuscles.  Most 
authors,  however,  hold  rather  that  these  colorless  corpus- 
cles are  the  result  of  the  disintegration  of  pre-existing 
ones. 
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FoS  and  Salvioli  have  by  embryological  investigations 
shown  that  the  corpuscular  changes  described  by  Biz- 
zozero  occur  in  different  organs,  the  site  varying  with 
the  advancing  age  of  the  foetus.  At  first  they  take  place 
anywhere  in  the  circulating  medium  ;  soon,  however,  the 
nucleated  red  corpuscles  are  found  in  especial  abundance 
in  the  liver.  They  then  diminish  in  the  liver,  only  to 
increase  in  number  in  the  spleen.  They  disappear  from 
the  spleen  again  with  advancing  intra-uterine  existence, 
increasing  at  the  same  time  in  the  bone  marrow,  where 
they  remain  fixed  for  the  rest  of  life.  Only  after  severe 
haemorrhage  has  it  been  noticed  that  in  some  animals  the 
spleen  temporarily  resumes  its  cytogenetic  function. 

True  Plethora. — No  idea  is  more  firmly  fixed  in  the 
popular  mind  than  that  certain  individuals  are  habitually 
[00  '■  full-blooded,"  and  that  various  disorders  arise  from 
the  body  having  more  blood  than  is  proper  to  it.  In  for- 
mer times  this  idea  was  expressed  in  the  custom  of  an- 
nual venesections,  resorted  to  generally  in  the  spring- 
time ;  a  custom  still  maintained  by  the  peasantry  in  some 
parts  of  Europe. 

Even  in  the  text-books  the  occurrence  of  plethora  and 
its  supposed  consequences  are  often  alluded  to.  Its 
indications  are  thought  to  be  a  red  face,  a  high-tension 
pulse,  shortness^  breath,  liability  to  headaches  and  ver- 
tigo, and  finally  apoplexy,  conditions  that  frequently  ob- 
t^m  in  stout  elderly  people,  but  which  in  reality  are  due 
to  vaso-motor  or  organic  cardiac  disturbances.  Again, 
the  suppression  of  periodic  discharges  of  blood,  as  men- 
strual or  haemorrhoidal,  are  considered  to  be  a  cause  of 
plethora,  and  one  of  the  objections  formerly  urged  against 
the  bloodless  method  of  operating  by  means  of  Esmarch's 
bandage  was,  that  an  excess  of  blood,  above  that  required 
for  the  needs  of  the  economy,  would  be  left  in  the  body. 

No  chapter  in  general  pathology  shows  morfe  plaiidy 
the  futility  of  inventing  explanations,  instead  of  putting 
the  phenomena  to  be  investigated  to  the  crucial  test  of  ex- 
periment. Worm  Mailer's  experiments  {BericM  der  Leip- 
eiger  Qes.  Math.-Phys.  KL,  1873.  Transfusion  und  Ple- 
thora, Chiistiania,  1875)  on  the  production  of  artificial 
plethora  in  dogs,  by  injecting  blood  into  their  vessels, 
show  that  no  permanent  increase  of  blood-pressure — on 
which  all  the  evils  of  the  plethoric  state  are  supposed  to 
depend — can  possibly  be  produced.  The  course  of  his 
experiments  was  as  follows :  If  defibrinated  blood  be  in- 
jected into  the  jugular  vein  of  a  dog,  the  arterial  blood- 
pressure,  as  measured  in  the  carotid,  femoral,  etc.,  will 
1)6  observed  to  rise  only  so  long  as  the  injection  is  con- 
tinued. It  falls  at  once  to  its  original  level  again  when 
injection  is  suspended.  In  this  way  more  and  more 
blood  may  be  introduced  imtil  the  original  quantity  in 
the  body  is  doubled,  the  blood-pressure  rising  with  each 
fresh  injection,  and  then  falling  again,  but  each  time  with 
increasing  slowness,  to  its  original  level.  If  injection  be 
now  continued,  the  occurrence  of  sudden  marked  falls  and 
rises  in  the  arterial  pressure  indicates  approaching  death. 
The  regulative  mechanism  is  evidently  imable  to  cope 
with  quantities  exceeding  a  certain  limit,  and  dogs  do  not 
permanently  survive  the  introduction  of  double  their  orig- 
inal volume  of  blood,  though  they  may  li%e  a  few  hours 
after.  Even  the  injection  of  an  equal  amount,  i.e.,  till 
the  quantity  of  blood  in  the  body  is  doubled,  is  usually 
followed  by  death  in  a  few  days,  though  in  the  beginning 
it  might  seem,  from  the  dog's  behavior,  as  though  no  evil 
effects  had  ensued.  Dogs  m  whom  a  quantity  equal  to 
one-haU  the  amount  of  blood  already  present  was  injected, 
remained  entirely  unaffected. 

If  the  experiment  be  made  in  an  animal  whose  blood- 
pressure  has  been  previously  reduced  by  bleeding,  the 
effects  are  somewhat  different  from  the  foregoing,  name- 
ly, the  pressure  will  rise  while  fresh  blood  is  being  in- 
jected, until  the  original  height  of  mercury  is  reached ; 
after  that  it  will  pursue  the  same  course  as  above. 

The  rnanner  in  which  the  system  prevents  blood-press- 
ure from  rising  to  a  degree  dangerous  to  the  integrity  of 
the  vessels  depends  on  the  nervous  mechanism  of  the  ar- 
teries adapting  their  calibre  to  the  amounts  they  are  called 
upon  to  contain.  Normally  the  vessels  are  in  a  state  of 
rather  marked  tonic  contraction,  but  they  relax,  enlarging 
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their  capacity  with  each  fresh  injection,  and  continue  to  do 
so  until,  as  we  have  seen,  death  suddenly  occurs  without  a 
permanent  elevation  of  pressure  having  been  at  any  time 
effected.  On  examining  the  body  of  an  animal  thus  ex- 
perimented upon,  it  will  at  once  become  evident  where 
the  injected  blood  has  been  stored.  All  the  vessels  of  the 
abdominal  organs  will  be  found  to  be  gi-eatly  dilated  and 
gorged  with  blood,  while  in  the  extremities,  skin,  nervous 
system,  etc.,  no  unusual  hypersemia  will  be  present,  nor 
is  there  any  oedema  of  the  subcutaneous  connective  tissues. 
It  is,  therefore,  upon  the  abdominal  viscera,  so  abundantly 
supplied  with  vessels,  that  the  burden  has  fallen.  "The  ab- 
normal stretching  of  their  vessels,  however,  even  when  non- 
fatal quantities  have  been  introduced,  is  not  without  effect, 
for  MuUer  found  that  for  some  time  after  the  experiment 
the  dogs  used  were  exceedingly  sensitive  to  haemorrhage. 
Bleeding  such  an  animal  to  an  amount  which  in  a  healthy 
dog  would  be  without  effect  was  followed  by  a  fall  and  a 
persistent  depression  in  arterial  pressure  wmch  often  re- 
sulted fatally,  showing  that  the  abdominal  vessels  had  not 
regained  sufficient  tone  to  react  promptly,  and,  by  con- 
tracting, to  bring  the  pressure  back  to  normal. 

Miiller  demonstrated  by  a  series  of  observations  upon 
the  blood  and  upon  those  products  of  tissue  metamopho- 
ses  that  show  themselves  in  the  urine,  that  the  injected 
blood  is  soon  removed  from  the  body.  First  of  all  the 
plasma  disappears,  two  to  three  days  sufScing  where  sixty 
to  eighty  per  cent,  of  the  original  quantity  of  blood  haa 
been  injected,  and  in  about  a  week  the  number  of  red 
blood-corpuscles  is  reduced  again  to  normal.  At  the  same 
time  the  quantity  of  urine  and  of  the  urea  eliminated  is 
greatly  increased.  Profuse  urination  indeed  often  begins 
during  the  performance  of  the  experiment,  and  the  dogs 
may  be  observed  constantly  urinating  in  large  quantities 
for  the  first  few  hours  following.  The  augmented  quan- 
tity of  urea  produced  points  directly  to  increased  meta- 
bolism going  on  in  the  body  of  the  albuminous  materials 
introduced  with  the  plasma  of  the  blood  injected. 

Of  course,  no  such  degree  of  plethora  as  we  have  seen 
can  be  safely  produced  in  dogs  was  ever  supposed  to 
occur  in  the  human  body.  How  insignificant,  therefore, 
in  effect  must  the  small  quantity  of  blood  be  which  is 
retained  in  the  body  from  an  omitted  menstruation,  or 
even  the  larger  amount  forced  into  the  general  circula- 
tion on  applying  the  elastic  bandage. 

The  myth  of  the  "  plethoric  habit"  may,  therefore,  be 
forever  banished  from  pathology,  and  it  will  be  found 
that  the  symptoms  which  were  formerly  laid  at  its  door 
can  be  more  readily  explained  by  referring  their  causation 
to  disturbances  of  the  nervbus  system.  'The  fiushed  face, 
throbbing  carotids,  headache,  faintness,  etc.,  when  not 
due  to  organic  heart  disease,  are  generally  caused  by  dis- 
turbed vaso-motor  innervation,  the  result  of  habitual 
over-feeding  combined  with  bodily  inactivity,  and  the  in- 
digestion consequent  thereto.  Let  the  alimentary  canal  be 
thoroughly  emptied  of  its  contents  by  a  vigorous  purge, 
and  these  "plethoric"  symptoms  will  usually  disappear. 
So,  too,  the  various  nervous  symptoms  attributed  to  the 
supposed  plethora  resulting  from  suppressed  catamenia 
may  be  explained  by  the  general  nervous  disturbances 
occurring  at  the  menstrual  period,  augmented  by  the 
effects  on  the  mind  of  the  manifold  evils  which  in  the 
popular,  and  only  too  often  in  the  medical  estimation  also, 
are  supposed  to  flow  from  amenorrhoea,  when  in  reality 
the  absence  of  the  menses  is  only  one  of  a  train  of  symp 
toms  of  some  underlying  cause. 

Having  considered  the  more  important  of  the  conse- 
quences arising  from  alterations  in  blood  volume,  real 
and  supposititious,  let  us  now  turn  to  the  investigation  of 
those  changes  in  the'  circulation,  and  system  generally, 
caused  by  alterations  in  quality.  These  may  obviously 
be  divided  into,  first,  those  affecting  the  plasma ;  second, 
those  affecting  the  corpuscles,  and  into  combinations  of 
both  conditions. 

Changes  in  the  quality  of  the  blood  affect  the  system, 
firstly,  by  altering  the  normal  coefficient  of  friction  exist- 
ing between  the  vessels  and  their  contents ;  secondly,  by 
affecting  nutrition,  and  hence  the  functions  of  all  the  or- 
gans ;  thirdly,  by  changing  the  normal  ratio  of  osmosis 
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existing  between  the  intra-  and  extra- vascular  fluids ; 
fourthly,  by  modifying  the  normal  interchange  of  gases ; 
and  fifthly,  by  the  altered  plasma  affecting  the  mtegnty 
of  the  corpuscles.  .  •    ti. 

Alterations  in  the  plasma  consist  in  changes  in  the 
quantitative  relations  existing  between  the  water  and  the 
substances  it  holds  in  solution.  Of  the  latter  it  is  the 
albumins  with  which  we  have  to  deal  within  the  scope  ot 

Diminutions  in  the  relative  quantity  of  water  have 
already  been  alluded  to  in  speaking  of  the  effects  cholera 
and  sunstroke  have  in  desiccating  the  blood,  and  need  not 
further  be  considered. 

Hydk^mio  Plbthoba.— An  absolute  increase  ot  the 
watery  elements  can,  as  we  have  seen,  be  at  best  but  a  tem- 
porary condition.  It  is  evident  that  it  must  occur  after 
the  ingestion  of  water  into  the  stomach  (since  it  has  beep 
found  that  water  injected  experimentally  into  a  dog's 
stomach  is  soon  absorbed),  but  increased  urination  and 
sweating  quickly  reduce  the  amount  to  normal  again. 
As  the  kidneys  are  the  organs  chiefly  concerned  in  regu- 
lating the  amount  of  water  in  the  blood  (the  skin  and 
lungs  being  but  secondary),  diseases  affecting  the  integ- 
rity of  these  organs  must  necessarily  influence  the  com- 
position of  the  blood.  Especially  is  this  true  of  lesions 
of  the  glomeruli,  which  secrete  the  watery  portion  of  the 
urine.  Hence  we  find  in  the  early  stages  of  granular 
kidney— that  form  in  which  the  glomeruli  are  involved 
pa/r  excellence — and  before  cardiac  hypertrophy  has  set  in, 
the  urinary  secretion  diminished.  Again,  diffuse  renal 
Inflammation,  by  retarding,  in  consequence  of  increased 
resistance,  the  flow  of  blood  through  the  vessels,  must  also 
diminish  the  quantity  of  water  eliminated,  for  the  vessels 
are  dilated,  and  owin^  to  the  inflammatory  changes 
affecting  their  walls  friction  is  increased,  consequently 
the  current  being  spread  through  larger  channels,  and 
having  in  addition  more  resistance  to  contend  with,  be- 
comes considerably  slower  (as  is  the  case  in  all  inflamed 
areas,  Cohnheim),  and  since  the  amount  of  urine  depends 
not  so  much  on  the  quantity  of  blood  in  the  kidneys 
as  on  the  rapidity  of  the  current  (Heidenhain  in  "  Her- 
mann's HanMiLch  der  Physiologic,"  article,  Hwrndbson- 
derung),  it  follows  that  a  diminished  secretion'  is  the 
result.  This,  in  cases  of  acute  renal  inflammations  may 
at  times  amount  even  to  virtual  suppression. 

Another  cause  of  retention  of  water  in  the  circulation 
may  arise  from  some  mechanical  obstruction,  generally 
in  the  shape  of  a  calculus  lodged  in  the  ureter,  preventing 
the  flow  of  urine  from  the  corresponding  kidney.  Nor- 
mally, secretion  goes  on  only  as  long  as  pressure  within 
the  glomerular  tuft  is  greater  than  that  of  the  fluid  sur- 
rounding it.  The  more  the  intra-  and  extra-vascular 
pressures  tend  to  become  equalized,  the  more  slowly  does 
the  elimination  of  water  take  place,  until  finally  it  ceases. 
The  functional  activity  of  the  unaffected  kidney  is,  how- 
ever, soon  increased  to  such  a  degree  that  the  daily 
amount  of  water  eliminated  from  the  blood  presently 
reaches  the  normal  again,  and  in  the  meantime  it  is  probar 
ble,  though  there  are  no  experiments  to  prove  It,  that 
lungs  and  skin  act  vicariously,  to  a  certain  extent,  in 
maintaining  the  blood  at  its  normal  concentration. 

It  follows,  therefore,  from  the  foregoing,  that  while  a 
state  of  hydraemic  plethora  may,  and  probably  does,  exist, 
it  can  be  but  of  short  duration.  Compensatory  factors, 
constantly  at  work,  are  ever  tending  to  equalize  the  bal- 
ance existing  between  the  various  components  of  the 
blood. 

Hydk^mia. — Different  from  the  condition  just  de- 
scribed is  one  where,  without  an  increase  in  the  absolute 
volume  of  circulating  fluid,  the  relative  amount  of  water 
it  contains  is  augmented.  This  is  brought  about  by  a 
diminution  of  some  one  of  the  other  elements,  of  the 
plasma,  and  of  these  albumin  is  the  one  affected,  a  state 
known  as  "  hypalbuminosis "  supervening.  liypalbu- 
minosis  occurs  as  the  result  of  anything  causing  an  in- 
creased consumption  of  albumin  on  the  part  of  the  organ- 
ism, or,  as  in  hemorrhage  and  albuminuria,  by  direct  loss. 

We  have  seen  how,  after  a  haemorrhage,  the  quantity 
of  circulating  fluid  is  restored  by  increased  absorption  of 


water,  a  hydrsemia  resulting  proportionate  to  the  amount 
of  blood  lost.  Any  condition  causing  a  loss  of  the  albu- 
min alone,  unless  this  loss  be  compensated,  will  similarly 
produce  hydrsemia.  The  albuminuria  of  the  varioM 
forms  of  nephritis  is  the  most  frequent  cause.  Here  the 
patient  may,  for  a  long  period,  be  subjected  to  a  constant 
drain  of  albumin  from  the  blood,,  but  so  long  as  no  other 
disturbing  elements  arise  to  complicate  the  trouble,  the 
loss  can  be  made  good  by  an  increased  supply  of  food,'  and 
no  ill  effects  are  felt.  As  soon,  however,  as  the  renal  lesion 
becomes  so  great  as  to  seriously  impair  the  removal  of  the 
excrementitious  substances  from  the  blood,  a  condition 
supervenes  leading  to  derangements  of  the  digestive,  ot 
the  circulatory,  of  the  secretive  and  excretive,  and,  in- 
deed, directly  or  indirectly,  of  all  the  functions  of  the  body. 
Owing  to  imperfect  digestion  and  assimilation  the  loss  of 
albumin  is  no  longer  replaced,  and  a  hydrsemic  state  soon 
makes  itself  apparent  in  the  forms  of  oedema  or  anasarca. 

The  production  of  hydrsemia  in  renal  disease,  though 
having  its  ultimate  origin  in  the  kidney  lesion,  may  be 
brought  about  by  immediate  causes  other  than  those 
originating  in  the  kidney  itself.  Chief  among  these  are 
disturbances  in  the  circulatory  system ;  for  instance,  car- 
diac failure  from  insufficient  compensatory  hypertrophy, 
the  influence  of  intercurrent  diseases  oh  the  heart,  su^ 
gical  operations,  great  mental  or  bodily  fatigue,  etc.,  etc. 
How  often  is  it  noticed  that  patients  with  granular  kidney 
may  go  on  passing  larger  or  smaller  amounts  of  albumin 
in  their  urine  for  years  without  the  general  health  being 
appreciably  affected.  No  loss  of  strength,  no  spansemia, 
no  hydrsemia  as  indicated  by  oedemas,  appetite  good,  and 
all  functions  apparently  normal,  so  long  as  caution  re- 
garding mode  of  life  is  exercised.  But  the  susceptibility 
of  such  patients  to  what  would  be  normally  regarded  as 
slight  disturbances,  is  too  well  known  to  need  elaboration 
here. 

The  absolute  changes  occurring  in  the  blood  during 
Bright's  disease  have  been  investigated  by  many  observers 
(Bright,  Christison,  Andral,  Ererichs,  Bartels,  and  others). 
It  has  been  found  that  the  serum-albumin  may  be  di- 
minished from  the  normal  eight  to  ten  per  cent,  to  as  low 
as  five  and  four  per  cent.,  while  there  has  been  a  corre- 
sponding increase  of  water  from  ninety  to  ninety-five  per 
cent.,  the  specific  gravity  of  the  serum  falling  propo^ 
tionately. 

Besides  the  drain  of  albumin  by  way  of  the  kidneys, 
constant  losses  from  suppuration,  continued  fever,  the 
growth  of  neoplasms,  prolonged  lactation,  and  all  debili- 
tating conditions,  cause  a  state  of  more  or  less  marked 
hydrsemia. 

The  most  striking  disturbance  of  the  economy  result- 
ing from  hydrsemia  is  the  one  leading  to  those  transuda- 
tions of  fluid  from  the  vessels  into  the  tissues  and  serous 
cavities  known  as  oidema  and  anasarca.  For  a  long  time 
it  was  generally  thought  that  the  cause  of  these  condi- 
tions -vaa  to  be  sought  in  the  supposed  fact  that  watery 
blood  passed  with  greater  ease  through  the  vessels  than 
normal  blood — an  inference  most  natural,  seeing  that  di- 
lute solutions  of  albumin  pass  more  readily  through  ani- 
mal membranes  than  more  concentrated  ones— but  one 
which  the  experiments  of  Cohnheim  and  Lichtheim  (Fir- 
cJime's  Arehiv,  Bd.  69)  have  shown  not  to  hold  good  foi 
the  vessels  of  the  living  body.  They  found  in  their  ex- 
periments that  while  hydrsemic  plethora,  induced  by  the 
injection  of  salt  solution,  caused  oedema  of  the  abdominal 
organs  and  a  collection  of  fluid  in  the  peritoneal  cavity, 
just  as  occurs,  only  to  a  less  degree,  in  experimental  true 
plethora,  simple  hydrsemia,  on  the  other  hand— that  is, 
the  replacement  of  a  measured  amount  of  blood  by  an 
equal  amount  of  a  normal  salt  solution — caused  no  (Edem- 
atous phenomena  of  any  kind  to  appear.  These  observ- 
ers found  that  so  long  as  the  vessel-walls  remained  nor- 
mal in  structure  no  increased  transudation  took  place, 
but  that  as  soon  as  their  integrity  was  in  anywise  af- 
fected, fluid  began  to  pass  through.  This  was  shown 
by  scalding  one  paw  of  a  dog  to  cause  a  local  injury  of 
the  blood-vessels,  after  flrst  noting  the  rate  of  lymph-flow 
from  corresponding  legs,  then,  upon  injecting  some  salt 
solution  into  the  jugular,  an  increased  quantity  of  lymph 
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was  observed  to  run  from  the  lymphatics  of  the  scalded 
leg,  while  on  the  sound  side  no  more  escaped  than  before, 
proving  conclusively  the  influence  of  the  vascular  lesion 
in  cauang  increased  transudation. 

These  facts  fully  explain  the  varying  conditions  under 
which  oedemas  occur.  Thus  the  complete  anuria,  lasting 
days,  which  is  not  infrequently  seen  in  hysteria,  never 
gives  rise  to  at  least  visible  oedemas,  yet  we  are  forced  to 
the  conclusion  that  much  of  the  fluid  otherwise  secreted 
by  the  kidneys  must,  in  these  cases,  be  retained  in  the 
system.  Lesions  of  the  vessels  evidently  do  not  occur 
within  the  anuric  period,  despite  the  fact  that  the  excre- 
mentitious  matters  must  be  retained  as  well  as  the  water. 

In  renal  disease  it  is  the  rule  not  to  have  oedemas  and 
anasarcas  till  late  in  the  course  of  the  malady,  that  is, 
not  until  after  the  hydraemia  has  existed  for  some  time, 
and  the  whole  system  has  fallen  into  a  state  of  malnutri- 
tion. This  state  of  malnutrition  is  brought  about  by  the 
exorementitious  materials,  especially  urea,  circulating  in 
abnormal  quantities  in  the  blood,  and  leading  to  func- 
tional derangements  of  all  kinds,  but  especially  of  the 
alimentary  organs,  which,  hindered  in  their  offices,  are 
no  longer  able  to  pour  into  the  circulation  the  albumins 
required  for  the  sustenance  of  the  body.  (Thus  we  have 
a  triple  cause  for  hydrsemia :  retention  of  water,  escape 
of  albumin  by  the  kidneys,  and  decreased  supply  from 
food,  and  each  condition  serving  but  to  intensify  the 
others. )  In  this  general  malnutrition  the  vessels  of  course 
participate,  the  hydrsemia  injuring  their  walls,  and  in- 
creasing abnormally  their  permeability.  It  is  conse- 
quently only  in  the  later  stages  of  chronic  nephritis, 
when  such  considerable  portions  of  the  renal  tissue  have 
become  involved  as  to  cause  the  retention  of  large 
amounts  of  both  urea  and  water,  that  transudations  into 
the  tissues  and  cavities  of  the  body  are  observed. 

In  acute  parenchymatous  nephritis  following  scarlet 
fever,  however,  the  sudden  oedema,  often  indeed  preced- 
ing the  evidences  of  renal  disease  obtainable  from  the 
urine,  forms  a  very  striking  feature.  Cohnheim  calls  at- 
tention to  the  fact  that  its  sudden  appearance  and  general 
distribution  may  be  ascribed,  not  so  inuch  to  the  kidney 
lesion  as  to  the  injury  done  the  cutaneous  vessels  by  the 
scarlatinal  dermatitis,  thus  sustaining  the  idea  that  oede- 
ma is  due  to  vascular  lesion.  This  viBjv  is  further  sup- 
ported by  the  fact  that  the  cutaneous  oedema  is  dis- 
tributed generally  over  the  body,  and  that  effusion  into 
serous  cavities  occurs  usually  only  when  the  oedema  of 
the  skin  has  become  very  marked. 

It  has  always  seemed  to  me,  too,  that  the  oedemas  pro- 
duced by  taking  arsenic  can  be  more  rationally  explained 
by  supposing  them  due  to  a  direct  lesion  of  the  cutaneous 
vessels,  rather  than  by  their  having  a  causal  connection 
with  the  slight  albuminuria  which  is  frequently,  though 
not  always,  present.  That  the  cutaneous  vessels  are  often 
quite  seriously  affected,  is  shown  by  the  tendency  for 
slight,  often  unperceived,  bruises  and  other  injuries,  to 
cause  ecchymoses,  and  by  the  liability  to  hsemorrhage 
from  the  nose  and  mucous  membrane  of  the  mouth.  The 
arsenical  albuminuria  is  too  slight  to  lead  to  hydrsemia  ; 
besides,  during  its  very  occurrence  patients  may  greatly 
improve  in  general  health  and  assume  a  blooming  ap- 
pearance, which  would  scarcely  occur  if  the  blood  were 
being  impoverished.  • 

The  so-called  cachectic  cedemas,  seen  in  the  course  of 
debility,  from  any  source  whatever,  and  unassociated 
with  albuminuria,  are  due  essentially  to  the  same  funda- 
mental cause  that  produces  renal  dropsy. 

We  find  them  in  chronic  anaemias,  in  carcinomatosis, 
in  chronic  suppurations,  and  many  other  conditions  as- 
sociated with  a  state  of  prolonged  malnutrition  of  the 
body.  In  these  cases  the  degree  of  transudation  is  never 
so  great  as  in  renal  or  cardiac  dropsy,  being  generally 
confined  to  slight  swelling  about  the  ankles  in  the  day- 
time, and  pufflness  under  the  eyes  on  rising  in  the  morn- 
'"&.  "^^^  reason  for  this  is  that  the  loss  of  albumin  is 
trifling  when  compared  to  that  which  occurs  in  nephritis, 
nor  is  there  that  renal  insufficiency  which  causes  a  re- 
tention, within  the  circulation,  of  the  waste  products  of 
metabolism  as  well  as  of  water,  and  consequently,  the  ves- 


sels being  less  injuriously  affected,  a  far  smaller  degree 
of  hydrsemia  is  produced. 

There  would  now  remain  for  us  to  consider  the  changes 
occurring  as  the  result  of  those  qualitative  alterations  of 
the  blood  which  involve  its  corpuscular  elements.  As 
these,  however,  will  be  described  by  others  in  detail  un- 
der Chlorosis,  Leucocythsemia,  Idiopathic  Anaemia,  and 
other  special  headings,  it  will  not  be  necessary  to  con- 
sider them  here. 

[Note. — The  writer  desires  hereby  to  acknowledge  his  indebtedness 
to  Cohnheim's  Vorleaungen  Uber  allgemeine  Pathologie^  2d  edition, 
1883,  for  much  of  the  above  material.] 

Walter  MendeUon. 

AN/€IVIIA,  IDIOPATHIC.  (Synonyms :  Progressive 
pern/izidse  Andmie,  Biermer ;  Essentielle  Anamie,  Lebert ; 
Essentielle  maligne  or  Esaentielle  febrile  Anwmie,  Immer- 
mann ;  Pemiziose  Anamie,  Quincke  ;  Animie  progressive, 
Lepine.)  , 

DfiFiNiTiGN. — Idiopathic  anaemia  is  a  grave  form  of 
anaemia  which  develops  independently  of  any  known 
causal  organic  lesion.  It  is  characterized  by  a  reduction 
in  the  total  amount  of  the  blood  and  by  a  change  in  its 
physical,  anatomical,  and  chemical  characters.  The 
blood  is  thin  and  pale  and  not  coagulable.  The  red  cor- 
puscles are  lessened  in  number  and  changed  in  size 
and  shape.  The  occurrence  generally  of  a  maintenance 
of  adipose  tissue  is  peculiar,  while,  secondarily,  fatty 
degeneration  of  the  heart  is  almost  always  found.  It 
is  distinguished,  clinically,  by  the  symptoms  of  grave 
anaemia,  often  by  an  irregular  fever,  retinal  haemorrhages, 
and  haemorrhages  underneath  the  skin,  and  from  mucous 
membranes.  Its  course  is  usually  progressive,  its  termi- 
nation fatal,  its  duration  from  seven  weeks  to  from  two 
to  three  years.  Complications  are  rare  ;  death  is  due  to 
exhaustion,  to  syncope,  to  oedema  of  the  lungs,  or  to  cer- 
ebral complications. 

History  Pbbvious  to  1873. — The  publication  by 
Biermer,  in  1872,  of  a  series  of  cases  of  this  disease, 
claiming  for  himself  its  first  recognition,  aroused  the 
lethal  energies  of  the  English,  so  that  since  then  they 
have  justly  and  successfully  shown  that  to  one  of  their 
countrymen  is  due  the  credit  of  having  identified  it 
long  before  that  time.  Addison  certainly  had  observed 
and  taught  the  clinical  course  of  the  disease,  and  made 
inquiries  into  its  pathology.  He  clearly  established  that 
idiopathic  anaemia  was  an  independent  affection,  and 
so  impressed  it  upon  his  co-laborers  and  students  that 
ever  since  then  it  "  has  not  been  lost  sight  of  at  Guy's." 
The  wards  of  that  hospital  have  furnished  moat  of  the 
cases  for  English  memoirs,  and  its  reports  contain 
many  observations  and  discussions  on  it.  Prior  to  Addi- 
son, Coombe,'  Marshall  Hall,^  .and  Barclay'  reported 
isolated  cases  of  fatal  anaemia.  Since  then,  and  before 
Biermer's  publication,  Wilks,^  Bristowe,''  Leared,'  and 
Habershon,"  made  contributions  to  our  knowledge  of  the 
disease.  The  labors  of  Taylor,*  of  Pye-Smith,*  of  Mac- 
kenzie,* and  others,  have  clearly  proven  these  facts  of 
English  priority.  Professor  Eichhorst,*  in  his  elaborate 
monograph,  admits  these  claims,  while  Pepper,*  in  the 
United  States,  was  one  of  the  earliest  to  point  out  the 
credit  due  Addison.  In  the  meantime,  the  French, 
through  Lepine,*  presented  their  claims  of  priority  in 
the  early  recognition  of  the  disease.  He  justly  admits  the 
valuable  work  of  Addison  and  his  followers,  but  says  that 
Andral"  was  the  earliest  observer,  that  Piorry,'  Caze- 
nave,'"and  Perroud"  had  recognized  the  affection,  the 
latter  detailing  four  cases,  with  autopsies.  A  dissenting 
voice  arose  among  the  Germans.  Lebert*  claimed  that 
he  had,  in  separate  papers,  described  this  disease,  but  the 
evidence  from  them  shows  that  he  had  seen  one  case,  and 
that  his  others  were  cases  of  chlorosis  or  puerperal 
anemia.  Lately,  it  has  been  found  that  American  physi- 
cians can  enter  claims  of  priority  for  one  of  their  country- 
men."* Channing*  described  cases  of  fatal  anaemia  in 
connection  with,  and  independent  of,  pregnancy  as  early 
as  1832.  Not  only  was  he  himself,  but  many  of  his  asso- 
ciates also,  perfectly  familiar  with  it. 


*  See  Bibliography, 
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History  Since  1872.— The  time  of  the  puhhcation  of 
Biermer's*  essay  on  "  Progressive  Pernicious  Anaemia 
makes  an  epoch  in  the  history  of  this  strange  disease. 
He  not  only  embodied  in  his  essay  as  faithful  a  portrayal 
of  the  disease  as  Addison  and  others  had  done,  but 
added  to  it  more  accurate  accounts  of  the  blood-changes 
and  the  occurrence  of  retinal  hsemorrhages.  Moreover,  he 
so  impressed  the  medical  world  -svith  the  important  results 
of  his  observations  that  since  then,  instead  of  knowledge 
being  local  and  confined  mostly  to  England  concerning 
it,  it  has  become  universal,  and  multitudes  of  observa- 
tions have  been  in  a  short  time  added  to  previous  com- 
paratively scanty  labors.  In  1874  Immermann,*  in  1875 
Zenker,*  and  in  1876  Quincke,*  made  valuable  contribu- 
tions to  its  study,  while  in  1877  important  and  elabo- 
rate monographs,  by  Miiller*  and  Eichhorst*  respec- 
tively, appeared.  Since  then  German  literature  has  been 
rich  in  observations  of  isolated  cases.  From  England 
Pye-Smith,*  in  1875,  published  two  cases  in  the  Deutsches 
Archie,  and  since  then,  among  others  of  his  countrymen, 
Bramwell,*  Mackenzie,*  Finney,*  and  Coupland*  have 
written  interesting  and  important  articles.  In  America 
Pepper,*  Howard,*  Osier,*  and  others,  have  made  val- 
uable observations.  From  a  study  of  its  history  we 
find  that  a  true  conception  of  idiopathic  anaemia  has  only 
been  arrived  at  through  the  combined  labors  of  many 
observers.  Thus  Addison  clearly  defined  the  limitations 
of  the  disease,  Wilks  first  observed  some  of  the  blood- 
changes,  Biermer  described  the  retinal  haemorrhage. 
Then  Immermann  showed  the  relations  and  importance 
of  the  febrile  process,  Quincke  contributed  to  the  micro- 
scopical appearances  of  the  blood,  showed  the  extreme 
deficiency  in  haemoglobin  and  the  occurrence  of  sidero- 
sis,  while  about  the  same  time  Eichhorst  published  the 
blood-changes  which  he  considered  pathognomonic,  Pep- 
per first  demonstrated  the  possible  relationship  of  this 
disease  to  an  affection  of  the  bone-marrow.  His  work 
was  corroborated  by  Scheby-Buch,  Cohnheim,  and  Osier. 
The  latter  author  has  also  made  valuable  investigations  on 
the  appearances  of  the  blood.  Professor  Howard  was  the 
first  to  consider  the  relations  of  this  form  of  anaemia  to 
other  forms,  and  to  show  that  any  form  of  anaemia  may 
become  pernicious.  Granting  the  credit,  due  these  emi- 
nent observers  for  the  work  they  have  done,  it  is  not  de- 
tracting from  it  to  say  that  about  the  year  1830  a  coterie 
of  physicians  in  and  about  Boston  were  well  aware  of 
the  occurrence  of  fatal  anaamia  without  assignable  cause  ; 
that  they  had  discussed  its  nature  and  clinical  course  in 
their  societies,  and  had  published  their  observations  to 
the  world. 

Name.  — Idiopathic  ansemia  and  essential  anaemia  are  the 
least  objectionable  names  given  to  this  affection.  They  both 
define  it  as  a  primary  individual  disease,  and  do  not  com- 
mit us  to  any  pathology.  Hobson ''  thinks  that  the  use 
of  "idiopathic"  hints  at  the  aetiology  and  leaves  the 
mind  in  a  state  of  expectancy.  He  prefers  "  pernicious," 
because  it  expresses  an  absolute  circumstance  of  the  dis- 
ease. The  use  of  the  latter  term,  and  also  the  use  of 
"  progressive,"  with  or  without  "  pernicious,"  are  faulty, 
because  they  express  clinical  features  which  often  do  not 
belong  to  the  disease.  The  same  objection  may  be  urged 
against  ' '  essential  febrile  anaemia."  ' '  Idiopathic  "  is  pref •■ 
erable  to  "  essential "  onljr  because  of  its  historical  value ; 
the  name  having  been  given  to  the  disease  by  Addison. 
Otherwise  the  latter  term  would  be  used. 

Relation  to  Other  Forms  of  Anemia.  —  The 
definition  given  above,  it  is  hoped,  imparts  to  the  reader 
a  clear  idea  of  the  scope  of  idiopathic  anaemia  as  it  will  be 
treated  in  this  article.  It  has  been  described  by  authors 
as  a  primary  independent  affection  (Addison,  Wilks,  Pye- 
Smith,  Biermer,  and  others)  in  accordance  with  the  defini- 
tion given  above ;  as  an  affection  which  includes  pernicious 
varieties  of  the  simple  and  symptomatic  anaemias  (Eich- 
horst, Quincke,  Howard) ;  as  an  affection  which  may  be 
simple  and  pernicious,  chlorosis  being  an  example  of  sim- 
ple idiopathic  anaemia  (Coupland) ;  and  finally,  as  a  cyto- 
genic  anaemia  due  to  hyperplasia  of  the  bone-marrow  (Pep- 


*  See  Bibliography. 


per,  Scheby-Buch,  Osier,  Cohnheiin).  Lepine  is  more  com- 
prehensive in  his  ideas  of  idiopathic  anaemia,  dividing  it 
into  three  classes  :  the  first  class  depends  on  lesions  of  the 
cytogenic  organs  (an6mie  progressive,  splfinique  et  m^. 
dullaire)  ;  the  second  on  gastro-intestinal  disorders  (a. 
gastro-intestinale) ;  the  third  on  pregnancy  (a.  gravidique)! 
Our  knowledge  of  the  blood  is  involved  in  so  much  ob- 
scurity that  it  is  impossible  to  subdivide  by  fast  lines  its 
pathological  changes.  Only  broad  distinctions  can  be 
used  in  making  subdivisions.  There  is  no  doubt  that 
cases  occur  on  the  border-land  of  classes  that  resemble 
one  another  so  closely  as  to  scarcely  admit  of  separation. 
Witness  the  striking  sameness  of  the  chemical  and  micro^ 
scopicai  characters  of  the  blood  in  fatal  chlorosis  and 
idiopathic  anaemia,  or  the  progress  of  an  essential  anaemia 
to  a  leukaemia.  It  is  very  easy  to  show  a  close  resem- 
blance of  the  various  anaemias,  clinically ;  the  general  ap- 
pearances and  symptoms,  the  cardiac,  cerebral,  gastro- 
intestinal, and  pulmonary  symptoms  are  more  or  less 
similar,  differing  more  in  degree  than  in  kind.  (See 
Diagnosis.)  Any  attempts,  therefore,  to  define  a  rela- 
tionship must  be  temporary,  and  revised  as  our  knowl- 
edge grows.  Moreover,  such  discussion  will  probably  be 
found  in  the  preceding  article.  The  question  will  be  re- 
curred to  in  the  section  on  Pathology,  but  it  is  well,  for  the 
elucidation  of  what  follows,  to  state  briefly  the  restricted 
sense  which  will  be  applied  to  the  disease. 

1.  Relation  to  Cytogenic  Armmias. — In  a  small  pro- 
portion of  cases  lesions  of  the  bone-marrow  were  found 
in  cases  presenting  the  clinical  features  of  idiopathic 
anaemia.  It  has  not  been  proven  that  the  condition  stood 
as  cause  or  effect,  though  the  weight  of  evidence  appears 
to  incline  to  the  latter.  (See  Pathology.)  It  cannot  there- 
fore be  a  pseudo-leukaemia. 

3.  Relation  to  Chlorosis. — Coupland's  ideas  of  the  re- 
lationships of  the  various  anaemias  are  well  supported  by 
himself  with  arguments  and  facts.  His  classification  is 
as  follows  :  Primary  or  idiopathic  anaemia — simple,  per- 
nicious ;  secondary  or  symptomatic — simple,  pernicious. 
Chlorosis,  he  thinks,  is  an  example  of  simple  idiopathic 
anaemia,  and  that  it  can  be  separated,  if  at  all,  only  with 
diflBculty  from  the  idiopathic  anaemia  of  Addison.  They 
differ,  not  greatly  he  says,  in  age  and  sex  of  patients 
affected ;  the  microscopical  appearances  and  chemical 
changes  of  the  blood  are  almost  the  same,  if  not  identical ; 
in  the  main,  the  clinical  features  and  post-mortem  changes 
of  the  two  agree.  *  There  is  striking  truth  in  the  rela- 
tionship, but  the  practitioner's  conception  of  the  diseases 
born  of  actual  contact  is  far  different.  He  finds  a  differ- 
ence in  cause,  a  difference  in  symptoms  (marked  nervous 
phenomena  and  constipation,  etc.,  in  chlorosis),  and  a 
difference  in  treatment.  For  the  termination  of  the  one 
he  is  filled  with  hope  ;  for  the  other,  with  despair.  The 
distinction  may  be  broad,  but  it  is  none  the  less  real,  and 
in  the  lack  of  positivism  should  be  excepted. 

3.  Relation  to  Secondary  or  Symptomatic  Anmrrm.— 
Eichhorst  would  have  us  believe  that  there  is  a  suffi- 
ciently close  relationship  between  malignant  symptomatic 
anaemia  and  idiopathic  anaemia  to  warrant  establishing 
a  pathology  of  fatal  anaamia  from  the  combined  feat- 
ures of  each.  There  is  no  existence  of  sufiiciently  near 
kinship  either  in  cause,  clinical  course,  or  effects  of  treat 
ment,  scarcely  in  anatomical  characters,  between  the  two 
forms  of  anaemia,  to  permit  this.  It  is  one  of  the  evil 
results  of  the  application  of  the  term  "  pernicious "  to 
the  anremia  of  Addison. 

Idiopathic  anaemia  will,  therefore,  not  be  considered  in 
these  pages  either  as  a  myelogenous  leukaemia,  as  a 
grave  form  of  chlorosis,  as  an  affection  allied  to  the 
pernicious  form  of  symptomatic  ansemia,  or  as  a  disease 
embracing  all  these  groups.  It  will  be^  described  as 
an  entity,  capable  of  clinical  and  anatomical  diagnosis, 
the  course  of  which  we  are  able  to  prognosticate.  It  w 
worthy,  on  account  of  its  actuality,  of  a  place  in  nosol- 
ogy.   It  is  not  to  be  forgotten  that  the  restriction  may 

*  The  sti-iking  feature  oJ  chloroslB  is  a  greater  deficiency  of  the  hreme- 
globin  in  the  blood  in  proportion  to  the  diminution  o£  red  corpuecleB-- 
the  individual  corpuBcle  contains  less  heemoglobin  than  normal.  Sucq9 
condition  doee  not  obtain  in  idiopathic  anaemias. 
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be  effaced  with  further  knowledge  of  the  physiology  and 
pathology  of  the  blood. 

Morbid  Anatomy. — The  appearance  of  the  body  after 
death  is  characteristic.  The  entire  surface  indicates  an 
absence  of  blood — extreme  pallor  of  the  face,  the  ex- 
tremities, the  trunk,  and  the  external  mucous  mem- 
branes, so  that,  if  not  for  the  dirty-yellow  or  straw- 
colored  appearance  of  the  face  and  hands,  a  sudden 
profuse  hsemorrhage  mi^ht  be  considered  the  cause  of 
death.  On  the  extremities,  the  back  of  the  hands,  and 
the  dorsum  of  the  feet,  the  ankles  and  wrists,  minute 
extravasations  of  blood  are  often  seen. .  They  vary 
from  the  size  of  a  pin's  head  to  that  of  a  split  pea,  and 
are  purple  or  yellow-red  in  color.  (Edema  of  the  feet 
and  ankles,  of  the  hands  and  of  the  face  is  sometimes 
seen.  The  oedema  may  be  limited  to  the  eyelids  or  may 
be  general.  It  may  vary  from  this  slight  amount  to  a 
universal  anasarca.  Wasting  of  the  body  is  often  not 
marked,  in  fact  this  absence  of  emaciation  was  thought 
in  the  early  history  of  the  disease  to  be  the  rule,  but  a 
few  well-authenticated  cases  are  recorded  in  which  it  was 
present.  The  presence  of  fat,  for  it  is  the  adipose  and 
not  so  much  the  muscular  tissue  that  remains,  is  more 
noticeable  in  the  abdominal  walls  than  in  any  other  re- 
gion of  the  body.  It  is  said  that  rigor  mortis  does  not 
develop  early  after  death. 

On  section,  the  most  striking  feature  is  the  bloodless- 
ness  of  all  the  tissues.  A  large  proportion  of  cases  ex- 
hibit the  presence  of  subcutaneous  oedema  in  the  parts 
indicated  above,  while  oedema  of  the  lungs  and  meninges 
is  common  ;  passive  effusions  into  the  serous  cavities  oc- 
cur less  frequently.  The  effusions  are  generally  small  in 
amount,  and  hence  are  not  appreciated  during  life ;  con- 
siderable ascites,  hydrothorax  of  one  side,  or  hydroperi- 
cardium  have  been  but  rarely  seen.  The  exuded  serum  is 
of  a  deeper  yellow  color  than  usual.  The  preservation  of 
adipose  tissue  is  remarkable,  not  only  in  amount,  but  also 
in  appearance.  The  subcutaneous  and  subserous  accu- 
mulations remain,  and  the  appendices  epiploicaj  are  well 
preserved.  The  color  of  the  fat  is  bright,  or  sulphur- 
yellow,  due,  Lepine  suggests,  probably  to  ferrous  sul- 
phide. The  muscles  are  generally  firm  and  red,  though 
the  bulk  is  reduced.  Fatty  degeneration  of  the  dia- 
phragm and  the  abdominal  muscles  has  been  observed. 

In  addition  to  the  absence  of  emaciation  and  the  ex- 
treme bloodlessness  of  the  body,  one  of  the  characteris- 
tics of  idiopathic  anaemia  is  the  occurrence  of  small 
heemorrhages.  These  are  seen  in  the  skin  as  minute  ex- 
travasations, they  are  found  underneath  the  serous  mem- 
branes— the  pericardium,  the  peritoneum,  and  rarely  the 
pleura— as  minute  points  and  specks  ;  under  the  endo- 
thelium of  the  blood-vessels  they  have  also  been  seen. 
They  frequently  occur  in  the  brain-substance  as  capillary 
haemorrhages.  Similar  haemorrhages  are  found  in  the 
mucous  membrane  of  the  oesophagus,  the  stomach,  and 
the  intestines,  in  the  lungs  and  upper  air-passages,  and 
in  the  bladder.  The  most  frequent  seat  of  these  extrav- 
asations, however,  is  the  retina.  These  haemorrhages 
ai-e  due  to  rupture  of  capillaries  on  account  of  the  dis- 
eased state  of  their  walls,  or  to  diapedesis. 

The  last  general  change  that  is  often  seen  on  section 
of  the  body  is  the  occurrence  of  a  dark-gray  staining  of 
the  organs.  This  has  been  proven  to  be  due  to  an  excess 
of  iron  in  the  tissues.  Rosenstein  "  found  .5187  per  cent, 
of  iron  in  the  liver,  .3275  per  cent,  in  the  spleen,  .0433 
per  cent,  in  the  kidneys.  Quincke  found  .6  per  cent, 
metallic  iron  in  the  liver  and  .33  per  cent,  in  the  kidneys 
in  one  case.  In  another  case  the  liver  contained  3.1  per 
cent.  The  iron  was  seen  in  the  liver-cells  as  small 
granules.  Iron  has  also  been  found  in  the  tissue  of  the 
lungs  and  of  the  pancreas,  and  in  the  peritoneum.  Pur- 
ser" found  the  dried  kidneys  to  yield  .0353  per  cent,  of 
U'on.  This  increase  of  iron  goes  hand  in  hand  with 
diminution  of  haemoglobin.  Some  of  these  cases  were 
taking  iron  at  the  time,  which  renders  any  conclusions 
concerning  them  doubtful.  Oidtman  (quoted  by  Rosen- 
stein) found,  on  analysis,  the  healthy  liver  to  contain  .08 
P*r  cent,  and  the  spleen  .15  per  cent,  of  iron. 

The  blood,  extremely  small  in  amount,  is  collected  in 


the  heart  and  larger  venous  trunks.  The  small  amount 
of  blood  in  the  body  can  be  appreciated  during  Ufe  by 
attempts  to  secure  some  for  examination.  A  deep  thrust 
of  a  pin  in  an  artificially  congested  finger,  or  even  an  in- 
cision, is  required  to  obtain  a  few  drops.  It  is  thin  and 
watery,  stains  the  hands  like  nitric  acid,"  or  looks  like 
muscle-washings  or  weak  coffee.  Coagula  are  rarely 
found  in  the  cavities  of  the  heart  and  the  vessels.  If 
present,  they  are  soft,  friable,  and  pale-  or  light-brown. 
The  blood  removed  from  the  body  to  a  test-tube,  on 
standing,  remains  uncoagulated  for  a  long  time,  although 
a  deposit  of  the  corpuscular  elements  takes  place.  The 
specific  gravity  of  the  blood  has  been  found  to  be  as  low 
as  1.030. 

On  microscopical  examinations,  the  red  blood-corpus- 
cles are  found  to  be  much  less  in  number  than  normal, 
and  changed  in  color,  in  size,  and  in  shape.  Few,  if  any, 
changes  take  place  in  the  white  corpuscles.  Litten  "  re- 
corded a  case  of  pernicious  anaemia  which  passed  into  leu- 
kaemia. The  number  of  the  white  cells  is  normal.  They 
are,  however,  relatively  more  numerous.  In  some  few 
cases  they  are  recorded  as  being  larger  than  normal  and 
less  granular.  They  do  not  show  any  retardation  of 
amoeboid  movement  on  the  warm  stage  (Pye-Smith,  Gard- 
ner and  Osier).* 

Davy  and  Mackem"  found  in  a  case  two  classes  of  white 
corpuscles,  viz.,  large  and  small  ones.  The  former  re- 
sembled the  normal,  and  showed  amoeboid  movement ; 
the  latter  were  abundantly  granular,  appearing  like  free 
nuclei,  and  showed  no  amoeboid  movement. 

Red  Cokpusclhs. — 1.  Number  ;  OUgooythcemia. — The 
diminution  in  number  of  the  red  corpuscles  sometimes 
goes  on  to  an  extreme  degree.  Quincke  "  records  a  case 
in  which  the  number  fell  to  143,000  per  cubic  millimetre,  f 
Cases  are  said  to  have  recovered  when  the  red  cells  were 
reduced  to  360,000  (Worm  Miiller),  while  the  above  case 
also  recovered.  The  smallest  number  the  writer  has  seen 
in  any  case  which  subsequently  recovered,  was  570,000. 
The  amount  of  reduction  in  fatal  ca.ses  averages  from 
400,000  to  1,000,000  corpuscles  per  cubic  millimetre. 
The  reduction  takes  place  with  great  rapidity  very  often. 
Thus,  in  one  of  Lepine's  cases,  in  ten  days  the  number  fell 
to  378,750.  The  increase  in  number  is  not  so  rapid  when 
improvement  takes  place.  In  the  case  of  Quincke,  men- 
tioned above,  the  cells  increased  in  ten  weeks  from  143,- 
000  to  1,334,000  per  cubic  millimetre.  One  of  the  writer's 
cases  arose  from  570,000  to  1,600,000  in  about  nine 
months,  followed  by  gradual  recovery. 

3.  Changes  in  Size  and  Shape. — The  red  cells  are 
pronounced  as  increased  in  size,  as  normal,  and  as  very 
small.  The  large-sized  corpuscles  occur  less  frequently 
than  the  other  forms.  Osier  '•">  found  some  of  them  to 
measure  as  much  as  ttW  and  -rtwe  of  an  inch  in  diameter. 
The  normal  diameter  of  a  red  corpuscle  is  ajfer  of  an 
inch,  or  from  6  to  8.8  micro-millimetres  (Hayem).  Mac- 
kenzie* says,  in  some  cases  of  anaemia  they  are  found  in- 
creased to  ten  or  twelve,  or  even  fourteen  micro-milli- 
metres. Eichhorst  saw  some  that  were  9. 5  /t  in  diameter. 
The  large  red  corpuscles  have  lost  their  bi-concave 
form,  are  flat,  oval,  and  tailed.  The  corpuscles  that 
are  normal  in  size  present  the  most  varied  shapes. 
They,  too,  have  lost  their  normal  disk-shape,  and  are 
pear-shaped,  spherical,  oblong,  irregular,  bowl-shaped, 
oval,  egg-shaped,  tailed.  An  appearance  of  nucleation 
of  the  red  corpuscles  has  been  described  and  figured  by 
Bramwell,  by  Mackern  and  Davy,  and  by  Finney.  The 
nucleus  was  seen  by  them  at  the  side  of  the  red  corpuscle. 
Mackern  and  Davy  attributed  it  to  the  separation  of  the 
haemoglobin  from  the  stroma.  Bramwell  accepts  their 
explanation.  Finney  found  it  to  be  due  to  the  deposit  of 
a  small  yellow  corpuscle  on  a  large  pale  one.  Crenation 
of  the  red  corpuscles  is  an  almost  constant  phenomenon, 
probably  due  to  the  action  of  air,  or  of  the  various  solu- 
tions employed  in  the  examination.  It  is  not  a  special 
characteristic  of  the  blood  in  this  disease.  The  changes 
of  shape  Mackern  and  Davy  believe  to  be  due  to  the  fact 

*  See  Bibliography. 

+  The  number  of  corpuscles  per  cubic  miuimetre  can  be  expressed  in 
percentage  or  per  hcemic  unit,  as  suggested  by  Gowers. 
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that  the  stroma  is  abnormally  soft.  The  presence  of 
very  small  corpuscles,  known  as  mlcrocytes,  was  con- 
sidered by  Eichhorst  and  others  as  pathognomonic.  Ro- 
senstein,"  Grainger  Stewart,'^  Bradford,''  and  Lepme* 
failed  to  find  them  in  well-observed  cases.  They  look 
not  unlike  globules  of  oil,  are  deeper  in  color  than  the 
large-sized  corpuscles,  and  range  in  diameter  from  Ttfur 
to  T^nr  of  an  inch  (Oaler),  or  3.2  ^.  They  are  more 
frequently  present  than  wanting.  The  changes  in 
shape  of  the  corpuscles  more  strictly  occur  in  pernicious 
anaemia  than  in  any  other  affections,  and  are  diagnos- 
tic, almost  pathognomonic  (Osier,  Bradbury,  Quincke, 
Purser).  Finally,  it  is  characteristic  of  the  corpuscles 
not  to  form  rouleaux,  but  often  to  gather  in  clusters. 
In  those  cases  in  which  this  piling  together  was  noted, 
the  rouleaux  were  few  in  number  and  small  in  size. 
The  alterations  in  the  shape  and  size  of  the  corpuscles 
have  been  termed  psecilocytosis  by  Quincke,  microcy- 
tosis  by  others,  and  anacro-  or  micro-oythsemia. 

3.  Color;  Achroicythmmia. — The  color  of  the  blood,  as  it 
appears  to  the  naked  eye,  has  been  mentioned.  By  the  mi- 
croscope it  is  seen  that  the  large  and  medium-sized  red  cor- 
puscles are  much  paler  than  normal.  The  microcy  tes  are 
deeper  in  color.  This  change  in  color  is  due  to  a  defi- 
ciency in  haemoglobin.  This  deficiency  is  in  proportion  to 
the  destruction  of  the  corpuscles.  It  is  determined  by  the 
hsemochromometer  devised  by  Gowers  or  by  Quincke. 
Coupland,"  Mackenzie,  and  others,  believe  there  is  no  re- 
lation between  the  reduction  of  the  cells  and  their  rich- 
ness in  haemoglobin.  According  to  Quinquand,''*  there  are 
135  grammes  of  haemoglobin  in  1,000  grammes  of  nor- 
mal human  blood.  A  reduction  to  26. 5  grammes,  or  about 
one-fifth,  he  says,  was  invariably  fatal.  The  deficiency  in 
haemoglobin  is  expressed  by  percentages  when  estimated 
with  a  haemoglobinometer.  By  it  the  presence  of  from 
18  to  35  per  cent,  of  haemoglobin  has  been  found.  Quincke 
found  it  to  be  one-eighth,  one-tenth,  one-fifteenth  to  one- 
thirty-fifth,  respectively,  of  the  normal  in  four  cases. 
Leichtenstern  says  the  diminution  is  greater  than  in  any 
disease — far  greater  than  in  chlorosis. 

In  addition  to  the  change  in  the  size,  shape,  and  color 
of  the  red  corpuscles,  other  changes  are  found  worthy  of 
mention,  the  import  of  which  has  not  been  determined. 
They  are :  1.  The  presence  of  large  globular  nucleated 
red  corpuscles  (Osier  and  Cohnheim).  In  these  cases  the 
marrow  of  the  bones  was  diseased.  3.  Cells  containing 
red  corpuscles  have  been  described  as  present  by  Riese.''* 
They  occur  normally  in  the  red  marrow  and  spleen,  but 
to  excess  in  idiopathic  anaemia.'"  3.  Max  Schultze's 
granular  masses  were  so  abundant  in  one  of  Quincke's 
cases  as  to  render  the  serum  cloudy.  Osier  noted  their 
absence  in  many  cases. 

None  of  the  above  elements  were  seen  in  any  of  the 
cases  the  writer  examined.'*  Otherwise  the  account  of 
the  blood  tallies  well  with  his  experience.  The  following 
rcsumg  succinctly  shows  the  blood-changes :  Case  I.  Au- 
topsy :  Amount  small,  color  like  weak  coffee,  clots  soft. 
In  pulmonary  vein,  clot  black ;  in  aorta  and  pulmonary 
artery,  soft  yellow  clot;  in  vena  cava,  soft  red  brown 
clots,  with  black  specks  intermingled.  The  presence  of 
the  black  motes  in  the  red  clots  was  peculiar.  It  has 
not  been  noted  in  the  autopsy  of  any  other  case,  and  it  is 
to  be  regretted  that  their  nature  was  not  determined.  The 
ventricles  contained  semifluid,  red-brown  clots.  Blood 
microscopically:  Case  I.,  red  cells  small,  irregular,  like 
drops  of  oil,  7'15,000  per  cubic  millimetre,  15,000  white  per 
cubic  millimetre.  Case  II.,  red  cells  small,  2,210,000  per 
cubic  millimetre,  first  examination.  Blood  thin  and  pale. 
Second  examination,  red  corpuscles,  1,000,000  per  cubic 
millimetre— 1  white  to  40  red.  Recovery.  Case  III. 
Blood  thin,  watery,  difHcult  to  secure.  Red  corpuscles 
small,  570,000  per  cubic  millimetre ;  gradual  increase  to 
1,600,000. 

A  chemical  examination  of  the  blood  of  idiopathic 
anemia  has  not  been  made,  no  doubt  on  account  of  the 
difflcult^  of  securing  a  sufficient  amount  of  the  liquid. 
The  writer  had  the  blood  of  a  case  which  was  under  his 


♦  See  Bibliography. 
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care  (Case  I. ,  supra)  examined  by  Dr.  John  Marshall,  the 
very  efficient  demonstrator  of  chemistry  in  the  Universitv 
of  Pennsylvania.  The  result  of  the  analysis  is  placed 
side  by  side  with  the  composition  of  the  blood  of  females 
as  determined  by  Becquerel  and  Rodier : 

FEMAiiE,  Idiopathic  A:sjemik. 
In  1,000  parts. 

Water 800.1950 

Fibrin 4.9600 

Albumen 69.7000 

Inorganic  salts 7.3410 

IroQ 1871 

Fats  and  Extractives S.1800 

Blood-corpuscles 1S5.5369 

Normally  the  inorganic  salts,  including  the  iron,  equal 
7.15  parts  in  1,000  ;  so  if  we  deduct  that  figure  from 
9.01,  we  have  1.86  part,  representing  the  amount  of  fats 
and  extractives  found.  By  this  analysis  it  is  seen  that 
these  constituents  are  increased.  Inorganic  salts  and 
iron  are  represented  by  7.15  parts ;  54  parts  of  iron  are 
found  in  health  ;  the  difference,  6.60  parts,  is  the  amount 
of  salts  in  health.  The  salts,  therefore,  are  increased  by 
.64  part.  Iron  is  reduced  about  two-thirds,  and  this  is 
what  one  would  expect  (.54  to  .18-1-).  The  albumen  has 
been  said  to  be  reduced  in  idiopathic  anaemia.  We  have 
not  seen  a  definite  analysis.  The  result  of  our  analysis 
shows  a  lessening  of  about  11  parts  to  the  1,000.  The 
increase  in  the  amount  of  fibrin  is  not  what  would  be 
expected,  and  yet  any  one  who  knows  the  care  and  skill 
of  Dr.  Marshall  will  not  doubt  his  work.  A  study  of  the 
analyses  quoted  by  Coupland  shows  it  to  be  an  extremely 
variable  factor. 

Cttogenic  Okgans.— ^The  spleen  is  recorded  as  varii 
able  in  size — from  shrivelled  up  or  very  small,  through 
all  gradations  to  enlarged,  weighing  in  one  instance  453.5 
grammes.  It  generally  is  more  charged  with  blood  than 
any  other  organ.  It  is  not  pulpy,  but  soft  and  conge.?ted, 
and  on  microscopic  examination  there  is  found  an  ab- 
sence of  pathological  change,  save  an  excess  of  fibrous 
tissue  in  a  few  cases.  The  lymphatic  glands  are  usually 
normal.  In  a  few  instances  the  lymphatic  glands  of  the 
mesentery  have  been  recorded  as  enlarged,  due,  as  Pye- 
Smith  suggests,  to  a  previous  diarrhoea.  In  one  case  the 
lumbar  lymphatic  glands  were  enlarged.  The  marrow  of 
the  bones  is  said  to  undergo  a  primary  hyperplasia  In  this 
disease,  thus  defining  it  to  be  a  pseudo-myelogenetifi 
leukaemia.  The  appearances  described  by  many  observ- 
ers correspond  in  the  main.  The  marrow  is  red  or 
violet  colored,  and  is  soft  or  pultaceous.  Its  fatty  appear- 
ance has  disappeared,  and  under  the  microscope  the  fat 
is  seen  to  be  replaced  by  abundant  lymphoid  elements,  the 
normal  marrow  cells,  large  and  small  in  size ;  by  colored 
corpuscles  non-nucleated,  varying  in  size,  the  larger  ones 
being  of  abnormal  shape ;  by  nucleated  red  corpuscles 
of  various  size  and  considerable  number;  by  cells  con- 
taining red  blood-corpuscles.  In  addition  to  this,  the 
myeloplaxes,  which  belong  normally  in  this  region,  are 

fenerally  found,  though  Purser"'  noted  their  absence, 
'hese  changes  were  found  in  the  marrow  of  the  shafts 
of  the  long  bones  as  well  as  in  that  of  the  fiat  bones, 
In  the  larger  number  of  cases  the  marrow  of  the  bone 
was  not  changed  to  foetal  marrow,  but  had  the  appear- 
ance of  normal  adult  marrow.  In  no  instance  has  the 
cytogenetic  tissue  of  the  liver  or  intestines  been  reported 
as  hypertrophied. 

CiKctjLATOEY  ApPAKATUs. — Mors  marked  pathological 
changes  take  place  in  this  apparatus  than  in  any  other. 
The  heart  is  normal  in  size  or  dilated  ;  the  muscular  tissue 
soft,  flabby,  pale  in  color  ;  often  the  cavities  are  empty,  or 
they  contain  soft  brown,  or  fawn-colored  clots.  To  the 
naked  eye  the  appearances  of  fatty  degeneration  are  most 
striking.  There  are  some  cases  in  which  this  change  was 
not  seen  ;  when  present,  it  is  mo.st  marked  on  the  musculi 
papillares  and  columnae  carneae,  and  appears  as  yellow 
dots,  "  zigzag  striations,"  or  "tabby-mottling."  Thesub- 
pericardial  fat  generally  is  abundant  (Eichhorst).  The 
ventricles  are  more  degenerated  than  the  auricles,  it  u 
said,  although  the  writer  has  observed  in  two  cases  an 
extreme   degree  of   wasting   of   muscular  fibre  in  tha 
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auricles.  So  marked  was  it  that  they  transmitted  light, 
the  fasciculi  of  the  muscle  could  be  separated,  and  the 
endo-  and  perl-cardium  seemed  to  make  up  the  auricular 
wall.  The  left  heart  is  more  markedly  degenerated  than 
the  right.  In  one  case  of  the  writer  the  converse  was 
the  case.  Wilks  first  described  the  occurrence  of  fatty 
heart.  Microscopical  examination  reveals  the  destruction 
of  muscle  striae  and  their  replacement  by  fat.  The  peri- 
cardial sac  contains  an  excess  of  serum  very  often,  rarely 
any  blood.  Bcchymoses,  however,  are  quite  common 
underneath  this  membrane  as  well  as  the  endocardium. 
The  valves  are  normal,  or  superficial  specks  of  atheroma 
may  be  seen  on  them.  Similar  changes  are  found  in  the 
iatima  of  the  aorta  to  a  slight  degree.  The  capillaries  have 
been  studied  carefully,  and  Eichhorst  says  minute  aneu- 
risms may  be  seen  ;  Mantz  describes  minute  varicose  dilata- 
tions in  the  retina,  Charcot  in  the  brain.  Nykamp '"  op- 
poses these  views,  and  attributes  the  haemorrhages  to 
diapedesis.  Rupture  of  the  capillaries  has  been  observed. 
Osier"  saw  the  small  vessels  and  capillaries  of  mesenteric 
glands  studded  with  fat  grains.  The  arrested  development 
of  the  heart  and  aorta  and  the  anomalous  distribution  of  the 
blood-vessels,  said  by  Virchow  to  be  present  in  chlorosis, 
was  seen  in  one  of  MuUer's  cases.  The  aorta  at  its 
origin  was  one  centimetre  in  diameter,  and  admitted  the 
little  finger  at  the  seat  of  origin  of  the  coeliac  axis  in  one 
of  the  writer's  cases.  The  heart  was  not  small,  how- 
ever.*' 

Bbspikatort  Organs. — Secondarily  to  the  failure  of 
the  heart  an  oedema  or  hypostasis  of  the  lungs  often  occurs, 
and  this  is  in  a  large  number  of  cases  the  only  morbid  con- 
dition of  these  organs.  Generally  the  lungs  are  extremely 
ansemic.  Sometimes  the  remains  of  an  old  phthisis  or 
an  emphysema  are  seen  ;  very  rarely  are  they  the  seat  of 
a  croupous  pneumonia.  Hsemorriiages  underneath  the 
bronchial  mucous  membrane  are  found,  sometimes  a 
bronchitis ;  pallor  of  the  membrane  is  noticeable.  The 
pleura  is  healthy,  or  the  seat  of  subserous  ecchymoses ; 
one  cavity  may  contain  serum  in  a  large  amount,  mingled 
sometimes  with  threads  of  fibrin,  or  both  cavities  may 
contain  small  amounts  of  serum.  The  effusion  is  san- 
guinolent  sometimes. 

Organs  op  Digestion. — The  mucous  membrane  of 
the  gastro-intestinal  tract  is  pale,  often  also  cedematous. 
Very  frequently,  however,  submucous  haemorrhages  and 
hsemorrhagic  erosions  are  seen.  They  have  been  noted 
in  the  mouth,  oesophagus,  stomach,  intestines,  and  biliary 
passages.  In  the  stomach,  Fenwick,*'  Ponflck,  and  Hab- 
ershon  have  found  a  fatty  degeneration  of  the  tubular 
glands.  A  muco-gastritis  has  also  been  recorded.  In- 
testinal catarrh,  chronic  follicular  enteritis,  with  en- 
largement of  the  follicles  and  agminated  glands  has  been 
recorded.  Dysenteric  inflammation  of  the  intestines  was 
observed  by  Quincke  in  the  late  stages  of  one  case. 

The  changes  in  the  mesenteric  glands  have  been  pre- 
viously recorded,  as  likewise  those,  to  a  certain  extent,  in 
the  liver.  That  organ  is  very  often  anaemic  and  generally 
fatty.  This  fatty  degeneration  of  the  liver  was  specially 
described  early  in  the  history  of  the  disease  by  Wilks.** 
Perroud"  thought  the  hepatic  change  was  primary,  the 
blood-change  secondary  ;  the  fatty  degeneration  interfer- 
ing with  the  formation  of  blood.  The  degeneration  is 
seen  in  the  liver-cells,  large  fat-drops  rendering  the  nuclei 
difficult  of  detection.  Deposits  of  pigment  have  been  de- 
scribed by  Eichhorst  and  Quincke  in  the  hepatic  cells, 
the  blood-vessels,  and  the  interstitial  tissue,  causing  the 
iron-gray  staining  referred  to  previously.  Minute  extrav- 
asations of  blood  have  been  seen.  Rarely  the  liver  is 
congested.  The  size  of  the  organ  varies  ;  generally  nor- 
mal, it  has  been  recorded  as  lessened  and  also  as  increased. 
The  surface  of  the  liver  is  usually  smooth  and  normal ; 
a  perihepatitis  has  been  recorded  by  Miiller. 

The  liver  tissue  is  smooth  and  compact  on  section,  and 
the  acini  are  well  defined  ;  a  nutmeg  appearance  has 
been  noted  in  a  few  instances.  The  biliary  passages  are 
normal  or  thin,  mucous  membrane  extremely  pale.  Sup- 
puration of  the  gall-bladder  was  present  in  one  of  Pep- 
per's cases.     The  gall-bladder  is  generally  full  of  bile. 

On  micro-chemical  examination,  in  addition  to  the  pres- 


ence of  iron,  Lebert  found  leucin  and  tyrosin  in  abun- 
dance in  the  liver  as  well  as  in  the  pancreas,  lungs,  kidneys, 
and  spleen. 

The  pancreas  is  normal  usually.  It  is  sometimes  en- 
larged, and  Eichhorst  and  Quincke  found  extravasated 
blood  in  the  interacinous  tissue.  Huguenin  observed  fatty 
degeneration  of  the  glandular  epithelium. 

Renal  and  Genital  Organs.  —  Ecchymoses  have 
been  observed  under  the  capsule  of  the  kidney,  which  is 
readily  removed  in  most  cases.  The  organs  are  pale  and 
firm  on  section ;  often  the  appearance  of  fatty  change  is 
seen.  Microscopical  examination  reveals  the  presence  of 
fatty  change  in  the  epithelium  of  the  tubules.  The. re- 
maining portions  of  the  urinary  apparatus  are  normal, 
save  the  occasional  presence  of  submucous  haemorrhage. 

The  suprarenal  capsules  are  normal.  Broadbent  re- 
corded the  occurrence  of  atrophy  of  the  organ.  The 
microscopical  examination  of  these  capsules  in  the  writer's 
case  revealed  slight  increase  of  the  interstitial  tissue, 
with  infiltration  of  lymphoid  elements.  The  vessels 
were  engorged  with  blood  and  small  capillary  haemor- 
rhages were  seen.  Pigmentation  and  slight  fatty  infil- 
tration of  the  cells  in  the  capsule  were  seen,  probably  not 
greater  than  normal.  Granular  masses,  not  unlike  col- 
onies of  bacteria,  were  observed. 

No  changes  are  found  in  the  sexual  organs.  Miiller 
noted  subinvolution  of  the  uterus  in  a  fatal  anaemia  fol- 
lowing pregnancy. 

Nervous  System. — The  brain  and  spinal  cord  may  be 
anaemic,  the  seat  of  minute  ecchymoses  or  (within  the 
brain)  of  large  haemorrhages.  The  cerebral  ventricles 
contain  sometimes  an  excess  of  serum  or  blood.  The 
haemorrhages  are  chiefly  found  in  the  region  of  the  corona 
radiata,  or  on  the  surface  of  the  cerebrum.  The  pia 
mater  or  the  inner  surface  of  the  dura  is  often  the  seat 
of  ecchymoses.  Eichhorst  and  Miiller  observed  haemor- 
rhagic  pachymeningitis.  These  authors  also  have  found 
oedema  of  the  membranes.  Microscopically,  Eichhorst 
found  no  change,  save  increased  pigmentation  of  the 
ganglion  cells.  Schuman  ("Diss.  Inaug.,"  Freiburg, 
1875)  found  increase  of  the  nuclei  of  the  cerebral  neu- 
roglia.    The  changes  in  the  vessels  have  been  mentioned. 

Since  the  earliest  observations  of  idiopathic  anaemia, 
the  appearances  of  the  sympathetic  system  were  studied. 
Quickett  found  the  semilunar  ganglia  in  Addison's  case 
to  have  undergone  fatty  degeneration.  Brigidi  found 
{Lo  Sperimeniali,  May,  1878  ;  London  Medical  Becord, 
vi.,  430)  proliferation  of  the  nuclei,  increase  of  inter- 
stitial tissue,  and  granular  pigmentation  of  the  ganglion 
corpuscles  of  the  solar  plexus.  Wilks  and  Pye-Smith 
found  no  changes  in  the  semilunar  ganglia  and  surround- 
ing plexuses.  The  writer  found  pigmentation  of  the 
nerve-cells  and  along  the  nerve-fibres,  with  a  slightly 
granular  appearance  of  the  cells.  Macroscopically,  the 
ganglia  and  nerve-filaments  were  unusually  prominent. 
Sasaki  {Virch.  Archie,  vol.  xcvi.,  1884)  found  sclerosis  of 
the  ganglion  cells,  destruction  of  some  of  them,  and  ho- 
mogeneous, hyaline  bodies  in  Auerbach's  and  Meissner's 
plexuses  in  a  case  of  pernicious  anaemia  of  the  gastro- 
intestinal form. 

Organs  of  Special  Sense.— ?%«  .%«.— The  occur- 
rence of  retinal  haemorrhages  during  life  has  called  atten- 
tion to  an  examination  of  the  fundus  of  the  eye  after  death. 
The  changes  are  not  different  from  those  found  in  other 
diseases,  as  at  times  in  chronic  Bright's  disease  and  in  the 
secondary  ansemias.  The  changes  in  the  vessels  causing  the 
haemorrhages  have  been  previously  referred  to.  Uhlhoff  ^» 
says  the  haemorrhages  are  chiefly  limited  to  the  nerve- 
flbres  and  internuclear  layers,  and  are  situated  near  the 
posterior  pole,  especially  around  the  disk.  Varicose  hy- 
pertrophy of  the  nerve-flbre  affecting  the  most  internal 
layers  and  consisting  of  finely  granular  masses,  spherical 
or  spindle-shaped,  was  also  present.  Bettman  "  found  on 
microscopical  examination,  (1)  rupture  of  the  membrana 
limitans  interna ;  (2)  the  presence  of  numerous  clusters  of 
varicose  nerve-fibres,  due  to  transudation  of  lymph,  pro- 
ducing swelling  of  these  fibres.  Optic  neuritis  has  been 
seen  ;  cedema  of  the  disk  and  retina  has  also  been  observed. 

Etiology. — This  is  obscure.    It  is  extremely  difllcult 
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to  reckon  the  Influence  of  the  age,  the  sex,  the  habits, 
and  the  condition  of  life  as  predisposing  factors  ;  while 
our  want  of  knowledge  of  the  pathology  of  the  disease 
makes  it  as  difficult  to  determine  the  exciting  cause.  In 
fact  all  that  can  be  said  is  that  under  certain  circum- 
stances and  influences  the  disease  develops  more  fre- 
quently than  under  any  other,  without  our  being  able 
to  give  a  reason.  It  is  divided  about  equally  between 
the  sexes,  according  to  some  (Coupland,*  Eichhorst  ). 
Bristowe  '*  says  it  is  more  frequent  in  the  males.  Mul- 
ler  *  Immermann,*  and  Biermer  *  give  predominance  to 
the  female  sex.  It  is  found  to  occur  as  early  as  five 
years,''  or  as  late  as  sixty-eight. 

The  following  table,  taken  from  Pye-Smith  s  very  able 
article,  shows  well  the  relations  of  age  and  sex,  according 
to  various  authors.  "  Many  of  the  cases  are  common  to 
all  four  lists." 


H.  MaUer. 

Coupland, 

Eichhorst. 

Pye-Smith. 

Male.  Female. 

Male.  Female. 

Miop.  Second. 

TJntler  IB ... . 

0            0 

1            0 

0             1 

6 

IB  to  80.... 

2            4 

2            4 

2             1 

4 

21  to  30.... 

8            9 

8          18 

4           17 

29 

31  to  40.... 

1           19 

9          16 

8           28 

26 

41toS0.... 

2            8 

19            9 

4           16 

21 

Bl  to  60 

8            1 

14            7 

4             9 

13 

61  to  70.... 

3            1 

1             1 

4 

It  thus  is  seen  that  early  adult  life  is  the  period  of  great- 
est liability.  The  position  in  life  and  occupation  seem  to 
have  some  predisposing  influence.  In  Germany  the 
poorer  classes,  half-starved  ordinary  laborers,  are  more 
frequently  attacked.  There  are  notable  exceptions  to  this 
in  England  and  this  country.  Cases  have  been  reported 
of  the  wealthy  and  the  well-nourished  being  affected. 
Intemperate  habits  are  frequently  recorded  in  the  reports. 
The  residents  of  the  country  are  as  often  affected  as  those 
living  in  the  city,  if  not  of tener.  Biermer  and  Gusserow 
thought  that  pregnancy  was  a  powerful  predisposing  fac- 
tor, especially  too  frequent  pregnancies  and  repeated  mis- 
carriages. The  later  pathologists  exclude  this  form  of 
antemia  from  the  idiopathic,  classing  it  under  secondary 
or  puerperal  anaemia.  In  addition  to  pregnancy,  previous 
diseases,  especially  those  that  influence  assimilation,  have 
been  considered  by  some  as  predisposing  elements.  They 
are  dyspepsia,  diarrhoea,  and  various  discharges.  The 
occurrence  of  the  disease  with  unusual  frequency  in  parts 
of  Switzerland  led  Immermann  to  suggest  an  endemic 
influence.  Though  not  so  frequent  in  other  countries,  it 
is  sufficiently  so  to  contradict  such  statements.  Never- 
theless, in  some  localities  the  disease  has  been  met  with 
more  frequently  than  in  other  places.  One  hundred  and 
twenty-nine  selected  cases,  tabulated  by  Pye-Smith, 
show  well  the  frequency  of  occurrence  in  various  coun- 
tries. The  number  of  cases  in  each  country  was  distrib- 
uted as  follows  :  England,  51  ;  Switzerland,  49 ;  Ger- 
many, 14  ;  France,  6  ;  United  States,  2  ;  Italy,  1.  England, 
with  its  much  greater  population,  has,  recorded  against  it, 
but  a  trifle  more  than  Switzerland.  The  number  he  gives 
for  the  United  States  is  not  correct.  Even  in  as  restricted 
a  sense  as  Pye-Smith  used  the  name,  more  cases  are  re- 
ported than  his  analysis  would  show.  Not  excluding  the 
possible  myelogenetic  leukaemia,  the  writer  knows  of  the 
occurrence  of  twenty  cases  in  this  city  (Philadelphia).! 
In  Canada  it  appears  to  be  more  frequent.  Professor 
Osier  informs  the  writer  that  he  has  observed  fifteen  cases 
about  Montreal.  Graham  •">  records  seven  cases  in  To- 
ronto, and  others  are  reported. 

Notwithstanding  all  the  relations  above  mentioned,  not 
one  could  be  specified  as  of  causal  force.  Many  observ- 
ers have  insisted  upon  the  occurrence  of  shocks,  grief 
or  anxiety  as  exciting  causes.  This  is  notably  the  opin- 
ion of  Lepine,  Wilks,  and  Coupland.  Curtin,^'  not  know- 
ing  of  the  views  of  these  men,  long  ago  formulated  such 

*  See  Bibliography. 

t  Curtin,  six  cases,  including  one  reported  by  Pepper  :  Hutchinson 
lonr  cases  ;  Pepper,  three  cases,  excluding  Curtin's  ;  Musser,  three  cases 
and  btarr,  Henry,  Hughes,  and  Bruen,  one  each.    (See  Bibliography.) 
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an  idea,  and  lately  has  recorded  cases  which  appear  to 
have  arisen  from  such  cause.     One  of  the  special  feat, 
ures  of  this  disease  must  be  emphasized  just  here,  viz 
that  it  is  characterized  by  development  without  mien. 
able  cause. 

Symptoms. — The  progress  of  idiopathic  anaemia  is 
characterized  by  three  special  features — its  development 
without  any  organic  disease  to  account  for  the  grave 
symptoms,  its  insidious  development,  its  progressive  and 
remorseless  march  to  death.  Modern  pathologists  con- 
sider the  first  feature  final  and  absolute ;  it  is  not  idio- 
pathic  ansemia  if  there  has  been  preceding  or  concomitant 
disease  sufficient  to  account  for  the  blood-change.  Al- 
though the  large  number  of  cases  do  develop  gradually 
and  insidiously,  yet  there  are  not  a  few  which  have  oc- 
curred quite  suddenly,  the  symptoms  arising,  after  shock 
or  fright,  almost  immediately.  In  addition  to  the  excep- 
tion to  the  second  feature,  exceptions  may  be  given  to  the 
third.  Undoubted  cases  have  been  recorded  of  marked 
remissions,  even  temporary  suspension  of  the  course  of 
the  disease.^'  The  rule,  however,  is  a  persistence  of  its 
course  in  the  larger  number  of  cases.  Even  though  there 
is  an  abatement  of  the  symptoms  of  the  disease,  some  of 
its  symptoms  are  always  marked  by  remissions,  and  no- 
tably the  temperature.  The  same  remarks  apply  to  its 
fatality ;  though  generally  fatal,  cures  have  actually 
taken  place  (Bramwell,  Finney,  Pye-Smith,  and  others). 
One  of  the  writer's  cases  was  absolutely  cured,  the  other 
temporarily  improved  at  least. 

The  first  indication  of  the  patient's  illness  is  the  oc- 
currence of  debility,  pronounced  on  exertion,  with  the 
coincidence  of  breathlessness  and  possibly  cardiac  palpi- 
tation. They  increase  in  severity ;  the  complexion  is 
seen  to  be  changed,  the  bloodlessness  of  the  external 
parts  is  made  manifest,  the  appetite  is  lost,  digestion  is  im- 
paired, haemorrhages  occur,  the  sight  fails,  subjective 
noises  in  the  head  are  complained  of.  As  the  disease 
progresses,  languor  becomes  more  and  more  decided, 
dyspnoea  is  extreme,  fainting  grows  common ;  while  in- 
difference to  physical  or  mental  acts,  as  well  as  inca- 
pacity to  perform  them,  is  most  noticeable.  The  "air 
hunger  "  which  the  patient  has  renders  the  ebb  of  life  in- 
tolerable, and  its  close  is  marked  by  agonizing  efforts  to 
carry  on  respiration.  Or  the  end  is  marked  by  a  low  de- 
lirium, passing  into  somnolence  and  then  fatal  coma.  At 
times  death  takes  place  suddenly  from  cardiac  failure  or 
from  hsemorrhage  in  the  brain.  The  following  brief  out- 
line indicates  the  special  symptoms  rtiore  fully. 

External  Appea/rancea. — The  color  of  the  face  is  strik- 
ing— an  earthy  yellow,  yellowish-white,  or  waxy  hue, 
or  a  faded-leaf  appearance  ;  this  color  is  also  seen  on  the 
hands.  It  contrasts-  strongly  with  the  extreme  pallor  of 
the  lips,  the  gums,  the  tongue,  the  conjunctivee.  Slight 
jaundice  has  been  observed,  but  as  Mackenzie  points  out 
care  must  be  used  in  making  the  observation,  as  it  may 
be  due  to  the  unusual  yellow  coloring  of  the  subcon- 
junctival fat.  Very  early  the  expression  is  lost,  the  eyes 
lose  their  lustre,  the  face  becomes  vacant  and  ghastly. 
In  the  latter  stages  the  face  is  a  little  puffy,  the  eyelids 
oedematous.  This  oedema  may  be  seen  on  the  hands  and 
around  the  ankles.  It  is  due  to  the  hydrsemic  state  of 
the  blood  or  to  the  loss  of  tone  of  the  blood-vessels.  It 
rarely  amounts  to  an  anasarca.  The  hair  is  soft,  turns 
gray,  or  has  a  peculiar  lustre  as  if  it  had  been  dyed  and  is 
losing  the  artificial  color.  Eichhorst  notes  a  loss  of  hair. 
The  nails  are  fragile  and  pale  and  grow  very  slowly. 

Although  there  is  a  flabbiness  of  the  tissues,  yet  there 
is  generally  no  wasting  of  the  adipose  tissue.  This  has 
been  well  preserved  in  all  but  a  few  of  the  recorded  in- 
stances of  the  disease.  Pain  and  tenderness  over  the 
bones  have  been  noted.  Eichhorst  observed  a  peculiar  ca- 
daveric odor  arising  from  the  body  a  few  days  before 
death  in  a  few  instances,  and  from  Hutchinson's  patient 
a  peculiar  musty  odor  arose. 

Haemorrhages  have  been  cited  as  peculiar  to  idiopathic 
anaemia.  They  occur  subcutaneously,  as  small  purpuric 
spots  about  the  extremities  chiefly.  They  are  seen  in 
other  forms  of  anaemia  also ;  in  all  of  them,  more  pai' 
ticularly  in  the  retina. 
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Temperature. — The  presence  of  increased  temperature 
of  the  body  was  thought  to  be  pathognomonic  by  Immer- 
mann  and  others.  Some  even  insisted  on  its  presence, 
but  there  are  many  authentic  cases  of  its  absence  during 
the  entire  disease,  while  its  presence  is  noted  in  other 
forms  of  anaemia.  Generally  it  occurs  at  certain  periods 
of  the  disease,  either  in  what  majr  be  termed  the  middle 
period  or  at  the  end.  Thus  a  case  is  without  fever  at  first, 
then  there  is  a  rise  of  temperature  for  a  while,  but  to- 
ward the  close,  the  temperature  returns  to  normal,  or  may 
be  subnormal.  The  fever  is  characterized  by  frequent 
remissions,  by  a  moderately  low  range,*  by  irregular  in- 
termittency,  and  by  fluctuations  under  slight  influences. 
Bierraer  and  Immermann  attribute  to  it  a  humoral  origin, 
but  any  one  who  argues  with  Wood,*'  that  fever  arises 
from  a  want  of  co-ordination  of  the  nerve-centres  which 
regulate  the  dissipation  and  production  of  animal  heat, 
and  who  appreciates  the  instability  of  the  nerve-centres  in 
ansemia,  on  account  of  the  want  of  blood,  need  not  go 
further  for  a  theory  as  to  its  origin  in  this  disease. 

Qastro-intestinal  Symptoms. — ^The  mucous  membrane  of 
the  mouth  is  pale.  The  tongue  is  furred,  or  it  may  be 
clean  and  smooth  ;  sometimes  it  is  red  and  raw.  Haemor- 
rhages occur  from  the  gums,  and  toward  the  close  sordes 
collect  on  the  teeth,  gums,  and  lips.  Salivation  has  been 
observed.  Gastric  symptoms  may  mark  the  onset  of  the 
disease,  and  are  always  present  in  its  course.  Loss  of 
appetite  is  generally  present,  nausea  very  frequently  oc- 
curs, while  pain,  flatulency,  weight  and  fulness  after  eat- 
ing, are  prominent.  Thirst  is  not  marked.  Acidity  has 
not  generally  been  noted,  nor  has  simple  gastralgia  f  of- 
ten been  prominent.  The  vomiting,  especially  toward 
the  end  of  the  disease,  is  so  persistent  as  to  lead  one  to 
think  ulcer  or  cancer  of  the  stomach  miy  be  present.  In 
addition  to  the  food  taken,  a  clear  or  greenish-yellow  acid 
fluid,  mucus,  and  rarely  blood,  black  in  color,  are  ejected. 
The  vomiting  occurs  after  eating,  and  is  often  more  like 
regurgitation  of  food,  and  is  always  attended  with  nau- 
sea. The  occurrence  of  diarrhoea  with  thin  light-colored 
stools,  has  often  been  observed.  The  diarrhoea  is  pain- 
less. Wilks  has  seen  blood  in  the  stools.  On  the  other 
hand,  the  bowels  may  be  regular  or  confined.  Huguenin  ** 
found  leucin  and  tyrosin  in  the  passages  on  chemical  ex- 
amination. 

Lker  and  Spleen. — The  liver  is  not  generally  affected. 
Rarely  it  has  been  recorded  as  enlarged.  The  spleen  is 
also  wanting  in  change,  though  it  is  slightly  enlarged. 
This  enlargement  is  not  great,  and  can  scarcely  be  dem- 
onstrated during  life. 

Cardio-vasaula/r  Symptoms. — The  patient  complains  of 
palpitation  on  exertion  at  first ;  later  palpitation  occurs 
even  at  rest.  The  action  of  the  heart  is  extremely  feeble 
and  at  times  rapid.  The  least  excitement  increases  the 
palpitation  and  tendency  to  fainting.  Cardiac  pain  is 
sometimes  present.  On  physical  examination  the  apex 
beat  is  found  lower  than  normal,  the  impulse  feeble  and 
diffused.  Sometimes  the  area  of  dulness  is  increased, 
this  increase  being  due,  in  the  later  stage  of  the  disease, 
to  dilatation  of  the  heart,  or  to  retraction  of  the  lungs 
(Quincke).  The  first  sound  Is  extremely  feeble,  the  sec- 
ond clear  and  bell-like,  but  not  accentuated.  Systolic 
murmurs,  pulmonary  and  aortic  chiefly,  mitral  and  tri- 
cuspid, are  almost  always  heard,  loud  and  distinct.  The 
occurrence  of  a  diastolic  murmur  has  been  noted  in  a  few 
instances.  These  murmurs  are  due  to  the  fluid  state  of 
the  blood,  and  possibly  to  a  regurgitation  of  the  blood 
through  incompetent  valves.  The  papillary  muscles  are 
so  highly  degenerated  as  certainly  to  interfere  with  nor- 
mal valve  closure. 

A  loud  hum  is  heard  in  the  jugular  vein.  In  the  caro- 
tid arteries  a  systolic  bruit  is  heard.  Such  a  murmur  may 
be  heard  in  more  distant  vessels  also.  The  carotids  pul- 
sate at  times,  the  veins  are  large  and  full,  and  have  been 
seen  to  pulsate.  The  pulse  is  feeble  and  compressible, 
dicrotic,  at  times  irregular  and  quite  rapid.     The  cardiac 

*  Cases  are  recorded  in  which  the  temperature  rose  to  106°  (Quincke), 
«nd  a  range  of  103°  to  104°  in  quite  common. 
T  Epigastric  pain  and  tenderness  were  extreme  in  Purser's  case. 


symptoms  and  physical  signs  of  this  form  are  similar  to 
the  same  symptoms  of  the  other  forms  of  anaemia,  while 
the  mechanism  of  the  production  of  murmurs  is  the  same. 
The  latter,  however,  are  much  more  intense  than  in  sim- 
ple anaemia. 

Bespwatory  Symptoms. — The  occurrence  of  dyspnoea 
is  noted  early  in  the  disease,  at  first  on  exertion  only  ;  it 
becomes  con.stant,  and  toward  the  close  of  life  the  suffer- 
ings from  it  are  extreme.  The  dyspnoea  occurs  inde- 
pendently of  any  organic  disease,  and  is  due  to  the  de- 
struction of  red  corpuscles  and  the  le.ssened  supply  of 
haemoglobin.  Rarely  is  a  hydrothorax  found  during  life, 
and  the  same  may  be  said  of  any  organic  disease  of  the 
lungs  or  pleura.  Pneumonia  occurs  in  a  few  instances 
as  a  complication.  Haemorrhages  from  the  nose  are  fre- 
quent ;  often  the  source  of  bleeding  is  in  the  lungs.  A 
Stokes-Cheyne  respiration  is  sometimes  present,  probably 
due  to  the  fatty  heart  or  to  cerebral  complications.  Late 
in  the  disease  oedema  of  the  lungs,  or  even  hypostatic 
congestion,  is  liable  to  occur. 

Oenito-urinary  Symptoms. — These  are  few ;  it  may  be 
said,  in  fact,  no  complaints  are  made  by  the  patient  of 
renal  symptoms.  There  are  no  lumbar  pains,  and  there 
is  no  painful  or  increased  frequency  of  micturition.  The 
urine  is  clear  or  dark  in  color,  acid  in  reaction,  varies  in 
specific  gravity  from  1.010  to  1.020,  being  usually  below 
1.015,  and  is  normal  in  amount.  The  amount  depends 
on  the  occurrence  of  vomiting  or  diarrhoea,  being  les- 
sened when  these  conditions  are  present.  Although  the 
daily  amount  is  about  the  normal  average,  cases  have 
been  reported  where  the  amount  was  increased  from 
3,000  to  3,500  C.c.  daily  (Immermann) ;  in  some  instances 
the  amount  was  reduced  800  C.c.  (Miiller).  Miiller  found 
the  urea,  as  a  re-sult  of  his  analysis,  lessened  to  from  12 
to  13  Gm.  daily,  the  chlorides  reduced,  uric  acid  rela- 
tively increased,  and  the  amount  of  creatinin  diminished 
pa/ri  passu  with  the  urea.  He,  with  Huguenin,  found 
distinct  indican  reaction  due  to  the  inanition  common  to 
the  disease  (Senator). 

Eichhorst's  observations  and  analyses  corresponded 
closely  withthe  facts  above  noted.  The  urine  in  the  fatal  case 
of  Mrs.  M.,  under  the  care  of  the  writer,  yielded  the  fol- 
lowing results  on  analysis :  Amount  in  twenty-four  hours, 
1,500  Co.;  specific  gravity,  1.014;  urea,  2.3  per  cent.  ; 
uric  acid,  .087  per  cent.  ;  sodium  chlor.,  13  per  cent.; 
phosphoric  acid,  .13  per  cent.  On  standing  there  was 
scarcely  any  deposit.  This  deposit  was  seen  to  be  com- 
posed of  amorphous  phosphates  and  some  few  leucocytes 
and  epithelium.  A  second  case  yielded  the  following : 
Urea,  1.5  per  cent.;  uric  acid,  .017  per  cent.;  chlor.  sod., 
.565  per  cent.;  phosphoric  acid,  .146  per  cent.  Apart 
from  the  change  in  the  normal  constituents  of  the  urine,, 
few  if  any  pathological  products  are  found.  In  the  later 
stages  of  the  disease  albumen  is  sometimes  observed.  It 
is  present  in  small  amount,  and  its  occurrence  corresponds 
with  that  of  some  general  depression  or  temporary  car- 
diac embarrassment.  Quincke  observed  a  large  amount 
of  albumen,  in  one  instance,  as  did  also  Miiller.  The 
kidneys  were  highly  fatty  in  the  latter  observer's  case. 
With  the  albuminuria  that  precedes  death,  there  are 
found  hyaline  casts  (MuUer,  op.  cit.,  obs.  xlviii.,  p.  239). 

Sugar  has  never  been  detected  in  the  urine  in  patients 
with  idiopathic  anaemia.  Miiller  found  leucin  and  tyrosin. 
Blood  from  haemorrhages  into  the  pelvis  of  the  kidney  or 
from  the  bladder  has  been  seen.  Reynolds,  in  a  careful 
analysis  of  the  urine  of  one  of  Dr.  Finney's  patients, 
found  an  increase  in  the  percentage  of  iron,  both  when 
the  patient  was  taking  the  drug  and  when  it  had  been 
discontinued  some  time.  In  the  first  instance  he  found 
.7485  grain  of  iron,  and  in  the  second  .308  grain  in  72 
ounces  of  urine. 

The  genital  organs  in  the  male  or  female  are  not  espe- 
cially influenced  in  the  course  of  the  disease.  In  the  female 
the  menstruation  may  be  more  profuse  than  normal  or 
recur  too  frequently,  and  even  menorrhagia  may  develop. 
The  pregnant  female  will  abort,  or  premature  labor  will 
take  place. 

Nervous  System  and  Special  Senses. — Headache  and  gid- 
diness, with  subjective  noises  in  the  head  and  ears  and 
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subjective  flashes  of  light,  develop  in  proportion  as  the 
ansemia  grows  profound.  There,  are  but  few  cases  in 
which  these  symptoms  are  absent.  They  are  due  to  the 
hydrsemic  condition  of  the  blood.  As  the  disease  pro- 
gresses loss  of  memory  is  seen  ;  an  apathy  and  sluggish- 
ness of  action  of  the  cerebral  faculties  is  quite  remark- 
able, and  low  wandering  delirium  gradually  advancing  to 
stupor  and  coma  often  mark  the  close  of  the  disease. 
Rarely  convulsions  occur,  while  in  some  instances  paral- 
yses have  taken  place  some  time  before  death,  chiefly 
limited  to  monoplegias.  These  cerebral  symptoms  are 
due  to  haemorrhages  within  the  brain  substance  and  in 
the  membranes,  and  to  oedema  of  the  brain. 

One  of  the  symptoms  on  which  Biermer  had  laid  much 
stress  was  the  ophthalmoscopic  appearance  of  the  fundus 
of  the  eye.  By  him,  and  for  a  time  by  others,  actual 
hsemorrhages  were  thought  to  be  constant  attendants  of  this 
disease.  It  has  bepn  shown,  however,  that  they  are  pres- 
ent in  other  cachexise,  and  may  be  absent  in  this.  In 
two  of  the  writer's  cases  they  were  present,  in  one  absent. 
Their  presence  does  not  imply  a  fatal  termination,  nor 
their  absence  a  favorable  one  (Coupland).  In  some  in- 
stances they  were  so  large  as  to  impair  vision  and  even  to 
cause  blindness ;  generally  they  are  small.  They  are  many 
in  number  generally,  and  are  situated  around  the  optic 
nerve-entrance,  or  they  follow  the  course  of  the  blood-ves- 
sels in  the  nerve-fibre  layer.  They  are  in  the  lower  and 
outer  quadrants  most  frequently.  They  are  seen  as  black, 
reddish-  or  yellow-brown  spots,  round  or  oval,  some- 
times linear  striated  or  "flame-shaped."  The  retina  is 
clouded  or  hazy  very  often,  the  vessels  are  pale,  the  ar- 
teries reduced  in  size,  the  veins  enlarged.  In  some  in- 
stances an  oedema  of  the  disk  or  a  neuro-retinitis  has  been 
observed,  and  Mackenzie  noted  white  patches  and  yellow 
spots  in  the  effused  blood,  due  to  "  leucocyte  infiltration, 
and  to  degeneration  in  the  disturbed  retinal  tissues." 

The  changes  in  the  blood  have  been  described  under 
Anatomical  Alterations,  so  that  it  is  unnecessary  to  enu- 
merate them  a  second  time. 

Complications,  Duration,  Prognosis. — The  compli- 
cations of  idiopathic  ana3mia  are  rare — in  fact,  pneumonia, 
erysipelas,  and  dysentery  (Quincke,  ,one  case)  are  the 
only  ones  that  have  been  observed.  Sequelae  are  absent 
in  those  that  get  well,  but  the  progress  to  full  health  is 
slow  and  fitful,  and  may  be  marked  by  serious  relapses. 
The  duration  is  variable.  The  average  appears  to  be 
about  five  months.  In  some  few  instances  the  disease  has 
terminated  as  early  as  six  and  eight  weeks  after  its  incep- 
tion. The  writer's  fatal  case  was  of  three  years'  dura- 
tion, dating  from  the  first  evidences  of  failure  in  health. 
Coupland  found  that  13  out  of  110  cases  were  ill  for 
.  periods  extending  beyond  two  years. 

The  prognosis  is  generally  grave.  A  small  proportion 
of  cases  get  well.  Pye-Smith  analyzed  123  cases  ;  of  this 
number  twenty  recovered,  Two  onh-  of  the  37  oases  of 
primary  essential  anasmia  collected  by  Eichhorst  recovered. 
The  elements  that  influence  the  prognosis  are  hai-d  to 
establish.  It  had  been  thought  that  a  diminution  of  cor- 
puscles to  500,000  or  under  would  render  a  prognosis  un- 
favorable, yet  one  of  Quincke's  cases  recovered,  although 
there  were  but  143,000  red  corpuscles  per  cubic  milli- 
metre. Quinquand  determined  that  36.5  Gm.  per  1,000 
C.c,  about  one-fifth  of  the  normal  quantity,  was  as  small 
an  amount  of  haemoglobin  as  was  compatible  with  life. 
Yet  here  again  Quincke's  observations  are  at  variance. 
He  found  in  four  cases  the  reduction  to  be  i,  tV,  -jV,  and 
^V  of  the  normal ;  the  last  was  a  case  in  which  recovery 
took  place.  The  prognosis  is  more  grave  under  the  fol- 
lowing circumstances  ■  First,  when  the  disease  occurs  in  a 
pregnant  woman  ;  second,  when  there  are  numerous  syn- 
copal attacks ;  third,  when  fever  is  marked  and  haemor- 
rhages are  profuse  ;  and  lastly,  when  cerebral  symptoms 
apoplexy,  paralysis,  etc.,  ensue.  Labor  pains  in  a  preg- 
nant woman  affected  with  anaemia  are  the  forerunner  of 
death. 

Diagnosis.— Idiopathic  ansemia  must  be  distinguished 
trom  the  grave  forms  of  chlorosis  and  the  symptomatic 
anaemias;  from  Addison's  disease  and  the  cytogenetic 
anaemias.      The  following  diseases  in  addition  to   the 
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above  Iiave  been  confounded  with  it,  viz. ,  cancer  and  ul- 
cer of  the  stomach,  chronic  Bright's  disease,  phthisis 
ulcerative  endocarditis,  organic  heart  disease,  and  ty' 
phoid  fever. 

The  special  characteristics  of  this  form  of  anaemia  have 
been  sufficiently  indicated  in  the  preceding  pages.  With- 
out too  much  detail,  the  points  of  difference  between 
some  of  the  above  ailments  and  idiopathic  anaemia  will 
now  be  pointed  out. 

CMorogis. — The  age  and  sex  peculiar  to  this  disease  • 
the  menstrual  relations  ;  the  gastro-intestinal  symptoms 
— perverted  appetite,  gastralgia,  vomiting,  and  constipa- 
tion ;  the  nervous  phenomena ;  and  the  deficiency  in 
haemoglobin  without  corresponding  decrease  in  the  num. 
ber  of  red  cells,  favor  chlorosis. "  Bramwell "  strongly 
insists  on  the  therapeutic  test.  Arsenic  he  believes  is 
almost  a  specific  in  idiopathic  anaemia,  while  it  is  of  no 
service  in  chlorosis. 

Symptomatic  or  8econda/ry  Anmmia. — The  occurrence 
of  previous  organic  or  functional  disease  (e.^.,  cancer  or 
dyspepsia) ;  the  presence  of  emaciation,  and  the  minor 
degree  of  blood-changes  are  indicative  of  this  variety  of 
anaemia. 

Addison's  Disecise. — It  may  be  recognized  by  the  ex- 
treme exhaustion  that  attends  it  with  a  moderate  degree 
of  anaemia  only,  by  the  peculiar  pigmentation,  by  marked 
mental  depression,  and  ty  the  almost  constant  emaciation. 

Oytogenic  Ancmiias. — The  several  varieties  of  leuks- 
mia  or  leucocythaemia  are  distinguished  by  the  large 
increase  in  the  white  cells  of  the  blood,  and  by  the  struct- 
ural changes  of  the  respective  organs  in  the  splenic  and 
lymphatic  varieties.  Pseudo-leukaemia,  or  Hodgkin's 
disease,  is  also  recognized  by  the  anatomical  alterations  of 
the  blood-making  organs.  The  myelogenetic  variety  of 
pseudo-leukaemia  is  the  most  difficult  one  to  differentiate. 
Marked  pain  and  tenderness  in  the  bones  is  possibly  the 
only  distinguishing  feature,  apart  from  the  blood-changes. 
There  have  no  doubt  been  instances  where  it  was  impos- 
sible to  determine  which  affection  was  present,  in  life. 

No  attention  has  been  given  to  a  comparative  discussion 
of  the  cardiac,  pulmonary,  gastro-intestinal,  or  cerebral 
symptoms  in  the  diseases  above  noted.  They  are  in  the 
main  common  to  all,  and  only  the  most  captious  could 
make  out  diagnostic  differences.  Thus  retinal  haemor? 
rhages  and  papillo-retinitis  have  been  observed  not  only 
in  idiopathic,  but  also  in  the  symptomatic  and  cytogenic 
anaemias.  It  is  true  that  a  diagnosis  of  idiopathic  anse- 
mia can  only  be  made  by  grouping  together  all  the  fun- 
damental and  essential  circumstances  and  symptoms  apr 
pertaining  to  a  given  case,  and  then,  after  close  analysis, 
the  presence  of  the  disease  or  its  absence  be  determined. 
There  is  no  one  symptom  that  is  pathognomonic. 

Carcinoma  and  ulcer  of  the  stomach,  especially,  as  is 
often  the  case  if  haematemesis,  tumor,  and  fixed  local  pain 
may  not  be  present  in  the  course  of  the  disease,  are  liable 
to  be  taken  for  idiopathic  anaemia.  In  carcinoma  the 
age,  the  degree  of  emaciation,  the  obstinate  constipation, 
and  the  smaller  blood-changes  are  indices.  Haemorrhage 
from  the  stomach  is  of  more  frequent  occurrence  in  or- 
ganic disease  ;  it  is  almost  the  exception  in  idiopathic 
ansemia. 

Chronic  Bright's  Disease  with  or  without  Albumimma. 
— Symptoms  are  seen  not  unlike  those  of  idiopathic  anse- 
mia, as  pallor,  oedema,  dyspnoea,  retinal  changes,  and  ex- 
haustion. The  history  of  the  case,  the  presence  at  some 
period  of  the  cardio-vascular  symptoms  of  chronic  Bright's 
disease,  the  persistence  of  albuminuria  and  of  the  usual 
urinary  changes,  leave  one  to  infer  the  presence  of  inter- 
stitial nephritis.  The  blood-changes,  the  feeble  dicrotic 
pulse,  the  fatty  heart,  the  irregular  fever,  and  the  ex- 
treme exhaustion  do  not  belong  to  Bright's  disease.  The 
frimissement  cataire,  with  other  symptoms,  led  one  ob- 
server to  diagnosticate  endocarditis.  As  in  phthisis,  in 
organic  heart  disease,  and  in  tjrphoid  fever,  the  appear- 
ance of  the  blood  would  certamly  decide  against  either 
of  those  affections,  independently  of  the  presence  of  local 
lesions. 

Pathology. — This  is  obscure.  Our  knowledge  of  the 
physiology  of  the  blood ;  of  the  origin,  the  development, 
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the  destination,  and,  in  many  respects,  the  functions  of  the 
red  blood-corpuscles,  is  involved  in  so  much  doubt  and  is 
so  transitory  that  it  is  impossible  to  discover  its  pathologi- 
cal secrets.  Any  speculations  on  the  pathology  of  idio- 
pathic ansemia  must  therefore  be  provisional  and  based 
on  the  fact  of  its  essential  lesion  being  a  reduction  in  the 
number  of  the  red-cell  elements.  Such  reduction  must 
be  due  either  to  a  check  in  their  development  or  to  agen- 
cies which  cause  their  destruction.  Certain  it  is  that  it  is 
not  due  to  loss  of  the  corpuscles  by  haemorrhage,  etc. ,  for 
such  circumstances  do  not  obtain  in  this  anaemia. 

1.  Anhmmatom,  or  Defeciioe  Formation. — (a)  This  may 
be  due  to  a  diminution  of  the  nutritive  supply  to  the 
blood.  If  so  we  would  expect  the  other  elements  to  be 
proportionately  reduced ;  but  the  white  cells  are  relatively 
increased,  and  the  albumen,  though  reduced,  is  not  pro- 
portionately so.  Further,  in  starvation,  and  in  carci- 
noma of  the  gastro-intestinal  tract,  conditions  which 
illustrate  the  reduction  of  the  supply  of  pabulum,  we 
find  no  such  diminution  in  the  red  corpuscles.  More- 
over, no  anatomical  changes  have  been  found  in  the 
organs  of  assimilation  to  account  for  grave  nutritive  inter- 
ference. 

(b)  Anhaematosis  may  be  due  to  changes,  either  func- 
tional or  organic,  in  those  structures  which  are  con- 
cerned in  the  elaboration  of  red  cells.  To  the  white 
corpuscles,  the  bone-marrow,  the  spleen,  the  lymphatic 
glands,  and,  finally,  the  haematoblasts,  have  been  attrib- 
uted the  origin  of  the  red  cells.  It  is  generally  conceded 
that  the  marrow  of  the  bones  and  the  spleen  are  the  chief 
seats  of  the  formation  of  red  corpuscles,  and  that  the  nu- 
cleated red  corpuscles  are  their  direct  antecedents.  Careful 
attention  has,  therefore,  been  paid  to  the  bone-marrow  by 
many  observers.  The  spleen  is  not  changed  in  structure. 
It,  as  well  as  the  lymphatics  and  marrow,  may  be  func- 
tionally altered,  but  our  knowledge  of  the  physiological 
processes  is  not  sufficiently  refined  to  determine  such 
alteration.  Structural  alterations  in  the  marrow  have 
been  found,  however,  and  to  them  have  been  attributed 
the  origin  of  the  disease.  Cases  have  been  recorded  which 
presented,  during  life,  the  symptoms  of  idiopathic  ansemia, 
and  in  which  the  bone-marrow  was  found  to  have  under- 
gone hyperplasia.*'  Opposed  to  this,  however,  is  the  fact 
that  other  observers,  in  a  large  number  of  cases,  failed  to 
find  such  marrow  lesion."  The  former  believed  the  mar- 
row lesion  to  be  the  primary  one,  the  blood  the  secondary. 

In  many  instances,  however,  there  have  been  cases  ^^ 
without  anaemia  in  which  the  bone-marrow  had  under- 
gone hyperplasia,  the  patients  having  died  of  other  dis- 
eases. It  has  not,  therefore,  been  proven  that  the  marrow 
changes  are  antecedent,  and,  in  fact,  the  weight  of  evi- 
dence appears  to  favor  the  view  that  the  red  marrow  is  a 
secondary  result.  A  close  relationship  undoubtedly  ex- 
ists, however,  between  leukaemia  and  idiopathic  anaemia." 

2.  Hoemophthim,  or  Increased  Destrueiion  of  Bed  Cor- 
puscles.— The  color  of  the  face,  the  muscles,  and  the  fat, 
the  deposition  of  iron  in  various  structures  of  the  body, 
the  increased  excretion  of  iron  by  the  kidneys,  and  the 
reduced  amount  of  the  metal  in  the  blood,  point  to  a 
destruction  of  the  elements  in  the  blood  which  hold  it, 
viz.,  the  red  corpuscles.  This  destruction  is,  in  all  prob- 
ability, simply  an  exaggeration  of  the  one  which  takes  place 
physiologically.  It  seems  far  more  likely  that  an  actual 
haemophthisis  takes  place  than  that  defective  formation  is 
the  cause  of  the  red-cell  reduction,  especially  in  the  ab- 
sence of  proof  of  cytogenetic  changes.  The  nature  of  the 
destructive  agency  is  unknown,  allSiough  it  is  not  im- 
possible that  it  may  be  some  ferment  in  the  blood. 

The  sympathetic  system  of  nerves  has  been  invoked  to 
explain  the  pathology  of  this  disease.  The  cases  are  too 
few  in  which  thorough  examinations  were  made  of  the 
ganglia.  Moreover,  in  many  instances  they  were  abso- 
lutely normal,  while  in  those  cases  in  which  structural 
changes  were  found  it  is  impossible  to  determine  the  se- 
quence ;  the  nerve-lesion  may  have  been,  and  probably 
was,  secondary.  But  little  importance  should  be  at- 
tached to  abnormal  changes,  for  in  many  other  diseases 
similar  changes  have  been  observed. 

The  fatty  heart  and  the  alterations  in  the  blood-vessels, 


whereby  haemorrhages  so  readily  take  place,  are  ftilly  ex- 
plained by  the  experiments  of  Perl,  Ponflck,  and  others. 
By  repeated  bleedings  they  succeeded  in  causing  fatty 
heart  and  degenerative  changes  in  the  blood-vessels. 

Treatment. — Rest,  massage,  a  liberal,  nutritious,  and 
easily  digested  dietary,  the  moderate  use  of  stimulants, 
cheerful  surroundings,  and  probably  a  change  of  scene, 
are  the  chief  non-medicinal  means  used  for  the  restoration 
of  health.  Yet  no  definite  results  can  be  given  of  the 
beneficial  effects  of  the  above  means,  either  singly  or  com- 
bined, unless  it  be  of  the  last  measure.  One  of  French's 
cases  appeared  to  be  cured  by  removal  to  a  mountainous 
territory,  while,  on  the  other  hand,  one  of  the  writer's 
cases  improved  at  a  city  hospital,  suffered  relapse  in  his 
mountainous  home,  and  was  completely  cured  on  his 
second  visit  to  the  hospital. 

The  usual  remedies  used  in  anaemia  have  been  disap- 
pointing in  this  affection.  Iron,  phosphorus,  cod-liver 
oil,  quinine,  and  strychnia  have  failed  as  blood-restorers 
or  general  tonics.  Arsenic,  however,  has  been  found  of 
inestimable  service.  Its  value  was  first  discovered  by 
Bramwell,  who  used  it  first  from  a  knowledge  of  its  good 
effects  in  fatty  degeneration  of  the  heart. 

Padley'"  carefully  considers  the  use  of  arsenic,  and 
shows  the  results  of  treatment  by  this  drug  in  seventy 
cases  collected  from  various  sources.  Of  the  seventy, 
forty-eight  were  treated  without  arsenic :  forty-two  proved 
fatal,  two  were  still  under  treatment,  in  three  the  result 
was  unknown,  and  one  recovered  (authorities,  Hobson, 
Coupland,  Mackenzie,  Bramwell,  Barclay).  Comparing 
this  with  the  remarkable  results  derived  from  the  use 
of  arsenic,  the  most  skeptical  person  will  be  convinced 
of  its  utility.  .  Twenty-two  cases  were  treated  by  arsenic  : 
sixteen  recovered,  two  improved,  and  four  were  fatal 
(Coupland,  Hobsbn,  Bramwell,  Finney,  Broadbent, 
Withers,  Moore,  Lockie,  and  Padley).  The  drug  should 
be  given  in  small  doses,  gradually  increasing  until  its 
physiological  effects  are  produced.  Transfusion  has 
been  employed  with  temporary  relief  in  some  instances ; 
rarely  has  it  been  actually  curative  ;  four  undoubted 
cases  only  are  recorded  by  Pye-Smith  as  being  cured. 
Quincke  prefers  arterial  transfusion,  others  the  venous. 
The  transfusion  may  be  done  by  the  direct  or  by  the 
indirect  method.  In  addition  to  blood,  milk  has  been 
used  (Thomas,  Pepper).  M  appears  that,  according .  to 
the  observations  of  Von  Bergmann  ("  Die  Schicksale 
der  Transfusion  im  letzten  Decennium,"  Berlin,  1883),  a 
simple  saline  solution  meets  all  the  requirements,  and 
is  not  by  any  means  as  dangerous  as  the  use  of  the  other 
liquids. 

The  symptomatic  indications  for  treatment  are  gener- 
ally combated  on  general  principles  They  are  gastro- 
intestinal symptoms,  the  dyspnoea,  the  cardiac  palpita- 
tion, and  haemorrhages.  The  writer  has  seen  very  much 
benefit  derived  from  the  use  of  caffein  for  the  cardiac 
debility,  four  grains  being  given  at  a  dose,  thrice  daily. 

It  is  to  be  regretted  that  we  are  compelled  to  add  that 
often,  in  spite  of  the  most  careful  hygienic  and  medicinal 
treatment,  our  efforts  are  in  vain,  and  the  disease  progresses 
to  a  fatal  termination.  John  H.  Musaer. 
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AN/ESTHETICS.  AnsBsthetics  (from  a,  privative,  and 
"Mvms,  sensibility)  are  agents  which  cause  a  temporary 
abohtion  of  sensation.  The  condition  brought  about  bv 
their  administration  is  termed  ansesthesia  Thev  are 
local  and  general ;  the  former  being  applied  to  a  portion 
of  the  body  produce  their  effect  only  at  the  seat  of  an 
phca  ion  ;  the  latter  affect  the  whole  system  Genera 
anesthetics  are  by  far  the  more  important;  they  are  ad 
ministered  by  inhalation,  and  by  their  influence  upon  the 
nervous  system  abolish  sensation,  produce  complete  mus^ 
cular  relaxation  and  finally  cause  entire  suspension  of 
sensation  and  the  power  of  motion,  together  with  con- 
tfnnZT-'  *°,^?"  nianifestations  of  life  exceSpTra- 
to  ?„r^lt"'="i^""°v  ^^"y  ^"1  ^«  considered  in  relat  on 
IhelXlrfJ"  "^^*'5'"'=«- ^^  as  modified  in  action  by 
'''le  mnuence  of  narcotics.  •' 

„  J^S®  ^'■^.^  ^^''^^  number  of  chemical  compounds  which 
are  efficient  general  anfesthelics.  The  only  ones  now 
generally  usel,  and  which  have  stood  the  teslof  long  e^ 
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perience,  are  ether,  chloroform,  various  mixtures  of  thesp 
and  nitrous  oxide  gas.  The  effect  of  the  latter  is  verv 
transient,  it  requires  special  apparatus  for  administra 
tion,  and  is  therefore  almost  entirely  limited  to  dental 
practice.  It  is  safe  to  affirm  that  the  ansesthetics  at 
present  in  use  will  not  soon  be  displaceid.  So  vast  has 
been  the  experience  with  them  that  a  generation  or  more 
must  pass  away  before  the  greater  safety  of  any  new 
agent  could  be  established. 

To  abrogate  the  pain  of  surgical  operations  has  been 
an  object  of  study  and  effort  from  the  most  remote  ages 
The  attainment  "of  the  long-sought  object  is  one  of  the 
great  triumphs  of  recent  times  and  has  effected  a  revolu 
tion  in  surgery.  Operations  became  practical  which  before 
were  not  undertaken  on  account  of  their  severity  •  rapid 
ity  of  execution  ceased  to  be  the  great  aim  of  the  surgeon  • 
dissection  of  the  most  delicate  tissues  could  be  made  un- 
disturbed by  the  patient's  movements,  and  the  operating- 
table,  before  which  the  stoutest  heart  sank,  was  trans- 
ferred from  a  bed  of  agony  to  one  of  peaceful  slumber 
The  earliest  records  of  attempts  at  anaesthesia  for  surgi- 
cal purposes  date  from  the  period  of  the  Roman  Empire 
Toward  the  close  of  the  last  century  great  advances  were 
made  in  pneumatic  chemistry,  and  modern  anaesthesia 
was  foreshadowed  by  Sir  Humphry  Davy,  in  1800,  when 
he  wrote  :  "  As  nitrous  oxide  in  its  extensive  operation 
seems  capable  of  destroying  physical  pain,  it  may  proba- 
bly be  used  with  advantage  during  surgical  operations  in 
which  no  great  loss  of  blood  takes  place."  This  property 
of  nitrous  oxide,  although  a  matter  of  common  knowl- 
edge, and  although  the  gas  was  frequently  inhaled  as  an 
amusement,  for  its  stimulating  effects,  bore  no  practical 
fruit  until  1844.     On  December  11th  of  that  year,  Horace 
Wells,  a  dentist,  of  Hartford,  Ct.,  being  convinced  of  its 
anaesthetic  properties,  submitted  himself  to  the  influence 
of  this  gas  and  had  a  tooth  extracted  without  suffering 
Most  truthfully. did  he  exclaim,  on  awakening,  that  ''a 
new  era  in  tooth-drawing"  had  been  entered  upon.    He 
was  unsuccessful  in  his  attempts  to  extend  his  discovery 
to  severe  surgical  operations  for  want  of  apparatus,  since 
invented,  necessary  for  efficient  management  of  the  gas 
and  disheartened  by  failure  he  put  an  end  to  his  life.    To 
him  belongs  the  honor  of  the  discovery ;  he  was  the  Co- 
lumbus who  first  sailed  the  unknown  sea,  but  did  not 
recognize  from  the  island  he  touched  the  great  continent 
beyond.     By  this  time  the  stimulating  effects  of  the  vapor 
of  ether  had  been  discovered,  and  its  similarity  of  action 
to  nitrous  oxide  recognized.     About  two  years  after 
Wells    success,  September  30,  1846,  ether  was  adminis- 
tered by  Dr.  T.  G.  Morton,  of  Boston,  and  a  tooth  was 
removed  without  pain.     On  October  17th  this  agent  was 
first  administered  by  him  for  a  surgical  operation  per- 
formed by  Dr.  Warren,  and  several  other  successful  trials 
soon  followed.     It  was  claimed  by  Dr.  Chas.  J.  Jackson, 
of  the  same  city,  that  he  suggested  to  Dr.  Morton  the 
use  of  ether,  and  that  he,  therefore,  was  entitled  to  the 
honor  of  the  discovery.     The  truth  as  to  the  suggestion 
will  probably  never  be  known  ;  actors  in  the  scene,  how- 
ever, state  that  Dr.  Jackson  refused  to  be  present  at  one 
of  the  earlier  operations,  and  disclaimed  responsibility 
tor  any  accident  which  might  occur.     To  Dr.  Morton, 
therefore,  rightly  belongs  the  honor  of  having  first  ear- 
ned anajsthesia  for  surgical  operations  into  practical 
operation.     The  names  of  Jackson  and  Morton  were, 
however,  associated  in  an  attempt  to  obtain  a  patent  for 
the  process,  and  they  joined  in  trying  to  keep  secret  the 
article  used,  so  as  to  profit  by  the  discovery,  thus  sully- 
ing the  grandest  discovery  ever  made  for  the  alleviation 
of  human  suffering.     The  adoption  of  the  new  method 
was  commensurate  with  its  importance.   Before  the  year 
closed  major  operations  had  been  performed  in  London, 
and  within  a  few  weeks  no  serious  operation  was  per- 
formed at  the  large  hospitals  of  that  city  without  ether. 
On  January  19,  1847,  Simpson,  of  Edinburgh,  first  used 
ether  to  assuage  the  pains  of  labor.     Before  the  close  of 
that  year,   although  here  and  there  dissenting  voices 
were  heard,   surgical   anaesthesia  had  become   general 
throughout  the  civilized  world.     On  November"  10th,  a 
new  anaesthetic  was  introduced  by  Simpson,  who  expert- 
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mented  on  himself  with  various  compounds.  At  the 
suggestion  of  Mr.  Waldie,  a  chemist,  of  Liverpool,  he 
tried  chloroform,  and  on  Noveniber  15th  he  published 
his  success  with  this  agent. 

Chloroform  rapidly  displaced  ether  as  an  aneesthetic. 
Being  far  more  powerful  a  much  smaller  quaotity  is  re- 
quired, it  is  much  pleasanter  to  the  patient,  more  prompt 
and  more  enduring  in  action,  and  more  manageable. 
Por  fifteen  or  twenty  years  it  was  almost  the  sole  anaes- 
thetic used,  except  in  the  cities  of  Boston,  in  this  country, 
Lyons,  in  Prance,  and  Naples,  in  Jtaly,  where  ether  has 
always  been  preferred.  The  change  would  have  been 
permanent  had  not  further  experience  shown  that  chloro- 
form sometimes  caused  sudden  death.  The  increasing 
frequency  of  fatal  accidents  awakened  attention  and  ex- 
cited fear.  Numerous  attempts  were  made  to  escape  its 
dangers  on  the  one  hand,  and  the  inconveniences  of  ether 
on  the  other,  by  the  use  of  mixtures  of  the  two.  The 
Chloroform  Committee  of  the  Medico-chirurgical  Society 
of  London,  in  1864,  recommended,  among  others,  a  mixt- 
ure of  one  part  alcohol,  two  parts  chloroform,  and  three 
parts  ether,  by  measure,  known  as  the  A.  C.  E.  mixture, 
which  has  probably  been  used  more  than  any  other. 
At  Vienna,  a  mixture  of  six  parts  of  ether  to  one  of 
chloroform  has  been  used  so  much  as  to  be  known  as 
the  "Vienna  mixture  ; "  it  is  stated  that  there  have  been 
eight  thousand  administrations  of  it  without  a  death. 
Billroth,  of  the  same  city,  uses  a  mixture  of  three  parts 
of  chloroform,  one  of  ether,  and  one  of  alcohol. 

About  three  years  ago  inquiries  were  addressed  to  rep- 
resentative medical  men  throughout  this  country,  and 
from  the  replies  the  relative  standing  of  the  dfeerent 
anaesthetics  would  seem  to  be  as  follows  :  Throughout 
New  England  ether  is  the  only  anaesthetic  used.  In  the 
large  cities  of  New  York,  Brooklyn,  and  Philadelphia, 
containing  two  and  a  half  million  of  inhabitants,  but  four 
or  five  surgeons  use  chloroform,  a  few  more  the  mixt- 
ures, the  others  ether.  In  the  western  and  northern 
portions  of  the  country,  ether  is  used  by  a  large  majority 
of  surgeons,  while  the  reverse  is  true  of  the  South. 
Since  that  time  some  deaths  from  chloroform  have  oc- 
curred in  the  latter  section,  in  the  hands  of  leading  men, 
and  have  undoubtedly  exercised  an  influence.  In  all 
sections  of  the  country  some  few  use  a  mixture,  if  not 
avowedly,  yet  practically,  by  adding  chloroform  when 
any  diflBculty  is  experienced  in  bringing  a  patient  under 
the  influence  of  ether.  In  the  hospitals  of  Great  Britain, 
where  ten  or  fifteen  years  ago  chloroform  only  was  used, 
now  about  one-third  use  ether  and  another  third  mixtures. 
Judging  from  journals,  we  may  say  that  a  large  propor- 
tion of  practitioners  use  chloroform.  In  Prance,  with 
the  exception  of  Lyons,  chloroform  is  the  sole  anaes- 
thetic, and  the  same  is  the  case  in  Germany,  except  at 
Vienna,  where  mixtures  predominate. 

There  are  prominent  characteristics  of  both  anaesthetics 
which  are  to  be  considered  in  making  a  decision  as  to 
which  to  use.  Chloroform  is  pleasant,  ether  unpleasant. 
The  small  bulk  of  the  former  will  always  give  it  the 
preference  in  military  service  without  question.  The 
vapor  of  ether  is  very  inflammable  ;  it  has  been  known 
to  ignite  at  a  distance  of  fifteen  feet.  This  renders  its 
use  dangerous  by  artificial  light  or  with  the  actual  cau- 
tery. Beyond  these  points  the  relative  danger  of  the  two 
exercises  the  supreme  influence,  and  it  would  be  most 
desirable  to  be  able  to  state  that  relative  danger  ex- 
actly. This  cannot  be  done  in  figures.  The  number  of 
deaths  from  chloroform  exceed  400,  yet  the  number  of 
administrations  cannot  be  known,  and  all  attempts  to 
fix  any  ratio  of  the  one  to  the  other  are  vain.  In  one 
hospital  there  was  a  death  with  only  525  administrations, 
while  Hunter  McGuire  saw  in  the  Confederate  Army 
28,000  administrations,  and  Nussbaum  has  seen  40,000 
without  any  fatal  case.     These  are  the  extremes. 

The  deaths  from  ether  number  about  sixty,  but  the 
number  of  administrations  is  no  more  accurately  known 
than  those  of  chloroform.  It  is  certain  that  the  fre- 
quency of  fatal  cases  has  increased  of  late  years  as  the 
use  of  this  agent  has  extended. 

It  is  claimed  that  with  the  mixtures  much  of  the  dan- 


ger attaching  to  chloroform  is  avoided.  The  claim  is, 
doubtless,  just.  Dilution  of  the  vapor  prevents  that 
powerful  and  sudden  impression  which  has  often  caused 
death  vdtli  chloroform,  nor  can  the  danger-line  be  so 
readily  passed  from  carelessness,  or  any  influence  causing 
irregular  administration.  More  prompt  in  action,  and 
more  manageable  than  ether,  in  proportion  to  the  amount 
of  chloroform  they  contain,  they  cannot  be  considered 
safer  than  ether.  It  is  a  question  between  practical  ad- 
vantages and  an  infinitesimal  amount  of  danger.  Deaths 
have  occurred  from  them,  but  no  statistics  exist  upon 
which  an  approximate  estimate  of  the  relative  safety  of 
mixtures  as  compared  with  ether  or  chloroform  can  be 
based.  Testimony  favorable  to  some  of  them  has  al- 
ready been  given  from  Vienna.  The  A.  C.  E.  mixture  has 
been  used  by  the  writer  almost  solely  for  twenty  years  ; 
on  two  occasions  only  were  there  any  symptoms  to  cause 
anxiety,  and  these  on  the  part  of  the  respiratory  organs. 

Statistics  lacking  as  to  the  relative  safety  of  the  two 
leading  anaesthetics,  the  grounds  for  a  decision  must  be 
found  in  experiment  on  animals  and  clinical  experience. 
The  former  cannot  alone  suffice,  because  artificial  anaes- 
thesia in  animals  differs  in  some  respects  from  the  same 
process  in  man.  It  has  been  abundantly  shown,  how- 
ever, that  in  animals  under  chloroform  the  blood-pressure 
and  the  action  of  the  heart  are  liable  to  great  and  sudden 
irregularities,  and  that  frequently  the  latter  stops  without 
warning,  events  which  never  occur  under  ether.  So 
marked  is  this  that  the  term  "  capricious  "  has  been  ap- 
plied to  the  action  of  chloroform  by  a  recent  scientific 
commission.  Clinical  experience  has  shown  the  same 
Irregularity  of  action.  Sudden  death  has  occurred  re- 
peatedly, no  explanation  being  possible,  in  the  hands  of 
skilled  administrators,  with  every  precaution  taken,  with 
apparatus  insuring  a  definite  proportion  of  the  vapor, 
and  without  apparatus,  at  the  very  beginning  of  the  pro- 
cedure, and  with  but  the  smallest  dose,  to  subjects  in  per- 
fect health,  and  to  those  who  had  repeatedly  taken  it 
before,  the  accident  has  happened.  The  closest  scrutiny 
of  these  cases,  the  fullest  admission  of  every  extenuating 
circumstance,  will  not  suffice  to  set  aside  the  verdict  that 
chloroform  acts  irregularly,  and  sometimes  with  energy 
and  effect  out  of  proportion  to  the  dose. 

The  action  of  anassthetics  very  much  resembles  that  of 
alcohol.  Introduced  by  inhalation,  their  effect  is  more 
rapidly  produced,  and  as  their  excretion  is  mostly  by 
pulmonary  exhalation,  their  influence  passes  off  sooner. 
Like  alcohol,  they  are  carried  by  the  blood  to  the  central 
nervous  system,  and  produce  their  effect  by  an  infiuence 
upon  the  molecular  changes  or  structure  of  those  centres. 
The  symptoms  produced  by  them  are  alteration  of  per- 
ception by  the  senses,  disturbance  of  the  intellectual 
functions,  generally  temporary  increase  of  reflex  excita- 
bility with  convulsive  muscular  contractions,  gradual 
abolition  of  sensation  and  consciousness,  changes  in  the 
pupils,  constant  changes  in  the  circulation  and  respira- 
tion, relaxation  of  the  muscles,  and  depression  of  tem- 
perature. 

When  chloroform  is  administered  there  is  first  experi- 
enced a  sensation  of  pungent  warmth  in  the  air-passages, 
a  local  effect  of  the  vapor,  to  which  speedily  follows  a 
glow  throughout  the  body,  a  pleasant  sense  of  stimula- 
lation,  with  fulness  of  the  head.  To  this  succeeds  dis- 
ordered intellectual  action ;  the  patient  is  delirious,  talks 
incoherently,  and  perhaps  becomes  noisy.  Having  no 
longer  correct  perception  of  external  circumstances,  he 
may  struggle  and  resist  the  administration,  and  even  be- 
come so  violent  as  to  need  restraint.  Hysterical  symp- 
toms sometimes  show  themselves,  as  immoderate  laugh- 
ing, sobbing,  crying,  or  screaming.  Vomiting  frequently 
occurs,  and  is  very  certain  if  the  stomach  be  full.  The 
motor  disorder  may  be  so  great  as  to  be  convulsive  in 
character  ;  tetanic  spasm  of  the  muscles  of  respiration 
and  rigidity  of  the  extremities  are  frequent,  while  gen- 
eral convulsions  sometimes  occur.  The  pulse,  generally 
feeble  and  small  at  the  beginning  from  emotional  influence, 
becomes  fuller,  flrmer,  and  more  frequent  as  the  anaes- 
thetic influence  progresses.  Respiration  is,  as  a  rule,  very 
irregular.    The  pupils  are  dilated,    The  inhalation  being 
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continued,  voluntary  motion  ceases  ;  complete  muscular 
relaxation  takes  place ;  a  lifted  limb  falls  lifeless  ;  sensation, 
is  entirely  abolished.  The  pulse  is  now  firm  and  steady, 
the  respiration  deep  and  regular,  the  pupils  contracted, 
the  countenance  as  in  deep  sleep.  Reflex  action  is  now 
no  longer  shown,  the  muscles  of  the  eye  do  not  respond 
when  the  conjunctiva  is  touched.  The  patient  is  now  in 
a  state  of  complete  anaesthesia,  and  ready  for  the  opera- 
tion. If  the  inhalation  be  pushed  farther,  the  functions 
essential  to  life  become  compromised,  respiration  is  ster- 
torous, the  heart's  action  depressed,  and  death  occurs  by 
failure  of  one  of  these,  or  of  both  simultaneously,  or  by 
profound  coma.  The  administration  being  discontinued, 
the  patient  soon  begins  to  recover,  and  gradually  returns 
to  the  natural  state,  restoration  taking  place,  as  a  general 
rule,  with  a  rapidity  proportioned  to  the  energy  of  respi- 
ration. Disturbing  influences,  as  dressing  the  wound, 
may  hasten  a  return  to  consciousness,  while  with  perfect 
quiet,  sleep  of  considerable  duration  may  supervene. 

It  is  usual  to  describe  the  different  phases  of  this  pro- 
cess as  stages  of  anaesthesia,  and  to  recognize  a  stage  of 
excitement,  one  of  tolerance,  or  surgical  anaesthesia,  one 
of  deep  coma,  or  paralysis,  and  a  stage  of  returning 
consciousness.  No  definite  line,  however,  separates  these 
stages ;  one  gradually  merges  into  the  other.  The  stage 
of  excitement  varies  very  widely  ;  as  a  rule,  it  is  well 
marked  in  the  robust  and  vigorous,  and  severe  in  hard 
drinkers  ;  frequently  with  females  and  weak  subjects  it 
is  entirely  absent,  and  artificial  aneesthesia  in  these  is  but 
a  gentle  and  gradual  passage  into  quiet  sleep. 

The  leading  functions  deserve  closer  attention.  The 
increased  frequency  of  the  pulse  of  the  early  stage 
may  amount  to  from  ten  to  thirty  beats  ;  under  the  full 
influence  it  falls  to  the  natural  standard,  and  may  de- 
scend considerably  below.  It  remains  thus,  and  regular 
and  flrm,  unless  affected  by  haemorrhage  or  long-con- 
tinued administration.  The  sphygmograph  shows  that 
after  the  systole  the  arteries  decrease  in  size  rather  by 
elasticity  than  by  active  contraction.  There  is  a  vaso- 
motor paresis  ;  everything  indicates  lowered  innervation 
of  the  circulatory  system. 

Cough  is  excited  by  the  local  stimulating  effect  of  the 
vapor,  and  is  proof  that  the  air  is  too  highly  charged 
with  it.  Respiration  is  increased  in  frequency  in  the 
early  stages,  and  is  always  irregular  up  to  tolerance. 
During  the  stage  of  excitement  it  is  variously  affected, 
sometimes  catching  and  shallow,  sometimes  scarcely  per- 
ceptible, and  ceasing  for  considerable  intervals.  Under 
the  full  influence  the  breathing  is  regular,  soon  becoming 
stertorous  if  the  administration  be  pushed. 

The  pupils  are  dilated  and  sluggish  in  the  early  stages, 
the  dilatation  varying  in  wide  degrees  up  to  the  time 
when  consciousness  is  lost.  Contraction  then  occurs ;  they 
may  be  only  half  the  size  they  were  at  the  beginning. 
Unless  the  anaesthesia  be  profound  they  respond  by  dila- 
tation to  sharp  impressions  upon  the  skin,  or  to  touching 
the  cornea.  There  is  frequently  loss  of  association  of 
the  movements  of  the  eyeballs. 

Sudden  changes  in  pulse,  respiration,  or  pupils  have 
generally  been  precursors  of  danger. 

The  temperature  falls  on  the  average  a  little  over  half 
a  degree  centigrade.  This  does  not  occur  until  at  least 
ten  minutes  after  inhalation  begins. 

The  physiological  action  of  ether' is,  in  general,  very 
similar  to  that  of  chloroform.  They  differ  rather  in  de- 
gree than  in  character,  the  effect  of  the  latter  being  more 
rapid,  more  complete,  and  more  enduring.  There  are, 
however,  some  striking  modifications.  The  vapor  of 
ether  is  far  more  pungent  and  irritating.  Marked  effects 
of  this  are  salivation  and  cough.  There  is  often  a  dis- 
tressing sense  of  suffocation  ;  it  is  more  difficult  to  in- 
duce the  patient  to  inhale  ether,  and  more  difficult  to 
bring  on  the  full  anaesthetic  influence.  The  stage  of  ex- 
citement is  far  more  marked  and  more  violent,  and  is  es- 
pecially so  if  the  vapor  be  too  much  diluted  with  air. 
Vomitmg  is  quite  as  likely,  and  hysterical  symptoms 
more  likely  to  occur.  Erotic  manifestations  may  present 
themselves,  although  rarely,  but  such  delusions  are  a 
well-known  feature  of  both  anaesthetics.     Surgical  anajs- 
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thesia  having  been  obtained  by  ether,  the  patient  is  held 
in  it  with  more  difficulty,  he  relapses  readily  into  thn 
stage  of  excitement,  and  his  struggles  may  interfere  with 
the  surgical  procedure.  Recovery  is  much  slower,  ether 
being  retained  longer  in  the  organism,  and  its  taste  and 
smell  are  sometimes  distressing. for  many  hours  after- 
ward. There  may  be  dizziness  or  unpleasant  sensations 
in  the  head  for  some  time,  or  the  patient  may  be  in  a 
state  of  semi-intoxication,  and  all  these  symptoms  last 
for  a  time  proportioned  to  the  time  and  extent  of  the 
etherization. 

The  accepted  doctrine  that  there  is  an  essential  differ- 
ence between  the  effect  of  chloroform  and  that  of  ether 
on  the  circulation,  "rests  entirely  upon  experiment  with 
animals.  It  is  not  in  accord  with  clinical  experience. 
Sphygmographic  tracings  show  depression  always  with 
the  former,  not  always  with  the  latter.  But  of  ten  care- 
fully taken  tracings  during  surgical  ansesthesia  from 
ether,  in  seven  there  was  no  difference  between  them 
and  the  curves  observed  under  chloroform. 

Respiration  is  more  irregular,  if  possible,  under  ether. 
Cough  is  more  frequent  and  troublesome,  but  does  not 
indicate  the  necessity  for  caution  so  strongly  as  it  does 
with  chloroform.  Stertor  is  more  common,  and  does 
not  have  the  grave  significance  that  it  has  with  chloro- 
form. 

Dilatation  of  the  pupils  Is  almost  constant  during  the 
early  stages,  but  the  subsequent  contraction  does  not  so 
often  occur  nor  to  so  great  a  degree ;  even  in  profound 
ether  anaesthesia  there  is  often  no  contraction. 

A  fall  of  temperature  takes  place,  under  the  same  con- 
ditions as  with  chloroform,  to  a  mean  of  .68°  C.  (.54°  F.). 

No  accurate  observations  have  been  made  of  the  dif- 
ferent functions  under  the  mixed  vapors,  and  their  action 
cannot  therefore  be  contrasted  with  the  individual  anajs- 
thetics.  In  general  terms  it  maybe  said  that  it  partakes 
of  those  of  the  constituents.  They  are  unpleasant  and 
difficult  of  administration  in  proportion  to  the  ether  they 
contain,  prompt  and  steady  in  action  in  proportion  to  the 
amount  of  chloroform.  The  alcohol  contained  in  the 
A.  C.  E.  mixture  certainly  modifies  the  rate  of  evapora- 
tion of  the  other  more  volatile  constituents. 

Every  particular  relating  to  irregular  action  and  fata) 
effect  of  anaesthetics  demands  the  closest  scrutiny.  Dan- 
ger is  most  surely  avoided  by  full  knowledge  of  the 
manner  of  its  approach.  Some  preliminary  considera- 
tions deserve  attention.  1.  It  is  not  surprising  that  death 
should  occur  in  a  state  in  which  all  but  the  most  essential 
vital  functions  are  abolished  ;  the  wonder  rather  is  that 
it  does  not  more  frequently  occur;  and  he  will  be 
the  most  cautious  in  the  use  of  these  powerful  agents 
who  most  fully  appreciates  the  physiological  fact  that  a 
patient  in  a  state  of  anaesthesia  is  on  the  borders  of 
death.  2.  All  deaths  under  anaesthetics  are  not  due  to 
them.  Sudden  deaths  on  the  operating-table  have  always 
occurred,  and  were  well  known  before  anaesthetics  were 
used.  Two  such  occurred  in  Edinburgh  during  the  first 
years  of  the  use  of  chloroform,  and  when  it  had  been 
administered  several  thousand  times  without  accident. 
3.  Very  many  of  the  fatal  cases  afford  no  clue  to  the 
manner  or  immediate  cause  of  death  ;  they  require  care- 
ful study  and  comparison,  with  constant  recognition  of 
the  necessity  of  weighing  rather  than  numbering  fatts 
before  making  deductions  from  them. 

In  regard  to  death  from  chloroform  the  following  neg- 
ative propositions  may  be  confidently  stated:  1.  Pre- 
vious inhalation  gives  no  guarantee  of  safety ;  in  a  con- 
siderable number  of  the  fatal  cases  there  had  been 
previous  administrations.  3.  There  is  no  relation  be- 
tween the  severity  of  the  operation  and  the  danger ;  forty 
per  cent,  of  the  deaths  have  occurred  when  it  was  given 
for  minor  operations — strabismus,  tooth-drawing,  etc.  3. 
Death  does  not  occur  from  an  overdose  in  the  ordinary 
acceptation  of  the  term  ;  the  regular  action  of  chloro- 
form is  progressive,  the  narcosis  deepens  gradually,  and 
to  carry  the  process  to  the  extinction  of  life  would  be  to 
disregard  the  plainest  warnings.  In  but  a  small  propor- 
tion of  cases  has  the  fatal  result  occurred  in  the  later 
stages ;  generally  it  has  taken  place  quite  early,  sometimes 
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^thin  the  first  minute  or  two,  and  when  only  a  very 
small  quantity  had  been  administered.  Nearly  fifty  per 
cent,  of  the  deaths  have  occurred  before  complete  anses- 
thesia.  4.  Death  does  not  always  occur  in  any  one  particu- 
lar way.  Assumption  of  the  contrary  is  misleading,  and 
has  retarded  progress.  It  has  been  held  that  death  in- 
variably takes  p£ce  from  failure  of  the  heart's  action, 
and  that  previous  administration  of  a  stimulant  insures 
safety ;  yet  a  fatal  result  has  many  times  occurred  when 
full  doses  of  brandy  had  been  given.  It  has  been  held 
that  too  concentrated  vapor  is  the  sole  cause  of  death  ;  yet 
it  has  frequently  occurred  when  an  inhaler  guaranteed 
due  proportion  of  vapor  and  air. 

Death  from  chloroform  takes  place  in  the  great  major- 
ity of  cases  suddenly  and  unexpectedly.  Some  failure  of 
the  pulse,  more  than  usual  embarrassment  of  respiration 
may  precede  it,  but  generally  cessation  of  the  heart's  ac- 
tion, or  of  respiration,  singly  or  both  together,  occurs 
without  warning.  Sometimes  stoppage  of  bleeding  from 
the  divided  vessels,  or  sudden  pallor  of  the  countenance, 
alone  announces  that  the  patient  is  dead. 

The  following  modes  of  death  from  chloroform  may  be 
distinctly  recognized :  1.  That  from  too  concentrated 
vapor.  In  animals  sudden  variations  of  vascular  press- 
ure are  very  frequently  shown  upon  every  renewal  of 
administration,  the  sphygmographic  tracing  dips  as  much 
as  forty  millimetres  out  of  one  hundred  and  ten.  Clinical 
experience  has  repeatedly  shown  death  immediately  after 
a  fresh  supply  has  been  poured  on  the  sponge.  Death  is, 
in  these  cases,  by  overdose,  not  absolutely  as  to  amount 
but  as  to  amount  within  a  given  time.  3.  Death  from 
surgical  interference  during  partial  anaesthesia.  Reflex 
action  of  the  pupils  follows  sharp  irritations  of  the  skin 
until  anaesthesia  is  profound ;  variations  of  the  pulse  oc- 
cur upon  severe  impressions  made  by  the  surgeon.  In- 
deed, reflex  actions  are  more  energetic  and  more  marked 
during  the  early  stages  of  chloroform  ansesthesia.  High 
authority  and  clinical  experience  both  teach  that  such  re- 
flex influence  may  proceed  from  impressions  made  by  the 
surgeon,  extend  to  the  heart,  and  cause  sudden  cessation 
of  its  action.  In  many  cases  death  has  followed  instantly 
on  a  painful  impression,  and  as  to  chloroform,  it  is  cer- 
tain that  a  state  of  partial  anaesthesia  is  one  of  especial 
danger.  3.  Death  during  the  period  of  excitement.  Phy- 
siology and  experience  both  teach  that  this  stage  is  one  of 
great  danger.  The  fatal  event  may  be  brought  about  by 
obstructed  respiration  from  the  tongue  falling  backward, 
or  from  tetanic  spasm  of  the  chest  muscles.  A  very 
deep  inspiration  sometimes  succeeds  to  a  considerable  ces- 
sation of  respiration  ;  if  the  air  be  then  overloaded  with 
vapor  the  limits  of  safety  may  be  passed  with  that  one 
inspiration.  If,  after  a  deep  inspiration  of  air  containing 
a  large  amount  of  vapor,  struggling  succeeds,  the  glottis 
is  closed  and  intra-thoracic  pressure  greatly  increased  by 
the  muscular  efforts,  thereby  causing  such  rapid  passage 
of  the  vapor  into  the  blood  as  to  be  instantly  dangerous. 
The  disordered  innervation  of  this  stage  may  extend  to 
general  convulsions  ;  in  twenty-eight  cases  they  were  the 
precursors  of  death.  4.  By  paralysis  of  the  respiratory 
nervous  centre.  Respiration  suddenly  stops,  the  heart 
continuing  to  beat  until  its  action  ceases  as  a  consequence  of 
suspended  respiration.  It  has  been  maintained  that  this 
mode  of  death  is  peculiar  to  ether  ;  clinical  records  show 
that  it  took  place  thus  under  chloroform  in  ten  out  of 
forty  carefully  observed  cases.  5.  By  paralysis  of  the 
nervous  centre  presiding  over  the  circulation.  This  mode 
of  death  is  more  frequent  than  any  other,  if  not  than  all 
others  combined. 

Careful  study  of  recorded  cases  shows  that  death  from 
ether  does  not  difl:er  materially  from  that  caused  by 
chloroform,  the  chief  point  being  that  it  does  not  occur 
so  frequently  by  failure  of  the  circulatory  organs.  The 
following  propositions  may  be  safely  stated :  1.  As  with 
chloroform,  sudden  death  during  operation  has  been  often 
unjustly  attributed  to  ether.  2.  No  statistics  exist  upon 
which  can  be  based  a  statement  of  the  ratio  of  deaths  from 
ether  to  inhalations,  or  as  to  the  relative  safety  of  the  two 
agents.  3.  Death  never  takes  place  from  inhalation  of 
air  too  fully  charged  with  vapor  of  ether,  as  is  the  case 


with  chloroform.  4.  Reason,  experiment,  and  clinical 
experience  concur  in  indicating  that  ether  is  the  safer. 
5.  It  remains  an  open  question  whether  surgical  interfer- 
ence during  partial  anaesthesia  from  ether  is  dangerous, 
as  is  the  case  with  chloroform.  6.  Death  may  lake  place 
under  ether  suddenly  and  by  cardiac  paralysis,  the  same 
as  under  chloroform.  Clinical  experience  does  not  sup- 
port the  assumption  that  ether  death  is  always  by  the 
lungs,  and  chloroform  death  always  by  the  heart.  This 
is  true  of  animals  under  ordinary  circumstances,  but  when 
the  trachea  is  opened  and  pure  ether  vapor  is  carried  di- 
rectly to  the  lungs,  death  in  them  takes  place  by  the 
heart,  and  that  within  a  very  short  period  of  time.  Death 
has  thus  been  caused  in  dogs  in  sixteen  seconds.  Cases 
are  on  record  in  which  sudden  cessation  of  the  heart's  ac- 
tion took  place  under  ether,  and  in  which  the  death  dif- 
fered in  no  particular  from  a  typical  death  by  chloroform. 

Death  sometimes  occurs  after  the  close  of  the  adminis- 
tration of  either  anaesthetic.  Some  time,  several  min- 
utes, after  the  operation  has  been  completed  and  the  in- 
halation has  ceased,  respiration  or  circulation  has  become 
embarrassed  and  a  fatal  result  has  rapidly  followed. 
Many  cases  have  been  reported  in  which  dangerous 
symptoms  came  on  at  this  period,  and  the  patient  was 
rescued,  but  with  difficulty.  Thus  far  this  form  of 
death  remains  inexplicable  ;  the  danger  has  appeared  too 
long  after  the  administration  ceased  to  be  ascribed  to  the 
vapor  of  the  residual  air.  It  seems  probable  that  this 
unusual  course  of  events  has  followed  ether  more  fre- 
quently than  chloroform.  In  aged  subjects  a  rapidly 
fatal  suffocative  catarrh  has  sometimes  followed  the  ad- 
ministration of  ether. 

There  are  no  contra-indications  to  anaesthetics  so  far 
as  the  surgical  operation  is  concerned.  All  doubts  felt 
in  the  past  as  to  increase  of  mortality  from  their  use,  or 
as  to  any  deleterious  effect  upon  the  after-progress  of  the 
case,  have  been  resolved,  and  they  are  now  universaiUy 
given  whenever  severe  pain  is  to  be  inflicted.  Age  is  no 
bar  at  either  end  of  the  scale  of  life.  They  have  been 
administered  up  to  the  nineties,  and  the  writer  has  given 
chloroform  for  convulsions  with  success  to  a  child  twenty- 
four  hours  old,  and  to  one,  for  hare-lip  operation,  of  forty 
hours.  The  general  opinion,  that  chloroform  is  entirely 
safe  in  early  life,  is  not  supported  by  facts ;  there  have 
been  deaths  of  children  ;  nor  are  there  any  statistics  upon 
which  a  statement  can  be  based  that  it  is  safer  for  these 
subjects.  Probabilities  are  favorable  to  the  view  that 
chloroform  is  safer  than  ether  for  the  aged.  Scarcely  any 
condition  of  disease  forbids  the  use  of  anaesthetics.  If 
albuminuria  be  present,  only  severe  operations  would 
justify  their  use;  ether  is  especially  dangerous  in  this 
condition,  as  first  recognized  by  Dr.  Emmett.  Neither 
disease  of  the  lungs  nor  disease  of  the  heart,  except  it  be 
advanced  or  severe,  forbids  them.  As  to  valvular  disease 
of  the  heart,  observation  has  shown  that  the  action  of  this 
organ  is  steadier  and  better  under  an  operation  with  than 
without  chloroform  ;  and  even  in  case  of  fatty  degenera- 
tion the  patient  is  probably  safer  with  an  anaesthetic,  al- 
though ether  should  be  preferred ;  chloroform  has  been 
frequently  given  in  this  condition  with  safety.  Anaes- 
thetics justify  the  performance  of  operations  after  inju- 
ries under  conditions  in  which  they  would  not  be  ad- 
visable without  them.  Authorities  differ  as  to  their 
administration  during  shock,  yet  there  is  no  doubt  that 
the  surgeon  need  not  wait  for  complete  reaction,  nor 
that  the  safety  and  interests  of  the  patient  are  promoted 
by  his  early  interference.  Of  course,  much  must  be  left 
to  individual  judgment,  and  extreme  depression  of  the 
vital  powers  forbids  operation.  Ether,  or  the  mixed 
vapors,  should  be  preferred  in  these  cases.  Chronic  al- 
coholism is  an  extremely  bad  condition  for  anaesthetics. 
They  should  be  administered  to  hard  drinkers  with  more 
than  usual  caution,  and  only  under  pressure  of  necessity. 

The  patient  should  prepare  himself  for  anaesthetics  by 
abstaining  from  food  for  some  hours  previously,  when- 
ever possible,  or  the  preceding  meal  should  be  a  light  one  ; 
vomiting  is  thereby  escaped  or  lessened,  and  the  danger 
of  solid  masses  of  food  finding  their  way  into  the  larynx 
is  avoided.    The  clothing  should  be  loose  and  free  about 
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the  neck  and  chest.  An  examination  of  the  urine  for 
albumen  should  be  made  if  time  permit,  especially  if 
ether  is  to  be  given.  The  condition  of  the  heart  may  be 
disregarded  if  the  operation  is  imperative.  The  re- 
cumbent position  is  important,  and  should  be  as  nearly 
approached  as  possible  in  operations  on  the  mouth  and 
face.  The  patient's  mouth  should  be  examined,  and 
plates  of  false  teeth,  tobacco,  etc.,  removed. 

Upon  proceeding  to,  and  while  conducting,  the  admin- 
istration of  an  anaesthetic,  several  important  points 
should  be  borne  in  mind.  The  patient's  mental  condi- 
tion deserves  the  first  consideration.  To  the  dread  of  the 
operation  is  added  that  of  the  anaesthetic,  the  danger 
of  which  is  not  unknown,  and  to  his  mind  most  prob- 
ably exaggerated.  A  marked  emotional  state  of  this 
character  has  been  a  feature  of,  and  probably  has  played 
a  part  in  producing,  a  considerable  number  of  fatal  cases. 
A  quiet,  steady  manner  on  the  part  of  the  administrator 
will  inspire  confidence  and  allay  anxiety,  while  assur- 
ances and  encouragement  will  be  demanded.  The  tem- 
perature of  the  room  should  be  noted.  Air  will  carry 
more  than  double  the  amount  of  chloroform  vapor  on  a  hot 
day  than  it  does  at  the  ordinary  temperature  of  an  apart- 
ment in  w^inter.  In  other  words,  if  by  an  inhaler  four  per 
cent,  of  vapor  is  being  given  at  50°  F. ,  by  a  rise  of  tempera- 
ture to  70°  F.  the  per  cent,  of  vapor  will  be  9. 5.  The  vapor 
of  all  anaesthetics  is  considerably  heavier  than  air,  that  of 
chloroform  more  than  four  times  heavier.  TTherefore, 
raising  the  apparatus  a  few  inches  directly  upward  from 
the  patient's  mouth  and  nose  does  not  suspend  the  ad- 
ministration. There  is  constantly  in  the  lungs  and  bron- 
chial tubes  a  volume  of  air  from  five  to  seven  times  as 
large  as  the  tide  of  each  respiration ;  time  should  now 
and  then  be  given  for  the  vapor  of  this  residual  air  to 
pass  into  the  blood.  This  is  especially  necessary,  as  com- 
plete anaesthesia  is  approached,  and  only  applies  to 
chloroform.  Hearing  is  the  sense  last  abolished,  talking 
should  not,  therefore,  be  permitted,  and  especially  no  re- 
marks should  be  made  about  the  operation. 

An  inhaler  is'  not  necessary  for  giving  chloroform.   The 
apparatus  used  should  insure  a  due  supply  of  air,  with 
equable  mixture  of  air  and  vapor,  should  permit  the  pro- 
cess to  be  steadily  progressive,  and  should  render  im- 
possible, especially  during   struggling,   sudden  transi- 
tions from  inspirations  containing  almost  no  vapor  to  air 
loaded  with  all  it  can  carry.     To  pour  chloroform  on  a 
towel  and  thus  give  it,  is  to  violate  all  these  principles. 
Nature  has  provided  a  perfect  instrument  in  the  cup- 
shaped  sponge.     One  should  be  chosen  with  a  cavity 
about  the  size  of  the  fist.     A  proper  temperature  is 
secured  by  dipping  the  sponge  in  warm  water ;  and  to 
provide  an  equal  mixture  of  air  and  chloroform  vapor, 
during  the  administration  of  the  anaesthetic,  it  is  well  to 
squeeze  the  sponge  gently  as  the  liquid  is  poured  on  it. 
The  amount  of  chloroform  necessary  to  produce  surgical 
ansesthesia  in  an  adult  of  average  size  is  the  vapor  of 
eighteen  minims,  that  amount  being  absorbed  and  car- 
ried in  the  blood.     But  the  dose  must  be  a  clinical  one 
i.e.,  judged  by  its  effects.     About  half  a  fluid-drachm 
should  be  first  poured  on  the  sponge,  and  this  held  a 
short  distance  from  the  mouth  or  nose.     The  first  point 
to  attain  is  tolerance  of  the  air-passages  and  mental 
quietude  of  the  patient.     Coughing  indicates  that  the 
vapor  is  too  strong.     The  sponge  may  be  gradually 
placed  more  closely  over  the  nose  and  mouth,  as  air  can 
pass  freely  through  its  meshes.     In  two  or  three  min- 
utes about  the  same  quantity  of  liquid  may  be  poured 
mto  it  again,  and  this  repeated  from  time  to  time.    Close 
watch  should  be  kept  of  the  pulse,  respiration,  and  coun- 
tenance.   Very  high  authority  has  taught  that  the  first 
and  last  may  be  disregarded  and  attention  paid  alone  to 
the  respiration.     Nevertheless,  in  sixteen  out  of  twenty- 
one  fatal  cases,  a  sudden  change  in  the  pulse  first  an- 
nounced danger.     For  the  struggles  of  the  stage  of  ex- 
citement such  restraint  must  be  used  as  will  permit  the 
administration  of  the  anaesthetic  to  go  on.     Vomiting  if 
the  stoniach  be  empty,  may  be  disregarded  ;  if,  however 
It  be  tuU,  the  patient  should  be  turned  on  his  side  and  the 
act  promoted,  great  care  being  taken  to  clear  the  mouth  I 
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of  pieces  of  food  and  to  prevent  them  from  passing  into  thp 
air-passages.  Screaming  and  other  hysterical  symptoms 
are  soon  quieted  by  pushing  the  administration.  For  tern 
porary  suspension  of  breathing  the  patient maybeshaken 
pressure  be  made  on  the  chest  as  for  artificial  respiration 
or  the  face  or  chest  slapped  with  a  wet  towel ;  after  a  little 
delay  the  function  will  resume  its  ordinary  course.  Great 
^  care  should  be  exerijised  at 

this  time  that  a  deep  inspira- 
tion of  air  fully  charged  witli 
vapor  does  not  take  place 
Regular  respiration  and  ab- 
sence of  all  muscular  power 
will  show  that  complete  an- 
aesthesia is  at  hand,  failure  of 
the  muscles  of  the  eyelids  to 
respond  on  touching  the  con- 
junctivae will  announce  that 
it  is  attained.  This  con- 
dition of  the  patient  is  to  be 
maintained  bv  renewed  ap- 
plication of  the  sponge  from  time  to  time,  the  administra- 
tor keeping  close  watch  of  pulse,  respiration,  and  counte- 
nance, and  not  allowing  the  operation,  or  anything  relat- 
ing to  it,  to  distract  his  attention.  The  time  required  for 
the  whole  process  is  from  five  to  eight  minutes.  Rapid 
administration  is  dangerous.  By  prolonged  inhalation 
the  system  becomes  charged  with  the  agent,  recovery 
is  slow,  and  is 
accompanied  by 
more  unpleasant 
symptoms. 

For  the  admin- 
istration of  ether 
an  inhaler  is  ad- 
visable. Economy 
is  effected  by  it, 
but  far  more  im- 
portant points  are 
the  prevention  of 
diffusion  of  the 
vapor  throughout 
the  apartment, 
and  the  insurance 
of  prompt  and  ef- 
ficientansesthesia. 
An  inhaler  should 
be  simple,  inex- 
pensive, and  easily  cleaned ;  it  should  afford  an  enclosed 
space  around  the  mouth  and  nose  for  the  vapor  and  air, 
and  is  better  if  provision  is  made  for  excluding  the  latter 
entirely  at  will.  Lente's  inhaler  (Fig.  163)  is  a  simple 
metal  mask,  on  a  sponge  in  which  the  ether  is  poured. 
The  tube  at  A  is  fitted  with  a  perforated  cork;  as  the 
administration  proceeds  the  cork  can  be  introduced,  and 

if  necessary  still  far- 
ther to  exclude  air  the 
perforation  can  be 
closed  with  the  fin- 
ger. The  ingenious 
inhaler  of  Dr.  AUis, 
of  Philadelphia  (Fig. 
163),  consists  of  an 
oblong  metal  frame, 
through  slots  in  the 
side  of  which  a  roller 
bandage  is  woven. 
A  leather  cover  sur- 
rounds the  whole, 
and  ether  is  dropped 
on  the  folds  of  the 
bandage  as  the  pa- 
tient inhales  (Fig.  164).  This  inhaler  affords  a  very 
large  surface  for  evaporation,  and  insures  a  due  supply 
of  air.  For  the  administration  of  mixed  vapors  it  is 
an  excellent  instrument,  The  most  rapid  and  efBcient 
anaesthesia  is  only  effected  by  inhalers  of  which  a  closed 
bag  is  a  feature.  Dr.  Hutchinson's  (Pig.  165)  is  such 
an   instrument.     It   consists  of   a   rubber  face-piece, 


Fig.  16S,^AI1is'8  Inhaler  (reduced  in  flize). 
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^,  a  metal  cylinder,  B,  attached  to  a  closely  -woven 
muslin  bag,  O.  The  bag  is  wrung  out  of  water,  the 
cylinder  filled  with  coarse  sponge  moistened,  and 
the  ether  is  poured  _  in  ^ 

through  the  opening 
provided  with  a  stopper. 
Instruments  of  the  same 
kind  are  Dr.  Squibb's, 
of  Brooklyn,  and  that 
of  Drs.  Bo'he  and  Loon- 
ar4  of  Baltimore.  The 
exclusion  of  air  by  these 
instruments  is  not  abso- 
lute. Even  were  it  so, 
there  is  no  danger  for  a  brief  period  ;  but  there  is  a  cer- 
tain portion  of  air  always  in  the  bag,  and  some  gains 
access  around  the  face-piece.  Rapid  anaesthesia  by  ether 
is  not  dangerous,  as  with  chloroform  ;  some  excellent 
authorities  advocate  its  production  in  even  less  than  three 
minutes. 

In  the  absence  of  an  inhaler  ether  may  be  given  by 
means  of  a  cone  of  stiff  paper  with  a  sponge  in  the  apex, 
or  from  a  folded  towel.  Great  care  should  be  exercised 
that  these,  when  wet,  do  not  fall  down  on  the  mouth  and 
nose,  thus  preventing  inhalation  both  of  vapor  and  air. 

Administration  of  ether  should  be  conducted  on  the 
same  principles  as  those  which  govern  the  administration 
of  chloroform.  Tolerance  of  the  air-passages  and  assur- 
ance of  the  patient  are  the  first  step.  Two  ounces  of 
ether  is  sufficient  for  an  ordinary  operation  with  Dr. 
Hutchinson's  inhaler,  and  with  this  or  with  any  of  the 
closed  instruments,  the  air-openings  should  be  left  free 
during  a  few  inspirations  and  then  gradually  closed. 
With  other  apparatus,  but  a  small  quantity  should  be 
poured  on  at  first.  As  soon  as  possible  the  quantity  of 
ether  should  be  increased  and  the  air  gradually  excluded. 
The  dosQ  is  not  by  measure,  but  by  effects.  Timidity  is 
as  great  a  mistake,  although  not  so  dangerous,  as  is 
rashness  with  chloroform.  Suffusion  or  duskiness  of 
the  face  arc  not  bad  symptoms,  nor  does  stertor  indicate 
cessation  of  the  administration. 

There  is  no  great  difference  in  the  administration  of 
the  mixed  vapors  ;  they  are  prompt  in  action  and  require 
caution  in  proportion  to  the  amount  of  chloroform.  For 
the  A.  C.  E.  mixture  a  large  cup-shaped  sponge  is  the 
best  apparatus.  If  squeezed  out  occasionally  before  a 
fresh  supply  is  poured  on,  the  objection,  constantly  made, 
as  to  the  constituents  evaporating  at  different  rates,  is 
entirely  obviated.  It  is  doubtful  if  the  closed  sac-inhalers 
should  be  used  for  these  mixtures,  certainly  not  with  the 
air-openings  rhut. 

The  accidents  of  anaesthesia  are  to  be  met  with  the 
same  coolness  and  knowledge  of  resources  as  other  exi- 
gencies of  surgical  life.  They  call  for  the  prompt  ap- 
plication of  remedies  for  stimulation  or  restoration  of  the 
functions  of  the  circulatory,  respiratory,  and  nervous 
systems.  The  first  step  is  to  sec  that  the  air-passages  are 
free  and  maintained  so.  Howard's  plan  is  the  best ;  eleva- 
tion of  the  jaw  by  pressure  behind  the  condyles,  or  pull- 
ing the  beard,  with  forced  extension  of  the  head.  In  no 
case  should  the  chin  be  depressed  or  the  head  bent  for- 
ward. The  tongue  may  also  be  pulled  forcibly  forward. 
Forced  expiration,  by  pressure  on  the  chest,  should  be  ef- 
fected simultaneously.  Then  should  follow  complete 
inversion  of  the 'body.  The  value  of  this  method  has 
a  rational  basis,  anaemia  of  the  brain  being  present  in 
anaesthesia,  but  it  rests  also  on  experiment,  and  on  clini- 
cal experience  so  abundant  as  to  render  impossible  any 
"poat-hoe"  explanation.  The  patient  not  responding 
promptly,  artificial  respiration  should  be  resorted  to. 
Sylvester's  plan  is  the  best.  (See  Artificial  Respiration.) 
It  should  be  thoroughly  and  patientljr  carried  on  ;  the 
lungs  are  the  great  channel  of  excretion,  and  recovery 
has  often  followed  long  perseverance  in  such  efforts, 
if  paralysis  of  the  heart  has  occurred,  the  patient  is 
beyond  recovery  ;  but  cessation  of  its  action  may  be 
only  apparent,  being  so  lowered  as  to  be  imperceptible. 
In  this  case  artificial  respiration  is  the  most  powerful 
means  of  increasing  and  maintaining  cardiac  action, 
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and  is  therefore  the  leading  and  most  reliable  means 
of  resuscitation.  Other  measures  of  relief  may  be  de- 
manded. If  the  breathing  be  evidently  obstructed, 
especially  after  vomiting,  laryngotomy  should  be  per- 
formed ;  death  has  several  times  occurred  from  impac- 
tion of  food  in  the  glottis.  Electricity  is  a  powerful  ex- 
citor  of  the  respiratory  acts,  and  has  rendered  good 
service  in  several  instances.  Eminent  authority  could  be 
cited  adverse  to  the  use  of  this  agent.  Nitrite  of  amyl 
has  been  strongly  urged  ;  its  action  in  lowering  blood- 
pressure  does  not  give  it  theoretical  support,  while  if 
respiration  be  in  abeyance  its  vapor  cannot  be  carried 
into  the  lungs.  Under  these  circumstances  it  has  been 
used  hypodermically.  In  case  the  circulation  remains 
feeble  for  some  time  an  enema  containing  brandy  may  be 
given,  or  the  latter  may  be  administered  hypodefmatically. 

The  action  of  ansesthetlcs  may  be  hastened  and  their 
effect  prolonged  by  narcotics  previously  administered. 
"  Mixed  anaesthesia"  is  the  best  term  for  this  combined 
effect  of  the  two  classes  of  agents,  the  result  being  rather 
an  addition  of  the  influence  of  one  to  the  other,  than 
a  modification.  The  practice  was  first  resorted  to  by 
Nussbaum,  who  gave  a  hypodermic  injection  of  morphia 
during  chloroform  narcosis  in  order  to  prolong  it.  Ber- 
nard investigated  the  joint  influence  of  the  two,  placed 
the  method  on  a  scientific  basis,  and  showed  the  greater 
advantages  to  be  derived  from  the  narcotic  preceding  the 
anaesthetic.  The  stimulant  effect  of  morphia,  in  its  earlier 
stages,  shown  by  increased  blood-pressure,  is  well  known, 
and  its  antagonism  to  the  depressing  infiuence  of  chloro- 
form is  therefore  valuable.  This  may  be  promoted  by 
the  simultaneous  use  of  atropia,  a  powerful  stimulant  of 
the  heart  and  circulation.  Further,  reflex  action,  so  ac- 
tive and  sometimes  so  deleterious  under  chloroform,  is 
lessened  by  the  obtunding  influence  of  the  narcotics.  "The 
method  consists  in  giving  hypodermically  from  one  to 
one  and  a  half  centigramme  of  morphia  (one-sixth  to  one- 
fourth  grain),  with  a  small  amount  of  atropia,  a  short 
time  before  administering  the  anaesthetic.  The  writer 
constantly  uses  from  six  to  ten  minims  of  a  solution  con- 
taining sixteen  grains  of  morphia  and  half  a  grain  of  atro- 
pia to  the  ounce  of  water.  From  fifteen  to  twenty  min- 
utes should  elapse  between  the  injection  and  the  adminis- 
tration of  the  anaesthetic.  There  can  be  no  reasonable 
doubt  that  the  danger  from  chloroform  is  much  lessened 
by  this  method;  especially  for  operations  of  long  duration 
or  great  severity.  Further  advantage  may  be  justly 
claimed,  being  based  on  large  clinical  experience :  1. 
Emotional  excitement,  always  distressing,  doubtless 
sometimes  the  source  of  danger,  is  very  much  lessened, 
if  not  abolished.  2.  Anaesthesia  is  produced  much 
more  rapidly,  maintained  more  easily  and  steadily,  and 
with  a  much  smaller  quantity  of  the  agent.  3.  The 
period  of  excitement  is  moderated  and  shortened  ;  with 
hard  drinkers  this  is  a  point  of  great  importance,  and 
the  claim  has  been  made  that  with  this  class  danger  is 
very  much  diminished  by  this  method.  4.  Vomiting  is 
believed  to  be  less  frequent  and  less  severe.  5.  Absolute 
quiet  of  the  patient  is  secured,  a  point  of  great  value  in 
delicate  operations.  In  the  dog  the  lingual  artery  can 
be  tied  at  its  point  of  emergence,  deep  in  the  throat, 
under  mixed  anaesthesia,  an  operation  which  cannot  be 
performed  under  either  morphia  or  chloroform  alone 
(Bernard).  6.  The  stage  of  recovery  is  quieter,  with 
greater  freedom  from  pain  of  the  operation,  the  patient 
often  passing  hours  in  slumber.  There  can  be  no  doubt 
of  the  high  value  of  this  method  as  a  convenience  to  the 
administrator  of  the  ansesthetic  and  to  the  surgeon,  and  as 
a  source  of  safety  and  increased  or  more  certain  immunity 
from  suffering  to  the  patient. 

By  far  the  greater  part  of  published  experience  with 
mixed  anaesthesia  relates  to  the  combination  of  narcotics 
with  chloroform,  and  one  high  authority  has  declared 
against  their  use  before  giving  ether.  The  writer  has 
always  used  them  preceding  the  A.  C.  E.  mixture,  and 
in  a  considerable  experience  has  never  seen  any  bad  ef- 
fects from  this  combination. 

It  is  not  surprising  that  agents  which  so  rapidly  and 
profoundly  affect  consciousness  should  be  used  for  crini. 
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inal  purposes.  In  fact,  instances  occurred  early  in  their 
history,  and  have  since  been  frequently  repeated,  so  that 
their  relations  in  this  respect  have  become  a  subiect  et  im- 
portance in  legal  medicine.  On  the  other  hand,  their  use 
has  been  frequently  alleged  in  cases  of  assault  upon 
women  or  where  explanation  of  or  excuse  for  a  robbery 
was  necessary.  So  great  is  the  ignorance  in  the  public 
mind  of  their  action,  and  so  exaggerated  an  idea  of  their 
powers  prevails,  that  such  allegations  receive  ready 
credence,  and  the  grossest  injustice  has  been  more  than 
once  perpetrated.  Whatever  may  be  the  particular  char- 
acter of  such  cases,  the  circumstances  are  very  apt  to  be 
perplexing  and  the  testimony  conflicting.  The  practi- 
tioner, when  called  upon  as  an  expert,  may  safely  rely 
upon  the  known  physiological  action  of  the  agent  used, 
and  in  this  alone  he  will  find  a  reliable  guide ;  only  by 
keeping  this  clearly  in  mind  will  he  be  able  to  instruct 
the  jury  and  promote  the  ends  of  justice. 

Chloroform  is  to  be  almost  solely  considered  in  this 
connection.  The  vapor  of  ether  is  too  irritating,  its  ac- 
tion too  slow  and  uncertain,  unless  a  special  apparatus  be 
used,  to  render  it  available  for  criminal  purposes. 

In  the  first  place  it  may  be  stated  that  all  claims,  such 
as  have  been  made,  that  a  person  has  been  instantane- 
ously overpowered,  as  by  thrusting  in  the  face  a  hand- 
kerchief or  towel  saturated  with  the  liquid,  may  be  sum- 
marily dismissed.  The  time  required  for  the  production 
of  a  state  of  anaesthesia,  even  approaching  to  a  loss  of 
power  of  resistance,  is  too  great,  even  with  the  co-opera- 
tion of  the  party,  to  allow  such  a  claim  to  be  entertained 
for  a  moment. 

It  was  for  a  considerable  time  an  open  question  whether 
chloroform  could  be  administered  during  sleep  without 
awakening  the  party,  and  its  importance  needs  no  em- 
phasis. In  investigating  the  subject  it  has  been  found 
that  something  depends  upon  individual  peculiarity  as  to 
soundness  of  natural  sleep,  much  on  the  age  of  the  subject, 
and  far  more  upon  the  mode  of  administration.  Adults 
are  usually  awakened  upon  the  attempt  being  made,  un- 
less the  inhalation  be  conducted  slowly  and  with  great 
caution,  while  children  can  be  generally  anaesthetized 
without  sleep  being  broken.  It  may  be  stated  very  posi- 
tively, then  :  1,  that  the  production  of  anaesthesia  by 
chloroform  during  sleep  is  possible  with  adults,  but  re- 
quires great  caution  and  very  considerable  skill  in  execu- 
tion ;  2,  that  if  two  persons  be  in  the  same  bed  or 
room,  it  is  highly  improbable  that  both  could  be  brought 
under  the  influence  without  awakening  one  of  them  ;  3, 
that  with  children  it  is  more  readily  effected,  and,  with 
care,  it  would  probably  be  successful  in  a  majority  of 
cases. 

The  statement  is  not  infrequently  seen  in  the  press 
that  a  robbery  was  effected  by  impregnating  the  air  of 
an  apartment  with  chloroform  vapor  to  such  a  degree  as 
to  render  the  inmates  unconscious.  It  may  be  confi- 
dently asserted  that  such  an  occurrence  is  impossible  un- 
der ordinary  circumstances.  For  a  chamber  only  ten 
feet  by  twelve,  and  eight  feet  high,  one  and  a  half 
grain  of  the  agent  to  the  cubic  inch  being  necessary  to 
produce  complete  anaesthesia,  it  would  require  no  less 
than  thirty-eight  fluid  ounces,  or  nearly  two  and  a  half 
pints  of  the  liquid.  This  would  be  the  quantity  theo- 
retically ;  practically,  from  the  great  relative  weight  of 
the  vapor  as  compared  with  air,  causing  it  to  sink  toward 
the  floor,  it  would  require  much  more.  Farther,  all 
doors  and  windows  would  have  to  be  closed,  nor  could 
the  perpetrator  remain  in  the  room  without  being  brought 
to  the  same  condition  as  his  victims. 

In  regard  to  the  administration  of  chloroform  to 
women  for  purposes  of  criminal  assault,  the  same  princi- 
ples apply.  The  difficulties  of  administering  it  during 
sleep  have  already  been  stated.  If  it  be  given  while  the 
person  is  awake,  and  without  her  consent,  some  fabric,  wet 
with  it,  must  be  forcibly  held  over  the  mouth  and  nose 
until  unconsciousness  supervenes,  sometimes  a  difficult 
task  on  the  operating-table.  In  effecting  this  there  would 
certainly  be  a  violent  struggle  and  ample  opportunity 
for  outcry.  But  there  have  been  some  notable  cases  in 
which  an  anaesthetic,  ether  or  chloroform,  was  adminis- 


tered with  the  consent  of  the  party,  as  for  tooth-dra-win? 
and  advantage  taken  of  her  helpless  condition  to  commit 
a  rape,  or  a  charge  of  such  an  assault  has  been  preferred 
afterward.     All  such  cases  are  very  weak  without  cor- 
roborative testimony  of  other  witnesses  or  circumstances  ■ 
the  unsupported  evidence  of  the  woman  is  in  the  highest 
degree  unreliable.     Erotic  sensations  are  a  feature  of  ar- 
tificial anffistheSia.     Manifestations  of  them  have  been 
witnessed,  although  rarely,  but  dreams  of  a  sexual  char- 
acter are  doubtless  far  more  frequent  and  are  extremely 
vivid.     How  frequently  they  are  experienced  it  is  im- 
possible to  know ;  women  are  doubtless  more  liable  to 
them  than  men,  and  especially  when  the  administra- 
tion of  the  anaesthetic  takes  place  at  or  about  the  time  of 
periodical  pelvic  congestion.     Such  dreams  are  believed 
to  be  more  frequently  produced  by  ether  than  by  chloro- 
form, from  its  more  stimulating  effect.     A  knowledge  of 
these  facts  should  imperatively  restrain  the  practitioner 
from  ever  administering  an  anaesthetic  to  a  woman  unless 
in  the  presence  of  other  persons.     Cases  have  occurred  iu 
which  the  woman  was  so  positive  that  liberties  had  been 
taken  with  her  person  during  anaesthesia  that  the  testi- 
mony of  relatives  who  were  present  all  the  time  scarcely 
sufficed  to  convince  her  that  she  was  laboring  under  a  de- 
lusion.    When  such  charges  are  preferred,  and  in  cases, 
such  as  have  occurred,  where  the  plaintiff  was  awakened 
by  the  administration  of  the  anaesthetic  and  swears  that  an 
outrage  was  perpetrated,  her  testimony  must  be  weighed 
by  the  standard  of  the  known  action  of  these  agents.   If, 
for  instance,  she  swears  to  circumstantial  details  of  the 
assault  while  she  was  unable  to  resist  or  cry  out,  her  tes- 
timony does  not  agree  with  the  fact  that  mental  confusion 
is  one  of  the  early  effects  of  an  anaesthetic ;  if  she  swears, 
as  has  been  done,  to  penetration,  to  experiencing  pain, 
while  at  the  same  time  she  was  unable  to  alarm  those  sleep- 
ing in  close  proximity,  her  evidence  does  not  harmonize 
with  the  fact  that  sensation  is  abolished  long  before  muscu- 
lar power ;  active  resistance  to  an  operation  is  often  seen, 
the  patient  not  being  entirely  under  the  influence,  when 
upon  awakening  there  is  not  the  slightest  knowledge  of 
what  has  occurred.     The  practitioner  may  possibly  be 
cross-questioned  as  to  the  occasional  irregular  action  of 
the  anaesthetic.     This  may  be  supported  by  the  adduction 
of  cases,  given  by  good  authority,  in  which  it  is  stated 
that  patients  have  observed  an  operation  performed  upon 
them,  have  been  conscious  of  the  procedure,  and  yet  have 
suffered  no  pain.    The  question  may  then  be  put  whether, 
this   irregularity  being  established,  there  may  not  be 
others,  and,  therefore,  whether  it  may  not  be  possible  for 
a  person  to  be  conscious  of  pain  or  of  other  sensations 
under  an  anaesthetic,  and  yet  be  incapable  of  resistance 
or  of  outcry.     The  reply  may  be  made  to  such  queries, 
that  the  irregular  cases  adduced  belong  almost  entirely, 
if  not  exclusively,  to  the  early  history  of  auKsthesia,  to  a 
period  when  the  passing  wonder  of  the  process  dazzled 
men's  observation  of  facts.     A  careful  examination  of 
the  literature  of  the  subject  has  failed  to  discover  any  re- 
cent cases  of  this  kind,  nor  has  very  considerable  experi- 
ence furnished  any.     In  regard  to  irregularity  of  action, 
it  may  be  stated  that  anaesthetics  are  as  constant  in  their 
mode  of  action,  as  little  liable  to  variation  as  any  medi- 
cinal agents,  and  that  such  wide  departures  from  their 
ordinary  effect  as  consciousness  of  pain  with  inability  to 
resist  or  make  outcry,  is  in  the  highest  degree  improbable, 
and  only  to  be  accepted  as  a  fact  upon  abundant  posi- 
tive testimony  of  competent  observers. 

The  following  summary  of  this  branch  of  the  subject 
is  taken  from  Wharton  &  Still^'s  "Medical  Jurispru- 
dence," vol.  iii.,  1884,  and  the  propositions  may  be  posi- 
tively assumed  as  correct  : 

"  1.  That  the  consciousness  or  perception  of  external 
objects  and  impressions  is  impaired  in  the  early  and  lost 
in  the  final  stage  of  etherization. 

"  2.  That  during  the  time  the  mind  remains  susceptible 
to  external  impressions  at  all,  these  reach  it  in  a  feeble  or 
perverted  manner. 

"  3.  That  the  emotions,  and  especially  those  of  an  erotic 
character,  are  excited  by  the  inhalation  of  ether. 

"  4.  That  voluntary  muscular  movement  is  not  para- 
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lyzed  until  the  state  of  perfect  narcotism  is  produced,  at 
which  time,  ho-vrever,  all  outward  consciousness  is  extinct. 

"5.  That  the  memory  of  what  has  passed  during  the 
state  of  etherization  is  either  of  events  wholly  unreal,  or 
of  real  occurrences  perverted  from  their  actual  nature. 

"  6,  That  there  is  reason  to  believe  that  the  impressions 
left  by  the  dreams  occasioned  by  ether  may  remain  per- 
manently fixed  in  the  memory  with  all  the  vividness  of 
real  events." 

In  cases  where  disease  is  feigned  the  administration  of 
an  anasthetic  afiords  the  most  speedy  and  certain  means 
of  discovering  the  deception.  Whether  the  practitioner 
has  a  right  to  resort  to  such  a  measure,  without  the  con- 
sent of  the  party,  is  exceedingly  doubtful.  Before  pro- 
ceeding upon  such  dangerous  ground,  rendering  himself 
liable  to  a  suit  for  damages,  he  had  better  fortify  himself 
with  a  legal  opinion,  the  question  being  one  of  right,  and 
therefore  legal  rather  than  medical. 

The  production  of  anaesthesia  for  the  major  operations 
of  obstetrics  differs  not  at  all  from  that  for  surgical  oper- 
ations. The  same  considerations  influence  the  choice  of 
the  agent,  and  the  same  general  rules  govern  administra- 
tion. One  point,  possibly,  requires  emphasis.  If  anses- 
tiiesia  be  resorted  to  for  version,  and  in  but  few  cases 
should  it  be  performed  without  it,  the  patient  must  be 
carried  deeply  under  the  influence  of  the  reagent.  If  the 
accoucheur  proceeds  to  turn  before  the  anaesthesia  is  pro- 
found he  will  certainly  fail,  especially  if  the  case  is  a  de- 
layed one  or  if  he  be  short  of  skilled  assistance.  It  re- 
quires deep  anaesthesia  to  abolish  uterine  contraction  and 
action  of  the  abdominal  muscles  under  the  stimulus  of 
introduction  of  the  hand.  But  anaesthetics  are  resorted 
to  in  obstetrical  practice  for  the  mitigation  or  abolition 
of  the  pains  of  natural  labor,  and  it  is  to  this  use  of  them 
that  the  term  obstetrical  ancesihesia  applies,  and  which  is 
to  he  now  considered. 

The  first  administration  of  ether  during  childbirth  was 
made  by  Simpson,  of  Edinburgh,  on  January  19,  1847. 
In  about  a  month  afterward  he  published  a  paper  giving 
the  result  of  his  experience  in  natural  labor,  and  setting 
forth  the  important  fact  that  the  pain  of  parturition  could 
be  moderated  or  annulled  without  interfering  with  uter- 
ine contraction  or  expulsive  effort.  Soon  afterward  Du- 
bois read  a  paper  before  the  Academy  of  Medicine  sus- 
taining Simpson's  observations  and  conclusions.  Cases 
were  soon  reported  in  this  country  by  Dr.  Walter  Chan- 
ning,  of  Boston,  and  in  1848  he  published  a  "  Treatise  on 
Etherization  in  Childbirth,"  containing  reports  of  about 
six  hundred  cases,  which  exerted  a  powerful  influence  in 
establishing  the  practice.  The  introduction  of  chloro- 
form by  Simpson,  and  its  administration  by  him  in  natu- 
ral labor,  followed  toward  the  end  of  1847.  This  agent 
rapidly  supplanted  ether,  its  superiority  being  more  mani- 
fest in  obstetrics  than  in  surgery.  The  smallness  of  its 
dose,  the  lack  of  necessity  of  special  apparatus,  its  pleas- 
ant odor,  the  non-inflammability  of  its  vapor,  and,  above 
all,  its  rapidity  of  action  and  great  manageability,  pecu- 
liarly fit  it  for  the  lying-in  chamber.  But  a  very  moder- 
ate administration  of  it  is  necessary  before  pain  is  relieved 
by  its  effect  on  the  sensitive  nerves.  In  this  respect  it  is, 
to  use  the  happy  expression  of  Bernard,  a  "  physiological 
scalpel,"  which,  in  the  living  body,  isolates  particular  tis- 
sues with  more  minuteness  and  precision  than  can  be 
done  by  the  anatomist  in  the  cadaver. 

The  administration  of  anaesthetics  for  the  pains  of 
labor  did  not  achieve  the  rapid  triumph  of  surgical  an- 
sesthesia.  The  procedure  was  novel,  the  practice  revo- 
lutionary, and  there  was  fair  standing-ground  for  oppo- 
sition to  interference  with  a  physiological  process  for  the 
abrogation  of  pain  which  was  inherent  to  it  in  accordance 
with  the  course  of  nature.  The  conservatism  of  human 
nature  showed  itself,  and  there  was  strong  opposition  to 
™"?n<)vation.  In  this  country  the  powerful  influence 
w  Meks,  of  Philadelphia,  was  arrayed  against  it ;  in 
Wreat  Britain  that  of  Barnes,  Montgomery,  and  Rams- 
botham;_  in  Germany  it  was  opposed  by  Siebold  and 
ocanzoni.  Medical  societies  and  journals  were  for  a  time 
occupied  with  the  question,  and  the  press  issued  a  large 
amount  of  controversial   literature  upon  the   subject. 


The  Scriptures  were  dragged  into  the  contest,  and  the 
advocates  of  mitigation  of  suffering  during  labor  found 
it  necessary  to  defend  themselves  against  the  charge  of 
an  impious  interference  with  the  decrees  of  Providence. 
Some  of  the  arguments  in  opposition  were  simply  ridicu- 
lous. Thus,  great  stress  was  laid  on  the  occasional  and 
very  exceptional  erotic  manifestations  under  anaesthetics, 
and  it  was  urged  that  the  pains  of  labor  would  be  trans- 
formed into  exhibitions  of  sexual  passion  I  It  was  gravely 
argued  that  the  maternal  instinct  would  be  diminished 
or  abolished,  and  that  there  would  be  no  love  for  off- 
sprinjj  in  the  heart  of  a  mother  who  had  not  suffered  in 
bringing  them  forth  1  Finally,  any  anaesthesia  short  of 
surgical  was  denied,  and  mitigation  of  pain  with  preser 
vation  of  a  certain  amount  of  consciousness  claimed  to 
be  impossible,  and  the  practice,  therefore,  a  mere  pre- 
tence, its  benefits  having  no  existence  save  in  the  imagin- 
ation of  the  patient!  Nevertheless,  the  benefits  were  so 
apparent,  and  injurious  consequences,  either  to  mother  or 
child,  so  entirely  lacking,  that  the  practice  steadily  gained 
ground.  In  Great  Britain  nothing  so  powerfully  contrib- 
uted to  the  disarming  of  prejudice  and  the  complete 
success  of  the  method  as  the  example  of  Queen  Victoria. 
Never  has  it  been  given  to  a  woman  to  exert  so  great  an 
influence  upon  scientific  progress  as  in  this  case.  In 
1853,  at  the  birth  of  the  late  Prince  Leopold,  she  inhaled 
chloroform  at  the  hands  of  Snow,  and  again  in  1857  at 
the  birth  of  the  Princess  Beatrice.  The  fact  was  an- 
nounced by  the  medical  press  in  tones  of  astonishment ; 
nevertheless,  the  effect  both  upon  the  public  and  the  pro- 
fession was  immense,  and  from  that  time  open  hostility 
to  the  practice  ceased.  In  France  opposition  to  obstet- 
rical anaesthesia  was  more  effective,  and  the  contest  is 
not  yet  over.  Many  influences  combined  to  retard  its 
adoption.  Surgical  anaesthesia  was  slower  in  gaining  a 
footing  there,  outside  of  Paris,  than  in  any  other  country 
of  the  world.  Twenty  years  after  its  discovery  it  was 
not  resorted  to  for  operations  in  many  of  the  provincial 
cities.  Official  influence  is  more  powerful  there  than 
elsewhere,  and  the  heads  of  the  obstetrical  branch  of  the 
profession  declared  against  it.  Without  the  influence  of 
the  Anglo-American  colony  of  Paris  it  would  probably 
have  made  no  headway,  and  notwithstanding  the  able 
advocacy  of  some  eminent  men,  especially  at  the  Medical 
Congress  at  Geneva  in  1877,  the  administration  of  anaes- 
thetics for  mitigation  of  the  pains  of  natural  labor  is  to- 
day under  official  ban.  Everywhere,  however,  except 
in  France,  obstetrical  anaesthesia  has  triumphed  over  all 
opposition.  Mitigation  of  the  pains  of  natural  labor  by 
anaesthetics  is  considered  entirely  justifiable,  if  not  a  duty 
which  the  accoucheur  cannot  deny  to  a  patient  who  de- 
mands it.  There  is  not  a  text-book  in  our  language  which 
teaches  any  other  doctrine.. 

On  account  of  the  qualities  already  stated,  chloroform 
is  almost  exclusively  used  in  obstetrical  practice,  and  espe- 
cially for  mitigation  of  suffering  in  natural  labor.  The 
question  of  danger  from  its  use  deserves  the  first  con- 
sideration. The  most  rigid  scrutiny,  inspired  by  hostil- 
ity, has  failed  to  show  that  when  judiciously  used  it 
exerts  any  injurious  influence  upon  the  mother  or  the 
child.  So  far  as  danger  to  life  is  concerned,  under  the 
above  conditions  it  approaches  as  near  to  zero  as  in  the 
use  of  any  of  the  more  active  agents  of  the  Pharma- 
copoeia. Chloroform  has  been  used  in  natural  labor 
many  hundred  thousands  of  times,  yet  but  a  single  case 
of  death  is  on  record  where  it  was  administered  by  a 
competent  medical  man,  and  in  this  there  is  lack  of 
post-mortem  confirmation.  Three  other  cases  have  been 
given  at  second  hand  and  without  particulars.  It  is 
manifestly  unjust  to  attribute  death  to  the  anaesthetic 
where  such  powerful  lethal  influence  as  convulsions  or 
placenta  praevia  was  present,  and  such  cases  are  excluded. 
Now  and  then  a  note  of  warning  has  been  raised,  never 
superfluous  in  regard  to  the  use  of  powerful  agents,  in- 
spired by  some  cases  in  which  dangerous  symptoms  have 
been  manifested,  yet  it  may  be  confidently  stated  that  if 
we  abstained  from  the  use  of  chloroform  in  natural  labor 
on  account  of  the  danger  or  threatening  symptoms  which 
immense  experience  has  furnished,  consistency  would 
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require  that  we  abolish  almost  every  one  of  our  most 
effective  remedies,  if  not  abstain  from  the  ordinary  oc- 
cupations of  daily  life.  Indeed,  immunity  from  acci- 
dent is  such  a  striking  and  singular  fact,  especially  in 
view  of  the  occasional  irregular  action  of  this  agent,  and 
of  the  small  dose  in  which  it  has  sometimes  proved  fatal, 
as  already  stated,  that  great  ingenuity  has  been  exercised 
to  frame  a  satisfactory  explanation.  There  are  some 
very  evident  sources  of  security  to  the  parturient  woman 
under  chloroform  :  1.  A  certain  amount  is  due  to  sex  ; 
the  deaths  of  males  to  those  of  females  are  more  than 
two  to  one.  2.  The  small  dose  required  to  mitigate  pain 
and  the  gradual  mode  of  administration.  3.  The  absence 
of  depressing  emotional  influence  ;  the  remedy  is  wel- 
comed, not  dreaded.  But  all  these  do  not  afford  a  satisfac- 
tory solution,  and  there  is  probably  some  special  source  of 
safety  either  in  the  process  of  labor  or  thfi  patient's  con- 
dition. The  facts  that  obstetrical  experience  furnishes  no 
deaths  from  chloroform,  even  when  given  for  operations, 
that  the  highest  rate  of  mortality  from  this  agent  has  been 
in  young,  strong,  and  muscular  subjects,  while  at  the 
same  time  military  practice  has  given  the  largest  number 
of  administrations  with  the  smallest  proportion  of  deaths, 
give  good  ground  for  the  hypothesis  that  the  existence  of 
pain  at  the  time  of  administration  is  a  strong  guarantee 
of  security,  and  may  afford  an  explanation  of  the  im- 
munity of  women  in  labor  from  accident. 

Clinical  observation  is  the  best  guide  to  the  study  of 
the  action  of  chloroform  upon  the  different  elements  of 
labor.     The  composite  nervous  supply  of  the  uterus  from 
both  cerebro-spinal  and  sympathetic,  systems  the  facts 
that  many  questions  in  regard  to  the  relative  influence  of 
these  yet  remain  unsettled,  and  that  there,  is  not  unanim- 
ity of  opinion  as  to  the  location  of  the  uterine  motor 
centre,  render  a  physiological  study  impossible.     The 
uterine  contractions,  or  ".  pains,"  are  the  most  important 
element  of  the  process,  and  upon  few  questions  has  there 
been  greater  diversity  of  opinion,  by  equally  competent 
observers,  than  as  to  the  influence  of  chloroform  upon 
these.     Some  have  claimed  increase  of  force  and  fre- 
quency, others  diminution  of  energy  with  lengthened 
intervals,  and  others  again  that  they  were  entirely  unaf- 
fected.    Doubtless  all  are,  in  a  measure, 'right.     Excep- 
tionally, where  the  parts  are  hypersesthetic,  the  patient 
nervous  and  over-sensitive,  or  where  the  pains  are  spas- 
modic in  character,  they  will  be  rendered  more  regular, 
more  frequent,  and  more  efiacient  by  the  ansesthetic.     In 
general,  however,  the  effect  of  chloroform  depends  on  the 
period  of  labor,  somewhat  on  individual  peculiarity,  and 
very  largely  on  the  dose.    In  these  facts  may  be  found  an 
explanation  of  differences  of  opinion  far  more  marked  in 
the  past  than  at  present.     The  earlier  in  the  labor  chloro- 
form is  administered  the  more  likely  is'  it  to  delay  or 
modify  the  pains.     As  to  the  dose,  the  action  of  the  agent 
IS  the  same  here  as  with  the  general  nervous  system  ■ 
regularly  progressive  pain  is  first  alleviated,  then  abol- 
ished, motor  power  being  affected  later.     With  the  small 
dose  necessary  for  obstetrical  ansesthesia  the  uterine  con- 
tractions are,  in  the  great  majority  of  cases,  unaffected. 
When  pushed  farther,  however,  they  tend  to  become 
feebler  and  with  longer  intervals.     If  narcotism  be  car- 
ried to  an  extreme,  they  are,  for  a  time  at  least,  abolished 
Upon  the  latter  fact  depends  one  of  the  greatest  benefits 
of  anaesthesia,  viz.,  an  increased  facility  of  performing 
version,  especially  in  cases  in  which  there  has  been  delay 
That  individual  differences  exist  in  regard  to  this  point 
there  can  be  no  doubt.     Quite  frequently  the  pains  di- 
minish in  force  and  frequency  of  return  as  the  influence 
ot  chloroform  is  first  felt.     In  the  majority  of  such  cases 
after  temporary  suspension  of  inhalation  the  same  effect 
will  not  be  observed.     Sometimes,   however,   although 
rarely,  it  persists.     The  writer  has  seen  cases  in  which 
tlie  remedy  could   not  be  continued  on  this  account. 
Playfair  advises  substitution  of  the  A.  0.  E.  mixture  for 
chloroform    under  these    circumstances.     The  general 
rule  IS,  that  m  proper  doses,  and  carefully— not  too  rap- 
72^.^^^"^'  cWo™fo™  has  no  effect  upon  the  uterine 
contractions,  and  does  not,  therefore,  delay  labor 
JN  early  the  same  may  be  said  of  the  abdominal  muscles 
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as  of  the  contraction  of  the  uterus.  Their  action  is  im 
affected  by  small  doses,  and,  indeed,  anaesthesia  must  hi 
considerably  advanced  to  interfere  with  it.  Thev  ar 
supplementary  in  function  to  the  respiratory  muscle 
and  derive  their  nervous  supply  from  the  same  uervom 
tract,  a  part  of  the  nervous  centres  which  succumbs  last 
to  the  influence  of  anaesthetics.  Anaesthesia  of  the  or 
dinary  degree  for  obstetrics  may  be  maintained  for  hours 
without  interfering  with  this  powerful  auxiliary  to  lahor 
but  if  pushed  to  the  deeper  stages  there  is  a  tendency  tj 
its  failure.  As  the  patient  loses  consciousness  she  can. 
not,  of  course,  exert  that  volition  upon  which  the  efficient 
assistance  of  these  muscles  in  part  depends.  In  cases 
therefore,  where  unusual  demand  is  made  upon  these 
efforts,  and  upon  this  part  of  the  apparatus  of  labor 
where,  for  instance,  the  foetal  head  requires  considerable 
moulding  to  enable  it  to  pass  through  the  pelvis  it  maV 
be  advisable  to  suspend  the  inhalation  while  this  is  ef- 
fected. This  may  be  done  with  less  hesitation,  since  the 
moulding  process,  although  sometimes  tedious  is  thg 
least  painful  part  of  labor.  ' 

The  action  of  chloroform  upon  the  cervix  is  extremelv 
favorable  to  the  progress  of  labor  by  promoting  that  dila- 
tation which  is  a  necessary  part  of  the  process.  This 
effect  is  produced  by  lessening  suffering  and  by  its  relax- 
ing influence  upon  the  tissues.  There  is  no  point  upon 
which  the  testimony  is  so  strong  and  so  hannonious  aa 
this.  Nor  can  there  be  a  more  striking  instance  of  the 
beneficial  effect  of  a  remedy  than  is  frequently  seen  in 
cases  where  the  head  is  about  to  engage  in  the  os,  the 
pains  active  and  expulsive,  and  the  patient  sensitive. 
Under  such  circumstances  the  suffering  is  extreme.  To 
avoid  the  acute  pain  the  patient  holds  back  voluntary 
effort,  and  represses  as  much  as  possible  the  supplement- 
ary action  of  the  abdominal  muscles,  thus  delaying  the 
labor.  As  soon  as  the  severe  pain  is  blunted  by  the  anss- 
thetic,  voluntary  effort  is  made  and  the  head  is  forced 
through  the  os  from  coiltact  with  which  it  was  before  in- 
stinctively kept  back  as  much  as  possible.  The  favor- 
able influence  of  chloroform  on  the  os  is  shown  in  ab- 
normal conditions,  rigidity,  spasmodic  contraction,  and 
extreme  sensibility.  So  marked  is  its  beneficial  effect  in 
these  conditions,  that  tartar  emetic,  venesection,  and  bel- 
ladonna have  been  banished  as  relaxants,  and  it  remained 
the  one  especial  remedy  for  these  conditions  until  rivalled 
by  chloral.  When  chloroform  is  resorted  to  solely  for 
relaxation  of  the  os,  anaesthesia  should  be  carried  some- 
what beyond  the  ordinary  obstetrical  degree. 

Relaxation  of  the  perineum  is  promoted  by  chloroform. 
The  muscular  constituents  of  this  last  obstacle  to  the  birth 
of  the  child  are  rendered  supple  and  more  yielding  be- 
fore the  advancing  head.  The  testimony  in  regard  to 
this  is  almost  unanimous.  As  the  vulva  becomes  dis- 
tended and  stretched  to  the  utmost  the  pain  often  becomes 
excruciating,  and  here  again  anaesthesia  shows  its  happy 
influence.  The  favorable  influence  of  chloroform  is  here 
not  alone  anaesthetic.  There  is  no  doubt  that  its  use  is 
one  of  the  most  efficient  means  of  preventing  rupture  of 
the  perineum.  Besides  its  relaxing  effect  a  further  bene- 
ficial influence  can  be  called  forth  by  carrying  the  anaes- 
thesia on  to  the  surgical  degree  during  the  closing  part 
of  the  process.  That  instinctive  and  voluntary  effort 
which  tends  to  force  the  head  too  rapidly  through  the 
vulva  is  moderated  or  abolished,  and  by  delaying  and 
diminishing  the  uterine  contractions  for  a  brief  period, 
especially  by  moderating  the  auxiliary  force  of  the  ab- 
dominal muscles,  that  time  is  gained  which  is  essential 
for  the  necessary  yielding  of  the  tissues.  Frequently,  by 
means  of  two  fingers  in  the  rectum,  the  head  can  be  made 
to  gently  clear  the  vulvar  orifice  in  the  interval  of  pains 
and  during  complete  unconsciousness  of  the  patient. 

Regular  and  firm  contraction  of  the  uterus  after  labor 
is  most  important,  and  in  it  alone  lies  the  safety  of  the  pa- 
tient ;  retained  placenta  and  flooding  are  the  consequences 
of  lack  of  it.  That  retention  of  the  placenta  by  active, 
irregular— hour-glass — contraction  is  more  frequent  after 
the  use  of  chloroform  has  never  been  maintained.  In  re- 
gard to  retention  from  lack  of  contraction— uterine  inertia 
—it  is  difficult  to  judge  from  the  wide  range  of  time  foi 
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the  completion  of  the  third  stage  of  labor  under  any  cir- 
cumstances. No  statistics  exist  upon  which  this  charge 
against  chloroform  could  be  based,  if  it  were  made.  The 
question  of  such  an  amount  of  uterine  inertia  being 
caused  as  would  render  'poaPpa/rtum  haemorrhage  more 
frequent  or  more  severe  is  a  far  more  serious  one,  and  de- 
mands careful  consideration.  Here  again  the  dose  influ- 
ences the  result.  If  the  amount  given  be  small,  and  if 
it  be  carefully  and  judiciously  administered,  it  does  not 
promote  the  occurrence  of  uterine  inertia.  Physiologi- 
cal action  of  the  remedy,  however,  shows  that  if  pushed 
to  the  extent  of  surgical  anaesthesia,  especially  for  any 
considerable  time,  its  tendency  is  to  diminish  uterine 
contraction.  In  larg;e  doses,  therefore,  and  when  long 
continued,  the  possibility  of  haemorrhage  must  be  recog- 
nized and  guarded  against.  When  cii-cumstances  have 
demanded  a  free  or  long-continued  use  of  chloroform, 
the  administration  of  ergot  should  not  be  neglected  as 
the  labor  draws  to  a  close,  or  immediately  upon  its  ter- 
mination, and  the  accoucheur  should  exercise  the  most 
scrupulous  watchfulness  until  firm  uterine  contraction 
has  existed  for  such  a  time  as  to  give  assurance  of  safety. 
The  administration  of  chloroform  during  natural  labor 
differs  materially  from  that  for  surgical  purposes.  While 
the  one  is  a  regular  progressive  process  carried  steadily 
to  a  definite  point,  the  other  is  a  continuous  state  of  par- 
tial anaesthesia ;  in  the  one  the  patient  is  so  deeply  under 
the  influence  that  return  to  consciousness  of  suffering 
requires  considerable  time  ;  in  the  other,  the  influence  is 
slight,  and  readily  passes  off,  or,  on  the  other  hand,  may 
be  carried  too  far  for  the  most  beneficial  results.  The 
entire  procedure  is  based  on  the  regular  progressive 
action  of  the  agent  and  of  the  different  stages  of  its  influ- 
ence which  can  be  distinguished.  There  is,  1,  partial 
loss  of  sense  of  pain ;  3,  disordered  consciousness,  partial 
loss  of  voluntary  motion,  almost  entire  loss  of  sensation  ; 
3,  entire  loss  of  consciousness  ;  4,  complete  loss  of  motor 
power ;  5,  cessation  Of  uterine  action,  surgical  anaesthesia. 
To  these  would  follow  cessation  of  the  heart's  action 
and  of  respiration.  The  object  of  the  accoucheur  is  to 
hold  his  patient  in  the  second  stage,  avoiding  on  the  one 
hand  an  advance  to  the  third,  and,  on  the  other,  a  relapse 
into  the  first.  To  accomplish  this  for  a  considerable  time 
satisfactorily  is  by  no  means  an  easy  task.  The  stages  are 
not  divided  from  each  other  by  well-marked  lines,  but 
shade  off-  gradually  into  each  other.  Success  in  the 
management  of  obstetrical  anaesthesia  requires,  therefore, 
the  most  scrupulous  care,  incessant  watchfulness,  and 
considerable  skill,  only  to  be  acquired  by  practice,  and 
the  process  entails  upon  the  accoucheur  no  small  amount 
of  extra  fatigue,  not  to  say  anxiety.  As  to  apparatus  for 
administration,  but  one-  addition  is  required  to  the  cup- 
shaped  sponge.  That  is  trifling  in  character,  but  impor- 
tant in  insurmg  success  ;  it  is  nothing  more  than  a  cork 
provided  with  a  dropping-tube.  It  is  important  that  the 
liquid  be  poured  out  in  very  small  quantities,  and  by  this 
means  only  a  few  drops  can  be  shaken  out  at  a  time. 
Notwithstanding  all  that  has  been  written  as  to  its  neces- 
sity, no  assistant  is  required.  The  accoucheur  alone  can 
conduct  the  entire  process  and  manage  the  labor.  In  the 
early  stages  there  is  ample  opportunity  for  examination  ; 
later,  with  one  hand  he  observes  the  advance  of  the  head, 
and  with  the  other  applies  and  replenishes  the  sponge. 
If  the  patient  be  in  the  English  position,  he  can  sit  or 
recline  on  the  bed  behind  the  patient,  her  hips  being 
brought  close  to  the  edge,  and  thus  each  hand  can  com- 
mand its  field  of  duty.  The  patient  being  brought  to 
the  stage  of  relief  of  pain  by  a  few  deep  inhalations  of  the 
vapor,  she  is  best  kept  there  by  applying  the  sponge  for  a 
lew  inspirations  just  as  the  pain  is  coming  on.  Her  as- 
sistance can  be  invoked  for  keeping  the  anaesthesia  at  the 
desired  point.  Even  for  pains  of  considerable  severity 
she  need  not  be  carried  beyond  a  sta^e  of  talking  sleep, 
out  of  which  she  returns  to  full  consciousness  as  the  pain 
comes  on,  and  then  exercises  the  force  of  the  abdominal 
muscles  in  bearing  down.  A  very  considerable  experi- 
ence has  not  furnished  an  instance  of  an  improper  word 
being  spoken  or  gesture  made  in  this  condition.  As  the 
head  is  about  to  pass  the  vulva  the  anaesthesia  may  be 


deepened,  and  sometimes  should  be.  Just  at  this  period, 
if  the  vulvar  opening  be  small  and  rupture  of  the  peri- 
neum appear  imminent,  it  may  be  necessary  to  confide  * 
the  sponge  for  a  brief  period  to  the  nurse  ;  the  physician, 
however,  must  himself  control  the  amount  of  liquid  put 
on  it,  and  will  keep  constant  watch  of  the  patient's  face 
and  respiration.  The  head  being  delivered,  administra- 
tion of  the  anaesthetic  ceases. 

The  accoucheur  must  be  the  judge  as  to  the  cases  in 
which  to  resort  to  anaesthetics.  Not  every  case  of  labor 
requires  them;  in  many,  "ellort"  is  far  more  marked 
than  "pain,"  and  as  a  general  rule  this  is  in  proportion 
to  muscular  exercise  and  a  lack  of  those  refining  and 
enervating  influences  which  cause  at  once  an  over-devel- 
opment of  the  nervous  system  and  intolerance  of  pain. 
The  type  of  a  labor  best  adapted  for  the  use  of  chloroform, 
and  in  which  it  most  markedly  shows  its  beneflts,  is  one 
in  which,  with  ample  pelvic  space,  expulsive  force  pre- 
ponderates over  dilatation.  Here  the  head  is  forced  along 
a  canal  not  yet  relaxed  for  its  passage,  thereby  causing 
most  acute  suffering,  while  under  these  circumstances 
there  is  no  fear  of  delaying  the  process  by  carrying  anaes- 
thesia somewhat  farther  than  ordinary.  The  time  of 
labor  when  the  administration  of  an  anaesthetic  should 
first  begin  also  varies.  During  a  large  part  of  the  early 
stage  it  is  not  demanded,  and  when  it  is,  the  administra- 
tion should  be  delayed  until  the  endurance  of  the  patient 
begins  to  be  taxed,  in  view  of  the  uncertainty  as  to  the 
length  of  time  during  which  it  may  be  required.  The 
periods  at  which  it  is  rdost  needed  and  most  beneficial 
are  during  the  passage  of  the  head  through  the  two  nar- 
rowest points  of  the  soft  parts,  the  cervix  and  the  vulva ; 
at  these,  relaxation  is  favored,  and  relief  of  the  most  se- 
vere suffering  rendered. 

Local  ancBStJiesia  is  effected  by  refrigeration  of  the  part 
to  be  operated  on.  Various  other  measures  for  obviating 
the  pain  of  operations,  such  as  compression  of  the  nerves, 
tight  ligating  of  an  extremity,  were  formerly  in  vogue, 
but  very  imperfectly  succeeded  in  their  aims,  and  by  the 
discovery  of  general  anaesthesia  have  been  consigned  to 
f  orgetf  ulness.  The  production  of  Insensibility  to  pain  as 
an  effect  of  cold  was  first  noticed  by  John  Hunter  while 
experimenting  on  animals.  It  was  observed  in  human 
beings  by  Baron  Larrey  in  operating  on  the  wounded 
after  the  battle  of  Eylau,  during  intensely  cold  weather. 
Dr.  James  Arnott,  of  London,  first  formally  advocated 
and  used  cold  as  a  means  of  escaping  the  danger  of  ad- 
ministering chloroform  for  minor  operations.  His  method 
consisted  in  the  application  of  ice  and  salt  to  the  part. 
This  has  been  almost  entirely  superseded  by  refrigeration 
by  means  of  ether  spray,  an  apparatus  for  effecting  this 
having  been  invented  by  Dr.  B.  W.  Richardson,  of  Lon- 
don, and  this  method  of  local  anaesthesia  originated  with 


FiQ.  166.— Eiohardson's  Spray  Apparatus,  ior  the  Produotion  oJ  Local 
Anseathesia. 

him.  His  instrument  (Fig.  166)  is  too  well  known  to 
need  description.  By  means  of  it  ether  is  projected  from 
the  terminal  tube  in  fine  spray,  causing .  rapid  and  great 
reduction  of  temperature  ;  the  mercury  in  the  thermome- 
ter can  be  brought  within  a  few  minutes  to  several  de- 
grees below  zero,  F. 

To  use  Dr.  Arnott's  method,  two  parts  of  pounded  ice 
are  mixed  with  one  part  of  common  salt  and  the  whole 
enclosed  in  a  gauze  or  muslin  bag  of  coarse  texture. 
This  is  then  applied  to  the  part  to  be  operated  on  for  a 
period  of  from  four  to.  ten  minutes,  until  it  assumes  a 
white  and  tallowy  appearance.  If  the  spray  apparatus 
be  used  the  ether  should  be  chemically  piu:e,  Mfher  Fortwr 
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of  the  Dispensatory,  and  the  spray  Is  to  be  played  on  the 
part  until  the  same  appearance  of  the  tissues  is  produced, 
■when  the  operation  may  commence.  The  effect  is  only 
upon  the  skin,  or  the  parts  immediately  subjacent. 

In  producing  anaesthesia  these  plans.  Dr.  Richardson's 
particularly,  are  tolerably  efficient,  and  the  method  is 
well  adapted  for  brief  minor  operations,  such  as  opening 
abscesses,  removal  of  small  cysts,  evulsion  of  nails,  etc. 
The  impression  of  so  severe  a  degree  of  cold,  however, 
and  the  reaction  from  it,  are  not  devoid  of  pain.  _  The 
statement  is  made  that  reaction  after  these  methods  is  not 
to  be  feared,  and  that  inflammation  or  sloughing  does  not 
occur.  The  general  rule  has  many  exceptions,  and  it 
would  not  do  to  rely  upon  it,  especially,  for  instance,  in 
a  case  of  plastic  operation. 

As  this  article  is  being  drawn  to  a  close,  a  discovery 
has  been  made  of  inestimable  value  to  the  profession  and 
to  humanity,  and  one  which  changes  materially  the  rela- 
tive position  of  general  and  local  anaesthetics.  A  true 
anaesthetic  has  been  found,  an  agent  which  abolishes  sen- 
sation without  affecting  consciousness,  and  one  which 
exerts  no  injurious  effect  upon  the  parts  to  which  it  is 
applied.  This  substance  is  the  hydrochlorate  of  cocaine, 
a  salt  of  the  active  principle  of  the  Erythroxylon  Coca. 

The  benumbing  effect  of  coca  leaves  on  the  tongue 
when  chewed  has  been  noted  ever  since  they  were  known 
to  the  profession.  This  power  was  first  utilized  by  the 
application  of  a  concentrated  infusion  of  the  leaves  in 
painful  affections  of  the  larynx  and  pharynx  (La  Tribune 
Medicale,  1882).  A  solution  of  the  salts  of  cocaine,  and 
especially  of  the  hydrochlorate,  came  into  pretty  general 
use  for  obtunding  the  sensibility  of  the  throat,  by  laryn- 
gologists  of  (4ermany.  Dr.  KoUer,  of  Vienna,  then 
studied  experimentally  its  effects  on  the  eye  in  animals, 
observed  its  anaesthetic  action  on  this  organ,  and  ex- 
tended its  application  to  man.  He  formally  introduced 
the  article  to  the  profession  as  an  anajsthetic  for  opera- 
tions on  the  eye  at  the  Ophthalmological  Congress  held  at 
Heidelberg  in  September,  1884,  and  its  powers  were  veri- 
fied to  the  satisfaction  of  members  of  the  Congress.  The 
intelligence  was  transmitted  to  this  country  by  Dr.  H.  D. 
Noyes,  of  New  York,  and  the  new  agent  was  welcomed 
with  a  warmth  and  enthusiasm  without  parallel.  The 
medical  journals  of  every  week  contained  additional  evi- 
dence of  its  value  in  operations  upon  the  eye,  and  reports 
of  its  use  as  an  anaesthetic  for  operations  upon  other  parts 
of  the  body. 

The  eye  presents  conditions  peculiarly  favorable  for 
the  action  of  a  local .  anaesthetic,  a  moist  surface  which 
absorbs  rapidly.  "When  a  few  drops  of  a  solution  of  the 
hydrochlorate  of  cocaine  are  dropped  into  the  conjuncti- 
val sac  there  is,  at  first,  a  slight  sensation  of  warmth,  with 
some  increase  of  the  lachrymal  secretion,  then  follows  a 
feeling  of  dryness  with  complete  abolition  of  sensation, 
both  tactile  and  painful,  which  lasts  for  from  seven  to 
ten  minutes.  In  about  a  quarter  of  an  hour  dilatation  of 
the  pupil  occurs,  but  this  mydriatic  effect  is  not  as 
marked  nor  as  persistent  as  that  of  atropia. 

The  transient  effect  of  this  agent  makes  frequent  repe- 
tition of  the  applications  necessary.  Instillations  of  a 
four  per  cent,  solution  should  be  made  three  or  four 
times,  at  intervals  of  about  five  minutes,  in  order  to 
anaesthetize  the  eye.  The  limitation  of  its  effect  to  the 
branches  of  the  terminal  nerves  with  which  it  comes  in 
contact  renders  it  necessary,  in  operations  involving  the 
deeper  structures,  to  follow  up  the  incisions  with  the 
solution,  or  to  inject  it  into  the  tissues  with  a  syringe 
This  plan  has  been  followed  in  enucleation  of  the  ocular 
g  obe  with  fair  success,  but  at  the  expense  of  considera- 
ble prolongation  of  the  operation.  For  incisions  of  the 
coniunctiva  and  sclerotic,  however,  simple  instillation 
produces  complete  anaBsthesia,  and  in  this  way  the  oper- 
ations of  iridectomy,  those  for  strabismus,  pterygium  and 
cataract  have  been  frequently  performed  without  pain, 
bo  reliable  and  perfect  is  the  action  of  this  agent  that 
the  day  of  general  anaesthesia  for  ophthalmic  operations 
maj  be  said  to  have  passed  away.  As  a  means  for  facili- 
tating the  removal  of  foreign  bodies  from  the  cornea, 
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and  diminishing  or  abolishing  blepharospasm,  the  valup 
of  cocaine  cannot  be  overestimated. 

The  attempts  to  induce  local  anaesthesia  of  the  skin  bv 
applications  of  the  solution  of  cocaine,  have  not  been 
very  successful ;  aided  by  hypodermic  injections,  a  few 
operationSj  such  as  removal  of  small  growths,  have  been 
effected  without  pain.  But  for  operations  involving  the 
mucous  membranes,  the  anaesthetic  effect  is  more  relia. 
ble.  As  an  injection  into  the  urethra  to  obtund  the  sen- 
sibility for  the  passage  of  a  catheter,  or  for  internal  ure^ 
throtomy,  it  has  been  successfully  used.  For  painful 
affections  and  hyperaesthetic  conditions  of  the  anus  and 
vulva  it  has  yielded  good  results,  and  its  anaesthetic  effect 
has  been  induced  for  operations  upon  the  vagina  and 
uterus.  Even  trachelorrhaphy  has  been  performed  by  its 
aid,  with  more  or  less  diminution  of  suffering.  Further 
experience  will  doubtless,  increase  the  reliability  and  ex- 
tend the  range  of  application  of  the  agent  for  operations 
of  this  character. 

One  of  the  most  marked  benefits  derived  from  the  local 
anaesthetic  effect  of  the  solution  of  cocaine  is  in  laryn- 
geal phthisis.  In  many  cases  patients  have  been  enabled 
to  swallow  with  comfort,  after  having  the  throat  brushed 
with  the  solution,  when  before  they  could  not  take  food 
without  most  distressing  cough  and  severe  suffering 
For  this  purpose,  as  well  as  for  many  of  the  operations 
indicated,  a  stronger  solution  should  be  used  than  for 
the  ej^e,  a  solution  of  from  twelve  to  twenty  per  cent. 

It  IS  impossible  to  fix  accurately,  at  so  early  a  period 
of  its  history,  the  limits  of  the  application  of  this  anses- 
thetic,  the  discovery  of  which  is  one  of  the  greatest 
triumphs  of  modern  surgery.  J.  0.  Seem. 
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ANAPHRODISIACS.  These  are  remedies  employed 
to  diminish  undue  sexual  appetite.  They  may  he  divided 
into  three  classes  :  moral,  hygienic,  and  medicinal.  The 
first  embraces  the  influence  of  religion  upon  believers, 
the  exercise  of  a  strong  will-power,  and  the  avoidance  of 
all  exfciting  causes,  such  as  immoral  pictures,  novels,  or 
plays,  and  lewd  conversation.  The  hygienic  remedies 
are  chiefly  local  cleanliness,  a  spare  diet,  the  avoidance  of 
stimulants  and  of  animal  food  and  spices,  light  clothing 
about  the  hips,  sleeping  upon  a  hard  bed,  cold  baths,  and 
active  mental  or  physical  employment.  The  principal 
medicinal  anaphrodisiacs  are  the  bromides,  camphor, 
conium,  digitalis,  the  nauseants,  salicin,  and  cold  applied 
to  the  spine  or  to  the  genital  organs.  The  most  fre- 
quently employed,  and  the  most  reliable,  of  these  agents 
are  the  bromides  of  ammonium,  potassium,  or  sodium. 
Camphor  is  sometimes  very  efilcient,  but  it  is  not  as  re- 
liable as  the  bromides.  Conium  and  digitalis  are  seldom 
used  for  this  purpose,  though  the  latter  is  said  to  possess 
very  certain  anaphrodisiac  properties.  Willow  bark  for- 
merly enjoyed  a  great  popular  reputation  as  a  subduer 
of  the  sexual  passion,  and  salicin  is  probably  equally 
efficient.  As  a  temporary  measure,  the  production  of 
slight  nausea  finds  no  equal  in  destroying  the  sexual  ap- 
petite, and  next  to  this  comes  the  application  of  ice  to 
the  spine  or  the  perineum.  *    «    * 

ANASARCA.  The  full  term  origmally  used  was  hy- 
drops anasarca  (hydrops,  from  Greek,  SSporfi ;  anasarca, 
from  Greek,  imi,  mto,  and  <ri£p|,  flesh  ;  Fr.,  Anaaarque; 
6er.,  Anotaa/rka,  Hautwassersueht,  Sautoedem). 

By  the  term  anasarca  is  meant  the  collection  of  a  fluid 
in  the  lymph-spaces  of  the  subcutaneous  connective- 
tissue  and  intermuscular  septa,  throughout  the  body. 
The  use  of  the  word  anasarca  is  only  warrantable  when 
the  process  is  a  generalized  one.  When  it  is  localized,  the 
term  oedema  is  used,  giving  with  it  the  name  of  the 
part  affected ;  thus  one  speaks  of  csdema  of  the  feet, 
eyelids,  or  scrotum,  but  not  of  anasarca  of  the  feet,  eye- 
lids, or  scrotum. 

This  fluid  in  the  lymph-spaces  is  a  thin,  clear  one,  of 
a  specific  gravity  varying  from  1.010  to  1.018  ;  much 
poorer  in  albumen  than  the  blood  serum  ;  showing  mi- 
croscopically a  few  leucocytes,  and  occasionally,  though 
rarely,  coagulating'when  exposed  to  the  air.  The  fluid 
is  transuded  blood-serum,  and  corresponds  in  its  charac- 
teristics to  lymph.  The  process  consists,  then,  in  an  over- 
crowding and  overdistention  of  the  lymphatic  vessels 
and  spaces  with  lymph,  and  to  this  process  the  general 
term  of  oedema  is  applied,  to  distinguish  it  from  dropsy, 
which  means  an  abnormal  collection  of  a  like  fluid  in  the 
larger,  preformed  spaces  in  the  body — pleural  or  peri- 
toneal cavities,  for  example.  Hence  anasarca  is  an 
oedema  of  the  integumentary  layers. 

The  conditions  leading  to  anasarca  are  those  under 
which  oedema  in  general  arises,  namely,  from  engorge- 
ment, from  hydrsemia,  from  inflammation. 

In  oedema  from  engorgement,  one  has  to  do  with  an 
obstruction  to  the  flow  of  blood  in  the  veins,  leading  to 
an  increased  transudation  of  the  blood-serum  into  the 
surrounding  lymph-spaces.     The  absorption  by  the  lym- 


phatic vessels  not  being  as  rapid  as  the  transudation, 
the  fluid  collects,  distending  the  spaces.  Anasarca  from 
the  above  cause  is  seen  in  connection  with  valvular  dis- 
ease of  the  heart,  more  especially  that  form  affecting 
primarily  the  mitral  orifice. 

Hydrsemic  oedema  is  due  to  a  watery  condition  of  the 
blood,  together  with  changes  in  the  walls  of  the  blood- 
vessels. Anasarca  under  these  conditions  is  most  com- 
monly f  oimd  in  the  later  stages  of  chronic  diffuse  nephri- 
tis ;  though  it  should  be  stated  in  this  connection  that 
Cohnheim,  who  has  done  much  toward  establishing  the 
doctrines  of  oedema  at  present  held,  thinks  that  engorge- 
ment from  incompetency  of  the  heart  plays  an  important 
role  in  the  production  of  anasarca  in  this  disease. 

(Edema  from  inflammation  represents  an  exudation 
from  the  vessels  of  the  part  affected ;  just  as  in  any  in- 
flammation an  exudation  of  some  sort  occurs.  The  type  of 
an  anasarca,  due  to  inflammation,  is  to  be  seen  in  the  gen- 
eral oedema  of  the  skin  in  scarlet  fever,  where,  from  the  in- 
flammatory changes  in  the  skin,  the  vessel  walls  become 
sufficiently  altered  to  allow  the  blood-serum  to  transude. 

The  gross  appearances  resulting  from  anasarca  are 
sufficiently  characteristic.  The  parts  are  enlarged,  often 
greatly  so,  as  in  the  penis  and  scrotum  ;  the  folds  in  the 
skin  are  obliterated,  the  skin  often  being  markedly 
stretched ;  the  skin  and  deeper-lying  tissues  are  slightly 
translucent ;  of  a  doughy  consistency ;  readily  pitting 
on  pressure,  the  depression  remaining  for  a  considerable 
time.  The  color  is  either  very  pale,  as  in  the  anasarca 
associated  with  chronic  nephritis,  or  else  dusky  or  cya- 
nosed,  as  in  the  anasarca  dependent  upon  obstructive  heart 
disease.  When  a  vertical  section  is  made  into  the  part, 
the  subcutaneous  connective-tissue  is  found  to  occupy  a 
much  thicker  area  than  usual,  and  to  present  a  trans- 
lucent, jelly-like  appearance.  On  firm  pressure  con- 
siderable clear  fluid  can  be  pressed  out,  with  a  propor- 
tionate collapse  of  the  affected  tissue.  Microscopically 
examined,  the  part  shows  an  exceedingly  delicate  reticu- 
lum or  meshwork  of  connective-tissue  enclosing  spaces, 
these  spaces  being  filled  with  the  fluid  and  lined,  lor  the 
most  part,  with  flat  endothelial  cells.  In  other  words, 
one  has  to  do  with  a  connective  tissue,  the  lymph-spaces 
in  which  have  become  greatly  distended  with  lymph. 

Although  in  anasarca  the  oedema  is  a  generalized  one 
in  the  integument,  yet  certain  portions  are  invariably 
more  affected  than  others.  Thus  the  feet,  legs,  scrotum, 
penis,  eyelids,  and  face  are  almost  always  more  oedematous 
than  is  the  skin  of  the  trunk  and  arms.  Further,  under 
treatment,  the  fluid  usually  disappears  last  in  the  parts 
first  named. 

The  nutrition  of  the  skin  in  anasarca  is  much  below 
the  normal.  It  is  for  this  reason  that  abrasions,  as  a 
rule,  show  no  tendency  to  heal ;  on  the  contrary,  they  are 
apt  to  lead  to  the  formation  of  ulcers,  which,  in  turn, 
become  larger  and  larger. 

The  treatment  of  anasarca  varies  according  to  the 
cause.  When  dependent  upon  mitral  disease,  rest  and 
digitalis  are  of  great  value  by  diminishing  the  venous  en- 
gorgement. It  is  not  at  all  uncommon  to  see  an  exten- 
sive anasarca  wholly  disappear  under  this  treatment. 

In  chronic  nephritis  much  less  can  be  accomplished. 
Sweating  by  the  subcutaneous  injection  of  nitrate  of  pilo- 
carpin,  .01  Gm.  (one-sixth  gi-ain),  or  by  the  hot-air  bath, 
often  diminishes  the  anasarca  to  a  slight  extent,  but  there 
are  many  cases  where  neither  of  these  measures  has  the 
slightest  apparent  effect.  Diuretics  are  usually  not  of 
much  value,  owing  to  the  condition  of  the  kidneys,  but 
the  hydragogue  cathartics,  like  sulphate  of  magnesia  15  to 
30  Gm.  ( %  ss.  to  g  j.),  or  elaterium  .01  Gm.  (one-sixth  grain) 
will  frequently,  by  producing  large  watery  evacuations, 
diminish  considerably  the  anasarca.  Puncture  of  the 
skin,  especially  of  the  scrotum  and  legs,  with  an  ordi- 
nary sewing-needle,  in  many  places,  will  often  afford  re- 
lief to  the  patient  by  relieving  the  tension  of  the  over- 
stretched skin.  In  such  cases,  however,  one  is  liable  to 
have  leakage  from  the  punctures  for  several  days,  often 
making  the  patient  uncomfortable  from  the  wetting  of 
the  bed,  and  requiring  frequent  change  of  the  bed-linen. 

W.  W.  Gamiett. 
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ANCHYLOSIS.  (Synon.  :  Stiff  Joints;  ¥t.,  Ankylose, 
Boideur  or  Soudure  des  Artieulatwns ;  Ger.,  Verwmlis- 
una  der  Gelenke.)  The  condition  of  a  joint  in  wlncli 
motion  is  permanently  abolished  or  impeded.  Accord- 
ine  as  one  or  the  other  condition  prevails  the  anchylosis 
is  laid  to  be  true  or  false,  complete  or  incomplete  bony 
or  fibrous  The  term  is  applied  to  -fixation  of  an  articula- 
tion in  any  position,  and  not  necessarily  in  an  angular 
one  as  its  etymology  would  seem  to  imply,  in  true 
anchylosis  (synostosis)  there  is  bony  union  between  the 
opposing  articular  surfaces,  and  in  consequence  of  this, 
motion  is  absolutely  nil.  In  the  greater  number  of  cases 
the  union  is  intra-articular  and  involves  destruction  ot 
the  ioint  In  rare  instances,  however,  anchylosis  may 
occur  from  a  new  growth  of  bone  bridging  over  the 
joint  and  wholly  external  to  it.  This  takes  place  with 
greater  frequency  in  the  vertebral  articulations,  though 
it  may  be  produced  in  any  of  the  other  joints  by  a  pro- 
cess of  ossification,  involving  the  ligaments  or  other  pen- 
articular  structures.  There  is  another  form  of  true 
anchylosis  by  fusion  of  the  opposing  joint  cartilages 
(synchondrosis),  which  Hueter  regards  as  of  more  fre- 
quent occurrence  than  osseous  union.  It  may  be  pro- 
duced either  through  the  intervention  of  the  synovial 
processes  or  by  direct  union  of  the  cartilaginous  surfaces. 
This  form  may  also  pass  over  into  true  bony  anchylosis. 
False,  fibrous,  or  incomplete,  anchylosis  (syndesmosis) 
may  be  either  intra-articular  or  extra-articular.  Usually 
it  is  due  to  adhesions  forming  within  the  joint  as  a  result 
of  Inflammation  or  disuse,  but  may  sometimes  be  occa- 
sioned by  fibrinous  deposits  in  the  tissues  around  the 
articulation.  False  anchylosis  may  also  be  due  to  liga- 
mentous shortening  or  muscular  contractures,  or  to  cica- 
tricial retraction  of  the  integument  and  underlying  tissues 
after  burns,  in  leprosy,  etc.  In  the  case  of  anchylosis 
from  extra-articular  causes,  adhesions  within  the  joint  are 
usually  produced  secondarily.  In  false  anchylosis  there 
is  almost  always  more  or  less  motion,  and  even  when 
there  is  apparently  none,  there  is  an  absence  of  that  feel- 
ing of  solidity  on  manipulation  which  is  presented  by  a 
joint  in  the  condition  of  true  osseous  anchylosis.  There 
are  other  conditions  simulating  anchylosis,  in  which, 
however,  the  restriction  to  motion  is  not  permanent  and 
dependent  upon  structural  alterations,  but  is  due  to  the 
muscular  spasm  of  chronic  joint-disease  or  hysteria. 
This  may  be  called  apparent  anchylosis.  Apparent  may 
be  transformed  into  false  anchylosis  by  the  formation  of 
adhesions  within  the  immobilized  joint. 

Anchylosis,  of  the  spine  especially,  may  exist  as  one 
of  the  phenomena  of  old  age,  occurring  merely  as  a  re- 
sult of  senile  changes  and  not  from  disease.  The  joints 
may  also  become  more  or  less  stiffened  from  disuse  or 
from  being  maintained  habitually  in  one  position.  From 
this  cause  arises  the  anchylosis  of  the  fingers  sometimes 
seen  in  drivers,  and  the  kyphosis  of  gardeners.  The 
spine  and  the  smaller  articulations  are  those  in  which 
"  anchylosis  from  occupation  "  most  frequently  occurs  ; 
but  this  seeming  predisposition  is  merely  accidental,  for 
the  large  joints  may  become  rapidly  stiffened.  If,  as  in 
the  case  of  fracture  of  a  long  bone  near  the  articulation, 
they  are  immobilized  for  any  great  length  of  time.  The 
danger  of  anchylosis  of  a  joint  from  disuse  is,  however, 
greatly  exaggerated  in  the  minds  of  many  surgeons. 
Anchylosis,  when  it  occurs  from  this  cause,  is  usually 
fibrous  ;  but  when  the  factor  of  pressure  is  added  to 
immobilization,  as  in  lateral  curvature  of  the  spine,  true 
osseous  union  may  take  place.  Gout,  rheumatism,  espe- 
cially so-called  gonorrhoeal  rheumatism,  and  arthritis  de- 
formans are  prolific  causes  of  stiffening  of  the  joints. 
Penetrating  wounds  of  the  joints  often  result  in  a  loss  of 
mobility.  Contusions,  burns,  or  inflammation  of  the 
peri-articular  structures  may  lead  to  the  exudation  and 
organization  of  lymph,  and  consequent  impairment  of 
motion  in  the  part.  Arthritis,  when  the  inflammation  is 
confined  to  the  synovial  membrane,  is  usually  followed 
by  no  permanent  stiffening  of  the  joint.  An  exception 
to  this  occurs  in  acute  suppurative  synovitis,  where 
anchylosis  is  the  rule.  But  when  inflammation  has  in- 
vaded the  osseous  structures,  more  or  less  stiffening  of  the 


joint  is  almost  certain  to  occur.  "When  the  osteitis  is  ol 
short  duration  and  mild  in  its  character,  the  resulting 
anchylosis  may  be  simply  fibrous ;  but  when  the  inflam- 
matory process  has  been  long  continued  and  of  consider- 
ble  intensity,  and  accompanied  by  suppuration,  there 
ensues  a  direct  bony  fusion  of  the  opposing  articular  sur- 
faces after  erosion  of  the  interlying  cartilages.  In  cer- 
tain diseased  states,  notably  in  arthritis  deformans,  so- 
called  chronic  rheumatic  arthritis  or  rheumatic  gout, 
anchylosis  occurs  by  a  bridging  over  or  ensheathing  of 
the  joint  by  new  bony  formations,  or  by  ossification  of 
the  ligaments,  tendons,  or  other  tissues  about  the  articu- 
lation. Motion  may  also  be  impeded  by  new  osseous  or 
other  growths  within  the  joint,  by  reason  of  which  the 
normal  relations  of  the  opposing  articular  surfaces  are 
altered.  In  such  cases  there  are  no  adhesions,  either 
fibrous  or  bony  (at  least  in  the  earlier  stages),  but  full 
normal  motion  is  rendered  impossible  by  the  mechanical 
resistance  of  the  intra-articular  tumor. 

The  diagnosis  of  these  different  forms  of  anchylosis  is 
not  always  an  easy  matter.     It  is,  of  course,  certain  that 
osseous  union  is  not  present  if  any  motion,  however 
slight,  be  detected  ;  yet  here  we  have  to  guard  against  the 
error  of  mistaking  movement  in  a  neighboring  joint  for 
that  of  the  one  under  examination,  as,  for  example,  mo- 
tion may  appear  to  exist  at  the  hip  or  shoulder  when  in 
reality  the  movement  is  that  of  the  pelvis  or  the  scapula. 
And  on  the  other  hand,  in  false,  or  even  in  apparent,  an- 
chylosis the  joint  may  seem  to  be  perfectly  rigid.    There 
is,  however,  a  feeling  of  absolute  iramovableness  in  a 
truly  anchylosed  joint ;  it  is  as  if  the  two  extremities  of 
the  femur  were  grasped  and  the  attempt  were  made  to 
bend  the  bone.     But  in  fibrous  or  apparent  anchylosis, 
however  impossible  it  may  be  to  detect  even  the  slightest 
degree  of  motion,  there  is,  nevertheless,  a  sensation  of 
insecurity  about  the  joint ;  it  feels  as  though  persever- 
ance were  all  that  was  necessary  to  finally  force  it  to 
yield.     Sometimes  the  application  of  poultices  and  the 
use  of  massage  for  a  few  days  will  result  in  the  restora- 
tion of  a  very  slight  degree  of  mobility,  enough  at  least 
to  prove  that  bony  union  does  not  exist.    Malgalgne's 
test  is  one  that  may  sometimes  prove  useful,  but  depend- 
ing, as  it  does,  upon  the  patient's  ability  to  locate  accu- 
rately the  pain  caused  by  manipulation,  it  is  liable  at 
times  to  be  misleading.     The  test  is  made,  in  the  knee- 
joint  for  example,  by  grasping  the  thigh  with  one  hand 
and  the  leg  with  the  other,  and  then  endeavoring  to  flex 
or  extend  the  leg,  persisting  in  these  efforts  until  pain  is 
elicited.     If  the  pain  be  referred  to  the  joint  itself,  the 
anchylosis  is  false,  but  if  it  be  rather  at  the  parts  of  the 
limb  where  the  tissues  are  squeezed  by  the  surgeon's 
hand,  it  is  probable  that  actual  welding  together  of  the 
bones  has  taken  place.     Another  sign  of  undoubted  value 
is  muscular  action.     If,  on  attempts  to  move  the  rigid 
articulation,  the  muscles  are  seen  to  contract  and  the 
tendons  of  insertion  to  become  prominent,  the  anchylosis 
is  fibrous.     In  true  bony  anchylosis  no  muscular  action 
follows  attempts  at  passive  motion.     If  there  is  much 
induration  in  the  deeper  tissues  about  the  articulation,  it 
is  quite  possible  that  we  may  have  to  do  with  an  extra- 
capsular fibrous  anchylosis.     The  induction  of  profound 
anaesthesia  will  remove  all  doubt  in  the  case  of  api)arent 
anchylosis,  for  the  reflex  muscular  spasm  of  arthritis  and 
the  contractions  of  hysteria  invariably  relax  if  the  patient 
be  brought  deeply  under  the  influence  of  ether  or  chloro- 
form. 

Treatment. — Much  may  be  done  in  the  way  of  the  pre- 
vention of  anchylosis  by  bringing  about  an  alteration  in 
the  causative  conditions.  The  stiffening  joints  of  old  age 
may  be  rendered  more  supple  by  passive  movemente  and 
active  exercise  combined  with  friction  and  inunction  of 
vaseline  or  oleic  acid.  In  anchylosis  from  position  or  oc- 
cupation it  is  sufficient,  of  course,  to  recognize  the  cause 
in  order  to  remove  it.  In  the  case  of  fracture  of  a  long 
bone  the  neighboring  articulation  should  never,  as  a  rule, 
be  immobilized  for  a  longer  period  than  three  weeks.  Al 
the  end  of  this  time,  ordinarily,  passive  movements  may 
be  undertaken  with  entire  safety.  In  chronic  articular 
osteitis,  the  endeavor  should  be  made  to  maintain  the 
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ioint  in  that  position  in  which  anchylosis  will  occasion 
the  least  inconvenience.  When  permanent  malposition 
of  the  joint  Is  threatened,  in  consequence  of  burns  or 
contusions,  the  limb  should  be  kept  upon  splints  in  such 
a  position  as  to  oppose  as  far  as  possible  the  cicatricial 
contractions,  and  as  soon  as  the  cicatrix  is  suflSciently 
firm,  passive  motions  should  be  commenced  and  con- 
tinued for  a  considerable  length  of  time. 

In  anchylosis  due  to  exudation  of  lymph  about  the 
articulation,  massage  and  passive  motion  will  often  suffice 
to  promote  absorption  and  restore  the  utility  of  the  limb. 
In  flexion  due  simply  to  permanent  muscular  contrac- 
tions, stretching,  either  manual  or  by  means  of  a  suita- 
ble apparatus,  will  generally  produce  the  desired  result. 
Such  a  procedure,  however,  is  usually  very  tedious,  and 
consumes  much  valuable  time,  and  it  is  often  on  this  ac- 
count better  to  proceed  at  once  to  tenotomy. 

At  one  time,  not  many  years  ago,  there  existed  a  wide 
difference  of  opinion  concerning  the  relative  merits  of 
gradual  and  sudden  rupture  of  the  adhesions  in  fibrous 
anchylosis.  It  was  contended  by  the  opponents  of  the 
latter  method  that  a  sudden  forcible  rupture  of  the  ad- 
ventitious bands  was  a  measure  attended  with  many  and 
great  dangers.  It  was  asserted  that  pyaemia  and  tearing 
of  the  nerves  and  vessels  and  soft  parts  about  the  joint 
were  the  not  infrequent  results  of  brisement  force,  and  the 
method  was  condemned  as  unjustifiable  by  most  of  the 
conservative  surgeons  of  the  day.  It  has  been  shown, 
however,  that  most  of  the  evil  results  attending  the  early 
essays  of  this  operation  were  attributable  to  the  failure  of 
its  advocates  to  discriminate  between  true  and  false  an- 
chylosis, and  brisement  ford  is  now  regarded  as  one  of 
the  safest  operations  of  its  magnitude  in  surgery,  pro- 
vided it  be  done  with  due  care  and  with  a  certain  knowl- 
edge of  the  joint  conditions.  The  sudden  and  forcible 
rupture  of  the  fibrous  adhesions  has  the  manifest  advan- 
tages over  the  gradual  method  in  that  it  obviates  the  ne- 
cessity of  frequent  administration  of  an  ansesthetic ;  it 
accomplishes  at  once  what  the  other  plan  endeavors  to  do 
only  after  prolonged  treatment,  and  it  is  far  less  likely  to 
set  up  inflammation  in  the  affected  joint.  The  chief  ob- 
jection to  brisement  forc&  lies  in  the  danger  of  epiphyseal 
separation,  an  accident  that  has  occurred  several  times 
when  the  operation  was  undertaken  in  children.  The 
danger  of  diastasis  in  forcible  rupture  is,  however,  much 
less  than  is  that  of  setting  up  inflammatory  reaction 
in  the  joint  by  the  frequently  repeated  traumatism  at- 
tendant upon  attempts  at  gradual  reduction  of  the  de- 
formity. 

Before  attempting  the  forcible  reduction  of  an  anchy- 
losed  joint  it  is  in  most  cases  necessary  to  divide  the  ten- 
dons of  the  flexor  muscles.  This  operation  should  be 
performed  subcutaneously,  and,  if  possible,  some  days  be- 
fore the  operation  upon  the  joint  is  undertaken,  in  order 
to  avoid  the  danger  of  tearing  the  small  incisions  in  the 
skin  into  great  rents.  This  accident,  with  its  serious 
consequences,  has  happened  more  than  once  when  brise- 
ment ford  was  attempted  immediately  after  tenotomy. 
The  patient  having  been  brought  thoroughly  under  the 
anaesthetic,  the  trunk  or  central  segment  of  the  limb,  ac- 
cording to  the  joint  operated  upon,  is  fastened  securely  to 
the  table.  The  patient  should  lie  in  such  a  way  as  not 
to  interfere  with  full  flexion  of  the  affected  joint ;  usually 
on  his  back,  but  if  the  shoulder  is  the  joint  affected,  the 
patient  should  lie  on  his  face  so  that  the  scapula  may 
be  steadied.  Evervthing  being  now  in  readiness,  the 
■  operator  seizes  the  free  extremity  of  the  limb,  and  after 
a  few  to  and  fro  motions,  in  order,  as  it  were,  to  become 
acquainted  with  his  ground,  he  suddenly  and  with  con- 
siderable force  endeavors  to  flex  the  joint.  In  many 
cases  the  adhesions  will  yield  at  once  with  a  sharp  crack, 
or  series  of  cracks,  sounding  very  much  as  if  the  bone 
had  been  fractured.  After  flexion  has  been  obtained  the 
limb  should  be  extended  to  its  fullest  limit,  and  moved  in 
all  the  other  directions  of  which  the  joint  is  capable. 
Then,  when  the  adhesions  are  well  broken  up,  the  limb  is 
to  be  immobilized  for  a  few  days  in  the  position  of  the 
original  deformity,  after  which  time,  if  no  inflammatory 
reaction  have  taken  place,  passive  motion  may  be  cau- 


tiously begun.  This  may  at  first  be  so  painful  as  to  re- 
quire the  administration  of  ether,  but  it  is  seldom  necessary 
to  induce  anaesthesia  more  than  once  or  twice,  and  then 
usually  only  in  the  case  of  children  or  of  the  more  deli- 
cate and  timid  adults.  Emollient  applications  should  be 
made  to  the  articulation  at  the  same  time  that  passive 
movements  are  given.  Should  diastasis  unfortunately  be 
produced,  the  operation  must  of  necessity  be  abandoned 
until  the  epiphysis  has  reunited  to  the  shaft  of  the  bone. 
The  accident  seldom  leads  to  any  more  serious  conse- 
quences than  the  interruption  to  treatment,  but  it  has 
sometimes  excited  such  grave  troubles  as  to  require  am- 
putation of  the  limb.  It  may  happen  that  no  amount  of 
manual  force  which  the  operator  can  bring  to  bear  will 
be  sufficient  to  cause  the  adhesions  to  give  way,  and  the 
question  will  then  arise  whether  it  is  justifiable  to  em- 
ploy mechanical  force.  As  a  general  rule  it  is  not.  It  is 
always  dangerous  to  use  mechanical  force  alone,  but  it 
may  in  certain  cases  be  advantageously  employed  as  a 
supplement  to  the  living  and  feeling  strength  of  the  sur- 
geon. The  accompanying  figure,  from  Brodhurst,  rep- 
resents  the  manner  in  which  this  power  may  be  ap- 


FiG.  167. — Apparatus  for  Breaking  up  the  Adhesions  in  False  Anchylosis 
of  the  Hip.  (Brodhurst.)  The  hand  represented  in  the  figure  is  that 
of  an  assistant  steadying  the  Limb  ;  the  operator's  hand  is  placed  under 
the  lower  end  of  the  thigh. 

plied  in  the  case  of  anchylosis  of  the  hip.  The  pelvis  is 
firmly  strapped  down  to  the  table,  and  then  the  limb  is 
strained  up  as  far  as  possible  by  means  of  the  cord  and 
pulleys.  The  operator  then  grasps  the  femur  below,  and 
exerts  a  sharp  upward  force  in  the  direction  of  flexion  of 
the  thigh.  It  sometimes  happens  that  full  motion  cannot 
be  obtained  by  any  force  which  it  is  safe  to  apply.  Such 
failures  are  usually  due  to  shortening  of  some  portion 
of  the  capsular  ligament.  The  limb  may  be  nearly 
straightened,  but  returns  to  its  former  position  as  soon  aa 
the  opposing  force  is  relaxed.  In  some  cases  of  anchy- 
losis of  the  knee,  with  or  without  subluxation  of  the 
tibia,  it  may  be  found  impossible  to  straighten  the  limb 
owing  to  the  tendency  to  posterior  dislocation  of  the 
lower  segment.  This  is  due,  according  to  Barwell,  to 
shortening  of  the  anterior  crucial  ligament. 

In  the  treatment  of  true  anchylosis  the  question  is  one 
usually  of  rectification  of  a  vicious  position  only.  It  is 
true,  some  operators  claim  that  they  can  restore  a  very 
useful  degree  of  motion  by  the  creation  of  a  false  joint, 
and  such  a  result  has  in  certain  cases  been  obtained.  The 
chances,  however,  of  this  fortunate  issue  are  slight,  and 
even  in  those  cases  in  which  for  a  time  there  has  been 
some  motion,  the  divided  ends  of  the  bone  have  gener- 
ally reunited.  An  operation,  therefore,  in  the  case  of 
osseous  anchylosis  ought,  as  a  rule,  to  be  undertaken 
only  when  the  joint  is  fixed  in  a  bad  position.  Osteo- 
clasis, or  fracture  of  the  bone  by  direct  force  without 
cutting,  has  been  tried  repeatedly,  but  has  not  given  such 
satisfactory  results  as  to  lead  to  its  general  adoption.    In 
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osteotomy  the  bone  may  be  divided  by  the  chisel  or  the 
saw,  and  through  an  open  wound  or  subcutaneously.  An 
operation  proposed  by  Dr.  Brainard,  of  Chicago,  consists 
in  drilling  through  the  newly  formed  bone  in  several 
directions,  so  as  to  weaken  it,  and  then  fracturing  the  re- 
maining portion.  The  drilling  is  performed  subcutane- 
ously. Barton,  of  Philadelphia,  removed  a  wedge- 
shaped  piece  of  bone  from  the  femur  just  above  the 
anchylosed  knee,  thus  obtaining  a  straight  limb.  Sayre, 
of  New  York,  divides  the  femur  just  below  the  great  tro- 
chanter by  a  semilunar  incision,  rounding  off  the  end  of 
the  lower  segment  so  as  to  make  it  fit  into  the  depression 
in  the  upper  portion.  By  this  operation  he  has  obtained 
motion  in  anchylosis  of  the  hip.  Resection  has  been 
advised  and  practised  in  anchylosis  of  the  knee,  but  the 
cases  in  which  it  is  necessary  must  be  extremely  rare. 

For  a  more  extended  account  of  anchylosis,  and  of  the 
operations  for  its  cure  or  correction,  the  reader  may  con- 
sult : 

Barton,  J.  Rhea  :  On  the  Treatment  of  Anchylosis,  etc.    Phila.,  1827. 

Bonnet ;  Trait6  de  Therapeutique  des  Maladies  Articulairea.  Paris,  1860. 

Hueter :  Klinik  der  Getenkkrankheiten.    Leipzig,  1876. 

Brodhurst:  Orthopgedic  Surgery.     London,  1876. 

Bauer :  Lectures  on  OrthopaBdic  Surgery.    New  York.  1868. 

Barwell :  Treatise  on  Diseases  ot  Joints.    London,  1881. 

Sayre :  Lectures  on  Orthopiedic  Surgery.    New  York,  188.'). 

De  Saint-Germain  :  Chirurgie  Orthop6dique.    Paris,  188.3. 

Lagrange :  Traitement  de  I'Ankylose  du  Genon.    Paris,  1884. 

Thomas  L.  Siedman. 

ANOABRE,  in  the  Department  of  Aveyron  (43°  N. 
Lat.),  a  village  possessing  chalybeate  springs.  The  analy- 
sis of  Limousin-Lamotte  shows  the  following  composi- 
tion of  the  water : 

Total  solids,  33.43  parts  per  1,000,  consisting  of : 

Sodium  chloride 0.79 

Magnesium  chloride ." !*.!!"..!.!!!!!."!".!!!!     0.12 

Calcium  chloride .'.'.'.'.'.".'.".".".'    015 

Sodium  sulphate i ."!!!!  i .'.".'.!!  i  *.!!  i. !'  *     7!oO 

Sodium  hydrocarbonate '..,.!"'!*.!!]!  18*  29 

Magnesium  hydrocarbonate V.V.'.V.V.'.'.'.'.'.'.'.'.'     2  34 

Calcipm  hydrocarbonate .'.'.',',.'.['.'.'.'.'.'.'.'.'.'.'.'.'.'",    285 

Ferrous  carbonate '.'.'.'.'.'.'."'.'.'.['.'.','.'.'.'.'.     0.65 

Traces  of  silicic  hydrate  and  a  certain  amount  of  partially  free'  carbon 
dioxide.  ^ 

H.  F. 

ANEURISM.  An  aneurism  of  an  artery  is  a  circum- 
scribed tumor  composed  of  a  sac,  the  cavity  of  which 
communicates  with  the  lumen  of  the  artery,  and  contains 
liquid  or  coagulated  blood.  The  sac  may  be  formed  in 
whole  or  in  part  of  the  distended  wall  of  the  artery,  or  of 
the  condensed  adjoining  tissues. 

Definitions  and  Classification.— The  terminology 
of  the  affection  has  been  much  confused  by  a  lack  of 
agreement  in  the  use  of  terms  and  in  the  meaning  at- 
tached to  them.  Most  of  these  terms  are  intended  to  in- 
dicate differences  in  the  composition  of  the  wall  of  the 
sac,  some  of  which  cannot  even  be  recognized  with  cer- 
tainty on  direct  examination,  and  are  not  marked  by  any 
corresponding  clinical  differences. 
_  Internal  and  ExUrnal.— Internal  aneurisms  are  those 
situated  within  the  thoracic  or  abdominal  cavity  •  exter- 
nal aneurisms  are  those  formed  at  the  expense  of  arteries 
lying  outside  of  these  cavities.  (Medical  is  sometimes 
used  as  a  synonym  of  internal ;  surgical  of  external ) 

Spontaneous  and  Traumatic.— Spontaneous  aneurisms 
are  those  that  have  arisen  in  consequence  of  disease  or 
gradual  change  in  the  wall  of  an  artery.  A  traumatic 
aneurism  is  one  which  has  formed  in  consequence  of  sud- 
den mechanical  division  or  injury  of  the  wall  of  an  artery 
as  by  a  knife  or  splinter  of  bone. 

The  following  anatomical  fclassiflcation,  adopted  by 
Holmes,  IS  the  one  in  common  use.  The  distinction 
made  between  " true  "  and  "false"  aneurisms  is  ana- 
tomically justified,  but  the  terms  are  likely  to  mislead 
lor  true  aneurisms,  In  the  narrow  sense  of  the  term' 
aneurisms  whose  walls  are  everywhere  composed  of  ali 
tne  coats  of  the  artery,  are  rare  and  always  small  ■  the 
common  form  of  aneurism  belongs  to  the  class  termed 
talse,  those  m  which  only  one  of  the  coats  of  the  artery 
takes  part  in  the  formation  of  the  wall  of  the  sac. 
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I.  Common  or  encysted  aneurism,  subdivided  into 
{a)  Aneurismal  dilatation,  or  fusiform  aneurism    Th« 

artery  is  dilated  for  some  distance,  and  the  wall  of  tho 

dilated  portion  preserves  its  three  coats. 
(S)  True  aneurism.     The  sac  is  formed  throughout  hv 

all  the  coats  of  the  artery  dilated  at  only  one  point 

(c)  False  aneurism.  The  sac  is  formed  by  only  one  m 
two  of  the  coats  of  the  artery,  the  middle  one  havin? 
disappeared  or  being  unrecognizable  in  consequence  nf 
change. 

(d)  Consecutive  or  diffused  aneurism.  The  wall  of  the 
sac  is  formed  of  the  condensed  adjoining  tissues  and 
the  communication  of  its  cavity  with  the  artery  is  there 
fore  through  an  actual  opening  in  the  wall  of  the  latter 
A  traumatic  aneurism  is  the  type  of  this  class,  but  most' 
if  not  all,  large  aneurisms  would  be  included  under  the 
definition,  rather  than  in  class  (c),  because  of  the  substi- 
tution of  condensed  connective-tissue  in  the  wall  for  the 
distended  external  coat  of  the  artery.  The  presence  of 
a  lining  coat  similar  to  the  intima  of  the  artery  la  not 
proof  of  the  persistence  of  the  latter  ;  it  may  be  of  new 
formation. 

II.  Arterio-venous  aneurism,  formed  by  abnormal  com- 
munication between  an  artery  and  a  vein;  subdivided 
into 

(a)  Aneurismal  varix,  in  which  there  is  no  sac  inter- 
mediate between  the  artery  and  vein  ;  and 

(*)  Varicose  aneurism,  in  which  there  is  an  interme- 
diate sac. 

III.  Cirsoid  aneurism  (or  arterial  varix),  formed  by  the 
general  dilatation  of  an  artery  and  its  branches. 

IV.  Dissecting  aneurism,  formed  by  the  effusion  of 
blood  between  the  coats  of  an  artery  after  ulceration  ot 
the  intima. 

I.  Common  Encysted  Aneurism  (mainly  Spontane- 
ous).— The  formation  of  a  spontaneous  aneurism  appears 
to  be  preceded  by  a  degenerative  change  in  the  wall  of 
the  artery  by  which  both  its  elasticity  and  its  power  to 
resist  a  distending  strain  are  diminished.  This  change  is 
in  the  nature  of  an  endarteritis,  and  consists  in  a  hyaline 
degeneration  of  the  intima  and  a  disintegration  of  the 
elastic  and  muscular  tissues  forming  the  middle  coat.  It 
may  begin  without  known  cause  or  may  follow  the  lodge- 
ment of  an  embolus  or  some  mechanical  injury  to  the 
vessel,  as  the  application  of  a  ligature,*  or  even,  as  in 
one  case,  prolonged  digital  pressure.  Under  the  influ- 
ence of  the  blood-pressure,  increased  at  every  contrac- 
tion of  the  heart,  the  degenerated  wall  yields,  and  be- 
comes -stretched ;  if  the  degeneration  has  involved  the 
entire  circumference  and  a  considerable  length  of  the 
vessel,  the  dilatation  is  uniform  (fusiform  aneurism)  or 
irregularly  pouched ;  if  only  a  small  portion  of  the  wall 
IS  involved,  it  expands  and  forms  a  pouch  which  com- 
municates, either  largely  or  by  a  narrow  opening,  with  the 
lumen  of  the  artery.  The  elongated  forms,  or  filatations, 
are  common  in  the  aorta,  the  pouched  forms  in  the  arte- 
ries of  the  limbs.  In  small,  bud-like  aneurisms  the  per- 
sisting three  coats  can  be  identified ;  in  the  larger  ones 
they  cannot  be  traced  for  more  than  a  very  short  distance 
beyond  the  neck  of  the  sac.  It  is  reported  that  Haller 
produced  aneurisms  in  frogs  by  dissecting  away  the  outer 
coat  of  the  artery  (the  mesenteric),  but  similar  attempts 
made  by  Hunter  upon  the  carotid  and  femoral  of  the 
dog  were  unsuccessful,  although  the  dissection  was  ear- 
ned so  far  that  the  color  of  the  blood  could  be  seen 
through  the  thin  remaining  portion  of  the  wall.' 

Examination  of  the  wall  of  a  sacculated  aneurism  of 
considerable  size  (Fig.  168)  shows  that  it  is  composed  of 
condensed  connective-tissue,  with  a  lining  membrane  in 
its  inner  surface  that  resembles  the  intima  of  an  artery 
to  this  extent,  that  it  has  an  epithelial  surface  of  flat 
cells    and   a    deeper   structure   of  flat   cells   separated 

*  See  oases  quoted  by  Follin  (Pathologie  Externe,  vol.  ii.,  p.  339), 
,  °  u^  ?.  'J'"'''''  fh^ee  aneurisms  formed  after  three  successive  ligatures, 
of  which  the  first  was  in  an  amputation  just  above  the  elbow,  the  seoonii 
of  the  brachial,  to  cure  the  first ;  the  third,  to  cure  the  second ;  a  tmM. 
ligature,  on  the  axillary  artery,  was  not  foUowed  by  dilatation.  The 
case  was  Warner's,  in  the  first  half  of  the  eigllteenth  century,  and  lilt 
aneurism  was  laid  open  in  each  operation. 
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Fig.  168. — Aneurism  of  the  Femo- 
ral Artery.  The  walls  of  the  sac 
consist  only  of  the  adventitia  (a) 
and  tntima  (b) ;  the  muBcularis 
(c)  remains  only  at  the  entrance 
of  the  sac.   (Weber.) 


by  a  flbrillary  substance.  A  similar  structure  is  found 
also  upon  the  surface  of  thrombi,  as  after  the  liga- 
ture of  an  artery,  and  it  must,  therefore,  be  deemed  not 
simply  a  distended  intima, 
l)ut  rather  a  layer  of  new 
formation.  Traces  of  the 
middle  coat  may  be  found  at 
different  parts  of  the  aneu- 
rismal  sac,  especially  in  the 
neighborhood  of  its  neck, 
where,  indeed,  they  may- 
form  a  continuous  layer  with 
that  of  the  artery ;  but  in  the 
more  distended  portions  of 
the  sac  they  are  entirely  ab- 
sent, and  it  appears  to  be 
well  established  that  there  is 
no  hyperplasia  of  the  muscu- 
lar and  elastic  tissues  which 
compose  this  coat,  but  that 
their  elements  undergo  not 
only  degeneration  but  also 
mechanical  separation,  and 
they  have  practically  no 
share  in  the  formation  of  the 
wall. 

The  new  tissue  may  itself 
undergo  fatty  degeneration, 
or  become  atheromatous  or 
calcified.  As  the  sac  en- 
larges it  may  become  thinned  at  some  point  and  burst, 
with  escape  of  its  contents  into  the  adjoining  tissues 
("ruptured  aneurism");  and  when,  in  its  growth,  it 
reaches  and  presses  upon  firm,  unyielding  tissues,  like 
bone,  the  latter  undergo  absorption.  Bone  disappears 
under  this  pressure  by  rarefaction ;  that  is,  a  general 
rarefying  osteitis  is  set  up,  characterized  by  the  enlarge- 
ment of  its  vascular  canals,  multiplication  of  the  cellular 
elements  and  disappearance  of  the  earthy  salts,  but  with- 
out production  of  pus.  Other  tissues  may  become  in- 
flamed under  the  same  irritation,  and  the  inflammation 
may  be  plastic,  with  production  of  adhesions,  or  ulcera- 
tive. Thus,  adjoining  serous  surfaces  unite  (pleura, 
pericardium,  peritoneum),  or  rupture  may  take  place 
through  ulceration  of  the  walls  of  the  trachea  or  of  the 
oesophagus,  or  of  the  wall  of  any  other  cavity  that  js 
pressed  upon.  These  openings  may  be  large  or  small, 
aad  may  give  rise  to  repeated  small  haemorrhages,  or 
ma^  cause  death  instantly  by  a  free  one,  either  external 
or  internal. 

The  growth  of  the  sac  takes  place  in  the  direction  of 
least  resistance,  but  this  direction  is  determined  rather 
by  the  distensibility  of  the  wall  itself  than  by  the  resist- 
ance of  the  surrounding  parts  ;  thus,  the  wall  may  be 
comparatively  firm  on  the  side  adjoining  a  cavity,  and 
growth  may  be  slow  in  that  direction,  while  at  another 
point  where  it  rests  against  bone  the  latter  may  be  rap- 
idly absorbed  and  even  perforated,  as  is  seen  in  the  ster- 
num, and  this  perforation  will  he  followed  by  rapid 
enlargement  of  the  aneurism  through  the  opening.  An- 
eurisms of  the  limbs  seldom  rupture  through  the  over- 
lying skin,  probably  because  they  receive  treatment 
before  their  growth  has  reached  such  a  point,  but  those 
of  the  thoracic  aorta  and  innominate  not  infrequently 
end  by  ulceration  of  the  skin  and  fatal  external  htemor- 
rhage.  An  aortic  aneurism  reaches  the  surface  either  by 
growth  upward  into  the  neck  or  through  the  sternum,  or 
between  the  ribs  to  the  surface  of  the  chest.  The  absorp- 
tion of  the  bodies  of  the  vertebrae  by  thoracic  or  abdom- 
inal aneurisms  gives  rise  to  some  of  the  most  painful 
symptoms  of  this  fatal  and  painful  affection.  In  two 
cases  quoted  by  Mr.  Holmes  from  Dr.  Gairdner  the 
spontaneous  opening  of  an  aneurism  through  the  skin 
was  followed  by  the  healing  of  the  opening,  and  in  one 
of  them  apparently  by  the  cure  of  the  disease  ;  but  such  a 
result  is  so  entirely  exceptional  that  it  deserves  mention 
only  as  a  surgical  curiosity.  When  an  aneurism  has 
ruptured  externally  or  internally,  the  progress  in  the  im- 
mense majority  of  cases  is  from  bad  to  worse,  if  the 


haemorrhage  is  not  immediately  fatal.  The  bleeding 
may  be  arrested  by  sjrncope  or  by  the  plugging  of  the 
orifice  by  a  clot,  but  it  recurs  again  and  again,  and  ulti- 
mately proves  fatal  unless  the  recurrence  can  be  prevented 
by  treatment. 

The  pressure  of  the  growing  tumor  not  only  leads  to 
the  condensation  and  absorption  of  the  tissues  pressed 
upon,  but  it  also  causes  much  pain,  either  by  stretching 
nerves  or  by  provoking  a  neuritis,  and  it  may  interfere 
with  the  circulation  of  a  part  or  limb  by  closing  a  vein  or 
even  an  artery,  and  lead  to  gangrene. 

The  blood  contained  within  an  aneurism  is  usually  in 
part  liquid  and  in  part  clotted,  and  the  inner  surface  of 
the  wall  of  the  sac  is  lined  with  layers  of  grayish  opaque 
fibrin  of  irregular  thickness  and  extent.  These  layers 
may  be  comparatively  thin,  or  they  may  fill  the  greater 
part  of  the  cavity.  They  are  produced  by  gradual  de- 
posit of  the  fibrin  on  the  wall,  so  that  those  layers  that  are 
nearest  the.  wall  are  the  oldest,  and  also  the  shortest,  be- 
cause the  sac  has  usually  increased  in  size  since  they  were 
deposited.  They  occasionally  undergo  degeneration  and 
break  down  into  a  granular  detritus,  forming  small  cavi- 
ties' filled  with  a  pulpy  mass.  Ordinarily  the  connection 
between  the  wall  of  the  sac  and  the  adjoining  layers  of 
fibrin  is  one  merely  by  contact,  and  there  is  no  growth  of 
tissue  from  the  former  into  the  latter.  This  seems  to  be 
true  at  least  of  all  growing  aneurisms,  but  in  those  that 
have  undergone  spontaneous  cure,  or  have  been  cured  by 
treatment,  the  development  of  new  tissue  is  observed. 
This  firm  laminated  fibrin  is  called  the  "  active  clot ; " 
the  soft,  dark  clot,  or  "  passive  clot,"  which  is  frequently 
found  loose  in  the  cavity  of  the  sac,  is  probably  a  post- 
mortem formation  in  most  cases. 

The  growth  of  an  aneurism  may  be  stayed,  and  a  prac- 
tical cure  obtained,  by  the  deposit  of  sufficient  laminated 
fibrin  to  fill  its  cavity  or  thoroughly  to  protect  its  wall 
from  the  distending  effect  of  the  blood-pressure,  and  this 
is  thought  to  be  the  mode  of  cure  by  most  methods  of 
treatment.  It  seems  extremely  improbable  that  this  lami 
nated  fibrin  is  a  later  stage  of  a  "  passive  "  clot ;  there  is 
every  reason  to  think  that  it  is  gradually  deposited  as 
such  by  the  blood  in  consequence  of  changes  or  peculiar 
conditions  in  the  lining  membrane  of  the  sac,  or  in  the 
rapidity  of  the  circulation.  Under  ordinary  conditions 
this  deposition  does  not  take  place  rapidly  enough  to  ef- 
fect a  cure  ;  it  occurs  at  some  parts  of  the  sac  and  not  at 
others,  its  union  with  the  sac  is  slight  and  the  blood  can 
readily  insinuate  itself  between  the  two  at  the  edge  of  the 
layers,  and  as  the  sac  enlarges  fresh  portions  are  created 
and  left  uncovered  to  undergo  subsequent  distention.  If 
the  conditions  are  modified  by  operative  or  other  treat- 
ment that  diminishes  the  volume  and  force  of  the  stream 
of  blood,  time  may  be  given  to  the  tissues  of  the  sac  at 
the  edge  of  the  clot  to  become  more  intimately  adherent 
to  the  latter,  and  thus  to  make  the  clot  a  permanent  pro- 
tection against  further  increase.  This  is  effected  by 
granulations  from  the  lining  membrane  which  spread 
into  the  clot' and  over  its  surface,  making  it,  as  it  were,  a 
part  of  the  wall  of  the  sac,  binding  down  its  edges,  and 
covering  it  with  a  smooth  epithelial  layer.  The  union 
between  the  wall  and  the  layers  of  fibrin  appears  to  be 
very  slight,  and  limited  to  those  layers  immediately  ad- 
joining the  wall,  and  there  is  no  evidence  that  new  ves- 
sels extend  from  the  wall  or  between  the  layers  of  the 
fibrinous  clot.  Some  aneurisms,  after  a  long  period  of 
rest  and  apparent  cure,  have  begun  again  to  pulsate  and 
to  enlarge,  and  this  fact  can  be  explained  only  on  the 
theory  of  a  simple  mechanical  obstruction  that  has  per- 
sisted during  the  period  of  quiescence  and  has  then 
yielded  and  allowed  the  re-entrance  of  blood,  the  in- 
sinuation of  blood  between  the  layers  of  fibrin  and  the 
wall. 

A  cure  may  also  follow  the  sudden  formation  of  a  soft 
"passive"  clot.  This  fact  has  only  recently  been  de- 
monstrated by  examinations  made  after  the  rapid  cure  of 
aneurisms  by  the  use  of  the  elastic  bandage.  The  first 
case  is  reported  by  Mr.  "Wagstafife  in  the  "  Transactions 
of  the  London  Pathological  Society,"  vol.  xxix.,  page  73, 
a  popliteal  aneurism  cured  a  few  months  before  the  par 
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tient's  death.  At  the  autopsy  the  sac  was  found  to  meas- 
ure two  inches  in  length  and  one  inch  in  diameter,  and  to 
contain  a  central  blood-clot  measuring  one  by  one-half 
inch,  and  surrounded  by  fibrous  tissue  continuous  with 
the  sac  and  artery  (see  Fig.  169).  This  tissue  was  abun- 
dantly supplied  with  blood-vessels,  and  the  artery  was 
permanently  closed  above  and  below.  The  process  I 
conceive  to  be  as  fojlows  :  In  consequence  of  the  arrest 
of  the  current  of  blood,  whether  by  a  distal  plug,  or  by 
ligature,  or  by  compression,  the  Jblood  within  the_  sac 
clots,  and  it  probably  does  so  more  promptly  than  within 
normal  vessels  because  of  the  character  of  the  inner  sur- 
face of  the  wall  of  the  sac.  This  clot  fills  the  sac  and 
probably  extends  for  a  variable  distance  into  the  artery 
above  and  below  the  opening.  This  extension  prevents 
the  re-entrance  of  blood  into  the  sac  even  if  the  obstruc- 
tion that  led  to  the  formation  of  the  clot  is  afterward  re- 
moved, and  the  latter  then  undergoes  those  changes  with 
which  we  are  familiar  in  clots  formed  outside  the  body. 
It  divides  into  two  portions,  a  central,  shrunken,  firm 
clot,  composed  of  corpuscles  and  fibrin,  and  an  external 
layer  of  serum.  The  latter  is  absorbed  by  the  neighbor- 
ing tissues,  and  the  sac  correspondingly 
retracts,  and  its  wall  thickens  by  this 
retraction  and  possibly  by  a  hyperplasia 
of  its  cellular  elements  provoked  by  the 
irritation  excited  by  the  clot.  This  irri- 
tation involves  also  the  adjoining  wall 
of  the  artery,  as  is  proved  by  the  changes 
that  occur  even  in  normal  vessels  into 
which  clots  have  extended.  The  intima 
thickens  and  sends  out  cellular  prolonga- 
tions which  perforate  the  clot  and  spread 
over  its  surface  ;  these  new  cells  soon 
constitute  a  completely  formed  and  re- 
sistant plug  structurally  continuous  with 
the  wall  of  the  artery,  and  provided  with 
a  smooth  epithelial  surface.  The  artery 
is  now  as  completely  and  permanently 
closed  on  each  side  of  the  aneurism  as  if 
ligatures  had  been  pl4ced  upon  it  there, 
and  the  clot  is  left  free  to  undergo  its 
natural  retrogressive  changes,  and  the 
aneurism  is  relieved  from  the  distending 
pressure  of  the  arterial  stream.  Com- 
plete absorption  of  the  serum  reduces 
the  clot  to  less  than  half  its  original  size, 
Clot  surrounded  and  this  reduction  is  slowly  carried  f  ur- 
broul""' Tissue"  ^^^^  ^J  molecular  disintegration  and  ab- 
(WagstiifEe.)  sorption  of  the  corpuscles  and  fibrin. 

This  conception  of  the  process  is  sup- 
ported by  our  knowledge  of  the  changes  which  occur  in 
blood  that  has  clotted  within  the  body  under  other  circum- 
stances, by  certain  clinical  features  observed  in  aneurisms 
that  are  undergoing  or  have  undergone  cure,  and  by  the 
examination  of  specimens.  Thus,  in  a  case  of  popliteal 
aneurism,  cured  by  the  application  of  the  rubber  bandage, 
a  non-pulsating  area  of  fluctuation  appeared  in  the  sac  a 
day  or  two  after  the  operation,  and  slowly  disappeared 
as  the  tumor  diminished ;  there  can  be  but  little  doubt 
that  it  was  due  to  the  pressure  of  serum  exuded  from  the 
clot  more  rapidly  than  it  was  absorbed  by  the  surround- 
ing tissues.  Again,  in  Mr.  Wagstaffle's  case  above  re- 
ferred to,  there  was  found  a  central  blood-clot  of  com- 
paratively small  size,  closely  surrounded  by  the  thickened 
sac,  and  the  artery  was  permanently  occluded  by  fibrous 
tissue  continuous  with  its  wall  and  with  that  of  the  sac ; 
and  in  Dr.  Reid's  case  (Lancet,  August  5,  1876),  the  first 
one  cured  by  the  use  of  the  elastic  bandage,  a  similar 
condition  of  the  parts  was  found :  a  central  blood-clot, 
dark  in  color,  and  of  cheesy  consistency  ;  a  contracted 
but  thin  sac  with  a  few  partly  adherent  layers  of  lami- 
nated fibrin ;  and  the  artery  occluded  by  fibrous  tissue 
for  a  distance  of  two  and  a  half  inches  above  the  sac. 

The  transformation  of  an  obliterated  aneurism  into  a 
blood-cyst  after  many  years  has  been  observed  in  one 
case,  which  is  apparently  unique.  It  is  reported  by 
Remhold  ("  Inaug.  Dissert.,"  Marburg,  1883  ;  abstract  in 
Centralblattfur  Ghirurgie,  1883,  p.  571).     It  was  a  trau- 
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matic  varicose  aneurism  of  the  popliteal  artery  and  vein 
successfully  treated  by  ligature  of  the  femoral  artery 
and  compression  of  the  sac.  Nine  years  afterward  a 
large  tense  cyst  formed,  containing  crystals  of  cholesterin 
and  hsematin,  and  suppurated  after  multiple  punctures  ■ 
it  was  then  laid  open,  and  several  old  blood-clots  and  a 
few  calcified  fragments  were  turned  out. 

Causes. — Anything  which  reduces  the  power  of  resist- 
ance possessed  by  the  arterial  wall  below  what  is  suf- 
ficient effectively  to  oppose  the  distending  force  of  the 
blood  may  be  an  immediate  or  a  predisposing  cause  of 
aneurism.  A  sudden  increase  of  intravascular  pressure 
may  combine  with  pre-existing  weakness  of  the  wall  to 
produce  an  aneurism,  but  in  the  great  majority  of  cases 
the  change  which  leads  to  this  production  lies  in  the  wall 
alone.  Mr.  Holmes  quotes  two  cases  in  which  the  for- 
mation of  an  abdominal  aneurism  appeared  to  have  been 
the  direct  consequence  of  the  emotion  experienced  by  a 
criminal  on  receiving  a  severe  sentence.  Weakness  of 
the  wall  may  be  limited  to  a  single  large  or  small  area, 
or  may  exist  at  many  points,  with  the  production  of  a 
corresponding  number  of  aneurisms.  This  latter  con- 
dition is  termed  the  aneurismal  diathesis,  and  although 
the  affection  is  usually  single,  as  many  as  sixty-three 
aneurisms  have  been  found  in  one  individual.  The  weak- 
ness of  the  wall  is  the  result  of  change  in  the  inner,  and 
especially  the  middle  coats  of  the  artery,  and  this  change 
may  be  the  hyaline  degeneration  above  described,  or  the 
one  known  as  atheroma.  Among  the  predisposing 
causes,  therefore,  must  be  counted  all  those  which  lead 
to  degeneration  of  the  arterial  wall.  The  statistics  col- 
lected by  Mr.  Crisp  show  that  of  551  spontaneous  aneu- 
risms of  all  kinds,  only  3  were  of  the  pulmonary  artery, 
175  of  the  thoracic  aorta,  59  of  the  abdominal  aorta' 
137  of  the  popliteal  artery,  66  of  the  femoral,  24  of  the 
carotid,  33  of  the  subclavian,  30  of  the  innominate,  and 
18  of  the  axillary.  The  disease  is  most  common  between 
the  ages  of  thirty  and  fifty  years,  and  is  very  rare  in 
childhood  ;  cases  have  been  operated  upon  at  eight  and 
nine  years.  Broca  claimed  that  the  liability  to  aneurism 
increased  with  advancing  years  in  the  arteries  above  the 
diaphragm,  and  diminished  in  those  below  it.  Aneurisms 
of  the  arteries  of  the  extremities  are  much  less  frequent 
in  women  than  in  men,  but  there  appears  to  be  no  such 
difference  as  regards  internal  aneurisms.  This  unequal 
distribution  as  regards  the  artery,  the  age,  and  the  sex, 
indicates  some  of  the  causes,  both  general  and  special. 
Among  the  general  causes  are  habits  of  life  and  peculiar- 
ities of  constitution,  which  increase  the  arterial  tension  or 
diminish  the  strength  of  the  arterial  walls  ;  the  special 
ones  are  anatomical  peculiarities  and  local  lesions, 
changes,  and  injuries. 

The  habits  of  Ufe  which  act  as  jjredisposing  causes  are 
excess  in  the  use  of  alcoholic  drinks,  and  occupations 
which  call  for  the  exertion  of  much  muscular  effort. 
The  influence  of  syphilis  has  been  alleged,  but  not 
proven,  and  the  same  is  true  of  its  mercurial  treatment. 
The  gouty  or  rheumatic  diathesis  predisposes  to  it.  The 
influence  of  muscular  effort,  so  far  at  least  as  regards 
external  aneurisms,  is  shown  by  the  greater  prevalence 
among  males  than  among  females,  and  the  greater  fre- 
quency during  the  prime  of  life,  notwithstanding  the  fact 
that  degenerations  of  the  arterial  walls  are  more  common 
in  advanced  life.  Follin  quotes  in  support  of  the  influence 
of  alcohol  a  remarkable  statement  made  to  him  by  the 
Dublin  surgeon,  Colles,  to  the  effect  that  while  the  Father 
Mathew  Temperance  Societies  flourished  in  Ireland, 
aneurisms  were  much  less  frequently  seen  than  before  or 
since  that  time. 

The  anatomical  peculiarities  which  influence  its  occur- 
rence are  changes  in  the  direction  of  an  artery  (as  the 
arch  of  the  aorta),  normal  enlargements,  of  its  calibre  (as 
at  the  upper  end  of  the  carotid),  bifurcations,  and  the 
neighborhood  of  joints  which  are  habitually  and  violently 
extended  and  flexed  (as  the  knee  and  hip).  The  local 
changes  which  are  to  be  regarded  as  exciting  causes  are 
the  changes  already  described  as  occurring  in  the  arterial 
wall,  and  other  changes  or  injuries  which  diminish  its 
power  of  resistance  or  break  its  continuity.    Thus  the 
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sharp  edge  of  a  calcified  atheromatous  patch  may  cut 
through  the  Intima  and  admit  the  Wood  into  the  rent, 
with  the  subsequent  formation  of  a  real  aneurism,  or  of 
the  variety  known  as  dissecting  aneurism.  Or  the  mid- 
dle coat  may  be  ruptured  by  being  overstretched,  and  the 
part  thus  weakened  will  be  expanded  to  form  an  aneu- 
rism ;  or  ulcerative  inflammation  outside  the  vessel  may 
weaken,  or  even  perforate  its  wall,  leading  in  the  former 
case  to  the  formation  of  a  typical  aneurism,  and  in  the 
latter,  to  the  transformation  of  an  abscess  into  an  aneu- 
rism. Or,  rarely,  the  process  set  up  by  a  ligature  upon 
an  artery  may  extend  beyond  what  is  needed  for  the 
sealing  of  the  vessel,  and  so  v^eaken  the  adjoining  por- 
tion by  modifying  its  middle  coat  that  it  yields  under  the 
pressure  of  the  blood  and  expands  into  an  aneurism.  Or 
an  embolus  may  lodge  in  an  artery  and  lead  to  the  same 
result  by  the  same  process  ;  this  seems  to  be  especially 
probable  when  the  embolus  has  formed  during  ulcera- 
tive endocarditis,  and  the  explanation  is  to  be  found  in 
the  septic  or  virulent  qualities  thought  to  be  then  pos- 
sessed by  the  embolus.  Four  cases  of  this  kind  were  re- 
ported by  Vi:  James  F.  Goodhart,  in  the  "  Transactions 
of  the  London  Pathological  Society,"  1877,  vol.  xxviii., 
p.  98  ;  in  three  of  them  the  aneurism  occupied  the  mid- 
dle cerebral  artery,  or  one  of  its  branches,  in  the  others 
the  posterior  cerebral  artery. 

Symptoms  and  Progress. — When  an  aneurism  forms 
suddenly  by  rupture  or  perforation  of  an  artery,  or  in 
consequence  of  a  violent  effort  or  emotion,  its  formation 
is  accompanied  by  sharp  pain,  and  the  more  or  less 
prompt  appearance  of  a  tumor,  if  it  is  so  situated  that  a 
tumor  is  recognizable.  But  ordinarily  the  formation  is 
slow,  and  the  patient's  attention  is  first  attracted  by  the 
presence  of  a  tumor.  This  is  situated  in  the  line  of  an 
artery,,  is  not  adherent  to  the  skin,  is  slightly  movable, 
smooth,  and  regular  in  outline,  usually  globular  or  ovoid, 
soft  and  compressible,  and  pulsates  synchronously  with 
the  heart.  If  steady  pressure  is  made  upon  it,  its  size 
may  be  more  or  less  diminished  while  the  pressure  is 
made,  but  it  immediately  regains  its  former  volume  when 
the  pressure  is  removed.  If  it  is  grasped  between  the 
thumb  and  fingers  or  between  the  two  hands,  the  pulsa- 
tion is  found  to  be  expansile,  that  is,  the  fingers  or  hands 
are  pushed  apart  by  it,  not  simply  lifted  by  it.  If  the  ear 
is  placed  upon  it  a  sound  is  heard  corresponding  to  the 
pulsation  ;  this  is  theaneurismal  bruit,  and  while  it  may 
vary  somewhat  in  character  in  different  cases,  it  is  usually 
harsh  rather  than  soft  or  blowing  ;  it  may  be  limited  to 
the  time  occupied  by  the  pulsation  or  may  extend  over 
the  entire  interval  from  the  beginning  of  one  pulsation 
to  that  of  the  next.  If  pressure  is  made  upon  the  artery 
above  the  tumor  the  latter  diminishes  somewhat  in  size, 
and  the  pulsation  and  bruit  cease.  The  pulsation  in  the 
distal  branches  of  the  artery  may  be.  normal  or  dimin- 
ished, and  if  the  tumor  presses  upon  the  corresponding 
vein,  the  limb  may  be  oedematous  and  swollen.  The 
compressibility  and  softness  of  the  tumor  are  modified 
by  the  amount  of  laminated  fibrin  within  the  sac. 

In  thoracic  and  abdominal  aneurisms  many  of  these 
signs  are  unrecognizable,  because  of  the  inaccessibility  of 
the  tumor  to  palpation.  The  objective  symptoms  of 
thoracic  aneurism  are  abnormal  dulness  on  percussion 
over  the  region  occupied  by  it,  an  impulse  communicated 
by  it  to  the  sternum  or  ribs,  aneurismal  bruit,  and  pos- 
sibly the  presence  of  a  tumor  at  the  root  of  the  neck  or 
on  the  front  of  the  chest.  Other  symptoms  are  pain  and 
those  produced  by  pressure  on  various  adjoining  organs : 
dysphagia,  diminished  respiratory  murmur  on  one  side, 
alteration  of  tlie  voice  by  pressure  on  the  recurrent  laryn- 
geal nerve,  and  perhaps  differences  in  the  pulse  when  the 
two  carotids  or  the  two  radials  are  compared.  In  ab- 
dominal aneurism  the  size,  shape,  and  peculiarities  of 
the  tumor  can  sometimes  be  recognized. 

Pain  may  accompany  aneurism,  when  once  formed, 
and  is  due  either  to  stretching  of  nerves  or  to  pressure 
upon,  and  inflammatory  processes  excited  in,  them  and 
other  adjoining  tissues. 

The  tendency  of  an  aneurism  is  to  increase  in  size  ;  for 
the  absence  from  the  wall  of  the  sac  of  a  muscular  coat, 


the  most  efficient  agent  to  withstand  the  expanding  blood- 
pressure,  leaves  the  wall  unprovided  with  any  tissue  able 
successfully  to  oppose  this  pressure.  The  growth  may 
be  rapid  or  slow,  according  to  circumstances,  chief  among 
which  are  the  size  of  the  opening  by  which  the  sac  com- 
municates with  the  artery,  the  firmness  of  the  surround- 
ing tissues,  and  the  readiness  with  which  the  blood  in  the 
aneurism  clots  or  deposits  laminated  fibrin  upon  its  wall. 
The  enlargement  may  be  uniform,  or  more  marked  at  some 
points,  and  more  rapid  at  some  times  than  at  others. 

Its  natural  tendency  is  to  spread  and  finally  to  rupture, 
either  by  gradual  weakening  of  its  wall  or  by  ulceration 
into  a  natural  adjoining  cavity  or  through  the  skin.  As 
it  approaches  the  surface  the  skin  becomes  tense,  adhe- 
rent, and  inflamed,  and  may  ulcerate  or  become  gangre- 
nous. The  subcutaneous  tissues  may  be  similarly  affected, 
and  thus  an  abscess  may  form  between  the  sac  and  the 
skin,  into  which  the  aneurism  may  rupture  either  before 
or  after  the  abscess  has  opened  externally.  The  inflam- 
matory process  outside  the  sac  has  been  thought  to  favor 
coagulation  of  the  blood  within  it,  and  thus  to  lead  to  a 
temporary  or  even  a  permanent  arrest  of  the  disease  ;  but 
ordinarily  free  haemorrhage  follows  the  rupture  and  re- 
quires extreme  measures  for  its  arrest,  if  indeed  arrest  is 
possible. 

The  most  favorable,  and  one  of  the  possible  terminar 
tions  of  aneurism,  is  its  spontaneous  cure  by  coagulation 
of  the  blood  within  it.  Some  of  the  conditions  which 
provoke  or  favor  this  occurrence  have  already  been  re- 
ferred to.  They  may  all  be  classified  under  three  heads  ; 
1,  Those  which  favor  clotting  in  the  sac  by  retardation  or 
arrest  of  the  current  through  it ;  2,  those  which  increase 
the  coagulability  of  the  blood  ;  3,  those  which  provoke  co- 
agulation through  change  in  or  about  the  wall  of  the  sac. 

1,  Retardation  or  arrest  of  the  current ;  and  2,  Condi- 
tions which  increase  the  coagulaMlity  of  the  blood.  It  has 
been  abundantly  proved,  both  clinically  and  by  the  study 
of  specimens,  that  total  arrest  of  the  current  in  the  sac  is 
not  necessary  for  the  coagulation  of  the  blood  contained 
in  it,  but  that  a  partial  arrest  or  slowing,  effected  by  in- 
fluences acting  upon  the  general  circulation  or  only  upon 
the  blood  occupying  portions  of  the  sac,  may  either  begin 
the  process  or  promote  the  extension  of  the  process  after 
it  has  been  begun.  Most  aneurisms  of  any  size  contain 
laminated  fibrin  adherent  to  some  portion  of  the  wall,  and 
some  are  found  completely  filled  with  it,  or  so  nearly 
filled  as  to  leave  only  a  small  canal  through  which  the 
current  is  maintained.  When  these  clots  are  small,  they 
habitually  occupy  those  portions  of  the  sac  in  which  the 
circulation  was  apparently  the  least  rapid,  and  it  has  been 
observed  that  the  adoption  of  measures  or  the  occurrence 
of  changes  which  have  diminished  the  rate  of  flow,  or  the 
quantity  of  blood  passed  through  the  vessel  upon  which 
the  aneurism  is  situated,  has  been  followed  by  a  gradual 
cure  through  the  deposition  of  fibrin.  The  permanency 
of  such  a  cure  depends  upon  the  maintenance  of  the  reduc- 
tion in  the  rate  or  volume  of  the  blood-current,  or  upon 
the  creation  of  such  relations  between  the  clot  and  the 
wall  of  the  sac  that  the  former  becomes  a  permanent 
part  of  the  latter,  and  protects  all  portions  of  it  from  the 
action  of  the  expanding  force  of  the  blood.  These  rela- 
tions consist  in  the  formation  of  a  membrane  by  prolifer- 
ation of  the  cellular  elements  of  the  intima  of  the  artery, 
and  the  spread  of  this  membrane  over  the  edges,  and  per- 
haps over  the  whole  of  the  exposed  surface  of  the  clot, 
in  such  a  way  as  to  prevent  the  insinuation  of  the  blood 
between  the  clot  and  the  wall,  and  to  give  a  smooth  epi- 
thelial surface  over  which  the  blood  passes  without  de- 
positing  additional  fibrin. 

Th«  causes  of  retardation  or  arrest  are  various.  They 
may  be  found  in  the  shape  of  the  sac,  in  the  general  con- 
dition or  habits  of  the  patient,  or  in  special  modifications 
of  the  flow  through  the  artery  itself. 

Pouched  sacs,  or  sacs  with  small  necks,  are  more  fa- 
vorable to  the  occurrence  of  clotting  than  fusiform  dila- 
tation or  sacs  with  large,  free  openings,  because  the  blood 
that  enters  does  not  immediately  leave  them,  it  forms  a 
sort  of  eddy  beside  the  general  stream  in  which  the  cur- 
rent is  slow  or  almost  nil. 
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Of  the  causes  arising  in  tlie  general  condition  or  habits 
of  the  patient,  the  first  and  most  important  is  continuous 
rest  in  bed  for  weeks  or  months,  combined  with  a  light, 
unstimulating  diet.  Others,  which  may  also  act  by  in- 
creasing the  coagulability  of  the  blood,  are  bleeding, 
either  large  or  small  and  repeated,  and  the  internal  use 
of  various  drugs,  such  as  digitalis,  tartar  emetic,  vera- 
trum  viride,  iodide  of  potassium,  acetate  of  lead,  ergot, 
and  the  chloride  of  barium.  Cures  have  followed  the 
use  of  each  of  these  measures,  alone  or  in  combination, 
but  it  is  not  always  easy  to  determine  how  much  credit  is 
to  be  awarded  to  the  treatment  in  any  one  case. 

Retardation  or  arrest  of  the  flow  may  also  be  caused  by 
obstruction  of  the  orifice  of  the  sac,  if  it  is  small,  or  of 
the  artery  above  or  below  the  aneurism.  The  most  com- 
mon agency  in  producing  this  change  is  the  detachment 
of  a  fragment  of  fibrin  from  the  wall  of  the  sac  and  its 
lodgment  in  the  neck  of  the  sac,  or  in  the  artery  below. 
The  latter  occurrence  is  habitually  accompanied  by  severe 
pain  in  the  limb,  and  is  evidenced  by  arrest  of  pulsation 
in  the  distal  branches  of  the  aitery.  A  cure  by  this  me- 
chanism has  been  observed  a,  number  of  times,  and  it 
forms  the  basis  of  a  method  of  treatment  suggested  by 
Sir  Wm.  Ferguson,  in  which  the  forcible  detachment 
of  a  clot  from  the  wall  is  sought  to  be  effected.  If  the 
detached  clot  is  small,  it  may  lodge  on  the  spur  of  a 
bifurcation  and  then  grow  in  size  by  additional  depos- 
its of  fibrin  until  it  obstructs  one  or  both  of  the  branches, 
and  in  such  a  case  retardation  precedes  complete  ar- 
rest. 

This  possibility  of  the  detachment  of  small  clots  and 
their  passage  into  the  distal  branches  of  the  artery,  in- 
volves the  risk  of  other  changes  far  different  from  the 
cure  of  the  aneurism.  The  arrest  of  the  circulation  may 
lead  to  gangrene  of  the  lower  portion  of  the  limb,  total 
or  partial,  according  to  the  seat  of  the  obliteration ;  and 
if  the  aneurism  is  situated  upon  the  arch  of  the  aorta  or 
one  of  the  vessels  going  to  the  head,  the  emboli  may 
lodge  in  the  vessels  of  the  brain  and  cause  death  promptly. 
I  once  saw  a  surgeon  examine  a  patient  with  an  aneurism 
of  the  aorta  that  had  perforated  the  sternumi  and  formed 
a  large  tumor  over  it ;  he  made  pressure  upon  the  tumor 
and  reduced  it  through  the  opening ;  as  he  did  so,  the  pa- 
tient was  seized  with  convulsions  and  became  uncon- 
scious, and  after  his  death,  on  the  following  day,  the  brain, 
kidneys,  and  spleen  were  found  filled  with  emboli,  frag- 
ments of  the  laminated  clot  that  had  lined  the  wall  of  the 
projecting  tumor. 

When  there  is  merely  retardation  of  the  current  the 
cure  takes  place  by  the  gradual  deposit  of  laminated 
fibnn  ;  and  when  there  is  total  arrest  it  takes  place  prob- 
ably by  coagulation  in  mass  of  all  the  blood  within  the 
sac,  and  the  subsequent  shrinking  of  the  clot  and  sealing 
of  the  vessel  by  the  production  of  fibrous  tissue,  as  has 
been  described  above. 

Another  alleged  cause  of  retardation  of  the  stream  is 
pressure  of  the  tumor  upon  the  proximal  portion  of  the 
artery,  but  no  cases  have  been  reported  in  which  this 
mechanism  has  been  demonstrated.  Its  supposed  possi- 
bility rests  upon  theoretical  grounds  alone,  and  while  it 
may  be  admitted  as  a  possibility,  there  is  but  little  reason 
to  believe  it  has  ever  taken  place. 

_  3.  Oonditiom  which  provoke  coagulation  through  change 
m  or  about  the  wall  of  the  sac.  Inflammation  of  the  sac,  or 
of  the  tissues  immediately  overlying,  it  is  alleged  by  Broca 
and  others  to  be  a  cause  of  coagulation  within  it  and  of 
consequent  cure.  Mr.  Holmes  thinks  this  has  never  been 
demonstrated,  and  attributes  the  cure  in  the  cases  that 
have  been  cited  in  support  of  the  theory  to  impaction  of  a 
clot.  There  is  no  doubt  but  that  inflammation  about  an 
artery  or  vem  can  and  does  often  lead  to  the  formation  of 
a  thrombus  within  the  vessel,  but  the  conditions  in  an 
aneunsmal  sac  are  so  different  that  it  is  perhaps  uniusti- 
nable  to  argue  from  a  supposed  analogy. 

The  sudden  formation  of  a  soft  clot  within  an  aneurism 
may  excite  inflammation  and  suppuration  of  the  sac  with 
subsequent  rupture.  In  a  few  cases  this  has  been  followed 
by  a  cure,  but  the  cure  must  be  attributed  to  the  obstruc- 
tion of  the  vessel,  either  by  the  original  clot  previous  to 
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the  rupture,  or  by  a  secondary  clot  after  the  hsemorrhage 
that  has  followed  the  rupture. 

In  like  manner,  tardy  suppuration  may  follow  cure,  and 
after  an  aneurism  has  remained  quiescent  and  shrunken, 
in  fact  cured,  for  months  or  even  years,  such  suppuration 
may  lead  to  the  casting  out  of  the  clot  in  whole  or  in  part. 
Changes  in  laminated  fibrin  after  the  cure  of  an  aneu- 
rism are  slight  and  gradual,  and  rarely  amount  to  more 
than  a  diminution  in  size  by  shrinking ;  sometimes  the 
fibrin  becomes  soft,  and  sometimes  lime  salts  are  de- 
posited in  it.  A  unique  case  of  late  transformation  into 
a  blood-cyst  has  been  mentioned  above. 

Diagnom. — The  typical  symptoms  of  aneurism  are  the 
existence  of  a  more  or  less  well-defined  tumor  that  pul- 
sates synchronously  with  the  beat  of  the  heart,  has  a 
distinct  intermittent  bruit,  and  diminishes  in  size  while 
pressure  is  made  upon  it  or  upon  the  proximal  portion  of 
the  artery  from  which  it  arises.  But  these  signs  may  be 
variously  modified  or  abolished  by  the  varying  conditions 
that  have  been  above  described,  or  may  be  undembnstra- 
ble  because  of  the  position  of  the  tumor,  or  may  be  simu- 
lated by  those  of  other  affections.  An  additional  sign  is 
sometimes  found  in  a  difference  in  the  character  of  the 
pulse  in  the  distal  branches  of  the  artery  when  compared 
with  that  in  the  branches  of  the  corresponding  artery  of 
the  other  side,  a  difference  that  may  be  recognized  by  the 
finger,  but  much  more  certainly  by  the  sphygmograph. 

The  diagnosis  of  aneurism  of  the  thoracic  aorta  is  made 
by  recognition  of  an  abnormal  area  of  dulness,  pulsation, 
and  bruit,  perhaps  with  dysphagia,  hoarseness,  dimin- 
ished respiratory  murmur  on  one  side,  interference  with 
the  return  venous  flow  from  the  neck,  pain  in  the  chest, 
and  perhaps  differences  in  the  radial  or  carotid  pulse. 
The  differential  diagnosis  with  aneurism  of  the  innomi- 
nate may  be  difficult  or  impossible,  for  an  aneurism  of 
the  arch  of  the  aorta  frequently  presents  as  a  tumor  in 
the  neck,  and  may  even  extend  into  the  posterior  cervical 
triangle. 

In  abdominal  aneurism  of  the  aorta,  cooliac  axis,  or 
mesenteric  arteries,  the  only  symptoms  may  be  the  indefi- 
nite ones  of  pain  and  pulsation,  with  an  ill-defined  tumor, 
and  it  may  be  impossible  to  determine  whether  the  tumor 
itself  pulsates  or  whether  the  pulsation  is  not  merely 
communicated  to  it  by  the  underlying  aorta.  If  it  can 
be  grasped  and  lifted  up,  the  diagnosis  can  be  made,  for 
m  such  case  the  pulsation  will  persist  if  it  is  an  aneurism 
and  will  cease  if  it  is  not.  This  exploration  is  not  devoid 
of  danger,  since  the  handling  may  cause  the  sac  to  burst, 
as  in  a  case  in  which  the  patient,  himself  a  physician, 
sought  to  prove  to  the  attendants  that  the  tumor  was  a 
mass  of  hardened  f seces  which  could  be  lifted  away  from 
the  aorta ;  the  attendants  retired  to  an  adjoining  room 
for  consultation,  and  on  their  return  found  the  patient 
dying.     The  sac  had  been  ruptured. 

The  symptoms  in  external  aneurism  may  be  modified 
by  the  partial  or  complete  consolidation  of  its  contents 
or  the  temporary  obstruction  of  its  orifice,  either  of 
wliich  occurrences  may  greatly  diminish  or  arrest  the 
pulsation  and  bruit. 

The  affections  with  which  an  aneurism  is  most  likely 
to  be  confounded  are  solid  or  liquid  tumors  overiying  an 
artery  and  very  vascular  tumors  lying  in  or  near  the 
course  of  a  large  artery.  In  all,  the  common  signs  are  a 
pulsating  tumor  with  bruit,  and  the  ability  to  arrest  the 
pulsation  and  bruit  by  pressure  on  the  artery.  The  pulsa- 
tion of  an  aneurism  is  expansive,  the  tumor  enlarges 
laterally  at  each  pulsation;  that  of  an  overlying  tumor 
IS  a  simple  lifting  of  the  entire  mass,  but  this  difference 
cannot  always  be  recognized  with  certainty,  for  if  the 
fingers  cannot  be  pressed  down  to  the  widest  part  of  the 
tumor,  the  simple  rising  of  the  sloping  sides  of  the  globu- 
ar  mass  between  them  forces  them  apart,  and  simulates 
lateral  expansion.  A. bruit  may  be  caused  in  an  artery 
fa  Ji!"^  }'^  pressure  upon  it ;  in  a  vein  such  a  bruit  is 
harsh  and  continuous,  in  an  artery  it  is  intermittent  and 

^^  .v,^'°^'°S^  '°  character  than  that  of  an  aneurism. 
«.„,,)«,!.  ?^^°*  '^  suspected  liquid  collection  simulating 
T^^^f^^l     diagnosis  may  be  aided  by  aspiration  with  a 
fine  needle.    An  aneurism  has  been  mistaken  for  an  ab 
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scess  frequently  enough  to  make  great  caution  necessary 
in  the  diagnosis  and  treatment  of  any  supposed  abscess 
lying  in  the  course  of  a  large  artery  ;  the  fingers  should 
always  be  pressed  deeply  into  the  swelling  in  search  of 
pulsation,  and  even  if  an  abscess  is  certainly  present,  it 
should  be  remembered  that  it  may  have  formed  over  an 
aneurism. 

As  pulsation  and  bruit  have  their  origin  in  the  stream 
of  blood  brought  by  the  artery,  pressure  upon  the  proxi- 
mal portion  of  the  vessel  will  arrest  them,  whether  they 
belong  to  an  aneurism  or  are  simply  communicated 
through  a  tumor.  Vascular  tumors,  especially  those 
arising  from  bone,  often  have  well-marked  pulsation 
and  bruit;  but  their  pulsation  is  less  "heaving"  or 
"  massive "  than  in  aneurism,  and  the  bruit  is  rarely 
well  marked.  The  diagnosis  may  be  extremely  diflScult, 
or  only  possible  by  the  aid  of  exceptional  explorations. 
In  a  case  of  large  pulsating  tumor  of  the  gluteal  region, 
under  the  care  of  Professor  Henry  B.  Sands,  in  the 
Eoosevelt  Hospital,  New  York,  in  1880,  the  diagnosis  of 
aneurism  was  made  by  passing  the  hand  into  the  rectum, 
and  thus  learning  that  the  internal  iliac  artery  was  en- 
larged, the  enlargement  increasing  from  above  down- 
ward to  the  sacro-sciatic  notch.  The  frequent  presence 
in  vascular  tumors  of  large  collections  of  blood  contained 
within  sacs  formed  by  the  rupture  or  dilatation  of  capil- 
laries or  small  vessels  increases  the  resemblance  to  an 
aneurism. 

An  aneurism  which  has  just  ruptured  into  the  adjoin- 
ing tissues  does  not  pulsate^  and  may  have  no  bruit ;  un- 
der such  circumstances  the  diagnosis  must  be  made  by 
the  history  of  the  case,  the  pre-existence  of  a  pulsating 
tumor,  and  the  cessation  of  the  pulsation  coincidently 
with  a  marked  change  in  the  shape  and  size  of  the  tumor. 
In  like  manner,  where  an  artery  has  just  been  ruptured 
or  perforated  and  the  blood  has  been  effused  into  the  ad- 
joining tissues,  pulsation  and  bruit  are  not  present  until 
after  the  effusion  has  become  circumscribed  by  a  distinct 
firm  wall  composed  of  the  condensed  tissues  ("  traumatic 
aneurism"  or  "ruptured  artery"). 

Por  the  differential  diagnosis  of  arterio-venous  aneu- 
rism and  cirsoid  aneurism  or  arterial  varix,  mde  infra. 

Prognosis. — The  gravity  of  the  prognosis  varies  with 
the  artery  involved,  and  the  size  and  character  of  the 
aneurism.  In  internal  aneurisms  the  prognosis  is  very 
grave  ;  in  external  aneurisms  it  is  commonly  much  less 
80,  since  in  most  of  them  suitable  treatment  offers  a  rea- 
sonable hope  of  cure. 

T¥eatment. — Medical  treatment:  The  medical  treatment 
of  aneurism,  especially  of  internal  aneurisms,  which  are 
commonly  regardfed,  and  with  much  reason,  as  prac- 
tically incurable,  consists  in  absolute  rest  in  the  recum- 
bent position,  maintained  for  weeks  or  months,  combined 
with  a  restricted  diet,  and  aided,  perhaps,  by  the  use  of 
various  drugs.  The  absolute  rest  and  the  low  diet  are 
unquestionably  the  most  efficient  part  of  the  treatment, 
and  the  drugs,  even  those  for  which  most  has  been 
claimed,  are  only  adjuvants  of  uncertain  and  often  very 
doubtful  utility.  Systematic  treatment  of  this  kind  dates 
from  the  time  of  Valsalva,  and  even  in  his  hands  the  rest 
was  subordinate  to  repeated  venesection,  which  he  car- 
ried to  such  an  extent  that  rest  in  bed  was  a  matter  not 
of  choice,  but  of  necessity.  This  active  depletion  was 
never  regarded  with  much  favor,  and  as  it  was  long 
deemed  an  essential  part  of  treatment  by  rest  the  latter 
shared  in  the  disfavor  of  its  associate,  and  patients  af- 
fected with  internal  aneurisms  were  habitually  looked 
Upon  as  beyond  the  reach  of  art,  and  the  interference  of 
the  physician  was  restricted  to  relief  of  pain  and  the 
occasional  employment  of  drugs  from  which  it  was 
thought  some  benefit  might  possibly  accrue.  To  Mr. 
Tufnell,'  of  Dublin,  belongs  the  credit  of  demonstrating 
the  value  of  absolute  rest  in  bed  and  restricted  diet  in  pro- 
moting a  cure  or  affording  great  relief.  He  insists  upon 
the  absolute  maintenance  of  the  recumbent  posture,  and 
restricts  the  amount  of  food  to  about  eight  ounces  of 
solid  food  and  six  ounces  of  liquid  daily,  the  solid  food 
being  bread,  butter,  and  meat,  the  liquid  milk  and  a  lit- 
tle claret  wine. 


Of  drugs,  the  iodide  of  potassium  has  been  most  em- 
ployed, in  doses  of  from  half  an  ounce  to  one  ounce 
daily.  A  number  of  cases  of  aortic  aneurism  apparently 
cured  or  greatly  relieved  by  its  use  have  been  reported. 

Digitalis,  veratrum  viride,  and  ergot  have  also  been 
used,  with  the  object  of  slowing  the  circulation ;  occa- 
sional supposed  cures  or  temporary  arrests  by  their 
agency  have  been  reported,  but  they  are  not  regarded 
with  favor  by  the  authors  of  systematic  treatises  on  the 
subject.  Ergot  is  given  internally  in  the  form  of  the  fluid 
extract,  or  subcutaneously  as  ergotine.     Mr.  Holmes  re- 

fards  the  acetate  of  lead  as  offering  the  best  promise; 
>r.  P.  Plint'  reported  a  case  of  aneurism  of  the  ab- 
dominal aorta  apparently  cured  by  the  use  of  the  chlo- 
ride of  barium  in  doses  of  from  one-fifth  to  three-fifths  of  a 
grain  three  times  daily  for  about  five  months,  after  Tuf- 
nell's  method  had  entirely  failed.  The  most  rapid  im- 
provement coincided  with  the  smallest  dose. 

Surgical  methods  of  treatment  may  be  grouped  in  three 
classes : 

1.  Radical  obliteration  of  the  sac  by  opening  it  and 
tying  the  artery  immediately  above  and  below  its  point 
of  communication  with  the  aneurism.  This  is  known  as 
the  "  old  method  "  or  the  "  method  of  Antyllus." 

2.  Permanent  or  temporary  arrest  of  the  afferent 
stream  at  a  point  on  the  proximal  side  somewhat  re- 
moved from  the  aneurism. 

a.  Ligature  of  the  artery  (Anel's  method,  or  the  Hun- 
terian  method). 

b.  Metallic  ligature ;  artery  constrictor. 

c.  Compression  of  the  artery  ;  direct,  indirect,  digitaL 

d.  Esmarch's  elastic  bandage. 

e.  Plexion  of  the  limb. 

3.  Permanent  arrest  or  obstruction  of  the  stream  on  the 
distal  side. 

a.  Distal  ligature. 

b.  Manipulation  to  produce  an  embolus  or  impacted 
clot. 

.  4.  Rapid  coagulation  of  the  blood  in  the  sac  (with  or 
without  temporary  arrest  of  the  stream). 

a.  Coagulating  injections. 

b.  Introduction  of  solid  bodies. 

c.  Galvano-puncture. 

1.  The  "old  method"  (or  the  method  of  Antyllus). 
The  aneurisms  with  which  the  ancient  surgeons  had 
mainly  to  deal,  or  at  least  those  to  which  operative  inter- 
ference was  mainly  limited,  were  traumatic  aneurisms  at 
the  bend  of  the  elbow  following  venesection.  It  has 
been  claimed  for  them  that  they  knew  and  practised  the 
method  of  cure  by  ligature  of  the  artery  in  continuity 
above  the  sac,  but  Hodgson's  statement,  which  is  quoted 
by  Mr.  Holmes  in  support  of  this  claim,  does  not  fully 
and  accurately  present  the  practice.  Ligature  of  the 
brachial  artery  "three  or  four  finger-breadths  below  the 
axilla  "  was  indeed  recommended  by  Aetius  in  the  fifth 
century,  but  only  as  a  preliminary  to  the  opening  of  the 
sac  at  the  elbow  and  the  applicfation  of  another  ligature 
there,  and  solely  with  the  object  of  preventing  haemor- 
rhage during  the  operation  proper.  The  main  object  of 
treatment  was  to  remove  the  clot,  which  was  thought  to 
be  a  source  of  danger,  and  to  prevent  subsequent  hsemor- 
rhage  by  obliterating  the  artery  or  closing  the  opening 
by  which  it  communicated  with  the  sac.  The  operation 
appears  to  have  fallen  into  disuse  and  not  to  have  been 
revived  until  about  the  seventeenth  century,  when  it  was 
again  used  with  various  modifications,  but  at  first  only  in 
traumatic  aneurisms  at  the  elbow.  It  appears  to  have 
been  first  used  in  popliteal  aneurism  by  Keysl^re  ;  the 
date  of  his  first  operation  is  not  known,  his  second  and 
third  were  done  in  1747  and  1748  respectively.  His  first 
three  cases  were  successful ;  the  fourth  died. 

The  method  of  operation,  as  practised  in  popliteal  and 
brachial  aneurisms  until  the  end  of  the  eighteenth  cen- 
tury, was  to  control  the  artery  by  a  tourniquet  or  the 
fingers,  divide  the  sac  by  a  longitudinal  incision,  turn 
out  the  clots,  find  the  point  of  communication  with  the 
artery,  isolate  the  latter,  and  tie  it  above  and  below  the 
opening.  The  cavity  was  then  packed  with  lint  and 
allowed  to  fill  by  granulation. 
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The  difficulties  and  the  dangers  were  great.  The  open- 
ing into  the  artery  was  often  deeply  .placed  and  difficult 
of  access,  so  that  the  external  incision  needed  to  be  very 
long  (ten  inches,  in  a  case  of  popliteal  aneurism),  and 
after  the  opening  had  been  found  the  isolation  of  the 
artery  was  difficult ;  it  was  recommended  to  seek  for  it 
with  a  catheter  or  probe,  and,  after  haying  found  it,  to 
introduce  this  instrument  into  it  and  use  it  as  a  guide  and 
help  in  denudation,  a  suggestion  that  has  recently  been 
revived  and  practised  in  similar  cases. 

The  results  in  popliteal  aneurism  were  so  bad  that 
most  surgeons  appear  to  have  preferred  amputation. 
Pott  says  he  had  tried  it  more  than  once  or  twice  himself, 
and  had  seen  it  tried  by  others,  but  always  with  a  fatal 
result ;  and,  as  Mr.  Holmes  points  out,  the  immediate 
acceptance  and  substitution  of  the  Hunterian  operation, 
which  was  itself  nearly  as  fatal  as  amputation  of  the 
thigh,  shows  that  the  mortality  after  the  old  operation 
must  have  been  frightful.  Secondary  hsemorrhage  on 
the  fall  of  the  ligatures  was  frequent,  and  so,  too,  was 
gangrene  of  the  distal  portion  of  the  limb,  probably  be- 
cause of  the  pressure  of  the  lint  with  which  the  cavity 
was  stuffed,  or  of  injury  to  the  vein,  or  of  its  inclusion 
in  the  ligature. 

The  causes  of  the  bad  results  are  not  far  to  seek  :  dif- 
ficult and  deep  dissection,   a  large   wound,   imperfect 
haemostasis  during  the  operation,  the  ligature  placed  upon 
an  unhealthy  portion  of  the  artery,  and  officious  and 
dangerous  modes  of  dressing  make  a  group  of  hostile 
conditions  so  numerous  and  powerful  that  it  is  not  strange 
so  few  escaped  with  their  lives.    Modern  improvements 
in  operative  methods,   anaesthetics,  the  catgut  or  anti- 
septic, ligature,  and  antiseptic  dressings  have  brought  a 
much  larger  measure  of  success  in  cases  even  less  prom- 
ising than  the  average,  and  the  "  old  method"  is  still  in 
use  and  gives  fairlj^  good  results  in  cases  in  which  the 
Hunterian  method  is  impracticable,  and,  indeed,  it  even 
receives  the  preference  in  some  others.     Syme,  after  a 
long  experience,  which  included  some  of  the  most  brill- 
iant and  successful  operations  upon  arteries  recorded  in 
the  history  of  surgery,  formally  declared  his  preference 
for  the  old  method  over  the  Hunterian,  except  for  aneu- 
risms of  the  popliteal,  femoral,  and  carotid  arteries.     The 
cases  in  which  it  has  recently  been  used  with  success, 
and  for  which  it  is  formally  recommended  *  after  lesser 
measures   have  failed,  are  some  traumatic  aneurisms, 
aneurisms  of  the  subclavian,  axillary,  and  gluteal  arteries, 
also  after  rupture  of  the  sac,  as  a  means  of  avoiding  am- 
.   putation  (Holmes),  when  the  diagnosis  is  uncertain  and 
the  tumor  may  be  cancerous,  and  when  the  aneurism  has 
recurred  after  apparent  cure  by  ligature.     Three  success- 
ful cases  of  the  kind  last  mentioned  have  been  reported 
within  the  last  eight  years,  Annandale,  in  tho  Lancet, 
April  33, 1876,  p.  597,  and  in  the  British  Medical  Journal 
April  17,  1880,  p.  587  ;  and  Dr.  Jos.  C.  Hutchison,  in  the 
American  Journal  of  the  Medical  Sciences,  October,  1880. 
The  first  and  third  were  jf^moral  aneurisms  recurring  six 
months  and  four  years  respectively  after  ligature  of  the 
external  iliac ;  the  second  recurred  seven  years  after  liga- 
ture of  the  femoral.    I  quote  Dr.  Hutchison's  case  briefly 
to  indicate  some  of  the  operative  difficulties  that  may  be 
expected. 

A  rubber  tube  was  applied  around  tho  thigh  below  the 
tumor,  and  the  abdominal  aorta  compressed  by  a  tourni- 
quet. Although  pulsation  in  the  tumor  was  thereby  ar- 
rested, yet  blood  flowed  freely  from  a  vessel  which 
opened  on  the  inner  side  of  the  sac,  supposed  to  be  the 
internal  circumflex  artery  ;  the  bleeding  was  arrested  by 
the  introduction  of  a  rubber  bougie  into  the  orifice  of  the 
vessel.  "  The  artery  was  secured  with  much  difficulty 
by  seizing,  its  mouth  on  either  side  with  tenacula  and 
drawing  it  forward,  the  bougie  still  acting  as  a  plug  •  a 
ligature  was  thrown  around  it  and  tightened  as  the  bougie 
was  withdrawn."  The  ligature  came  away  on  the  twenty- 
tourth  day,  and  the  patiei.t  made  a  good  recovery  al- 
though gangrene  seemed  imminent  at  one  time 

1  he  frequencey  of  secondary  haemorrhage  was  thought 
Dy  Hunter  to  be  due  to  the  diseased  condition  of  the 
artenal  wall  near  the  sac,  where  the  ligature  was  ap-  I 
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plied,  and  this  has  always  been  deemed  one  of  the  most 
weighty  reasons  for  preferring  the  Hunterian  method,  in 
which  the  ligature  is  placed  upon  a  more  distant  and 
presumably  healthy  part  of  the  artery.  It  must  be  re- 
membered, however,  that  secondary  haemorrhage  was 
much  more  common  in  former  days,  after  all  operations 
in  which  a  large  artery  was  tied,  than  it  is  at  present, 
when  it  has  become  very  rare  after  ligature  with  catgut 
or  aseptic  silk,  and  that  arteries  so  degenerated,  or  even 
calcified,  that  they  broke  when  the  ligature  was  drawn 
tightly,  have  remained  securely  closed  by  slighter  press- 
ure, and  the  wounds  have  healed  without  accident.  I 
am  therefore  inclined  to  believe  that  a  catgut  ligature 
can  be  applied  to  the  degenerated,  and  even  dilated,  por- 
tion of  an  artery  adjoining  an  aneurism  with  sufficient 
prospect  of  success  to  justify  the  measure  when  other 
methods  are  Inappjicable  or  exceptionally  dangerous.  The 
catgut  ligature  goes  far,  I  think,  to  justify  the  preference 
given  by  Syme  to  the  old  operation  in  axillary  and  gluteal 
aneurisms,  and,  by  extension,  in  other  exceptional  cases. 
A  possible  disadvantage  is  that  the  clot  on  the  proximal 
side  may  not  be  sufficiently  large  and  permanent  to  protect 
the  already  weakened  wall  from  the  pressure  still  exerted 
by  the  blood,  and  that  consequently  a  second  aneurism 
may  form  above  the  ligature.  What  the  probability  of 
such  an  occurrence  is,  1  have  no  means  of  estimating. 

In  traumatic  aneurism  the  objection  of  a  changed  con- 
dition of  the  adjoining  arterial  wall  cannot  properly  be 
urged,  and  there  remain  only  those  of  the  greater  diffi- 
culty of  the  operation  and  the  greater  size  of  the  wound. 
Syme's  method  of  operating  when  the  artery  could  not 
be  controlled  on  the  proximal  side  of  the  sac  was  to 
make  an  incision  into  the  tumor  just  large  enough  to  ad- 
mit his  finger,  with  which  he  then  felt  for  and  com- 
pressed the  opening  in  the  vessel.  If  he  could  not  thus 
find  the  opening,  the  incision  was  enlarged  and  a  second 
and  third  finger,  and  in  one  case  the  entire  hand,  says 
Mr.  Holmes,  introduced.  When  the  opening  was  found 
and  commanded,  he  enlarged  the  incision,  turned  out  the 
clots,  and  denuded  and  tied  the  artery  above  and  below. 

3.  Permanent  or  temporary  arrest  of  the  afferent  stream 
at  a  point  on  the  proximal  side  somewhat  removed  from 
the  sac. 

a.  Ligature  by  Anel's  method,  or  the  Hunterian 
method.  The  question  of  priority  in  the  introduction 
of  the  method  of  tying  the  artery  above  the  sac,  as  now 
practised,  has  given  rise  to  much  controversy,  but  must 
here  be  dealt  with  very  briefly.  It  is  claimed  by  the 
French  for  Anel,  a  French  surgeon  practising  in  Rome 
in  1710,  and  by  the  English  for  John  Hunter  in  1785. 
The  reader  who  is  curious  in  the  matter  is  referred  to 
Broca  ("Des  Anevrysmes,"  Paris,  1856)  and  to  Holmes 
("A  System  of  Surgery")  and  to  a  paper  by  the  writer 
in  the  New  York  Medical  Journal,  November,  1,  1884. 
The  facts,  in  brief,  are  as  follows :  January  30,  1710, 
Anel  treated  a  traumatic  aneurism  at  the  bend  of  the 
elbow  by  tying  the  artery  close  above  the  sac  without 
opening  the  latter,  and  thereby  effected  a  cure.  The 
patient  was  a  priest.  The  case  gave  rise  to  much  dis- 
cussion, the  account  of  it  was  reprinted  in  several 
books  and  journals,  and  the  method  was  subsequently 
used  before  1785  in  at  least  three  other  cases,  in  one 
of  which  the  ligature  was  applied  about  two  inches 
above  the  sac  (Broca,  p.  446).  June  22,  1785,  Desault 
(after  having  a  few  months  previously  sought  to  cure  an 
axillary  aneurism  by  compression  of  the  subclavian) 
treated  a  popliteal  aneurism  by  tying  the  artery,  "im- 
mediately below  the  ring  of  the  third  adductor,"  that  is, 
at  the  point  where  the  femoral  artery  ends  and  the  pop- 
hteal  artery  begins ;  the  aneurism  was  cured,  and  the 
patient  died  eleven  months  later  of  disease  of  the  lower 
end  of  the  tibia.  December  12,  1785,  John  Hunter 
treated  a  popliteal  aneurism  by  tying  the  femoral  artery 
and  vein  "rather  below  the  middle  of  the  thigh."*    In 

*  Bvcrard  Home,  In  Traneaotions  of  a  Society  tor  the  ImproYement 
01  Med.  and  Surg.  Knowledge,  London,  1793,  p.  148.  Thid  appears  to 
pe  the  flrst  official  publication  o{  tho  case  ;  the  paper  is  not  dated,  but 
!.  ,1,,!!'°*  between  two  which  are  dated  September,  1789,  and  Septem- 
ber, 1790,  respectively. 
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the  following  March,  1786,  Desfjult,  having  knowledge  of 
Hunter's  case,  operated  upon  another  and  tied  the  artery 
at  a  still  higher  point,  dividing  the  sartorius  to  expose  it. 

Hunter  repeated  the  operation  four  times  within  the 
four  years  following  his  first  case,  tying  the  vein  as  well 
as  the  artery,  except  in  the  last  two  ;  Desault  died  shortly 
after  his  own  second  case. 

These  facts  are  not  disputed ;  the  controversy  has 
arisen  over  the  principles  which  are  thought  to  have 
led,  in  the  minds  of  the  different  operators  (Anel,  Desault, 
and  Hunter),  to  the  adoption  of  the  method. 

It  is  claimed  by  the  English  (Guthrie,  Holmes)  that 
Anel  did  not  know  what  he  was  doing,  did  not  appre- 
ciate the  importance  of  the  method,  the  mode  by  which 
it  effected  a  cure,  and  its  applicability  to  other  aneurisms 
than  those  at  the  elbow,  and  that,  as  he  used  it,  it  was 
radically  defective  in  placing  the  ligature  too  close  to 
the  sac  and  without  the  intervention  between  the  two  of  ■ 
any  collateral  branch  given  off  from  the  artery  ;  that,  in 
short,  it  was  a  mere  happy  chance,  stumbled  upon  with- 
out reflection,  and  passed  without  appreciation  ;  that 
Desault's,  in  like  manner,  was  a  mere  experiment,  but 
that  Hunter's  was  the  result  of  profound  reflection  and 
reasoning  upon  the  nature  of  the  disease  and  the  manner 
in  which  coagulation  of  the  blood  in  the  sac  is  effected, 
and  especially  of  his  knowledge  of  the  fact  that  com- 
plete shutting  off  of  the  current  from  the  sac  was  not 
necessary.  "The  original  reports,  on  examination,  do  not 
appear  to  justify  any  of  these  claims,  which  seem  to  have 
no  more  solid  basis  than  ignorance  of  what  Anel  and 
Desault  really  thought,  and  the  crediting  of  Hunter  before 
his  operation  with  knowledge  which  he  obtained  at  a  later 
period.  Hunter's  identification  with  the  operation  was 
in  large  part  the  result  of  his  exceptional  authority  at 
the  time,  the  publicity  which  attended  or  was  given  to 
the  act,  the  frequent  repetitions,  and  the  generalization 
which  promptly  followed  it,  and  of  the  great  ability 
with  which  he  set  forth  the  principles  upon  which  it 
rested.  These,  in  themselves,  are  an  ample  title  to  recog- 
nition and  respect,  and  Hunter's  glory  may  well  be  left 
to  rest  on  them  without  robbing  others  of  their  just  due. 

Three  months  after  Desault's  first  operation,  and  three 
months  before  Hunter's  first  operation,  at  a  consultation 
held  in  London  on  a  case  of  femoral  aneurism  as  large  as 
an  orange,  in  which  Hunter  took  part,  all  agreed  that  it 
was  impossible  to  resort  to  the  operation  ordinarily  prac- 
tised upon  aneurisms,  and  recommended  pressure  on  the 
artery  in  the  groin ;  the  attempt  was  made,  and  abandoned 
because  of  the  pain  it  caused.  It  is  apparent  that  at  this 
time  Hunter  had  not  developed  his  method.  The  argu- 
ments that  led  Hunter  to  tie  the  femoral  artery  for 
popliteal  aneurism,  according  to  Home,  his  pupil,  assist- 
ant, and  reporter  (loc.  cit.,  p.  145),  were  "that  the  dis- 
ease often  extends  along  the  artery  for  some  way  from 
the  sac  ;  and  that  the  cause  of  failure  in  the  common, 
operation  arises  from  tying  a  diseased  artery,  which  is 
incapable  of  union  in  the  time  necessary  for  the  separar 
ting  of  the  ligature. "  .  .  .  ' '  If  the  artery  should  after- 
ward give  way  [if  tied  just  above  the  sac],  there  will  not 
be  a  sufiicient  length  of  vessel  remaining  to  allow  of  its 
being  again  secured  in  the  ham.  To  follow  the  artery  up 
through  the  insertion  of  the  triceps  muscle,  to  get  at  a 
portion  of  it  where  it  is  sound,  becomes  a  very  disagreeable 
part  of  the  operation  ;  and  to  make  an  incision  upon  the 
fore  part  of  the  thigh,  to  get  at  and  secure  the  femoral 
artery,  would  be  breaking  new  ground,  a  thing  to  be 
avoided,  if  possible,  in  all  operations.  Mr.  Hunter,  from 
having  made  these  observations,  was  led  to  propose  that 
in  this  operation  the  artery  should  be  taken  up  in  the  an- 
terior part  of  the  thigh,  at  some  distance  from  the  diseased 
part,  so  as  to  diminish  the  risk  of  haemorrhage  and  admit 
of  the  artery  being  more  readily  secured,  should  any  such 
accident  happen.  The  force  of  the  circulation  being  thus 
taken  off  from  the  aneurismal  sac,  the  progress  of  the  dis- 
ease would  be  stopped  ;  and  he  thought  it  probable  that, 
if  the  parts  were  left  to  themselves,  the  sac  with  its  contents 
might  be  absorbed  and  the  whole  of  the  tumor  removed  ; 
which  would  render  any  opening  into  the  sac  unnecessary. " 

It  is  plain,  from  this,  that  Hunter's  idea  in  seeking  the 
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artery  at  a  higher  point  was  simply  to  avoid  secondary 
haemorrhage  and  to  make  its  treatment,  if  it  should  occur, 
easier  ;  and  the  extent  to  which  this  idea  preoccupied  his 
mind  is  shown  in  the  strange  additional  precautions  he 
took  in  the  matter  of  the  ligature  itself.  He  tied  the  artery 
with  four  ligatures,  "  but  so  slightly,  as  only  to  compress 
the  sides  together.  .  .  .  The  reason  for  having  four 
ligatures  was  to  compress  such  a  length  of  artery  as  might 
make  up  for  the  want  of  tightness,  it  being  wished  to 
avoid  great  pressure  on  the  vessel  at  any  one  part." 

According^  to  Mr.  Holmes,  '^  the  great  merit  of  Hunter 
consists  in  his  having  seen,  jirsi,  that  it  was  not  necessary 
to  turn  the  clots  out  of  the  aneurismal  tumor  ;  .  .  . 
and,  second,  that  it  was  not  necessary  to  stop  the  circulation 
through  it  absolutely,  but  only,  as  he  said,  '  to  take  off 
the  force  of  the  circulation.' "  The  first  of  these  was  cer- 
tainly appreciated  by  Anel  and  Desault,  for  they  saw 
their  patients  get  well ;  the  second  is  difficult  to  explain, 
if  it  is  based  upon  the  fact  that  the  ligatures  were  tied 
loosely,  for  they  certainly  were  intended  to,  and  did,  cut 
out,  and  therefore  occluded  the  artery  entirely  ;  and  in 
Hunter's  subsequent  operations  he  used  a  single  ligature 
and  tied  it  tightly,  so  that  if  this  was  his  opinion  and  ob- 
ject at  first,  he  subsequently  abandoned  it.  The  idea, 
moreover,  is  expressed  by  Home  (loc.  cit.,  p.  156)  as  a 
conclusion  drawn  from  what  was  found  at  the  autopsy 
eleven  months  later  :  "  The  conclusion  to  be  drawn  from 
the  above  account  appears  a  very  important  one,  viz.  : 
That  simply  taking  offl  the  force  of  the  circulation  from 
the  aneurismal  artery  is  sufficient  to  effect  a  cure  of  the 
disease,  or  at  least  to  put  a  stop  to  its  progress."  It  seems 
much  more  reasonable  to  infer  that  Hunter's  object  in 
tying  the  ligatures  loosely  was  to  give  the  artery  more 
time  to  become  sealed  before  the  ligature  cut  through. 
(See  the  first  quotation  from  Home  given  above). 

The  statement  has  been  generally  quoted  as  meaning 
that  Hunter  proposed  to  leave  one  or  more  collateral 
branches  between  the  ligature  and  the  sac,  but  there  is 
nothing  in  the  account  .of  the  operation  or  of  the  autopsy 
to  justify  such  an  opinion.  "  The  femoral  artery  was 
impervious  from  its  giving  off  the  arteria  profunda  as  low 
as  the  part  included  in  the  ligature,  and  at  that  part  there 
was  an  ossification  for  about  an  inch  and  a  half  along  the 
course  of  the  artery.  .  .  .  Below  this  part  the  femoral 
artery  was  pervious  down  to  the  aneurismal  sac,  and  con- 
tained blood,  but  did  not  communicate  with  the  sac  itself, 
homng  become  im/perpious  just  at  the  entrance  [italics 
mine].  .  .  .  'The  popliteal  artery,  a  little  way  below 
the  aneurismal  sac,  was  joined  by  a  small  branch,  very 
much  contracted,  which  must  have  arisen  from  the  pro- 
funda, or  the  trunk  of  the  femoral  artery."  This  is  the 
only  collateral  branch  mentioned,  and  I  do  not  see  how 
the  conclusion  can  be  avoided  that  even  if  the  phrase  ' '  to 
take  off  the  force  of  the  circulation"  meant  any  more 
than  "to  arrest"  or  "cut  off"  the  circulation,  it  meant 
only  that  the  artery  was  left  containing  blood,  and  that 
this  blood  was  in  communication  with  that  brought  to 
the  lower  part  of  the  same  artery  by  collaterals  coming 
from  above  the  ligature.  It  would  be  interesting,  too,  to 
know  by  what  "profound  reasoning  Hunter  excogitated 
the  principle  "  (Holmes)  of  including  the  vein  in  the  liga- 
ture with  the  artery. 

Even  if  Hunter  afterward  declared  the  presence  of  a 
collateral  branch  between  the  ligature  and  the  sac  to  be  a 
favorable  condition,  it  does  not  affect  the  original  concep- 
tion ;  and  furthermore,  the  existence  of  such  a  collateral 
branch  is  not  essential  to  the  method,  and  it  is  not  found 
when  the  carotid  or  femoral  is  tied,  or  in  some  cases  when 
the  external  iliac  or  subclavian  is.  In  short,  the  method 
as  now  employed  is  to  place  the  ligature  at  tlie  nearest 
convenient  point,  sufficiently  far  above,  the  sac  to  find 
the  artery  probably  healthy  ;  and  the  claim  that  has  been 
made  that  complete  arrest  of  the  circulation  is  more 
dangerous  than  partial  arrest,  because  it  leads  to  the 
formation  of  a  passive  clot  which  is  likely  to  provoke 
suppuration  of  the  sac,  has  been  proved,  especially  by 
the  experience  with  the  Esmarch  bandage,  to  be  incor- 
rect, or  at  least  the  danger  of  exciting  suppuration  is 
much  less  than  was  claimed. 
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The  changes  within  the  sac  by  which  a  cure  is  effected 
after  ligature,  are  similar  to  those  above  described  as  ef- 
fecting a  spontaneous  cure.  The  closure  of  the  artery  re- 
lieves the  sac  from  all  expanding  pressure,  except  the 
slight  amount  which  may  be  ex:erted  by  the  blood  that 
comes  into  the  artery  below  the  sac  or  between  it  and  the 
ligature  through  collateral  branches.  The  pressure  being 
removed,  the  sac  shrinks,  the  blood  within  it  either 
coagulates  in  mass,  forming  a  dark  passive  clot,  _  or  a 
slight  movement  persists  in  it  and  laminated  fibrin  is  de- 
posited on  the  wall.  Pulsation  in  the  sac  ceases  as  soon 
as  the  ligature  is  tied,  and  usually  remains  permanently 
absent,  but  in  some  cases  it  returns  after  a  longer  or 
shorter  interval  and  lasts  for  a  few  hours  or  days._  This 
return  is  due  to  the  freedom  and  rapidity  with  which  the 
collateral  circulation  is  established.  The  blood  leaves 
the  artery  through  the  branches  given  off  above  the  liga- 
ture, which  dilate  to  accommodate  the  increased  supply, 
makes  its  way  through  the  minute,  terminal  branches  and 
capillaries  into  the  terminals  of  the  branches  given  off 
from  the  main  artery  below  the  ligature,  passes  through 
them  in  the  retrograde  direction,  and  thus  regains  the 
main  artery  to  be  distributed  as  before  through  its  termi- 
nal branches.  The  greater  the  length  of  artery  that  has 
been  obliterated  by  the  ligature  and  disease,  the  greater 
the  diflSculty  of  the  re-establishment  of  the  circulation, 
and  thus  it  is  found  that  when  two  or  three  aneurisms 
are  situated  upon  a  single  artery,  or  when,  as  because  of 
secondary  haemorrhage,  a  second  ligature  has  been  placed 
upon  the  artery  at  a  higher  point,  the  probability  is  great 
that  the  circulation  will  be  re-established  too  slowly  or 
imperfectly  to  preserve  the  life  of  the  tissues,  and  the  oc- 
currence of  gangrene  is  to  be  feared. 

The  method  of  operation  is  to  expose  the  artery  by  a 
suitable  incision,  denude  it  just  sufficiently  to  allow  an 
aneurism-needle  to  be  passed  under  it,  and  to  tie  it  with 
antiseptic  catgut  or  silk.  Both  ends  of  the  ligature  are 
cut  short,  and  the  wound  closed. 

The  chief  dangers  of  the  Operation  are  secondary 
haemorrhage  and  gangrene.  Before  the  introduction  of 
the  antiseptic  method  these  dangers  were  so  great  that 
the  mortality,  after  ligature  of  the  femoral,  for  example, 
was  about  twenty-five  per  cent.  They  are  now  very  much 
less.  In  twenty-nine  cases  of  ligature  of  the  principal 
arteries  with  catgut,  by  New  York  surgeons,  which  I 
collected  in  1880  {Am.  Jour,  of  (he  Med.  Sciences,  January, 
1881),  there  was  no  secondary  haemorrhage,  and  only 
•one  case  of  gangrene ;  the  latter  was  of  the  foot,  after 
ligature  of  the  common  iliac  artery,  and  was  followed  by 
leoovery.  The  diminution  of  the  risk  of  secondary 
liaemorrhage  is  plainly  due  to  the  avoidance  of  suppura- 
tion about  the  ligature,  and  the  freedom  from  gangrene 
appears  to  me  to  be  the  result  of  the  same  rapidity  and 
ease  of  healing,  through  diminution  of  the  interference 
with  the  vein  by  the  inflammatory  process. 

The  attempt  has  been  several  times  made  to  diminish 
the  chance  of  the  occurrence  of  gangrene  by  repeatedly 
compressing  the  artery  above  the  aneurism  for  several 
days  before  tying  it,  in  the  hope  of  thereby  gradually 
enlarging  the  collaterals,  and  better  fitting  them  for  car- 
rying on  the  circulation  when  it  is  finally  thrown  entirely 
upon  them.  The  result  has  not  borne  out  the  expecta- 
tion ;  on  the  contrary,  gangrene  has  followed  the  attempt 
in  a  larger  proportion  of  cases  than  when  the  artery  has 
been  tied  without  preliminary  compression.  A  satisfac- 
tory explanation  has  not  been  found. 

Other  ill  results  of  the  ligature  of  the  main  artery  of  a 
limb  may  be  permanent  deterioration  of  its  nutrition,  loss 
of  nerve  and  muscular  power,  persistent  or  recurrent  ul- 
ceration of  the  skin,  and  suppuration  of  the  sac. 

In  order  to  diminish  the  chances  of  the  occurrence  of 
gangrene,  the  limb  should  be  wrapped  in  cotton  imme- 
diately after  the  operation,  and  kept  thus  protected  from 
losing  heat  until  the  circulation  is  shown  to  be  fully  re- 
established. If  its  temperature  is  found  to  remain  too 
low,  external  heat  should  be  cautiously  applied  in  the 
form  of  hot  bottles,  bricks,  or  sand,  but  care  must  be 
taken  that  the  heat  thus  applied  is  not  much  above  the 
normal  body  heat,  lest  it  should  cause  blisters. 


Suppuration  of  the  sac  may  occur,  and  either  cause 
spontaneous  rupture  or  make  an  incision  necessary.  The 
opening  may  be  followed  by  dangerous  haemorrhage,  or 
the  communication  between  the  sac  and  the  patent  por- 
tion of  the  artery  may  have  previously  become  perma- 
nently obliterated.  Sometimes  pressure  is  suflBcient  to 
arrest  the  haemorrhage  and  lead  to  a  final  cure  by  granu- 
lation ;  in  other  cases,  the  clots  will  have  to  be  turned 
out  and  all  bleeding  points  secured,  or  a  second  ligature 
may  be  applied  between  the  first  one  and  the  sac.  A  sec- 
ond ligature  above  the  first  greatly  exposes  to  gangrene. 

If  pulsation  returns  permanently  in  the  sac  and  the 
tumor  again  begins  to  grow,  several  courses  are  open  to 
the  surgeon.  If  the  aneurism  is  at  the  knee,  groin,  or 
elbow,  flexion  should  first  be  tried,  and  this  failing,  per- 
haps galvano-puncture,  the  injection  of  persulphate  of 
iron,  or  acupuncture ;  if  resort  to  operation  becomes 
necessary,  the  artery  may  be  tied  again  between  the  first 
ligature  and  the  sac,  or  the  "  old  operation  "  of  incision 
into  the  sac  and  ligature  of  all  vessels  entering  it  may  be 
done.     Both  methods  have  proved  successful. 

The  numerous  statistics  that  have  been  collected  of  the 
various  results  following  treatment  by  ligature,  do  not 
furnish  a  fair  basis  for  estimating  the  chances  after  ligar 
ture  with  antiseptic  catgut  or  silk,  and  treatment  of  the 
wound  by  modern  methods.  Mr.  Holmes's  statistics,  in 
1874,'  gave  thirteen  deaths  in  eighty-seven  cases  of  pop- 
liteal aneurism  treated  by  the  ligature,  a  mortality  of 
nearly  fifteen  per  cent.,  say  one  in  seven  ;  while  nine 
cases  of  ligature  of  the  femoral,  three  of  the  external 
iliac,  and  one  of  the  primitive  iliac  under  the  antiseptic 
method,  collected  by  myself  in  1880,'  gave  no  deaths,  no 
secondary  haemorrhage,  and  only  partial  gangrene  in  one, 
that  of  the  primitive  iliac.  There  is,  therefore,  good 
reason  10  believe  that  the  operation  has  become,  under 
antiseptic  methods  of  treatment,  much  less  serious  than 
it  formerly  was. 

b.  Metallic  ligature ;  artery  constrictor.  These  are 
methods  designed  with  the  view  to  avoid  the  risk  of  sec- 
ondary haemorrhage  which  pertained  to  ligature  with  a 
thread  after  the  old  method.  The  catgut  and  carbolized 
silk  ligatures,  aided  by  antiseptic  dressings,  have  proved 
so  safe  in -all  respects  that  it  is  not  probable  these  other 
substitutes  will  be  again  resorted  to. 

Dr.  Benj.  Howard  proposed  to  place  a  silver  ligature 
about  the  vessel  tightly  enough  to  occlude  it,  but  not 
tightly  enough  to  injure  its  coats,  then  to  cut  both  ends 
short  and  close  the  wound  over  it.  It  was  used  success- 
fully once  by  Mr.  Holmes. 

Dr.  Speir,  of  Brookljm,  N.  Y.,  devised  an  "  artery  con- 
strictor "  by  which  the  middle  and  iimer  coats  could  be 
divided  and  curled  inward  into  the  vessel,  the  outer  coat 
being  left  unbroken.  It  has  been  used  successfully  in 
several  cases  by  the  inventor  and  by  Mr.  Bryant,  of 
London. 

c.  Compression  of  the  artery,  direct,  indirect,  and  digi- 
tal. Direct  compression  is  made  upon  the  artery  by 
acupressure  needles  or  wires,  threads,  or  forceps,  after 
incision  of  the  skin  and  exposure  of  the  vessel ;  indirect 
compression  is  made  by  suitable  instruments  or  weights 
resting  on  the  surface  over  the  artery  ;  digital  compres 
sion  is  made  by  the  fingers. 

Indirect  compression  is  an  older  method  even  than  liga- 
ture of  the  artery,  and  was  employed,  although  unsuc- 
cessfully, by  Desault  in  the  treatment  of  an  axillary  aneu- 
rism a  few  months  before  he  first  treated  a  popliteal 
aneurism  by  ligature,  as  mentioned  above.  It  is  claimed 
for  Hunter,  also,  that  he  was  the  real  originator  of  the 
treatment  by  compression,  because  he  showed  that  com- 
plete arrest  of  the  circulation  was  unnecessary,  and  that 
the  compression  might  be  partial  or  intermittent,  and  be- 
cause all  previous  operators  sought  to  effect  a  cure  by 
obliterating  the  artery  at  the  point  pressed  upon,  a  state- 
ment which  does  not  appear  to  be  borne  out  by  the  re- 
ports of  their  cases.  However  that  may  be,  the  former 
theory  that  a  passive  clot  was  a  source  of  danger,  and 
that  persistent  pressure  upon  the  artery  to  arrest  the  cir- 
culation for  several  hours  was,  therefore,  a  more  danger- 
ous method  than  intermittent  or  incomplete  arrest,  which 
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■would  give  a  laminated  clot  of  slow  formation,  is  now 
abandoned,  and,  as  a  rule,  when  compression  is  used,  it 
is  with  the  aid  of  anaisthesia  or  morphine,  is  forcible 
enough  completely  to  arrest  pulsation  in  the  sac,  and  is 
continued  until  the  contents  of  the  sac  have  coagulated. 
Intermittent,  incomplete  arrest  is  occasionally  used  under 
exceptional  circumstances.  In  a  few  cases  in  which  press- 
ure above  the  sac  cpuld  not  be  made,  complete  arrest  of 
the  circulation  below  it,  usually  by  the  elastic  bandage, 
has  effected  a  cure  (see  Distal  Ligature,  farther  on). 

The  method  of  cure  by  this  means  varies  in  the  differ- 
ent cases  ;  in  some  it  is  by  the  deposit  of  laminated  clot, 
in  others  by  a  soft  passive  clot.  The  changes  in  the 
aneurismal  sac  are  the  same  as  those  above  described, 
and  the  dangers  of  the  method  are  the  same  as  after  liga- 
ture, with  the  exception  of  secondary  haemorrhage.  A 
unique  consequence,  reported  by  Mr.  Pemberton,'  was 
the  formation  of  a  communication  several  months  after- 
ward between  the  artery  and  vein  at  the  point  where 
pressure  had  been  made,  resulting  in  an  arterio-venous 
aneurism  that  finally  caused  the  patient's  death. 

The  operative  methods  include  the  use  of  weights  or 
of  special  instruments  having  the  general  character  of  a 
truss.  The  latter  are  numerous  and  varied,  but  all  con- 
sist essentially  of  a  branch  to  make  counter-pressure  with- 
out circular  constriction  of  the  limb,  and  of  a  pad  which 
can  be  screwed  or  bound  down  upon  the  artery  with  suit- 
able force.  Eor  weights,  bags  of  shot  are  used,  or  pieces 
of  lead  moulded  to  fit  the  parts.  They  may  be  allowed 
to  rest  entirely  upon  the  limb,  or  may  be  suspended  by 
an  elastic  cord. 

Prolonged  complete  arrest  of  the  current  requires  the 
aid  of  anaesthesia,  for  the  pressure  soon  becomes  very 
painful ;  anaesthesia  may  be  safely  prolonged  for  many 
hours.  It  is  well  to  aid  the  control  of  the  circulation 
above  by  pressure  also  below,  or  by  tightly  bandaging  the 
limb  below  the  aneurism. 

Digital  pressure,  which  had  previously  been  employed 
in  two  cases  as  an  aid  to  compression  by  instruments,  was 
first  used  as  the  sole  means  of  cure  by  Dr.  Jonathan 
Knight,  of  New  Haven,  Ct.  The  case  was  one  of  popliteal 
aneurism,  and  a  cure  was  effected  in  about  two  ,days. 
The  plan  has  since  been  employed  in  a  large  number  of 
cases,  and  with  a  large  measure  of  success.  Fischer's 
statistics,  quoted  by  Holmes,  contain  90  cases,  with  76 
complete  cures,  and  8  deaths  ;  six  of  these  deaths  occurred 
after  subsequent  ligature,  the  remaining  two  after  ampu- 
tation. In  about  one-third  of  the  successful  cases  the 
cure  was  effected  within  twenty-four  hours. 

Digital  pressure  can  be  made  only  with  the  aid  of  a 
considerable  number  of  assistants,  and  it  is  usual  to  em- 
ploy them  in  pairs,  one  making  pressure  while  the  other 
feels  for  pulsation  in  the  sac.  The  skin  should  be  cov- 
ered with  French  chalk  at  the  point  where  the  pressure  is 
made,  and  the  assistants  should  be  carefully  instructed  as 
to  the  amount  of  pressure  needed  and  the  place  where, 
and  direction  in  which  it  should  be  made.  When  the 
change  is  made  from  one  assistant  to  another,  the  latter 
should  place  his  finger  or  thumb  upon  the  artery  imme- 
diately above  or  below  that  of  the  one  whom  he  replaces, 
and  this  one  should  not  remove  his  finger  until  after  the 
artery  is  duly  compressed  by  the  other.  Ether  or  mor- 
phine should  be  used  when  the  patient  begins  to  complain 
of  the  pain. 

Direct  compression  of  the  artery  by  needles  or  wire  or 
forceps,  after  incision  of  the  overlying  parts,  is  a  substi- 
tute designed  to  arrest  the  current  more  certainly  than  is 
done  by  indirect  pressure,  and  yet  to  avoid  the  risk  of 
secondary  haemorrhage.  It  is  to  be  regarded  rather  as  a 
substitute  for  the  ligature,  and  as  such  has  become  much 
less  important  since  the  introduction  of  the  catgut  liga- 
ture and  the  antiseptic  method,  although  under  excep- 
tional circumstances,  as  with  large  arteries  and  near 
large  branches,  it  may  still  be  advisable  to  resort  to  it. 
The  instances  in  which  the  method  has  been  used  are  not 
numerous,  and  the  varieties  in  the  means  employed  are 
almost  as  numerous  as  the  cases.  Acupressure,  after  use 
in  a  very  few  cases,  seems  to  have  been  entirely  aban- 
doned.    Mr.   Bickersteth^  compressed  the   innominate 


with  a  leaden  wire  drawn  loosely  around  it ;  the  wire 
broke  on  the  second  day ;  a  ligature  was  then  applied, 
and  the  patient  died  of  haemorrhage  on  the  sixth  day. 
Mr.  Dix "  cured  an  aneurism  of  the  carotid  and  another 
of  the  femoral  by  passing  a  wire  under  the  vessel,  bring- 
ing both  ends  out  through  the  tissues  at  the  side  of  the 
wound,  and  twisting  them  over  a  piece  of  cork  tightly 
enough  almost  to  stop  the  pulsation.  The  wire  was  tight- 
ened on  the  third  day  and  removed  on  the  fifth  or  sixth. 
Professor  Porter '»  compressed  the  innominate  for  three 
days  with  an  instrument  resembling  a  small  lithotrite  ; 
fatal  haemorrhage  from  the  vessel  at  the  point  compressed 
occurred  on  the  tenth  day.  Robert  Persse  White  "  com- 
pressed the  external  iliac  for  one  hundred  and  sixty-two 
hours  with  a  modified  form  of  Porter's  instrument,  and 
thereby  cured  an  inguinal  aneurism.  Dr.  W.  Stokes,  Jr., 
compressed  the  abdominal  aorta  with  a  silver  wire  tight- 
ened over  a  ring,  after  a  plan  recommended  by  Porter, 
and  Mr.  Holmes  says  the  vessel  was  so  firmly  closed  after 
pressure  for  a  few  hours  that  at  the  autopsy  water  could 
not  be  forced  through  it ;  the  patient  died  of  peritonitis. 

Mr.  McGill "  compressed  the  first  portion  of  the  left  sub- 
clavian with  ordinary  torsion  forceps  ;  after  nine  and  a 
half  hours  the  aneurism  was  solid  and  pulseless,  and  the 
instrument  was  removed.  The  patient  died  of  pleurisy, 
the  pleura  having  been  opened  during  the  operation  ; 
previous  to  this  operation  the  aneurism  had  been  much 
benefited  by  galvano-puncture. 

d.  Compression  by  Esmarch's  elastic  bandage.  This 
method  was  first  employed  in  1875  by  Dr.  Walter  Reid, 
of  the  British  Navy,  in  a  case  of  popliteal  aneurism. 
The  bandage  was  applied  tightly  to  the  leg,  loosely  over 
the  tumor,  and  then  tightly  over  the  lower  third  of  the 
thigh ;  then  the  cord  was  put  on  and  the  bandage  re- 
moved. At  the  expiration  of  fifty  minutes  the  pain  had 
become  so  great  that  the  cord  was  removed,  two  Carte's 
compressors  on  the  upper  portion  of  the  femoral  artery 
having  been  substituted.  At  the  expiration  of  three 
hours  from  the  commencement  the  aneurism  was  found 
to  be  pulseless ;  intermittent  pressure  was  kept  up  for 
two  days,  and  then  the  patient  was  pronounced  cured. 
The  condition  of  the  parts  found  at  the  death  of  the 
patient  a  few  months  later,  and  the  method  by  which 
this  treatment  appears  to  effect  a  cure  have  been  de- 
scribed above.  In  January,  1881,  I  collected  62  cases 
treated  by  this  method,"  which  may  be  grouped  in  three 
classes,  according  to  differences  in  detail.  In  the  first 
class,  53  cases.  Dr.  Reid's  method  was  followed  exactly 
or  very  closely ;  in  the  second  class,  5  cases,  the  rubber 
tubing  or  the  elastic  bandage  was  used  repeatedly  and 
alternately  with  the  tourniquet  or  digital  pressure  to 
arrest  the  circulation  for  several  hours  ;  in  the  third 
class,  5  cases,  the  bandage  was  used  for  a  short  time 
daily  for  many  successive  days,  without  any  compression 
of  the  artery  in  the  intervals,  or  with  a  tourniquet 
loosely  applied.  In  the  first  class  there  were  38  cures, 
33  failures,  and  3  deaths ;  and  of  the  cures  34  were  ob- 
tained by  a  single  attempt  continued  for  about  an  hour 
on  the  average,  the  extremes  of  time  being  fifty  minutes 
and  three  and  a  half  hours,  and  4  by  two  attempts  each, 
separated  by  an  interval  of  from  one  to  four  days. 
After  the  removal  of  the  bandage  the  artery  was  com- 
pressed with  a  tourniquet  or  the  fingers,  usually  for  a 
few  hours,  but  in  one  case  for  only  one  hour,  and  in 
another  for  five  days.  In  two  or  three  cases  pulsation 
returned  in  the  aneurism  on  the  following  day,  and  was 
then  definitely  arrested  by  compression  for  a  few  hours. 
In  13  of  the  33  failures  the  same  method  was  used  in 
nineteen  different  attempts ;  in  the  remaining  10,  with 
eighteen  attempts,  no  pressure  seems  to  have  been  made 
after  the  removal  of  the  bandage.  In  at  least  5  of  the  13 
the  method  was  skilfully  employed,  with  every  detail 
used  in  most  of  the  successful  cases  ;  they  show,  there- 
fore, when  added  to  the  28  cases  treated  successfully  by 
this  method,  that  it  may  be  expected  to  fail  in  at  least 
fifteen  per  cent,  of  the  cases.  As  for  the  remaining 
failures,  there  is  some  reason  to  suppose  that  the  rnethod 
was  not  employed  with  all  the  care  and  attention  to 
details  found  in  the  others. 
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A  very  important  fact  is  that  the  method  appears  to 
involve  no  serious  risk,  and  not  to  diminish  the  chances 
of  Success  if  resort  is  subsequently  had  to  the  ligature 
Of  the  two  fatal  cases,  in  one  the  bandage  was  applied 
twice  with  an  interval  of  three  days,  and  retained  in  the  last 
trial  for  nearly  eight  hours.  The  patient  died  twenty- 
seven  hours  afterward  with  symptoms  of  heart  failure 
or  shock,  the  dorsum  of  the  foot  remaining  cold.  In 
the  other  the  aneurism  (of  the  anterior  tibial  artery)  had 
ruptured  externally,  and  amputation  was  strongly  urged, 
but  refused  by  the  patient ;  gangrene  of  the  foot  and 
lower  part  of  the  leg  followed,  and  the  patient  died  dur- 
ing the  second  week.  The  circumstances  in  each  case 
were  quite  exceptional.  Mr.  Bryant  applied  the  bandage 
twice  for  three  hours  each  time,  with  ah  interval  of  four 
days,  in  a  case  of  popliteal  aneurism  in  a  man  forty-five 
years  old.  A  fortnight  after  the  second  attempt  he  tied 
the  femoral  artery  with  catgut ,  the  wound  healed  by 
immediate  union,  but  "anaemic  gangrene"  followed 
and  the  leg  was  amputated.  This  is  the  only  instance 
of  gangrene  in  the  16  cases  in  which  the  ligature  was  re- 
sorted to  after  the  bandage  had  failed  to  produce  a  cure. 
The  conclusion  to  be  drawn  from  all  these  cases 
seems  to  be  that  we  have  in  the  elastic  bandage  an 
efficient  means  for  safely  shortening  the  duration  of  the 
treatment  by  compression  of  popliteal  and  some  femoral 
aneurisms.  The  greater  efficiency,  the  more  speedy 
action  of  the  method  is  apparently  due  mainly,  if  not  en- 
tirely, to  the  arrest  of  the  circulation  through  the  col- 
lateral channels  as  well  as  through  the  main  artery,  thus 
securing  absolute  stagnation  of  the 'Contents  of  the  sac. 
Consequently  the  rubber  tubing,  which  is  drawn  tightly 
twice  or  three  times  about  the  limb  above  the  aneurism, 
is  to  be  deemed  the  efficient  part ;  and  the  principal,  per 
haps  the  sole  benefit  from  the  bandage  is  that  of  making 
a  less  severe  constriction  by  the  tubing  sufficient. 

The  operative  method  is  simple:  thus,  in  popliteal 
aneurism,  the  bandage  should  be  applied  tightly  to  the 
leg,  loosely  over  the  aneurism,  and  tightly  again  above 
it,  and  the  bandage  or  the  tubing  should  be  kept  in  place 
for  one  or  two  hours ;  then  the  artery  should  be  com- 
pressed by  a  tourniquet  or  the  lingers  for  several  hours 
afterward,  the  compression  being  occasionally  intermitted 
for  a  moment  to  see  if  pulsation  returns  in  the  sac.  If 
pulsation  returns  within  a  few  hours,  the  artery  must  be 
again  compressed.  The  introduction  of  needles  or  a  co- 
agulating injection  might  be  proper  in  connection  with  a 
second  trial  after  a  failure. 

e.  Compression  by  flexion  of  the  limb.  When  an 
aneurism  is  situated  at  the  bend  of  a  joint,  pulsation  in  it 
may  sometimes  be  diminished  or  arrested  by  flexion  of 
the  joint,  and  this  fact  has  been  occasionally  utilized, 
either  as  the  principal  means  of  treatment  or  as  an  ad- 
juvant thereto. 

The  method  appears  to  have  been  first  suggested  by 
Eleury,  a  French  surgeon,  in  a  paper  published  in  the 
Journal  de  Glivrurgie,  in  1846,  as  an  inference  from  his 
success  in  curing  a  wound  of  the  brachial  artery  at  the 
elbow  by  flexion.  In  1853  the  suggestion  was  put  into 
practice  by  Thierry  in  a  case  of  traumatic  aneurism  at 
the  elbow,  and  in  1857  a  large  popliteal  aneurism  was 
cured  by  flexion  of  the  knee  by  Maunoir,  of  Geneva.  He 
tried  at  first  to  keep  the  leg  forcibly  flexed  upon  the 
thigh,  but  the  patient  could  not  endure  the  pain,  so  he 
had  to  be  content  with  keeping  it  partly  flexed  by  a 
strap  crossing  the  shoulders,  while  the  patient  went  about 
on  crutches.  This  was  kept  up  about  three  weeks,  at 
the  end  of  which  time  the  tumor  had  ceased  to  pulsate. 

Flexion  has  been  used  successfully  in  aneurisms  of  the 
popliteal  artery,  at  the  ^oin,  and  at  the  elbow.  Of  49 
cases  of  popliteal  aneurism  treated  by  flexion,  analyzed 
by  Liegeois,  26  were  cured,  in  11  of  which  flexion  alone 
was  used,  in  11  others  flexion  in  combination  with  other 
means,  and  in  4  flexion  after  other  means  had  failed  It 
was  used  flrst  at  the  groin  by  Dr.  Gurdon  Buck"  at  the 
New  York  Hospital  in  an  aneurism  which  had  recurred 
sixteen  months  after  apparent  cure  by  compression 
Pressure  on  the  external  iliac  did  not  arrest  the  pulsation' 
and  flexion  was  tried  as  the  only  alternative  for  treat-  I 
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ment  by  laying  open  the  sac.  In  a  case  of  inguinal  aneu- 
rism treated  by  Dr.  Eldridge,  of  Yokohama,  a  cure  was 
obtained  by  keeping  the  thigh  flexed  upon  the  pelvis  for 
twenty  days. 

In  making  use  of  the  method  it  seems  to  be  usually 
necessary  to  carry  the  flexion  to  a  point  at  which  it 
markedly  diminishes  the  pulsation  in  the  tumor,  and  per- 
haps arrests  it  entirely,  and  then  to  keep  the  limb  in  this 
position  for  a  long  time  by  suitable  bandages  or  appa- 
ratus. It  is  well,  also,  in  popliteal  aneurism,  to  bandage 
the  leg  up  to  the  knee  to  prevent  swelling.  The  merits 
of  the  method  lie  in  the  facility  with  which  it  can  be  car- 
ried out,  and  in  the  freedom  from  the  chance  of  acci- 
dents if  care  is  taken  not  to  make  too  forcible  pressure. 

3.  Permanent  arrest  or  obstruction  of  the  stream  on  the 
distal  side. 

a.  By  distal  ligature  (Brasdor's  and  Wardrop's  meth- 
ods). Distal  ligature,  first  suggested  by  Brasdor  and  De- 
sault  toward  the  end  of  the  eighteenth  century,  was  flrst 
performed  by  Deschamps  in  1798  ;  the  femoral  artery 
was  tied  in  the  middle  of  the  thigh  for  the  cure  of  a  large 
aneurism,  the  upper  border  of  which  was  less  than  a  fin- 
ger breadth  below  Poupart's  ligament.  As  rupture  of  the 
sac  threatened  on  the  fourth  day,  the  artery  was  com- 
pressed on  the  pubis,  the  sac  opened,  and  the  vessel  tied 
above  and  below ;  the  patient  died  eight  hours  afterward. 
The  operation  was  next  performed  by  Sir  Astley  Cooper, 
who  tied  the  common  femoral  artery  below  the  epigastric 
for  a  large  aneurism  of  the  external  iliac ;  the  patient  re- 
covered from  the  operation,  but  the  aneurism  continued  to 
pulsate  and  soon  afterward  ruptured.  In  1825  Wardrop 
obtained  the  flrst  success,  tying  the  common  carotid  on 
the  distal  side  of  a  large  aneurism  in  a  woman  fifty-seven 
years  old.  "Wardrop's  efforts  to  popularize  the  opera- 
tion, and  especially  his  extension  of  it  to  aneurisms  of 
the  innominate  artery,  have  permanently  associated  his 
name  with  it  as  distinctive  of  that  form  in  which  the 
current  is  not  completely  arrested,  but  continues  only 
through  branches  given  off  from  the  artery  between  the 
ligature  and  the  sac ;  while  the  name  of  Brasdor  is  given 
to  that  form  in  which  there  are  no  such  branches  and  the 
arrest  of  the  current  is  complete. 

The  operation  is  practically  limited  to  aneurisms  at  the 
root  of  the  neck,  those  of  the  common  carotid,  subcla- 
vian, and  innominate.  In  some  cases  in  which  an  aneu- 
rism of  the  arch  of  the  aorta  has  been  mistaken  for  an  in- 
nominate aneurism,  and  the  carotid  and  the  subclavian 
in  its  third  portion  have  been  tied,  marked  relief  of 
symptoms  has  followed,  and  in  two  or  three  cases  the 
left  carotid  has  been  tied  for  recognized  aortic  aneurism. 
The  operation  benefits  by  arresting  or  retarding  the  cir- 
culation in  the  vessel  and  sac  and  thus  favoring  the  for- 
mation of  a  laminated  clot.  The  anticipation  that  the 
pressure  within  the  sac  would  be  increased  by  the  distal 
ligature  has  proved  unfounded,  and  the  flrst  effect  of  the 
operation  has  often  been  an  immediate  decrease  in  the 
size  of  the  aneurism  and  in  the  force  of  its  pulsation. 

The  proportion  of  successes,  previous  to  the  introduc- 
tion of  the  antiseptic  ligature,  was  very  small,  but  with 
this  introduction  the  operation  appears  to  have  entered 
upon  a  new  career  of  usefulness,  and  of  applicability  to 
cases  that  have  heretofore  been  beyond  aid  by  surgical 
art.  _  In  eight  cases  of  ligature  of  the  carotid  and  sub- 
clavian for  innominate  aneurism  in  which  catgut  was 
used  "  death  was  caused  by  the  operation  in  only  one, 
and  other  successes  have  been  since  reported.  It  is,  of 
course,  less  certain  in  its  action  than  ligature  on  the 
proximal  side,  and  its  use  will  therefore  be  restricted  to 
cases  in  which  the  proximal  ligature  or  compression  is 
impossible  or  too  dangerous,  in  other  words,  to  aneurisms 
at  the  root  of  the  neck,  and  perhaps  of  the  external  or 
common  iliac.  It  is  to  be  judged  not  by  comparison  of 
its  proportion  of  successes  with  that  of  other  methods, 
but  rather  as  a  grave  alternative  in  a  limited  class  of  cases 
that  are  open  to  few  other  means  of  treatment  and  lead 
inevitably,  if  left  to  themselves,  to  prompt  and  certain 
death. 

b.  Manipulation  or  malaxation  of  the  aneurism.  This 
method,  introduced  by  Ferguson,  in  1852,  and  employed 
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twice  by  liim,  rests  upon  the  same  principle  as  tlie  distal 
ligature — arrest  or  diminution  of  the  current  by  an  ob- 
stacle placed  upon  the  distal  side  of  the  sac.  In  this 
method  the  obstacle  is  a  fragment  of  old  clot  mechani- 
cally displaced  from  the  wall  of  the  sac  and  lodged  within 
the  artery.  This  displacement  of  a  clot  is  thought  to  be 
the  mechanism  by  which  many  of  the  so-called  spontane- 
ous cures  have  been  obtained.  The  conditions  essential 
to  its  employment  are  the  presence  of  enough  laminated 
clot  in  the  sac  to  make  the  detachment  of  a  piece  of  suffi- 
cient size  possible  and  practicable  by  external  manipula- 
tion, and  the  impossibility  of  safely  resorting  to  other 
methods  of  treatment.  The  latter  condition  limits  the 
method  to  a  small  number  of  cases,  mainly  those  situated 
upon  the  subclavian  artery.  It  is  inapplicable  to  those 
situated  upon  the  carotid,  because  of  the  certainty  that 
small  fragments  will  pass  into  the  arteries  of  the  brain 
and  become  cerebral  emboli,  with  consequent  paralysis. 
This  accident  has  been  observed  also  in  cases  of  aneu- 
rism of  the  right  sub(;lavian  treated  in  this  manner,  and 
•  in  one  of  the  arch  of  the  aorta,  mentioned  above,  in  which 
the  projecting  sac  was  pressed  back  through  an  opening 
in  the  sternum.  Rupture  of  the  sac,  which  has  been 
feared  on  theoretical  grounds,  has  not  occurred  in  any  of 
the  reported  cases. 

In  a  case  reported  by  Mr.  Little,  the  result  was  most 
satisfactory,  and  the  method  deserves  all  the  more  credit 
from  the  fact  that  apparently  no  other  could  have  been 
employed  with  any  hope  of  success.  The  patient  was 
flfty-three  years  of  age,  the  aneurism  was  of  the  right 
subclavian,  had  lasted  nine  months,  was  of  considerable 
size,  and  pulsated  strongly ;  the  overlying  skin  was  in- 
flamed. January  1, 1856,  Mr.  Little  "  made  steady  press- 
ure with  the  thumbs  on  the  sac,  and  succeeded  in  dis- 
placing some  of  the  clot  and  directing  it  toward  the  distal 
opening.  During  the  first  two  days  no  change  was 
noticed ;  on  the  third  the  pulse,  at  the  wrist,  was  weaker 
and  the  arm  colder,  and  by  the  tenth  day  no  pulsation 
could  be  felt  in  any  of  the  arteries  of  the  arm.  The  tumor 
became  gradually  solid  and  ceased  to  pulsate,  and  shrunk 
to  the  size  of  a  small  walnut.  The  arm  remained  cold 
and  partly  paralyzed  for  a  time,  but  a  year  after  the 
operation  the  cure  was  complete  and  satisfactory  in  every 
respect. 

4.  Rapid  coagulation  of  the  blood  in  the  sac,  with  or 
without  temporary  arrest  of  the  stream. 

a.  Coagulating  injections.  This  also  is  a  method 
of  very  limited  applicability ;  it  can  be  used  only  as  an 
adjuvant  to  other  methods,  or  in  exceptional  cases,  as 
of  recurrence  or  of  pouched  aneurisms.  Dr.  Jos.  C. 
Hutchison,  of  Brooklyn,  employed  it  unsuccessfully  in  a 
case  of  aneurism  of  the  abdominal  aorta.  It  has  been 
considered  essential  to  its  use  in  the  treatment  of  an 
aneurism  of  the  common  or  encysted  variety  that  the 
circulation  through  the  sac  should  be  completely  com- 
manded during  the  injection  and  for  some  time  thereafter, 
but  if  this  condition  can  be  fulfilled,  treatment  by  distal 
or  proximal  compression  or  ligature  will  usually  be  pos- 
sible. In  certain  other  varieties,  as  cirsoid  aneurism  and 
varicose  aneurism  at  the  elbow,  it  has  yielded  good  re- 
sults. 

The  coagulating  substance  has  almost  always  been  a 
solution  of  an  iron  salt,  the  subsulphate,  lactate,  or  per- 
chloride.  The  coagulating  power  of  the  latter  is  great, 
but  so,  too,  are  its  escharotic  qualities,  and  its  use  has 
commonly  been  followed  by  suppuration  of  the  sac.  A 
strength  of  20°  Beaum6  seems  to  be  as  great  as  should  be 
used,  and  the  quantity  is  set  by  Holmes  at  eighteen  or 
twenty  drops  for  an  aneurism  of  the  size  of  throe  and  a 
half  ounces.  Van  Buren  thought  the  preference  should 
be  given  to  the  subsulphate,  which  is  not  at  all  escharotic. 
Dr.  Hutchison  made  nine  injections  of  from  five  to  fif- 
teen minims  each,  in  a  case  of  recurrent  femoral  aneu- 
rism, without  obtaining  any  benefit  or  causing  any  irrita- 
tion ;  the  strength  of  the  solution  varied  from  one  in  five 
to  one  in  thirty.  In  a  case  of  aneurism  of  the  innomi- 
nate, for  which  Dr.  Eliot"  tied  the  carotid  and  sub- 
clavian arteries,  ten  and  a  half  drachms  of  a  solution  of 
the  subsulphate  were  injected  on  the  seventeenth  day  after 


the  operation  to  arrest  hsemorrhage  from  the  sac.  This 
was  followed  by  a  discharge  of  bloody  serum  for  three 
days,  and  protrusion  of  a  dry  clot,  which  fell  out  on  the 
twenty-fourth  day,  leaving  a  large  cavity,  from  which 
fatal  hsemorrhage  took  place  on  the  twenty-sixth  day. 

Hydrate  of  chloral  has  been  recently  recommended. 

h.  Introduction  of  solid  bodies.  A  few  attempts 
have  been  made  to  induce  coagulation  of  the  blood  in  an 
aneurism  by  permanently  or  temporarily  introducing 
foreign  bodies,  such  as  wire,  needles,  horsehair,  catgut. 
The  method  rests  upon  the  well-known  facts  that,  if 
freshly-drawn  blood  is  whipped  with  a  bundle  of  fine 
rods,  the  fibrin  collects  upon  them,  and  that  firm  clot 
forms  upon  a  foreign  body  introduced  into  an  artery  or 
vein.  With  one  or  two  exceptions  these  attempts  have 
been  made  upon  aneurisms  that  were  not  open  to  treat- 
ment by  any  of  the  methods  of  ligature  or  compression, 
such  as  aneurisms  of  the  aorta  and  subclavian.  The  first 
case  of  permanent  introduction  was  that  of  Mr.  Moore  ; 
the  first  of  temporary  introduction  of  needles,  those  of 
Rizzoli  and  Malago. 

Moore's  case  was  a  large  aneurism  of  the  arch  of  the 
aorta,  which  had  destroyed  part  of  the  bony  wall  of  the 
thorax,  and  threatened  to  rupture  the  skin.  He  intro- 
duced, through  a  fine  canula,  twenty-six  yards  of  fine 
iron  wire,  moving  the  point  of  the  canula  about,  so  as  to 
coil  the  wire  within  the  sac.  Coagulation  promptly  fol- 
lowed, and  pulsation  ceased  for  a  time,  but  inflammation 
set  in,  pulsation  returned,  and  the  patient  died  on  the 
fifth  day.  The  large  pouch  outside  the  wall  of  the  chest 
contained  the  wire  imbedded  in  a  firm  clot,  which  ex- 
tended also  into  the  inner  pouch  and  the  artery.  The 
opening  between  the  sac  and  the  aorta  was  about  half  an 
inch  in  (^iameter. 

Rizzoli's  first  case  was  an  aneurism  at  the  elbow  ;  the 
bleeding  which  followed  the  withdrawal  of  the  needles 
he  inserted  was  so  profuse  that  the  limb  was  at  once  am- 
putated. His  second  case  was  an  ilio-femoral  aneurism, 
and  after  failure  of  digital  compression  he  introduced 
six  needles  in  such  a  manner  that  their  points,  crossing, 
formed  a  sort  of  lattice  within  the  sac.  Two  were  with- 
drawn on  the  third  day,  the  others  on  the  fourth.  The 
tumor  had  become  smaller  and  firmer,  and  the  pulsation 
was  less.  No  further  change  taking  place,  instrumental 
pressure  was  made,  and  effected  a  cure.  Malago's  operar 
tions  were  upon  popliteal  aneurisms  in  1850,  1853,  and 
1855,  and  all  terminated  fatally. 

March  33,  1871,  Dr.  DomvUle  introduced  fourteen 
inches  of  fine  iron  wire  into  an  aneurism  of  the  aorta 
that  projected  through  the  sternum  ;  the  tumor  became 
firmer  but  continued  to  increase,  and  on  the  9th  April  he 
introduced  nine  needles,  each  two  and  a  half  inches  long ; 
fatal  haemorrhage  occurred  on  the  33d.  The  needles 
and  the  wire  were  found  imbedded  in  a  "dark,  fibrinous 
coagulum." 

In  April,  1873,  Mr.  Murray  presented  a  patient  to  the 
Royal  Medical  and  Chirurgical  Society,  and  read  an  ac- 
count of  three  other  cases,  all  treated  by  this  method. 
In  the  first  case,  aneurism  of  the  aorta  and  innominate, 
eighteen  or  twenty  needles  were  introduced  and  left  in 
for  twenty-four  hours ;  then  twenty-four  feet  of  wire 
was  inserted.  The  patient  had  no  bad  symptoms,  but 
died  suddenly  a  fortnight  after  the  last  attempt.  In 
the  second  case  (aneurism  of  the  aorta)  needles  were  in- 
serted twice ;  erysipelas  began  at  the  punctures  and 
caused  death.  In  the  third  case  (aneurism  of  aorta  and 
innominate)  twenty  feet  of  catgut  was  inserted ;  at  the 
autopsy  it  was  found  softened  and  with  no  coagula  upon 
it.  The  fourth  case,  the  one  shown  to  the  Society,  was 
a  saccular  aneurism  of  the  subclavian.  Five  or  six  trials 
of  complete  transfixion  with  twenty  or  thirty  long 
needles  for  several  hours  were  followed  each  time  by 
consolidation,  lessening  of  size,  and  relief  of  pain. 

Horsehair  has  been  introduced  by  Dr.  Levis  (twenty- 
four  feet  nine  inches)  into  an  aneurism  of  the  right  sub- 
clavian—death  a  few  weeks  afterward ;  by  Biyant  (thirty 
feet)  in  a  rapidly  growing  popliteal  aneurism  m  a  patient 
affected  with  ulcerative  endocarditis,"  with  the  effect  of 
causing  almost  complete  consolidation  of  the  tumor ;" 
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and  by  myself  in  an  ilio-f emoral  aneurism  where  other 
treatment  was  refused  (about  fifteen  pieces,  each  six 
inches  long),  without  any  eflfect. 

In  January,  1879,  Mr.  Christopher  Heath  introduced 
three  pairs  of  fine  sewing-needles,  making  each  pair 
cross,  into  an  aneurism  of  the  left  subclavian,  for  which 
he  had  amputated  at  the  shoulder-joint  two  months  pre- 
viously. The  needles  were  withdrawn  on  the  fifth  day 
and  the  tumor  became  solid.  The  patient  died  a  few 
days  later  of  bronchitis,  and  the  aneurism,  which  had 
been  caused  by  fracture  of  the  first  rib  five  months  be- 
fore, was  found  full  of  dense  fibrin  and  communicating 
with  the  artery  by  a  very  small  opening. 

It  does  not  appear  from  the  history  of  these  cases  that 
the  interference  is  likely  to  do  any  great  harm,  or,  on 
the  other  hand,  that  much  benefit  may  be  expected  from 
it,  and  therefore  it  should  be  used,  if  at  all,  only  when 
other  means  are  unavailable  and  as  a  last  resource  in  des- 
perate cases. 

c.  Galvano-puncture.  In  this  method  the  constant  gal- 
vanic current  is  employed  to  produce  rapid  coagulation 
of  the  blood  in  the  sac.  The  details  of  the  operation,  as 
employed  in  different  cases,  vary  greatly.  Sometimes  a 
single  pair  of  insulated  needles,  one  connected  with  the 
positive,  the  other  with  the  negative  pole  of  the  battery, 
are  introduced  into  the  sac  near  each  other,  and  the  cur- 
rent passed  directly  through  the  intervening  blood  from 
one  to  the  other  ;  or  several  needles  are  connected  with 
each  pole  and  used  in  the  same  manner  ;  or  needles  are 
connected  with  one  pole  only,  and  a  sponge  connected 
with  the  other  and  placed  on  the  skin  near  by.  When 
needles  are  connected  with  one  pole  only,  it  is  commonly 
the  positive  pole,  but  sometimes  the  current  is  repeatedly 
reversed  during  the  operation,  and  occasionally  the  nega- 
tive pole  alone  has  been  connected  with  the  needles. 
The  strength  of  the  current  as  employed  in  the  different 
cases  has  varied  greatly,  as  has  also  the  length  of  time 
during  which  the  application  has  been  made. 

Like  both  the  preceding  methods  of  producing  coagu- 
lation by  direct  action  upon  the  blood  in  the  sac,  and 
like  most  of  the  other  exceptional  methods,  this  method 
recommends  itself  only  in  cases  that  are  not  amenable  to 
less  dangerous  and  more  certain  methods.  Intlammatlon 
of  the  sac  and  the  formation  of  eschars  about  the  needles, 
which  were  feared  and  have  sometimes  occurred,  can  be 
quite  surely  avoided  by  care,  but  the  punctures  some- 
times suppurate,  and  clotting  does  not  always  take  place 
to  a  suflScient  extent  to  cure  or  even  to  relieve.  A  few 
strikingly  gpod  results  have  been  obtained  in  cases  of  in- 
ternal aneurism,  either  in  effecting  an  apparently  perma- 
nent cure  or  in  averting  immediate  death  by  rupture.  It 
has  also  cured  some  cirsoid  and  arterio-venous  aneu- 
risms. '* 

The  weight  of  experience  is  in  favor  of  using  several 
leedles  connected  with  the  positive  pole  of  a  battery  of 
aigh  tension,  and  of  passing  the  current  for  an  hour  or 
two. 

Traumatic  Aneurism,  and  Rupture  of  an  Artery. A 

xraumatic  aneurism  is  one  whose  formation  is  the  result  of 
a  wound  of  the  artery  that  has  divided  all  its  coats,  or  of 
an  injury  (stretching,  bruising)  that  has  divided  one  or 
iQore  of  them.  The  common  cause  is  a  penetrating  or 
punctured  wound  ;  less  common  causes  are  overstretch- 
ing in  the  neighborhood  of  a  joint  and  fracture.  The 
continuity  of  the  artery  is  usually  not  entirely  destroyed 
and  while  some  of  its  blood  escapes  into  the  adjoining 
tissues  the  remainder  continues  within  it  and  is  distrib- 
uted through  its  branches.  The  effused  blood  is  in  part 
absorbed,  and  in  part  coagulates  ;  and  after  a  time  a  dis- 
tinct sac  forms  about  it,  by  condensation  of  the  tissues 
and  It  then  differs  in  no  essential  way  from  the  common 
encysted  form  of  aneurism.  Its  symptoms  and  its  subse- 
quent course  are  then  the  same,  but  during  the  stage  of 
formation  of  the  sac  the  condition  presents  symptoms  of 
dangers  peculiar  to  itself.  There  is  the  history  of  the  in- 
jury absence  or  diminution  of  pulsation  in  distal  branches 
local  swelling  and  ecchymosis,  and  sometimes  marked 
lowenng  of  the  temperature  of  the  limb.  There  is  usu- 
ally a  bruit  but  no  pulsation  in  the  swelling  at  first,  but 
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after  the  sac  has  formed  the  expansive  pulsation  charac- 
teristic  of  an  aneurism  is  present. 

During  the  formative  stage  of  the  sac  the  injury  is  pe- 
culiarly amenable  to  treatment  by  direct  pressure  at  the 
seat  of  injury  ;  and  often  after  the  sac  has  formed  a  cure 
may  be  effected  by  the  same  means.  This  is  the  one  im- 
portant practical  point  of  difference  between  traumatic 
and  spontaneous  aneurisms. 

When  the  injury  is  associated  with  fracture  of  a  bone 
the  immediate  treatment,  unless  the  symptoms  are  very 
alarming,  should  be  confined  to  securing  the  repair  of  the 
fracture  and  to  limiting  the  extravasation  of  blood  by 
suitable  pressure,  and  the  treatment  of  the  aneurism 
should  be  postponed,  if  possible,  until  after  the  bone  has 
united.  The  presence  of  the  extravasated  blood  is  not  a 
serious  obstacle  to  this  repair,  while  the  conversion  of  the 
fracture  into  a  compound  one  by  an  incision  made  to  se- 
cure the  wounded  artery  may  have  very  serious  conse- 
quences. 

Exceptionally,  the  extravasation  piay  be  so  free  as  to 
endanger  the  vitality  of  the  limb  by  its  interference  with 
the  circulation,  and  under  such  circumstances  the  surgeon 
may  be  compelled  to  turn  out  the  clots  and  secure  the 
vessel,  or  even  to  amputate.  This  is  much  more  likely  to 
be  the  case  in  complete  rupture  of  the  artery,  when  none 
of  the  blood  brought  by  the  artery  is  carried  past  the  in- 
jury into  its  distal  branches,  but  all  is  poured  out  into  the 
tissues,  and,  being  bound  down  by  the  enveloping  fascia, 
exerts  a  pressure  which  checks  the  venous  flow  and  pre- 
vents the  establishment  of  collateral  circulation.  This 
condition  is  characterized  by  great  and  uniform  swelling, 
absence  of  pulse,  and  notable  loss  of  temperature  in  the 
limb. 

II.  Abtbmo-vbnous  Anbtjrism:. — When  an  abnormal 
direct  communication  is  established  between  the  trunk  of 

an  artery  and  that 
of  a  neighboring 
vein,  the  condi- 
tion is  known  as 
an  arterio-venous 
aneurism.  When 
the  two  vessels 
remain  in  close 
contact,  and  the 
blood  passes  di- 
rectly from  the 
artery  into  the 
vein,  the  variety  is  known  as  aneurismal  va/rix,  the  promi- 
nent feature  being  a  varicose  dilatation  of  the  vein ;  when, 
on  the  other  hand,  an  aneurismal  pouch  is  formed  by 
condensation  of  the  adjoining  tissues,  the  variety  is  known 
as  a  varicose  aneurism,  or  as  an  arterio-venous  aneurism  in 
the  narrow  sense.  In  the  great  majority  of  cases  of  vari- 
cose aneurism  the  aneurismal  sac  is  intermediate  between 
the  artery  and  the  vein,  and  blood  passes  through  it  on  its 
way  from  the  former  to  the  latter.  Broca  descnbes  a  sub- 
variety  in  which  the  artery  and  vein  communicate  directly 
with  each  other,  and  there  is  an  aneurismal  pouch  lying  on 
the  opposite  side  of  the  artery.  Probably  the  distinction 
could  not  be  made  during  life.  In  some  of  the  classifica- 
tions any  case  that  presents  a  distinct  aneurismal  tumor, 
whether  enclosed  by  a  sac  of  new  formation  or  formed 
by  circumscribed  dilatation  of  the  vein,  is  called  a  vari- 
cose aneurism  ;  but  the  latter  variety,  that  in  which  the 
aneurism  is  formed  by  dilatation  of  the  vein,  seems  to  be 
much  more  closely  allied  in  every  way  to  aneurismal 
varix. 

The  common  cause  of  this  affection  is  a  wound  involv- 
ing both  the  artery  and  the  vein  ;  but  in  some  cases  the 
communication  forms  by  ulceration  of  the  wall  of  the  vein 
where  it  is  pressed  upon  by  an  aneurism,  and  in  one  case 
(reported  by  Pemberton  in  "  Med.  Ohirurg.  Trans.,"  vol. 
xliv. ,  p.  189)  an  arterio-venous  aneurism  formed,  at  the 
groin  ten  months  after  prolonged  instrumental  pressure 
had  been  made  at  that  point  to  cure  a.popliteal  aneurism. 
The  most  frequent  cause,  by  far,  in  the  past,  has  been 
the  wounding  of  the  artery  in  venesection  at  the  elbow. 
The  cause  in  recent  times  is  a  gunshot  or  stab  wound. 
Another  occasional  cause  is  fracture  of  the  base  of  tha 
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Bkull,  by  which  the  carotid  artery  is  torn  in  the  cavern- 
ous sinus.  Spontaneous  formation  by  rupture  of  an 
aneurism  into  a  vein  is  rare,  and  almost  confined  to  tho- 
racic and  abdominal  aneurisms. 

The  pathological  changes  which  are  found  in  this  class 
of  aneurisms  vary  greatly  in  their  details,  according  to' 
the  character  and  extent  of  the  primary  injury  and  of  the 
communication  between  the  vessels,  and  to  the  distance 
of  the  vessels  from  the  heart.  The  principal  factor  in 
the  production  of  these  changes  is  the  extent  to  which 
the  intra-arterial  pressure  is  transferred  to  and  exerted 
upon  the  wall  of  the  vein  and  the  aneurismal  sac  ;  and 
this  is  determined  by  the  size  of  the  opening  in  the  artery 
and  the  resistance  offered  to  the  return  of  the  blood 
through  the  vein  to  the  heart.  Hence,  when  the  com- 
munication is  between  an  artery  and  a  large  venous  trunk, 
such  as  the  internal  jugular,  which  can  readily  carry 
away  the  excess  of  blood  almost  as  rapidly  as  it  is  sup- 
plied, the  distending  force  is  not  much  exerted  and  the 
obstructive  changes  in  the  vein  are  slight ;  but  when  the 
communication  is  between  an  artery  and  a  vein  in  one  of 
the  extremities,  or  in  the  head,  an  immense  aneurismal 
pouch  may  be  formed  or  the  veins  may  become  greatly 
dilated  and  varicose.  The  pouch  usually  has  a  smooth 
internal  surface  and  contains  little  or  no  stratified  clot, 
and  when  it  is  formed  in  great  part  by  dilatation  oi  the 
vein,  the  orifices  of  other  veins  opening  into  ii  are  seen 
at  various  points,  and  these  veins  are  enlarged  and  their 
walls  thickened. 

The  artery  below  the  point  of  communication  is  small- 
er than  normal,  and  if  it  has  been  entirely  divided  by 
the  original  injury,  the  lower  portion  may  be  occluded 
at  the  point  of  division  ;  the  end  of  the  upper  portion  is 
kept  open  by  the  strearh  of  blood. 

The  symptoms  vary  somewhat  with  the  pathological 
changes  ;  there  may  be  a  well-defined  pulsating  tumor, 
presenting  the  usual  features  of  an  aneurism  and  the 
special  ones  peculiar  to  this  variety,  or  there  may  be 
simply  a  diffused  swelling  of  the  region,  or  the  superfi- 
cial adjoining  veins  may  be  markedly  varicose.  The 
special  features  are  the  bruit  and  the  thrill.  The  bruit 
is  continuous,  with  a  systolic  reinforcement ;  it  is  most 
intense  immediately  over  the  point  of  communication  be- 
tween the  vessels,  and  becomes  less,  or  may  be  changed 
into  an  intermittent  murmur  as  the  distance  from  this 
point  increases.  This  apparent  intermittence  is  due 
simply  to  the  fact  that  the  portion  of  the  murmur  which 
corresponds  in  time  to  the  contraction  of  the  heart  is 
louder  than  the  rest,  and  is  heard  at  a  distance  at  which 
the  latter  has  become  inaudible.  In  some  cases  the  mur- 
mur could  be  heard  at  a  great  distance  along  the  vessels ; 
thus,  in  one  quoted  by  FoUin,  it  could  be  heard  from 
the  elbow  to  the  heart ;  in  another  (of  the  femoral)',  from 
the  head  to  the  feet.  The  thrill  is  a  peculiar  sensation 
given  to  the  hand  when  laid  upon  the  aneurism,  a  vibra- 
tion that  has  been  compared  to  the  purring  of  a  cat. 

The  interference  with  the  circulation  below  the  point 
of  communication  is  commonly  well  marked,  and  is 
shown  by  swelling  of  the  limb  which  is  not  oedema,  but 
which,  in  some  cases  at  least,  is  an  actual  hypertrophy, 
and  is  accompanied  by  a  permanent  elevation  of  the  tem- 
perature of  the  limb,  a  greater  growth  of  hair  upon  it, 
and  in  one  case  by  an  increase  of  an  inch  in  length. 
There  is  a  feeling  of  numbness  or  of  actual  pain  in  the 
limb,  increased  by  its  use,  and  thsre  may  be  a  marked 
loss  of  muscular  power,  and  sometimes  persistent  ulcers 
or  eczema. 

The  lesion  may  fail  to  become  apparent  until  sometime 
after  the  receipt  of  the  injury  (four  years  in  one  case), 
and  comm:aily  it  remains  stationary  after  having  reached 
a  certaiti  development.  Those  situated  upon  the  great 
vessels,  the  carotid  and  internal  jugular  for  example, 
seldom  cause  any  inconvenience  to  the  patient.  In  a  few 
cases  the  opening  into  the  vein  has  closed  spontaneously, 
and  the  aneurism  has  been  thus  transformed  into  a  simple 
arterial  one. 

'Preatment, — In  recent  cases  carefully  graduated,  direct 
pressure  has  sometimes  availed  to  close  the  opening,  and 
this  may  be  aided  by  compression  of  the  artery  above. 


Operative  interference  in  the  past,  which  has  included  a 
variety  of  methods,  has  proved  exceptionally  dangerous, 
but  the  statistics  for  obvious  reasons  have  lost  much  of 
their  value  with  the  improvement  in  operative  methods 
and  in  the  treatment  of  wounds.  The  operations  may  be 
divided  into  two  main  classes,  according  as  the  sac  is  or 
is  not  opened,  and  in  the  latter  class  they  will  further 
vary  according  to  the  number  of  the  ligatures  applied. 

The  question  of  interference  will  be  determined  by  the 
extent  of  the.  disability  and  the  vessels  involved  in  the 
lesion.  In  the  forearm  or  on  the  scalp  it  is  usually  prac- 
ticable to  tie  all  the  vessels,  arterial  and  venous,  that  are 
involved,  and  thus  effect  a  radical  cure.  In  the  neck 
(carotid  and  jugular)  the  history  of  recorded  cases  " 
shows  that  the  lesion  rarely  causes  more  than  a  mod- 
erate amount  of  inconvenience,  that  can  be  easily  borne 
by  the  patient. 

Ligature  of  the  artery  alone  on  the  proximal  side  in 
arterio-venous  aneurism  of  the  lower  extremity  has 
proved  remarkably  fatal  by  gangrene.  In  12  cases  col- 
lected by  Van  Buren,*"  the  external  iliac  was  tied  in  5, 
and  the  common  femoral  in  2,  and  gangrene  followed 
in  all ;  the  femoral  in  5,  and  gangrene  occurred  in  2. 
This  extraordinary  frequency  can  be  attributed  only  to 
the  changes  produced  in  the  conditions  of  the  venous  cir- 
culation by  the  disease,  and  I  cannot  believe  that  it  would 
be  diminished  by  other  operative  methods  that  should 
involve  greater  interference  with  the  vessels,  such  as  the 
addition  to  the  proximal  ligature  of  the  artery  of  liga- 
ture of  the  veins  and  of  the  distal  portion  of  the  artery, 
with  or  without  opening  of  the  sac.  The  primary  cause 
of  all  the  changes  is  the  pressure  exerted  by  the  escaped 
arterial  blood,  and  the  only  plan  of  operation  that  holds 
out  a  prospect  of  cure,  is  one  that  will  abolish  that  press- 
ure, or  at  least  reduce  it  to  a  point  that  is  not  in  excess 
of  the  ability  of  the  veins  to  support  it.  It  does  not  seem 
to  me  necessary  entirely  to  cut  off  all  entrance  of  arterial 
blood  into  the  veins ;  the  latter,  as  is  shown  by  the  cases 
of  communication  between  the  carotid  and  internal  jugu- 
lar, can  accommodate  themselves  to  the  admission  of  a 
certain  amount,  and  it  is  therefore  only  necessary  to  re- 
duce the  supply  to  this  amount.  Ligature  of  all  the  veins, 
as  well  as  of  the  artery,  suppresses,  it  is  true,  all  subse- 
quent growth  of  the  sac  or  continuance  of  the  disease, 
but  it  adds  a  factor  that  is  most  important  in  the  produc- 
tion of  gangrene — obstruction  of  the  venous  flow.  More- 
over, the  operative  difflculties  are  extreme.  The  record 
of  cases  in  which  the  sac  has  been  opened  and  the  attempt 
made  to  arrest  all  bleeding  from  it,  is  such  as  to  discour- 
age any  one  from  undertaking  it ;  again  and  again  oper- 
ators have  had  to  resort  to  ligatures  en  masse,  passed  by 
means  of  curved  needles,  and  more  or  less  blindly,  in 
deep,  inaccessible  corners  of  the  wound,  to  the  actual 
cautery,  and  even  to  styptics  and  pressure.  The  incision 
has  always  been  very  long,  and  the  tissues  have  been 
bruised  and  lacerated  by  the  prolonged  search  and  dis- 
section. In  the  only  case  I  have  witnessed,  an  aneurism 
of  the  upper  part  of  the  calf,  the  incision  was  more  than 
a  foot  in  length,  the  operation  lasted  about  two  hours, 
and  at  the  last  resort  was  had  to  persulphate  of  iron  and 
graduated  compresses  packed  deep  in  the  wound.  The 
wound  could  not  be  kept  aseptic,  and  the  patient  died  on 
the  third  day  of  acute  septicaemia.  The  method  seems  to 
violate  all  the  principles  that  govern  modern  methods  of 
making  and  treating  wounds,  and  it  does  so,  in  my  opin- 
ion, in  the  effort  to  attain  an  end  that  is  not  only  unnec- 
essary, but  introduces  an  element  of  great  additional 
danger.  If  the  proximal  ligature  alone  is  too  dangerous 
to  be  employed,  the  more  extensive  operations  are  still 
more  so.  Whether  or  not  the  proximal  ligature  is  too 
dangerous,  under  the  modern  improvements,  is  yet  to  be 
determined,  but  I  am  convinced  that  it  is  the  only  one 
which  the  surgeon  should  employ.  In  1882,  Professor 
Verneuil "  treated  an  arterio-venous  aneurism  of  the  pop- 
liteal space  by  ligature  of  the  artery  and  vein  on  the  prox- 
imal side.  After  the  ligature  had  been  applied  and  the 
tourniquet  removed,  the  tumor  filled  slowly  with  blood, 
and  the  surgeon  then  opened  the  sac  and  sought  to  secure 
all  the  vessels  that  opened  into  it.    The  patient  recovered, 
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but  in  the  remarks  which  the  distinguished  surgeon  made 
upon  the  case  (loc.  cit.,  p.  376),  lie  expresses  his  regret 
that  he  had  opened  the  sac.  He  does  not  explain  why 
he  tied  the  vein  as  well  as  the  artery  ;  doubtless  he  had  a 
good  reason  for  it,  but,  in  ignorance  of  that  reason,  it 
seems  a  mistake  to  oppose  the  escape  of  blood  from  the 
sac  toward  the  heart.  Probably  he  sought  to  eifect  a 
cure,  as  in  other  aneurisms,  by  coagulation  and  oblitera- 
tion, and  deemed  it  inadvisable  to  allow  the  venous  stream 
to  pass  through  the  dilated  and  varicose  veins.  The  case 
is  quoted  to  show,  what  others  have  also  shown,  that  a 
cure  is  possible,  without  gangrene,  even  under  operative 
conditions  that  favor  the  occurrence  of  that  complication, 
and  that  a  like  favorable  result  may  be  expected,  in  a  pro- 
portion yet  to  be  determined,  from  the  less  difficult  and 
dangerous  operation  of  proximal  ligature  of  the  artery. 
In  an  arterio- venous  aneurism  of  the  leg,  ham,  or  perhaps 
even  the  lower  portion  of  the  thigh,  which  could  not  be 
made  tolerable  by  elastic  support,  I  think  it  would  be 
justifiable  to  tie  the  artery  on  the  proximal  side,  and  as 
near  as  possible  to  the  point  of  communication  ;  and 
then,  if  this  should  not  overcome  the  disability,  or  reduce 
it  to  a  bearable  degree,  obliteration  of  the  dilated  vein  by 
galvano-puncture  or  the  injection  of  coagulating  solutions 
might  be  resorted  to,  with  temporary  compression  or 
even  ligature  of  the  vein  on  the  proximal  side,  to  prevent 
the  detachment  of  an  embolus. 

A  few  successes  have  been  obtained  by  galvano-punct- 
ure and  the  injection  of  coagulating  solutions  without 
ligature  of  any  vessel. 

III.  Cirsoid  Ajsteubism  (arterial  varix ;  aneurism  by 
anastomosis).— This  name  has  been  given  to  an  affection 
of  the  arteries,  sometimes  involving  also  the  capillaries  and 
even  the  derived  veins,  which  differs  materially  from  that 
which  constitutes  the  common  variety  of  aneurism,  and 
is  characterized  by  a  uniform  or  irregular  dilatation  and 
tortuous  lengthening  of  an  artery  and  its  branches.  The 
affection  is  most  common  in  the  superficial  arteries  of  the 
head—the  temporal,  occipital,  and  auricular— but  it  is  also 
found  m  the  hand,  forearm,  leg,  and  even  involving  the 
external  iliac  artery. 

The  change  consists  in  a  dilatation  and  lengthening  of 
the  artery,  with  atrophy  of  its  middle  coat  and  conse- 
(juent  thinning  of  the  wall,  or  possibly  hypertrophy  bv 
increase  of  the  connective  tissue  ;  the  dilatation  may  make 
the  cahbre  of  the  vessel  ten  times  larger  than  normal  and 
may  be  uniform,  but  is  usually  accompanied  by  the  for- 
mation of  small  pouches.  In  consequence  of  the  length- 
ening the  artery  assumes  a  tortuous  form.  The  change 
has  a  marked  tendency  to  spread  in  both  directions  in- 
volving the  arterial  branches  and  even  the  consecutive 
capiDaries  and  veins,  and  in  the  latter  case  it  is  known  as 
aneurism  by  anastomosis  or  racemose  aneurism  There  is 
also  reason  to  think  that  in  some  cases  the  change  has 
originated  in  a  nsevus  and  spread  backward  to  the  arteries 
At  the  central  portion  of  the  tumor,  where  the  tortu- 
ous and  dilated  vessels  are  most  numerous  and  closelv 
packed,  there  may  exist  as  Lefort»»  has  pointed  out,  1 
sort  of  central  lake,  as  m  cavernous  angioma,  or  a  real 
aneurism,  or  even  an  arterio-venous  aneurism.  The  over- 
I^fAf'^'.^f-  ^°f' parts  may  be  thinned,  or  thickened 
and  indurated  and  underlying  bone  may  be  absorbed  in 
consequence  of  the  pressure.  a^wiuea  in 

.  The  principal  causes  are  found  in  contusions  and  pre-ex- 
l'J!f  ^'n?]'  ^"""^"If  °''  Wrth-marks,  and  the  change  takes 
place  most  frequently  at  the  time,  or  shortly  after,  the  age 
of  puberty  is  reached.  In  what  manner  or  throulh 
what  agency  these  causes  act  is  not  known,  nor  why  the 
region  of  the  head  is  the  common  seat.  ^ 

ini  ^nrlL°%'°T  °^  *^^  'I'??'''  '^'"^  ^  ^"^ *'  «l-deflned  swell- 
ing under  the  skin,  in  which  numerous  pulsating  vessels 

to  oL's  fhP  n'°*?  r^^^,}^^}^om  arteries  can^e  seen 
bvSiJfrfn  /■-'^'"'^  skin  is  reddened  or  livid,  either 
siL^?  .,.  """^  °*  '*!  °^°  ™'°ute  vessels  or  by  transmis- 
Tni^!t    '  '°^'"'  °I  *^^  M°od  below  it ;  the  tumor  com- 

ZrZrrthel°/  *t""  *°  *'\«  hand,  and  a  continuous 
murmur  to  the  ear.     In  a  complete  tVDical  case  four  ^ia 
fane    varieties  of  changes  or  lesions^^n  be  recognLed 
First,  a  cutaneous  erectile  tumor,  formed  by  diTaSn  of 
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the  arterial  capillaries  of  the  skin ;  second,  a  subcutaneous 
arterial  cirsoid  tumor,  formed  by  the  dilatation  of  the 
finest  arterioles  under  and  around  the  first ;  third,  dilata- 
tion and  tortuosity  of  the  main  arteries  leading  to  the 
tumor ;  fourth,  dilatation  of  the  veins  coming  from  the 
tumor,  sometimes  with  pulsations  synchronous  with  those 
of  the  heart. 

The  affection  is  a  serious  one,  because  of  its  tendency 
to  increase  and  the  danger  of  hsemorrhage  through  ul- 
ceration of  the  skin  or  an  accidental  injury. 

Treatment  has  generally  proved  not  only  difficult, 
bloody,  and  dangerous,  but  also  unsatisfactory  as  regards 
the  cure  of  the  disease.  It  comprises  ligature  of  the 
main  trunks  from  which  the  affected  arteries  arise,  as  of 
the  temporal,  or  the  external  or  common  carotid  in  cir- 
soid aneurism  of  the  scalp,  excision  or  incision  of  the  tu- 
mor, caustics,  galvano-puncture,  and  coagulating  injec- 
tions. Lefort  (loc.  cit),  who  made  a  careful  study  of 
eighty-three  cases,  says  that  whenever  treatment  has 
been  directed  only  to  the  afferent  arteries,  it  has  failed  or 
has  produced  only  an  incomplete  cure ;  but  that,  on  the 
other  hand,  the  obliteration  of  the  vessels  forming  the 
central  portion  of  the  mass  has  been  followed  by  the  re- 
turn of  the  afferent  vessels  to  their  normal  condition. 
He  claims,  therefore,  that  the  treatment  should  always 
be  directed  to  this  central  portion.  It  includes  three 
methods  :  removal  or  destruction  of  the  mass  by  caustics 
or  the  knife ;  the  injection  of  coagulating  liquids ;  gal- 
vano-puncture. Removal  by  the  knife  exposes  to  severe 
hsemorrhage,  but,  if  practised  with  caution,  is  prac- 
ticable and  to  be  recommended  when  the  central  mass 
predominates.  Destruction  by  caustics  (chloride  of  zinc) 
seems  to  be  without  much  danger  of  hsemorrhage,  but  is 
slow  and  tedious  and  may  cause  superficial  necrosis  of 
underlying  bone.  Lefort  recommends  the  injection  of  a 
solution  of  the  perchloride  of  iron,  which  has  given  nine 
successes  in  ten  cases  ;  he  prefers  a  five  per  cent,  solution 
to  the  stronger  ones.  Dr.  John  Duncan '»  refers  to  four 
cases  treated  by  electrolysis,  three  of  them  successfully. 
The  variety  known  as  aneurism  by  anastomosis,  in  which 
the  capillaries  and  veins  are  also  involved,  is  less  amena- 
ble than  the  others  to  this  method  of  treatment. 

IV.  Dissecting  Aneubism.— This  is  a  lesion  occasion- 
ally found  in  the  aorta,  which  has  only  a  pathological 
interest,  since  it  cannot  be  recognized  with  certainty  dur- 
ing life  and  is  not  open  to  treatment.  It  consists  of  a 
partial  rupture  of  the  wall  of  the  vessel,  and  the  passage 
of  the  blood  between  its  coats,  usually  in  the  substance 
of  the  middle  coat,  to  a  second  opening  into  the  lumen  of 
the  vessel  at  a  lower  point,  or  backward  to  one  into  the 
pericardial  sac.  The  primary  opening  is  usually  in  the 
arch  of  the  aorta  ;  the  second  one  may  be  in  the  same  ves- 
sel, or  at  a  considerable  distance  in  one  of  its  branches,  once 
in  the  subclavian,  once  even  in  the  popliteal.  When  the 
flow  is  backward  into  the  pericardium  death  promptly 
follows ;  in  other  cases  the  period  of  survival  is  usually 
short,  but  may  be  prolonged  for  years,  and  under  such 
circumstances  the  track  followed  by  the  blood  develops  a 
resisting  wall  lined  with  epithelium.    Lewis  A.  Stimson. 

'B.  Home,  in  Trnns.  of  Soo.  for  Improvement  of  Med.  and  Sure. 
Knowledge,  p.  144,  London,  1873. 

!"  The  SuocesBf  111  Treatment  of  Aneurism  by  Consolidation  of  the  Con- 
tents of  the  Sao.     By  JolifEe  Tufnell,  F.R.C.S.I.,  etc.,  second  edition. 

1  Tr°"'  4^®'  Practitioner,  London,  1879,  vol.  xxiii.,  p.  81. 

.-,?,"'?.''=    ^'^^  Treatment  of  Aneurism,  Transactions  of  Inter- 
national  Medical  Congress.   Philadelphia,  1870. 

,  Jf"""'.  P^omber  19,  1874.       »  Am.  Jour.  Med.  Soi.,  January,  1881, 

'  Med.-Chirurg.  Trans.,  vol.  xliv.,  p.  189. 

8  Holmes  :  Lancet,  November,  16,  1872, 

'  British  Med.  Journal,  October  SO,  1875. 

"  Holmes:  Lancet,  November  16,  1878 

J'  Dublin  Med.  Press,  November  24,  1875. 

'"  Med.-Chir.  Trans.,  vol.  Iviii.,  1875,  p.  337. 
=  American  Journal  of  the  Medical  Sciences,  April,  1881. 
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ANEURISM,  ABDOMINAL.  Etiology.— The  prin- 
cipal predisposing  causes  of  abdominal  aortic  aneurism 
are  endarteritis  and  atlieroma,  which  mainly  originate  in 
chronic  alcoholism,  rheumatism,  or  syphilis,  and  -which 
act  by  impairing  the  strength  and  elasticity  of  the  arterial 
walls.  Atheroma  is  rather  less  frequently  a  precursor 
of  abdominal  than  of  thoracic  aneurism. 

The  exciting  causes  consist  in  falls,  blows  upon  the 
back  or  abdomen,  sudden  movements,  and  violent  or 
prolonged  muscular  efforts.  The  disease  accordingly 
exhibits  a  marked  preference  for  middle-aged  members 
of  the  laboring  classes,  and  for  the  male  sex,  which 
furnishes  about  ninety  per  cent,  of  all  the  cases.  The 
causative  iniluence  of  excessive  muscular  exertion  and 
of  rapid  changes  in  position  depends  upon  the  sudden 
increase  of  arterial  tension  resulting  from  augmented 
cardiac  action,  as  well  as  upon  the  alternating  elonga- 
tion and  relaxation  of  the  aorta  incident  to  movements  of 
flexion  and  extension  in  the  freely  mobile  lumbar  por- 
tion of  the  spine.  Blows  and  falls  act  as  exciting  causes 
in  the  same  manner  or  by  direct  injury  to  the  delicate 
internal  and  middle  arterial  tunics. 

Morbid  Anatomy.  —  Aneurisms  of  the  abdominal 
aorta  are,  according  to  the  statistics  of  Crisp,  who  an- 
alyzed 591  cases,  only  one-third  so  frequent  as  thoracic 
aortic  aneurisms.  They  are  usually  located  in  the  vicinity 
of  the  coeliac  axis,  often  involving  its  orifice,  but  may 
affect  any  portion  of  the  main  trunk  or  any  of  its  ramifi- 
cations. Dr.  Sibson,  who  tabulated  177  cases,  found  131 
aneurisms  situated  at  or  very  near  the  coeliac  axis. 
Quincke  asserts  that  the  site  is  more  frequently  helow 
than  above  the  axis.  The  branches  most  often  involved 
are  the  common  iliac  arteries,  the  coeliac  axis  and  its 
three  divisions,  the  superior  and  inferior  mesenteries,  and 
the  renal  artery.  Rather  less  than  fifty  per  cent,  of  the 
aneurisms  arise  from  the  anterior  aspect  of  the  aorta. 
They  are  sacculated,  according  to  Sibson,  in  sixty  per 
cent,  of  the  cases,  and  belong,  ordinarily,  to  the  false- 
sacculated,  dissecting,  or  diffuse  varieties.  They  often 
attain  large  dimensions,  and  exert  injurious  pressure 
upon  adjacent  viscera,  notably  upon  the  spine,  the  spinal 
cord  and  nerves,  the  solar  plexus,  the  pancreas,  the  large 
and  small  intestine,  the  stomach,  the  kidney  and  its 
vessels,  the  vena  cava,  the  psoas  muscles,  the  receptacu- 
lum  chyli,  the  thoracic  duct,  the  branches  of  the  aorta 
and  the  aorta  itself.  This  pressure  frequently  induces 
absorption  of  the  neighboring  soft  tissues,  with  erosion 
nf  the  vertebrae,  of  the  intervertebral  flbro-cartilages, 
and  of  the  ribs,  intimate  adhesions  having  first  been 
formed  between  these  structures  and  the  aneurism. 

The  arterial  sac  undergoes  atrophy  and  absorption, 
occasioned  by  augmented  interarterial  and  external  press- 
ure, and  finally  ruptures,  after  a  period  varying  from  a 
few  days  to  several  years.  The  blood  escapes  into  the 
peritoneal  cavity,  the  retroperitoneal  connective  tissue, 
the  intestine,  the  pelvis  of  the  kidney  or  the  urethra,  the 
ductus  communis  choledochus,  the  sheath  of  the  psoas 
magnus,  the  vena  cava  inferior,  the  mesentery,  the  meso- 
colon, the  gastro-hepatic  omentum,  or  the  spinal  canal. 
Even  the  diaphragm  may  be  perforated,  rupture  then 
occurring  into  the  left  pleura,  lung,  primary  bronchus, 
or  into  the  pericardium.  The  method  of  perforation 
presents  interesting  differences,  according  as  rupture 
takes  place  into  the  peritoneal  and  pleural  cavities,  or 
upon  a  cutaneous  or  mucous  surface.  In  the  former 
case,  the  rupture  is  effected  by  a  sudden  tearing  of  the 
distended  and  atrophied  serous  structure,  while,  in  the 
latter,  gangrene  of  the  cutis  or  of  the  mucous  membrane 
is  produced  by  protracted  tension  and  compression.  In 
the  former  case  the  haemorrhage  is,  almost  unavoidably, 
sudden  and  profuse.  In  the  latter,  the  aperture  may 
he  of  small  dimensions  and  partly  occluded  by  thrombi. 
The  fatal  issue  may  thus  be  postponed,  even  for  weeks, 
by  the  gradual  formation  of  a  diffuse  aneurism  from  a 
slow  escape  of  blood  into  the  submucous  or  subcutane- 
ous cellular  tissue.  Such  diffuse  aneurisms  may  even 
extend  so  far  as  beneath  the  iliac  and  pelvic  fasciae,  or 
may  penetrate  between  the  layers  of  the  mesentery  and 
of  the  omenta. 


Spontaneous  cures  are  infrequently  effected  by  pro- 
cesses described  in  the  article  on  aneurisms  in  general. 

Physical  Signs. — Small  aneurisms,  growing  from  the 
posterior  aspect  of  the  aorta  and  enlarging  exclusively 
backward,  may  defy  detection  by  any  method  of  physical 
exploration.  So  soon,  however,  as  an  aneurism  growing 
from  the  anterior  aortic  wall  has  attained  a  moderate 
size,  it  usually  presents  on  inspection,  provided  that  the 
abdominal  parieties  be  sufficiently  relaxed  and  the  intes- 
tines undistended,  a  visible  impulse  in  the  course  of  the 
abdominal  aorta.  If  the  aneurism  be  of  large  dimensions, 
the  abdominal  respiratory  movements  may  be  decreased, 
and  those  of  the  thorax  perceptibly  augmented.  Jac- 
coud  emphasizes  the  fact  that  the  tumor,  being  immobile, 
is  unaffected  by  the  respiratory  movements.  On  palpa- 
tion an  immobile,  elastic  tumor,  pulsating,  according  to 
Sibson,  in  fifty-five  per  cent,  of  the  cases,  the  impulse  of 
which  is  systolic  and  expansile,  is  commonly  detected  in 
the  epigastrium,  to  the  left  of  the  median  line,  but  may 
project  to  the  right  side,  or  even  be  found  in  the  hypo- 
chondriac, the  iliac,  or  the  lumbar  region.  A  slight 
diastolic  impulse  may  rarely  be  observed.  The  tumor  is 
ordinarily  smooth  and  compressible,  but  sometimes 
nodular,  unyielding,  and  even  non-expansile.  In  the 
latter  case  it  may  be  assumed  that  the  aneurismal  walls 
are  very  thick,  that  abundant  coagula  and  fibrous  laminae 
are  present  within  the  sac,  or  that  the  aperture  com- 
municating with  the  artery  is  occluded.  The  pulsations 
in  the  arteries  of  the  lower  extremities  are  feeble  and 
somewhat  retarded.  Pressure  applied  to  the  artery  above 
the  tumor  diminishes  the  size  of  the- latter  and  arrests  the 
impulse,  but  if  made  below,  augments  the  tumor's  dimen- 
sions and  increases  its  impulse.  Applied  directly  to  the 
tumor,  pressure  may  occasion  its  collapse,  or  may  be 
prevented  from  producing  this  result  by  too  great  solid- 
ity and  density  of  the  fibrinous  laminae  within  the  sac. 
A  thrill  or  vibratory  fremitus  is  occasionally  perceptible 
over  the  tumor,  but  is  of  tener  absent.  On  auscultation  a 
murmur,  blowing  or  musical,  post-systolic,  always  single, 
according  to  Luton  and  Walshe,  and  not  transmitted  be- 
yond the  tumor,  is  usually  perceptible  anteriorly,  rarely 
posteriorly,  if  the  recumbent  position  be  maintained. 
Quincke  states  that  the  murmur  may  sometimes  be  heard 
below  the  tumor,  or  in  the  lumbar  region.  The  murmur 
is  occasioned  by  the  passage  of  blood  into  the  sac.  If 
the  aperture  of  the  latter  be  rough,  the  sound  is  rasping 
or  musical,  but  it  is  soft  and  blowing  if  the  opening  be 
smooth.  Over  aneurisms  enlarging  only  in  a  backward 
direction  the  murmur  is  perceived  exclusively  behind, 
beside  the  vertebral  spines.  In  other  cases  it  may  be 
audible  both  anteriorly  and  posteriorly.  Should  the 
patient  assume  the  erect  posture,  the  murmur  almost  in- 
variably disappears,  but  it  may,  exceptionally,  persist  in 
that  position,  or  even  be  only  audible  while  the  patient 
is  standing  or  sitting.  The  disappearance  of  the  murmur 
in  the  erect  posture  is  explained  by  the  augmented  ten- 
sion of  the  aneurismal  walls,  occasioned  hy  increased 
hydrostatic  pressure,  and  by  the  consequent  limitation  of 
the  quantity  of  blood  finding  ingress  to  the  sac.  No  safe 
inference  can  be  drawn,  from  the  intensity  or  the  quality 
of  the  murmur,  regarding  the  size  or  the  stage  of  de- 
velopment reached  by  the  aneurism.  Many  observers 
agree  that  the  second  cardiac  sound  is  sometimes  heard, 
either  in  front  or  behind,  after  the  usual  post-systolic 
murmur. 

On  percussion  flatness  or  dulness  may  be  found  over 
the  tumor,  but  these  signs  are  inconstant,  owing  to  the 
frequent  occurrence  of  gastric  and  intestinal  tympanites, 
and  to  the  varying  rigidity  of  the  abdominal  parietes. 

Rational  Symptoms. — These  are  either  local  and  due 
to  pressure,  or  general  and  dependent  upon  asthenia. 
The  most  constant  localized  symptom  is  pain,  which  is 
very  variable  in  character,  in  position,  and  in  intensity. 
It  presents  itself  in  two  different  forms,  the  former  con- 
stant, the  latter  paroxysmal.  The  former  variety  is 
variously  defined  as  dull,  boring,  throbbing,  or  teasing ; 
the  latter  as  sharp,  lancinating,  and  exhausting.  The 
sites  of  the  former  are  the  epigastrium,  the  dorsal,  and 
the  lumbar  regions  ;  while  the  latter,  originating  in  these 
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locations,  radiates  into  the  hypochondria,  the  inguinal 
regions,  the  hips,  the  testicles,  down  the  anterior  or  pos- 
terior aspect  of  the  thighs,  and  even  upward  into  the 
thorax  or  the  shoulders.  The  pains  are  the  result  of 
pressure  exerted  by  the  aneurism  upon  the  spinal  nerves, 
at  their  exit  from  the  intervertebral  foramina,  and  upon 
the  solar  plexus.  There  is  no  constant  and  necessary 
connection  between  erosion  of  the  vertebrae  and  the  oc- 
currence of  pain,  since  many  cases  are  on  record  of  pain 
from  pressure  on  the  nerves  unattended  by  erosion,  and, 
on  the  other  hand,  of  extensive  erosion  without  the 
slightest  pain.  Erosion  is,  however,  of  tolerably  con- 
stant occurrence.  Pains  due  to  pressure  on  the  nerves  will, 
naturally,  be  usually  produced  by  aneurisms  growing  from 
the  posterior  aspect  of  the  aorta  and  those  referable  to 
interference  with  the  semilunar  ganglia  by  tumors  de- 
veloping from  the  anterior  aortic  wall.  The  intensity  of 
the.  pain  varies  from  a  vague  and  scarcely  perceptible 
sense  of  discomfort  to  the  most  excruciating  torture. 
The  lancinating  pains  usually  surpass  the  fixed  ones  in 
point  of  severity,  and  both  varieties  are  intensified  as  the 
disease  advances.  The  fixed  pain  is  constant,  and  is 
greatly  aggravated  by  pressure  over  the  painful  spot, 
by  sudden  exertions,  or  even  by  trifling  movements,  by 
eating  and  drinking,  and  by  the  assumption  of  the  su- 
pine or  of  the  erect  position.  Relief  is  afforded  by  the 
assumption  of  the  abdominal  decubitus,  by  flexion  of 
the  spinal  column,  and  rarely  by  pressure.  The  duration 
of  the  paroxysmal  neuralgic  pains  varies  from  a  few 
moments  to  several  hours.  Their  accession  is  abrupt 
and  their  subsidence  equally  so.  After  their  cessation 
the  patient  is  left  in  a  comparatively  painless,  but  ex- 
ceedingly asthenic  condition.  In  a  few  recorded  cases 
pain  has  been  absolutely  wanting. 

The  symptoms  other  than  pain,  resulting  from  press- 
ure, are  occasioned  by  direct  interference  with  the 
functions  of  organs  adjacent  to  the  aneurismal  tumors. 
Nausea,  emesis,  cardlal^ia,  pyrosis,  dysphagia,  ano- 
rexia, tympanites,  eructations,  gastralgia  and  enteralgia, 
constipation,  obstipation,  and  diarrhoea  may  be  incident 
to  pressure  upon  the  stomach,  oesophagus,  intestine,  or 
pancreas,  and  are,  probably,  in  part  due  to  interference 
with  the  sympathetic  and  pneumogastric  nerves. 

Digestive  disturbances  are  less  pronounced  in  connec- 
tion with  aneurisms  growing  from  the  posterior  aortic 
wall.  Pressure  upon  the  liver,  the  hepatic  duct,  or  the 
ductus  communis  choledochus  may  lead  to  icterus. 
Dyspnoea  is  incident  to  upward  displacement  of  the 
diaphragm  and  to  consequent  infringement  upon  the 
interthoracic  space.  Irregular  cardiac  action  attends  dis- 
placement of  the  heart  or  involvement  of  the  pericar- 
dium. Cough  may  be  excited  by  irritation  and  inflam- 
mation of  the  pleura  and  of  the  pulmonary  parenchyma. 
Compression  of  the  renal  vessels  produces  functional  or 
structural  disease  of  the  kidneys.  (Edema  of  the  lower 
extremities  is  a  rare  symptom,  due  to  pressure  upon 
the  vena  cava  inferior,  which  vessel,  from  its  position, 
often  escapes  injury.  Ascites  results  from  pressure  upon, 
or  obliteration  of,  the  portal  vein,  but  is  an  exceedingly 
infrequent  symptom.  A  subnormal  temperature  of  the 
lower  limbs,  with  hypereesthesia,  formication,  numbness, 
anaesthesia,  and  final  paralysis,  are  the  occasional  effects  of 
pressure  upon  the  spinal  cord  and  nerves.  Renal  and 
biliary  colic  may  proceed  from  pressure  upon  the  ureter 
and  the  biliary  passage.  Irritation  of  the  psoas  magnus 
excites  symptoms  similar  to  those  of  psoas  or  lumbar 
abscess. 

The  General  Symptoms  consist  in  gradual  depreci- 
ation of  the  vital  powers  incident  to  pain,  insomnia,  mal- 
nutrition, and  impaired  innervation.  Extreme  emacia- 
tion is  sometimes  observed,  and  may,  in  the  absence  of 
other  adequate  causes,  be  referred  to  compression  or 
obliteration  of  the  receptaculum  chyli  or  of  the  thoracic 
duct.  Death  froni  exhaustion  occasionally  happens,  but 
the  usual  termination  is  by  rupture  and  hsemorrhage 
The  symptoms  of  rupture  are  either  those  of  sudden  col- 
lapse or,  if  the  haemorrhage  be  of  gradual  occurrence 
those  of  interabdominal  or  interthoracic  diffused  aneu- 
rism and  of  progressive  asthenia,  possibly  complicated 
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by  peritonitis  or  attended  by  recurrent  haemoptysis,  hse- 
matemesis,  hsematuria,  or  melaena. 

Aneurisms  of  Branches  of  the  Abdomhtal  Aorta. 
— Owing  to  their  rarity  and  to  their  comparatively  small 
size,  aneurisms  of  the  abdominal  branches  of  the  aorta 
usually  present  so  few  symptoms  as  to  escape  observa- 
tion or  to  elude  diagnosis.  The  branches  most  frequently 
the  seat  of  aneurisms  are,  according  to  Lebert,  the  iliacs, 
the  coeliac  axis  and  its  divisions,  the  superior  mesenteries, 
and  the  renals,  in  the  order  named.  The  symptoms  and 
signs  of  these  tumors  are  similar  to  those  of  aortic  aneu- 
risms. Aneurisms  of  the  superior  mesenteries  and  of 
the  coeliac  axis  are,  however,  mobile,  and  usually  occa- 
sion no  retardation  or  diminution  in  the  pulsation  of  the 
femoral  arteries.  Renal  aneurism  is  specially  liable  to 
interfere,  by  pressure  on  the  ureter  and  the  renal  vein, 
with  the  functions  of  the  kidney,  and  hepatic  aneurisms 
often  lead  to  jaundice.  Statistical  data  regarding  the  rel- 
ative frequency  of  ascites,  in  cases  of  hepatic  aneurisms, 
are  lacking. 

Differential  Diagnosis.  —  Abdominal  aneurisms 
must  be  differentiated,  first,  from  abdominal  tumors  to 
which  the  aortic  pulsation  is  communicated.  Those 
tumors  most  likely  to  be  mistaken  for  aneurisms  are  car- 
cinoma of  the  stomach,  pancreas,  omentum,  intestine, 
and  liver,  faecal  tumors,  gall-stones  or  foreign  bodies 
impacted  in  the  intestine,  enlarged  lumbar  and  mesen- 
teric glands,  renal  tumors,  as  hydro-  or  pyo-nephrosis, 
floating  kidney,  ovarian  or  uterine  tumors,  enlarged  or 
displaced  left  lobe  o^  the  liver  and  encysted  peritoneal 
exudations.  Not  only  may  these  tumors  receive  an  im- 
pulse from  the  aorta  but  they  may  produce  a  murmur  by 
pressure  upon  that  vessel.  The  character  of  their  im- 
pulse is,  however,  heaving  or  lifting  and  not  expansile, 
and  it,  as  well  as  the  murmur,  can  ordinarily  be  made 
to  disappear  by  placing  the  patient  upon  his  hands  and 
knees,  when  the  tumor  gravitates  away  from  the  artery. 
The  tumors  in  question  are,  as  a  rule,  movable,  aneu- 
risms of  the  aorta  immovable.  Aneurisms  of  the  aorta's 
branches  may  be  mobile,  but  their  murmur  persists  after 
displacement  of  the  aneurisms  from  their  original  posi- 
tion, which  is  not  true  of  the  other  tumors  under  con- 
sideration. The  latter  are,  moreover,  of  greater  consist- 
ency, and  are  more  frequently  accompanied  by  varicosa 
abdominal  veins,  by  ascites  or"by  oedema  of  the  legs,  and, 
if  carcinomatous  or  tuberculous,  by  a  more  decided 
cachexia. 

Secondly,  from  lumbar  and  psoas  abscesses,  which  sim- 
ulate aneurisms  chiefly  by  causing  dorsal  pain  and  spinal 
curvature,  but  which  are  unattended  by  impulse,  thrill, 
or  murmur. 

Thirdly,  from  various  neuralgic  affections,  as  renal 
and  biliary  calculus,  gastralgia,  enteralgia,  neuralgia  oi 
the  testicle,  lead  colic,  lumbago,  muscular  rheumatism, 
and  sciatica,  the  exclusion  of  which  must  depend  on 
thorough  physical  exploration. 

Fourthly,  from  abnormally  forcible  pulsation  of  the 
aorta.  This  is  not  accompanied  by  pain,  thrill,  dulness, 
murmur  (unless  the  latter  be  excited  by  pressure  with 
the  stethoscope),  or  expansile  impulse,  and  is  often  devel- 
oped in  connection  with  dyspepsia,  profuse  haemorrhage, 
or  hysteria  in  young,  chlorotic  women.  This  form  of 
pulsation  is  not  localized  but  propagated  through  the  en- 
tire aorta  and  its  chief  branches,  nor  is  it  attended  by 
abnormal  dilatation  of  the  artery.  It  may  be  produced 
either  by  temporarily  increased  force  of  the  systole,  due 
to  excitement,  or  by  hypertrophy  of  the  left  ventricle. 
It  is  sometimes  observed  in  aged  women,  with  relaxed  or 
retracted  abdominal  walls,  and  with  lessened  arterial 
pressure  incident  to  spanaemia. 

Fifthly,  from  pulsatile,  malignant,  renal,  hepatic,  or 
pancreatic  tumors  which,  though  very  difficult  to  diagnos- 
ticate, are  accompanied  by  more  marked  cachexia  than 
aneurisms. 

Sixthly,  from  abscesses  or  furuncles  of  the  abdominal 
walls,  the  superficial  and  inflammatory  character  of  which 
is  easily  demonstrated. 

Prognosis. — Abdominal  aneurism  is  an  exceedingly 
grave  disease.     While  cures,  either  spontaneous  or  due 
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to  therapeutical  interference,  are  sometimes  observed,  the 
overwhelming  majority  of  cases  terminate  fatally  within 
a  period  varying  from  a  few  months  to  several  years, 
either  by  rupture,  which  occurs,  according  to  Sibson,  in 
seventy-seven  per  cent,  of  all  the  cases,  or  by  progressive 
exhaustion.  The  prognosis  is  unfavorably  affected  by 
the  coexistence  of  any  chronic  disease,  particularly  of 
emphysema,  phthisis,  or  asthma,  which  accelerate  the 
progress  of  the  aneurism  by  the  repeated  succussion 
movements  incident  to  paroxysms  of  coughing.  In  some 
instances,  all  symptoms  m^  disappear,  only  to  reappear 
after  a  variable  interval,  ui  other  cases  the  disease  may 
remain  latent  until  shortly  before  its  fatal  termination. 

Treatment. — This  is  either  palliative  or  curative. 
The  former  aims  at  the  mitigation  of  suffering  caused  by 
pressure  or  by  complicating  diseases,  the  latter  at  obliter- 
ation of  the  aneurismal  sac  by  the  deposition  of  lami- 
nated fibrin.  The  means  best  adapted  to  the  palliation  of 
pain  are  chloroform  and  aconite,  hot  applications,  leech- 
ing and  cupping,  employed  at  the  seat  of  the  aneurism, 
and,  most  potent  of  all,  morphine  hypodermically  ad- 
ministered.    Insomnia  demands  chloral  and  opiates. 

The  means  employed  to  facilitate  and  hasten  the  depo- 
sition of  fibrin  within  the  sac  relate  to  reduction  of  ar- 
terial tension,  and  to  diminution  of  the  rapidity  of  the 
blood-current.  Valsalva's  method,  based  upon  venesec- 
tion and  starvation,  is  justly  abandoned.  The  postural 
and  dietetic  treatment  of  Mr.  Tufnell  has  yielded  en- 
couraging results.  As  an  example  of  these  we  cite  two 
abdominal  aneurisms  cured  by  Mr.  Tufnell,  after  treat- 
ment protracted  respectively  thirty -seven  and  twenty-one 
days.  In  accordance  with  this  method  the  patient  is  con- 
fined to  the  horizontal  posture  from  eight  to  thirteen 
weeks,  according  to  the  progress  made.  No  movement 
is  allowed,  and  the  diet  is  restricted  to  eight  ounces  of 
liquid  and  ten  ounces  of  solids  daily,  the  menu  being  as 
follows  ;  For  breakfast  and  supper,  two  ounces  of  wheaten 
bread  and  butter,  with  two  ounces  of  milk,  tea,  or  cocoa ; 
for  dinner,  meat  three  ounces,  potatoes  or  bread  three 
ounces,  and  water  or  claret  four  ounces.  Laxatives  are 
daily  used.  The  probably  insurmountable  difficulty  at- 
tending this  method  consists  in  the  physician's  inability 
to  secure  the  patient's  eflScient  co-operation  in  so  protracted 
and  fatiguing  a  treatment.  Better  co-operation  and  greater 
success  may  be  expected  if  the  treatment  merely  embrace 
the  limitation  of  physical  exertion  within  proper  bounds, 
the  employment  of  nourishing  but  unstimulating  aliments 
and  drinks,  attention  to  the  bowels  and  the  use  of  aconite, 
hydrocyanic  acid,  or  digitalis  to  secure  regular  and  mod- 
erate cardiac  action.  Alcoholics  may,  however,  be  spar- 
ingly used  in  ca*:'  of  evident  cardiac  weakness.  Iodide 
of  potassium,  in  wioses  of  fifteen  to  twenty  grains,  thrice 
daily,  is  strongly  recommended  by  Doctors  Balfour,  A. 
Flint,  and  BouUaud.  Its  beneficial  effect  is  attributable 
to  depression  of  the  heart's  action  and  to  consequent  dimi- 
nution of  vascular  tension.  Ergot,  hypodermically,  is 
advocated  by  von  Langenbeck  on  the  same  theoretical 
grounds. 

Proximal  or  distal  compression  of  the  abdominal  aorta, 
for  the  cure  of  abdominal  aneurism,  first  suggested  by 
Mr.  Holmes,  finds  many  warm  advocates  and  boasts  a 
number  of  successful  results.  The  preliminary  treatment 
consists  in  evacuation  of  the  bowel,  and  in  the  expulsion 
of  flatus.  Anaesthesia  is  essential.  The  instrument  em- 
ployed is  the  abdominal  tourniquet,  and  sufllcient  press- 
.  ure  is  applied  to  completely  arrest  the  blood-current  in 
the  aneurism.  Mr.  Murray  recommends  that  the  treat- 
ment be  conducted  as  follows  : 

1.  That  pressure  be  applied  for  four  hours.  If  »w  effect 
be  then  apparent  the  first  attempt  is  abandoned.  If  any 
diminution  of  impulse  be  manifest,  the  tourniquet  is  ap- 
plied for  another  hour. 

2.  In  the  event  of  failure,  at  the  first  operation,  another 
trial  is  made,  after  a  few  days,  and  pressure  maintained 
from  six  to  eight  hours. 

3.  If  the  second  attempt  fail,  pressure  may  be  continued, 
at  the  third  operation,  twelve  hours,  but  instantly  re- 
moved if  inflammation  or  shock  supervene. 

Wm.  E.  Flint. 


ANEURISM,  THORACIC.  In  this  article  no  attempt 
is  made  to  discuss  in  detail  the  pathology  of  aneurism  in 

feneral,  as  that  will  be  found  under  its  proper  heading, 
t  is  intended  rather  to  present  in  as  condensed  a  form  as 
possible  the  principal  points  bearing  upon  the  diagnosis 
and  treatment  of  this  particular  form  of  the  disease. 

Etiology  and  Pathology. — In  seeking  for  the  causes 
which  are  operative  in  the  production  of  thoracic,  as  of 
other  forms  of  aneurism,  we  must  bear  in  mind  the  two 
main  conditions  which  are  in  themselves  the  most  pow- 
erful agents,  viz.,  a  weakened  condition  of  the  arterial 
■\yalls,  and  increased  blood-pressure.  All  circumstances, 
therefore,  which  tend  to  bring  about  one  or  other  of 
these  disordered  states  tend  to  induce  the  formation  of 
an  aneurism.  Probably  one  alone  will  sometimes  be  suf- 
ficient, but  if  both  together  unite,  the  necessary  conse- 
quences are  rendered  still  more  certain. 

A  change  in  any  of  the  tunics  of  the  artery  which  de- 
stroys its  natural  elasticity  will  diminish  its  resisting 
power  and  thus  render  it  liable  to  become  distended  at 
the  affected  part.  This  change  may  be  of  an  inflamma- 
tory or  of  a  degenerative  nature — more  frequently  the  lat- 
ter. Chronic  endarteritis  or  atheroma  is  the  commonest 
pathological  factor  met  with  in  these  cases.  The  histo- 
logical changes  in  atheroma  resulting  in  aneurism  are 
observed  to  the  greatest  degree  in  the  middle  coat  of  the 
vessels,  and,  according  to  Cornil  and  Ranvier,  in  all  spon- 
taneous aneurisms  the  middle  coat  has  either  partially  or 
totally  disappeared.  It  has  been  suggested  that  athei'oma 
commencing  in  the  media  may,  in  some  cases,  be  due  to 
an  endarteritis  obliterans  of  syphilitic  origin,  which  would 
explain  the  frequent  association  of  that  disorder  with 
aneurism. 

The  constitutional  conditions  which  are  known  to  pre- 
dispose to  atheroma  and,  therefore,  to  aneurism  are  he- 
reditary predisposition,  gout,  rheumatism,  kidney  dis- 
ease, syphilis,  and  alcoholism.  To  these  must  also  be 
added  strain  and  laborious  occupations  involving  re- 
peated (though  less  severe)  straining  efforts.  It  is  sudden 
increase  in  the  blood-pressure,  however,  which  is  much 
more  liable  to  induce  aneurism  than  prolonged  exposure 
to  a  moderate  degree  of  increased  tension,  as  seen  in 
Bright's  disease.  It  has,  moreover,  been  fully  proven 
that  tight  clothing,  as  in  soldiers,  acts  injuriously  in  in- 
tensifying the  effect  of  any  straining  effort.  Occupation, 
therefore,  is  a  direct  exciting  cause  of  thoracic  aneurism. 
Any  kind  of  work  which,  besides  being  laborious,  in- 
volves at  times  powerful  muscular  efforts,  must  be  looked 
upon  as  a  factor — perhaps  often  the  most  important  fac- 
tor— in  the  etiology.  Soldiers,  as  above  noted,  are  no- 
toriously prone  to  be  affected  by  it,  being  subject  to  a 
combination  of  injurious  influences.  Prostitutes,  also, 
frequently  have  aneurism  of  the  chest  from  being  af- 
fected with  syphilis  and  leading  lives  of  dissipation  and 
excitement,  highly  provocative  of  muscular  disturbances. 

Age. — Aneurism  of  the  aorta  may  occur  at  any  age, 
but  it  is  especially  common  at  the  more  advanced  periods 
of  middle  life — between  forty  and  fifty.  Very  few  cases 
have  been  observed  below  twenty.  The  arteries  of  young 
persons  are  sound  and  will  bear  a  sudden  strain  without 
injury.  Old  people  very  commonly  have  atheromatous 
arteries,  but  in  them  the  circulation  is  weaker,  strain  is 
rare,  and  thus  they  seldom  suffer  from  aneurism. 

Sex. — Men  are  much  more  liable  to  aneurism  than 
women.  According  to  Dr.  Peacock  from  two-thirds  to 
four-fifths  of  the  cases  of  circumscribed  aneurism  occur 
in  males,  while  dissecting  aneurism  makes  its  appearance 
in  the  two  sexes  with  equal  frequency.  The  difference 
is,  no  doubt,  to  be  accounted  for  from  the  fact  that  men 
are  much  more  exposed  to  the  efficient  promoting  causes, 
viz.,  strain,  laborious  occupations,  syphilis,  and  intem- 
perance. 

Symptomatology. — The  mere  existence  of  a  dilatation 
at  some  part  of  the  aorta  is  not  necessarily  accompanied  by 
manifestations  of  disordered  function  or  local  distress 
(symptoms).  Except,  therefore,  it  mechanically  interferes 
with  neighboring  parts,  it  may  continue  even  for  a  long 
time  unsuspected.  The  occurrence,  then,  of_  symp- 
toms which  will  indicate  the  existence  of  thoracic  aneu- 
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rism  depends  more  upon  the  exact  situation  of  the  tumor 
than  upon  any  other  circumstance.  The  symptoms  also 
will  present  wonderful  variety  in  accordance  with  the 
varying  locality  and  direction  of  the  expansion  of  the 
growth  The  clinical  history  of  these  patients  previous 
to  the  development  of  the  characteristic  symptoms,  is 
often  extremely  indefinite.  It  is  quite  common  to  find  a 
man  seeking  advice  for  a  loss  of  voice  or  a  harsh  cough, 
or  a  thoracic  pain,  found  to  be  due  to  an  aneurism  of 
some  standing,  and  yet  he  will  give  an  account  of  having 
enjoyed  excellent  health  in  every  respect  until  (perhaps 
quite  recently)  these  symptoms  attracted  his  attention. 
Again,  sometimes  a  quick  pain,  with  palpitation  and 
breathlessness,  has  been  observed  at  some  remote  period, 
to  be  followed  later  on  by  other  symptoms  of  intra- 
thoracic disorder.  Or,  some  laryngeal  or  bronchial  symp- 
toms may  have  been  coming  on  Imperceptibly  for  a  long 
time  past.  In  many  cases,  belonging  to  one  of  the  above 
types,  of  men  above  middle  age,  whose  general  health 
and  nutrition  remain  unimpaired,  suspicion  of  aneurism 
may  very  reasonably  be  entertained. 

The  symptoms  of  thoracic  aneurism,  therefore,  are 
mainly  the  symptoms  of  intra-thoracic  pressure,  and 
mostly  differ  in  no  respect  from  those  produced  by  tu- 
mors of  different  nature  in  the  same  situation.  The 
symptoms  consist  of  the  manifestations  by  which  we  can 
recognize  displacement  of  lung-substance,  compression 
of  the  main  or  secondary  air-tubes,  irritation  or  destruc- 
tion of  nerves,  obliteration  of  venous  channels,  obstruc- 
tion to  the  feeding-tube,  or  erosion  of  some  of  the  bony 
structures. 

The  principal  symptoms  of  intra-thoracic  pressure  may 
be  thus  enumerated — pain,  dyspnoea,  altered  voice,  cough, 
stridor,  headache,  and  disordered  vision,  and  lastly,  para- 
plegia. 

The  pain  of  thoracic  aneurism  is  a  very  frequent  symp- 
tom, but  very  variable  as  to  its  character,  degree,  and 
situation.  In  not  a  few  cases  pain  of  some  kind  will  be 
the  first  indication  of  existing  disorder.  Early  pain  is 
usually  of  a  somewhat  lancinating  nature,  and  suggestive 
of  neuralgia.  It  is  often  complained  of  as  darting  across 
some  region  of  the  chest  or  along  certain  nerves  to  dis- 
tant parts.  When  the  aneurism,  for  example,  is  seated 
in  or  near  the  innominate  artery,  the  pain  is  often  referred 
to  the  back  of  the  neck  on  the  right  side  and  behind  the 
right  ear.  When  in  the  transverse  arch,  the  pain  may  be 
across  the  top  of  the  chest  and  down  perhaps  the  entire 
length  of  one  arm.  Pains  of  this  kind  should  always 
prompt  a  search  for  internal  aneurism.  Later  on  in  the 
complaint  the  pain  is  likely  to  be  of  a  steady,  wearing 
kind,  and  referred  to  some  fixed  spot,  probably  deep  in 
the  chest.  Aneurisms  pressing  backward  against  the 
vertebral  column  and  the  spinal  nerves  emerging  there- 
from have  two  special  forms  of  pain  connected  with 
them.  Either  a  persistent  boring  pain  experienced  in 
some  particular  part  of  the  spinal  column — or  a  definite 
intercostal  neuralgia,  having  the  distributive,  intermit- 
tent character  and  tender  spots  often  unusually  well 
marked.  There  is  sometimes  pain  of  a  real  anginoid 
character,  accompanied  by  a  sense  of  tightness  in  the 
chest,  but  it  is  very  seldom  that  attacks  of  true  angina 
with  the  typical  features  of  this  complaint  are  witnessed. 
Pressure  on  the  phrenic  nerve  has  been  found,  sometimes, 
to  be  accompanied  by  a  painful  feeling  of  constriction 
round  the  lower  part  of  the  thorax,  together  with  dysp- 
noea and  singultus,  from  disturbed  innervation  of  the 
diaphragm. 

Dyspnoea  is  a  very  frequent  symptom,  and  is  of  vary- 
ing character  and  degree  in  accordance  with  the  cause  to 
which  it  may  be  due.  It  may  arise  from  compression  of 
a  portion  of  the  pulmonary  structures,  from  pressure 
upon  the  trachea,  upon  a  main  bronchus,  or  upon  the 
pneutaogastrlc  trunk  or  one  of  the  recurrent  nerves.  An 
aneurism  must  have  attained  to  a  considerable  size  before 
it  can  shut  off  a  portion  of  a  lung  sufficient  to  produce 
decided  dyspnoea.  Shortness  of  breath,  therefore,  will 
not  be  much  complained  of  in  the  early  stages,  except 
the  tumor  interfere  with  some  of  the  other  structures 
just  named.    Compression  of  the  trachea  commonly  oc- 
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curs  from  aneurisms  of  the  arch,  and  the  dyspnoea  will 
be  observed  to  exist  both  in  inspiration  and  expiration. 
It  is  accompanied  by  enfeeblement  of  the  respiratory 
murmur  in  both  lungs,  and  the  laryngoscope  shows  the 
mechanism  of  the  vocal  cords  to  be  normal.  Standing 
beside  such  a  patient,  it  is  quite  usual  to  hear  a  rough, 
raucous  sound  of'  peculiar  calibre  accompanying  both  ' 
inspiration  and  expiration,  especially  when  these  acts  are 
performed  somewhat  forcibly.  The  dyspnoea  here,  as  in 
the  last-mentioned  form,  is  very  markedly  increased  by 
even  slight  exertion,  the  chief  reason,_no  doubt,  being 
that  the  tumor,  being  expansile,  the  increased  heart's 
action  expands  it,  and  causes  it  to  compress  the  elastic 
tube  more  firmly.  In  exceptional  cases  of  tracheal  com- 
pression, paroxysms  of  intense  dyspnoea  may  be  occa- 
sionally witnessed,  and  that  without  direct  involvement 
of  any  of  the  important  nerves.  Position  will  often  relieve 
the  respiratory  distress  considerably,  and  patients  very 
frequently,  of  their  own  accord,  rest  or  sleep,  leaning  the 
chest  well  forward  to  take  off  the  pressure  from  the 
windpipe.  If  a  main  bronchus  be  compressed  (and  it  is 
most  often  the  left),  the  dyspnoea  is  not  likely  to  be  so 
great,  and  enfeebled  breathing  is  found  in  the  corre- 
sponding lung.  It  has  long  been  recognized  that  pressure 
upon  the  Important  nerves  supplying  the  muscles  of  the 
larynx  which  pass  through  the  chest  will  cause  dyspnoea, 
and  that,  very  often,  of  the  most  intense  kind.  Here  the 
striking  feature  is  dyspnoea  in  paroxysms.  There  maybe 
periods  of  comparative  calm,  during  which  there  is  only 
a  moderate  shortness  of  breath  on  making  some  exertion, 
but  suddenly,  with  or  without  any  exciting  cause,  severe 
suffocative  dyspnoea  sets  in,  and,  in  some  cases,  actually 
proves  fatal.  This  result  may  be  brought  about  either  by 
the  compression  or  involvement  of  a  pneumogastric  nerve, 
or  a  recurrent  laryngeal  nerve.  Sometimes  nerves  of  both 
sides  are  implicated.  Owing  to  its  situation,  the  left  side 
is  more  often  affected  than  the  ri^ht.  When  the  latter 
is  in  question,  it  is  generally  from  its  being  disturbed  by 
the  dragging  of  a  tumor  upon  the  root  of  the  right  sub- 
clavian artery.  It  is  held  by  some  that  this  form  of 
dyspnoea  may  be  brought  about  either  by  spasm  of  the 
muscles  supplied  by  the  recurrent  nerve  or  by  their  pa- 
ralysis. Pressure,  it  is  said,  will  either  irritate  or  destroy 
a  nerve.  Irritation  will  cause  spasm,  destruction,  "paral- 
ysis. There  does  not,  however,  seem  to  be  any  reliable 
evidence  of  the  occurrence  of  spasm  as  a  cause  of  dysp- 
noea. While,  on  the  other  hand,  whenever  decided 
laryngeal  symptoms  are  observed  from  intrathoracic 
pressure,  the  laryngoscope  nearly  always  shows  the  ex- 
istence of  paralysis  in  a  greater  or  less  degree.  Uni- 
lateral paralysis  may  exist  for  a  long  tim'.,  without  marked 
dyspnoea,  but,  if  the  opposite  muscles  oecome  affected, 
the  liability  to  paroxysmal  attacks  becomes  developed, 
the  flaccid  cords  are  sucked  together  by  the  inspiratory 
effort,  and  a  suffocative  condition  is  induced.  Why  does 
this  occur  in  paroxysms  ?  It  may  be  either  that  a  rapid 
temporary  enlargement  of  the  tumor  occurs  (from  exer- 
tion, etc.),  increased  pressure  results,  and  the  paralysis  is 
rendered  complete;  or  it  may  be  that,  from  incomplete 
coughing  efforts,  mucus  collects  in  the  glottis,  and 
forms  a  complete  barrier  in  the  already  partially  ob- 
structed glottic  opening.  A  rare  form  of  dyspnoea  in 
aneurismal  patients  consists  in  a  simulation  of  ordinary 
asthma.  I  have  seen  one  such  case  in  a  young  woman 
where  the  picture  presented  was  exactly  that  of  a  com- 
mon attack  of  spasmodic  asthma. 

Alterations  of  mice  are  observed  only  when  the  tumor 
presses  upon  one  of  the  recurrent  nerves,  or  a  pneumogas- 
tric trunk.  The  changes  in  the  voice  consist  mainly  in 
diminution  of  its  power  and  clearness  in  varying  degree, 
together  with  hoarseness,  and  sometimes  a  squeaky  or 
high-pitched  tone.  The  loss  of  voice  may  come  on  quite 
suddenly,  and  ultimately  complete  aphonia  may  result. 
These  laryngeal  symptoms  may  be  among  the  very  first 
complained  of,  thus  simulating  catarrhal  laryngitis,  for 
which  this  condition  has  frequently  been  mistaken. 
Laryngoscopic  examination  almost  invariably  shows  de- 
ficient abduction  of  a  vocal  oord  (more  frequently  the 
left).    If  the  paralysis  be  incomplete,  the  affected  end  is 
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seen,  on  phonation,  to  fail  to  reach  the  median  line,  and 
thus  an  open  space  is  left  between  the  two.  If  it  be  com- 
plete, the  paralyzed  band  remains  almost,  if  not  quite, 
stationary,  and  the  healthy  cord  is  seen  to  move  rapidly 
across  the  median  line  until  it  approaches  its  fellow  of 
the  opposite  side. 

Stnclor  is  specially  noticed  when  an  aneurismal  tumor 
presses  upon  the  trachea  or  one  of  the  main  bronchi.  It 
differs  altogether  from  the  stridulous  respiratory  sounds 
heard  in  cases  of  laryngeal  disease,  and  is  distinguished 
also  from  them  in  that  the  ordinary  speaking  voice  re- 
mains unimpaired.  The  stridor  is  usually  a  rough,  low- 
pitched,  growling  sound,  accompanying  both  inspiration 
and  expiration,  and  giving  the  impression  of  originating 
deep  within  the  chest.  It  is  markedly  increased  by  full 
breathing.  This  is  the  so-called  "  stridor  from  below" 
of  the  older  authors. 

Cough  very  commonly  occurs  during  the  course  of  a 
thoracic  aneurism.  It  is  produced  mainly  by  the  irrita- 
tion from  pressure  of  the  pulmonary  and  laryngeal 
nerves,  and  is  often  very  frequent  and  distressing.  If  there 
be  laryngeal  paralysis  it  will  probably  be  husky,  and 
even  suppressed.  When  tracheal  pressure  with  stridor 
exists,  the  cough  likewise  becomes  loud,  rough,  and 
clanging  in  character.  The  expectoration  at  first  is  very 
small  in  quantity — in  fact  may  be  so  throughout ;  but 
when  there  has  been  much  pulmonary  irritation,  or  when 
a  tracheo-bronchial  catarrh  has  been  set  up,  large  quan- 
tities of  purulent  expectoration  may  be  got  rid  of.  Blood 
sometimes  appears  in  the  sputum,  and  must  always  be 
looked  upon  as  a  sign  of  impending  danger. 

Dysphagia  is  a  symptom  more  often  seen  in  connection 
with  other  forms  of  intra-thoracic  tumor  than  with  aneu- 
rism. It  has  also  been  clearly  proven  that  an  aneurism 
may  have  exerted  considerable  pressure  upon  the  oesoph- 
agus and  yet  no  resulting  dysphagia  have  been  ob- 
served. Certain  peculiarities  in  oesophageal  obstruction 
from  aneurism  (as  compared  with  that  from  other  tumors 
or  from  organic  stricture)  are  these :  that  it  is  variable, 
perhaps  at  one  time  of  day  nothing  can  be  swallowed, 
and  again,  later  on,  fluids  or  semi-solids  pa^s  with  com- 
parative ease  ;  and,  secondly  it  is  altered  by  position, 
the  patient  majr  be  able,  by  removing  the  weight  of  the 
tumor  on  leaning  well  forward,  to  swallow  fairly  well, 
while  the  same  thing  is  impossible  in  the  recumbent  posi- 
tion. 

Engorgement  of  the  vena  cava  and  its  branches,  from 
pressure  of  the  sac  upon  this  great  trunk  or  upon  one  of 
the  innominate  veins,  occurs  pretty  frequently.  It  is  in- 
dicated in  the  lesser  degrees  by  undue  fulness  of  certain 
of  the  superficial  veins  of  the  neck,  shoulder,  and  front 
of  the  chest.  In  an  extreme  degree  the  appearances  pro- 
duced are  very  striking.  The  face  is  purple  and  con- 
gested, the  eyes  are  suffused,  the  superficial  veins  greatly 
distended  with  blood  and  mostly  tortuous.  (See  Fig. 
1.)  The  tissues  at  the  root  of  the  neck  become  infil- 
trated and  present  a  soft,  swollen  appearance,  obliter- 
ating more  or  less  the  hollow  above  the  clavicle.  The 
congestion  of  the  internal  veins,  which  must  simultane- 
ously occur,  causes  these  patients  to  suffer  from  headache 
and  often  great  drowsiness,  and  death  may  take  place  in 
a  comatose  condition.  Pressure  on  the  brachial  veins 
will  cause  swelling  of  the  corresponding  arm. 

Difference  in  the  Size  of  the  Pupils. — The  anterior  roots 
of  the  spinal  nerves  from  the  sixth  cervical  to  the  sixth 
dorsal  (according  to  Brown-S^quard  to  the  ninth  or  tenth 
dorsal)  supply  filaments  to  the  cervical  sympathetic  which 
pass  to  the  iris.  When  an  aneurism  presses  upon  these 
nerves,  then  ocular  symptoms  are  observed,  according  to 
the  degree  of  the  pressure.  If  slight,  then  irritation  only 
is  produced,  and,  as  a  consequence,  dilatation  of  the  cor- 
responding pupil.  If  considerable,  then  paralysis  is  pro- 
duced, and  we  find  permanent  contraction  of  that  pupil. 
With  reference  to  this  symptom,  it  must  be  developed  to 
a  decided  degree  before  any  reliance  can  be  placed  upon 
it,  because  the  slighter  differences  in  size  between  the  two 
pupils  are  quite  commonly  observed  in  healthy  persons. 
Even  when  clearly  made.out  its  importance  is  not  great 
from  a  diagnostic  point  of  view,  for  there  are  generally 


then  present  many  more  reliable  indications  of  the  disease. 
But  it  can  be  used  as  one  means  to  assist  in  enabling  us 
to  locate  more  precisely  the  seat  of  the  tumor. 

Emaciation  is  very  frequently  wanting,  and  persons 
with  large  tumors  may  remain  quite  well  nourished. 
Considerable  emaciation  is,  however,  often  seen  arising 
from  coincident  weakness  of  the  digestion,  want  of  exer- 
cise, and  continued  suffering.  Marked  wasting  of  the 
tissues  has,  in  rare  cases,  been  traced  to  pressure  upon 
the  thoracic  duct,  and  again,  less  rapidly,  from  pressure 
upon  the  oesophagus  and  inanition. 

Such  are  the  chief  symptoms  of  thoracic  aneurism, 
which  are  the  result  of  the  intrathoracic  pressure  it  must 
sooner  or  later  produce,  and  it  is  to  them  we  must  gener- 
alljr  look  to  establish  a  diagnosis.  But  there  are  others 
which  must  be  mentioned.  It  sometimes  happens  that 
the  objective  signs  of  aneurism  may  be  present  while 
subjective  symptoms  are  entirely  wanting.  But  the  con- 
trary is  more  generally  true.  Various  complaints  will 
be  made  before  the  existence  of  their  cause  can  be  satis- 
factorily made  out.  Much,  of  course,  will  depend  upon 
the  situation  of  the  tumor.  Patients  often  first  ex- 
perience pains  in  the  chest,  the  different  characters  of 
which  have  been  already  alluded  to.  As  the  tumor  in- 
creases in  size,  these  painful  sensations  may  be  modified 
in  various  ways  by  the  occurrence  of  complicating  in- 
flammations of  surrounding  parts,  and  especially  the 
pleura.  There  may  be  also  a  distinct  sensation  of  throb- 
bing or  pulsation  in  the  chest  in  the  region  of  the  aneu- 
rism. Palpitation  of  the  heart  and  tightness  in  the  chest 
are  often  associated  with  these.  It  may  also  be  observed 
by  themselves  that  alterations  of  position  have  an  effect 
in  increasing  or  diminishing  their  discomfort.  Then 
dyspnoea  of  some  kind  is  likely  to  occur  and  to  be  fol- 
lowed by  dysphagia,  neuralgias,  pareses,  or  actual  pa- 
ralysis (perhaps  only  formication  or  numbness),  some 
anaemia,  diminution  of  strength,  and  sometimes  oedema. 
An  aneurism  of  the  chest  may  thus  cause  death  by  a 
gradual  process.  But  much  more  commonly  we  observe 
continuous  increase  in  the  tumor  until  it  finally  ruptures 
and  death  ensues,  either  directly  from  haemorrhage  or  in- 
directly from  the  effects  of  the  effusion  of  blood  upon 
some  vital  organ.  Rupture  is  generally  associated  with 
enormous  haemorrhage,  which  is  inevitably  fatal  in  a  few 
minutes  or  seconds.  It  does  happen,  however,  that 
smaller  bleedings  occasionally  make  their  appearance  for 
some  time  (it  may  be  a  day  or  even  more)  previous  to  the 
final  gush.  In  the  case  of  a  gentleman,  under  the  care 
of  the  writer,  who  died  of  this  disease  a  short  time  ago, 
small  quantities  (a  few  ounces)  of  bright  arterial  blood 
were  brought  up  for  more  than  twenty-four  hours  preced- 
ing the  actually  sudden  end.  In  this  case  the  aneurism 
broke  into  the  substance  of  the  lung,  and  evidently  had 
leaked  into  a  small  bronchus  during  the  time  mentioned. 
The  final  rupture  took  place  into  the  left  main  bronchus, 
and  was  accompanied  by  a  great  spirt  of  fluid  blood,  and 
followed  by  instant  death.  Hsemopt^ses  sometimes 
occur  at  long  intervals  (years)  in  aneurisms,  generally 
from  associated  pulmonary  congestions. 

When  rupture  takes  place,  it  may  be  accompanied  by 
a  sense  of  tearing  within  the  chest,  and  if  the  blood  do 
not  appear  externally  with  cough  or  efforts  of  vomiting 
(through  the  trachea  or  through  the  oesophagus),  then  it 
will  be  recognized  by  the  accompanying  pallor  and  syn- 
cope with  failure  or  extinction  of  the  pulse.  Escape  into 
a  pleural  cavity  is  common,  and  is  marked  by  severe 
pain  and  dyspnoea,  and  by  the  presence  of  the  physical 
signs  of  effused  fluid.  I  have  seen  one  case  of  rupture 
into  the  pulmonary  artery  when  the  symptoms  consisted 
in  sudden  pain,  collapse,  want  of  pulse,  and  tumultuous 
action  of  the  heart  for  about  two  hours  before  death. 
External  rupture  is  comparatively  rare.  If  impending, 
this  fact  is  recognized  by  the  commencing  lividity  and 
finally  gangrenous  appearance  of  the  tensest  portion  of 
the  projecting  tumor.  This  accident  is  sometimes  in- 
duced by  straming  or  falling,  or  by  rough  handling. 

Physical  Signs. — The  foregoing  symptoms  (which  are 
mainly  those  of  excentric  pressure)  are  indicative  of  intra- 
thoracic tumor  of  some  Mnd,  but  cannot  indicate  aneu- 
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rism  specially.  On  observing  any  combination  of  them, 
we  must  turn  to  the  physical  signs  to  determine  the 
character  of  the  tumor— they  are,  of  the  two,  therefore, 
the  more  important ;  and  both  together  will,  in  the  ma- 
jority of  cases,  enable  a  positive  diagnosis  to  be  arrived 
at.  These  physical  signs  are  derived  both  directly_  from 
the  tumor  itself  and  mdirectly  from  an  examination  of 
the  neighboring  organs  which  may  have  been  pressed 
upon,  displaced,  or  otherwise  interfered  with  by  the  en- 
croaching tumor.  The  signs,  as  regards  the  aneurism, 
will  evidently  depend  mainly  upon  its  size  and  its  exact 
position,  especially  as  regards  the  surface  of  the  chest. 

Inspection  will  readily  demonstrate  the  existence  of  any 
distinct  bulging  from  the  parietes  of  the  chest.  This  may 
be  only  a  slight  or  ill-defined  elevation  of  a  circumscribed 
area,  or  it  may  be  a  tumor  of  some  magnitude.  The  ele- 
vated part;  moreover,  is  seen  to  pulsate  (almost)  synchro- 
nously with  the  apex  of  the  heart.  The  situation  of  the 
pulsating  prominence  depends  upon  the  portion  of  the 
aorta  involved,  and  the  direction  in  which  it  has  been 
tending.  Aneurisms  of  the  ascending  arch  are  most  com- 
monly seen  in  the  .second  or  third  interspace  of  the  right 
side.  Those  of  the  descending  aorta  will  most  commoniy 
reach  the  surface  on  the  posterior  or  lateral  wall  of  the 
chest.  The  skin  over  the  prominence  is  usually  healthy, 
except  when  the  external  tumor  is  large,  when  it  may  be 
red  or  livid.  There  may  be  no  elevation  from  the  gen- 
eral surface,  the  eye  only  detecting  a  pulsating  spot  simi- 
lar to  that  over  the  cardiac  apex.  In  the  absence  of  these 
more  characteristic  appearances,  if  the  front  of  the  chest 
be  carefully  examined  while  the  patient  stands  sideways 
to  the  observer,  a  more  or  less  distinct  systolic  heaving  of 
the  chest- wall  can  be  noticed,  especially  when  the  respi- 
ration is  withheld.  This  indicates  usual^  an  aneurism 
of  considerable  size  and  deeply  seated.  If  the  heart  be 
displaced,  this  fact  can  also  be  determined  by  the  altered 
position  of  the  apex-beat.' 

Palpation  of  the  chest  is  of  service  only  when  the 
tumor  sufficiently  approaches  the  chest-walls.  Local  ful- 
ness or  bulging  can  be  appreciated,  pulsation  can  be 
located,  and  the  force  of  the  impulse  measured.  Fre- 
missement,  or  thrill,  systolic  in  rhythm,  can  also  not  un- 
f requently  be  felt,  perhaps  over  the  entire  area  covering  the 
tumor ;  and  following  this,  sometimes  a  diastolic  shock. 
In  obscure  cases,  where  a  deep-seated  aneurism  may  be 
suspected,  the  bimanual  method  of  examination  may 
prove  of  great  service.  The  patient's  chest  is  firmly 
grasped  between  the  two  extended  hands  laid  flat  upon 
the  surface.  By  this  means  a  diffused  sense  of  expan- 
sion will  be  experienced  which  is  extremely  significant 
and  can  only  be  ascertained  in  this  way.  The  supra- 
sternal notch  should  also  be  explored.  The  patient's 
head  being  bent  forward  to  relax  the  sterno-mastoid  mus- 
cles, one  or  two  fingers  are  pressed  deeply  into  the  fossa 
and  beneath  the  manubrium  sterni,  when  pulsation  or 
thrill  communicated  from  the  transverse  portion  of  the 
arch  can  be  distinctly  perceived.  Another  physical  sign 
of  very  great  diagnostic  importance,  and  which  is  also  to 
be  obtained  by  the  educated  sense  of  touch,  Is  what  is 
now  known  under  the  term  "tracheal  tugging."  It  Is 
but  quite  lately  that  attention  has  been  directed  to  this 
method  of  examination,  and  it  is  only  now  that  its  value 
is  being  realized.  To  examine  for  this  sign  proceed  as 
follows :  Let  the  patient  be  seated  upright  and  with  the 
head  well  thrown  back,  in  order  to  put  thfe  windpipe 
upon  the  stretch.  Then,  with  the  finger  and  thumb  of  the 
right  hand  grasp  the  cricoid  cartilage  or  the  lower  border 
of  the  thyroid,  and  make  steady  pressure  upward  If  a 
deep-seated  aneurism  be  present  which  impinges  at  all 
upon  the  trachea  or  one  of  its  principal  divisions,  then  a 
very  distinct  and  unmistakable  tugging  downward  will 
be  telt  with  each  systole  of  the  heart.  When  the  heart  is 
acting  strongly,  or  when  aortic  incompetence  is  present 
considerable  rhythmical  pulsation  may  be  communicated 
to  the  fingers  from  the  adjacent  carotids,  but  with  a  little 
care  this  cannot  be  mistaken  for  the  tugging  directlv 
downward  above  described.  I  have  obsfrvela  consid- 
erable number  ot  cases  of  thoracic  aneurism,  cardiac  and 
other  thoracic  diseases  with  reference  to  this  sign,  and  I 
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have  never  observed  it  produced  by  any  other  condition 
but  aneurism.  In  one  case,  which  I  saw  in  consultation, 
there  seemed  clear  evidence  of  an  aneurism  of  the  trans- 
verse arch,  and  the  presence  of  stridor  and  paroxysmal 
dyspnoea  showed  its  interference  with  the  trachea  and 
nerves.  No  tugging  could.be  felt.  The  autopsy,  how- 
ever, showed  that  the  tumor  was  completely  filled  with 
firm  laminated  flbrine,  and  its  pulsatile  character  was 
lost.  Except  in  cases  of  this  kind  (which  must  be  of 
pretty  lon^  standing)  tracheal  tugging  may  always  be 
looked  for  in  central  aneurisms  of  the  chest. 

Percuxdon  elicits  a  flat  note  over  the  area  of  the  aneu- 
rism which  is  in  contact  with  the  chest- wall.  This  area, 
of  course,  may  give  no  idea  of  its  actual  size,  for  its  prin- 
cipal bulk  may  be  buried  beneath  healthy  lung-tissue. 
A  modified  dulness  may  sotnetimes  be  found  for  some 
distance  round  the  flat  region.  It  is  often  impossible  to 
separate  the  dulness  of  the  aneurism  from  that  over  solid 
organs,  the  heart,  liver,  etc.  Of  course,  if  the  tumor  be 
entirely  deep-seated,  the  percussion  may  be  everywhere 
normal.  If  also  the  lungs  be  emphysematous,  no  Infor- 
mation can  be  obtained  from  percussion. 

Auscultation  over  an  aneurism  of  the  aorta  reveals  of 
necessity  only  a  systolic  and  a  diastolic  sound,  such  as  we 
hear  over  the  vessel  itself.  The  systolic,  however,  may 
be  modified,  and  is  sometimes  accompanied  by  murmur. 
The  modification  consists  generally  in  loudness,  while,  at 
the  same  time,  a  sense  of  impulse  is  conveyed,  the  so-called 
bi-uit  de  choc.  The  diastolic  sound  is  communicated  from 
the  aortic  valves,  any  increase  in  their  tension  intensify- 
ing the  second  sound  over  the  aneurism.  It  is  always 
accentuated  when  the  diastolic  shock  is  perceptible  on 
palpation.  Systolic  murmurs  are  of  tolerably  frequent 
occurrence.  They  are  probably  produced  in  one  of  two 
ways  :  either  by  sudden  alteration  in  the  calibre  of  the 
vessel  (causing  fluid  waves  or  eddies),  or  by  the  vibra- 
tions produced  by  contained  coagula  or  irregularities  in 
the  course  of  the  blood-current. 

The  systolic  murmur  of  aneurism  is  generally  blow- 
ing in  character,  but  sometimes  possesses  a  decided  musi- 
cal or  "cooing"  quality.  Its  seat  of  maximum  inten- 
sity is  likely  to  be  the  central  part  of  the  tumor,  and  it 
is  not  generally  diffused  to  any  very  considerable  distance 
from  this.  The  significance  of  the  murmur  is  derived 
from  its  seat  of  maximum  intensity  being  away  from 
that  usually  associated  with  valvular  lesions,  and  from 
its  being  accompanied  by  a  magnified  second  sound. 
Heard  alone  (i.e.,  without  accentuation  of  the  second 
sound)  a  systolic  murmur  is  rather  indicative  of  some 
other  condition  than  aneurism.  Indeed  diastolic  accen- 
tuation, if  confined  to  some  circumscribed  dull  area  in 
the  neighborhood  of  the  aorta,  is  of  more  value  than  any 
murmur.  Any  murmurs  generated  at  the  aortic  valves 
and  orifice  are  likely  to  be  transmitted  through  an  aneu- 
rismal  tumor  as  well.  Often,  therefore,  double  aortic 
murmurs  are  to  be  heard  in  this  situation.  Sometimes, 
however,  similar  to  and  fro  sounds  are  generated  within 
the  sac  itself,  their  origin  being  declared  by  their  being 
much  louder  over  the  corresponding  area  than  elsewhere, 
by  being  much  more  restricted  to  this  region,  and  by  not 
being  at  all  necessarily  associated  with  dilated  hyper- 
trophy of  the  left  ventricle.  A  diastolic  murmur  alone 
may,  exceptionally,  be  heard  arising  from  an  aneurism. 
Over  the  tumor  the  respiratory  murmur  is  absent,  but  on 
passing  just  beyond  the  edges  of  this,  the  breath-sounds 
are  heard,  but  generally  of  a  somewhat  bronchial  charac- 
ter. In  the  same  areas  the  voice  will  have  a  bronchial 
resonance,  although  decided  bronchophony  will  not  be 
found  (or,  at  any  rate,  is  rare). 

The  pulse  in  internal  aneurism  may,  or  may  not,  afford 
positive  information.  The, arteries  themselves  are  fre- 
quently in  a  diseased  condition,  fibroid  or  sclerotic,  and 
may  thus  affect  the  pulse.  The  state  of  the  heart  will 
also  have  to  be  taken  into  account.  If,  however,  the 
blood  be  flowing  into  an  aneurism  of  considerable  size, 
special  alterations  in  the  blood-current  in  the  parts  on  the 
■  distal  side  of  this,  may  be  observed  and  delineated.  Tho 
effect  of  the  diverticulum  is  to  act  like  the  empty  rubber 
ball  in  the  ordinary  syringe,  i.e.,  to  make  the  current 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


A  nenrlBm. 
Aneurism. 


more  even  and  steady  and  less  spasmodic  and  jerky. 
When,  therefore,  a  sphygmographie  tracing  is  taken,  the 
curve  is  found  to  differ  from  the  normal  one  in  accord- 
ance with  this  mechanism.  The  ascent  of  the  systole  is 
less  abrupt,  more  gradual,  and  the  descent  also  occurs 
without  the  same  sharpness.  The  necessary  result  of 
this  is  to  render  the  apex  of  the  curve  more  rounded,  less 
acute  than  the  natural  pulse.  The  larger  the  sac  and  the 
more  distensible  the  walls,  the  better  this  kind  of  tracing 
is  brought  out,  while  fibrillation  of  the  contents,  and 
stiffening  of  the  walls  tend  to  obscure  these  peculiarities 
and  cause  the  tracing  to  resemble  the  normal  curve.  The 
value  of  these  observations  is  greatest  when  we  examine 
at  the  same  time  the  corresponding  artery  of  the  opposite 
side,  or  else  the  same  artery  (or  a  branch  of  it)  above  the 
region  of  the  suspected  aneurism.  It  is  not  uncommon  to 
find  such  a  degree  of  difference  between  the  pulses  of  the 
two  sides  as  may  be  clearly  recognized  by  the  finger.  The 
differences  consist  in  delay  of  the  pulse  and  in  alteration 
in  its  volume.  Delay  of  the  pulse  in  the  radial  artery  is 
a  diagnostic  sign  upon  which  too  much  stress  must  not 
be  laid,  and.  Indeed,  it  is  very  often  absent.  Diminution 
in  the  calibre  of  the  radial  pulse  of  one  side  is  important 
as  an  additional  point  of  evidence  in  a  case  of  suspected 
thoracic  aneurism.  Its  positive  value  is,  however,  de- 
tracted from  by  a  consideration  of  the  fact  that  the  same 
thing  is  often  seen  from  congenital  peculiarity  or  from 
irregular  distribution  of  the  blood-vessels  of  that  arm. 
The  latter  possibility  should  always  be  sought  for,  and  a 
comparison  made  between  the  brachials  of  the  two 
arms.  The  alteration  in  the  volume  of  the  pulse  may  be 
produced  by  twisting  or  distortion  of  the  vessel,  by  drag- 
ging upon  it  by  the  advancing  growth,  or  by  partial  or 
complete  obliteration  of  the  lumen  by  the  entrance  into 
it  of  detached  fragments  of  fibrine.  The  only  special 
distinguishing  mark  of  embolism  is  the  suddenness  with 
which  it  is  apt  to  occur. 

Thoracic  aneurism  is  very  frequently  associated  with 
changes  in  the  heart  and  in  tjbie  circulation.  Other  neigh- 
boring organs  also  become  physically  altered  by  reason  of 
the  pressure,  or  other  interference,  to  which  they  may 
have  been  subjected.  These  conditions  can  generally  be 
recognized  by  physical  examination.  Under  some  condi- 
tions, an  aneurism  may  be  the  direct  cause  of  hypertrophy, 
but  the  heart  may  remain  entirely  unaffected,  even  in 
the  case  of  large  aneurisms  of  long-standing,  provided 
there  be  a  sound  condition  of  the  aortic  valves.  As,  how- 
ever, atheroma  is  often  the  common  cause  of  both  aneu- 
rism and  aortic  valvular  disease,  the  former  is  frequently 
found  along  with  dilatation  and  hypertrophy  of  the  left 
ventricle.  This  backward  affection  of  the  ventricle  can- 
not, therefore,  be  used  as  an  argument  in  favor  of  aneu- 
rism, nor  can  its  absence  be  construed  against  it.  Displace- 
ment of  the  heart  is  often  seen.  This  is  generally  a  down- 
ward displacement  only ,  or  with  some  inclination  to  the  left. 
When  the  tumor  affects  the  descending  aorta,  the  heart  is 
displaced  forward.  If  incompetence  of  the  aortic  valves 
be  present,  as  often  occurs,  its  existence  is  recognized  by 
the  usual  physical  signs.  The  cause  of  the  incompetence 
may  be  either  atheroma,  as  above  mentioned,  or  the  al- 
tered calibre  of  the  root  of  the  aorta  produced  by  the 
tumor,  i.e.,  relative  incompetence  with  healthy  valves 
near  to  which  the  expansion  has  begun.  Tumors  near 
the  origin  of  the  aorta  are  also  liable  to  cause  pericarditis. 
This  occurrence  has  frequently  been  found  post-mortem, 
and  is  occasionally  witnessed  during  life.  Dr.  Byrom 
Bramwell  ("  Diseases  of  the  Heart  and  Thoracic  Aorta," 
p.  714)  says:  "In  any  case  of  non -rheumatic  peri- 
carditis occurring  after  the  age  of  forty,  in  which  the 
cause  of  the  pericarditis  is  obscure,  I  strongly  suspect 
the  presence  of  an  aneurism."  The  same  author  sug- 
gests that  aneurism  in  the  same  locality  may  account  for 
certain  cases  where  pericarditis  and  angina  pectoris  have 
been  observed  at  the  same  time.  Pleurisy  is  a  common 
complication,  and  must  be  looked  for  either  from  friction- 
sounds  or  from  the  signs  of  liquid  effusion.  It  occurs 
most  often  with  aneurisms  of  the  descending  aorta.  The 
existence  of  a  pleurisy  in  the  base  of  one  lung,  followed 
by  prolonged  pain  in  the  same  region,  otherwise  unac- 


counted for,  will  certainly  sometimes  lead  us  aright  by 
suggesting  aneurism. 

If  a  main  bronchus  be  compressed,  the  corresponding 
lung  becomes  comparatively  airless,  its  circulation  is  im- 
paired, and  catarrhal  conditions  prevail.  In  consequence 
of  this  the  following  physical  signs  will  be  found,  viz.  . 
Moderate  dulness  on  percussion  and  enfeebled  respiration, 
with  or  without  moist  rSles.  In  a  few  of  these  cases  a 
whistling  sound  can  be  made  out  over  the  situation  of  the 
compressed  tube. 

We  may  now  consider  more  particularly  the  chief 
symptoms  and  physical  signs  which  indicate  aneurism  in 
the  different  parts  of  the  thoracic  aorta. 

Aneurimns  of  the  Boot  of  the  Aorta  (the  Sinuses  of  Val- 
salva).— Those  aneurisms  which  spring  from  the  very 
commencement  of  the  aortic  tube  are  not  very  uncom- 
mon. They  are  frequently  entirely  latent,  but  symptoms 
of  pericarditis,  or  of  angina  pectoris,  may  occur.  They 
are  very  liable  to  cause  aortic  incompetence.  Such  tu- 
mors are  very  dangerous,  as,  before  arriving  at  any  great 
size,  they  are  liable  to  rupture,  especially  mto  the  peri- 
cardium. Dr.  Bramwell  figures  (op.  .cit.,  p.  730)  a  re- 
markable aneurism  springing  from  this  situation,  and 
attaining  an  enormous  size,  perforating  the  sternum, 
forming  a  large  external  projection,  and  finally  rupturing 
through  the  integument. 

Aneurisms  of  the  Ascending  Portion  of  the  Arch. — In 
this  region  of  the  tube,  dilatations,  cylindrical  or  spindle- 
shaped,  are  most  frequent,  but  saccular  aneurisms  also 
occur.  The  latter  are  then  generally  situated  upon  the 
right  side  of  the  aorta.  In  an  early  stage  of  dilatation 
we  shall  find  altered  pitch  of  the  percussion-note  to  the 
right  of  the  sternal  margin  above  the  second  rib,  and  the 
pulsation  of  the  aorta  becomes  stronger  and  more  per- 
ceptible above  the  sternum.  As  it  increases,  so  we  get 
more  decided  dulness,  extending  to  the  right  above  the 
second  rib.  The  first  sound  becomes  dull  and  the  second 
more  forcible  and  clanging.  A  systolic  murmur  may 
then  become  developed  in  the  same  area,  which,  from  its 
seat  of  origin  and  want  of  diffusion,  may  be  distinguished 
from  a  valvular  murmur.  Disease  of  the  aortic  valves 
frequently  co-exists.  Aneurism  in  the  ascending  arch 
has  a  tendency  to  reach  the  surface  of  the  chest,  and  can, 
therefore,  be  generally  easily  made  out  by  the  physical 
signs.  The  locality  where  pulsation  and  bulging  are 
most  apt  to  be  discovered  is  the  neighborhood  of  the 
second  costal  cartilage  of  the  right  side.  The  edge  of 
the  sternum  and  one  or  two  ribs  become  eroded,  and  the 
tumor,  which  may  be  of  considerable  size,  projects.  The 
pulse  in  the  vessels  of  the  right  side  will  be  small  and  de- 
layed compared  to  those  on  the  left,  if  the  innominate  be 
involved.  Compression  of  the  superior  cava  or  right 
innominate  vein  may  happen,  with  resulting  dilatation  of 
the  veins  of  the  upper  half  of  the  body  or  right  arm. 
The  symptoms  commonly  complained  of  are  pain  and 
dyspnoea,  perhaps  cough.  When  of  considerable  size, 
numbness  and  weakness  in  the  right  arm  may  occur  from 
pressure  on  the  brachial  plexus.  The  right  bronchus  may 
also  be  sometimes  compressed.  Rupture  of  aneurisin  in 
this  situation  occurs  most  frequently  into  the  right 
pleural  sac,  the  pericardium,  the  lungs,  or  externally. 
In  one  of  my  own  cases,  already  mentioned,  rupture  took  . 
place  into  the  pulmonary  artery. 

Aneurisms  of  the  Transverse  Portion  of  the  Arch. — 
These  may  be  either  spindle-shaped  or,  more  commonly, 
saccular.  As  they  occupy  that  portion  of  the  arch  of  the 
aorta  from  which  spring  the  great  brachial  and  cephalic 
branches,  the  latter  are  quite  frequently  involved  in  the 
aneurismal  growth.  They  are  common,  but  somewhat 
less  so  than  those  of  the  ascending  portion.  Their  situa- 
tion is  such  that  they,  soon  after  attaining  any  size,  neces- 
sarily impinge  upon  some  of  the  important  structures  in 
the  centre  ol  the  thorax,  giving  rise  in  consequence  to 
decided  evidences  of  intra-thoracic  pressure.  The  pres- 
ence of  a  pulsating  tumor  in  this  region  will  also  cause 
easily  recognized  changes  in  the  percussion  of  the  sternum 
and  Its  margins,  and  can  further  be, detected  by  the  sense 
of  touch  behind  the  manubrium.  Aneurism  in  the  trans- 
verse arch  is  therefore,  as  a  rule,  readily  diagnosed  except 
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when  thfe  tumor  is  quite  small.  Sometimes,  even  be- 
fore any  other  signs  have  become  developed,  the  aneu- 
rism may  be  discovered  by  means  of  the  finger  pressed 
well  down  behind  the  sternum  in  the  jugular  fossa.  As 
the  expansion  of  the  aorta  here  increases  it  pushes  aside 
the  edges  of  the  lungs,  and  dulness  becomes  well  marked 
over  the  first  piece  of  the  sternum,  and  to  a  variable  dis- 
tance on  either  side  of  this.  Then  a  heaving  prominence 
makes  its  appearance  in  the  same  region,  and,  tollowmg 
upon  the  absorption  of  the  sternum  and  upper  ribs,  an 
external  tumor  becomes  developed  which  may  even  reach 
a  large  size.  The  radial  pulses  of  the  two  sides  quite 
frequently  differ  in  size  and  fail  to  beat  with  the  usual 
synchronism.  This  sign  is  more  often  met  with  m  aneu- 
risms of  the  arch,  because  here  the  innominate  and  sub- 
clavian arteries  are  so  apt  to  have  their  calibre  interfered 
with  by  pressure,  by  twisting  or  dilatation,  or  by  thj  en- 
trance of  coagula.  The  parts  most  liable  to  compression 
in  these  cases  are  the  oesophagus,  trachea,  recurrent  laryn- 
geal nerve,  and  the  left  innominate  vein.  If  the  concave 
border  of  the  arch  be  also  involved,  the  left  bronchus  Is 
liable  to  be  partially  or  wholly  obliterated.  The  signs  by 
which  these  various  conditions  can  be  recognized  have 
been  already  considered.  Rupture  occurs  into  the  trachea, 
the  oesophagus,  or  pleural  cavity,  or  more  rarely  into  the 
'mediastinum,  the  pulmonary  artery,  or  one  of  the  large 
veins. 

Aneurisms  of  the  innominate  artery  alone  are  rare,  but 
we  oftener  see  tumors  of  the  arch  associated  with  more 
or  less  considerable  dilatation  of  the  innominate  trunk. 
The  enlargement  will  be  found  beneath  the  right  sterno- 
clavicular articulation  and  inner  part  of  the  first  rib,  and 
may  extend  into  the  neck  beneath  the  sterno-mastoid  mus- 
cle. In  these  situations  we  must  look  for  the  usual  local 
signs,  swelling,  pulsation,  and  bruit.  The  latter  may  be 
heard  up  the  carotid.  The  efiEect  upon  the  distal  arteries  is 
generally  well  marked.  The  symptoms  are  chiefly  pain, 
both  local  and  more  especially  radiating  up  the  right  side  of 
the  neck  and  back  of  the  head,  sometimes  down  the  right 
arm,  with  numbness ;  and  if  the  tumor  be  larger,  there 
will  be  signs  of  compression  of  trachea  or  oesophagus 
or  an  innominate  vein.  Cases  sometimes  arise  where 
it  is  extremely  diflicult  to  determine  whether  the  dis- 
ease is  confined  to  the  innominate  artery  or  occupies 
as  well  a  portion  of  the  arch  at  the  origin  of  this  ves- 
sel. For  instance,  a  man  came  under  observation  a 
short  time  ago  at  the  Montreal  General  Hospital,  with  a 
strongly  pulsating  tumor  rising  out  of  the  neck  above  the 
right  sterno-clavicular  articulation.  Dr.  Fenwick,  whose 
patient  he  was,  believed  it  to  be  purely  innominate.  Its 
strict  limitation  to  the  area  near  this  vessel,  the  distinct- 
ness with  which  the  cylindrical  tumor  could  be  defined 
by  the  examining  finger,  the  interference  with  the  pulsa- 
tions in  the  radials,  and  the  ab,sence  of  all  signs  of  swell- 
ing of  the  arch,  as  determined  by  most  careful  examina- 
tion, all  seemed  to  favor  this  conclusion.  This  opinion 
was  confirmed  at  a  consultation  of  several  members  of 
the  staff,  and  it  was  decided  to  recommend  treatment  by 
distal  ligature.  This  the  patient  refused  to  submit  to, 
and  was  discharged.  He  subsequently  died  suddenly, 
while  running,  from  rupture  into  the  pericardium  of  a 
small  aortic  dilatation  just  above  the  valves.  The  aneu- 
rism in  question  was  found  at  the  autopsy  to  be  entirely 
aortic.  A  remarkably  elongated  saccular  dilatation 
sprang  from  the  arch  directly  behind  the  innominate 
artery  (somewhat  compressing  it)  and  appeared  above  the 
inner  edge  of  the  clavicle.  The  innominate  was  com- 
pletely pervious  and  of  normal  size.  The  deception  was 
complete  and  would  have  given  rise  to  a  grave  error  of 
treatment  had  the  patient  consented.  Although,  as  in  the 
case  just  related,  mistakes  of  this  kind  are  sometimes  quite 
unavoidable,  yet  in  the  majority  of  cases,  a  thorough  in- 
vestigation of  all  the  symptoms  and  physical  signs  will 
suffice  to  make  a  diagnosis. 

Amturisms  of  ilie  descending  tlwracic  otoria  are  less  com- 
mon than  the  others.  They  also  may  be  cylindrical  or 
saccular.  Prom  the  depth  at  which  they  are  situated  in 
the  chest,  and  the  thickness  of  the  structures  everywhere 
surrounding  them,  they  are  difficult  of  detection,  and  as 


the  symptoms  from  them  may  be  only  slight  and  ill- 
defined,  they  may  continue  for  a  long  time  unsuspected, 
Pain  is,  however,  seldom  absent,  and,  if  long  continued, 
points  strongly  to  aneurism.  This  point  has  been  already 
sufl3ciently  dwelt  upon.  The  earliest  physical  signs  con 
sist  in  localized  dulness  to  the  left  of  the  spine,  and  en- 
feebled breathing  over  the  same  area.  Later  on,  a  sys- 
tolic bruit  may  be  heard.  Occasionally,  retardation  of 
the  left  femoral  pulse,  as  compared  with  that  of  the 
radial,  has  been  observed.  When  of  large  size,  the  aneu- 
rism pushes  the  heart  forward,  and  the  heaving  impulse 
of  the  tumor  can  be  felt  anteriorly  through  the  heart.  A 
rare  symptom  is  dilatation  of  the  veins  on  the  anterior 
aspect  of  the  chest  from  pressure  upon  the  azygos  and 
intercostal  veins,  Lying  against  the  vertebral  bodies, 
these  aneurysms  very  commonly  produce  erosion  of  those 
structures ,  if  this  be  sufficiently  considerable,  bending  of 
the  vertebral  column  occurs,  with  posterior  curvature. 
Prom  this  cause,  or  from  opening  of  the  vertebral  canal, 
pressure  is  sometimes  brought  to  bear  upon  the  spinal  cord 
itself,  with  a  resulting  paraplegia.  The  oesophagus  is 
sometimes  compressed ,  and  dysphagia  produced.  Attacks 
of  pleuritis  in  the  lower  part  of  the  leftside  are  a  very  fre- 
quent accompaniment.  These  usually  result  in  plastic 
effusion,  but,  at  times,  even  pretty  considerable  quantities 
of  serum  may  be  found.  Some  years  ago  I  found  a  hos- 
pital patient  complaining  of  stitching  pain  in  the  left  side. 
Very  moderate  effusion  was  determined  by  physical  ex- 
amination. There  had  been  slight  pain  in  the  back  for  some 
time  previously,  but  this  had  not  been  of  sufficient  dura- 
tion or  intensity  to  lay  stress  upon.  The  fluid  continued 
to  collect,  and  was  removed  by  aspiration,  with  relief.  A 
few  days  afterward  he  died  suddenly  from  rupture  of  an 
aneurism  of  the  descending  aorta  into  the  same  pleural 
cavity. 

Rupture  of  these  aneurisms  occurs  most  frequently  into 
the  left  pleural  cavity,  sometimes  into  the  right,  and  occa- 
sionally into  the  oesophagus.  Cases  are  known  where  the 
sac  opened  into  the  spinal  canal. 

Diagnosis. — The  recognition  of  thoracic  aneurism  is 
just  as  easy  in  some  cases  as  it  is  difficult  In  others.  Su- 
perficial, strongly  pulsating  aneurisms  are  readily  ob- 
served, and  not  unfrequently  the  throbbing  will  have 
been  noticed  by  the  patient  himself.  On  the  contrary, 
deep-seated  dilatations  may  give  no  appreciable  physical 
signs,  when  the  diagnosis  may  be  obscure.  If  one  of 
these,  at  the  same  time,  cause  no  symptoms  by  its  press- 
ure, then  the  diagnosis  becomes  impossible.  Not  a  few 
aneurisms  of  the  ascending  arch,  even  of  considerable 
size,  prove  the  cause  of  sudden  death  in  persons  previously 
believed  to  have  been  in  good  health.  These,  having 
caused  no  symptoms,  had  never  been  looked  for,  but 
could  undoubtedly  have  been  detected  by  physical  ex- 
amination. The  combination  which  gives  the  greatest 
certainty  to  the  diagnosis  of  thoracic  aneurism  is  the 
union  of  physical  signs  of  tumor  with  pulsation  in  the 
course  of  the  aortic  arch,  together  with  some,  or  best, 
several,  of  the  pressure-symptoms  enumerated.  The  dif- 
ficulties in  the  diagnosis  of  these  cases  arise  from  the  great 
variability  which  is  met  with  in  the  manner  in  which 
these  different  indications  may  be  grouped  together. 
Thus  we  meet  with  cases  where  some  of  the  physical 
signs  Df  aneurism  are  observed,  and  no  pressure-symp- 
toms ;  others,  again,  where  there  are  evident  pressure- 
symptoms,  with  perhaps  only  a  few  of  the  signs  of  aneu- 
rism. In  not  a  small  number  of  cases  the  conditions 
lead  to  the  recognition  of  an  intra-thoracic  tumor,  and  the 
difficulty  only  begins  when  we  endeavor  to  differentiate 
between  a  solid  tumor  and  aneurism.  The  simulation  of 
aneurism  by  a  solid  tumor  placed  between  the  chest-walls 
and  the  aorta  may  be  very  close.  Dulness,  pulsation 
bruit  will  be  found,  and  pressure-symptoms  of  identical, 
character  will  occur.  The  chief  points  of  distinction  are 
the  following  :  In  the  case  of  the  neoplasm,  the  dulness  is 
likely  to  be  less  clearly  restricted  to  the  aortic  region,  the 
pulsation  will  not  be  at  all  so  forcible,  the  systolic  bruit 
will  probably  not  be  followed  by  an  accentuated  second 
sound.  Bronchial  respiration  commonly  is  heard  over  a 
solid  tumor,  while  enf  eeblement  or  silence  is  the  rule  in 
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aneurism.  Again,  persons  with  aneurism  are  not  sub- 
ject to  suffer  severely  as  to  their  general  nutrition  and  ap- 
pearance, while  the  contrary  holds  good  with  reference  to 
nearly  all  forms  of  intra-thoracic  solid  growth.  Attention 
to  the  following  points  may  also  assist  the  investigator  in 
doubtful  cases.  Aneurism  is  many  times  more  frequent 
than  solid  tumor.  It  occurs  much  more  often  in  men 
than  in  women.  It  is  favored  by  a  history  of  rheuma- 
tism, strain,  alcoholism,  or  syphilis.  (Fifty  per  cent,  of 
cases  of  aneurism  have  had  syphilis.) 

Pulsating  empyema  is  a  rare  condition,  which  some- 
times simulates  aneurism.  The  chief  physical  signs  to  be 
here  met  with  will  be  dulness  on  percussion  and  local 
pulsation,  but  no  pressure-symptoms  will  be  present. 
Examined  closely,  the  dulness  will  be  observed  to  be  less 
clearly  localized  in  the  aortic  region  than  that  of  an 
aneunsm.  Moreover,  other  signs  of  arterial  disease  will 
be  wanting,  and,  on  the  other  hand,  there  will  be  some 
evidences  of  disease  in  the  pleura  or  the  lung,  accom- 
panied by  a  certain  degree  of  constitutional  disturbance. 
These  differences  will  usually  suffice  to  avoid  error. 
Puncture  with  a  fine  aspirator-needle  would,  in  any  case, 
clear  up  the  diagnosis. 

Prognosis. — lit  is  usually  a  matter  of  considerable  dif- 
ficulty to  form  a  satisfactory  opinion  as  to  the  prospects 
of  life  of  a  person  suffering  from  thoracic  aneurism.  Un- 
doubtedly the  disease  generally  tends  to  prove  fatal,  and 
is  actually  the  immediate  cause  of  death  in  the  majority  of 
cases ;  and  yet,  in  a  certain  number,  increase  in  the  tumor 
is  arrested  and  moderate  health  is  enjoyed  for  perhaps  a 
period  of  several  years,  even  then  the  fatal  event  being 
brought  about  by  some  affection  entirely  independent 
of  the  aneurism  itself.  It  is  often  clearly  impossible  to 
estimate  at  all  accurately  the  size  of  a  deep-seated 
tumor,  or  the  degree  to  which  it  may  lie  against  im- 
portant adjacent  organs,  and  hence  ruptures  in  various 
directions,  which  no  skill  could  possibly  foresee.  Those 
aneurisms  which  arise  from  the  root  of  the  aorta  are  the 
most  dangerous,  as  they  tend  most  frequently  to  rupture 
while  yet  small.  Those  of  the  ascending  arch — if  they 
grow  forward  and  to  the  right — are  calculated  to  permit 
of  the  longest  tenure  of  life.  Those  of  the  transverse 
arch  and  descending  thoracic  aorta  are  probably,  on  the 
whole,  more  favorable  than  the  first  and  less  so  than  the 
last ;  the  reason  for  this,  of  course,  being  their  greater 
proximity  to  numerous  important  structures,  which  can 
hardly  escape  from  injurious  pressure.  Our  opinion,  there- 
fore, of  the  probability  of  the  prolongation  of  the  patient's 
Mfe  must  depend  upon  the  situation  of  the  aneurism,  the 
fluidity  or  the  contrary  of  its  contents,  and  the  presence  or 
absence  of  symptoms  of  compression  to  a  serious  extent  of 
the  surrounding  parts.  If  this  be  well  marked  upon  the 
trachea  or  oesophagus,  a  fatal  result  may  be  anticipated 
before  many  weeks  or  months.  Other  conditions  to  be 
considered  are  the  following  -.  Mode  of  life  ;  if  a  person 
with  aneurism  be  obliged  to  earn  his  living,  and  especially 
if  the  occupation  followed  be  at  all  laborious,  his  chances 
of  living  will  be  far  less  than  those  of  his  more  favored 
fellow  who  may  be  able  to  live  at  ease  and  free  from  care. 
Rest  is  so  important  in  these  cases  that  if  this  cannot  be 
secured  the  disease  is  almost  sure  to  be  progressive,  and 
perhaps  even  to  advance  rapidly,  while,  on  the  other 
hand,  it  seems  sometimes  surprising  how  long  the  fatal 
end  can  be  averted,  even  in  advanced  cases,  by  the  ob- 
servance of  great  precautions  in  this  respect.  This  re- 
mark will  also  necessarily  apply  to  the  cases  of  patients 
who,  from  irritability  of  temper  or  other  similar  causes, 
refuse  to  carry  out  this  essential  principle  of  their  treat- 
ment. The  temperament  of  the  patient  is  of  importance, 
for  anger,  excitement,  and,  indeed,  any  violent  reaction 
may  be  followed  by  the  most  serious  results.  Indulgence 
in  alcoholic  liquors  is  sure  to  interfere  with  the  quiet 
action  of  the  heart  which  is  so  desirable  ;  intemperance 
must,  therefore,  influence  strongly  our  prognosis. 

Associated  Gonditions. — The  existence  of  lesions,  espe- 
cially valvular,  of  the  heart,  of  the  lungs,  of  the  larynx  or 
bronchi,  etc.,  must  all  be  carefully  studied  and  appreci- 
ated at  their  true  worth  as  regards  the  future.  Finally, 
the  general  condition  with  reference  to  nutrition,  muscu- 
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lar  development,  digestion,  etc. ,  must  also  take  its  place 
in  rendering  the  prognosis  either  more  or  less  favorable. 

Treatment. — Aneurism  within  the  chest  is  capable  of 
the  same  spontaneous  cure  which  occurs  occasionally 
elsewhere.  Complete  coagulation  and  hardening  of  the 
contents,  with  arrest  of  all  symptoms,  is,  however,  ex- 
tremely rare.  Still  it  is  always  obviously  a  duty  to  en- 
deavor to  place  a  patient,  the  subject  of  this  formidable 
disease,  in  as  favorable  a  position  as  possible  for  this  pro- 
cess to  occur.  All  treatment,  therefore,  which  is  not 
merely  palliative,  is  directed  toward  insuring  conditions 
likely  to  promote  firm  coagulation  within  the  sac. 

In  the  large  majority  of  cases  of  intra-thoracic  aneurism 
we  are,  from  the  nature  of  things,  precluded  from  those 
methods  of  treatment  which  are  applied  directly  to  the 
tumor  itself  or  its  immediate  neighborhood,  and  are  fre- 
quently distinctly  curative.  We  are,  on  the  contrary, 
compelled  to  treat  these  cases  by  general  measures  and  by 
such  indirect  means — drugs — as  experience  has  proved  to 
be  of  value.  The  objects  in  view  may  be  briefly  stated 
to  be  to  reduce  the  tension  within  the  aneurism,  to  secure 
regularity  of  the  heart's  action  without  frequency,  to  main- 
tain the  blood  in  good  chemical  condition  without  un 
due  bulk,  and  to  favor  thickening  of  the  sac's  walls.  To 
follow  out  these  indications  it  is  necessary  to  secure  the 
full  direction  of  the  case  for,  perhaps,  several  months ; 
to  meet,  therefore,  with  any  success,  it  is  absolutely 
requisite  to  have  the  hearty  co-operation  of  the  patient, 
who,  if  sufficiently  intelligent,  must  be  made  acquainted 
with  the  nature  of  the  case  and  the  urgent  need  of  his 
assistance,  irksome  though  he  may  find  it  to  be. 

The  recumbent  position,  for  a  length  of  time,  is  always 
to  be  recommended.  The  effects  of  this  measure  alone 
are  often  sufficiently  striking.  When  the  person's  cir- 
cumstances permit,  the  restriction  to  a  lying  posture 
should  be  absolute,  and  should  be  persisted  in  for  several 
months,  except  the  general  health  appear  to  be  suffer 
ing  materially  from  the  close  confinement,  when,  with 
due  precautions,  sitting  up  and  slow  walking  may  be  per- 
mitted. If,  on  the  other  hand,  circumstances  prevent  ab- 
solute rest  from  being  carried  out,  then,  at  any  rate,  very 
stringent  rules  must  be  insisted  upon,  governing  the  pa- 
tient's entire  mode  of  life,  with  the  view  of  insuring  the 
least  possible  muscular  exertion.  This  is  a  point  on  which 
too  much  stress  cannot  be  laid.  These  patients  live  con- 
stantly on  the  edge  of  a  precipice,  yet  when  immediate 
suffering  is  relieved,  this  fact  is  too  often  lost  sight  of, 
with  disastrous  results.  A  patient  whom  I  treated  not 
long  ago  during  a  year  for  an  aneurism  of  the  ascending 
arch,  was  so  far  benefited  that  he  took  a  situation  as  a 
messenger.  In  spite  of  all  warnings  to  the  contrary,  he 
soon  undertook  to  handle  heavy  baskets  and  other  pack- 
ages. One  day,  shortly  after,  sudden  pain  was  experi- 
enced in  the  tumor,  followed  by  the  extraordinarily  rapid 
development  of  an  external  tumor.  This  quickly  at- 
tained the  size  of  a  child's  head,  and  proved  fatal,  with 
great  suffering.  Hardly  less  important  than  physical  rest 
is  mental  quietude.  Habitual  worries  of  all  kinds  should 
be  as  much  as  possible  excluded,  while  actual  excitement 
is  in  every  respect  highly  dangerous.  A  fit  of  anger  or 
other  violent  emotion  may  prove  fatal,  either  by  actually 
causing  rupture  of  the  sac  or  (as  in  a  recent  case  of  my 
own)  from  syncope. 

The  diet  is  a  matter  of  importance.  A  very  old  treat- 
ment of  aortic  aneurism  was  that  of  Valsalva,  in  which  re- 
peated blood-lettings  were  practised  together  with  a  grad- 
ual restriction  of  the  food  until  the  amount  of  this  was 
brought  within  the  lowest  possible  limits  short  of  actual 
starvation.  The  fallacy  of  this  proceeding  has,  however, 
been  long  ago  demonstrated.  Blood-letting  has  but  little, 
or  but  a  temporary,  effect  upon  the  blood-pressure ;  and 
the  withdrawal  of  food  causes  anaemia  and  weakness,  with 
irritability  of  the  heart  and  impaired  nutrition  of  the  ar- 
terial walls,  which  indirectly  aggravate  the  disorder. 
The  result  of  experience  shows  that  the  formation  of 
coagulum,  which  is  likely  to  be  of  service  in  the  process, 
will  proceed  better  if  the  patient  be  not  too  much  re- 
duced. Tufnell,  of  Dublin,  is  the  only  comparatively 
recent  writer  who  has  advocated  the  starvation   plan. 
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Following  his  recommendation,  the  system  lias  been  ex- 
tensively tried,  but  few  are  found  who  can  report  results 
calculated  to  lend  support  to  its  efficacy.  As  much  nour- 
ishing food  should  be  allowed  as  can  be  thoroughly  di- 
gested, making  due  allowance  for  the  weakened  digestive 
activity  owing  to  the  enforced  rest  in  bed.  If  the  pa- 
tient be  plethoric  and  show  evidences  of  congestive  ten- 
dencies, then  our  treatment  may  well  be  begun  by  de- 
pletory measures  for  a  time— a  low  diet  with  laxatives  or 
saline  purgatives. 

As  regards  medicines,  many  have  been  tned  but  lew 
have  proved  useful.  The  most  valuable  drug  is  un- 
doubtedly iodide  of  potassium.  The  good  effects  of  the 
iodide  were  described  by  Dr.  Chuckerbutty  in  1862,  by 
Dr.  Roberts  in  1863,  and  emphasized  and  enlarged  upon 
by  Dr.  George  Balfour  a  few  years  later.  Since  that 
time  it  has  been  extensively  employed,  and  has  continued 
to  grow  in  favor.  The  two  former  writers  considered 
that  it  acted  by  inducing  increased  coagulability  of  the 
blood,  but  this  view  is  not  shared  by  Dr.  Balfour.  He 
considers  that  the  iodide  has  "  a  peculiar  action  on  the 
fibrous  tissue,  whereby  the  walls  of  the  sac  are  thickened 
and  contracted,  while  if  coagulation  should  take  place 
within  the  sac,  it  plays  but  a  very  secondary  and  unim- 
portant part,  depending  for  its  occurrence  solely  on  the 
remora  of  the  blood,  and  is  in  no  respect  due  to  the  iodide 
of  potassium."  This  corresponds  entirely  with  the  re- 
sults of  my  own  observations,  for  in  one  case,  where  the 
relief  to  pain  and  general  improvement  had  been  very 
marked  for  a  long  time  under  this  treatment,  the  autopsy 
subsequently  showed  that  not  a  particle  of  flbrine  had 
been  deposited  on  the  walls  of  the  sac.  Dr.  Bramwell 
suggests  that  it  acts  by  reducing  the  blood-pressure  and 
relieving  the  tension  within  the  sac.  The  symptoms 
which  specially  indicate  the  drug  are  pain  and  trouble- 
some cough.  The  special  pains  of  thoracic  aneurism  are 
generally  very  rapidly  allayed,  and  are  often  for  a  great 
length  of  tirne  held  in  abeyance  by  this  agent ;  and  the 
same  may  be  stated  with  reference  to  the  troublesome 
attacks  of  irritating  cough  which  the  tumor  may  excite 
from  time  to  time.  Independently,  however,  of  its  em- 
ployment for  the  relief  of  these  urgent  symptoms,  it  is  to 
be  administered  steadily  for  such  a  time  as  may  be 
thought  necessary  to  influence,  as  above,  the  disease  it- 
self. The  dose  usually  given  varies  from  ten  to  thirty 
grains  thrice  daily.  Balfour,  who  formerly  inclined  to 
the  larger  dose,  thinks  now  that  fully  as  good  effects  can 
be  obtained  from  smaller  ones.  His  rule  is  to  employ 
such  a  quantity  as  will  lower  the  blood-pressure  without 
increasing  the  frequency  of  the  cardiac  contractions. 
Beginning  with  ten-grain  doses,  ascertain  the  pulse-rate 
(the  patient  being  recumbent),  and  increase  to  fifteen ;  if  no 
increase  in  the  pulse  be  observed,  this  is  to  be  continued, 
but  if  the  pulse  gets  quicker,  then  return  to  ten.  It  is 
rare  that  more  than  fifteen  grains  can  be  borne' within  the 
limits  of  this  test.  The  treatment  must  be  persevered 
with,  at  the  least  during  several  months,  and  to  give  it  a 
fair  trial,  probably  during  a  whole  year,  or  even  more. 
If  troublesome  eruptions  are  produced  by  the  potash,  an 
intermission  must  be  allowed  till  this  is  recovered  from. 
It  is  also  well  to  remember  that  some  persons  who  are 
thoroughly  intolerant  of  iodide  of  potassium  can  take 
iodide  of  sodium  without  any  outward  effects.  Dr. 
Balfour  speaks  truly  when  he  says  the  results  (from 
Iodide  treatment)  "are  extremely  encouraging,  and  when 
we  reflect  upon  the  entire  absence  of  any  risk  to  the  pa- 
tient from  the  treatment,  and  the  almost  certainty  of 
relief  to  his  sufferings  and  prolongation  of  his  life  being 
at  least  attained,  I  think  I  am  warranted  in  saying  that  no 
treatment  for  internal  aneurism  hitherto  devised  holds 
out  anything  like  an  equal  prospect  of  relief,  if  not  of 
cure,  with  that  by  the  iodide  of  potassium." 

Tannic  acid  and  acetate  of  lead  have  both  been  given 
with  a  view  to  promote  coagulation  and  favor  contraction 
of  the  sac.  No  reasonable  degree  of  success  has  followed 
in  either  case,  even  although  the  latter  salt  has  repeatedly 
been  pushed  to  the  production  of  full  toxic  effects.  I  have 
tried  It  in  one  case  of  aneurism  of  the  abdominal  aorta 
continuing  its  use  until  a  deep  blue  line  appeared  on  the 
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gums,  but  without  any  noticeable  change  in  the  size  of 
the  tumor  or  the  strength  of  the  pulsations. 

Brgotine,  given  internally  (or  by  hypodermic  injec- 
tions), on  theoretical  grounds,  to  contract  the  vessel,  has 
failed  to  produce  any  reliable  results. 

Mr.  Christopher  Heath  and  a  few  others  have  suggested 
and  practised  ligature  of  one  or  more  of  the  great  branches 
of  the  aortic  arch,  the  object,  of  course,  being  to  still 
further  retard  the  blood-current  and  thus  promote  coagu- 
lation. Some  support  is  given  to  this  procedure  from  the 
benefit  which  has  been  observed  in  certain  cases  of  aortic 
aneurism  when  the  carotid  and  subclavian  of  the  right 
side  had  been  ligatured,  under  the  Impression  that  the 
disease  was  confined  to  the  innominate  artery.  At  most 
it  would  only  be  applicable  to  cases  where  the  tumor  was 
sacculated  and  either  involving  the  root,  or  situated 
close  to  the  origin  of  some  of  the  great  vessels.  Evidence 
of  extensive  atheromatous  disease  would  shut  out  any 
prospect  of  advantage  from  this  surgical  procedure. 

Attempts  have  also  been  made  to  produce  rapid  coagu- 
lation of  the  blood  within  the  sac  by  the  introduction 
therein  of  foreign  bodies.  Fine  iron  wire,  watchspring, 
and  horsehair  have  been  employed  for  this  purpose.  The 
results,  however,  have  been  more  or  less  disastrous.  The 
coagulum  thus  formed  is  soft  or  friable,  and  consequently 
very  liable  to  the  detachment  of  emboli,  and  moreover 
is  actually  loose  in  the  centre  of  the  sac,  instead  of  being 
regularly  laminated  upon  its  sides.  Inflammation  of  the 
sac  is  liable  to  occur,  and  as  there  is  no  means  of  keeping 
this  within  the  bounds  of  safety,  may  itself  cause  danger- 
ous symptoms.  The  principle  seems  faulty,  and  the  ab- 
sence of  good  results  has  caused  the  treatment  to  be 
abandoned. 

There  still  remains  to  be  mentioned  a  form  of  treatment 
which  has  seemed  to  be  of  service  in  a  few  cases  of  other- 
wise desperate  character.  That  is  gahano-puncture. 
The  use  of  electricity  in  this  way  is  only  permissible  after 
a  fair  trial  for  a  sufficient  length  of  time  of  complete 
rest  and  iodide  of  potassium.  It  is  advised  in  sacculated 
aneurisms  which  arc  situated  near  the  surface  of  the 
chest,  have  resisted  treatment,  are  rapidly  enlarging,  and 
threaten  soon  to  rupture.  This  method,  in  suitable  cases, 
has  met  with  a  certain  measure  of  success,  but  it  has 
much  more  frequently  failed  of  its  object,  in  some  in- 
stances even  having  caused  dangerous  inflammation  of 
the  sac,  and  in  others  hastened  the  occurrence  of  rupture. 
For  galvano-puncture  it  is  necessary  to  employ  a  battery 
of  considerable  strength,  the  Leclanche  or  Stohrer  ele- 
ment being  what  is  generally  preferred.  Experiments 
liave  been  made  with  one  needle  only  or  with  both  intro- 
duced within  the  sac.  From  these  it  seems  generally  ad- 
mitted that  it  is  necessary  only  to  pass  in  one  or  two 
needles  connected  with  the  positive  pole,  while'  the  nega- 
tive is  attached  to  a  flat  metallic  electrode  on  the  surface 
of  the  abdomen.  It  is  recommended  either  to  continue 
the  current  for  a  short  time  only,  say  twenty  or  thirty 
minutes,  by  which  a  small  clot  will  be. formed  to  con- 
stitute a  nucleus  for  further  deposition  ;  or  else  to  allow 
the  current  to  pass  for  a  time  sufficient  to  coagulate  the 
entire  contents  of  the  aneurism,  say  two  or  three  hours. 
It  may  be  necessary  to  repeat  the  operation  after  an  in- 
terval of  some  days. 

Although  the  special  treatment  of  thoracic  aneurism  in 
the  majority  of  cases  consists  of  prolonged  rest  and  the 
administration  of  iodide  of  potassium,  as  above  detailed, 
there  are  besides  these  certain  therapeutic  measures  at  our 
command  for  the  relief  of  individual  symptoms. 

Excited  cardiac  action  and  palpitation  is  best  relieved 
by  the  judicious  use  of' tincture  of  digitalis  and  the  em- 
plwment  of  a  bladder  of  ice  over  the  front  of  the  chest. 

The  pain,  it  has  been  already  stated,  is  generally  best 
treated  by  the  iodide  of  potassium.  If,  however,  it  be 
very  severe,  it  may  be  necessary  to  use  hypodermic  in- 
jections of  morphia,  until  the  Iodide  shall  have  had  time 
to  act.  Moreover,  we  do  meet  with  rare  cases  where  the 
effect  of  iodide  ultimately  becomes  lost,  and  our  only 
resort  is  the  frequent  use  of  morphia  to  make  life  bear- 
able. One  very  marked  case  of  this  kind  came  under  my 
notice  in  the  pefson  of  a  hospital  patient.    His  aneurism 
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was  as  large  as  a  cricket-ball,  and  almost  as  solid.  Neu- 
ralgic pains  were  complained  of  persistently,  were  re- 
lieved for  a  cosnsiderable  time  by  iodide  treatment,  but, 
for  more  than  a  year  previous  to  his  death,  we  were 
obliged  to  administer  daily  hypodermics  of  morphia  in 
considerable  quantity.  Pain  of  well-defined  neuralgic 
character  (especially  the  intercostal)  is  decidedly  bene- 
fited by  the  application  of  small  blisters  over  the  most 
tender  parts. 

Dyspnoea,  if  due  to  accompanying  catarrh,  must  be 
treated  with  reference  to  the  latter  disorder.  But  if,  as 
is  most  frequently  the  case,  it  is  the  result  of  mechanical 
pressure  and  irritation  of  nerves,  recourse  must  be  had  to 
sedatives  and  narcotics,  especially  morphia  and  hydro- 
cyanic acid.  Alcohol  in  tolerably  full  doses  is  also  of  con- 
siderable assistance. 

If  a  projecting  tumor  form,  care  must  be  taken  to  pro- 
tect it  from  injury  or  friction  by  some  arrangement  of 
pads  or  a  shield  of  some  smooth  metallic  substance  lined 
with  cloth. 

When  rupture  has  actually  taken  place,  we  can  prob- 
ably do  nothing ;  but,  if  any  preliminary  bleeding  should 
occur,  we  may  endeavor  to  prevent  this  going  on  to  rapid 
haemorrhage  by  the  use  of  ice  externally  and  the  adminis- 
tration of  astringents  with  ergot,  while  the  most  perfect 
quietude  is  enjoined.  George  Boss. 

ANGELICA.  {Badix  Angelica,  Ph.  G.  ;  Angilique  offi- 
cinale, Codex  Med.,  root  and  fruit ;  Archangelica  sativa 
Bess.  ;  A.  officinalis  Hoflm.)  The  source  of  the  above 
is  one  of  five  species  which  have  been  separated  from  the 
older  Linnsean  genus  Angelica,  on  account  of  their  hav- 
ing numerous  oil-ducts,  or  viUcB,  in  the  fruit,  instead  of 
six,  as  in  typical  Angelicm.  By  Baillon  all  are  included 
together.  They  are  large,  rank-growing,  strong,  but  not 
exactly  unpleasant-smelling  umbelliferse,  inhabiting  the 
colder  parts  of  Europe  and  America.  Arclmngelica  sati'oa 
grows  one  and  a  half  or  two  metres  (four  to  six  feet)  high, 
from  a  large,  fleshy,  biennial  root,  and  has  a  smooth, 
fiuted,  purplish,  hollow  stem.  The  fruits  are  large  oval, 
fiattened,  narrowly  winged  at  the  sides,  with  a  loose, 
separable  epicarp  ;  the  endocarp,  with  about  twenty  mitai, 
is  attached  to  the  seed.  Garden  angelica  is  a  native  of 
Europe,  from  Prussia  to  the  North  Cape,  growingfurther 
south  in  elevated  districts.  It  is  also  found  in  Northern 
Russia  and  Siberia,  as  well  as  in  Iceland  and  Greenland. 
It  has  long  been  cultivated  in  Europe,  and  is  occasionally 
found  in  gardens  in  the  United  States,  from  which  it  now 
and  then  escapes  The  commercial  supply  is  from  the 
plant  cultivated  in  France  and  Germany. 

It  is  one  of  the  few  vegetables  whose  use  began  in  the 
extreme  north  of  Europe,  and  extended  southward.  It 
was  an  article  of  food  in  Norway  and  Iceland  many  years 
ago,  when  its  spicy  taste  made  it  a  grateful  addition  to 
the  monotonous  diet  of  the  North.  Later,  in  the  fif- 
teenth and  sixteenth  centuries,  it  was  generally  cultivated 
throughout  Central  Europe.  Since  then,  the  use  of  an- 
gelica has  been  gradually  diminishing,  milder  flavored 
vegetables  taking  its  place,  and  it  is  only  grown  at  present 
lo  fill  a  very  moderate  demand  for  it  in  domestic  and 
veterinary  medicine,  confectionery,  and  liqueurs. 

The  root  consists  of  a  large  short  rhizome,  terminated 
above  by  a  hollow  stem,  and  often  worm-eaten.  Below,  it 
divides  into  numerous  thick,  fleshy  roots,  one  centimetre 
(one-third  of  an  inch)  in  thickness,  and  twenty  or  thirty 
in  length,  of  a  brownish-gray  color,  much  wrinkled  longi- 
tudinally, and  tuberculated.  They  are  rather  soft  and 
pliable,  brownish-white  within,  and  in  the  dried  speci- 
mens lie  in  a  parallel  tress  or  bunch.  The  odor  is  rather 
pleasant ;  the  taste  at  first  sweetish,  later  bitter  and  musky. 
Radially  arranged  oil-,  etc.,  ducts  are  to  be  seen  under  the 
microscope  on  section,  chiefly  in  the  cortical  portion. 

The  principal  constituents  of  angelica  are,  first,  an 
essential  oil,  of  which  it  yields  from  eight-tenths  to  one 
per  cent.  ;  this  has  the  odor  of  the  plant  and  the  usual 
carminative  qualities  of  the  oils  of  the  order.  Secondly, 
angelic  add,  one- third  of  one  per  cent.,  discovered  by 
Buchner  in  1843,  and  since  found  in  a  number  of  other 
plants,  as  well  as  made  by  synthesis ;  an  odorous  crystal- 


line volatile  acid,  nearly  insoluble  in  water,  but  readily  so 
in  alcohol,  ether,  or  chloroform.  Thirdly,  a  minute 
quantity  of  valei'ianic  acid.  Finally,  angelicin,  and  a 
bitter  principle. 

Angelica  is  an  agreeable  aromatic,  and  like  the  roots  of 
many  other  umbellif  ers  is  also  quieting  and  antispasmodic. 
It  is  not  to  be  reckoned  among  active  medicines,  but  would 
be  a  useful  aromatic  adjuvant  to  others,  if  we  had  not  so 
many  of  its  kind.  Its  dose  is  naturally  an  indefinite  one, 
but  from  one  to  three  grams  (grs.  xv.  ad  grs.  xl.)  would 
be  pleasantly  carminative,  and  certainly  not  dangerous. 
A  hot  infusion  (one-tenth)  or  an  alcoholic  extract 
would  be  appropriate  forms,  the  latter  pharmaceutically 
the  most  perfect. 

Allied  Plants. — Archangelica  atropurpurea.  Master- 
wort,  common  in  the  United  States ;  Angelica  syhestns 
Lin-n. ;  Levisiicum  officinale  Koch,  of  Europe,  and  other 
nearly  related  plants,  have  sometimes  been  used  as  sub- 
stitutes. They  have  similar  qualities,  but  are  ranker  and 
more  disagreeable  in  flavor.  For  further  relations  see 
Anise. 

Allied  Dktjgs. — See  Assafoetida.         W.  P.  Bolles. 

ANGINA  PECTORIS  (Syx",  I  suffocate,  and  pectus, 
breast).  An  idiopathic  or  a  symptomatic  neurosis  char- 
acterized by  sudden  sharp  pain  in  the  chest  and  a  sense 
of  impending  death. 

Various  other  terms  have  been  proposed  by  different 
authors,  who  have  named  the  affection  in  accordance  with 
their  anatomical  notions  of  its  seat  in  the  heart,  lungs, 
diaphragm,  and  even  the  sternum,  its  supposed  connec- 
tion with  other  diseases,  and  its  analogy  with  attacks  of 
asthma  or  syncope.  Among  these  antiquated  names  are 
cardiagmus  cordis  sinistri,  convulsive  asthma,  asthma 
doloriflcum,  diaphragmatic  gout,  arthritic  asthma,  syn- 
cope anginosa,  pneumonalgia,  pneumogastralgia,  sterno- 
cardia,  sternalgia,  and  the  like,  all  of  which  have  been 
treated  in  a  voluminous  way  by  their  respective  observers, 
with  more  or  less  obscurity  and  discrepancy.  The  most 
generally  accepted  term,  angina  pectoris,  is  one  sanctioned 
by  usage,  and  merits  to  be  preserved,  since  it  presupposes 
nothing  of  the  nature  of  a  much  discussed  affection. 

Such  ancient  authors  as  Aretaus  and  Aurelianus  seem 
to  have  observed  the  symptoms  of  angina  pectoris,  and 
in  the  chronological  abridgment  of  Mezeray  there  oc- 
curs the  history  of  a  case  in  which  well-marked  symp- 
toms of  angina  pectoris  are  ment'oned.  The  historic  cases 
of  Seneca,  John  Hunter,  Arnold  of  Rugby,  Dr.  Chal- 
mers, John  Leech,  and  of  Charles  Sumner  are  familiar 
to  most  medical  men.  It  was  not,  however,  till  toward 
the  end  of  the  eighteenth  century  that  facts  noted  in  con- 
nection with  the  subject  were  authentically  observed  and 
clearly  described  almost  simultaneously  in  France  and  in 
England.  Since  then  many  vivid  descriptions  of  angina 
pectoris  have  been  given  by  various  writers ;  but  the 
study  of  the  complaint  leaves  several  points  to  eluci- 
date upon  which  there  is  more  or  less  discord  among 
authors  that  have  treated  the  subject. 

Clinically  speaking,  the  diagnosis  of  a  typical  case  of 
angina  pectoris  is  easy,  although  the  principal  symptoms 
of  the  disease  are  mostly  subjective.  Affections  with 
which  it  is  liable  to  be  confounded  are  the  cardiac  pain 
of  aneurism  ;  the  angina-like  pain  in  cardiac  neuroses 
common  to  hysteria,  sexual  hypochondriasis,  or  excessive 
use  of  tobacco ;  and  the  intense  and  persistent  pain  of 
cervico-brachial  neuralgia  in  chronic  basilar  meningitis. 
It  requires  but  little  diagnostic  acumen  to  differentiate 
the  pain  of  biliary  calculi  from  this  affection,  and  in 
spasmodic  asthma  there  is  rarely  present  that  unspeaka- 
ble sense  of  sudden  death.  The  constant  phenomena  of 
the  disease  are  sternal  pain  with  a  feeling  of  anguish  and 
of  sudden  death.  No  pain  can  compare  with  that  of  car- 
diac angina.  In  no  disease  is  there  such  real  physical 
agony  and  such  keen  anxiety.  Words  are  hardly  re- 
quired to  make  the  diagnosis  clear  to  the  observer.  The 
pain,  paroxysmal  in  character,  comes  on  in  attacks  more 
or  less  remote,  at  irregular  intervals,  and  may  last  from 
a  few  minutes  to  several  hours.  Its  greatest  intensity 
is  at  the  seat  of  election,  the  heart,  whence  it  irradiates, 
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in  extremely  severe  cases,  in  all  directions,  up,  down, 
and  sidewise  to  tlie  left  side  of  the  neck,  to  the  left 
shoulder,  and  to  the  maxillary  region,  to  the  intercostal 
spaces,  and  down  the  left  arm.     In  exceptional  cases, 
where  the  lesion  of  the  cardiac  nerves  is  not  limited  to 
the  left  ventricle,  it  extends  to  the  occipital  condyles,  both 
shoulder-blades,  the  finger-ends,  and  down  the  right  arm, 
or  even  to  the  lower  extremities.     In  women  extreme 
sensibility  of  the  breast  is  sometimes  a  symptom.     Each 
patient  has  a  particular  term  to  describe  his  sensations. 
They  have  been  compared  to  a  stab  in  the  heart,  to  a 
sword  plunged  into  the  sternum  and  left  side  of  the  neck, 
to  the  sudden  thrust  of  a  hot  iron  into  the  heart,  to 
strangling  and  suffocation,  and  to  the  sudden  grasp  of  an 
icy  hand,  which  gradually  tightens  until  it  feels  like  a 
clasp  of  steel  crushing  the  heart  to  atoms.     The  indefina- 
ble anguish  that  follows  the  local  violence  and  puts  death 
before  the  eyes,  is  stated  to  be  like  the  anxiety  felt  by  a 
drowning  person.    At  the  outset  of  an  attack,  the  patient 
instinctively  places  his  hand  over  the  seat  of  pain,  terror 
is  depicted  on  his  pallid  countenance,  he  is  insensible  to 
surroundings  and  afraid  to  move,  but  the  integrity  of  the 
intellect  is  perfect :  in  anomalous  cases  only  have  cerebro- 
spinal  symptoms  been  noticed.     The   patient   tries  by 
strong  inspirations  and  deep  sighs  to  increase  the  capacity 
of  the  chest,  which  feels  as  if  being  squeezed  in  a  vise. 
The  respiratory  phenomena,  however,  are  not  uniform  in 
character.    There  is  seldom  actual  difficulty  in  breathing, 
and  auscultation  or  percussion  reveals  nothing,  but  the 
chemistry  of  respiration  is  usually  impeded.     In  some 
cases  a  suspirous  respiration,  or  that  peculiar  form  of 
dyspnoea,  the  so-called  Cheyne-Stokes  respiration,  is  ob- 
served.    The  patient  sometimes  experiences  the  sensation 
of  a  foreign  body  in  the  air-passages.     The  circulatory 
symptoms  are  somewhat  variable.     Except  in  cases  of 
cardiac   complication,  the   pulse  preserves  its    regular 
rhythm,  but  some  observers  report  intermittence,  irregu- 
larity, feebleness  ;  and  the  sphygmic  perturbations  of  the 
attack  indicate  tension  of  the  systemic  arteries.     Cardio- 
graphic  tracings  are  said  to  show  dimiilution   of   the 
amplitude  of  the  pulse-wave,  with  blunting  of  the  apex 
slow    or   greatly  postponed  recoil,  and  obliteration  of 
the  dicrotic   wave.     The  patient's  phonation  and  deg- 
lutition are  interfered  with  during  an  attack.     He  speaks 
but   little,  and  that   like  one  suddenly  surprised    full 
of  fear  and  intent  on  himself  only!     The  stomach  is 
often  sympathetically  affected,  giving  rise  to  eructation 
vomitmg,  and  sometimes  to  difficult  digestion.     Several 
wnters  report  malaise  of  the  bladder,  with  a  desire  to 
micturate  often  ;  but  state  that  no  morbid  changes  in  the 
urine  are  to  be  detected  by  means  of  reagents.     Stran- 
gury, iho-scrotal  neuralgia,  and  swelling  of  the  left  testi- 
cle have  also  been  noted  in  patients  with  gouty  or  rheu- 
matic antecedents,   or  with  some    coarse   pathological 
change  of  the  heart.     If  the  patient  do  not  die  from  syn- 
cope in  the  middle  of  an  attack,  as  more  than  half  of 
them  do,  it  passes  off  with  a  profuse  perspiration,  and 
the  escape  of  flatulent  air  from  the  stomach,  disappearinff 
as  suddenljr  as  it  came  on,  leaving  the  exhausted  patient 
with  a  desire  to  sleep  after  the  terrible  ordeal  through 
which  he  has  just  passed.  " 

Following  the  attack  there  may  be  tremor  with  slight 
loss  of  motion  and  of  sensation  in  the  affected  ai-m  Ind 
the  nervous  phenomena  may  extend  to  the  skin  of  the 
precordia.  In  some  cases  visual  troubles,  insomnia,  and 
the  dreams  pecuhar  to  heart  troubles,  follow  Recover- 
ing from  exhaustion  after  some  days,  the  patient  is  re- 
stored to  his  previous  condition  of  health.  As  the  disease 
advances  the  attacks  become  more  frequent  and  violent 
and  more  easily  brought  on,  until  one  of  them  ends  life 
and  IFniL^.^"  ™''°'^'?'l'  cardiac  angina  is  a  rare  disease  ; 
and  It  occurs  chiefly  in  men,  among  whom  it  is  ten  times 
S°an  Sml^""  ^■"P^g^onien.^  It  has  been  observed 
in  an  epidemic  form  in  two  notable  instances  •  once  in 
Germany  and  once  on  board  a  French  man-of-war  where 

oaa  nygiene  and  the  excessive  use  of   tobacco     Manv 

to  men  that' h«'  "'"'  "T?  P'='="'"^  ^^  ^  disease  co^no^ 
to  men  that  have  passed  the  age  of  forty  ;  but  the  influ- 
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ence  of  age  as  a  causative  factor  is  far  from  being  so  ab- 
solute as  is  pretended,  since  cases  have  been  reported  to 
occur  in  youn^  men  of  twenty-one  and  seventeen,  and  in 
England  and  in  France  cases  of  angina  pectoris'  are  re- 
ported to  have  been  witnessed  even  in  infants.  It  has 
also  been  noticed  in  women  at  the  menopause.  Nor  is 
the  influence  of  heredity  of  such  a  negative  and  indefinite 
nature  as  some  would  have  us  believe.  Reversions  to 
ancestral  forms,  and  the  tendency  in  parents  to  transmit 
temperament  and  infirmities  to  their  offspring,  are  rea 
sons  for  believing  that  atavistic  antecedents  should  be 
taken  into  account  when  considering  the  predisposing 
causes.  More  convincing,  indeed,  is  the  recorded  case  ol 
a  soldier  who  suffered  from  angina.  His  father  had  died 
from  the  disease,  also  his  sister  and  two  brothers.  Other 
cases  of  the  kind  occur  in  medical  literature. 

People  of  quiet,  sedentary  professions,  and  in  affluent 
circumstances,  are  said  to  furnish  the  principal  contingents 
to  this  disease ;  and  climate,  seasons,  and  regimen  play 
a  certain  part  in  its  development.  It  is  more  common  in 
the  British  Isles  and  among  the  Teutonic  races  than  it  is 
in  France,  Italy,  or  Spain.  Its  place  of  predilection  is 
Ireland,  which  passes  for  the  country  where  heart  troub- 
les are  the  most  frequent,  and  it  must  not  be  forgotten 
that  daily  altercations  are  almost  the  hygiene  of  the  Irish. 
Excessive  indulgence  in  tobacco  is  a  causative  factor. 
Eight  cases  of  nicotinic  origin  are  described  in  which  the 
attacks  ceased  when  smoking  was  stopped,  and  returned 
when  the  patients  began  to  smoke  again.  Analogous 
cases  are  reported  by  at  least  four  eminent  authorities. 
Depression  of  the  arterial  system,  produced  under  the 
influence  of  nicotine,  and  observed  microscopically  in 
the  interdigital  membrane  of  a  living  frog,  is  not  without 
its  lesson  to  the  medical  man.  A  direct  inference  is  to  be 
made  from  the  arythm  of  the  heart,  followed  by  contrac- 
tion of  the  coronary  arteries,  producing  a  vasomotor 
spasm  in  organs  that  we  know  to  be  the  point  of  depai-t- 
ure  of  the  malady  in  question. 

Tea,  alcohol,  and  tobacco,  all  of  which  are  largely  used 
by  northern  races,  are  three  prominent  causes  of  angina 
pectoris.  To  these  may  be  added  the  harmful  influences  of 
cold  and  damp  residences ;  the  reflex  impulses  arising 
within  the  body  from  thoracic  or  from  abdominal  dis- 
ease;  the  influence  of  other  diseases,  notably  anaemia, 
and  the  vaso-motor  disturbance  of  persons  suffering  from 
lithiasis ;  the  predisposition  brought  about  by  previous 
attacks  ;  by  organic  affection  of  the  heart,  and  by  the  state 
of  the  stomach.  Sciatica  has  been  known  to  replace  angina 
pectoris,  which  disappeared  when  this  malady  showed  it- 
self ;  and  vegetable  colic  and  angina  pectoris  have  suc- 
ceeded and  replaced  each  other  turn  by  turn,  the  former 
appearing  when  the  latter  disappeared. 

Among  the  occasional  causes  are  anxiety,  sudden  an- 
ger or  joy,  hunger,  walking  or  riding  against  a  cold  wind, 
walking  up  an  inclined  plane,  straining  at  stool,  and,  in 
tact,  everything  that  acts  either  directly  or  indirectly  on 
the  heart  by  accelerating  its  movements  may  cause  an  at- 
tack. Running  after  a  street-car  produced  an  attack  in 
Mr.  Sumner,  who,  by  the  way,  was  an  inveterate  tea- 
dnnker.  He  had  other  attacks  on  turning  suddenly  in  a 
revolving-chair,  and  in  bed  after  a  sound  night's  sleep, 
when  no  definite  exciting  cause  for  them  could  be  as- 
signed ;  but  the  violent  excitement  and  gesticulation  of 
political  speech-making  never  brought  on  an  atUck. 

Idiopathic  and  symptomatic  are  the  varieties  usually 
spoken  of.  There  is  a  disagreement  among  nosologists  as 
to  the  so-called  pseudo-angina,  a  comparatively  trivial 
and  inorganic  form,  the  practical  clinical  utility  of  which 
IS  even  doubted  ;  so  it  will  be  passed  over  to  the  cardiac 
neuralgias  and  dismissed  as  a  distinction  too  subtile  to  be 
discussed  at  the  present  time. 

To  reproduce  and  discuss  even  in  outline  the  various 
opinions  on  the  nature  of  angina  pectoris  since  1768, 
would  only  complicate  without  profit  its  study.  Two 
classes  of  opinions  are  now  held  in  regard  to  it ;  one  hav- 
ing relation  to  an  organic  and  material  lesion  of  the  heart, 
the  other  to  a  nervous  affection  or  functional  perturbation. 
Ulcer  of  the  mediastinum  or  inflammation  of  the  medias 
tmum  ;  fat  in  the  mediastinum  and  pericardium  ;  ossifl 
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cation  of  the  costal  cartilages  ;  persistence  of  the  thymus, 
and  cardiac  changes,  the  principal  being  ossification  of 
the  coronary  arteries,  have  been  successively  Aentioned 
as  anatomical  alterations  characteristic  of  angina  pectoris. 
The  second  group  of  authors,  principally  German,  saw 
in  the  disease  one  of  the  manifestations  of  the  rheumatic 
or  gouty  diathesis.  An  Italian  theory,  forgotten  to-day 
in  Italy  where  it  originated,  makes  angina  pectoris  depend 
on  organic  lesions  of  the  abdominal  organs,  principally 
on  hypertrophy  of  the  liver,  while  others  assign  aortitis 
and  cardiac  ischsemia  as  the  most  common  causes  of 
symptomatic  angina  pectoris.  The  theories  that  regard  it 
as  a  hyposthenia  or  a  syncope,  or  as  an  intense  and  inter- 
mittent asystole  provoked  by  a  cardiac  neurosis,  have  been 
questioned.  The  theory  adopted  to-day  regards  the  mal- 
ady as  a  neuralgia  of  the  cardiac  plexus,  sometimes 
idiopathic,  at  others  symptomatic  of  lesions  of  the  heart 
and  of  the  great  vessels.  The  opinion  generally  admitted 
is  that  the  disease  is  sometimes  a  simple  syndroma  de- 
pendent on  structural  lesion  of  the  heart  or  other  organs, 
and  at  others  a  simple  neurosis  or  a  neuralgia  not  owing 
to  any  appreciable  lesion.  Gleanings  from  numerous 
works  written  on  the  subject  incline  one  to  believe  that 
many  of  the  old  necroscopic  observations  are  imtrust- 
worthy.  Not  having  the  modern  instruments  of  precision 
to  aid  in  research,  the  results  of  the  examination  are  more 
or  less  incorrect ;  and  quite  naturally  led  to  bad  interpre- 
tations and  to  conclusions  purely  hypothetical.  Where 
cardiac  lesions  were  found  the  authors  have  sought  in  the 
lesions  found  after  death  the  reason  of  the  symptoms  ob- 
served during  life.  The  principal  necroscopic  observa- 
tions have  been  limited  to  lesions  of  the  coronary  artery, 
the  aorta,  and  the  cardiac  muscles.  Aortic  insufficiency, 
aneurism,  and  fatty  or  other  degeneration  of  the  heart- 
muscle,  are  the  principal  anatomical  lesions  reported  by 
the  older  writers.  Changes  in  the  nervous  apparatus  of 
the  heart  have  been  noted  by  late  observers,  who  have 
found  microscopic  evidences  of  inflammation  in  the  car- 
diac plexus.  Some  suppose  the  primary  lesion  to  be  in 
the  spinal  cord.  Whether  this  be  true  or  not,  it  is  known 
that  the  starting-point  of  angina  is  most  often  in  the 
domain  of  the  pneumogastric,  that  is  to  say,  it  may  be 
cardiac,  gastric,  or  pulmonary.  A  lesion  of  the  terminal 
branches  of  the  coronary  nerves  may  cause  an  acute  dis- 
tention of  the  heart,  the  keen  pang  from  which  may  be 
reflected  by  way  of  the  sympathetic  branches  of  the  car- 
diac plexus  and  the  spinal  cord  to  other  points  of  the 
periphery,  and  extension  may  take  place  to  all  parts  of 
the  body. 

A  patient  with  cardiac  angina  scarcely  needs  to  be 
reminded  of  the  gravity  of  his  symptoms,  since  he  can 
in  a  measure  foreshadow  his  ultimate  fate.  The  prog- 
nosis is  favorable  in  cases  originating  from  tobacco, 
cold,  or  reflex  of  the  va^us,  provided  the  cause  be  re- 
moved. Generally  speaking,  where  there  is  an  organic 
complication  the  danger  is  greater  ;  but  typical  cases  of 
angina  pectoris  have  been  known  to  survive  for  twenty 
years  or  more.  The  writer  recalls  the  case  of  his  father, 
who  died  suddenly  just  after  going  to  bed.  In  some  pa- 
tients the  disease  has  so  far  abated  in  severity  and  fre- 
quency that  they  have  been  able  to  lead  active  lives,  to 
indulge  in  mountain  climbing,  and  to  go  on  long  jovii- 
neys ;  and  in  the  earliest  literature  of  the  subject  is 
mentioned  a  case  of  Heberden's  angina,  in  which  there 
was  an  approach  to  a  cure,  where  the  patient  had  pre- 
scribed to  himself  the  labor  of  sawing  wood  for  half  an 
hour  every  day. 

If  angina  pectoris  be  symptomatic  there  is  but  little 
chance  of  a  cure.  During  an  attack  a  few  whiffs  of  ether 
or  chloroform  may  be  carefully  inhaled,  or  what  is  better, 
a  few  drops  of  nitrite  of  amyl  placed  on  a  handkerchief 
or  a  piece  of  blotting-paper.  It  is  recommended  that  pa- 
tients should  also  carry  some  of  this  remedy,  which  may 
be  had  in  glass  capsules.  A  paroxysm  coming  on,  it  is 
only  necessary  to  break  one  of  the  capsules  in  a  handker- 
chief and  inhale.  Although  nitrite  of  amyl  is  not  a 
specific,  it  is  useful  in  those  cases  where  there  is  increased 
blood-pressure  in  the  arteries.  The  administration  of  this 
drug  was  suggested  from  the  physiological  fact,  estab- 


lished with  some  degree  of  certainty,  that  a  relation  ex- 
ists between  increased  arterial  tension  and  cardiac  angina. 
Nitro-glycerine  is  valuable  in  relieving  the  paroxysm  and 
also  as  a  preventive.  It  may  be  given  in  the  form  of  a 
lozenge  containing  the  one  one-hundredth  part  of  a  grain, 
or  in  drop  doses  of  a  one  per  cent,  spirituous  solution. 
Some  patients  obtain  relief  in  certain  positions,  for  in- 
stance, when  the  head  is  thrown  back  and  the  spine 
strongly  extended  as  in  opisthotonos.  How  and  why  this 
position  brings  about  relief  is  not  known,  any  more  than 
the  fact  that  pressure  on  the  spinous  and  transverse  pro- 
cesses of  the  cervical  and  upper  dorsal  vertebrae  or  the 
regions  of  the  inferior  angle  of  the  scapulae  excite  and 
increase  the  severity  of  an  attack.  Placing  the  feet  in  hot 
v?ater  is  a  valuable  adjunct  to  the  treatment.  Dry  friction, 
hypodermic  injections  of  morphia,  dry  cups  between  the 
siioulders,  with  the  administration  of  stimulants  and  ano- 
dynes are  also  useful. 

After  the  paroxysm  there  should  be  an  examination  of 
every  organ  and  every  function,  and  a  search  made  for  all 
the  causes  of  deranged  general  health.  Nitro-glycerine 
should  be  given  for  several  days  if  the  arterial  tension  be 
high ;  general  measures  applicable  to  the  treatment  of 
chronic  conditions  and  of  the  cardiac  or  arterial  lesions 
that  happen  to  be  present,  may  be  adopted,  and  the  strict- 
est personal  hygiene  should  be  pursued.  A  nutritious 
diet,  consisting  principally  of  vegetables  and  milk,  is  to 
be  recommended,  and,  where  practicable,  the  grape  cure. 
The  disease  has  been  known  to  be  suppressed  and  arrested, 
and  even  to  disappear,  on  interdicting  the  use  of  tobacco. 
It  is  reported  that  surprising  effects  have  been  obtained 
from  using  two  highly  magnetized  steel-plates  of  a  line  in 
thickness,  and  so  shaped  as  to  conform  to  the  regions 
under  the  left  nipple  and  the  left  shoulder-blade.  The 
actual  cautery  to  the  inner  side  of  the  thigh  has  been 
highly  extolled.  But  electricity  is  perhaps  the  best  of 
tliese  remedial  agents.  Recent  authorities  speak  highly 
of  galvanism,  and  claim  also  to  have  cured  angina  pectoris 
by  the  local  application  of  the  f  aradic  current.  Electric 
treatment  has  proved  so  useful  in  angina  pectoris  that  it 
is  now  looked  upon  as  the  only  direct  remedy. 

Ferruginous  and  arsenical  preparations,  and  quinia 
with  musk,  are  among  the  medicaments  most  worthy  of 
mention.  If  there  be  a  gouty  or  rheumatic  diathesis,  it 
should  be  met  by  appropriate  treatment,  and  a  suspicion 
of  syphilis  should  be  likewise  suggestive.  Sea-baths  and 
travel  are  to  be  recommended ;  the  patient  should  avoid 
all  commotion,  moral  and  physical ;  he  should  lead  a 
quiet,  cheerful  life,  and  should  religiously  abstain  from 
tea,  alcohol,  and  tobacco.  Irving  G.  Basse. 

ANGIOMA.  The  angioma  is  a  tumor  which  is  entirely, 
or  for  the  greater  part,  composed  of  blood-vessels.  The 
blood-vessels  composing  the  tumor  are  mostly  of  new 
formation,  thougli  the  vessels  of  the  part  where  it  is 
seated  may  enter  more  or  less  into  its  formation.  When 
this  is  the  case,  the  normal  vessels  become  altered,  and 
take  on  the  character  of  those  forming  the  tumor.  Other 
pathological  products,  which  should  not  be  reckoned  with 
these  tumors  at  all,  have  frequently  been  confounded  with 
the  angiomas ;  as,  for  instance,  the  various  hsematomas  and 
some  forms  of  aneurism,  especially  the  aneiuysma  race- 
mosum  and  the  varix  racemosum.  These  latter  depend 
simply  on  the  dilatation  and  hypertrophy  of  already  ex- 
isting vessels,  and  have  no  connection  wiUi  structures 
whose  tissue  is  entirely  or  for  the  most  part  of  new  forma- 
tion. The  angiomas  have  also  been  designated  erectile 
tumors,  from  their  analogy  with  the  corpus  cavernosuui 
and  other  erectile  tissues.  The  size  and  consistency  of 
the  same  tumor  may  vary  much  from  time  to  time,  such 
variation  depending  on  the  degree  of  their  distention 
with  blood.  When  from  any  cause  the  blood-supply  in 
the  tumor  is  lessened,  it  may  be  soft  and  flaccid,  to  be- 
come firm  and  elastic  again  when  in  a  hyperaemic  condi- 
tion. In  women  it  has  been  noticed  that  these  tumors 
are  most  distended  and  prominent  during  the  menstrual 
period.  The  angiomas  have  been  divided  into  two  varie- 
ties, the  angioma  simplex  and  the  angioma  cavernosum  ; 
a  division  justified  not  solely  by  difference  in  structure, 
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but  also  by  the  observed  lack  of  identity  between  the 
favorite  site  of  the  one  variety  and  that  of  the  other. 

The  angioma  simplex  is  a  tumor  which  consists  of 
vessels  analogous  in  structure  to  capillaries  and  very 
small  veins.  These  vessels  are  very  tortuous,  and  have 
thiclier  walls  than  vessels  of  corresponding  size  in  normal 
tissues.  Small,  irregular  varicose  dilatations  at  intervals 
are  very  frequently  seen.  Both  the  vessels  and  the  tissue 
in  which  they  are  embedded  contain  abundant  nuclei. 
These  tumors  are  very  common,  are  nearly  always  congen- 
ital, and  are  most  frequently  situated  in  the  skin.  Prom 
observations  made  by  Depaul  it  is  found  that  one-third  of 
all  the  children  born  in  the  clinic  of  the  Faculty  of  Medi- 
cine in  Paris  have  such  angiomas  at  birth.  They  consti- 
tute the  small  vascular  nsevi  and  most  of  the  so-called 
mother's  or  strawberry  marks,  and  may  be  from  the  size 
of  a  pin's  head  up  to  that  of  the  hand,  or  may  even  cover 
the  skin  of  a  whole  extremity.  Usually  they  do  not  pro- 
ject above  the  surface  of  the  skin,  though  they  may  form 
considerable  projections,  and  may  even  take  on  a  polypous 
form.  According  as  to  whether  the  circulation  in  them 
is  active  or  slow,  they  have  either  a  cherry  red  or  a  dark 
bluish  color.  Their  color  depends.also  in  part  upon  the  dis- 
tance below  the  epidermis  at  which  they  are  seated ;  usually 
their  seat  is  in  the  dermis,  but  they  may  be  found  in  the 
subcutaneous  cellular  or  adipose  tissue.  On  examination 
it  is  seen  that  they  are  composed  of  small  lobules  from 
the  size  of  a  pin's  head  \\p  to  that  of  a  pea,  and  on  micro- 
scopic examination,  after 
an  artificial  injection,  we 
find  that  these  lobules  cor- 
respond with  the  vascular 
districts  of  the  sweat-  or 
hair-follicles.  The  accom- 
panying cut  represents 
such  a  lobule  formed 
about  a  sweat-gland  (Pig. 
171).  Most  of  these  tu- 
mors, when  seated  on  the 
skin,  can  be  emptied  by 
pressure,  and  slowly  fill 
again  when  this  pressure 
is  removed.  "When  the 
tumor  contains,  along 
with  the  vessels,  a  con- 
siderable amount  of  con- 
nective or  adipose  tissue, 
it  is  not  possible  to  press 
the  blood  from  it. 

The  cavernous  angio- 
mas differ  in  many  re- 
spects from  the  other 
forms.  On  extirpatioB 
they  can  be  recognized 
on  section  because  they 
offer  an  appearance  iden- 
tical to  that  of  the  corpus 
cavernosum  penis.  We 
,  .  ,  find  a  firm,  tough,  white 

mesh-work,  which  appears  in  the  fresh  state  either  empty 
or  filled  only  with  some  irregular  blood-clots.  The 
meshes  frequently  enclose  small  round  calcareous  masses 
known  as  phleboliths.  In  some  cases  this  cavernous 
structure  IS  sharply  circumscribed  and  separated  from 
the  sound  tissue  by  a  firm  capsule.  In  other  cases 
where  the  tumor  is  small  and  to  all  appearances  in  a 
state  of  rapid  growth,  it  is  surrounded  by  a  zone  Of 
small-cell  infiltration.  In  all  cases  the  connective  tis- 
^!n5i  tlie  ™esh-work  is  rich  in  nuclei  and  contains 
many  lymphoid  cells,  either  scattered  singly  through  the 
issue  or  in  groups.  Generally  these  tumors  are  single 
SnnT?  ''T^'-  ''o^e.^er,  several  small  tumors  will  be 
ThP  1»\^  immediate  neighborhood  of  a  large  one. 
The  mesh-work  is  in  some  cases  thick  and  strong  in 
ThP  wJ'P'''''"*'"^T°'^'y  ^y^«^y  tl-™  partitions  between 
sin  nfrt  r^M  .-^^  '=°''f}»°i  connective  tissue,  which 
IS  in  part  the  old  tissue  which  was  replaced  by  the  tumor 
n  part  It  IS  newly  formed.  The  inner  wall  dfthe  sp^es 
IS  Imed  by  flat  endothelial  ceUs.     ^'  ^ 


Fio.  171.— Artificial  Injection  of  an 
Angioma  Simplex  of  the  Skin.  Tlie 
vascular  area  of  a  sweat-gland. 
(After  Billrotli.) 


These  spaces,  no  matter 


how  large  they  may  be,  always  represent  capillaries,  foi 
they  are  intervened  between  an  artery  and  vein. 

There  have  been  various  views  respecting  the  genesis 
of  these  cavernous  angiomas,  and  at  one  time  they  formed 
a  ground  of  contention  between  two  of  the  greatest 
pathologists,  Virchow  and  Rokitansky.  Virchow  alleged 
that  an  inflammation  and  hyperplasia  of  the  connec- 
tive tissue  always  preceded  them,  and  that  they  were 
formed  by  the  dilatation  of  the  newly  formed  vessels  in 
the  area  of  small-cell  infiltration.  Rokitansky,  on  tlie 
other  hand,  did  not  regard  the  spaces  filled  with  blood  as 
true  vessels,  but  supposed  that  they  and  the  blood-cor- 
puscles which  they  contained  were  formed  independently 
in  the  connective  tissue,  and  afterward  came  into  com- 
munication with  the  blood-vessels.  The  blood-corpuscles 
he  regarded  as  formed  by  an  endogenous  process  within 
certain  altered  connective-tissue  corpuscles.  These  he 
called  "  Hohlkolben,"  and  described  them  as  large  proto- 
plasmic masses  seated  usually  along  the  vessels.  The 
whole  tissue  of  the  spaces  filled  with  blood  he  regarded 
as  analogous  to  the  cylinders  of  epithelial  cells  in  carci- 
noma, and  the  mesh-work  represented  the  stroma.  These 
views  of  Rokitansky  found  confirmation  in  a  descrip- 
tion from  Luschka  of  such  structures  seated  on  the  small 
vessels  of  the  brain.  E.  Newman  also  reported  a  case  of 
naso-pharyngeal  polypus  which,  in  part,  consisted  of  a 
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Fig.  172.— Angioma  of  tlie  Liver,  Hardened  in  Alcohol  and  Stained  with 
Bismarck  Brown,  o,  Oavemous  spaces  filled  with  blood-corpuscles ;  b, 
small  cell  infiltration  ;  c,  c,  stroma,     x  75. 

cavernous  tissue,  and  in  the  portion  of  the  tumor  be- 
tween this  tissue  and  the  adjoining  fibrous  tissue  he 
found  a  network  of  spaces  filled  with  blood-corpuscles 
which  had  the  shape  of  the  lymphatic  network,  and 
which  passed  into  the  cavernous  structure.  Strieker  and 
a  number  of  other  authors,  followers  of  his  peculiar 
school,  have  described  such  a  formation  of  blood-corpus- 
cles in  the  connective  tissue  in  inflammation;  so  that 
there  seems  some  ground  even  now  in  support  of  Roki- 
tansky's  views.  We  know,  however,  that  the  so-called 
blnod-cysts  of  Luschka  are  nothing  but  the  dilatations  of 
the  perivascular  sheaths  of  the  cerebral  vessels.  New- 
man's case  evidently  was  nothing  but  a  haamorrhage  into 
the  tissue,  and  Strieker  has  never  brought  forward  any 
evidence  that  should  warrant  us  in  regarding  his  views 
of  blood-corpuscle  formation  in  inflammation  as  correct. 
Rindfleisch  has  advanced  another  view  as  to  their  forma- 
tion. He  says  that  they  depend  upon  the  dilatation  of 
old  vessels,  and  that  this  dilatation  is  in  many  cases 
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caused  by  the  contraction  of  cicatricial  tissue  in  the  same 
way  as  the  bronchiectatic  cavities  in.  the  lungs  are  caused 
by  the  contraction  of  the  indurated  lung-tissue  around 
them.  This  view  can  hardly  be  regarded  as  tenable, 
since  the  tumors  cannot  be  shown  to  stand  in  any  rela- 
tion with  the  presence  of  such  a  tissue.  In  the  lung, 
where  we  most  often  find  such  tissue,  an  angioma  is 
scarcely  ever  seen,  and  in  the  liver,  where  they  are  so 
frequent,  they  cannot  be  shown  to  stand  in  any  relation 
to  cirrhosis. 

These  cavernous  angiomas  are  most  often  found  in  the 
liver,  wliere  they  form  dark  masses,  generally  seated  di- 
rectly beneath  liie  capsule  and  never  elevated  above  the 
surface.  They  vary  much  in  size ;  some  are  not  as  large 
as  a  pea,  others  may  occupy  the  whole  or  the  greater 
part  of  a  lobe.  Generally  they  are  single,  but  sometimes 
a  great  number  are  found.  In  almost  a  majority  of 
the  livers  of  old  people  they  are  found,  and  their  fre- 
quency would  seem  to  vary  in  different  countries ;  ac- 
cording to  the  report  of  pathologists  they  are  not  so 
frequent  in  Norway  and  Sweden  as  in  Germany.  By  ex- 
cising the  tumor  with  the  surrounding  liver  substance, 
and  then  hardening  the  whole  in  alcohol,  a  beautiful 
natural  injection  of  the  tumor  may  be  had.  Fig.  172 
shows  a  section  of  a  small  liver  angioma  treated  in  this 
way,  and  may  be  taken  as  a  type  of  the  cavernous  an- 
gioma. By  bursting  of  the  vessels  of  large  tumors 
through  the  ckpsule,  extended  haemorrhage  into  the  peri- 
toneal cavity,  and  fatal  peritonitis  has  been  caused. 

Such  tumors  are  also  found  in  the  other  abdominal  or- 
gans, as  in  the  spleen  and  kidneys,  though  they  are 
nothing  like  so  common  as  in  the  liver.     They  are  not  so 

frequently  found  in 
the  skin  as  are  the 
simple  angiomas. 
Esmarch  has  report- 
ed in  Virchow'n  Ar- 
chiv  a  very  interest- 
ing case  of  their  ap- 
pearance here.  A 
single  tumor  devel- 
oped on  the  middle- 
flnger  of  a  girl  of 
eight  years,  fol- 
lowed in  subsequent 
years  by  the  appear- 
ance of  a  great  num- 
ber ;  at  the  time  of 
the  first  menstrua- 
tion there  was  a 
gi-eat  increase  both 
in  number  and  in  size.  At  each  succeeding  menstruation 
they  seemed  to  grow  more  than  at  any  other  time.  In 
size  they  varied  from  that  of  a  pea  to  that  of  a  hen's  egg. 
They  were  all  successfully  extirpated,  and  in  most 
cases  found  to  be  seated  on  the  wall  of  a  vein  with  which 
they  were  in  communication.  Fig.  173  shows  two  of 
these  tumors  after  artificial  injection  from  the  vein.  The 
case  is  of.  especial  interest  as  showing  that,  even  in  the 
case  of  the  veins,  we  have  the  tendency  of  a  particular 
system  of  the  body  to  be  affected  by  tumor  formation. 

The  angiomas  may  lead  to  a  fatal  termination  by  what 
may  be  regarded  as  the  accidents  of  their  growth,  but  in 
general  they  may  be  regarded  as  benign.  Their  growth 
Is  always  central ;  they  show  no  tendency  to  infiltrate  sur- 
rounding tissues,  nor  do  they  cause  metastases.  They  may 
cause  death  from  haemorrhage  and  by  the  pressure  which 
they  exert  on  surrounding  parts,  when  these  are  impor- 
tant, as  in  the  case  of  the  cranial  bones.  Cases  have  been 
reported  where  they  have  followed  the  course  of  malig- 
nant tumors,  in  that  they  have  invaded  surrounding  parts 
and  have  caused  metastases.  But  in  these  cases  it  is  more 
than  probable  that  a  sarcoma  with  dilated  blood-vessels 
was  mistaken  for  the  angioma.  This  mistake  is  some- 
times made.  The  pulsating  tumors  of  the  long  bones, 
which  have  been  described  as  cavernous  tumors,  are  only 
telangiectatic  sarcomas. 

The  majority  of  all  angiomas  are  congenital ;  when  they 
do  develop  after  birth  it  is  generally  in  the  early  years  of 


Fig.  17.3.— Cavemons  Tumois  Seated  on  Wall 
of  Vein.  (After  Eemarch.)    Natural  size. 


life.  It  is  seldom  that  such  a  tumor  develops  after  adult 
years,  which  is  remarkable  in  view  of  the  frequency  of 
vascular  dilatation  in  old  age.  This  fact  alone  is  much 
against  the  view  which  ascribes  the  angiomas  to  a  simple 
dilatation  of  pre-existing  vessels.'  Angiomas  have  an  in- 
terest in  that  their  presence  on  children  has  been  referred 
by  the  ignorant  in  all  ages  to  some  influence  exerted  on 
the  mother  while  she  was  carrying  the  child.  They  have 
played  an  important  part  in  romantic  literature,  as  the 
strawberry  marks  which  lead  to  the  identification  of  lost 
heirs,  etc.  Inheritance  would  seem  to  play  some  part  in 
their  production.  Cases  have  been  known,  again  and 
again,  where  they  appeared  in  the  child  in  the  same  spot 
as  on  one  of  the  parents.  Their  growth  is  in  general 
slow  and  painless;  the  surrounding  tissues  are  pushed 
aside  to  make  room  for  them.  Their  growth  is  irregular  ; 
cases  have  been  known  to  reach  a  certain  size  and  then 
remain  stationary,  in  other  cases  it  is  constant.  Billroth 
cites  a  case  where  a  cavernous  angioma,  seated  on  the 
neck  of  a  child,  in  five  years  reached  a  volume  the  size  of 
a  man's  fist.  I'hey  may  sometimes  undergo  spontaneous 
cure  by  the  very  process  which  is  found  so  dangerous 
in  other  tumors,  i.e.,  by  ulceration  of  the  skin  overthem. 
A  cicatricial  tissue  is  thus  formed,  which  includes  the 
vessels  and  abolishes  them  by  its  contraction.  Some- 
times, when  the  tumor  is  connected  with  the  skin  by  a 
pedicle,  as  may  be  the  case,  the  vessels  in  the  pedicle 
shrink,  and  the  tumor  dries  up  and  drops  off.  In  other 
cases  cure  may  be  effected  by  the  formation  of  a  thrombus, 
which  shuts  off  the  circulation.         W.  T.  Couneilman. 

ANGUSTURA  {Cusparim  Cortex,  Br.  P. ;  Angusture 
vraie.  Codex  Med.,  etc.). 

Qalipea  Cuspmia  A.  St.  Hil.  ;  Gusparia  trifoliata  Eng- 
ler ;  order  Butacem,  whose  bark  is  above  named,  is  a 
shrub,  or  small,  slender  tree,  with  compound  leaves  and 
handsome  white  flowers,  growing  in  the  Orinoco  Valley  of 
South  America.  Its  identification  has  been  diflBcult,  and 
it  has  been  successively  named  Angustura,  Bonplandia, 
Gusparia,  and  Qalipea.  The  genus  in  which  it  is  here 
placed  includes  about  twenty  tropical  shrubs  or  trees  with 
usually  fine,  showy  flowers,  and  compound  and  fragrant 
leaves. 

The  bark  of  Galipea  Cuspariahas  been  in  use  about  one 
hundred  years,  not  counting  its  employment  by  the  abo- 
rigines before  its  introduction  into  European  medicine. 
It  is  collected  in  the  northern  part  of  South  America,  in 
Columbo  and  New  Granada,  and  exported  principally 
from  Angustura,  from  which  town  it  takes  its  name.  It 
is  shipped  to  the  West  Indies,  and  again  reshipped  to 
Europe.  It  comes  in  short,  flat  pieces,  often  considerably 
broken  ;  apparently  pared  with  a  knife  from  an  adhesive 
stem,  and  having,  consequently,  bevelled  edges  and  ends ; 
•ometimes  chips  and  splinters  of  the  wood  are  attached  to 
the  inner  surface.  It  is  seldom  more  than  three  to  five 
millimetres  (one-eighth  to  one-fifth  of  an  inch)  in  thick- 
ness, or  from  five  to  fifteen  centimetres  (two  to  six  inches) 
in  length.  The  epidermis  and  corky  portion  are  yellow- 
clay  colored,  slightly  uneven  and  so  soft  as  to  be  easily 
scraped  and  cut  with  the  nail.  The  inner  part  of  the  bark 
is  hard  and  brittle,  and  separated  from  the  above  by  a 
brownish  line  of  stone  cells.  It  is  of  a  yellowish  or  reddish 
brown  color  and  contains  calcium  oxalate  crystals  and 
numerous  oil-cells.  The  odor  is  peculiar,  and  is  disagree- 
able to  the  taste,  being  bitter  and  spicy. 

The  two  principal  constituents  are  an  essential  oil  and 
an  alkaloid.  The  former  has  been  obtained  to  the  extent 
of  from  two-  to  four-fifths  of  one  per  cent.,  the  latter, 
angusturine,  was  discovered  by  Oberlin  and  Schlagden- 
hauffen,  and  obtained  in  prisms.  Cusparin,  an  active 
principle  previously  described  by  Saladin,  has  not  yet 
had  its  existence  and  character  established. 

Action. — Angustura  is  a  stimulant  aromatic  bitter  ;  in 
large  doses  it  is  said  to  be  cathartic.  It  has  been  given 
for  debility  with  dyspepsia,  for  intermittent  and  for 
chronic  dysenteries  and  diarrhceas.  In  the  United  States 
it  is  scarcely  ever  prescribed. 

Dose,  one-half  to  three  grams  (gr.  viij.  ad  gr.  xlv.) 
in  infusion. 
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Allied  Plants— See  Rue,  oil  of,  for  notice  of  ru- 

Allied  Drugs.— As  a  matter  of  purely  historical  in- 
terest it  may  be  mentioned  that  a  quantity  of  the  hark  of 
stryehnos  mix  wmica  -w^s  imported  from  India  eighty 
years  ago,  and  sold  as  Angustura,  causing  some  senous 
cases  of  poisoning  and  general  alarm. 

All  bitter  tonics  with  a  trace  of  splciness  may  be  con- 
sidered as  allied  drugs  to  Angustura.  •  See  Magnolia  for 
example.  TT-  P-  -S^to- 

ANIDROSIS  is  a  functional  disorder  of  the  sweat- 
glands,  consisting  in  a  diminished  and  insulBcient  secre- 
tion of  sweat.  It  is  most  apt  to  occur  in  connection  with 
certain  skin  diseases,  as  ichthyosis,  eczema,  psoriasis, 
etc.,  also  as  a  result  of  nerve  injury,  or  of  an  emotional 
shock.  It  may  result  from  a  congenital  deficiency  in  the 
sweat-glandular  apparatus.  Well-marked  cases  of  ap- 
parently idiopathic  anidrosis  have  been  observed,  where 
great  distress  has  been  caused  by  the  inability  to  sweat 
in  hot  weather.  The  disea.se  is  a  rare  one,  only  five  cases 
having  been  reported  among  nearly  sixty  thousand  in- 
cluded in  the  statistics  of  the  American  Dermatological 
Association. 

The  treatment  of  the  symptomatic  varieties  must  begin 
by  removal  of  the  cause.  Where  the  diminished  per- 
spiration does  not  seem  dependent  on  any  traceable  cause 
every  means  should  be  used  to  excite  the  activity  of  the 
sweat-glands.  Hot  and  steam  baths,  cold  bathing,  with 
frictions,  exercise,  and  the  employment  of  such  drugs 
as  pilocarpin,  with  general  tonic  treatment  is  to  be  re- 
sorted to.  Arthur  Van  Harlingen. 

ANILINE  (Amidobenzene,  Fhenylamiine,  CsHtN).  Ani- 
line is  an  aromatic  amine  presenting  itself  as  a  thin,  oily, 
colorless  fluid  of  a  vinous  odor  and  hot,  aromatic  taste. 
It  is  very  volatile  and  inflammable,  dissolves  very  slightly 
only  in  cold  water,  but  freely  in  alcohol,  ether,  fixed 
and  volatile  oils,  etc.  It  is  remarkable  for  the  great  num- 
ber of  colored  crystallizable  compounds  that  it  forms 
with  acids.  Physiologically,  aniline  is  a  powerful  neu- 
rotic of  more  interest  toxicologically  than  therapeuti- 
cally. Experiments  upon  animals  show  serious  derange- 
ment of  the  functions  of  the  spinal  cord  as  the  essential 
element  of  the  aniline  action.  The  aniline  dye-stuffs  are 
certainly,  in  the  great  majority  of  instances,  not  them- 
selves poisonous,  but  in  the  form  in  which  they  are  in 
some  cases  practically  used  they  may  poison,  either  be- 
cause of  the  presence  in  them  of  uncombined  aniline  or 
of  arsenic.  Many  of  the  cases  of  eczema  following  the 
wearing  of  auiliue-dyed  shirts  or  stockings  have  doubt- 
less their  cause  in  such  contamination  of  the  dye. 

TJiera/peutically  aniline  has  been  experimented  with, 
to  a  small  extent,  in  some  nerve  diseases,  notably  chorea 
and  epilepsy,  and  in  scarlatinal  dropsy.  Aniline  has 
been  given  in  doses  of  a  grain  or  two,  and  aniline  sul- 
phate in  doses  of  five  grains  or  more.    Mdward  Curtis. 

ANILINE,  POISONING  BY.  Experiments  on  animals 
and  occasional  cases  of  poisoning  in  the  human  subject 
show  that  aniline  and  its  salts  are  poisons.  The  external 
application  of  the  hydrochlorate  of  aniline,  for  psoriasis, 
has  been  followed  in  two  cases  by  symptoms  of  poisoning. 
In  one  case  there  was  vomiting  in  one  hour  and  a  half, 
incontinence  of  urine,  and  cyanosis  after  four  hours ;  a 
second  application  was  followed  by  drowsiness,  dyspncea, 
and  marked  cyanosis.  In  the  other  case  the  solution 
applied  was  more  dilute ;  there  was  insensibility  and  cyano- 
sis after  four  hours.  Both  patients  recovered  (Lailler). 
Dr.  Turnbull  gave  1.94  Gm.  (0.5  drachm)  of  the  sulphate 
of  aniline  to  a  dog.  In  two  hours  and  a  half  there  was 
vomiting,  followed  an  hour  later  by  purging.  The  pulse 
was  rapid,  the  breathing  labored.  There  was  paralysis 
of  the  hind  legs.  In  five  hours  the  symptoms  abated 
and  the  animal  recovered. 

Although  aniline  is  an  active  poison,  whether  taken  in 
the  liquid  form  or  inhaled  in  the  form  of  vapor,  acute 
poisoning  by  it  is  rare.  The  cases  thus  far  reported 
have  occurred  among  workmen  in  aniline  and  aniline- 
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color  manufactories,  and  have  been  caused,  for  the  most 
part,  by  breathing  the  vapors  of  aniline.  The  symptoms 
appear  very  quickly,  sometimes  immediately.  There  is 
giddiness  and  inability  to  stand.  The  skin  is  cold ;  the 
lips,  face,  mucous  membrane  of  the  nose,  and  the  nails 
have  a  blue  or  purple  color.  The  pulse  and  respiration 
are  at  first  accelerated,  later  retarded.  Sometimes  there 
is  vomiting.  In  fatal  cases  death  is  preceded  by  coma 
(Mackenzie  and  Letheby,  Hirt,  Knaggs,  Haussermann 
and  Schmidt). 

Chronic  poisoning  has  been  frequently  observed.  It 
is  characterized  by :  1.  Eruptions  on  the  skin ;  these 
may  be  papular,  vesicular,  or  pustular,  and  are  found 
principally  on  the  hands  and  feet ;  ulcerations  about  the 
scrotum  have  been  observed.  3.  Disturbances  of  the 
digestive  organs  ;  nausea,  vomiting,  and  loss  of  appetite. 
3.  Disturbances  of  the  nervous  system  ;  ringmg  in  the 
ears,  amblyopia,  headache,  muscular  weakness,  some- 
times paralysis,  especially  of  the  extremities,  usually  ac- 
companied by  ansesthesia.  Conjunctivitis,  subacute  ble- 
pharitis and  habitual  cough  have  been  observed. 

Treatment  must  be  symptomatic.  In  cases  of  chronic 
poisoning  the  symptoms  usually  disappear  when  the  pa- 
tient is  removed  from  his  work.  After  death,  aniline 
may  be  detected  in  nearly  all  the  organs  of  the  body.  It 
is  eliminated  through  the  kidneys,  and  in  part,  probably, 
through  the  lungs.  Authorities  differ  as  to  the  physio- 
logical effect  of  the  pure  aniline  colors.  Feltz  and  Ritter 
state  that  fuchsin  produces  albuminuria  in  both  man  and 
animals.  They  administered  it  to  dogs,  and  found  albu- 
men and  granular  and  fatty  casts  in  the  urine.  After 
death  they  found  degeneration  of  the  cortical  portion  of 
the  kidneys.  Other  observers  believe  that  fuchsin  is  per- 
fectly harmless  if  pure,  and  that  the  above  results  were 
caused  by  arsenic,  which  is  a  frequent  impurity  in  aniline 
colors.  Aniline  colors  are  sometimes  used  for  coloring 
confectionery,  wines,  and  syrups  ;  but  the  amount  re- 
quired to  produce  the  requisite  tint  is  so  small  that  it  is 
doubtful  if  a  sufficient  quantity  is  taken,  under  ordinary 
circumstances,  to  produce  any  serious  disturbance;  pro- 
vided always  that  the  pigment  be  pure.  The  eruptions 
produced  on  the  skin  by  articles  of  wearing  apparel  col- 
ored with  anihne  dyes  are  probably  due  in  most  cases  to 
the  action  of  arsenic.  Sometimes,  however,  the  fabric 
which  has  produced  the  eruption  is  found  to  be  free  ifrom 
arsenic.  In  such  cases  it  is  uncertain  whether  the  irrita- 
tion is  caused  by  the  color  itself  or  by  free  aniline,  or  by 
the  mordant.  WUliam  B.  Hills. 

ANISE.  Anisum,  U.  S.  Ph.  ;  Fruetvs  Anisi,  Ph.  G. ; 
Anis  Vert  or  Ania,  Codex  Med. 

Pimpinella  Anisum  Liim.  ;  Order,  Umbelliferm,  the 
Anise  Plant,  is  a  small  annual  from  thirty  to  fifty  centi- 
metres high  (twelve  to  twen- 
ty inches).  A  native  of  the 
Orient,  but  so  long  under 
cultivation,  that  its  wild 
form  and  original  home  are 
scarcely  known.  It  has  a 
slender,  branched,  smooth- 
ish  stem,  with  variable 
leaves,  the  lowest  being  sim- 
ple, the  upper  more  or  less 
compound.  The  flowers  and 
fruit  are  small.  It  is  a  long- 
known  drug,  mentioned  by 
the  earliest  writers  on  medi- 
cine, and  referred  to  as  a 
medicine  or  spice  in  nearly 
every  period  since  then.  It 
has  been  cultivated  in  the  warmer  parts  of  Europe,  Asia 
Minor,  Egypt,  Russia,  and  Africa  for  centuries ;  more 
recently,  also,  in  India  and  South  America.  The  princi- 
pal supply  comes  from  Southern  Europe. 

The  fruit,  which  is  the  officinal  part,  like  those  of  the 
order  in  general,  consists  of  two  halves  or  carpels,  rather 
loosely  attached  together.  In  many  cases  these  fall  apart 
upon  ripening,  but  not  in  Anise,  where  they  are  always 
adherent.    The  whole  fruit,  so  formed,  is  small,  hard, 


Fig.  174. — Anise,  enlarged  about 
BIX  times. 
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ovoid,  seed-like,  and  finely  bristly-pubescent.  It  has  a 
grayish-green  color,  and  strong,  agreeable  odor.  A  trans- 
verse section  is  nearly  circular  in  general  outline,  with 
ten  projecting  ribs.  The  vittcB  are  numerous,  two  or  three 
times  as  many  as  the  ribs,  and  are  rather  small.  The 
seed  on  section  is  somewhat  crescentic.  Anise  is  apt  to 
be  pretty  dusty,  and  is  mixed  with  stems  and  various 
coarse  impurities,  requiring  frequently  to  be  winnowed 
or  sifted,  but  it  is  not  often  adulterated.  In  one  in- 
stance, many  years  ago,  serious  trouble  was  caused  on  ac- 
count of  its  being  mixed  with  Conlum. 

Constituents. — Anise  contains  a  total  of  from  two  and 
a  half  to  three  per  cent,  of  essential  oils,  one  liquid,  and 
one  a  solid  stearoptene,  Anetliol.  This  latter  varies  in 
amount  from  one  to  more  than  three-fourths  of  the  whole. 
Both  have  the  same  composition  and  similar  qualities. 
The  officinal  oil  {Oleum  Anisi,  U.  8.  Ph.)  is^  mixture  of 
both.  It  is  a  yellowish  or  white  liquid,  of  fragrant  and 
familiar  odor,  and  sharp  warm  taste.  Specific  gravity 
about  0.98,  increasing  with  age.  In  solubility  oil  of 
Anise  resembles  other  essential  oils ;  it  is  freely  soluble 
in  Alcohol,  Ether,  fats,  etc.,  and  only  sparingly  so  in 
water,  enough,  however,  to  impart  its  odor  and  taste. 

Anise  is  a  mild  aromatic,  much  used  to  diminish  the 
griping  tendency  of  cathartics,  to  relieve  colics  and  flat- 
ulency, to  stimulate  digestion,  and  to  flavor  other  medi- 
cines. It  is  also  an  ingredient  of  certain  cordials.  The 
dose  of  the  whole  or  coarsely  powdered  fruit  may  be 
stated  as  from  one  to  three  or  four  grams  (1-4  Gm.  =gr. 
XV.  ad  3  j.),  administered  as  a  hot  strained  infusion ;  but 
the  oil  is  a  better  form,  dose  one  to  three  decigrams 
(0.1-0.3  Grm.  =  T[l.iss.  ad  v.).  The  officinal  preparations 
of  the  Oil  are :  Anise  Water  {Agua  Anisi,  U.  S.  Ph.),  a 
saturated  solution  may  be  used  ad  libitum  as  a  vehicle ; 
Spirit  of  Anise,  "Essence  of  Anise"  {Spvritus  Anisi, 
IJ.  S.  Ph.),  1-10,  the  most  eligible  preparation.  Dose 
from  one  to  two  and  a  half  grams  (1-3.5  Gm.  =  7Il.xv.  ad 
xl.).  In  'Ps.xegovic (Tinctura  Opii  Ccrniphorata,  U.  S.  Ph.) 
and  in  Liquorice  and  Opium  Troches  (TrocMsci  Qlycyr- 
rhizm  et  Opii,  U.  S.  Ph.)  it  is  only  added  as  a  corrigent. 

Allied  Plants. — Of  the  sixty  or  seventy  species  of  the 
genus  named,  several  are  or  have  been  in  use,  but  no  others 
are  of  much  importance.  Pimpinella  Saxifraga  Linn., 
and  Pimpinella  magna  Linn. ,  yield  Burnet  Boot  (which 
see).  The  Order  Umbelliferse  is  an  interesting  one  to  the 
botanist,  on  account  of  the  well-defined  characters  separ- 
ating it  from  all  the  other  natural  orders,  even  from  its 
nearest  relatives,  the  Araliacem;  and  also  on  account  of 
the  remarkable  family  resemblance  of  the  plants  included 
in  it,  which  serves  to  make  their  classification  at  once  a 
difficult  and  a  fascinating  problem.  The  larger  genera 
have  been  several  times  changed  and  made  over,  and  are 
probably  not  yet  in  a  permanent  position.  The  flowers 
and  habit  are  so  similar  that  the  classification  depends 
principally  u{)on  characters  obtained  from  the  fruit. 
There  are  thirteen  hundred  species  in  the  Order,  distrib- 
uted most  abundantly  over  the  temperate  and  colder 
countries  of  Europe  and  Asia,  with,  however,  a  good 
many  in  North  America,  and  a  few  in  other  parts  of  the 
world.  They  are  seldom  tropical,  almost  always  herbs, 
and  have  in  general  the  habit  so  familiar  in  the  Carrot, 
Parsnip,  Water  Hemlock,  etc.  The  roots  may  be  thin, 
but  are  often  thick  and  fleshy,  with  milk^  or  colored 
juice.  The  stems  are  branched,  with  prominent  joints, 
frequently  hollow.  The  leaves  have  sheathing  bases  and 
are  generally  compound.  The  flowers  are  in  simple  or 
of  tener  in  compound  umbels,  which  furnish  the  Order  vrith 
its  name.  The  flowers  are  pentamerous  with  a  double, 
inferior  ovary,  composed  of  two  scarcely  united,  one- 
seeded,  indehiscent  carpels,  which  usually  fall  apart  in 
fruit.  They  always  have  five  more  or  less  marked  ribs, 
upon  the  development  of  which,  and  upon  the  presence 
or  absence  of  «7to-between  which,  the  division  into  genera 
largely  depends.  The  order  furnishes  many  plants  of 
interest  or  utility  to  man  ;  some  as  agreeable  condiments 
or  salads,  or  even  vegetables  for  boUing ;  some  as  useful 
medicines  ;  and  a  few  as  dangerous  and  peculiar  poisons. 
Its  medical  properties  will  be  seen  from  the  following 
synopsis:   Essential  Oils   are   formed   in  nearly  every 


species,  giving  to  each  its  peculiar  flavor.  These  are 
almost  as  universal  as  in  the  Labiatm,  and  constitute  one 
of  the  characteristic  qualities  of  the  order.  In  most  cases 
they  are  in  the  comparatively  large  tubular  reservoirs, 
called  mttm,  which  lie  between  the  ridges  of  the  fruits ;  but 
they  also  occur  in  other  parts  of  the  plant,  especially  in 
the  leaves  and  roots.  Occasionally  the  mttce  are  absent. 
Rarelj^  there  is  no  essential  oil.  The  natural  oils  are  usu- 
ally mixtures  of -the  hydrocarbons  of  the  OioHu  type  and 
stearoptenes.  They  have,  for  the  most  part,  an  agreeable 
odor ;  they  are  not  poisonous,  but  usually  mildly  stom- 
achic. As  their  medicinal  value  is  about  equal,  the  selec- 
tion of  one  or  another  is  largely  a  matter  of  taste.  The 
Oil  of  Assafoetida  is  an  exception  in  composition  and 
odor.  Many  Umbelliferse  contain  also  Besins.  These  are 
sometimes  suspended  in  an  abundant  milky  or  colored 
latex  which  flows  freely  from  slight  wounds,  and  hardens 
in  drops  or  masses,  as  in  the  case  of  Assafoetida  and  Am- 
moniac ;  or  they  may  remain  and  be  dried  in  the  roots 
themselves  as  in  Sumbul ;  in  the  former  case  they  are 
associated  with  gum  which  holds  them  in  suspension  in 
water,  in  both  cases  with  a  varying  quantity  of  oil.  This 
group  of  constituents  is  stimulant  and  antispasmodic  in 
its  medicinal  action. 

The  third  group  is  less  natural  and  uniform  than  the 
other  two.  The  first  and  most  important  instances  are 
volatile  and  highly  poisonous  alkaloids,  of  which  Conine 
is  an  example.  Allied  to  these  in  action  are  some  poison- 
ous neutral  or  acid  substances — e.g.,  Cicutin — besides 
which  are  a  number  of  vague,  bitter,  and  disagreeable, 
but  not  always  deleterious  constituents,  such  as  "  Vel- 
larin,"  etc. 

The  above  qualities,  it  should  be  understood,  are  not 
divided  singly  among  the  different  plants  of  the  order, 
but  occur  often  together  in  the  same  plant.  The  oils, 
especially,  are  so  rarely  absent,  that  they  are  almost  al- 
ways to  be  found  with  the  others.  But  in  the  cases  of  the 
more  valuable  ones,  some  one  or  another  quality  is  suffi- 
ciently prominent  to  make  a  classification,  upon  a  chemi- 
cotherapeutic  basis,  possible  and  instructive. 

The  following  arrangement  is  based  on  the  foregoing 
discussion^  and  is  not  the  usual  botanical  sequence : — that 
is  also  given  further  on. 

Fi/rst  Group. — Yielding  agreeable,  or  not  offensive,  oils 
from  their  fruits  (which  are  mostly  the  parts  used) ;  stems 
and  roots  sometimes  eaten,  often  fragrant  and  slightly 
resinous.  Generally  European  species  growing  in  open 
dry  places,  long  cultivated,  and  not  poisonous.  The 
most  typical  examples  are  highest  on  the  list. 

Ifame.  Conatituenia  (oils  and  atearoptene8\ 

Anise Fluid  and  solid  Anethol. 

Fennel Hydrocarbon  and  Anethol. 

Caraway   Hydrocarbon  (Carvene)  and  Carvol  (liquid). 

Ajowan Hydrocarbon  and  Thymol  (cryst). 

Coriander Two  oils,  probably  hydrates  of  CioHij. 

Cnmin Two  oils,  "  Cymol '"  and  "  Cuminol." 

Dill Anethene  and  Carvol. 

Parsnip Essential  oil  and  miscellaneous  pnbsi»nces. 

Celery Essential  oil  and  Apiin  (an  inert  glucoside). 

Parsley Oil  and  cryst.    Stearoptene,  Apiin,  and  "  Apiol"  (« 

mixed  substance). 

Imperatorla Oils — Peacedanin. 

Carrot Oil,  coloring  matter  (Carotin). 

Angelica Oil,  Angelic  Acid,  Besin  (has  colored  juice). 

Lovage  .  „ Oil,  Besin  (has  colored  juice). 

Ktc.,  etc. 

Second  Group. — Large  Persian  or  African  plants,  with 
milky  juice,  yielding  gum  resins  from  their  stems  and 
roots,  usually  offensive. 

^arne'.  Conatituenta. 

AssafcBtida Resin,  gum,  sulphuretted  oil. 

Sumbul Besin,  blnish  oil. 

Galbann'm". '......' Res™!  P»".  "?'• 

Ammoniac  Resm.  gum,  oil. 

Thapsia  (European) Imtotmg  resin  and  oil. 

Etc.    (See  Assafoetida.) 

Third  Group.— Plmts  containing  poisonous,  bitter,  or 
nauseous  principles,  sometimes  alkaloids  of  the  (^onine 
type,   not    usually  very   fragrant,   sometimes   without 
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THame.  Camtituents. 

Conium  (Hemlock) Alkaloids,  Conine  Oonhydrine. 

Cionta  Cioutoxin,  neutral  (?)  poisonous. 

Hydrocotyle  '.'..'.".'.!;'.'.!!". "  VeUarin/'  qualities  indefinite. 

Besides  these  various  species  of  (Enanthe  Phellan- 
drium,  Sium  and  others  have  more  or  less  deleterious 
qualities.  t>     xx. 

The  natural  arrangement  of  the  above,  from  Bentham 
&  Hooker's  "  Gen.  Plantarum,"  is  as  follows  : 

(The  botanical  names  of  the  plants  are  also  given.) 

Hydrocotyle  asiatica,  Linn Hydrocotyle. 

Conium  maculatum,  Linn Hemlock. 

Apium  graveolens,  Linn Celery. 

Apium  Peiroselinum,  Linn Parsley. 

Gicuta  mrom,,  Linn. ,  maculata,  etc Cicuta. 

Carum  carvi,  Linn Caraway. 

Carum  Ajowan,  Benth.  &  Hook Ajowan. 

Pimpinella  Anisum,  Linn Anise. 

Wanioulum  iiulgare,  Gaertin Fennel 

Ligusticum  Levuticum,  Linn Lovage. 

Archangdica  officinalis,  Hoffln Angelica. 

Ferula  Na/rthex,  Boiss,  etc Asafcetida. 

Ferula  galbanifiua,  Boiss  &  Buhse,  etc. .  .Galbanum. 

Ferula  Sumbul,  Hooker  fils Sumbul. 

Dorema  Ammoniacum,  Don Ammoniacum. 

Peucedanum  gra/eeolens,  Hiern Dill. 

Peiieedanum  aaliimm Parsnip. 

Coriandrum  sativum,  Linn Coriander. 

Cuminum  Cyminum,   Linn Cumin. 

Daucus  Carota,  Linn Carrot. 

Thapsia  garganica,  Linn Thapsia. 

Allied  Drugs. — Besides  the  UmbelUferm  above,  the 
LaMaim  are  very  similar,  chemically  and  medically  to 
Anise  and  the  aromatic  IJmbellifers  (see  Peppermint). 
The  domestic  spices  and  their  congeners  are  also  more 
or  less  adapted  to  the  same  uses  (see  Cinnamon)  ;  but  the 
most  exact  duplicate,  so  .far  as  their  oils  are  concerned,  is 
the  subject  of  the  next  article  (Star  Anise). 

W.  P.  Bolles. 

ANtSE,  STAR.  Illicium,  U.  S.;  Anis  etoOe,  Badiane, 
Codex  Med.  The  fruit  of  Illicium  Anisatum  Loureiro. 
Order,  Magnoliacece. 

This  is  a  small  tree,  from  five  to  ten  metres  (fifteen  to 
thirty  feet)  in  height.    It  has  a  dark  stem,  smooth,  dark- 

Pio.  176. 


Fio.  176. 


Fig.  175.— IlUciuni  Anisatum  Flower  (Balllon).  Fios.  176  and  177  — 
Oynacmm  and  Fruit  of  luloium  Aniktum  (BaiUon).  Fios  178  an7 
tVonlBamlt  "^  """"""  ^'"""■"'  ^''«-  '""i  in  Ion  Ju'^i™  ™^ 

fvil1«;i'fl '"'■^'  '^?"''^  ^°<^  ^'■^erant  leaves,  and  regular 
axillary  flowers,  two  or  three  centimetres  in  diameter 

Sous    %IT''  ''™'  °^  *^'r-     THe  stamens  are  nu- 
St  ;,vi,T      "gyneecium,"  however,  consists  of  only 

toshanffl  frnl'r'?^'''.^  TS^«  ««"^«'  '^"d  ripens  into  a 
star-shaped  fruit,  about  as  large  as  the  flower. 

I  he  Star  Anise  tree  is  a  native  of  China,  where  it  has 
234 


been  cultivated  for  hundreds  of  years.  It  is  also  grown 
in  Japan  and  other  places  for  ornament,  but  the  supply 
of  fruits  comes  exclusively  from  the  first-named  country. 
The  fruit  consists  of  the  eight  carpels,  united  to  a  short 
central  prolongation  of  the  receptacle,  from  which  they 
can  be  easily  separated,  but  distinct  from  each  other. 
Each  carpel  is  short,  laterally  compressed,  "  boat-shaped," 
pointed  at  the  upper  and  outer  extremity,  and  dehiscent 
at  the  upper  and  inner  border.  The  pericarp  is  deep 
brown,  rather  woody,  brittle,  fragrant,  and  spicy.  The 
seeds,  which  can  be  seen  through  the  split  in  the  carpel 
although  this  is  not  usually  wide  enough  to  let  them  fall 
out,  are  also  brown,  but  very  smooth  and  shining.  They 
are  less  fragrant  than  the  carpels,  but  contain  consider- 
able fixed  oil  in  their  kernels.  Both  testa  and  pericarp 
show,  under  the  microscope,  numerous  oil-cells,  and  the 
parenchyma  of  the  seeds  reveals  drops  of  fat. 

Composition. — Besides  sugar,  gum,  and  oil,  which 
although  abundant,  have  no  practical  value,  Star  Anise 
is  remarkable  for  containing  a  large  percentage  (from 
three  to  five)  of  an  essential  oil,  so  similar  in  odor,  taste, 
properties,  and  composition,  to  that  of  Anise,  that  no 
means  can  be  relied  upon  to  distinguish  them  from  each 
other.  Oil  of  Illicium  is  said  not  to  congeal  so  readily  as 
that  of  Anise.  Illicium  is  never  prescribed,  and  is  only 
acknowledged  by  the  Pharmacopoeia  as  a  commercial 
source  of  "  Oil  of  Anise,"  which  is  "  a  volatile  oil  dis- 
tilled from  Anise,  or  from  Illicium"  (U.  S.  Ph.). 

Allied  Plants. — The  small  genus  Illicium,  of  only 
five  species,  is  separated  from  Magnolia  principally  by 
the  simplicity  of  its  fruit.  It  is,  in  general,  a  more  aro- 
matic genus  than  the  other.  I.  religiosum  Sieb.,  accord- 
ing to  BaiUon  only  a  variety  of  I.  anisatum,  cultivated 
in  Japan  and  India,  produces  poisonous  fruits  closely  re- 
sembling those  of  Chinese  Illicium,  but  containing  in  ad- 
dition to  the  oil,  which  is  more  clove-like  in  odor,  and 
also  suspicious,  a  neutral  poisonous  principle,  Sikimin. 
The  American  species  yield  fruits  similar  to  Star  Anise, 
but  inferior  in  quality.  They  are  not  in  the  market, 
(For  Order,  see  Magnolia.) 

Allied  Drugs.— See  Anise.  W.  P.  Bolles. 

ANKLE-JOINT.  As  this  joint  supports  the  weight  of 
the  body  considerable  stability  is  required  of  it.  This  is 
secured  mainly  by  the  shape  of  the  articular  surfaces, 
which  interlock  like  a  mortise  and  tenon.  The  tibia  and 
fibula,  strongly  united  by  ligaments  (interosseous  and  in- 
fenor  tibio-flbular.  Figs.  180, 181,  and  182),  form  the  mor- 


Interosseons  ligament.  — : 


Es±.  lat.  ligament. 


Synovial  oaviiy, 
Beltoid  ligament. 


^Tarsal  canal  with  astrag. 
calcanean  ligament. 


Fio.  180.— Frontal  Section  of  Right  Ankle. 

tise  by  embracing  with  their  extremities  (malleoli)  the 
tenon-like  astragalus.  The  joint  is  a  hinge,  its  movement 
angular,  and  in  a  single  oblique  .plane  (corresponding  to 
the  outward  pointing  of  the  toes)  through  an  arc  of  some 
eighty  degrees.  In  the  foetus  of  six  weeks  (Henke  and  Rey- 
her)  the  joint  is  arranged  like  that  of  some  marsupials,  so 
as  t^  admit  of  rotation,  the  astragalus  sending  a  process 
up  between  the  tibia  and  fibula.  A  trace  of  this  movement 
remains  in  the  adult.    To  guard  against  the  thrust  of  tha 
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Anise. 
Annatto* 


tibia  and  fibula  when_  alighting  on  the  extended  toes  (the 
commonest  form  of  dislocation  arises  thus),  the  astragalus 
is  narrower  behind  than  in  front,  and  a  slight  lateral  mo  ve- 


FoBt.  tibio-flbnlar  ligt.. 


Ext.  lr.t.  ligt, 


Deltoid  ligt. 


PoBt.  astrag,  calc.  Hgt. 


Via.  181.— Ktar  View  of  Left  Ankle, 


ment  is  therefore  possible  when  the  malleoli  are  thrown 
back  in  complete  extension.  The  malleoli  are  held  against 
the  articular  surfaces  in  all  positions  by  the  elasticity  of  the 


;  plantar 


Tarsal  canal 
and  astrag.  calc.  ligt. 


Fia.  183.— Sagittal  Section  of  Right  Ankle. 

shaft  of  the  fibula,  which  bends  inward  when  the  wedge 
pushes  the  malleoli  apart,  springing  back  during  ex- 
tension. The  aids  of  rotation  of  the  curved  superior  sur- 
face of  the  astragalus  (Fig.  182)  passes 
through  the  most  fixed  part  of  the 
bone,  viz.,  the  tarsal  canal,  touching 
the  outer  malleblus  but  passing  below 
the  inner,  which  does  not  descend  so 
low  (Figs.  180  and  181).  The  original 
capsular  ligament  (see  Arthrology) 
remains  in  front  and  behind  as  a  thin 
layer  of  fibres  connected  with  the  sy- 
novial membrane  and  strengthened  by 
the  extensor  tendons  in  front  and 
tendon  of  the  flexor 
longus  poinds  be- 
hind. Effusion  Into 
the  joint 
usually 
shows 
first  in 
front. 
On  the 
sides 
strong 
ban  d  s 

are  developed.  The  internal  lateral  ligament  (Pigs.  180, 
181,  and  183),  also  called  the  deltoid,  is  the  strongest  of 
these  ;  in  dislocations  usually  tearing  the  bone  apart.  It 
Is  a  thick,  triangular  bundle,  ensheathing  the  internal 
malleolus  and  passing  to  the  calcaneum,  the  scaphoid. 


Long  plantar  ligt. 
Fig.  183.- 


Inf.  calo.  scaphd.  ligh 
-Inner  Side  of  Riglit  Ankle. 


and  the  calcaneo-scaphoid  ligament.  The  tendon  of  the 
tibialis  posticus  strengthens  it.  Deeper  fibres  pass  to  the 
astragalus.  In  amputating  at  the  ankle  the  joint  is  opened 
on  the  inner  side,  because  of  the  shortness  of  the  malleo- 
lus, and  the  existence  of  this  deep  band  should  be  remem- 
bered. The  external  lateral  ligament  (Figs.  180,  181,  and 
184)  is  composed  of  three  bands  which  radiate  from  the 
lower  part  of  the  malleolus,  the  anterior  and  posterior 
bands  passing  to  the  astragalus,  the  middle  one  to  the  cal- 
caneuin._  The  synovial  cavity  is  quite  extensive,  com- 
municating above  with  the  inferior  tibio-flbular  articula- 


Post.    Middle      Ant. 
band,    band.      band. 

Ext.  lat.  ligt. 

Fig.  184.— Outer  Side  of  Right  Ankle. 

tion.  Its  capacity  is  not  affected  by  the  position  of  the 
foot,  and  no  change  of  posture  takes  place  during  inflam- 
mation of  its  membrane. 

Sensations  of  pain  are  sometimes  felt  in  the  ankle  with- 
out lesion  of  the  joint,  caused  by  some  injury  to  the  long 
nervous  trunks  which  supply  it,  viz.,  the  long  saphenous, 
connected  with  the  lumbar  plexus,  and  the  anterior  tibial 
with  the  sacral  plexus.  The  vascular  supply  arising  from 
twigs  from  the  anterior  and  posterior  tibial  arteries,  and 
discharging  by  both  saphenous  veins,  may  be  interfered 
with  by  tight  boot-laces  and  occasion  a  dull  pain. 

Prank  Baker. 

ANNATTO  (Orleana).  This  coloring  matter  is  ob- 
tained from  the  pulp  of  the  fruit  of  Bixa  Orellana  Linn., 
a  small  tree  of  South  America,  belonging  to  the  order  Bix- 
aceae.  The  plant  is  also  cultivated  in  all  tropical  countries. 
Commercial  annatto  is  prepared  in  a  variety  of  ways,  hav- 
ing for  their  object  the  separation  from  the  pulp  of  its 
coloring  matter,  and  its  preservation  in  a  moist  or  dry  con- 
dition. The  bruised  fruit  is  sometimes  washed  over  a  sieve 
and  the  liquid  allowed  to  stand  until  the  annatto  subsides; 
or  it  is  separated  by  fermentation.  The  product  is  a 
brownish-red,  resinous  substance,  usually  in  moist  niasses, 
but  sometimes  in  dry,  brittle  cakes.  It  has  often  little  or 
none,  sometimes  a  sweetish,  resinous  odor,  and  a  saltish- 
bitter  taste.  Some  lots  have  a  very  disagreeable  smell, 
and  are  said  by  Hager  to  be  prepared  with  urine.  Two 
kinds  are  said  to  be  imported  from  French  Guiana,  one 
without  unpleasant  smell,  the  other  disagreeable.  A 
third  variety  comes  also  from  Brazil,  but  this  is  not 
so  highly  esteemed  as  the  best  French. 

Annatto  is  a  mixed  substance,  nearly  insoluble  in  water, 
soluble  in  Alcohol,  Ether,  Fatty,  and  Essential  Oils, 
making  orange-red  solutions.  It  consists  principally  of 
a  yellow  {Orellin)  and  a  red  (Bixin)  resinous  coloring 
matter.  .      „  ,   . 

The  principal  demand  for  Annatto  is  for  dyeing  fabrics, 
but  it  is  also  extensively  employed  to  color  butter  and 
cheese.  Internally  given,  it  is  said  to  be  "tonic  and 
antidysenteric." 

Allied  Plants. — Bixacm  is  a  rather  small,  exclu- 

2m 


Aniiatto. 
Antbrax. 
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sively  tropical  order,  which,  besides  Annatto  and  Chaul- 
mugia  seeds,  furnishes  scarcely  anything  of  economic 
interest.     (See  Chaulmugra.)  „ 

Allied  DKU&s.-For a  list  of  "pharmaceutical    dyes, 

see  Saffron.  ^-  -?•  ^^^'■ 

ANODYNES.  This  term  (a,  privative,  and  ili'n,  pain) 
is  applied  synonymously  with  analgesics  (a,  and  aAyj.r.s) 
to  a  small  class  of  drugs  whose  peculiar  action  is  to  relieve 
pain  The  ansesthetics,  which  also  relieve  pain,  but  by 
suspending  all  sensation,  together  with  consciousness  and 
motility,  are  not  anodynes. 

By  far  the  most  important  member  of  this  group  is 
opium.  (For  detailed  account  of  the  action  of  this  drug, 
see  Opium,  i  Though  other  remedies  occasionally  relieve 
the  milder  degrees  of  pain,  opium  alone  can  he  relied  upon 
to  remove  severe  suflering.  It  has  its  limitations,  m  oc- 
casional paroxysms  of  agony  such  as  attend  the  passage 
of  renal  and  gall-stones,  when  nothing  short  of  absolute 
anaesthesia  will  bring  relief.  Here  opium,  in  doses  so  high 
as  even  to  endanger  the  life  of  the  individual,  is  without 
effect  on  the  pain.  In  the  ordinary  forms  of  severe  pain  a 
failure  of  opium  to  give  relief  is  almost  always  due  to 
improper  adjustment  of  the  dose.  Of  course,  the  subse- 
quent ill  effects  of  opium,  such  as  nausea,  constipation, 
and  narcotic  addiction  may  be  so  marked  as  to  form  a 
contra-indication,  more  or  less  strong,  to  its  use.  But  the 
point  here  emphasized  is  that,  as  an  anodyne  pure  and 
simple,  opium,  if  properly  administered,  is  almost  always 
successful.  In  certain  subjects,  particularly  women  and 
nervous  persons,  the  intoxicating  effect  of  opium  pre- 
dominates in  the  moderate  doses.  In  such  cases  the  dose 
must  be  cautiously  increased  beyond  the  limits  usually 
prescribed,  or  else  the  opium  must  be  combined  with 
some  nervous  sedative,  as  bromide  of  potassium  or  chloral. 
For  it  should  be  remembered  that  opium  is,  in  analgesic 
doses,  by  no  means  always  a  hypnotic.  In  many  cases 
where  it  completely  removes  pain,  the  patient  does  not 
close  his  eyes  in  sleep  the  whole  night. 

The  common  cause  of  failure  in  securing  the  analgesic 
effect  of  opium  is  conformity  with  a  strict  and  arbitrary 
posological  standard,  and  forgetfulness  of  the  fact  that 
there  is  much  difference  in  the  capacity  of  different  indi- 
viduals, and  of  the  same  individual  at  different  times,  for 
the  drug.  Under  the  influence  of  severe  pain,  the  tolera- 
tion for  opium  increases  enormously.  In  general  and 
pelvic  peritoneal  inflammations,  for  instance,  it  may  be 
necessary,  in  order  to  get  the  full  effect  of  opium,  to  ad- 
minister it  in  doses  up  to  four  grains  (or  its  equivalent  in 
morphia)  at  a  time,  and  repeat  with  suiHcient  frequency 
to  keep  the  patient  just  short  of  narcotism.  This  bold  use 
of  opium  in  pelvic  inflammation  has  come  into  practice 
of  late  years,  and  some  of  the  figures  published  of  the 
amounts  actually  administered  are  very  large.  They  are 
not  given  here,  however,  for  the  reason  that  no  definite 
figures  reported  in  one  case  should  have  any  weight  in 
determining  the  amount  to  be  given  in  another  case.  It 
is  needless  to  say,  with  a  patient  suffering  from  a  frank 
peritonitis,  where  these  heroic  doses  have  been  made 
necessary,  and  when  the  individual  is  held  just  on  the 
verge  of  narcotism,  with  respirations  perhaps  lowered  to 
ten  or  twelve  per  minute,  that  no  standing  order  should 
be  given  in  advance  for  a  stated  administration  of  the 
drug,  and  that  each  dose  should  be  given  by  the  practi- 
tioner himself,  who  should  on  no  account  leave  the  case, 
and  who  should  have  at  hand  atropia  and  a  faradic  bat- 
tery ready  for  instant  use  in  case  the  narcotism  should  go 
too  far. 

Among  the  derivatives  of  opium,  morphia,  as  an  ano- 
dyne, stands /acifo  prineeps.  Its  convulsant,  constipative, 
and  diaphoretic  action  are  all  less  than  of  opium,  while  as 
an  analgesic  it  is  even  more  active  than  the  drug  from 
which  it  is  derived.  Of  the  other  principal  alkaloids,  the 
analgesic  effect  upon  man  is  in  the  following  order :  Nar- 
ceine,  Thebaine,  Papaverine,  and  Codeine.  The  interval 
between  the  strongest  of  these  and  morphia  is,  however, 
great,  one  authority  claiming  that  narceine  is  four  times 
weaker  than  morphia,  and  in  practice  it  is  found  that 
none  of  them  can  be  relied  upon  with  certainty  in  pain  of 
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a  severe  character.  The  promptness  and  effectiveness  ol 
morphia  as  an  anodyne  are  usually  enhanced  by  the  hypo 
dermic  method  of  administration. 

Chloroform  is  at  times  an  anodyne.  This  is  especiallj 
the  case  when  injected  subcutaneously  in  the  vicinity  of  8 
nerve,  as  in  sciatica  and  other  forms  of  neural^a.  Ad 
ministered  by  the  mouth  it  also  has  a  local  analgesic  effect, 
due  partly,  no  doubt,  to  its  revulsive  counter-irritant  ac 
tion.     It  is  thus  of  use  in  gastralgia  and  flatulent  colic. 

Belladonna  may  be  considered  a  feeble  anodyne.  Ad- 
ministered with  opium  it  has  not  only  a  corrigent  effect, 
mitigating  some  of  the  unpleasant  symptoms  of  the  lattei 
drug,  but  is  also  apparently,  to  a  certain  extent,  an  ad- 
juvant. 

Cannabis  Indica  is  a  still  weaker  anodyne,  if  it  de- 
serves the  name  at  all.  Its  hypnotic  action  can  overcome 
a  moderate  degree  of  discomfort,  but  not  much  actual 
pain.  It  is  of  some  repute  in  the  treatment  of  chronic 
migraine.  Ghcn-les  F.  Withingion. 

ANOSMIA  (o,  privative,  and  o(rfin,  odor;  literally,  odor- 
less), now  commonly,  but  erroneously,  accepted  to  de- 
note "  loss  of  the  sense  of  smell." 

It  is  due  either  to  disease  or  injury  of  the  olfactory  nerves 
or  lobes,  or  of  their  cerebral  centres,  or  to  conditions  of 
the  nasal  cavity  which  interfere  with  the  proper  function 
of  the  olfactory  nerve.  Among  the  causes  of  anosmia 
from  central  lesion  are  :  Separation  of  the  olfactory  bulbs 
from  the  brain  by  concussion,  as  from  a  blow  upon  the 
head,  preferably  npon  the  occiput ;  degenerations  of  the 
nerve ;  tumors,  abscesses,  or  haemorrhages,  either  in 
the  substance  of  the  brain  or  at  its  base.  A  moist  and 
normal  condition  of  the  nasal  mucous  membrane  being 
required  for  a  peri ept  sense  of  smell,  it  follows  that  any 
process  may  cause  anosmia  which  prevents  the  terminal 
nerve-filaments  or  olfactory  cells  from  receiving  the 
stimulus  necessary  for  their  excitation.  Hence,  in  the 
early  stage  of  acute  catarrh,  in  atrophic  rhinitis,  and 
in  syphilitic  disease,  which  conditions  are  attended  with 
undue  dryness ;  in  tumors  of  the  nostril,  and  in  some 
cases  of  hypertrophic  catarrh  in  which  the  odoriferous 
particles  are  mechanically  prevented  from  reaching  the 
olfactory  region,  loss  of  smell  is  apt  to  result.  Long- 
continued  paralysis  of  the  fifth  and  seventh  nerves  may 
cause  anosmia ;  in  the  former  case  by  the  resulting  inter- 
ference with  the  nutrition  of  the  nasal  mucous  mem- 
brane, and  in  the  latter,  because  the  patient  may  be 
unable  to  sniff  the  odorous  particles,  and  because,  the  or- 
bicularis muscle  being  paralyzed,  the  tears  flow  over  the 
cheek  instead  of  passing  through  the  lachrymal  duet  to 
furnish  necessary  moisture  to  the  nasal  mucous  mem- 
brane. 

The  presence  of  pigment  in  immediate  proximity  with 
the  terminal  olfactory  nerve-cells,  seems  necessary  for 
the  proper  development  of  the  olfactory  sense.  Defi- 
ciency of  this  sense  has  been  observed  in  albinos  and  in 
white  animals,  while  in  animals  in  which  the  sense  of 
smell  is  most  acute  the  olfactory  region  is  darkest. 

The  sense  of  taste  is  constituted  by  the  recognition  of 
but  four  principles,  namely,  bitter,  sweet,  salt,  and  acid. 
The  perception  of  other  flavors  depends,  therefore,  upon 
the  olfactory  sense,  and  when  the  latter  is  lost  the  former 
is  also  destroyed.  Anosmia  may  be  congenital,  either 
from  deficiency  or  malformation  of  the  nervous  appa- 
ratus, or  from  abnormal  conditions  of  the  mucous  mem- 
brane. It  may  also  occur  with  the  general  decline  inci- 
dent to  old  age. 

Diagnosis. — Mechanical  obstruction  will  be  recognized 
by  anterior  rhinoscopy,  while  in  cases  of  neurotic  origin 
the  associated  symptoms  will  suggest  the  real  cause.  In 
testing  a  patient  it  should  be  learned  whether  the  trouble 
is  bilateral  or  unilateral.  Test  odors  familiar  to  the  pa- 
tient should  be  used,  but  their  nature  should,  of  course, 
be  concealed  from  him.  Es.sential  oils,  such  as  of  cloves, 
cinnamon,  or  rose,  will  be  found  convenient.  It  should 
be  remembered  that  alcoholic  preparations,  such  as  eau 
de  cologne  ;  vapors,  as  of  ammonia  ;  snuff,  etc. ,  are  not 
suitable  as  tests,  since  their  action  is  irritant  and  does  not 
necessarily  affect  the  nerve  of  special  sense. 
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Treatment. — If  the  anosmia  be  due  simply  to  insuf- 
liciency  of  nerve  action,  possible  relief  may  be  afforded 
For  this  Althaus  has  recommended  the  insufflation  of 
sulphate  of  strj^chnia,  about  one-thirtieth  of  a  grain,  in 
combination  with  any  convenient  inert  vehicle,  such  as 
starch,  gum  acacia,  or  sugar  of  milk  two  or  three  times 
a  day,  the  quantity  of  strychnia  to  be  increased  to  double 
the  above  amount  if  no  effect  be  produced.  Galvanism 
has  proved  unsuccessful  in  the  hands  of  the  great  ma- 
jority who  have  employed  it,  although  some  have  claimed 
success  from  its  use.  The  writer  believes  that  he  has 
seen  temporary  improvement  from  the  application  of  a 
mild  Paradic  current.  The  use  of  electricity  in  these 
cases  has  never  been  satisfactorily  studied,  however,  and 
it  is  to  be  hoped  that  future  investigation  will  lead  to 
more  favorable  results.  Anosmia  depending  upon  ca- 
tarrh will  be  likely  to  improve  if  the  catarrhal  condition 
he  recent  and  remediable,  otherwise  not.  When  it  is  due 
to  mechanical  obstruction,  as  in  the  case  of  polypi  or  ex- 
cessive turbinated  hypertrophy,  removal  of  the  obstruc- 
tion will  usually  be  followed  by  restoration  of  the  normal 
function. 
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ANTACIDS.  These  are  agents  employed  to  correct 
acidity  of  the  primse  vise  or  of  the  urinary  secretion.  For 
the  former  purpose  the  most  commonly  used  remedies 
are  potassa,  soda,  lime,  magnesia,  and  their  carbonates. 
Potassa  or  soda  may  be  used  when  the  bowels  are  regular 
in  their  action,  and  when  it  is  simply  desired  to  neutral- 
ize an  excess  of  acid  in  the  stomach.  When  constipation 
exists,  magnesia  is  selected  by  preference,  and  when 
diarrhoea  Is  present  lime-water  or  chalk  mixture  should 
he  employed.  The  acetate  and  citrate  of  potassa  are  the 
salts  usually  exhibited  to  render  the  urine  neutral  or  alka- 
line.   (See  Art.  Alkalies.)  T.  L.  S. 

ANTHELMINTICS.  (Synon.,  Antiscolics,  Vermicides, 
Vermifuges.)  Remedies  used  to  destroy,  or  cause  the 
expulsion  of,  intestinal  worms.  The  term  vermicide  is 
used  to  designate  those  agents  which  kill  the  parasites, 
while  vermifuges  simply  dislodge  them  and  expel  them 
from  the  bowel  Since  there  are  three  sorts  of  intestinal 
worms,  it  will  be  more  convenient  to  consider  the  reme- 
dies suitable  for  each  variety  separately,  for  not  all  the 
anthelmintics  are  equally  fatal  to  every  kind  of  entozoa. 

Memedies  Employed  in  the  Treatment  of  Ta/pe-worm,  or 
Tmnia. — The  principal  drugs  of  this  class  are  male  fern, 
pumpkin  seed,  kameela,  kousso,  pomegranate  bark,  tur- 
pentine, areca,  and  chloroform.  Male  fern  Is,  perhaps, 
the  most  frequently  employed  of  these  remedies,  and  is 
certainly  very  efficient,  especially  against  the  bothrio- 
cephalus  latus.  It  is  best  given  in  combination  with  tur- 
pentine. Chloroform  is  a  very  certain  anthelmintic,  and 
many  cases  of  success  have  been  reported  from  its  use, 
but  it  is  a  dangerous  remedy  and  should  never  be  selected 
by  preference  when  there  are  other  more  safe  drugs  at 
hand.  Kousso  is  seldom  employed  at  the  present  day. 
Pomegranate  bark  sometimes  serves  a  very  good  ijurpose. 
It  is  often  given  in  the  form  of  the  sulphate  of  its  alka- 
loid, pelletierine.  Kameela  is  employed  for  the  destruc- 
tion of  both  the  tape-worm  and  round- worms.  It  is  like- 
wise fatal  to  thread-  or  seat-worms.  The  drug  to  be 
preferred  when  the  expulsion  of  taenia  is  desired  is  cer- 
tainly pumpkin  seed  (pepo).  It  is  very  destructive  to 
this  worm  and  is,  at  the  same-  time,  without  danger  to  the 
bearer  of  the  parasite. 

Remedies  Employed  in  the  Treatment  of  Baund-^orms, 
or  Lumbrici. — These  are  santonin,  calomel,  mucuna, 
azedarach,  spigelia,  chenopodium,  and  tin.  Santonin  is 
the  most  commonly  employed  anthelmintic  of  this  class, 
but  a  safer,  and  in  most  cases  equally  efficacious,  drug 


is  spigelia,  or  pink  root.  The  latter  is  best  given  com- 
bined with  senna  or  some  other  cathartic.  Chenopo- 
dium, or  wormseed,  and  azedarach  (employed  chiefly  in 
the  Southern  United  States)  are  useful,  but  inferior  to 
the  before-mentioned  remedies.  Calomel,  when  given 
in  sufficient  dose,  is  often  sufficient  to  cause  the  expul- 
sion of  lumbrici,  but  is  usually  exhibited  in  combination 
with  santonin.  Mucuna  and  tin  (pulvis  stanni)  are  so- 
called  mechanical  anthelmintics,  the  former  being  sup- 
posed to  kill  the  parasites  by  transfixing  them  with  its 
hairs.     These  agents  are  seldom  employed. 

In  administering  anthelmintics  in  the  treatment  of 
either  round  or  tape-worms,  certain  precautions  are  to 
be  observed.  They  should  always  be  given  when  the 
stomach,  and  as  far  as  possible  also  the  intestines,  are 
empty.  Thus  their  exhibition  should  be  preceded  by  a 
fast,  if  possible,  for  twenty-four  hours.  When  for  any 
reason  this  cannot  be  accomplished,  the  remedy  should 
be  given  in  the  morning  before  breakfast,  a  light  supper 
only  having  been  taken  the  evening  before.  It  is  usually 
advisable  to  give  the  drug  employed  in  combination  with 
a  cathartic,  calomel,  senna,  or  turpentine,  and  its  admin- 
istration should  be  followed  in  a  few  hours  by  a  dose  of 
castor  oil  or  some  other  smart  purge. 

Bemediea  Employed  in  the  Treatment  of  Thread^worms, 
or  Vermieularea. — Many  of  the  drugs  above  mentioned 
as  efficacious  in  causing  the  expulsion  of  lumbrici  are 
equally  fatal  to  thread-worms,  but  are  seldom  employed 
for  this  purpose.  Vermiculares  being  seated  in  the  lower 
bowel  are  usually  easily  reached  by  enemata,  and  should 
always  be  so  treated.  The  substances  most  frequently 
used  for  this  purpose  are  lime-water,  infusion  of  quassia, 
carbolic  acid,  and  salt.  Quassia  infusion  is  probably  the 
best,  and  seldom,  indeed,  fails  to  dislodge  the  parasite. 
Carbolic-acid  solution  is  very  effective,  but  its  employ- 
ment is  not  unattended  with  danger,  and,  if  used,  it 
should  be  injected  in  very  weak  solution.  It  may  ad  van 
tageously  be  employed  to  bathe  the  parts  externally  at 
the  same  time  that  lime-water  or  infusion  of  quassia  is 
thrown  into  the  bowel.  In  the  absence  of  other  reme- 
dies an  enema  of  simple  salt  and  water  will  be  found  to 
answer  an  excellent  purpose.  Thomas  L.  Btedman. 

ANTHRAX.  Carbunculus  contagiosus,  Milzbrand, 
Charbon,  Malignant  Pustule.  (See  also  Carbuncle,  and 
Furuncle.) 

An  acute  intoxication  of  a  part  of  the  body,  or  of  the 
entire  body,  dependent  upon  the  entrance  of  a  schizo- 
mycete  (Bacillus  anthracis),  and  its  multiplication  in 
the  animal  system.  The  disease  is  primarj'  in  animals, 
and  occurs  in  the  human  subject  in  two  distinct  forms, 
viz.,  directly, by  inoculation,  or  indirectly,  by  eating  the 
flesh  of  animals  infected  with  anthrax.  The  blood  and 
tissues  of  an  animal  dead  from  anthrax  are  found  to 
contain  a  minute  organism,  in  the  form  of  a  rod  bacillus. 
This  organism,  when  placed  in  appropriate  culture-fluids, 
begins  to  increase  in  length  within  two  hours,  and  in  three 
hours  will  have  become  elongated  to  twenty  or  thirty 
times  its  original  length.  Soon,  long,  wavy  threads  are 
formed,  in  which  a  granular  content  is  visible  after  an 
interval  of  ten  to  fifteen  hours.  Within  these  threads 
granules  of  sharply  defined  outline  appear,  which  become 
free  by  rupture  of  the  threads,  and  again  form  the  orig- 
inal bacilli  by  becoming  oval  and  afterward  taking  the 
rod  shape  of  the  original  organism.  After  a  few  hours 
motionless  rods  are  formed  from  these  spores,  and  soon 
the  elongated  threads  may  be  reproduced.  The  inocula- 
tion of  these  organisms  produces  the  same  fatal  effect  on 
animals  as  does  that  of  blood  taken  from  a  diseased  ani- 
mal, but  if  the  blood  of  the  latter  is  filtered,  so  as  to  re- 
move all  germs,  it  is  no  longer  infectious  to  a  healthy 
animal  (Klebs,  Pasteur). 

Study  of  anthrax  and  its  bacillus  makes  it  probable 
that  the  disease  cannot  originate  (fo  wm>,  but  is  always 
communicated  by  some  medium  capable  of  conveying  the 
infection,  and  that  it  is  always  transmitted  directly  or  in- 
directly from  pre-existing  cases. 

The  disease  in  man  is  always  acquired  from  infected 
animals,  or  from  the   products  of  such  animals.     The 
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affection  is  principally  confined  to  certain  districts  in  the 
countries  in  which  it  prevails.  It  is  generally  restricted 
to  damp,  heavy  soils,  and  in  this  respect  it  resembles  in- 
termittent fever. 

Any  part  or  tissue  of  an  animal  dead  from  anthrax  is 
capable  of  communicating  the  disease;  as  blood,  hair, 
skin,  bristles,  wool,  claws,  horns,  flesh,  bones,  milk,  mu- 
cus, fasces,  etc.  The  contagion  also  clings  to  any  sub- 
stance which  has  been  in  contact  with  the  disease,  such  as 
harnesses,  halters,  straw,  hay,  stalls,  etc. ,  and  the  disease 
is  communicated  by  means  of  plants  growing  in  soil  in 
which  the  body  of  a  diseased  animal  has  been  buried.  It 
is  also  carried  by  the  clothes  or  persons  of  stablemen  and 
ostlers,  and  by  the  feet  and  proboscis  of  flies  which  have 
alighted  upon  the  diseased  animal  (Davaine),  and  Bol- 
linger found  tie  same  forms  of  bacteria  in  the  stomach 
of  a  horse-fly  iR'hich  had  previously  alighted  upon  the 
body  of  an  animal  dead  from  anthrax.  Upon  inoculat- 
ing a  rabbit  with  the  contents  of  the  stomach,  splenic 
fever  was  promptly  developed. 

Anthrax  is  more  common  in  warm  weather,  reaching 
its  greatest  virulence  in  August  and   September.     Con- 
tagion by  means  of  the  atmosphere  is  not  proved.     Pu- 
trefaction   entirely    de- 
stroys the  activity  of  the 
anthrax  virus(Bollinger). 
The  disease  has  also  been 
banished  from  places  f or- 
V  ^~     a     Vk  //    //     \    n     merly  the  seat  of  infec- 
\^  \J     \/'  Jjt  ,i^^^   tion  by  draining  and  cul- 
«       ^     W  ^/'/^^NV^w    tivating  the  land.     Colin 
found  that  a  boiling  tem- 
perature (100  C),  and  the 
action  of  the  gastric  juice 
each  destroyed  the  con- 
tagium,  and  thus  it  is  less 
frequent  from  the  use  of 
millc  and  flesh  from  dis- 
eased animals. 

The  greatest  source 
of  danger  in  this  disease 
Pin  IRK  1  p™  -tv  . ,,  •„  .^  1'^^  ™  tli^  f3,ct  that  the 
'^';is'^o--„i'gSr'ho°;i'nTarSa'^  Jirus  may  be  introduced 
'°  I^gtli  o*  twenty  to  thirty  times  through  the  Smallest 
the  breadth  of  the  organism  ;  2,  long  abrasion  or  iniurv  of  the 
wavy  threads  from  prolonged  culture;  gkin  q^  of  the  Tniir-nns 
3,  appearance  of  granular  bodies  of  ""■'"'  °r  01  me  mucoUS 
high  refractive  power  in  the  bacillary  membrane  01  the  ahmen- 
threads,  the  spores  of  anthrax  :  4,  tarv  Canal.  The  decree 
these  bodies  are  liberated  by  rupture  of  susrpntihilitvnf  HJffor 
or  dissolution  of  the  threads,  and  be-  "^  ™SCeptlDlllty  Ot  dlttor- 
come  the  bacillaj  of  anthrax  by  as-  ^P*  animals  tO  the  poison 
Buming  the  form  of,  5,  rods,  and  later,  of  anthrax  is  not  uniform 
(,  01  chains ;  when  oxygen  is  ex-  The  hprhivnrn  nro  potio 
hausted,  the  growth  of  the  bacillus  illl  "!„„  ^i,?  ''/^P®" 
ceases,  and  it  assumes  the  form  fi  of  ^^"1   susceptible  (expe- 

a  string  of  beads;  these  spores,  if 'in- rimentally,   rabbits  and 
'odl'reSranraTfo'^™fo7j£:  g"toeaf  g«)..  the  omniv- 

organism  of  anthrax ;  8,  colorless,  and    °™  ^''®  '^'^  liable  tO  take 

H.  red  blood  corpnsoies.   (After  zuei-  the  disease  (pigs,  men, 

etc.),  and  the  carnivora 
tho  ,7i,.„„     a*  ,     ,  ,  *■■*  ^^^^   susceptible  to 

feotJd  thnn  thT^'  ^'"^  *  T  ^°™*1^  *^«  "^o^e  easily  af- 
fected than  the  lean  or  sickly.  One  attack  affords  no  pro- 
tection against  a  recurrence  of  the  disease.     To  show  the 

[hr/earf8S''n'^rn'A ''  TL''^  ^'^t^^^  *^^t  i°  R^^^^a,  in 
the  yeai  1864,  no  less  than  72,000  horses  were  destroyed  by 

Ln  5i  nnnPi°^"°'  °^  Novgorod,  within  four  yearsf  more 

fell  vK  tn°rt  •'',''°\'i  '^"•^  ^'^'^'^P'  ^  ^-e"  as  535  men 
Ml  victims  to  this  terrible  scourge  (see  Bollinsrerl  ThP 
disease  spreads  among  men  in  proportion  as  thfy  are  ex 
posed  to  infection  from  diseased  animals  or  men^  Shep- 
as  vp/pwt™'"'  ''^''=^<"'^'  "oachmen,  stablemen    as  weU 

Pari,  in  ^v  I  J'^o^f  eau  mentions  two  factories  in 
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six  or  eight  workmen  were  employed  :  during  ten  years 
twenty  laborers  died  in  these  establishments  from  an 
thrax.  Even  after  the  hair  has  been  long  in  use  the 
disease  may  be  induced  in  the  form  of  true  malignant 
pustule  in  those  employed  in  renovating  the  upholstering 
A  small  scratch  or  crack  iu  the  skin  or  mucous  membrane 
is  sufficient  for  inoculation,  and  frequently  it  is  caused 
by  the  unclean  nails  or  fingete  of  workmen  in  scratching 
the  face  or  arms.  The  disease  may  be  spread  from  man 
to  man.  The  discharge  from  the  pustule  (anthrax  car- 
buncle) seems  especially  poisonous.  Repeated  trans- 
missions of  virus  do  not  cause  a  diminution  of  virulence  • 
the  last  generation  is  as  highly  infectious  as  the  first 
Anthrax  is  observed  in  men  in  the  proportion  of  flftv, 
nine  per  cent.,  to  forty-one  per  cent,  in  women.  The  seai 
of  the  primary  sore,  the  malignant  pustule,  was  found 
by  Virchow  to  be  confined  to  the  face,  hands,  fingers 
forearm,  or  neck  in  eighty-four  per  cent,  of  cases  In 
the  rest,  sixteen  per  cent.,  the  arms  and  lower  extremities 
were  the  seat  of  infection,  and  in  these  cases  the  patients 
were  chiefly  women  and  children,  in  whom  these  regions 
are  less  exposed  than  in  men. 

Intestinal  Anthkax  (Mycosis   Intestinalis)  — In 
some  cases  the  primary  lesion  of  anthrax,  the  malignant 
pustule,  is  seated  upon  the  internal  surface  of  the  bowel 
and  produces  the  symptoms  known  as  those  of  mycosis 
intestinalis,  followed  by  the  same  train  of  fatal  results 
as  when  the  primary  lesion  is  external.     Often  the  milk 
and  the  flesh  of  diseased  animals  is  taken  as  food    and 
doubtless  the  infection  occurs   from  this  source  '  The 
course  and  symptoms  are  not  well  understood.     Often 
the  workmen  engaged  in  slaughtering  diseased  animals 
become  infected  by  direct  inoculation,  while  those  eating 
the  flesh  of  the  same  animals  experience  no  harm     It  is 
probable  that  the  bacilli  are  destroyed  by  gastric  diges- 
tion, but  if  they  succeed  in  passing  the  stomach,  they 
may  then  become  seated  in  the  mucous  membrane  of  the 
bowel  and  there  produce  the  disease. 
_  Pathology.— The  pathology  of  malignant  pustule  con- 
sists of  the  series  of  changes  which  follow  inoculation 
with  anttirax  through  either  the  skin  or  the  alimentary 
canal.     These  changes  are  somewhat  different,  according 
to  the  particular  circumstances  of  the  individual  case 
When  the  virus  is  introduced  through  a  scratch  or  abra- 
sion ot  the  skm,  the  period  of  incubation,  or  the  space  of 
time  before  the  local  symptoms  of  anthrax  appear,  may 
vary  from  a  few  hours  to  three  days  ;  in  rare  cases  some- 
what longer  than  this -time  may  elapse.     The  course  of 
the  disease  may  be  divided  into  three  stages.     The  first 
or  prodromal  stage  is  that    of    incubation    (period  of 
latency).     During   this  period  the  patient  presents  no 
marked  symptoms  of  any  serious  disturbance.    There  is 
localized  burning  and  itching  at  the  seat  of  infection, 
which  IS  generally  thought  to  be  due  to  the  bite  of  an  in- 
sect, such  as  a  flea,  which  the  spot  closely  resembles. 
After  a  period  of  incubation  lasting  from  a  few  hours  to 
three  days  (rarely  longer)  the  local  symptoms  suddenly 
change.  The  second  stage,  that  of  eruption,  now  ensues,  in 
which  a  small  papule  is  seen  at  the  seat  of  the  previous  ir- 
ritation.    Ihis  rapidly  increases  in  height  and  in  circum- 
ference, and  generally  presents  a  spot  of  dark  discolora- 
tion at  Its  summit.     The  itching  and  burning  increase, 
and  within  a  few  hours  a  vesicle  appears  at  the  seat  of 
discoloration  in  the  papule.     The  vesicle  now  rests  upon 
an  indurated  base,  and  contains  a  small  amount  of  a  se 
rous    frequently  bloody  fluid.     The  surrounding  skin 
swells  so  as  to  form  a  slight  elevation  around  the  papule, 
which  now  exhibits  the  peculiar  appearances  to  which  it 
owes  its  name  of  "malignant  pustule,"  although  this  is 
not  an  accurate  definition  of  the  pathological  condition  at 
the  seat  of  the  local  disease.     The  vesicle  soon  ruptures 
spontaneously,  or  is  ruptured  by  the  scratching  of  the 
patient,  and  reveals  a  dark-red  base,  which  quickly  dries, 
forming  a  livid  or  brownish  crust.     This  is  the  com- 
mencement of  the  central  gangrene  or  necrosis  of  tissue 
commonly  observed  in  the  carbuncle  of  anthrax.    The 
crust  becomes  gradually  larger,  until  it  sometimes  reaches 
a  diameter  of  one  to  two  centimetres,  and  the  swelling 
and  tension  of  the  surrounding  skin  becomes  more  exten 
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sive.  A  line  of  new-formed  vesicles  becomes  developed 
around  the  margin  of  the  crust,  which  contain  a  yellow- 
ish or  hrown  fluid  content. 

The  crust  now  gradually  becomes  free  from  pain  and 
tenderness,  and  a  doughy  or  boggy  infiltration  is  felt  for 
some  distance  in  the  tissues  around  the  primary  sore. 
The  local  condition,  however,  has  no  diagnostic  value 
as  an  indication  of  the  infection  of  the  general  system. 
In  rare  instances  the  local  symptoms  become  less  serious, 
the  swelling  subsides,  the  slough  separates  and  is  thrown 
off,  and  the  ulcer  heals  by  granulation.  In  such  cases 
the  chief  danger  is  from  septicsemia  arising  from  the  ab- 
sorption of  gangrenous  matter.  When  general  infection 
occurs  the  swelling  increases  and  becomes  doughy,  the 
lymph  channels  are  detected  as  reddened  lines  of  indura- 
tion, the  glands  become  swollen,  burning  heat  is  felt  in 
the  part,  which  gradually  becomes  very  painful,  and 
later  is  the  seat  of  a  feeling  of  stiffness  and  numbness. 
The  veins  are  often  seen  as  dark-colored  channels,  and 
are  sometimes  plugged  by  thrombosis. 

The  foregoing  appearances  are  caused  by  the  local 
multiplication  of  the  bacilli  of  anthrax  in  the  part  which 
is  the  seat  of  the  primary  infection.  On  the  second  or 
third  day  the  germs  may  be  found  in  the  central  part  of 
the  carbuncle,  and  in  scattered  groups  in  the  rete  Mal- 
pighii.  At  times  large  interwoven  masses  of  germs  are 
found  in  the  tissues  at  this  early  period,  and  may  be  ob- 
served to  spread  into  the  neighboring  parts  by  extending 
beneath  the  epidermis.  In  a  carbuncle  extirpated  by  Bar- 
deleben  on  the  twelfth  day,  which  measured  five  centi- 
metres in  diameter,  the  bacilli  were  present  in  such  enor- 
mous numbers  that  the  tissues  were  everywhere  crowded 
with  them ;  they  even  filled  the  spaces  between  neigh- 
boring cells  and  obscured  the  normal  structures  of  the 
part.  In  a  carbuncle  examined  by  Wagner  the  bacilli 
were  so  abundant  as  to  hide  the  normal  tissues.  The 
centre  of  the  pustule  is  generally  the  seat  of  haemorrhage, 
and  the  effused  blood  is  prone  to  undergo  putrefactive 
changes.  This  accident  is  also  frequently  observed  in 
the  cedematous  tissue  immediately  surrounding  the  pus- 
tule. Prom  this  centre  general  infection  of  the  body 
(third  stage)  may  now  quickly  take  place,  some  cases  re- 
quiring but  a  few  hours  {eas  foudroyanti),  while  others 
occupy  from  three  to  four,  sometimes  eight  to  ten,  days 
for  general  poisoning  of  the  system. 

A  second  form  of  ttie  disease  is  the  "  oedema  carbunculo- 
sumseumalignum,"  "Milzbrandoedem."  This  is  observed 
in  cases  in  which  inoculation  occurs  in  parts  covered  with 
thin  delicate  skin,  such  as  the  eyelids,  axilla,  and  occasion- 
ally the  extremities.  In  these  cases  the  local  sore,  the  pus- 
tule, is  not  formed,  there  is  no  crust,  no  central  gangrene, 
nor  an  eruption  of  vesicles,  but  a  rosy,  bluish,  or  even 
livid  swelling  appears  at  the  seat  of  primary  infection, 
and  rapidly  spreads  in  all  directions.  Generally  the  spot 
where  the  inoculation  occurred  may  be  seen  as  a  dark 
point  more  or  less  elevated  above  the  surface,  but  some- 
times there  is  no  visible  point  of  origin.  The  swelling  is 
frequently  enormous,  so  that  the  arm  may  be  three  or 
four  times  its  normal  size,  or  the  eyes  may  be  entirely 
closed  by  large  effusions  of  translucent  fluid  in  the  tis- 
sues. Like  the  previously  described  local  manifestations 
of  anthrax,  this  malignant  oedema  may  subside  sponta- 
neously without  causing  destruction  of  the  tissues,  and 
the  part  may  be  restored  to  its  former  condition.  There 
is  generally  abundant  desquamation  of  epidermis  after 
the  disappearance  of  the  oedema.  At  times  the  swelling 
is  so  enormous  that  the  skin  becomes  gangrenous  to  a 
greater  or  less  extent,  and  often  vesicles  or  blebs  are 
formed  in  the  cedematous  area  which  are  filled  with  a 
bloody  serum,  and  at  the  base  of  which  is  generally 
found  a  slough  comprising  the  entire  thickness  of  the 
skin.  When  the  neck  or  eyelids  are  the  seat  of  extensive 
oedema  and  sloughing,  the  loss  of  tissue  may  be  so  great 
as  to  lay  bare  the  great  vessels  or  other  important  struct- 
ures, and  death  may  ensue  from  haemorrhage  or  from 
some  other  accident  not  belonging  to  the  course  of  an- 
thrax. 

General  infection  may  occur  when  the  primary  lesion 
is  seated  in  the  intestinal  tract,  as  well  as  when  the  inocu- 


lation has  taken  place  on  the  external  surface,  and  the 
character  of  the  disease  is  not  essentially  different.  The 
primary  affection  has  received  the  name  of  "anthrax  in- 
testinalis  seu  abdominalis,"  "mycosis  intestinalis,"  and 
is  described  by  Buhl,  Waldeyer,  E.  Wagner,  etc.  These 
cases  generally  run  a  most  alarming,  pernicious  {fou- 
droyant)  course,  and  it  is  chiefly  by  examination  of  the 
intestine  that  the  identity  of  the  disease  has  been  estab- 
lished. This  form  of  anthrax  is  generally  induced  by 
eating  the  flesh  of  infected  animals. 

General  infection  of  the  system  coiTesponds  to  that 
period  in  the  development  and  multiplication  of  the 
bacilli,  in  which  they  have  penetrated  beyond  the  seat  of 
primary  infection  and,  by  means  of  the  blood-channels  or 
other  paths,  have  reached  the  internal  organs,  and  have 
commenced  to  multiply  in  these  structures.  The  bacilli 
are  probably  carried  by  the  blood-corpuscles,  which  often 
contain  them  in  considerable  numbers.  The  disease  pro- 
gresses much  more  rapidly  in  the  intestinal  form,  proba- 
bly from  the  sudden  liberation  of  larger  numbers  of 
bacilli,  which  enter  the  circulation  from  many  points  at 
once. 

The  anatomical  appearances  in  anthrax  are  those  de- 
pendent upon  a  multiplication  of  the  bacillary  organ- 
isms in  the  body,  and  there  is  hardly  a  structure  or  a 
tissue  in  the  dead  body  in  which  they  may  not  be  found 
in  great  abundance.  They  form  thrombi  in  the  capil- 
laries, the  lymphatic  channels  and  glands  ;  the  brain, 
kidneys,  and  intestinal  glands  are  found  more  or  less 
crowded  with  them.  The  most  striking  changes  are 
haemorrhages  in  the  tissues,  varying  in  amount  from 
mere  points  to  large  extravasations.  (Edematous  exuda- 
tions and  serous  effusions  in  the  various  cavities,  and 
serous  infiltration  in  various  organs,  frequently  ensue. 
The  visceral  organs  are  generally  found  in  a  normal  con- 
dition, with  the  exception  of  the  spleen,  which  is  usually 
enlarged  and  softened  in  structure,  and  contains  enormous 
collections  of  bacilli.  There  is  a  marked  increase  in  the 
number  of  white  corpuscles,  and  death  is  quickly  followed 
by  strongly  developed  rigor  mortis. 

In  general  appearances  the  clinical  picture  of  fatal  an- 
thrax closely  resembles  that  of  virulent  small-pbx.  As  a 
rule,  cases  of  malignant  pustule  terminate  fatally  in  from 
three  to  seven  days,  though  in  cases  of  special  virulency 
icasfoudroyants)  death  may  occur  within  a  few  hours. 

The  symptoms  of  anthrax  are  in  a  general  way  as  fol- 
lows :  Chilliness,  or  a  well-marked  rigor,  fainting,  pains 
in  the  limbs,  loss  of  appetite,  sometimes  severe  distress  in 
the  region  of  the  stomach,  colic,  meteorism,  vomiting,  and 
diarrhoea,  frequently  accompanied  by  bloody  stools. 
There  is  excessive  thirst.  The  patient  retains  conscious- 
ness to  the  end,  unless  coma  should  supervene  shortly 
before  death.  Frequently  there  is  great  agony  and  dis- 
tressing anxiety ;  the  patient  begs  for  relief  in  the  most 
piteous  manner,  and  feels  that  dissolution  must  soon 
ensue.  In  other  cases  there  is  stupor  from  the  first,  or  the 
patient  becomes  delirious,  or  sinks  into  a  deep  coma,  or 
the  body  may  be  convulsed  by  clonic  cramps  or  con- 
tinuous trismus  or  tetanic  contractions.  Occasionally 
there  is  harassing  cough  and  dyspnoea,  vidth  bloody  ex- 
pectoration. There  may  be  frequent  haemorrhages  in  the 
tissues  or  from  the  mucous  membranes,  and  sometimes 
secondary  pustules  are  formed  which  are  similar  in  all 
general  characters  to  the  primary  lesion.  Usually  there 
is  considerable  elevation  of  the  body  temperature  at  the 
period  of  invasion  of  anthrax,  the  thermometer  often 
registering  40°  C,  or  higher,  for  some  days,  when  there 
is  a  sudden  fall  to  a  temperature  at  or  below  normal,  fre- 
quently as  low  as  36°  C.  The  pulse  is  generally  acceler- 
ated, and  increases  in  frequency  until  death.  The  action 
of  the  heart  is  often  feeble,  and  the  sounds  are  hardly 
audible.  Death  usually  occurs  from  collapse  and  gen- 
eral cyanosis. 

Cases  of  intestinal  anthrax  are  generally  more  virulent 
than  ordinary  malignant  pustule,  and  they  result  fatally 
sooner  than  those  in  which  the  infection  takes  place 
from  the  external  surface.  The  effects  of  malignant 
pustule  seem  to  depend  on  the  mechanical  action  of  enor. 
mous  masses  of  germs  within  the  body,  and  the  destruc. 
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tion  of  large  portions  of  tissue  by  the  growth  and  multi 
plication  of  the  bacilli. 

Diagnosis.  —The  diagnosis  is  often  very  far  from  easy. 
The  most  certain  method  is  that  of  taking  a  drop  from  the 
contents  of  the  pustule  or  vesicle,  vrhich,  on  microscopic 
examination,  will  be  seen  to  contain  the  bacillus.  This  at 
once  establishes  the  character  of  the  disease  in  distinc- 
tion from  simple  non-specific  carbuncle  and  furuncle. 
In  doubtful  cases  the  liquid  may  be  subjected  to  cultiva 
tion  in  a  moist  chamber,  when  a  definite  result  may  be 
obtained  within  a  few  hours.  Or  the  experimental  inoc- 
ulation of  guinea  pigs  and  rabbits  or  other  animals  sus- 
ceptible to  the  disease  may  be  carried  out,  when  the  oc- 
currence of  anthrax  is  conclusive  of  the  nature  of  the 
disease ;  but  a  negative  result  does  not  entirely  exclude 
malignant  pustule. 

In  districts  in  which  malignant  pustule  is  known  to  pre- 
vail, the  surgeon  would  suspect  this  disease  in  the  early 
stages  of  simple  carbuncle,  of  furuncle,  and  in  the  stings  of 
wasps  and  other  insects.  Malignant  pustule  also  resembles 
the  early  stages  of  erysipelas  to  some  extent.  Boils  or  f  u 
runcles  are  frequently  very  similar  in  their  early  stages  to 
the  first  appearances  of  anthrax.  In  certain  tissues  they 
also  often  commence  by  the  development  of  a  vesicle  at  the 
seat  of  irritation.  In  furuncle,  however,  there  is  not  so 
extensive  inflammation  in  the  vicinity,  and  the  central 
gangrene,  the  crust,  the  wreath  of  vesicles,  and  the  febrile 
action  are  absent ;  these  symptoms  belong  exclusively  to 
anthrax.  The  ordinary  simple  carbuncle  is  very  painful, 
the  carbuncle  of  anthrax,  on  the  contrary,  is  only  slightly 
sensitive.  Bites  of  insects  generally  show  a  small  yellow- 
ish point,  which  is  not  observed  in  anthrax.  Erysipelas, 
especially  when  accompanied  by  serous  effusions  (buUse), 
resembles  the  malignant  cedema  of  anthrax  to  some  ex- 
tent, but  in  erysipelas,  the  chill  and  fever  usually  precede 
the  eruption  of  the  disease,  while  in  anthrax,  these  occur 
simultaneously. 

In  glanders  the  carbuncles  are  smaller,  generally  mul- 
tiple, and  accompanied  by  intense  febrile  reaction. 

Cases  of  intestinal  anthrax,  mycosis  intestinalis,  may  be 
very  difl3cult  of  diagnosis.  The  symptoms  often  resem- 
ble those  of  poisoning  by  arsenic  or  phosphorus,  though 
the  appearances  due  to  anthrax  are  frequently  more  sud- 
denly developed,  and  advance  more  rapidly  to  a  fatal 
termmation  than  in  cases  of  poisoning  by  these  substances. 
Often  the  patient  is  dead  within  a  very  few  hours. 

Pbognosis.— The  prognosis  in  anthrax  is  always  very 
grave,  and  statistics  prove  that  more  than  seventy-five 
per  cent,  of  persons  attacked  die  from  the  disease.  Ex- 
tensive eruption  and  multiple  pustules  render  the  pros- 
pect of  recovery  less  favorable.  In  children  and  in  feeble 
persons  the  disease  is  almost  always  fatal.  GravidEe  are 
especially  liable  to  abortion  from  the  invasion  of  an- 
thrax When  general  infection  of  the  system  has  oc- 
curred the  result  is  uniformly  fatal.  But  two  cases  of 
general  anthrax  are  thus  far  known  to  have  survived  the 
disease  (Leube  and  Massing), 

Treatment.— No  treatment  thus  far  known  is  of  any 
avail  in  malignant  pustule,  unless  it  is  employed  at  an 
early  stage  in  the  disease.  The  complete  destruction  of 
the  pustule  as  soon  as  its  nature  can  be  recognized  is  the 
only  mea.sure  upon  which  reliance  can  be  placed     If 

hnn.Jf  =r  i5T*^^^i^1y  tj'o^o^gh  excision,  the  car- 
buncle should  be  divided  by  deep  incisions,  and  powerful 
^TlT^  should  be  thoroughly  applied  (carbolic  acid,  ni' 
trie  acid  chloride  of  zinc,  bichloride  of  mercury,  or  the 
hot  iron).  This  mode  of  treatment  should  be  employed 
even  when  the  disease  has  existed  three  or  four  davs  as 
anrmav  f^ZV^  destroying  large  numbers  of  bacilli, 
and  may  thus  be  supposed  to  modify  the  virulence  of 
the  disease,  and  possibly  to  allow  of  recovery  in  some 
cases  which  otherwise  would  end  fatally,  The  resuS 
wounds  should  be  treated  in  accordance  with  ordinarf 
surgica  rules.  Internally,  the  treatment  should  embrace 
wine   champagne,  coffee,  and  if  signs  of  failure  of  the 

SdTI'"if''^^^"^'''°'rT°'^'«^™P^°'e^^^^^ 

pe  aaaea.     If  the  disease  has  been  induced  bv  the  use  nf 

infected  meat,  a  prompt  emetic  should  be  a/minlstered 
followed  by  a  cathartic,  for  the  purpose  of  removTug 
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the  germs,  as  thoroughly  as  possible,  from  the  alimen- 
tary canal  before  general  infection  of  the  system  occurs 
The  only  medicine  which  can  be  looked  upon  as  in  any 
sense  a  specific  is  quinine,  of  which  one  to  two  gram's 
should  be  prescribed  in  twenty-four  hours,  and  it  may 
be  advantageously  combined  with  carbolic  acid,  one  gram 
per  day. 

Carbolic  acid,  in  a  two  to  five  per  cent,  solution,  may 
be  injected  into  the  diseased  tissues  in  the  amount  of 
one  gram  per  day.  In  cases  in  which  the  limbs  are  the 
seat  of  extensive  cedema  or  of  gangrene,  deep  incisions 
should  be  made  to  allow  the  evacuation  of  the  abnormal 
products,  and  antiseptic  dressings  should  be  rigidly  ad- 
hered to  until  granulations  have  formed. 

The  only  practicable  prophylactic  measures  for  the 
prevention  of  anthrax  are  to  prohibit  the  use  of  any  prod- 
uct or  part  of  diseased  animals  ,  to  protect  the  bodies  of 
infected  animals  from  flies  and  other  insects,  and  to  bury 
them  as  early  as  possible  deeply  in  the  earth,  or  prefera- 
bly to  burn  them. 
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ANTIDOTES.  (Deriv.,  ivri  and  ilSuiu.)  Antidotes 
are  remedies  which,  acting  mechanically,  chemically,  or 
physiologically,  are  capable  of  combating  and  neutralizing 
the  effects  of  poisons  on  the  system.  They  may  be 
divided  into  throe  classes,  according  to  their  mode  of 
action  .  (1)  mechanical,  (2)  chemical,  and  (3)  physiological 
or  dynamic. 

1  Mechanical  Antidotes. — The  functions  of  this 
class  are  the  removal  of  poisons  as  such  from  the  sys- 
tem, and  the  mechanical  prevention  of  absorption.  In 
this  class  are  included  emetics,  stomach  pump,  cathar- 
tics, injections,  washes,  poultices,  ligature,  tourniquet. 

The  use  of  emetics  is  frequently  rendered  superfluous 
by  the  vomiting  induced  by  the  poison  itself  or  by  the 
diluent  drinks  already  administered.  Where  there  exists 
any  considef  able  corrosion  of  the  oesophagus  or  stomach, 
or  severe  abdominal  inflammation,  their  use  is  contra-in- 
dicated. When  employed  they  should  be  administered 
without  delay,  and  vomiting  should  be  carried  on  to  such 
completeness  as  circumstances  will  allow.  The  nature 
of  the  poison  in  each  particular  case  must  to  a  certain  ex- 
tent govern  the  choice  of  the  emetic  to  be  prescribed . 
thus  common  salt  is  contra-indicated  in  poisoning  by  tar 
tar  emetic  or  by  corrosive  sublimate,  and  oily  substances 
in  poisoning  by  phosphorus,  cantharides,  and  salts  of 
copper  The  emetics  include  sulphate  of  copper,  sul- 
phate of  zinc,  tartar  emetic.  Ipecac,  emetin,  apomorphine, 
soapsuds,  olive  oil,  melted  fats,  snuff,  etc.  In  most 
cases,  vomiting  may  be  induced,  encouraged,  and  sup- 
ported by  tickling  the  fauces  with  the  finger. 

n  oR'i?*®  °*  copper  may  be  administered  in  doses  of  0.13 
to  0.30  Gm.  in  water.  Sulphate  of  zinc  is  a  very  efficient 
emetic  in  doses  of  1.0  to  2.0  Gm.  in  250  Gm.  of  water. 
1  artar  emetic  is  slow  in  action,  and  it  exercises  so  de- 
pressing an  effect  on  the  system  as  to  render  its  use  in- 
advisable when  emesis  can  be  otherwise  produced.  If 
administered  it  should  be  given  in  0.1  Gm.  doses,  once  or 
twice  repeated  if  necessary.  Ipecac  is  best  given  in  the 
form  of  powder,  the  action  of  the  wine  and  of  the  fluid 
extract  being  too.uncertain.  The  powdered  root  may  ba 
given  in  1.0  to  3.0  Gm.  doses  in  warm  water,  or  it  may 
be  combined  with  tartar  emetic  (Pul.  rad.  ipecacuanhee, 
1.0 ;  potas.  et  antimon.  tart.,  0.05).  The  alkaloid  emetin 
IS  an  efficient  emetic  in  doses  of  0.005  to  0.030  Gm; 
Apomorphine  is  in  many  cases  the  only  emetic  possible 
to  introduce,  especially  when  there  is  resistance  or  tris 
mus.  It  is  not  only  a  very  powerful  emetic,  but  it  acts 
with  great  rapidity.     It  is  administered  by  subcutaneous 
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injection  in  doses  of  0.004  to  0.010  Grm.-  The  common 
household  remedies,  salt,  mustard,  soap-suds,  etc.,  are 
frequently  of  great  assistance,  and  they  possess  the  ad- 
vantage of  availability.  Common  salt  is  effective  when 
given  in  the  proportion  of  two  tablespoonfuls  to  a  pint 
of  water ;  mustard  in  doses  of  two  teaspoonfuls  in  a  cup 
of  warm  water ;  snuff,  one  teaspoonf ul  in  warm  water 
or  claret.  Olive  oil,  soap-suds,  etc.,  require  no  especial 
mention.  Turpeth  mineral  and  sulphate  of  cadmium 
are  used  as  emetics,  but  to  only  a  limited  extent ,;  they 
possess  no  advantages  over  others,  and  it  is  unnecessary 
to  more  than  mention  them  in  this  connection. 

It  frequently  happens,  especially  in  poisoning  by  nar- 
cotics, that  even  the  most  powerful  emetics  are  inopera- 
tive. In  such  cases  the  aimnaeh-pump  is  a  very  valuable 
aid.  This  instrument  has  certain  advantages  over  the 
emetics  ;  the  object  is  attained  more  quickly,  the  patient 
is  spared  the  weakening  effects  of  the  emetics,  and  fluids 
may  be  introduced  not  only  for  washing  out  the  stomach 
but  for  their  chemical  action  on  any  residuum  adherent 
to  the  stomach-wall.  Should  the  instrument  be  not 
readily  obtainable,  one  may  use  a  common  rubber  tube 
to  one  end  of  which  a  funnel  is  attached.  To  use  this 
very  excellent  substitute  is  a  matter  of  no  great  difficulty ; 
introduce  the  free  end  into  the  stomach,  elevate  the  other 
end  and  pour  water  or  other  fluid  through  the  funnel 
until  the  stomach  and  tube  are  full ;  then  lower  the 
funnel  end  to  make  a  siphon,'  and  allow  the  contents  of 
the  stomach  to  escape  into  a  proper  vessel.  The  em- 
ployment of  the  stomach-pump  is  not  permissible  when 
the  oesophagus  and  stomach  are  corroded,  on  account  of 
the  danger  of  perforation.  The  instrument  is  also  of 
no  value  when  the  poisonous  substance  is  in  the  solid 
form  and  in  large  pieces  (meat,  sausage,  cheese,  etc.) 

Cathartiea  are  frequently  necessary  when  the  poison  has 
passed  from  the  stomach  into  the  intestine.  Those  in 
most  common  use  are  castor  oil,  croton  oil,  Epsom  salts, 
senna,  etc.  Castor  oil  not  only  acts  as  a  cathartic,  but 
protects  the  mucous  membranes  and  obstructs  absorp- 
tion. Its  use  is  contra-indicated  in  phosphorus  and  can- 
tharides  poisoning,  since  the  absorption  of  these  substances 
is  materially  assisted  by  fats  and  oils.  Croton  oil  is  valu- 
able by  reason  of  its  rapid  and  powerful  action.  It  is  best 
given  in  pill  form  (bread-crumb)  in  doses  of  one  to  four 
drops.  Sulphate  of  magnesium  in  doses  of  4  to  16  Gm. 
( 3  ]'.-  3  iv.)  is  recommended  in  chronic  lead  poisoning, 
and  in  connection  with  certain  of  the  chemfbal  antidotes 
as  an  aid  in  the  removal  of  the  resulting  compounds 
from  the  alimentary  canal.  Gamboge,  senna,  croton  oil, 
and  other  drastics  are  to  be  preferred  to  the  cathartics 
of  milder  action  in  narcotic  poisoning. 

The  other  physical  antidotes  above  mentioned  are  em- 
ployed according  to  the  circumstances  of  particular 
cases.  Their  use  is  limited  almost  wholly  to  poisonous 
wounds  and  bites. 

2.  Chemical  Antidoteb. — These  constitute  the  class 
of  true  antidotes  ;  they  act  on  the  poisons  themselves 
rather  than  against  their  effects,  differing  in  this  respect 
from  the  dynamic  or  antagonistic  antidotes.  Their  action 
depends  upon  their  property  of  uniting  chemically  with 
poisonous  substances,  thus  altering  their  chemical  and 
physical  character,  converting  soluble  absorbable  sub- 
stances into  insoluble  or  difiicultly  soluble  nonabsorbable 
compounds,  or,  as  the  case  may  be,  into  compounds  which 
are  soluble  and  absorbable,  but  harmless.  Their  use  is 
restricted  to  those  cases  in  which  the  nature  of  the  poison 
is  known.  Good  chemical  antidotes  should  be  themselves 
harmless,  even  in  large  excess,  easily  obtainable,  and 
capable  of  rapid  action.  Their  employment  should  not 
be  unnecessarily  delayed  nor  too  long  continued.  They 
are  usually  administered  in  large  doses,  since  it  is  as  a 
rule  impossible  to  determine  the  necessary  amount  with 
any  exactness,  but  in  certain  cases  the  amount  given  must 
be  carefully  regulated,  on  account  of  the  solubility  of  the 
resulting  compound  in  an  excess  of  the  antidote  ;  in- 
stances illustrative  of  this  point  are  copper  salts  with 
albumen,  and  the  alkaloids  and  their  salts  with  tannin. 
In  all  cases  the  new-formed  compounds,  especially  when 
only  temporarily  insoluble,  or  insoluble  only  in  the  stom- 
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ach,  must  be  removed  by  appropriate  means  with  all 
possible  despatch. 

The  antidotes  of  this  class  are  divided  into  (»)  Organic, 
and  (J)  Inorganic. 

a.  Organic  Cliemieal  Antidotes. — These  antidotes  are 
derived  from  the  animal  and  vegetable  kingdoms,  and  in- 
clude substances  of  widely  diverse  character.  The  most 
important  are  albumen,  milk,  gelatine,  charcoal,  soap, 
tannin,  turpentine,  oils,  etc. 

First  in  importance  is  albumen,  which  is  adapted  for 
very  general  use,  especially  against  the  inorganic  poisons. 
It  is  in  most  cases  very  easily  obtained,  it  never  causes 
of  itself  any  harm,  and  it  forms  more  or  less  insoluble 
compounds  with  most  metallic  salts  and  mineral  acids. 
Orflla  recommended  its  invariable  use,  even  on  mere  sus- 
picion of  poisoning.  It  is  best  administered  in  fairly 
dilute  form,  the  whites  of  four  eggs  to  a  quart  of  luke- 
warm water.  When  taken  in  sufficiently  large  amounts, 
it  not  only  unites  with  the  poison  to  form  insoluble  com- 
pounds, but  provides  a  protecting  coating  for  the  mu- 
cous membrane,  and  at  the  same  time  may  induce  vomit- 
ing. With  hydrochloric,  nitric,  and  sulphuric  acids  it 
produces  coagula  which  are  more  or  less  soluble  in  large 
amounts  of  water ;  with  phosphoric,  acetic,  tartaric,  and 
the  organic  acids  generally  (tannic  excepted),  no  precipi- 
tation occurs.  With  the  corrosive  alkalies  albumen 
forms  soluble,  harmless  compounds  when  given  in  copi- 
ous draughts.  It  forms  insoluble  albuminates  with  the 
alkaline  earths  and  soluble  compounds  with  potassium 
and  sodium.  The  alums,  tartaremetic,  and  compounds 
of  arsenic  are  not  precipitated.  Iodine,  bromine,  and 
chlorine  unite  directly  and  intimately  with  the  antidote 
to  form  harmless  compounds.  With  phosphorus  its 
action  is  very  limited,  and  of  no  especial  value  except  as 
a  diluent  drink.  The  presence  of  any  large  excess  of 
alkali  acts  in  general  to  prevent  the  precipitation  of  the 
albumen  compounds.  The  precipitates  of  albumen  with 
the  salts  of  the  heavy  metals  consist  either  of  a  compound 
of  albumen  with  a  basic  salt,  or,  as  is  claimed,  of  a  mixt- 
ure of  the  metallic  albuminate  with  a  compound  of 
albumen  and  the  acid  of  the  metallic  salt.  They  are 
usually  soluble  in  acids  and  alkalies,  and  insoluble  in 
excess  of  albumen.  Notable  exceptions  are  the  com- 
pounds with  mercury  and  copper,  which  are  soluble  in  a 
considerable  excess  of  the  antidote.  The  compounds 
with  salts  of  lead,  copper,  and  zinc  are  easily  dissolved 
in  lactic,  acetic,  and  other  organic  acids,  and  in  free 
alkalies.  In  the  case  of  sulphate  of  zinc,  however,  which 
is  precipitated  only  in  very  great  excess  of  the  antidote, 
the  precipitation  is  hastened,  and  rendered  more  com- 
plete by  the  addition  of  a  small  amount  of  free  alkali. 
Silver  salts  are  easily  precipitated ;  the  resulting  com- 
pounds are  partially  soluble  in  excess  of  common  salt. 
The  precipitate  with  corrosive  sublimate,  is  easily  solu- 
ble in  mineral  and  organic  acids,  common  salt  and  simi- 
lar chlorides,  somewhat  soluble  in  sodic  phosphate,  and 
in  large  excess  of  albumen.  The  precipitates  of  the  other 
mercuric  salts  are  less  soluble  in  the  same  solvents  ;  the 
mercurous  salts  are  reduced  to  the  metallic  form.  Other 
salts  with  which  albumen  unites  are  those  of  gold,  plati- 
num, zinc,  antimony  (except  tartar  emetic),  and  iron. 
Among  the  organic  poisons  which  unite  chemically  with 
albumen  are  creasote,  aniline,  and  alcoholic  solutions 
of  most  of  the  alkaloids. 

In  case  albumen  is  not  obtainable,  recourse  may 
be  had  to  milk  as  a  substitute ;  its  action  is  due  to 
its  casein,  albumen,  and  free  alkali.  Administered 
lukewarm  it  is  very  valuable  in  poisoning  by  metal- 
lic salts,  corrosive  acids  and  alkalies  (especially  am- 
monia), and  the  alkaline  earths.  Its  richness  in  fat 
contra-indicates  its  use  where  fatty  substances  are  to  be 
avoided. 

The  value  of  gelatine  as  an  antidote  to  many  metallic 
salts  would  be  gi-eater  if  less  time  were  required  for 
its  preparation  in  a  suitable  form  for  administration. 
It  must  be  broken  up  into  small  pieces,  covered  with 
water,  and  allowed  to  soak  for  about  an  hour  ;  more 
water  is  then  added,  and  the  mixture  is  heated  with  con- 
stant stirring  until  a  fluid  of  the  consistence  of  honey  is 
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obtained.     Its  chief  value  is  in  poisoning  by  iodine,  bro- 
mine, and  the  alums. 

Gluten  possesses  more  or  less  value  as  an  antidote 
to  certain  metallic  salts,  notably  corrosive  sublimate. 
Against  the  latter  it  was  first  recommended  in  1830  by 
Taddei,  according  to  whom  thirteen  parts  will  neutralize 
one  part  of  the  poison.  It  is,  however,  of  much  less 
value  than  albumen,  and  is,  in  addition,  quite  difficult  to 
obtain. 

Tannin,  and  substances  containing  it,  act  as  efficient 
antidotes  to  many  of  the  organic  and  inorganic  poi- 
sons. Tannin  forms  more  or  less  insoluble  compounds 
with  many  metallic  salts,  but  it  cannot  be  consid- 
ered as  equal  to  albumen  in  efficiency  as  an  antidote 
to  this  class  of  poisons.  Tartar  emetic  is,  however,  a 
notable  exception,  since  it  is  unaffected  by  albumen,  but 
rendered  harmless  by  tannin,  with  which  it  forms  an 
almost  insoluble  compound.  Tannin  has  considerable 
value  as  an  antidote  to  the  vegetable  poisons  ;  it  precipi- 
tates the  alkaloids  and  their  salts,  and  forms  compounds 
which  are  dissolved  only  with  difficulty.  These  com- 
pounds are  of  themselves  poisonous,  and  hence  must  be 
removed  from  the  system  as  soon  as  possible  by  emetics 
or  drastic  purges.  Tannin  may  be  given  in  doses  of  0.1 
to  0.3  Gm.  in  two  per  cent,  solution  every  quarter  of  an 
hour.  Combined  with  about  one-tenth  of  its  weight  of 
iodine  its  effect  on  the  vegetable  poisons  is  very  much 
increased.  Should  tannin  itself  be  not  easily  obtained, 
decoctions  of  substances  containing  it  may  be  substituted. 
Among  the  large  number  of  these  may  be  mentioned  tea, 
coffee,  oak  bark,  willow,  cinchona  bark,  nut-galls,  kino, 
rhatany,  and  catechu. 

Sugar  has  been  recommended  in  poisoning  by  the  al- 
kaline bases,  with  which  it  is  supposed  to  form  sucrates. 
It  has  also  been  recommended  in  poisoning  by  salts  of 
copper,  but  just  what  value  it  possesses  in  such  cases 
would  be  difficult  of  determination.  It  is  perhaps  safe  to 
say  that  its  value  with  copper  salts  is  nil. 
_  Oils  possess  more  or  less  value  in  poisoning  by  corro- 
sive alkalies,  metallic  oxides  and  salts,  corrosive  acids, 
and  carbolic  acid.  They  may  be  administered  alone  or 
with  hot  water.  (Contra-indicated  by  phosphorus  and 
cantharides.)  "With  the  caustic  alkalies  they  unite  to 
form  soaps  with  liberation  of  glycerine.  Their  action  is, 
however,  slow,  and  they  are  on  this  account  of  less  value 
than  the  organic  acids  in  poisoning  by  alkalies.  They 
are  also  inferior  in  value  to  albumen  in  the  treatment  of 
poisoning  by  metallic  salts.  The  oils  most  commonly 
used  as  antidotes  are  olive,  cotton-seed,  linseed,  and  al- 
mond ;  also  melted  butter  and  lard. 

Starch  in  the  form  of  paste  (one  part  of  starch  to  ten  or 
twenty  of  water)  is  a  suitable  antidote  to  iodine  and  bro- 
mme,  with  which  it  forms  intimate  and  almost  harmless 
compounds.  Its  affinity  for  iodine  is  less  than  that  of 
albumen,  and  the  latter  is  preferable  when  obtainable 
It  has  some  value,  but  by  no  means  as  much  as  albumen 
in  the  treatment  of  poisoning  by  corrosive  acids  corro- 
sive «ublimate,  sulphate  of  copper,  and  sulphate  of  zinc 
Mucilage  and  mucilaginous  drinks,  though  exerting 
more  or  less  chemical  action,  are  administered  chietiv  as 
protectives  against  corrosion.  They  are  best  made  from 
gum  arable  which  is  rubbed  up  with  water.  Mucilage 
in  copious  draughts  has  been  recommended  specially  for 
the  treatment  of  poisoning  by  salts  of  bismuth. 
_  The  use  of  turpentine  as  an  antidote  is  confined  exclu- 
sivelly  to  poisoning  by  phosphorus,  against  which  it  is  be- 
yond question  the  most  valuable  remedy.  To  be  capable 
ot  acting  beneficially  it  must  contain  oxygen  which  it 
absorbs  with  age  When  needed,  it  should  be  given  with 
all  despatch,  either  alone  or  in  hot  water,  in  doses  of 
about  one  hundred  times  the  supposed  amount  of  phos- 
phorus ingested.  ^ 

ir.^i.f'^"'''-~^'°,  addition  to  its  power  of  absorbing  gases 
freshly  prepared  animal  charcoal  has,  according  to  Lany 
writers,  considerable  antidotal  value  in  poislning  by 
metallic  sa  ts,  phosphorus,  and  many  of  the  alkaloids 
Many  consider  its  value  to  be  restricted  to  hs  protec  ive 
mfluence  on  the  walls  of  the  stomach.  The  lat  er  v  ew 
would  seem  to  be  the  more  reasonable,  espedalfy  when 
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one  considers  that  the  antidote  enters  into  no  fixed  com 
pounds  with  mineral  or  vegetable  poisons.  Whatever 
its  action  on  the  poisons,  however,  it  cannot  be  denied 
that  their  effects  are  postponed  and  considerably  slowed 
It  may  be  administered  in  repeated  doses  of  about  a  table- 
spoonful,  in  water,  with  or  without  sugar. 

Whatever  value  it  has  as  an  antidote  is  possessed  also 
by  wood  charcoal,  though  in  a  lesser  degree. 

Soap  dissolved  in  warm  water,  and  in  this  form  admin- 
istered by  the  cupful  at  intervals  of  a  few  minutes  is 
very  useful  in  poisoning  by  acids  and  metallic  salts,  'es- 
pecially corrosive  sublimate,  bichromate  of  potassium 
and  salts  of  tin  and  zinc.  In  contact  with  inorganic  acids 
the  alkaline  stearates,  palmitates,  etc.,  are  decomposed 
with  the  liberation  of  the  fatty  acids  and  the  union  of  the 
alkali  of  the  soap  with  the  acid  against  which  the  influ- 
ence of  the  remedy  is  directed.  The  same  result  obtains 
with  the  metallic  salts,  except  that  the  metal  forms  com- 
pounds with  the  fatty  acids.  This  antidote  is  preferable 
to  the  caustic  alkalies,  since  it  exerts  of  itself  no  corrosive 
influence ;  it  is,  however,  much  inferior  in  value  to  al- 
bumen in  most  cases.       ' 

(b)  Inorganic  Chemical  Antidotes. — In  the  administra- 
tion of  this  class  a  more  or  less  exact  knowledge  of  the 
nature  of  the  poison  is  even  more  necessary  than  for  the 
exhibition  of  the  organic  class.  The  attempts  which 
have  been  made  to  compound  a  universal  antidote  which 
would,  of  course,  be  equally  valuable  with  or  without 
the  knowledge  of  the  nature  of  the  poison,  are  veiy  nu- 
merous, but  such  an  antidote  has  not  been  as  yet,  and,  it 
is  safe  to  say,  never  will  be  discovered.  These  attempted 
general  remedies  have  in  most  cases  consisted  chiefly  of 
substances  belonging  to  the  class  now  under  considera- 
tion, and  several  of  them  are  of  considerable  value,  es- 
pecially when  the  nature  of  the  poison  is  unknown.  One 
of  the  number  consists  of  equal  parts  of  magnesia,  oxide 
of  iron,  and  wood  charcoal ;  it  may  be  administered 
freely  in  modera,tely  large  amounts  of  water.  Another, 
sug;gested  by  Jeannel,  consists  of  2  parts  of  calcined  mag- 
nesia, 1  part  of  washed  animal  charcoal,  20  parts  of  wa- 
ter ;  when  administered  it  is  to  be  mixed  with  2i  parts  of 
ferrous  sulphate  solution  (specific  gravity,  1.450)  and  well 
shaken.  Given  in  doses  of  a  wineglassful  it  is  itself 
harmless,  and  may  be  productive  of  much  good.  When 
the  nature  of  the  poison  is,  however,  known,  and  an  an- 
tidote of  the  inorganic  class  is  indicated,  the  appropriate 
remedy  is  ifsually  exhibited  unmixed  with  other  than  in- 
ert substances  (vehicles,  diluents,  etc.).  The  antidotes  of 
this  subdivision  include  the  following : 

Acids. — The  acid  antidotes  belong  strictly  speaking  to 
both  the  subdivisions  (a)  and  (ft),  since  they  include  both 
organic  and  inorganic  compounds.  The  organic  acids, 
indeed,  are  the  ones  most  commonly  used,  yet  for  con- 
venience sake,  and  on  account  of  other  obvious  con- 
siderations, it  would  seem  not  inappropriate  to  consider 
both  kinds  together,  with  the  single  exception  of  tannic 
acid,  however,  which  is  of  sufficient  importance  to  be 
classed  alone.  Their  principal  use  is  in  dilute  form  as 
neutralizing  agents  in  poisoning  by  the  alkalies  and  alka- 
line carbonates.  For  this  purpose  the  most  commonly 
used  are  acetic  (vinegar),  citric  (lemon-juice),  and  tartaric. 
Very  dilute  sulphuric  acid  (one  per  cent.)  is  used  as  a 
prophylactic  against  painter's  colic,  and  also  in  the  active 
treatment  of  poisoning  by  soluble  salts  of  barium  and 
lead,  with  which  it  forms  insoluble  sulphates.  The  vege- 
table acids  are  employed  also  dynamically  in  the  after- 
treatment  of  narcotic  poisoning. 

Ammonia  as  an  inhalation  is  valuable  in  poisoning  by 
chlorine,  bromine,  vapors  of  corrosive  acids,  hydrocyanic 
acid,  and  nitrobenzole.  It  is  best  to  dilute  the  remedy 
very  considerably  in  order  to  lessen  the  pungency  of  the 
vapor.  i-     &      .? 

Sodium  and  potoMium  carbonates  in  dilute  form  may 
be  used  as  neutralizing  agents  in  poisoning  by  acids,  in 
the  treatment  of  which,  however,  they  are  less  valuable 
than  the  carbonate  of  magnesium,  since  they  are  less 
easily  tolerated  by  the  stomach.  Their  employment  is 
still  further  prejudiced  by  the  fact  that  in  large  doses 
they  may  cause  more  or  less  injury.     The  mildest  in 
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their  effects  are  the  bicarbonates,  which  are  at  the  same 
time  the  more  easily  obtained.  Their  use  as  antacids  is 
sometimes  accompanied  by  the  development  of  such  an 
amount  of  carbonic  acid  as  to  cause  distress  by  distend- 
ing the  stomach.  They  are  contra-indicated  in  poisoning 
by  oxalic  acid  with  which  they  form  compounds  equally 
dangerous.  Besides  their  function  as  antacids  they  may 
be  used  very  advantageously  in  poisoning  by  iodine  and 
bromine,  with  which  they  form  harmless  salts.  Bichro- 
mate of  potassium  when  treated  with  alkaline  carbonates 
is  converted  to  the  neutral  chromate.  The  majority  of 
poisonous  metallic  salts  may  be  decomposed  by  the  bi- 
carbonates, the  resulting  products  being  basic  carbonates 
and  hydrates,  which  are  insoluble  in  excess  of  the  re- 
agent. They  are  recommended  particularly  in  poisoning 
by  the  salts  of  zinc,  which  are  precipitated  only  incom- 
pletely by  albumen  In  large  amounts  ;  these  salts  are  im- 
mediately decomposed  by  the  bicarbonates  with  which 
thw  form  insoluble  basic  carbonates. 

Hydrate  and  ca/rbonate  of  calcmm  (lime-water,  chalk, 
egg-shells,  pounded  oyster-shells,  etc.).  These  compounds 
are  efficient  antidotes  in  poisoning  by  the  acids,  both 
mineral  and  organic.  They  have  especial  value  in 
poisoning  by  oxalic  acid  and  the  acid  oxalates,  which 
substances  they  not  only  neutralize  but  convert  to  in- 
soluble calcic  oxalate.  The  sucrate  of  calcium  has  also 
been  recommended,  but  it  possesses  no  particular  ad- 
vantages. 

The  hydrate  and  carbonate  of  magnesium  are  beyond 
question  the  most  efQcient  and  valuable  antidotes  to  the 
acids  and  acid  salts.  Whenever  possible  it  is  advisable 
to  administer  these  preparations  in  preference  to  the  other 
antacids  already  mentioned,  except  with  oxalic  acid  and 
the  acid  oxalates.  In  the  absence  of  the  calcium  prepara- 
tions, however,  they  may  be  productive  of  very  good  re- 
sults in  the  treatment  of  oxalic  poisoning,  the  resulting 
oxalate  of  magnesium  being  very  nearly  insoluble.  They 
are  superior  in  value  to  the  carbonates  of  sodium  and  po- 
tassium in  poisoning  by  bromine,  iodine,  and  bichromate 
of  potassium.  The  hydrate  was  recommended  by  Mandel 
as  early  as  1808,  as  an  antidote  to  arsenic,  and  by  Graf 
and  Berzelius  in  1814,  as  an  antidote  to  arsenic  and  mer- 
cury. By  Paulus  and  Schuchardt  it  was  recommended 
against  corrosive  sublimate  and  other  metallic  salts.  It 
has  been  recommended  also  against  phosphorus,  especially 
in  connection  with  the  hypochlorite.  In  contact  with 
solutions  of  metallic  salts  its  action  is  to  precipitate  the 
corresponding  oxides  or  basic  salts.  With  the  arsenic 
acids  it  combines  to  form  compounds  which  are  almost 
completely  insoluble  in  the  alimentary  canal. 

The  so-called  magnesia  of  the  apothecaries  is  a  com- 
pound of  magneslc  carbonate  with  magnesic  hydrate  and 
water,  or  a  basic  carbonate  of  magnesium.  This  sub- 
stance when  gently  heated  parts  with  its  water  and  car- 
bonic acid,  leaving  a  residue  of  calcined  magnesia,  which 
is  slightly  soluble,  and  which,  when  mixed  with  about 
twenty-flve  times  its  weight  of  water,  becomes  gelatinized, 
and  is  then  in  the  proper  form  for  antidotal  use.  In  the 
process  of  calcining  it  is  essential  that  the  temperature  be 
kept  as  low  as  possible,  since  when  prepared  at  a  high 
temperature  it  loses  its  property  of  gelatinizing  with 
water.  The  hydrate  may  be  prepared  by  precipitating  a 
solution  of  sulphate  of  magnesium  with  sodic  hydrate 
free  from  carbonate.  The  precipitate  after  being  well 
washed  may  be  dried  out  of  contact  with  the  air  at  a  tem- 
perature below  100°  C. 

In  the  administration  in  case  of  poisoning  by  arsenic, 
the  preparation  made  from  pure  calcined  magnesia  with 
twenty-five  times  its  weight  of  warm  water,  may  be  given 
in  doses  of  about  48  to  64  Gm.  ( §  jss.  to  ?  ij.)  at  short 
intervals,  then  after  a  few  doses  at  longer  intervals  until 
the  immediate  symptoms  disappear,  and  the  magnesium 
appears  abundantly  in  the  faeces.  A  large  excess  can  do  no 
harm  ;  it  acts,  indeed,  beneficially  by  stimulating  cathar- 
sis. In  the  administration  of  the  compounds  of  mag- 
nesium for  their  antacid  effects  it  is  well  to  give  a  con- 
siderable excess,  which  is  tolerated  without  dlmculty. 

Sulphates  of  magnesium  and  sodium  (Epsom  and  Glau- 
ber's salts)  have  especial  value  in  poisoning  by  soluble 


salts  of  barium  and  lead.  The  removal  of  the  insoluble 
sulphates  which  are  precipitated  is  materially  aided  by 
the  cathartic  action  of  the  excess  of  the  antidote.  Their 
administration  may  be  continued  until  purging  occurs  or 
until  the  symptoms  abate  or  disappear. 

Chloride  of  sodium,  (common  salt)  is  perhaps  the  best 
antidote  to  the  soluble  salts  of  silver.  It  should  be  given 
in  somewhat  dilute  solution,  since  concentrated  salt  solu- 
tion will  dissolve  considerable  amoimts  of  chloride  of 
silver.  By  some  writers  albumen  is  considered  prefer- 
able to  salt ;  by  others  it  is  recommended  to  give  both 
together ;  and  by  others  to  administer  both  singly,  the 
albumen  following  the  salt. 

Ferrocyanide  of  potassium  forms  insoluble  or  difl5cultly 
soluble  compounds  immediately  on  addition  to  solutions 
of  many  salts  of  the  heavy  metals.  It  is  in  itself  a  com- 
paratively harmless  substance  ;  in  large  doses  it  may 
cause  marked  dizziness.  It  is  especially  valuable  in  poi- 
soning by  salts  of  copper,  in  the  treatment  of  which  Or- 
fila  found  it  to  give  as  good  results  as  are  obtained  with 
albumen.  It  is  not,  however,  to  be  preferred  to  the  latter, 
which  is,  if  only  equal  in  efficiency,  certainly  more  easily 
obtained.  The  ferrocyanide  may  be  given  in  repeated 
doses  of  2.0  to  5.0  Gm.  in  water. 

Chlorme. — The  value  of  chlorine  is  considerably  les- 
sened by  its  very  irritant  effects  on  the  mucous  mem- 
branes. It  may  be  used  externally  in  the  form  of  chlorine 
water,  hypochlorite  of  sodium  (Labarraque's  fluid),  or 
hypochlorite  of  potassium  (eau  de  Javelle),  as  a  wash  for 
snake-bites  and  other  poisonous  wounds.  The  above 
preparations  may  be  used  in  dilute  form,  both  internally 
and  as  sprays  for  inhalations  ;  internally  in  poisoning 
by  alkaloids  and  vegetable  and  animal  poisons  ;  as  inhala- 
tions in  poisoning  by  coal-gas  (carbonic  oxide),  ammonia, 
phosphuretted  hydrogen,  sulphuretted  hydrogen,  anc*. 
prussic  acid. 

Chlorine  water  may  be  administered  internally  in  doses 
of  4  to  16  Gm.  ( 3  j.  to  3  iv.)  largely  diluted  ;  as  a  spray 
for  inhalation,  a  solution  of  five  to  ten  drops  in  water. 
The  hypochlorites  of  potassium  and  sodium  may  be  ad- 
ministered in  doses  of  4.0  to  8.0  Gm.  ( 3  j.  to  3  Ij.),  well 
diluted  with  water. 

Iodine  possesses  considerable  value  in  the  treatment  of 
poisoning  by  the  alkaloids  and  their  salts,  by  other  vege- 
table poisons,  and  by  snake-bites.  It  unites  with  most 
of  the  alkaloids  to  form  compounds  which  are  insoluble 
in  water  and  dilute  acids  but  decomposed  by  the  caustic 
alkalies,  alkaline  carbonates,  and  strong  acids.  The 
compounds  of  the  vegetable  poisons  with  iodine  are  pos- 
sessed of  more  or  less  poisonous  properties,  and  are  there- 
fore to  be  expelled  from  the  system  by  appropriate  means ; 
they  are,  of  course,  much  less  poisonous  than  the  pure 
bases.  Since  iodine  is  itself  a  very  energetic  poison,  it 
must  be  given  in  very  dilute  form  ;  the  preparation  re- 
commended by  Bouchardat,  and  by  him  considered  par- 
ticularly effective  against  the  vegetable  poisons,  consists 
of  iodine,  0.20  Gm. ;  iodide  of  potassium,  2.0  Gm.  ;  and 
distilled  water,  360.0  Gm.  ;  the  dose  is  from  50  to  100 
Gm.,  frequently  repeated  according  to  circumstances. 
Iodide  of  potassium  is  much  used  as  an  antidote  in  the 
elimination  of  lead  and  mercury  from  the  system  in  cases 
of  chronic  poisoning. 

Bibron's  antidote  to  the  poison  of  serpents  is  a  mixtr 
ure  of  iodide  of  potassium,  0.016 ;  corrosive  sublimate, 
0.130  ;  and  bromine,  20.0  Gm.  Given  in  good  season 
and  in  repeated  doses  of  ten  drops  in  wine  or  brandy,  it 
has  been  proved  to  be  effectual. 

Hyposulphite  of  sodium  in  doses  of  1 . 0  Gm. ,  well  diluted 
and  frequently  repeated,  is  valuable  in  poisoning  by 
bleaching-powder  (hypochlorite  of  calcium,  "  chloride  of 
lime  "),  Labarraque's  fluid  (hypochlorite  of  sodium),  and 
Javelle  water  (hypochlorite  of  potassium).  Its  action  is 
to  reduce  the  hypochlorites  to  chlorides,  undergoing 
itself  oxidation  to  the  sulphate. 

Sulphuretted  hydrogen  has  been  recommended  as  an 
antidote  to  arseniuretted  hydrogen,  but  its  efficacy  is  yet 
to  be  proven. 

I^ron. — The  hydrated  sesquioxlde  of  iron  is  the  most 
efllclent  antidote  to  arsenic  when  the  latter  is  ingested  in 
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soluble  form.  It  was  first  recommended  m  this  connec- 
tion in  1834  by  Bunsen  and  Bertliold,  who  proved  its 
efficiency  by  numerous  experiments  on  dogs  and  other 
animals.  With  arsenious  anhydride  (white  arsenic)_  it 
forms  according  to  Bunsen,  a  basic  arsemte  of  iron,  which 
is  but 'slightly  soluble  in  the  fluids  of  the  digestive  tract, 
but  which  on  account  of  its  not  unpoisonous  character, 
must  be  removed  from  the  body  with  all  despatch  by 
promptly  acting  cathartics.  By  later  writers  the  compound 
which  is  formed  is  considered  to  be  a  ferrous  arseniate. 
The  union  with  arsenic  is  very  complete  ;  if  an  amount 
of  the  antidote  representing  ten  parts  of  ferric  oxide  be 
added  to  one  part  of  arsenic,  the  filtrate  will  not  reveal 
even  a  trace  of  the  poison.  In  addition  to  its  combining 
action,  it  possesses  a  certain  value  as  a  protection  to  the 
stomach  and  intestines  against  the  injurious  local  effects 
of  the  poison.  "With  the  arsenic  anhydride,  and  the 
arsenious  and  arsenic  salts,  the  union  is  very  limited, 
even  with  very  large  excess  of  the  antidote  ;  the  effect  is 
much  increased  by  the  addition  of  a  small  amount  of 
ammonia  or  other  caustic  alkali.  In  poisoning  by  the 
arsenites  and  arsenlates  a  mixture  of  the  hydrated  sesqui- 
oxide  with  basic  acetate  of  iron  is  more  effective.  The 
hydrated  sesquioxide  is  easily  prepared  by  adding  am- 
monia water,  sodic  or  potassic  hydrate,  sodic  or  magnesic 
carbonate,  to  a  solution  of  ferric  chloride  or  sulphate, 
or  to  the  tincture  of  the  chloride  (tinctura  ferri  chloridi). 
The  precipitate  is  thoroughly  washed  and  then  mixed 
with  a  rather  large  amount  of  water.  The  directions  of 
Bunsen  and  Berthold  for  its  preparation  are  to  add  a 
small  amount  of  sulphuric  acid  to  a  solution  of  100  6m. 
of  ferrous  sulphate,  then  nitric  acid,  and  boil ;  when  cold 
add  an  excess  of  ammonia  water,  filter  and  wash,  and 
mix  the  precipitate  with  900  Gm.  of  water.  It  is  rather 
better,  however,  tct  obtain  the  antidote  by  the  addition  of 
carbonate  of  magnesium  to  a  solution  of  ferric  sulphate 
and  avoid  filtering  and  washing  ;  one  of  the  products  of 
this  operation  is  sulphate  of  magnesium,  which  adds  to 
the  value  of  the  antidote  by  virtue  of  its  cathartic  action. 

Since  the  freshly  prepared  hydrated  sesquioxide  under- 
goes gradual  changes  which  lessen  its  effectiveness  in  a 
very  material  degree,  it  is  advisable  when  possible  to  pre- 
pare it  as  occasion  demands.  The  stability  is  in  direct 
proportion  to  the  care  in  preparation,  and  the  purity  of 
the  iron  salt.  Since  all  warming  is  to  be  avoided  in  the 
preparation,  the  solutions  used  must  be  considerably  di- 
luted. If  the  antidote  is  to  be  preserved  for  cases  of 
emergency,  it  is  best  kept  in  a  cold  place  and  well 
stoppered. 

In  the  administration  of  this  antidote  there  are  certain 
points  which  are  to  be  kept  in  mind ;  the  poison  should 
be  removed  from  the  stomach  as  completely  as  possible 
by  emetics  or  the  stomach-pump  ;  the  antidote  should  be 
freshly  prepared  if  possible,  and  should  be  given  luke- 
warm and  in  large  doses  (30  to  60  Qm.)  at  first,  at  inter- 
vals of  about  ten  minutes,  and  later  at  longer  intervals, 
until  the  symptoms  disappear  and  iron  appears  in  the 
stools.  It  is  perhaps  needless  to  ssiy  that  treatment 
should  be  begun  as  soon  as  possible.  It  is  well  to  follow 
up  the  treatment  with  an  active  cathartic,  on  account  of 
the  poisonous  character  and  slight  solubility  of  the  re- 
sulting compound.  It  has  been  well  shown,  experiment- 
ally by  Schroff,  that  when  the  latter  substance  is  itself 
administered  to  animals,  arsenic  may  be  detected  in  the 
urine. 

Basic  acetate  of  iron,  dialyzed  iron,  and  saccharated 
iron  (ferrum  oxydatum  saccharatum  solubile)  have  been 
used  with  varying  success  in  poisoning  by  arsenic  and 
arsenious  compounds. 

Iron  filings  and  reduced  iron  have,  it  is  claimed,  been 
used  with  good  effect  in  poisoning  by  salts  of  gold,  mer- 
cury, copper,  and  other  metals.  Dose,  3  to  10  Gm  fre- 
quently repeated.  Sulphide  of  iron  has  been  proposed 
as  an  antidote  to  mercury,  lead,  antimony,  copper,  gold 
platinum,  tin,  arsenic,  and  other  metallic  salts,  but  its 
value  IS  not  proven. 

Carbonate  of  copper  in  repeated  doses  of  0.25  to  0  50 
Gm.  with  .  sugar  and  water  has  been  recommended  in 
acute  phosphorus  poisoning,  following  an  emetic.     It  is 
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supposed  to  act  upon  the  particles  of  phosphorus  in 
such  a  way  as  to  prevent  their  solution  by  furnishing 
them  first- with  a  layer  of  phosphide  of  copper,  and 
later  with  one  of  the  metal  itself.  Its  use  is  to  be  pre- 
ceded and  followed  by  emetics. 

8.  Thb  Phtsiological  ok  Dynamic  Antidotes  are 
remedies  which  are  employed  to  combat  the  symptoms 
or  after-effects,  and  to  neutralize  the  effects  of  poisons 
after  absorption  into  the  system.  As  their  name  implies 
they  do  not  act  on  the  poison  themselves  chemically, 
mechanically,  or  otherwise,  and  they  are  not  in  this  sense 
true  antidotes.  Oharles  Harrington. 

ANTIMONY.  1.  Gbnbral  Medicinal  PROPEKTiEa 
OF  Compounds  of  Antimony. — As  usual  with  com- 
pounds of  the  heavy  metals  all  antimonials  capable  of 
absorption  produce  essentially  similar  constitutional  ef- 
fects. These  effects  are,  in  medicinal  dosage,  depression 
of  pulse  in  both  force  and  frequency,  with  Tall  of  arterial 
tension,  diaphoresis,  increase  of  mucous  secretions,  and, 
with  rise  of  dosage,  nausea  and  vomiting,  with  decided 
muscular  debility.  In  large  doses  antimonials  are  power- 
fully poisonous,  causing  heart-failurer,  prolonged  and  vio- 
lent vomiting  and  purging,  with  cramps,  and  general 
collapse.  Locally,  solujble  antimonials,  such  as  that  com- 
monest used  preparation  of  antimony,  tartar  emetic,  are 
irritant — much  of  the  emetic  effect  being  evidently  due 
to  local  irritation  of  the  stomach  upon  swallowing. 
Concerning  the  rationale  of  the  production  of  the  various 
effects  described,  the  only  points  of  clinical  importance 
are  that  the  effects  upon  the  pulse  seem  to  arise  from  a 
direct  depressing  action  upon  the  heart,  and  not  second- 
arily from  a  possible  excitation  of  the  restraint-influence 
exerted  through  the  vagus  nerve,  and  that  the  vomiting 
seems  to  be  induced  partly  by  direct  local  irritation  of  the 
stomach,  and  partly  by  an  action  upon  the  nerve-centres, 
after  absorption.  For  tartar  emetic  vomits  when  injected 
into  the  veins  but  yet  not  so  readily  as  when  given  by 
swallowing. 

Therapeutically,  antimonials  generally  are  used  to  de- 
press the  pulse  in  sthenic  fever,  to  hasten  the  secreting 
stage  in  respiratory  catarrhs,  empirically  to  oppose  the 
inflammatory  process — most  notably  again  in  respiratory 
inflammations,  such  as  pneumonia,  and,  possibly,  to  de- 
termine vomiting. 

2.  The  Medicinally  Used  Pkepabations  op  Anti- 
mony.— The  antimonials  of  the  U.  S.  Pharmacopoeia  are 
derived  from  three  compounds  of  the  metal,  namely, 
antimonious  oxide,  antimoniows  sulphide,  and  poiassio- 
antimonious  tartrate. 

Antimonious  Oxide,  SbaOa.  Antimonious  oxide  is  of- 
ficinal as  Antimonii  Oxidum,  Oxide  of  Antimony.  It 
occurs  as  "  a  heavy,  grayish-white  powder,  permanent 
in  the  air,  odorless  and  tasteless,  almost  insoluble  in 
water  and  insoluble  in  alcohol.  Nitric  acid  fails  to  dis- 
solve it,  but  it  is  readily  soluble  in  hydrochloric  acid,  in 
warm  solution  of  tartaric  acid,  and  in  a  boiling  solution 
of  bitartrate  of  potassium."  Antimonious  oxide  exerts 
the  general  properties  of  the  antimonials,  but  is  uncertain, 
doubtless  because  from  its  insolubility  it  must  underg;o 
chemical  conversion  in  the  stomach  before  absorption  ia 
possible.  It  is  rarely  prescribed  except  in  the  officinal 
preparation,  entitled : 

Pulvis  Antimonialis,  Antimonial  Powder  ;  "  James's 
Powder."  This  powder  consists  of  thirty-three  parts 
of  oxide  of  antimony,  intimately  mixed  with  sixty- 
seven  parts  of  "precipitated  phosphate  of  calcium."  It 
is  white  in  color,  and  from  the  insolubility  of  its  two  in- 
gredients is  without  taste.  It  is  a  generally  mild  but 
yet  uncertain  antimonial,  available  for  the  antifebrile 
purposes  of  the  mineral.  Dose,  for  such  use,  from  0.20 
to  0.50  Gm.  (three  to  eight  grains)  every  few  hours. 

Antimonious  Sulphide,  SbjSs.  Under  the  title  Anti- 
monii Sulpkidum,  Sulphide  of  Antimony,  the  U.  S. 
Pharmacopoeia  makes  offlclnal  "native  sulphide  of  an- 
timony, purified  by  fusion  and  as  nearly  free  from  ar- 
senic as  possible."  This  is  the  compound  commercially 
known  as  antimony,  or  crude  antimony.  It  is  in  conical 
masses  of  metallic  appearance,  which,  pulverized,  yield 
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a  dull,  black,  odorless  and  tasteless  powder,  insoluble  in 
water  or  alcohol.  It  is  officinal  as  the  source  of  the 
following  preparation,  which,  again,  is  only  used  phar- 
maoeuticalljr  to  yield  still  another  ; 

Antmwnii  Balphidum  Purificatum,  Purified  Sulphide 
of  Antimony.  The  sulphide  above  described  is  finely 
pulverized,  the  coarser  particles  separated  by  elutriation 
and  rejected,  and  the  finer  macerated  in  water  of  am- 
monia for  five  days,  then  washed  and  dried  by  heat.  By 
these  manipulations  impurities  in  the  native  sulphide  are 
gotten  rid  of,  the  ammonia  serving  to  dissolve  out  cop- 
per, a  common  contamination.  The  purified  sulphide 
is  a  dark-gray  powder  of  the  qualities  already  detailed. 
It  is  used  to  make  the  following : 

Antimonium  Sulphuratum,  Sulphurated  Antimony. 
The  purified  sulphide  is  boiled  in  diluted  solution  of 
soda,  the  liquid  strained,  and  while  still  hot  precipitated 
by  diluted  sulphuric  acid.  The  precipitate  is  then 
washed,  dried,  and  finely  pulverized.  It  appears  as  a 
reddish-brown,  amorphous  powder,  odorless  and  taste- 
less, and  insoluble  in  water  and  in  alcohol.  In  compo- 
sition it  is  "  chiefly  antimonious  sulphide,  with  a  very 
small  amount  of  antimonious  oxide."  Like  all  the  in- 
soluble antimonials,  its  medicinal  action  is  uncertain, 
and  the  preparation  is  rarely  prescribed  except  as  it  oc- 
curs in  the  following  officinal  pill : 

PUulm  Antimonii  CompodUx,  Compound  Pills  of  Anti- 
mony ;  "  Plummer's  Pills."  These  pills  are  compounded 
of  one  part  each  of  sulphurated  antimony  and  calomel, 
and  two  parts  of  guaiac.  Each  pill  weighs  0.13  Gm. 
(two  grains).  This  preparation  had  an  ancient  reputa- 
tion in  the  treatment  of  secondary  syphilis,  scaly  skin 
eruptions,  chronic  rheumatism,  etc.  One  or  two  pills 
constitute  a  dose,  to  be  given  twice  a  day. 

Besides  the  foregoing,  antimonious  sulphide  is  an  es- 
sential ingredient  of  the  ancient  medicine  Kermea  mineral, 
formerly  officinal  in  the  U.  S.  Pharmacopoeia  as  "oxy- 
.sulphuret  of  antimony."  Antimonious  sulphide  is  boiled 
in  a  solution  of  sodic  carbonate,  and  the  precipitate  that 
spontaneously  falls  as  the  solution  cools  is  washed  and 
dried.  Kermes  mineral  as  thus  prepared  is  a  soft,  dark 
reddish-purple  powder,  composed  of  a  mixture  of  anti- 
monious sulphide  and  oxide — containing  much  more  ox- 
ide than  the  present  officinal  sulphurated  antimony.  It 
resembles  the  latter  compound  in  its  medicinal  virtues. 

Potassw-antimonioua  Tartrate,  3(KSbOC<HiO«)HaO. 
This  salt,  so  well  known  by  the  name  tartar  emetic,  is 
officinal  under  the  title  Antimonii  et  Potaasii  Tartras, 
Tartrate  of  Antimony  and  Potassium.  It  is  commonly 
made  by  boiling  together  in  water  antimonious  oxide  and 
acid  potassic  tartrate  (cream  of  tartar),  and  obtaining  the 
resulting  double  tartrate  by  crystallization  from  the  solu- 
tion. Other  methods,  however,  ai'e  resorted  to  by  some 
manufacturers.  Tartar  emetic  occurs  as  "  small  trans- 
parent crystals,  of  the  rhombic  system,  becoming  opaque 
and  white  on  exposure  to  air,  or  a  white  granular 'pow- 
der, having  a  sweet,  and  afterward  disagreeable  metallic 
taste,  and  a  feebly  acid  reaction.  Soluble  in  seventeen 
parts  of  water  at  15°  C.  (59°  F.)  and  in  three  parts  of  boil- 
ing water.  Insoluble  in  alcohol,  which  precipitates  it 
from  its  aqueous  solution  in  the  form  of  a  crystalline 
powder  "  (U.  S.  Ph.).  The  pharmacopoeial  tests  for  purity 
are  as  follows  :  "A  one  per  cent,  aqueous  solution  of  the 
salt,  previously  acidulated  with  acetic  acid,  should  not  be 
clouded  by  the  addition  of  a  few  drops  of  test-solution  of 
chloride  of  barium  (sulphate),  or  of  ferro-cyanide  of  po- 
tassium (iron  and  other  metals),  or  of  oxalate  of  ammo- 
nium (calcium),  or  of  nitrate  of  silver  (chloride).  If 
1  Gm.  of  the  salt,  and  some  pieces  of  aluminium  wire 
be  added  to  strong  solution  of  soda  (sp.  gr.  ^out 
1.260),  contained  in  a  long  test-tube,  a  gas  is  given  off 
which  should  not  impart  any  color  to  filter-paper  wet 
with  test-solution  of  nitrate  of  silver,  and  held  over  the 
mouth  of  the  test-tube  (absence  of  more  than  traces  of  ar- 
senic)." Aqueous  solutions  of  tartar  emetic  spontane- 
ously decompose,  and  are  precipitated  by  acids,  alkalies, 
and  alkaline  carbonates,  soluble  salts  of  lead,  and  vege- 
table astringent  preparations,  such  as  infusion  of  galls. 

In  modern  medical  practice  in  the  United  States  tartar 


emetic  is  practically  the  only  antimonial  used,  and  is 
available  for  all  the  eilects  of  antimony  as  already  de- 
scribed. In  doses  of  about  0.005  Gm.  (one-twelfth  of  a 
train)  it  depresses  the  heart  and  promotes  secretion  ;  in 
OSes  of  about  0.01  Gm.  (one-sixth  of  a  grain)  repeated,  it 
nauseates,  and  in  doses  of  from  0.03  to  0.13  Gm.  (one- 
half  to  two  grains)  it  vomits,  with  the  usual  prolonged 
and  distressing  attendant  nausea  of  the  antimonials.  In 
quantities  beyond  those  last  mentioned  it  is  a  dangerous 
and  easily  fatal  poison.  It  may  be  given  in  aqueous  so- 
lution, and  if  employed  to  provoke  vomiting,  should  be 
prescribed  in  doses  of  0.03  Gm.  (half  a  grain),  to  be  re- 
peated every  fifteen  minutes  until  vomiting  ensue,  or  un- 
til four  doses  have  been  taken.  When  wanted  in  small 
dosage  for  catarrhs  or  fevers,  the  officinal  Vinum,  Anti- 
monii, Wine  of  Antimony,  is  more  commonly  prescribed. 
To  make  this  wine  four  parts  of  tartar  emetic,  dissolved 
in  a  little  boiling  water,  is  added  to  "stronger  while 
wine"  in  such  quantity  as  to  yield  1,000  parts  of  pro- 
duct (1.8  grain  to  the  fluidounce).  Wine  of  antimony 
keeps  far  better  than  aqueous  solutions  of  tartar  emetic, 
but  yet  will  deteriorate  in  time.  From  ten  to  thirty  drops 
is  the  average  dose.  Wine  of  antimony  is  an  adjuvant  of 
the  compound  mixture  of  glycyrrhiza  of  the  Pharmaco- 
poeia.    (See  Glycyrrhiza.) 

Tartar  emetic  enters  into  the  composition  of  the  offi- 
cinal compound  syrup  of  squill.     (See  Squill.) 

Tartar  emetic,  as  a  soluble  antimonial,  possesses  local 
properties  wanting  in  the  hitherto  discussed  insoluble 
compounds.  It  is,  namely,  powerfully  irritant,  and  ap- 
plied to  the  skin  in  ointment  or  plaster  produces  after  a 
while  an  eruption,  papular  at  first,  but  passing  to  vesicles 
or  pustules,  considerably  resembling  the  eruption  of 
small-pox,  for  which  it  has  actually  been  mistaken.  The 
eruption  is  painful,  and  may  leave  scars.  Pustulation  by 
tartar  emetic  is  a  possible,  but  disagreeable  method  of 
effecting  a  continuous  counter-irritation.  The  best  mode 
of  application  is  to  prescribe  an  ointment  of  one  part  of 
tartar  emetic  to  four  of  simple  ointment,  to  be  rubbed, 
but  rubbed  lightly,  into  the  skin.  Too  vigorous  inunc- 
tion may  produce  an  uncontrollable  inflammation. 

3.  General  Thbbapetjtics  of  Antimony  Com- 
pounds. Vascular  Depression. — The  power  of  antimo 
nials  to  reduce  the  pulse  is  unbounded,  but  in  high  de- 
gree the  effect  is  associated  with  so  much  general  de- 
pression as  to  be  unavailable.  Still,  in  the  beginning  of 
a  congestion  or  inflammation,  notably  of  the  air-passages, 
in  a  vigorous  subjectj  a  mild  antimonial  effect  is  often 
most  happy.  Indeed,  so  marked  often  is  the  benefit,  that 
it  is  probable  that  depression  of  undue  vascular  excite- 
ment is  but  one  factor  of  the  curative  influence. 

Promotion  of  Secretion  in  Catarrhs. — Nauseants  gener- 
ally tend  to  this  effect,  but  none  can  compete  with  anti- 
monials in  power.  Yet  again,  the  use  of  antimonials 
should  be  confined,  except  in  very  small  dosage,  to  the 
fairly  vigorous,  and  particularly  should  be  avoided  in 
subjects  at  either  extreme  of  age. 

Induction  of  Vomiting. — Although  a  powerful,  anti- 
mony is  a  poor  emetic,  since  it  is  slow  on  the  one  hand, 
and  unnecessarily  nauseant  and  depressing  on  the  other. 
Furthermore,  the  vomiting  does  not  stop  when  the  stom- 
ach is  empty,  as  is  the  case,  practically,  with  the  so-called 
mechanical  enaetics.  For  these  reasons  the  emetic  opera- 
tion of  antimony  is  nowadays  rarely  resorted  to. 

Relaxation  of  Spasm. — In  full  antimonial  nausea  the 
concomitant  muscular  debility  may  determine  relaxation 
of  spasm,  as  in  la/ryn^jismus  stridulus,  or  may  be  pro- 
nounced enough  to  be  of  avail  in  the  reduction  of  a  her- 
nia or  dislocation.  But  for  all  these  purposes  an  even 
greater  degree  of  paresis  is  so  easily_  obtainable  by  medi- 
cines less  disagreeable  and  depressing  than  antimonials 
that  the  latter  are  seldom  resorted  to  for  the  therapeusis. 

Edward  Curtis. 

ANTIMONY,  POISONING  BY.  Pure  metallic  anti- 
mony is  not  thought  to  be  directly  poisonous.  Symp- 
toms of  gastro-enteritis  occasionally  followed  its  medicinal 
use,  in  times  past,  and  serious  symptoms  are  said  to  have 
been  produced  by  the  metal  when  inhaled  in  the  state  of 
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vapor;  but  the  effects  in  these  cases  have  usually  been 
attributed  either  to  the  partial  oxidation  of  the  metal  or 
to  the  presence  of  arsenic,  which  is  a  frequent  impurity  m 
commercial  antimony.  Many  of  tl>e  compounds  of  anti- 
mony  are  more  or  less  poisonous.  The  most  important 
of  these  are  tartar  emetic,  and  the  terchloride  of  antimony. 

Tartar  Embtic— This  is  a  double  tartrate  ot  anti- 
mony and  potassium,  and  is  the  most  important  com- 
pound of  antimony.  It  occurs  in  the  form  of  colorless, 
sliehtlv  efflorescent,  crystals,  which  are  usually  rhombic 
octahedrons,  or  in  the  form  of  a  white  powder  obtained 
by  the  pulverization  of  these  crystals.  It  is  soluble  in 
about  fifteen  parts  of  water  at  the  ordinary  temperature, 
and  in  less  than  three  parts  of  boiling  water.  Tartar 
emetic  may  give  rise  to  acute  poisoning,  as  a  result  of  a 
single  large  dose,  or  to  chronic  poisoning,  as  a  result 
of  small  doses  frequently  administered.  Its  poisonous 
properties  are  due  to  the  oxide  of  antimony  which  it 
contains.  ,„,  ,  j         j 

Acute  Poisoning,  Symptoms.— When  a  large  dose  ot 
tartar  emetic  is  taken,  the  acrid  metallic  taste  of  the 
poison  is  usually  perceived  by  the  patient.  After  a  short 
time,  varying  from  a  few  minutes  to  half  an  hour,  there 
is  nausea  and  faintness,  followed  by  violent  vomiting. 
There  is  burning  in  the  throat  and  oesophagus  ;  some- 
times great  thirst  and  difficulty  of  swallowing ;  pain  in 
the  stomach  and  abdomen.  The  vomiting  is  usually  per- 
sistent. The  vomited  matters  consist,  at  first,  of  the  con- 
tents of  the  stomach,  then  of  mucus,  later  of  mucus 
mixed  with  bile,  and  in  some  cases  blood.  Violent  and 
persistent  purging  is  usually  an  early  symptom.  The 
discharges  are  liquid,  resembling  those  of  cholera,  and 
frequently  contain  blood.  Symptoms  of  extreme  de- 
pression and  prostration,  ending  in  collapse,  which  is  a 
prominent  feature  in  acute  tartar-emetic  poisoning,  soon 
appear.  The  skin  is  cold  and  covered  with  perspiration  ; 
the  pulse,  which  appears  to  be  increased  in  frequency  till 
immediately  before  vomiting  sets  in,  is  at  this  stage  di- 
minished in  frequency  and  force,  and  may  become  im- 
perceptible ;  the  respiration  is  irregular,  but  for  the  most 
part  slow,  with  hasty  and  forced  inspiration  and  pro- 
longed expiration  ;  the  temperature  is  lowered.  Cramps 
in  the  extremities,  delirium,  loss  of  consciousness,  and 
convulsions,  not  infrequently  precede  death.  The  urine 
in  mild  cases  is  increased  in  quantity,  as  it  is  also  in  the 
beginning,  even  in  fatal  cases  ;  but  in  such,  toward  the 
close,  it  is  generally  scanty  and  bloody,  and  even  sup- 
pressed (H.  C.  Wood,  Jr.).  Exceptionally,  vomiting  is 
absent ;  in  such  cases  the  other  symptoms  are  said  to  be, 
as  a  rule,  more  prominent.  In  some  cases  a  pustular 
eruption,  resembling  that  produced  by  the  external  ap- 
plication of  tartar  emetic,  has  appeared  on  the  body  on 
the  third,  fourth,  or  fifth  day.  In  fatal  cases  death  may 
occur  within  a  few  hours,  but  is  more  frequently  delayed 
for  two,  three,  or  more  days.     Recoverjr  is  very  frequent. 

External  ApplicaUon. — Tartar  emetic  is  occasionally 
employed  externally  as  a  counter-irritant,  producing 
sooner  or  later  a  burning  pain,  followed  by  a  pustular 
eruption,  on  the  parts  to  which  it  has  been  applied.  Its 
use  for  this  purpose  has  been  followed,  in  several  in- 
stances, by  symptoms  of  irritant  poisoning  as  a  result 
of  its  absorption  through  the  integument.  In  two  cases, 
at  least,  death  has  been  caused  by  its  application  to  the 
broken  skin. 

Chronic  Poisoning,  Symptoms. — The  symptoms  pro- 
duced by  the  repeated  administration  of  small  doses  of 
tartar  emetic  are  of  the  same  general  character  as  those 
which  have  been  described  under  acute  poisoning.  They 
are,  however,  less  severe  and  less  rapid  in  their  progress, 
varying  in  these  respects  with  the  quantity  administered 
and  the  frequency  of  the  administration.  The  most 
prominent  are  nausea,  retching,  vomiting  of  mucous  and 
bilious  matters,  soreness  and  constriction  of  the  throat,  a 
sensation  of  burning  and  pain  in  the  stomach,  a  feeling 
of  uneasiness  and  sometimes  pain  in  the  abdomen,  a  con- 
stant feeling  of  depression,  gradual  loss  of  strength,  and 
progressive  emaciation.  The  nausea  and  vomiting  recur 
after  each  administration  of  the  poison.  Purging  is  not 
so  prominent  a  symptom  as  in  acute  poisoning.     The 
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stools  are  at  first  normal ;  later,  there  may  be  diarrhoea, 
usually  alternating  with  constipation.  The  time  at  which 
death  occurs  depends  chiefly  upon  the  size  of  the  doses 
and  the  frequency  of  their  administration.  Taylor  col- 
lected five  cases,  four  of  which  were  fatal.  In  three, 
death  took  place  in  six,  eight,  and  nine  days  respectively ; 
in  the  fourth,  the  poison  was  administered  over  a  period 
of  three  months  preceding  death. 

Fatal  Quantity.— The  quantity  of  tartar  emetic  required 
to  destroy  life  cannot  be  stated  with  accuracy,  since  its 
effects  are  variable  and  frequently  depend  less  on  the 
quantity  taken  than  on  other  conditions.  Owing  prob- 
ably to  early  and  abundant  vomiting,  recovery  has  fre- 
quently taken  place  after  doses  varying  from  from  7.8 
to  31  Gm.  (3  to  8  drachms).  On  the  other  hand,  as  a 
result,  probably,  of  idiosyncrasy,  alarming  symptoms, 
and  even  death,  have  followed  the  administration  of 
doses  which  would  ordinarily  be  considered  non-fatal. 
In  sixteen  fatal  cases  collected  by  Taylor,  the  smallest 
fatal  dose  was  in  a  child,  0.048  Gm.  (0.75  grain), 
and  in  an  adult,  0.130  Gm.  (3  grains) ;  but  in  the  latter 
case  there  were  circumstances  which  favored  the  fatal 
operation  of  the  poison.  Tajrlor  quotes  a  case  in  which 
0.033  Gm.  (0.33  grain),  given  in  divided  doses  to  a  child 
four  years  of  age,  produced  alarming  symptoms.  Serious 
symptoms  have  followed  the  administration  of  0.082  Gm. , 
0.26  Gm.,  and  0.40  Gm.  (0.5,  4,  and  6i  grains  respec- 
tively) to  adults.  Dr.  Draper  reported  a  case,  at  a  meet 
ing  of  the  Boston  Society  for  Medical  Observation,  in 
1880,  in  which  0.36  Gm.  (4  grains),  followed  in  ten  minutes 
by  0.13  Gm.,  proved  fatal  to  a  healthy  adult  woman  in 
fifty-three  hours.  According  to  Wakley,  0.195  Gm.  (3 
grains)  killed  an  adult  in  twenty-four  hours  ;  0.65  Gm. 
(10  grains)  and  0.97  Gm.  (15  grains)  have  proved  fatal  to 
children  ;  2.3  Gm.  (36  grains),  3.4  Gm.  (37  grains),  3.34 
Gm.  (50  grains),  and  3.9  Gm.  (60  grains)  to  adults.  Chil- 
dren, aged  persons,  and  those  who  are  in  delicate  health 
are  more  susceptible  to  its  action  than  healthy  adults.  On 
the  other  hand,  there  are  certain  diseased  states  of  the 
body  in  which  large  and  repeated  doses  have  been  ad- 
ministered without  producing  any  symptoms  of  poisoning. 
Taylor  concludes  that  under  favorable  circumstances 
0.65  to  1.3  Gm.  (10  to  30  grains),  taken  at  once,  might  de- 
stroy an  adult,  and  that  a  still  smaller  quantity  than  this 
might  suffice  if  taken  in  divided  doses. 

Appearances. — The  mucous  membrane  of  the  stomach 
and  intestines  is  usually  more  or  less  inflamed  and  soft- 
ened. The  inflammatory  appearances  in  the  intestines 
are  usually  most  marked  in  the  duodenum,  caecum,  and 
rectum.  The  mucous  membrane  of  the  mouth,  throat, 
and  oesophagus  is  sometimes  inflamed.  There  are  oc- 
casionally aphthse  and  pustules  in  the  mouth,  tliroat, 
oesophagus,  or  stomach ;  sometimes  aphthous  ulceration  of 
the  glands  of  the  small  intestines.  The  stomach  and 
intestines  contain  more  or  less  mucus,  colored  with  bile  or 
blood  or  both.  Hypostatic  congestion  of  the  lungs  has 
been  frequently  noticed.  A  greater  or  less  degree  of 
fatty  degeneration  of  the  liver,  kidneys,  heart,  muscular 
tissue  of  the  diaphragm,  and  cells  of  the  gastric  glands, 
sometimes  recognizable  only  by  microscopic  and  chemi- 
cal examination,  is  a  well-recognized  result  of  the  action 
of  antimony  compounds.  This  was  first  pointed  out  by 
Saikowsky,  who  states  that  there  is  also  a  diminution  of 
the  amount  of  glycogen  in  the  liver,  and  in  some  cases  a 
total  disappearance  of  it. 

Absorption  and  Elimination. — Antimony  is  quickly  ab- 
sorbed, and  after  death  may  be  detected  in  nearly  all  the 
organs  and  tissues  of  the  body.  It  is  rare  to  find  more 
than  a  trace  in  the  stomach,  since  its  emetic  properties 
usually  secure  its  early  removal.  The  liver  and  kidneys 
probably  contain  the  largest  amount.  It  is  eliminated  m 
the  urine  and  bile,  also,  according  to  Lewald,  in  the  milk. 
When  tartar  einetic  is  injected  into  the  veins  it  is  said  to 
be  rapidly  eliminated  through  the  mucous  membrane  of 
the  stomach  (Brintoii).  The  time  required  for  its  com- 
plete elimination  is  uncertain.  Millon  and  Laveran  de- 
tected antimony  in  the  urine  of  patients  as  late  as  twenty- 
four  days  after  the  last  administration  of  tartar  emetic. 
They  also  found  antimony  in  the  fat,  bones,  and  other 
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tissues  of  dogs,  as  late  as  four  months  after  the  last  ad- 
ministration. They  state  that  there  are  well-marked  in- 
termissions in  the  elimination. 

Treatment. — If  vomiting  has  not  occurred,  it  should  be 
provoked  by  tickling  the  throat  or  by  the  administration 
of  warm  water.  The  best  antidote  is  tannic  acid,  which 
forms  with  oxide  of  antimony  a  compound  insoluble  in 
water.  A  solution  of  the  acid  may  be  used.  In  the  ab- 
sence of  this,  an  infusion  of  green  tea,  decoctions  of  oak- 
bark,  gall-nuts,  or  Peruvian  bark,  or  tincture  of  kino  or 
catechu,  all  of  which  contain  tannic  acid,  may  be  ad- 
ministered. The  stomach  should  be  thoroughly  washed 
out  after  the  administration  of  the  tannic  acid.  Opium 
should  then  be  given,  to  allay  pain  and  irritation.  Stim- 
ulants, external  and  internal,  may  be  required.  In  the 
treatment  of  chronic  poisoning  it  is  essential  to  prevent 
the  further  administration  of  the  poison.  Stimulants, 
tonics,  and  nutritious  diet  are  required. 

Terohlobide  of  Antimony,  Buttbk  of  Antimony. 
— This  is  a  transparent,  fusible,  crystalline  substance, 
which,  on  exposure  to  moist  air,  rapidly  deliquesces  to  a 
clear  liquid.  When  pure  it  is  colorless,  but  it  frequently 
contains  more  or  less  chloride  of  iron,  which  imparts  to  it 
a  color  varying  from  yellow  to  dai'k-brown.  It  is  decom- 
posed by  water,  with  the  formation  of  hydrochloric  acid 
and  an  insoluble  white  basic  chloride,  which  may  be  dis- 
tinguished from  the  corresponding  basic  chloride  of  bis- 
muth by  its  solubility  in  tartaric  acid.  A  concentrated 
hydrochloric  acid  solution  of  the  chloride  has  some  uses, 
and  has  given  rise  to  a  few  cases  of  accidental  or  suicidal 
poisoning.     It  is  a  violent  corrosive  and  irritant. 

Bymptoms. — These  resemble  closely  the  symptoms  pro- 
duced by  the  mineral  acids.  They  come  on  very  rapidly, 
and  consist  of  violent  vomiting  and  severe  pain  in  the 
throat,  stomach,  and  abdomen,  soon  followed  by  symp- 
toms of  collapse.  Death  has  taken  place  in  two  hours, 
and  has  been  delayed  for  ten  and  one-half,  eighteen,  and 
twenty-four  hours. 

Fam  Quantity. — The  smallest  quantity  required  to  de- 
stroy life  is  unknown.  Ninety  cubic  centimetres  (three 
fluidounces),  approximatively,  of  the  solution  has  proved 
fatal  to  adults  in  three  cases.  Recovery  has  taken  place 
after  thirty  cubic  centimetres. 

Appea/raThcea. — The  lips,  mouth,  and  throat  have  usually 
been  found  more  or  less  corroded.  The  interior  of  the 
stomach,  and  upper  part  of  the  small  intestines  is  in- 
tensely inflamed,  corroded,  and  sometimes  black,  as  if 
charred.  In  a  case  related  by  Taylor,  the  whole  alimen- 
tary canal,  from  the  mouth  to  the  middle  of  the  small 
intestines,  presented  this  black  appearance.  The  mucous 
membrane  was  entirely  destroyed,  and  the  parts  beneath 
were  so  soft  that  they  were  easily  torn  with  the  fingers. 
Fatty  degeneration  of  the  liver,  kidneys,  heart,  muscular 
tissue  of  the  diaphragm,  and  cells  of  the  gastric  glands, 
was  observed  in  rabbits  to  which  small  doses  of  ter- 
chloride  of  antimony  were  administered  (Saikowsky). 

Treatment. — This  consists  in  the  administration  of  sodic 
carbonate,  chalk,  or  magnesia,  to  neutralize  the  free  acid, 
and  of  preparations  containing  tannic  acid. 

WUliam  B.  Hills. 

ANTIPERIODICS.  This  term  is  applied  to  those  reme- 
dies which  have  a  tendency  to  check  certain  symptoms 
having  a  more  or  less  regularly  recurrent  type,  and 
dependent  etiologically  upon  those  somewhat  imper- 
fectly understood  influences  known  as  malarial,  mias- 
matic, or  paludic.  The  symptoms  against  which 
antiperiodics  are  most  commonly  employed  are  those 
constituting  the  seizure  in  the  quotidian,  tertian,  and 
quartan  types  of  ague,  and  consisting-  of  the  cold,  the 
hot,  and  the  sweating  stages.  In  the  milder  forms  of 
intermittent  and  remittent  fever,  the  breaking  up  of  the 
recurrent  chills  as  soon  as  possible  is  important  for  the 
comfort  of  the  patient,  but  in  the  so-called  "  pernicious  " 
malarial  fevers,  it  may  be  a  matter  of  life  or  death  to 
stop  at  once  those  congestive  chills  whose  effects  are  so 
alarming,  and  it  is  in  such  cases  that  the  great  value  of 
the  antiperiodics  is  seen.  Other  chronic  manifestations 
of  the  malarial  cachexia,  such  as  neuralgia,  are  amen- 


able to  antiperiodic  treatment,  and  it  is  noticeable  that 
the  success  of  quinine  in  the  relief  of  neuralgia  is  in 
proportion  to  the  regular  periodicity  of  the  attacks. 

By  far  the  most  important  antiperiodic,  of  more  value, 
in  fact,  than  all  the  others  taken  together,  is  cinchona,  with 
its  derivatives.  Ever  since  the  cure  of  the  Countess  of 
Chinchon  of  an  ague  at  Lima,  in  the  earlier  half  of  the 
seventeenth  century,  first  gave  name  and  fame  to  the 
drug,  its  value  in  intermittent  fever  has  been  acknowl- 
edged. More  than  any  other  remedy  in  the  Pharmaco- 
poeia it  deserves  to  be  considered  a  specific. 

Quinine,  by  reason  of  its  more  concentrated  and  con- 
venient form,  is  now  used  almost  entirely  to  the  exclu- 
sion of  cinchona  as  an  antiperiodic.  For  this  purpose 
the  dose  must  be  large,  corresponding  in  quantity  to  the 
so-called  antipyretic  dose  of  the  drug.  The  quinine 
should  be  so  administered  as  to  produce  a  saturation  of 
the  patient's  system  at  the  time  when  the  next  seizure 
would  occur.  To  attain  this  object  we  may  give  one  full 
dose,  1  to  3  6m.  (15  to  30  grains)  about  twelve  hours 
before  the  expected  attack.  If  the  interval  is  much 
shorter  than  this  the  chance  of  aborting  the  very  next 
seizure  is  diminished.  If  the  single  administration  of 
the  drug  anticipates  the  chill  by  only  four  or  five  hours, 
the  chances  are  about  equal  for  and  against  its  success. 
In  no  other  form  is  quinine  more  effective  than  in  that 
of  the  crystals  of  the  sulphate  in  an  acid  solution  (bi- 
sulphate)  or  dissolved  in  lemon-juice.  The  solubility  is 
usually  somewhat  impaired  in  the- pill  form,  and  the  ad- 
ministration in  coffee  fails  to  give  the  best  effect  because 
of  the  imperfect  solubility  of  the  tannate.  Of  late  the 
manufacturing  chemists  have  put  upon  the  market  a 
"  compound -syrup  of  licorice,"  which  quite  effectually 
disguises  the  bitter  taste  of  the  drug,  without,  so  far  as 
the  writer  knows,  interfering  with  its  solubility. 

As  the  single  antiperiodic  dose  may  be  either  unneces- 
sarily large  or  else  insufficient,  and  as  the  elimination 
may  have  progressed  too  far  before  the  time  of  the 
seizure,  it  is  better  on  the  whole  to  administer  a  number 
of  moderate  doses  of,  say,  0.3  Gm.  (5  grains)  each,  every 
three  hours,  beginning  twelve  hours  before  the  expected 
time  of  attack.  The  amount  should  be  so  graduated  as 
to  attain  and  keep  a  moderate  amount  of  cinchonism,  as 
shown  by  tinnitus,  at  the  time  of  the  expected  attack. 
When  tlie  periodicity  of  the  intermittent  fever  is  ir- 
regular, and  in  cases  of  remittent  fever,  cinchonism 
should  be  produced  as  soon  as  possible  after  a  seizure, 
and  maintained  by  moderate  but  sufficient  doses  for  several 
days.  In  the  cases  of  pernicious  malaria,  if  there  are  not 
ten  or  twelve  hours  before  the  expected  time  of  attack 
in  which  to  secure  complete  cinchonism  by  the  oral  ad- 
ministration of  the  drug,  it  should  be  given  subcutane- 
ously.  In  order  to  secure  its  complete  solution,  acid 
must  be  added,  one  minim  of  dilute  sulphuric  acid  to 
each  grain  of  quinine  usually  sufficing.  But  this  solu- 
tion has  the  disadvantage  of  being  irritating,  and  there 
is  some  danger  of  abscess.  This  risk,  however,  should 
be  taken  in  preference  to  that  of  a  severe  congestive  chill. 
The  hydrobromate  of  quinine  is  especially  adapted  for 
subcutaneous  use.  It  may  be  prepared  according  to  the 
following  formula  : 

9.  Quininse  sulph 10  (gr.  clx.) 

Acid  hydrobromici  (Squibb) 4  (  3  j) 

Aquae  (vel  spts.  frumenti) ad  30  (ad  |  j.) 

The  kinate  and  the  disulphate  of  quinine  are  preferred  by 
some  for  hypodermic  use.  The  dose  of  quinine  subcu- 
taneously  is  less  than  by  the  mouth,  and  its  action  is 
more  prompt.  Where  for  any  reason  neither  of  the  fore- 
going methods  are  available,  the  drug  may  be  given  by 
the  rectum  in  doses  somewhat  larger  than  by  the  mouth. 
For  children  and  others  with  sensitive  stomachs,  where 
haate  is  not  an  especial  object,  quinine  may  be  given  by 
inunction.  For  this  purpose  an  eligible  preparation  is 
the  following  : 

5 .  Quinine  sulph 5  (gr.  Ixxx.) 

Acid,  oleic,  pur 30  ( 1  j.) 

01.  olivarum 30  (|j.) 

Dissolve  the  quinine  in  the  acid  with  the  aid  of  gentle 
heat.     Add  the  oil.     The  solution  should  be  clear. 


247 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Antlperlodlcs. 

Antipyretics.  

The  other  alkaloids  of  cinchona,  q^i^i-^^^' SSc 
cinchonidine,  and  cinchonine.  have  some  antipenodic 

value,  but  are  all  inferior  to  ^^'?}'"''Z%^l<^ataSe 
he  riven  in  larger  doses.  Regarding  the  dose  ot  quinine, 
ft  should  be  safd  that  it  varies  much  ^°l°^y^'^'^Z 
dividual,  but  with  the  place.  In  the  tropics  and  m  tne 
habUat  of  malaria  much  larger  doses  are  tolerated  and 
are  necessarv  to  break  up  a  chill  than  m  temperate 
cfmateslndW-miasmatic^ocalities.  The prophylac  ic 
value  of  quinine  against  ague  is  even  g^ter  than  its 
curative  action.  A  moderate  amount  as,  fo^  mstMce,  a 
grain  three  times  a  day,  may  be  taken  constantly  for 
years  without  any  ill  efEects.  This  Pi'ecaution  is  one 
that  should  be  taken  by  every  one  compelled  to  live  in  a 
malarious  country.  Even  in  non-malarious  districts  per- 
sons who  have  contracted  ague  elsewhere  should,  after 
breaking  up  the  chills  by  the  antipenodic  doses,  as  de- 
scribed above,  continue  with  small  quantities  of  quinine 
for  a  fortnight  or  more.  ,      .    ,.       ,  .  , 

Next  to  cinchona,  the  most  useful  antipenodic  which 
we  possess  is  probably  arsenic.  It  is  to  those  chronic 
cases  which  have  assumed  a  somewhat  irregular  type, 
and  in  which  we  hardly  know  at  what  time  to  expect  a 
chill,  that  arsenic  is  particularly  adapted.  It  may  be  given 
in  the  form  of  Fowler's  solution,  beginning  with  O-o  t^m. 
(five  minims)  three  times  a  day,  thence  earned  up  to  0.5  or 
0.7,  or  even  1.  Gm.  three  times  a  day,  or  the  arsenious  acid 
may  be  given  in  granules  of  at  first  0.0015  to  0.003  Gm. 
(one-fortieth  to  one-thirtieth  grain)  three  times  a  day, 
pushed  till  the  physiological  effects  are  reached.  With 
arsenic  we  do  not  attempt  to  stop  the  very  next  parox- 
ysm ;  hence  it  is  not  adapted  for  pernicious  cases.  It 
should  always  be  well  diluted  and  given  on  a  full  stom- 
ach. 

When  treatment  has  been  delayed  until  the  chill  is  ac- 
tually "on,"  quinine  is  useless  for  that  seizure,  though  it 
is  the  practice  of  some  to  administer  it  during  the  parox- 
ysm in  the  hope  of  more  surely  controlling  the  next  at- 
tack. Nothing  is  .so  efficacious  to  check  a  chill  actually 
in  progress  as  a  full  dose  of  morphine  subcutaneously. 
Chloroform  is  also  recommended  for  this  purpose  in  a 
dose  of  from  2.  to  4.  Gm.  ( 3  ss.  to  3  j.)  in  sweetened  water 
or  mucilage.  Good  eflEects  have  been  claimed  for  the  ad- 
ministration during  the  chill  of  nitrite  of  amyl  by  in- 
halation, and  nitrate  or  muriate  of  pilocarpine  hypoder- 
mically. 

Nectandra,  or  bebeeru  bark,  has  met  with  some  success 
as  an  antiperiodic.  The  alkaloid  in  the  form  of  the  sul- 
phate of  beberine  contains  whatever  of  virtue  the  drug 
possesses,  and  may  be  given  in  the  same  doses  and  at 
the  same  times  as  quinine. 

Wiu'burg's  Tincture,  formerly  in  much  repute,  especi- 
ally in  India,  as  an  antiperiodic,  contains  some  sixty- 
four  ingredients,  of  which  the  most  active  is  quinia,  in 
the  proportion  of  ten  grains  to  the  ounce. 

The  eucalyptus  seems  to  possess  some  antiperiodic  vir- 
tue. Among  the  peasantry  of  Southern  Europe  it  has 
quite  a  reputation.  Careful  observation  shows  that  in 
highly  malarious  localities  it  is  often  without  effect.  The 
oil  of  eucalyptus  in  doses  of  0.1  to  0.3  Gm.  (TTLij.  to  v.), 
may  be  given,  or  the  tincture  in  doses  of  1.  to  2.  Gm.  (1T|_xv. 
to  XXX.).  That  it  is  of  use  in  the  milder  cases  is  made 
probable  by  the  fact  of  its  undoubted  power  as  a  prophy- 
lactic. Since  the  tree  was  introduced  into  Southern  Eu- 
rope in  1856,  its  growth  has  much  improved  the  health- 
fulness  of  many  marshy  regions.  The  Trappist  monks 
have  of  late  years  devoted  themselves  to  cultivating  this 
tree  in  the  most  malarious  regions  of  Italy,  with  the  re- 
sult of  making  places  habitable  that  were  formerly  highly 
unhealthy. 

Among  the  other  succedanea  of  quinine,  usually  most 
successful  when  combined  with,  rather  than  entirely  re- 
placing, that  drug,  are  salicin  and  salicylic  acid,  given  in 
doses  of  1.  to  1.3  Gm.  (15  to  30  grains),  repeated  frequently 
until  tinnitus  is  induced.  The  sulphites,  especially  the 
sulphite  of  magnesia  and  the  hyposulphite  of  soda,  have 
been  recommended  by  some  physicians  in  this  country, 
in  doses  of  1.  to  1.5  Gm.  every  two  hours.  The  ferro- 
cyanide  of  iron,  despite  its  disageeable  appearance  and 


taste,  has  been  found  useful  by  Flint  in  doses  of  4.  to  8. 
Gm.  ( 3  j.  to  3  ij.).  Nitric  acid  in  0.5  Gm.  (TTLvij.)  doses, 
every  six  hours,  through  paroxysm  and  intermission; 
the  chloride  of  sodium,  ^iven  to  the  extent  of  10.  Gm. 
( 3  ii.)  during  the  intermission  ;  the  chloride  of  ammo 
nium,  the  iodide  o^  ammonium,  and  the  iodide  of  potas- 
sium, in  0.3  to  0.5  Gm.  (5  to  8  grain)  doses,  repeated  and 
increased ;  piperine  and  narcotine ,  each  in  doses  of  0. 2  Gm. 
(8  grains)— these  and  other  drugs  have  all  had  their  ad- 
vocates as  being  of.  more  or  less  value  in  preventing  the 
periodic  attacks  of  ague. 

Finally,  it  remains  to  allude  to  two  or  three  classes  of 
drugs  under  whiclj  most  of  the  other  numberless  reme- 
dies that  have  been  suggested  against  intermittent  fever 
may  be  classed.  Emetics  and  cathartics,  when  there  is 
time  for  their  administration,  sometimes  render  the  sys- 
tem more  susceptible  to  the  action  of  quinine.  Alum, 
ipecac,  sulphate  of  copper,  fraxinus,  wahoo,  Indian 
hemp,  and  the  like,  probably  owe  what  reputation  tiey 
have  as  antiperiodics  to  this  fact ;  administered  alone 
they  would  be  quite  worthless.  Some  of  the  simple  and 
aromatic  bitters,  on  the  other  hand,  may,  in  mild  cases, 
replace  cinchona.  Anthemis  (chamomile),  eupatorium 
(thoroughwort),  ilex  (holly),  parthenium  (feverfew),  hy- 
drastis,  and  cascarilla,  have  a  popular,  and  to  some  ex- 
tent a  scientific  repute  in  the  treatment  of  "intermittent 
fever,  by  reason  of  their  bitter  quality.  When  it  is  re- 
membered that  the  natural  tendency  of  ague  is  to  recovery 
as  soon  as  the  subject  is  removed  from  the  source  of  ma- 
larial infection,  the  antiperiodic  value  of  a  large  numhei' 
of  the  drugs  last  enumerated  will  appear  quite  problem- 
atical. Charles  F.  Wiihington. 

ANTIPYRETICS.  By  an  antipyretic  is  meant  an  agent 
possessed  of  the  power  of  reducing  pyrexia.  In  the 
widest  application  of  this  term  it  is  made  to  include  all 
agents  having  a  reducing  power  over  an  increased  tem- 
perature, no  distinction  being  made  as  to  the  mode  of 
reduction. 

The  term  antipyretic  is  used  in  another  and  more  re- 
stricted sense,  being  made  to  include  only  those  agents 
which  have  a  direct  effect  either  in  diminishing  the  pro- 
duction of  heat  or  increasing  its  dissipation. 

The  difference  between  these  two  significations  will  he 
made  clearer  if  we  take  an  illustration.  Quinine,  in  ma- 
larial poisoning,  quickly  reduces  the  high  temperature, 
and  is  therefore  an  antipyretic.  It  is,  however,  an  anti- 
pyretic because  it  acts  as  an  antidote  to  the  poison  which 
causes  the  rise  in  the  temperature.  The  temperature  falls 
because  the  cause  of  its  increase  is  removed.  To  illustrate 
the  effect  of  a  direct  antipyretic,  the  action  of  quinine  in 
typhoid  fever  may  be  used.  In  this  case  quinine  reduces 
the  temperature,  not  by  removing  its  cause,  but  by  a  direct 
action  on  the  production  of  the  increased  heat. 

In  the  former  case,  the  quinine  acts  as  an  antipyretic 
because  it  removes  the  cause  of  the  pyrexia,  while  in  the 
latter  it  reduces  it  without  influencing  its  cause ;  in  fact, 
it  may  be  said  that  it  reduces  it  in  spite  of  the  continu- 
ance of  its  cause. 

In  the  former  case  the  antipyretic  effect  is  brought  about 
indirectly,  while  in  the  latter  it  is  brougjht  about  directly. 

It  is  only  the  action  of  the  direct  antipyretics  that  will 
be  considered  under  this  heading.  For  a  description  of 
the  indirect  antipyretics  the  reader  is  referred  to  the  arti- 
cles on  the  treatment  of  malarial  pyrexia  with  quinine 
and  acute  rheumatism  with  salicin  and  the  salicylates. 

The  knowledge  that  we  at  present  possess  of  the  mode 
in  which  direct  antipyretics  act  is  very  meagre.  The  ex- 
periments of  Lewis,  H.  C.  Wood,  and  others,  although 
working  in  a  proper  direction,  have  not  led  to  any  de- 
cisive results. 

The  following  antipyretics  will  be  considered :  Quinine, 
salicylic  acid,  kairin,  and  antipyrin. 

1.  The  Action  of  QurNiNB  as  an  Antipyeetic.— 
There  is  a  general  consensus  of  opinion  that  quinine  has 
no  influence  in  reducing  a  normal  temperature. 

We  have  abundant  proof  that  it  is  able  to  prevent  the 
increased  temperature  which  attends  very  active  physical 
exercise. 
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There  is  some  difEerence  of  opinion  as  to  the  certainty 
of  the  action  of  quinine  in  pyrexia.  Some  believe  it  is 
very  certain,  ■while  others  hold  the  opinion  that  it  is  far 
from  being  so.  It  is  a  daily  experience  that  quinine 
utterly  fails  to  reduce  the  increased  temperature  of  cer- 
tain diseases,  no  matter  in  what  doses  it  is  given. 

The  dose  of  quinine  necessary  to  produce  an  antipyretic 
effect  must  be  sufficient  to  produce  what  is  commonly 
known  as  its  full  physiological  eflEect,  or  cinchonism,  the 
symptoms  of  which  are  ringing  in  the  ears,  giddiness, 
deafness,  etc.  Doses  short  of  this  will  not,  in  the  great 
maiority  of  cases,  act  antipyretically.  It  is  questionable 
what,  if  any,  fuller  antipyretic  effect  is  obtainable  from 
larger  doses  than  is  necessary  for  the  production  of  cin- 
chonism. It  is  not  by  any  means  certain  that  3  Gm. 
(45  grains)  of  the  sulphate  of  quinine  in  the  twenty-four 
hours  will  have  a  more  decided  effect  in  reducing  pyrexia 
than  1.50  Gm.  (22^  grains)  given  during  the  same  time. 

When  given  in  doses  of  one  gram  and  upward  to  a  per- 
son with  an  elevated  temperature  the  following  is  the 
usual  result  of  its  action.  The  temperature  commences 
to  fall  in  about  two  hours  after  its  administration,  and 
continues  falling  for  a  period  of  about  twelve  hours.  It 
then  commences  slowly  to  ascend,  but  usually  does  not 
reach  its  original  height  for  twenty-four,  or  it  even  may 
be  forty-eight  hours.  The  amount  of  fall  is  variable. 
Sometimes  a  reduction  to  the  normal  is  noticed.  More 
frequently,  however,  a  depression  of  two  degrees  is  all 
that  is  brought  about.  It  is  exceptional  when  no  ap- 
preciable fall  takes  place. 

The  pyrexia  of  some  diseases  is  more  readily  reduced 
than  that  of  others.  The  pyrexia  of  typhoid  fever  and 
pneumonia,  for  instance,  is  more  easily  reduced  than  that 
of  tuberculosis  or  of  cerebro-spinal  meningitis. 

Quinine  has  more  power  in  reducing  the  temperature 
during  certain  periods  of  febrile  diseases  than  it  has  at 
others.  In  typhoid  fever  the  temperature  during  the  third 
week  is  more  easily  brought  down  than  during  the  first 
and  second  weeks.  Further,  if  the  temperature  during 
the  third  week  should  suddenly  rise  after  it  has  attained 
the  normal,  it  can  be  much  more  readily  influenced  by 
quinine  than  at  any  other  period  of  the  disease,  provided 
that  the  rise  is  not  owing  to  a  relapse.  .Again,  the  tem- 
perature in  mild  cases  of  this  disease  is  much  more  easily 
reduced  than  the  temperature  in  severe  cases.  This  fact 
can  be  made  use  of  in  the  early  periods  to  demonstrate 
whether  we  have  a  severe  case  or  otherwise  to  deal  with,. 
Quickly  following  the  antipyretic  action  of  quinine  there 
is  a  fall  in  the  rate  of  the  pulse.  This  is  not  due  to  any 
direct  action  of  the  drug  on  the  heart,  but  is  brought 
about  indirectly  through  the  reduction  of  the  fever. 
When,  however,  very  large  doses  are  administered,  a  di- 
rect cardiac  depressant  action  cannot  be  eliminated. 

Given  a  case  of  typhoid  fever,  or,  in  fact,  of  any  fever, 
where  the  administration  of  quinine  has  been  followed 
by  a  reduction  in  the  temperature,  it  is  a  symptom  of 
very  serious  import  when  there  is  not  also  a  consentane- 
ous reduction  in  the  pulse-rate.  It  is  an  evidence  of  very 
pronounced  debility  of  the  cardiac  muscle. 

We  have  no  positive  knowledge  as  to  how  quinine  acts 
as  an  antipyretic.  There  are,  in  all  probability,  several  fac- 
tors in  operation  in  bringing  about  its  effects,  such  as  the 
partial  suspension  that  it  exercises  on  the  oxidizing  power 
of  the  blood,  and  the  inhibitory  influence  that  it  exerts  on 
the  migratory  and  amoeboid  movements  of  the  white 
blood-cells.  To  what  extent  heat  production  and  heat 
dissipation  are  respectively  influenced  we  have  no  proof: 
Drs.  Wood  and  Reichert '  are  of  the  opinion  that  both 
processes  are  increased,  the  latter  especially  so. 

2.  Salicylic  Acid. — The  antipyretic  action  of  salicylic 
acid  is  one  of  the  most  important  and  remarkable  thera- 
peutical discoveries  of  our  age.  This  action,  as  is  well 
known,  is  best  seen  in  acute  rheumatism ;  but  it  is  not  in 
this  disease  alone  that  the  drug  has  the  power  of  reducing 
fever.  The  temperature  of  typhoid  and  other  fevers  is 
considerably  influenced  by  it. 

It  has  no  power  to  reduce  the  normal  temperature. 
Ringer,"  who  has  closely  investigated  this  subject,  found 
in  a  few  cases  a  slight  increase,  probably  due,  as  he  sug- 


gests, to  a  catarrhal  condition  of  the  stomach,  occasioned 
by  the  use  of  the  acid.  The  same  writer  says  that  there 
is  no  better  attested  fact  than  the  power  of  salicylic 
acid  to  promptly  and  considerably  reduce  an  elevated 
temperature. 

It  is  stated  that  the  fever  caused  by  the  injection  of 
putrid  material  into  the  blood  of  the  lower  animals  is  not 
affected  by  salicylic  acid. 

When  administered  to  a  person  in  a  state  of  pyrexia, 
in  one  or  two  large  doses,  or  in  several  quickly  repeated 
smaller  doses,  the  first  noticeable  effect  is  profuse  sweat- 
ing, this  being  shortly  followed  by  a  reduction  in  the 
temperature.  There  is  no  relation  between  the  profuse- 
ness  of  the  sweating  and  the  amount  of  fall  in  the  tem- 
perature :  it  therefore  follows  that  the  antipyretic  effects 
are  not  due  to  the  diaphoresis,  as  might  readily  be  sup- 
posed. This  is  further  proved  by  the  fact  that  in  the 
exceptional  cases  where  no  sweating  is  induced,  the  re- 
duction of  the  temperature  is  as  marked  as  where  it  does 
take  place. 

In  the  administration  of  salicylic  acid,  the  points  neces- 
sary to  be  borne  in  mind  are  the  disturbing  effects  of  very 
large  doses,  and  the  rapidity  with  which  the  drug  is  elimi- 
nated. It  is  best  given  in  full  doses  at  first,  until  its  phys- 
iological effects  are  brought  about,  and  then  continued  in 
smaller  doses,  and  repeated  frequently  enough  to  keep  up 
such  effects  for  a  certain  time,  the  length  of  time  depend- 
ing on  the  nature  of  the  pyrexial  condition  for  which  it  is 
prescribed.  About  three  doses,  of  a  gram  and  a  quarter 
each  (20  grains),  at  intervals  of  two  hours,  usually  occasion 
decided  symptoms  of  cinchonism.  Sixty  centigrams  (10 
grains)  every  two  hours,  with  the  intervals  gradually  in- 
creasing to  every  three  and  four  hours,  will  serve  to  keep 
up  the  effects.  With  the  appearance  of  the  symptoms 
of  cinchonism  the  temperature  commences  to  fall,  and  if 
the  case  is  one  of  acute  rheumatism,  by  continuing  the 
acid  in  smaller  doses,  frequently  repeated,  it  is  not  apt  to 
rise  again.  In  treating  cases  of  pyrexia,  other  than  those 
of  acute  rheumatism,  it  is  best  to  give  two  or  three  full 
doses,  some  five  or  six  hours  before  the  fever  will  attain 
its  maximum.  It  is  not  advisable  to  keep  up  the  effect? 
as  we  do  in  acute  rheumatism.  Salicylic  acid  and  the 
salicylates  generally  effect  a  more  pronounced  reduction 
of  temperature  in  pyrexia  than  does  quinine.  A  fall  of 
from  3°  to  4°  F.  is  not  at  all  uncommon  from  the  former, 
while  from  the  latter  the  average  fall  seldom  exceeds  2° 
F.  Nothing  is  known  as  to  how  this  drug  brings  about 
its  antipyretic  effects,  either  in  acute  rheumatism  or  in 
other  forms  of  pyrexia. 

8.  Kaibin. — Of  all  the  direct  medicinal  antipyretics 
kairin  is  probably  the  most  powerful.  No  matter  what 
the  nature  or  cause  of  a  pyrexia  may  be,  this  drug  is 
powerful  to  reduce  it,  when  given  in  doses  of  about  one 
gram  (15  grains)  every  hour  for  several  hours. 

An  hour  after  the  administration  of  a  gi'am  of  kairin 
the  temperature  commences  to  fall,  and  in  about  two 
hours  the  lowest  point  is  reached.  This  generally  amounts 
to  1°  C.  (nearly  2°  F.).  The  temperature  remains  down 
for  about  an  hour,  when  it  begins  to  ascend,  and  rapidly 
reaches  its  original  height.  Four  hours  after  the  ad- 
ministration of  a  single  antipyretic  dose  of  kairin,  there  is 
no  evidence  that  such  a  dose  has  been  given.  In  the  four 
hours  are  included  the  time  during  which  it  is  absorbed, 
and  while  it  acts,  together  with  the  subsequent  rise  of  the 
temperature  to  its  previous  height. 

If,  after  giving  a  gram  dose  of  kairin,  a  second  dose 
is  given  at  the  end  of  the  first  hour,  we  have  a  further 
fall  of  the  temperature,  and  if  at  the  end  of  the  second 
hour  a  third  dose  be  administered,  we  have  an  additional 
fall.  By  continuing  to  give  the  drug  in  this  way  we  can 
reduce  the  temperature  to  the  normal,  no  matter  what  its 
height  may  be  and  no  matter  what  the  cause  of  the  ele- 
vation is.  The  higher  the  temperature  the  greater  is  the 
quantity  of  kairin  required  to  effect  a  reduction  to  the 
normal.  A  temperature  of  105°  F.  requires  about  four 
grams  (  3  j.),  given  in  hourly  doses  of  about  one  gram, 
while  a  temperature  of  103°  F.  can  be  reduced  to  the  nor- 
mal by  three  such  doses. 

The  fall  in  the  temperature  from  the  action  of  kairin 
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is  attended  usually  by  sweating,  at  times  profuse,  but  it 
may  be  absent  if  the  fall  takes  place  very  slowly.  The 
sweating  is  the  more  profuse  the  higher  the  temperature 
has  been,  and  the  more  quickly  and  deeply  it  falls. 

Simultaneously  with  the  fall  in  the  temperature  the 
pulse  frequency  diminishes. 

The  ascent  of  the  temperature  after  the  eflfects  of  the 
drug  have  passed  away  is  sometimes  attended  with  a  rigor, 
but  only  in  cases  where  it  has  been  reduced  to  the  nor- 
mal. If  it  is  given  in  such  doses  as  not  to  bring  the  tem- 
perature lower  than  100°  or  101°  F.,  no  rigors  attend  the 
subsequent  ascent. 

The  antipyretic  action  of  kairiu  is  not  enfeebled  by 
giving  it  even  for  days.  Every  gram  dose  is  always  fol- 
lowed by  a  more  or  less  pronounced  antipyretic  effect. 

After  the  administration  of  several  such  doses  the 
urine  assumes  an  olive-green  color.  This  entirely  disap- 
pears about  twenty-four  hours  after  the  discontinuance 
of  the  drug. 

M.  Loyd''  has  recently  published  certain  researches 
on  the  action  of  kairin  on  the  blood,  which  tend  to  ex- 
plain its  antipyretic  action,  as  well  as  certain  toxic  symp- 
toms which  sometimes  result  from  its  overuse.  He  finds 
that  this  drug  reduces  the  absorption  of  gases  by  the  blood, 
and  particularly  of  oxygen.  Thus  the  blood  of  a  dog 
which,  in  its  normal  state,  yielded  CO2,  36  Cc;  O,  14 
C.c  ;  N,  1.5  C.c  ,  gave,  after  the  injection  of  a  gram  and  a 
half  (23 grains)  of  kairin,  CO3,  31  C.c.  ;  O,  3.6  C.c.  ;  N, 
1.5  C.c.  In  other  similar  experiments  the  spectroscope 
showed  attenuation  and  disappearance  of  the  bands  of 
oxyhEemoglobin.  These  observations  throw  light  on  the 
cyanosis  and  other  kindred  phenomena  which  at  times 
appear,  especially  after  large  doses.  It  is  said  that  the 
amount  of  gases  in  the  blood  is  not  affected  by  small,  but 
is  affected  by  large  doses. 

Despite  the  marked  antipyretic  action  of  kairin  it  has 
no  influence  in  cutting  short  any  of  the  specific  fevers,  in- 
cluding pneumonia  and  acute  rheumatism.  Although 
given  in  several  one-gram  doses  daily  in  any  of  these  dis- 
eases, no  direct  influence  over  their  course  is  noticeable. 
That  it  brings  relief  in  many  cases  is  undeniable.  In 
pneumonia,  especially,  the  relief  supervening  upon  the 
fall  of  temperature  is  stated  to  be  very  marked. 

The  cyanosis  and,  at  times,  cardiac  depressant  action 
are  serious  drawbacks  to  the  every-day  use  of  this  drug. 
It  is,  however,  stated  by  Guttmann*  that  a  chemically 
pure  kairin  does  not  cause  the  above  effects.  Erlanger' 
recommends  a  sulphate  of  the  alkaloid  as  preferable,  and 
as  being  free  from  any  marked  untoward  effects. 

Among  the  minor  unpleasant  effects  of  kairin  may  be 
mentioned  a  peculiar  itching  of  the  nose,  which  some- 
times amounts  to  actual  pain,  and  also  a  dryness  of  the 
throat  like  that  produced  by  atropine.  Professor  Quin- 
lan,»  of  Dublin,  one  of  the  latest  writers  on  the  actions  of 
this  drug,  considers  it  "a  good  and  safe  antipyretic. " 

4.  Antipykin.— This  is  the  latest  addition  to  the  list 
of  antipyretics.  It  is,  like  kairin,  an  alkaloid  obtained 
synthetically  from  the  chinoline  series. 

In  doses  of  from  four  to  six  gi'ams  ( 3  j.-iss.)  it  is  a 
certam  and  very  powerful  antipyretic.  When  given  in 
the  above  quantities,  in  divided  doses  of  two  grams  each 
every  hour  the  temperature  sinks  gradually  and  continu- 
ously, reaching  its  maximum  descent  within  three  or  four 
hours.  It  generally  falls  after  the  first  dose  of  two  grams 
about  a  degree  (Fah.)  within  an  hour.  The  maximum 
fall  obtained  from  two  or  three  such  doses  amounts  to 
from  8  to  5  F.  The  duration  of  the  temperature  reduc- 
tion is  about  twelve  hours  after  six  grams  have  been 
administered.  Simultaneous  with  the  temperature  re- 
duction there  is  a  fall  in  the  pulse-rate 

If  a  considerable  reduction  in  the  temper.ature  takes 
place  there  is  usually  copious  perspiration.  The  per- 
spiration can,  however,  be  prevented  by  the  Brevious 
admmistration  of  half  a  centigramme  (one-twelfth  grZ 
of  agaracm  without  interfering  with  the  antipyretic 
actions  of  he  antipyrin.  With  the  exception  of  W 
his  druT  V?h"°  ''^^>:^^'^^S^<^^^^ren^ticeme  from 
asrenrnf  thJf  *"'  °?'  '^''",'?  collapse,  neither  is  the 
ascent  of  the  temperature  which  occurs  after  its  effeni ., 


have  passed  away,  attended  by  rigors,  as  so  frequently 
happens  when  kairin  is  used. 

It  does  not  interfere  with  the  appetite,  on  the  contrary 
it  appears  to  improve  it. 

It  has  been  used  in  a  number  of  febrile  diseases,  in- 
cluding typhus,  typhoid,  and  relapsing  fevers,  pneu- 
monia, acute  rheumatism,  etc.  In  none  of  these  diseases 
has  it  any  other  than  a  simple  antipyretic  action,  and 
therefore,  like  kairin,  it  does  not  influence  their  course 
in  any  way,  except  in  so  far  as  a  simple  reduction  of  the 
temperature  may  be  of  favorable  moment. 

It  is  not  an  "  antidote  "  to  any  of  the  specific  poisons. 

It  is  too  soon  to  say  positively  that  antipyrin  will  suc- 
ceed kairin  and  the  other  antipyretics.  We  as  yet  know 
too  little  of  its  action.  That  it,  however,  is  a  valuable 
agent  there  is  no  doubt,  and  provided  no  untoward  ac- 
tion attend  its  use  it  is  destined  to  fill  a  very  important 
place  in  the  treatment  of  febrile  disorders.  That  a  pure 
antipyretic  agent  like  antipyrin  is  capable  of  doing  much 
good  is  shown  in  the  history  of  the  following  interesting 
case,  reported  by  Cohn,'  or  Strassburg  :  The  patient,  a 
female,  toward  the  end  of  her  eighth  month  of  pregnancy, 
was  suddenly  prostrated  with  a  severe  double  croupous 
pneumonia.  On  the  seventh  day  of  the  disease,  with  a 
pulse  of  133,  respiration  58,  and  a  morning  temperature 
of  39.4°  C.  (103.9°  F.),  with  extremely  labored  respirations 
and  deep  cyanosis,  she  was  in  an  almost  moribund  condi- 
tion. The  administration  of  two  doses  of  antipyrin  of 
two  grams  each,  one  at  9  a.m.  and  the  other  at  4  p.m., 
reduced  the  temperature  to  the  normal,  the  pulse  to  11(), 
and  the  respiration  to  38.  The  next  day  the  looked-for 
crisis  occurred,  after  which  she  slowly  recovered. 

The  Actions  of  QtrmiNB,  Salicylic  Acid,  Kairin, 
AND  Antipyrin  Compaked. — Before  contrasting  the  anti- 
pyretic actions  of  the  above  agents,  a  description  of  the 
qualities  of  a  typical  agent  of  this  class  will  not  be  amiss. 
We  then  can  more  readily  understand  in  how  far  and  in 
what  particular  direction  each  of  the  above  fall  short  of 
this  hypothetical  antipyretic. 

A  desirable  antipyretic  would  be  one  possessing  the 
following  qualities  ;  First,  it  should  be  able  to  act  fairly 
quickly,  but  not  too  rapidly  ;  second,  it  should  be  cer- 
tain in  its  action  ;  third,  its  effects  should  be  of  several 
hours'  duration ;  fourth,  the  subsequent  ascent  of  the 
temperature  should  take  place  gradually  ;  fifth,  it  should 
be  devoid  of  untoward  effects,  especially  those  of  a  dan- 
gerous nature. 

Now  if  we  examine  quinine  according  to  this  standard, 
we  find  that  it  only  fulfils  two  of  the  five  indications  of 
a  desirable  antipyretic,  the  third  and  the  fifth.  Its  effects 
are  of  many  hours'  duration,  and  the  subsequent  ascent 
is  very  gradual.  No  person  can  claim  that  quinine  is 
able  to  fulfil  the  three  remaining  qualities.  It  does  not 
act  quickly,  and  it  is  far  from  being  certain  in  its  ac- 
tion, and  what  is  still  more  important,  its  cardiac  de- 
pressant action  in  large  doses  is  so  marked,  that  its  use 
is  not  unattended  with  considerable  danger.  What  has 
been  said  of  quinine  applies  with  almost  equal  force  to 
salicylic  acid.  It  also  fulfils  only  the  third  and  fourth 
alleged  desirable  qualities  of  an  antipyretic.  It  acts 
more  promptly  than  quinine,  and  is  probably,  on  the 
whole,  more  certain  in  its  action.  It  is,  however,  prone, 
like  quinine,  to  act  as  a  cardiac  depressant,  even  when 
given  in  moderate  medicinal  doses.  It  is  said  that  the 
acid  prepared  from  the  oil  of  winter-green  is  much  less 
apt  to  be  followed  by  cardiac  debility  than  that  prepared 
from  carbolic  acid. 

Kairin  fulfils  the  first  two  qualifications  in  a  manner 
which  leaves  almost  nothing  to  be  desired,  but  the 
marked  rigors  which  attend  the  ascent  of  the  tempera- 
ture after  its  action  has  passed  away,  together  with  the 
cyanosis  and  dangerous  collapse  which  are  sometimes 
seen  when  it  is  given  freely,  show  that  it  falls  consider- 
ably short  of  what  we  have  taken  as  our  standard  of  a 
typical  antipyretic. 

Antipyrin,  so  far  as  we  are  acquainted  with  its  actions, 
fulfils  more  nearly  all  the  functions  of  a  good  antipyretic 
than  any  of  the  others.  It  not  only  acts  quickly,  but  it 
is  very  certain  in  its  action.     Its  effects  are  prdonged, 
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the  subsequent  ascent  of  the  temperature  is  gradual, 
and  its  action  is,  so  far  as  is  known,  free  from  any 
dangerous  untoward  effect. 

Antipyrin,  therefore,  approaches  more  nearly  our  typi- 
cal antipyretic  than  does  any  one  of  the  others  mentioned. 

Compared  with  the  general  cold  bath  at  a  temperature 
of  60°  or  65°  F. ,  all  the  medicinal  antipyretics  are  less  cer- 
tain and  less  prompt. 

As  the  cold-bath  treatment  of  fevers  will  be  fully  con- 
sidered under  the  head  of  the  treatment  of  typhoid  and 
typhus  fevers,  it  will  not  be  necessary  to  more  than  refer 
to  it  here. 

In  hyperpyrexia,  no  matter  how  brought  about,  the 
cold  bath  is  the  only  measure  that  holds  out  any  hope  of 
relief :  the  actions  of  all  the  medicinal  antipyretics  are 
too  slow  to  be  of  much  practical  use  in  such  a  case.  In 
ordinary  pyrexia  the  general  cold  bath  should  never  be 
employed  where  there  is  distinct  evidence  of  pronounced 
heart-failure.  The  cardiac  depressant  action  of  a  general 
cold  bath  is  much  more  marked  than  that  either  of 
quinine  or  of  salicylic  acid  in  the  largest  doses. 

James  Stewart. 

»  Journal  of  Physiology,  vol.  iii.,  p.  321. 

'  Handbook  of  Therapeutics,  lOth  ed.,  p.  600. 

»  Progr^B  Medical,  May  10, 1884. 

*  Berl.  klin.  WochenBOhrift,  July  30,  1883. 

«  L'TJnion  MMioale,  October  4, 188.3. 

'  Brit.  Med.  Jour.,  December  6,  1884. 

'  Berl.  klin.  WochenBchrift,  September  8,  1884. 

ANTIPYRINE.  Under  the  title  of  Antvpyrine  there 
has  been  recently  introduced  into  medicine  a  new  arti- 
ficial alkaloid  discovered  by  Ludwig  Knorr,  of  Erlangen, 
and  obtained  by  reaction  of  acetic  ether  on  aniline,  or  by 
oxidation  of  chinoline.  Antipyrine  is  in  the  form  of  a 
white  crystalline  powder,  of  a  faint  aromatic  odor  and 
insignificant  bitterness  of  taste,  and  is  possessed  of  the 
unusual  advantage,  among  substances  of  this  kind,  of 
free  solubility  in  water  and  alcohol.  The  solutions  are 
neutral  in  reaction.  The  effects  of  antipyrine  as  re- 
ported by  Filehne,  of  Erlangen ;  Guttmann,  of  Berlin  ; 
May,  of  Cologne ;  Rank,  of  Stuttgart,  and  Peabody,  of 
New  York,  are,  in  substance,  the  determining  of  a  con- 
siderable reduction  of  temperature  in  pyrexia,  with  a  co- 
incident fall  of  pulse-rate,  and  this  without  affection  of 
respiration-rate,  and  without  other  derangerhent  beyond 
occasional,  but  rare,  sickening  of  the  stomach,  or  devel- 
opment of  an  erythematous  eruption  of  a  few  days'  dura- 
tion (Peabody).  The  antipyretic  effect  is  characterized 
as  being  of  shorter  duration  than  that  wrought  by  qui- 
nine— average,  about  five  hours — and,  as  compared  with 
the  effect  of  kairine,  as  being  free  from  the  abrupt  after- 
rise  of  temperature  and  from  the  initiatory  chill  attend- 
ing such  rise,  which  make  the  kairine-action  so  objec- 
tionable. Antipyrine  has,  furthermore,  the  advantage 
that  it  can  be  given  conveniently  and  safely  by  hypoder- 
matic injection  (Rank).  The  quantity  of  antipynne  nec- 
essarjr  for  a  pronounced  antipyretic  effect  is  stated  to 
be,  given  by  the  mouth,  from  4  to  6  Gm.  (from  60 
to  90  grains),  which  quantity  should  be  administered  at 
hourly  intervals  in  doses  not  exceeding,  each,  3  Gm.  (half 
a  drachm).  The.  medicine  is  readily  taken,  in  aqueous 
solution,  flavored,  if  desirable,  by  an  aromatic  ;  by  which 
addition  the  slight  taste  of  the  antipyrine  will  be  entirely 
masked.  By  the  hypodermatic  method  half  the  above 
stated  quantities,  or  less,  will  suffice.     Edwa/rd  Curtis. 

ANTISEPTICS.  Those  agents  only  which  have  the 
power  of  preventing  the  putrefactive  decomposition  of 
organic  material  are  properly  called  antiseptics  (from 
hnl,  against,  and  irrj7rTiK(is,  putrefying).  But  inasmuch 
as  these  agents  have  also  the  power  of  arresting  other 
forms  of  fermentation  due  to  the  action  of  micro-organ- 
isms of  the  same  class — e.g.,  the  acetic  fermentation,  the 
alkaline  fermentation  of  urine,  etc. — it  will  not  be  neces- 
sary to  consider  antizymotics  —  a  more  comprehensive 
term — separately,  and  we  may  accept  as  satisfactory  evi- 
dence of  antiseptic  power  the  ability  of  a  chemical  sub- 
stance  to  prevent  the  development  of  bacteria  of  any 


kind  in  a  medium  suitable  for  their  growth.  The 
amount  of  a  given  antiseptic  agent  necessary  to  accom- 
plish this  result  is  mot,  however,  the  same  for  all  species 
of  bacteria,  but  varies  considerably,  and  can  only  be  as- 
certained for  each  species  by  carefully  conducted  experi- 
ments. 

Putrefactive  decomposition  is  a  complex  process  due 
to  the  combined  or  successive  action  of  a  variety  of 
micro-organisms,  and  attended  with  the  formation  of  a 
large  number  of  volatile  and  non-volatile  products.  The 
volatile  products  of  putrefaction,  many  of  which  are 
known  to  us  only  by  their  offensive  odors,  are  those 
which,  being  recognized  by  the  sense  of  smell,  enable  us 
to  distinguish  septic  from  other  forms  of  fermentation, 
and  it  is  a  popular  error  to  suppose  that  an  antiseptic,  or 
a  disinfectant— terms  which  are  often  confounded — is  an 
agent  which  neutralizes  these  putrefactive  odors. 

It  is  true  that  an  antiseptic  or  a  disinfectant  may  de- 
stroy the  volatile  products  of  putrefaction.  Many  agents 
properly  so  called  have  this  power  ;  they  are  not,  how- 
ever, properly  so  called  for  this  reason.  An  antiseptic 
prevents  the  development  of  such  volatile  products  by 
virtue  of  its  power  to  arrest  the  process — putrefactive 
fermentation — which  gives  rise  to  them.  (For  definition 
of  disinfectant,  see  article  under  that  heading.)  So,  too, 
as  regards  the  non-volatile  products  of  putrefaction. 
Some  of  these  are  highly  poisonous  substances  which  it 
may  be  desirable  to  destroy,  and  they  may  be  destroyed  by 
certain  of  the  chemical  agents  recognized  as  antiseptics ; 
but  this  power  does  not  entitle  such  agents  to  be  ranked 
as  antiseptics  any  more  than  does  the  power  to  destroy 
the  volatile  products  of  putrefaction.  We  know,  as  a 
result  of  extended  experiments,  that  those  agents  which 
restrain  the  development  of  septic  organisms  also  restrain 
the  development  of  known  disease-germs,  and  vice  versa. 
We  are  therefore  justified  in  speaking  of  those  agents  as 
antiseptics  which  have  been  proved  by  laboratory  experi- 
ments to  prevent  the  development  of  pathogenic  organ 
isms  in  suitable  culture  media.  Great  care,  however,  must 
be  exercised  in  drawing  any  inferences  from  experiments 
made  upon  one  organism  with  reference  to  the  amount 
which  may  be  necessary  to  prevent  the  development  of 
another.  Thus  the  bichloride  of  mercury  prevents  the 
development  of  anthrax  spores  when  present  in  a  culture- 
fluid  in  the  proportion  of  1  to  300,000  ;  whereas  some  mi- 
crococci, and  certain  bacilli,  commonly  present  in  pu- 
trefying infusions,  can  multiply  in  the  presence  of  1  to 
40,000. 

It  is  evident  that  an  agent  which  has  the  power  of  de- 
stroying putrefactive  organisms  must  be  an  antiseptic. 
Germicides  (see  this  heading)  are,  therefore,  antiseptics. 
But  antiseptics  are  not  necessarily  germicides,  and,  as  a 
matter  of  fact,  some  of  the  best  known  and  most  exten- 
sively used  antiseptics  have  no  germicide  power  at  all,  or 
only  destroy  the  vitality  of  micro-organisms  of  this  class 
— bacteria — when  used  in  a  concentrated  solution  and 
after  a  comparatively  long  exposure ;  e.g.,  alcohol,  com- 
mon salt,  borax,  etc. 

Certain  chemical  agents  are  antiseptics  because  of  their 
power  in  very  small  amounts  to  precipitate  albuminous 
matters  from  organic  infusions,  and  thus  to  render  such 
infusions  unsuitable  as  pabulum  for  the  development  of 
low  organisms.  This  is  especially  true  of  the  sulphate 
of  iron,  sulphate  of  zinc,  chloride  of  zinc,  and  other 
metallic  salts  which  are  extensively  used  as  disinfectants. 
It  is  difficult  to  determine  whether  these  substances  also 
exert  a  restraining  influence  upon  the  development  of 
germs,  inasmuch  as  their  action  upon  the  organic  pabu- 
lum essential  for  such  development  is  manifested  almost 
immediately,  when  they  are  added  in  very  dilute  solu- 
tion to  a  culture-medium.  It  is  probable,  however,  that 
those  agents  which  have  been  shown  to  possess  germicide 
power — as,  for  example,  the  chloride  of  zinc,  which  de- 
stroys the  bacteria  of  putrefaction  in  the  proportion  of 
one  part  to  fifty — exert  a  restraining  influence  upon  the 
development  of  bacterial  organisms  in  amounts  somewhat 
less  than  are  required  for  the  destruction  of  vitality. 
This  inference  is  based  upon  our  knowledge  of  the  an- 
tiseptic action  of  other  germicides  which  do  not  destroy 
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our  culture-media  by  causing  a  precipitation  of  albu- 
minoid matters  contained  in  them. 

Certain  substances,  which  in  dilute  solution  have  no 
restraining  power  upon  the  development  of  low  organ- 
isms, or  may  even  serve  as  pabulum  for  them,  in  a  con- 
centrated solution  prevent  putrefactive  decomposition  ; 
e.g.,  sugar,  chloride  of  sodium,  sulphate  of  magnesia, 
etc.'  It  is  probable  that  these  substances,  in  concentrated 
solution,  prevent  the  development  of  putrefactive  organ- 
Isms  by  giving  a  density  to  the  fluid  containing  them, 
which  is  incompatible  with  the  performance  of  physio- 
logical processes— osmotic  ? — upon  which  vital  activity 
depends. 

After  this  brief  account  of  the  modm  operandi  of  anti- 
septics we  proceed  to  consider  the  comparative  value  of 
these  agents  as  established  by  experimental  data. 

And  first  we  may  refer  to  certain  antiseptics  extensively 
employed  in  the  preservation  of  food  products,  the  use  of 
which  is  so  general  and  widely  known  that  a  mere  men- 
tion of  them  is  all  that  will  be  required  in  the  present 
place.  The  list  includes  sugar,  used  largely  in  the  preser- 
vation of  fruits  ;  vinegar,  employed  for  the  preservation 
of  certain  vegetables ;  alcohol,  used  to  preserve  fruits, 
and,  very  extensively,  for  the  preservation  of  anatomical, 
pathological,  and  natural  history  specimens ;  and  chlo- 
ride of  sodium,  our  main  reliance  for  the  preservation  of 
meats  and  fish.  All  of  these  commend  themselves  for 
use  by  reason  of  their  cheapness  and  the  absence  of  nox- 
ious properties,  rather  than  because  of  their  antiseptic 
power,  which  is  comparatively  low.  Every  pathologist 
knows  that  his  specimens  are  liable  to  spoil  if  the  alco- 
hol in  which  they  are  kept  is  not  of  the  strength  of  fifty 
per  cent,  or  above,  and  every  merchant  knows  that  his 
"pickled"  pork  or  fish  will  become  putrid  in  warm 
weather  if  the, brine  in  which  they  are  kept  is  not  very 
"  strong." 

Attempts  to  establish  the  exact  antiseptic  value  of  vari- 
ous chemical  agents  have  been  made  by  numerous  investi- 
gators, but  it  is  hardly  worth  while  to  consider  any  ex- 
perimental data  published  longer  ago  than  five  or  six 
years,  as  the  methods  adopted  prior  to  that  time  were  not 
such  as  could  give  reliable  results,  and  we  have  more  re- 
cent data  concerning  extended  researches  which  con- 
form more  nearly  with  the  exactions  of  science,  upon 
which  we  shall  base  our  detailed  account  of  the  compara- 
tive value  of  antiseptics. 

In  conformity  with  the  broad  sense  in  which  the  term 
antiseptics  is  used  in  the  present  article  we  shall  report 
facts  relating  to  the  power  of  the  agents  named  in  re- 
straining the  development  of  pathogenic  micro-organisms, 
or  of  those  concerned  in  various  fermentations,  as  well  as 
those  relating  to  their  power  to  prevent  putrefactive  de- 
composition, to  which  a  more  strict  use  of  the  term 
would  limit  us. 

In  attempting  to  compare  the  results  of  different  au- 
thors it  will  be  necessary  to  remember  that  conformity 
can  only  be  expected  in  those  cases  in  which  the  same 
tfist-organism  has  been  employed,  and  in  which  the  con- 
ditions, as  to  the  nature  of  the  culture-fluid,  etc  have 
been  identical. 

"When  the  antiseptic  agent  is  volatile  it  is  evident  that 
the  result,  in  a  protracted  test,  will  be  influenced  by  the 
form  of  the  receptacle  and  the  fact  of  its  being  open  to 
the  air  or  hermetically  closed,  as  in  the  culture-flasks 
used  by  the  writer.  Again,  when  the  conditions  of  the 
experiment  are  such  that  the  "breaking  down  "  of  a  flask 
of  beef-tea,  containing  a  certain  antiseptic  in  a  given 
amount,  as  in  the  experiments  of  Miguel,  depends  upon 
the  development  of  spores  or  desiccated  organisms  con- 
tained in  dust,  or  upon  accidental  inoculation  by  air- 
borne spores,  the  material  will  be  preserved  for  a  longer 
time  than  m  experiments  in  which  a  drop  or  more  of  fluid 

ZfIT'^\  ^^^}^  ^^''''"''  ''  ^"^"^  ^0  the  solution  at  the 
?ni  ^  ;*  And  the  larger  the  quantity  of  material  contain- 
^ifP».!f  *'■'"'  l^acteria  which  is  added  to  a  culture-fluid 
to°' break  d^orn'^"*''*'^'*"'  ^^^  ^'''"''^''  '^'"  ^^  ''^  ^'^''""y 
In  giving  a  detailed  account  of  the  comparative  value 
of  antiseptics  we  shall  follow  the  classiflcation  of  MigS' 
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to  whom  we  are  indebted  for  a  very  comprehensive  and 
carefully  conducted  series  of  experiments  which  have 
been  made  during  the  past  two  or  three  years  at  the  Ob- 
servatory of  Montsouris,  Paris,  in  connection  with  his 
extended  researches  relating  to  atmospheric  organisms. 
The  figures  given  in  the  following  tables  also  represent 
the  results  reported  by  this  author,  unless  otherwise 
stated. 
The  classification  of  Miguel  is  as  follows  i 

Bffeotive  in  the  proportion  of 

1.  Substances  eminently  antisep- 
tic    1  :  100,000  to  1  :  10,000 

3.  Substances  very  strongly  an- 
tiseptic  1  :  10,000    to  1  :  1,000 

3.  Substances  strongly  antisep- 

tic   1  :  1,000      to  1  :300 

4.  Substances    moderately  anti- 

septic   , 1  :  200        to  1  :  50 

5.  Substances  feebly  antiseptic.  1  ;  50  to  1  :  10 

6.  Substances  very  feebly  anti- 

septic   1  :  10  to  1  :  3.33 

In  the  experiments  of  Miguel,  the  amount  of  each 
agent  tested — in  grams — which  was  required  to  pre- 
vent the  putrefaction  of  one  litre  of  beef -tea  was  deter- 
mined, thus  giving  directly  the  ratio  per  1,000.  When  an 
agent  failed  in  the  proportion  of  300  grams  to  the  litre  it 
was  dropped  from  the  list ;  for,  as  Miguel  says :  "In 
quantities  greater  than  this  a  substance  can  scarcely  be 
called  an  antiseptic,  inasmuch  as  all  substances  known  to 
chemists,  including  some  of  the  most  fermentable,  will 
preserve  indefinitely  one  litre  of  bouillon  when  present  in 
a  larger  amount  than  this." 

Miguel  recognizes  the  importance  of  experiments  to 
determine  the  restraining  power  of  chemical  agents  upon 
various  species  of  bacteria,  separately,  and  especially  upon 
"disease-germs,"  but  he  says,  "As  to  me,  faithful  to  a 
plan  adopted  at  the  outset,  I  will  treat  the  subject  in  a 
more  general  manner  by  making  known  simply  the  min- 
imum weight  of  the  substances  capable  of  preventing  the 
evolution  of  any  bacteria  or  germs." 

"  The  method  adopted  is  very  simple.  To  a  liquid  al- 
ways comparable  to  itself  it  Is  sufiicient  at  first  to  add  a 
known  weight  of  the  antiseptic  and  some  atmospheric 
germs  or  adult  bacteria,  and  to  vary  the  quantity  of  the 
antiseptic  until  the  amount  is  ascertained  which  will 
preserve  indefinitely  the  liquid  from  putrefaction.  In 
order  to  obtain  germs  of  all  kinds  in  the  dry  state  it 
suffices  to  take  them,  where  they  are  most  abundant,  in 
the  dust  collected  in  the  interior  of  houses  or  of  hos- 
pitals, and  to  procure  a  variety  of  adult  bacteria  we  may 
take  the  water  of  sewers." 

In  the  writer's  experiments,  published  in  The  American 
Journal  of  the  Medical  Sciences  (April,  1883),  a  different 
plan  was  adopted,  inasmuch  as  the  object  in  view  was  to 
ascertain  the  restraining  influence  of  various  antiseptics 
upon  several  different  micro-organisms— isolated  in  pure 
cultures— for  the  purpose  of  determining  whether  differ- 
ent species  of  bacteria  have  widely  different  vital  re- 
sisting power  to  the  action  of  these  agents,  or  whether 
results  obtained  with  a  single  test-organism  could  be  ap- 
plied to  other  organisms  of  the  same  class.  These  experi- 
ments, which  are  Included  in  Table  No.  IV.  of  my  paper 
referred  to,  taken  in  connection  with  those  of  Koch  on 
anthrax  spores,  those  of  Arloing,  Cornevin,  and  Thomas 
on  the  virus  of  symptomatic  anthrax,  those  of  Salmon  on 
the  micrococcus  of  fowl-cholera,  etc. ,  show  that  there  are 
marked  differences  in  the  ability  of  organisms  of  this 
class  to  multiply  in  the  presence  of  certain  antiseptic 
agents.  These  differences  depend  mainly,  however,  upon 
the  fact  that  spores  are  unable  to  germinate  in  the  pres- 
ence of  very  small  amounts  of  certain  agents,  such,  for 
example,  as  the  bichloride  of  mercury  ;  and  that  micro- 
cocci and  bacilli  in  process  of  active  growth  may  de- 
velop in  the  presence  of  very  much  larger  amounts 
of  these  agents. 

In  the  writer's  experiments  the  antiseptic  agent,  in  a 
given  proportion,  was  added  to  a  culture-fluid  ;  this  was 
then  introduced  into  little  culture-flasks  of   the  foria 
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shown  in  the  figure.*  The  capillary  extremity  of  the 
flask  was  then  hermetically  sealed  in  the  flame  of  an  alco- 
hol lamp,  and  the  contents  of  the  flask 
sterilized  by  .long  boiling  in  a  water-bath. 
Having  now  a  sterilized  culture-fluid  con- 
taining the  antiseptic  to  be  tested  in  known 
proportion,  it  is  only  necessary  to  introduce 
into  the  flask  a  minute  drop  of  fluid  from  a 
similar  flask,  containing  a  "  pure  culture" 
of  the  test-organism,  in  order  to  ascertain 
the  restraining  power  of  the  agent  under 
trial  with  reference  to  this  particular  or- 
ganism. By  multiplying  the  experiments 
we  gradually  approach  the  limit  and  estab- 
lish the  minimum  quantity  of  each  agent 
required  to  prevent  the  development  of  the 
several  test-organisms. 

The  experiments  of  De  la  Croix '■■  were 
made  by  a  method  which  does  not  differ 
essentially  from  that  adopted  by  Miguel.  j,,g  jgg 

li  Substances  Eminently  Antiseptic. 

This  list,  according  to  the  latest  researches  of  Miguel, 
embraces  : 

Eillcient  in  the 
proportion  of 

Mercuric  iodide 1  to  40,000 

Silver  iodide 1  to  33,000 

Hydrogen  peroxide 1  to  20,000 

Mercuric  chloride 1  to  14,300 

Silver  nitrate 1  to  12, 500 

Of  the  substances  included  in  this  list,  the  bichloride 
of  mercury  (mercuric  chloride)  is  that  which  has  hereto- 
fore received  the  greatest  attention,  and  by  reason  of  its 
comparative  cheapness  (it  can  be  bought  by  the  thousand 
pounds  for  fifty  cents  per  pound)  its  solubility,  etc.,  it 
recommends  itself  at  once  as  an  antiseptic  of  great  prac- 
tical value. 

The  figures  given  by  Miguel  represent  the  proportion 
in  which  this  agent  will  permanently  prevent  the  devel- 
opment of  any  of  the  widely  distributed  micro-organisms 
in  dust  deposited  from  the  atmosphere.  In  the  writer's 
experiments,  which  have  recently  been  repeated  with 
similar  results,  it  was  found  that  0.003  per  cent.,  or  1 
part  in  33,000,  prevented  the  development  of  the  test- 
organisms  employed,  while  one-half  this  amount  failed — 
1  to  66,000.  These  results  are  not  in  conflict  with  those 
of  Miguel,  in  which  the  test  included  a  great  variety  of 
organisms.  In  my  own  recent  experiments  I  have  encoun- 
tered a  minute  bacillus,  associated  with  other  putrefactive 
organisms,  which  multiplies  in  solutions  containing  1  to 
20,000,  but  the  restraining  power  of  the  antiseptic  is 
shown  in  this  proportion  by  the  fact  that  multiplication 
is  delayed,  and  does  not  occur  during  the  flrst  twenty- 
four  hours  to  such  an  extent  as  to  interfere  with  the  trans- 
parency of  the  culture  solution,  and  it  is  only  after  re- 
maining from  forty-eight  to  seventy-two  hours  in  the  cul- 
ture-oven, at  38°  C,  that  the  fluid  becomes  clouded  and  is 
found  to  swarm  with  this  minute  actively  moving  ba- 
cillus. On  the  other  hand,  the  development  of  the  spores 
of  certain  bacilli  is  prevented  by  a  much  smaller  propor- 
tion. Thus  I  am  able,  as  a  result  of  recent  experiments, 
to  verify  the  statement  of  Koch  as  to  the  astonishing 
power  of  this  agent  to  prevent  the  development  of  an- 
thrax spores.  A  decided  restraining  power  is  shown 
when  it  is  present  in  the  proportion  of  1  to  600,000,  inas- 
much as  in  a  sterilized  culture-medium  containing  this 
amount,  anthrax  spores  only  produce  a  few  flocculi  of 
filaments  at  the  end  of  forty-eight  hours,  while  in  the 
same  medium,  without  the  bichloride,  an  abundant  and 

*  **  To  introduce  a  culture-liquid  into  one  of  these  little  flasks,  heat  the 
bulb  slightly,  break  off  the  sealed  extremity  of  the  tube,  and  plunge  it 
beneath  the  surface  of  the  liquid.  The  quantity  which  enters  will,  of 
cour6e,  depend  upon  the  heat  employed,  and  the  consequent  rarefaction 
of  the  enclosed  air.  Ordinarily  the  bulb  is  filled  to  about  one-third  of  its 
capacity  with  the  culture-liquid,  leaving  it  two-thirds  full  of  air,  for  the 
use  of  the  microscopic  plants  which  are  to  be  cultivated  in  it." — (From 
the  writer's  recent  work,  Bacteria,  Wm.  Wood  &  Co.,  New  York.) 


luxuriant  development  occurs  in  less  than  twenty -four 
hours. 

In  a  recent  experiment,  in  which  anthrax  spores  were 
introduced  into  two  culture-flasks  containing  1  to  100,000, 
two  containing  1  to  200,000,  and  two  containing  1  to 
400,000,  no  development  occurred  during  the  first  twenty- 
four  hours  in  any  of  the  flasks,  while  an  abundant  de- 
velopment had  taken  place  in  another  flask  containing 
the  same  culture-medium,  without  any  bichloride,  which 
was  inoculated  at  the  same  time  to  test  the  purity  of  my 
stock  solution.  At  the  end  of  forty-eight  hours  a  feeble 
development  of  anthrax  bacilli  had  taken  place  in  the 
two  tubes  containing  1  to  400,000,  while  the  others  still 
remained  clear. 

According  to  De  la  Croix  the  development  of  bacteria 
in  beef-tea  is  prevented  by  1  to  10,250.  This  is  some- 
thing more  than  the  amount  fixed  by  Miguel,  but  it 
must  be  remembered  that  these  results  are  all  only  ap- 
proximate, and  the  statement  that  1  to  10,350  prevents 
development,  is  not  to  be  interpreted  as  meaning  that  1 
to  14,300  will  not.  No  intermediate  experiment  may 
have  been  made,  for  example,  between  1  to  10,250  and 
1  to  20,500  (referring  to  De  La  Croix's  experiments). 
Thus  in  the  writer's  experiments,  published  in  The 
Amei'iccm,  Journal  of  the  Medical  Sciences,  the  standard 
solution  was  commonly  diluted  one-haU  after  each  ex- 
periment ;  and,  starting  with  one  per  cent.,  we  have  the 
following  series  in  experimenting  with  this  agent:  .1 
per  cent.,  .05  per  cent.,  .025  per  cent.,  .012  per  cent., 
.006  per  cent.,  .003  per  cent.,  .0015  per  cent. — in  which 
failure  only  occurred  when  the  proportion  was  reduced 
to  .0015  per  cent.,  equal  to  1  to  33,338  ;  which  proportion 
may  be  stated  in  round  numbers,  on  the  safe  side,  as  1  to 
30,000  in  the  case  of  the  micrococcus  of  pus.  Recent  ex- 
periments made  by  the  same  method,  and  with  the  same 
test-organism,  have  fixed  the  limit  between  1  to  30,000  and 
1  to  40,000.  "The  field  is  open  for  those  who  desire  greater 
exactness  to  make  the  experiments  for  themselves. 

2.  Substahces  Very  Stsongly  Antiseptic 
In  this  table  we  have  : 

Efficient  in  the 
proportion  of 

Osmic  acid 1  to  6,666 

Aluminium  acetate  (De  la  Croix) 1  to  6,310 

Aluminium  acetate  (Kuhn) 1  to  5,250 

Chromic  acid' 1  to  5,000 

Chlorine 1  to  4,000 

Iodine 1  to  4,000 

Chloride  of  gold 1  to  4,000 

Bichloride  of  platinum 1  to  3,333 

OU  of  mustard  (De  la  Croix) 1  to  3,353 

Hydrocyanic  acid 1  to  2,500 

Picric  acid  (De  la  Croix) 1  to  3,005 

Bromine 1  to  1,666 

Cupric  chloride 1  to  1,428 

Thymol 1  to  1,340 

Cupric  sulphate 1  to  1,111 

Salicylic  acid 1  to  1,000 

"We  notice  first  in  this  group  the  haloid  elements, 
chlorine  and  iodine,  which  by  the  experiments  of  Miguel 
are  given  the  same  value — 1  to  4,000.  This  is  exactly 
the  value  obtained  for  iodine  in  my  experiments  hereto- 
fore referred  to,  in  which  three  different  test-organisms 
were  used.  According  to  Buchholz,^  1  to  5,714  of  iodine 
prevents  the  development  of  bacteria  in  tobacco  infusion. 
De  la  Croix  fixes  the  antiseptic  power  of  this  agent  at  1 
to  3,010  for  boiled  beef  infusion,  and  1  to  10,020  for  un- 
boiled. This  would  indicate  that  the  nature  of  the  cul- 
ture-medium employed  largely  influences  the  result.  In 
the  case  of  agents  which  destroy  organic  matter  bj^  oxi- 
dation, or  which  cause  the  precipitation  of  albuminoid 
materials  held  in  solution  in  our  culture-fluids,  this  must 
evidently  be  the  case.  It  is  therefore  necessary  that 
experiments  shall  have  been  made  upon  organisms  con- 
tained in  culture-media  of  identical  composition,  in  order 
that  the  experiments  of  one  observer  may  be  compared 
with  those  of  another.     And  in  protracted  experiments 


253 


Antlaeptics. 
Antiseptics, 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


•with  chlorine  and  other  gaseous  or  volatile  substances  we 
must  take  into  account  the  possibility  of  loss  when  the 
receptacle  containing  the  culture-fluid  is  not  tightly 
closed  Differences  of  this  nature  in  the  conditions  may 
perhaps  account  for  the  wide  discrepancy  of  the  results 
by  Miguel  and  by  De  la  Croix  with  reference  to  chlorine. 

The  last-named  author  gives  the  antiseptic  value  of  this 
agent  in  unboiled  beef-infusion  at  1  to  15,606,  while 
Miguel  gives  it  at  1  to  4,000.  My  own  experiments  with 
chlorine  relate  onlj^  to  its  power  as  a  disinfectant.  (See 
article  under  this  title.) 

A  discrepancy  also  exists  between  the  results  of  Miguel 
and  of  De  la  Croix  as  regards  the  antiseptic  power  of  bro- 
mine; the  former  author  places  it  at  1  to  1,666,  the  latter 
at  1  to  5,597. 

Again,  we  have  a  discrepancy  as  regards  the  action  of 
chloroform,  one  author  (Miguel)  placing  it  at  1  to  1,250, 
and  title  other  at  1  to  103. 

Oil  of  mustard,  which  is  said  by  De  la  Croix  to  prevent 
the  development  of  micro-organisms  in  unboiled  beef- 
infusion,  has  been  shown  by  Koch  to  be  capable  of  pre- 
venting the  development  of  anthrax  spores  in  the  pro- 
portion of  1  to  33,000.  According  to  the  same  author 
the  oil  of  turpentine  destroys  the  spores  of  anthrax  in  five 
days,  and  retards  their  development  in  the  proportion  of 
1  to  75,000. 

Thymol  retards  the  development  of  these  spores  in  still 
more  dilute  solutions— -1  to  80,000  (Koch).  Buchholz  has 
determined  the  antiseptic  power  of  this  agent  in  Pasteur's 
fluid  as  1  to  30,000,  a  result  which  does  not  differ  greatly 
from  that  given  by  De  la  Croix  for  unboiled  beef  infusion 
—1  to  1,340. 

Sulphate  of  copper  is  practically  one  of  the  most  impor- 
tant agents  which  appear  in  this  group,  and  the  results 
of  Miguel  are  in  conformity  with  those  of  Dougall ''  in 
giving  it  a  high  place  as  an  antiseptic.  It  is  quite  exten- 
sively used  in  Prance,  and  there  can  be  no  doubt  of  its 
value  from  this  point  of  view ;  but  it  would  be  a  great 
mistake  to  infer  from  this  that  it  is  a  reliable  disinfect- 
ant.   (See  article  under  this  heading.) 

3.  Substances  Strongly  Antisbptic. 

Efficient  in  the 
proportion  of 

Benzoic  acid 1  to  909 

Potassium  bichromate 1  to  909 

Potassium  cyanide 1  to  909 

Muriate  of  quinine  (Ceri) 1  to  900 

Aluminium  chloride 1  to  714 

Ammonia 1  to  714 

Zinc  chloride 1  to  526 

Mineral  acids 1  to  500  to  1  to  833 

Thymic  acid 1  to  500 

Lead  chloride 1  to  500 

Nitrate  of  cobalt 1  to  476 

Sulphate  of  nickel 1  to  400 

Nitrate  of  uranium 1  to  356 

Carbolic  acid 1  to  333 

Potassium  permanganate 1  to  285 

Lead  nitrate 1  to  277 

Alum 1  to  322 

Tannin 1  to  207 

Benzoic  acid  is  given  a  higher  value  by  De  la  Croix  than 
that  given  in  the  table  which  is  taken  from  Miguel.  It 
is  said  to  prevent  the  development  of  bacteria  in  un- 
boiled meat  infusion  in  the  proportion  of  1  to  1,439,  and 
to  fail  in  the  proportion  of  1  to  3,010.  According  Jo 
Koch,  1  to  3,000  retards  the  development  of  spores. 

The  antiseptic  power  of  the  salts  of  quinine  has  been 
especially  studied  by  Ceri.'  According  to  this  author 
the  development  of  bacteria  in  a  culture-fluid  inoculated 
with  a  drop  of  turbid  fluid  from  malarial  soil  is  pre- 
vented by  a  solution  of  muriate  of  quinine  of  1  to  1  900  • 
from  1  to  1,000  to  1  to  1,500  non-putrid  development  be- 
gins In  some  recent  experiments  by  the  writer  a  minute 
bacillus  associated  with  the  bacteria  of  putrefaction  de- 
veloped in  the  presence  of  1  to  800,  but  the  results  ob- 
tained were,  m  general,  suffloiently  in  conformity  with 
those  reported  by  Ceri  to  give  confidence  in  the  data 
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he  has  furnished.  The  power  of  this  agent  to  restrain 
the  multiplication  of  germs  in  the  proportion  of  1  part 
to  800  and  above,  indicates  that  its  therapeutic  value  may 
depend,  in  part  at  least,  upon  a  restraining  influence  ex- 
ercised upon  the  development  of  germs  present  in  the 
alimentary  canal,  but  our  data  scarcely  justify  the  belief 
that  in  doses  commonly  administered  it  is  competent  to 
prevent  the  multiplication  of  pathogenic  organisms  in 
the  blood  and  tissues  generally. 

According  to  Dougall,  the  "  salts  of  the  alkaline 
earths "  would  occupy  a  comparatively  subordinate  po. 
sition  as  antiseptics  were  it  not  for  the  extremely  high 
preventive  point  of  aluminium  chloride,  which  is  given  at 
1  to  3,000  for  hay  infusion.  This  is  much  beyond  the 
value  fixed  by  Miguel  (1  to  714),  but  may  be  due  to  a 
difference  in  the  culture-medium  used  in  the  two  series 
of  experiments.  Additional  experiments  with  this  agent 
and  with  aluminium  acetate  are  desirable. 

The  antiseptic  power  of  chloroform  is  fixed  by  De  la 
Croix  at  a  much  lower  figure  than  that  given  by  Miguel, 
and  is  given  at  1  to  103.  Evidently  experiments  with 
this  agent  cannot  be  compared  unless  we  know  that  loss 
by  evaporation  has  been  prevented  in  both  cases. 

Zinc  Ohloride. — The  antiseptic  power  of  this  salt,  which 
is  fixed  by  Miguel  at  about  1  to  500,  is  no  guide  to  its  use 
as  a  disinfectant — for  which  purpose  it  is  frequently  rec- 
ommended—  inasmuch  as  my  experiments  show  that 
1  part  in  50  is  required  to  destroy  micrococci,  and  Koch 
has  shown  that  anthrax  spores  are  not  destroyed  by  ex- 
posure for  a  month  to  a  five  per  cent,  solution. 

The  antiseptic  power  of  the  mineral  acids  is  given  by 
Miguel  at  from  3  to  3  Qm.  per  litre  (1  to  500  to  1  to 
833).  In  the  writer's  experiments  sulphuric  aoid  pre- 
vented the  development  of  all  of  the  test-organisms  in  the 
proportion  of  1  to  800,  and  according  to  De  la  Croix  1  to 
3,353  prevented  the  development  of  bacteria  in  unboiled 
beef -infusion.  The  same  author  states  that  sulphurous 
acid  (sulphur  dioxide)  prevents  the  development  of  bac- 
teria in  the  same  infusion  in  the  proportion  of  1  to  13,649. 

Ca/rbolic  acid  has  received  special  attention  from  experi- 
menters on  account  of  its  extended  use,  under  the  teach- 
ing of  Lister,  in  surgical  practice,  and  of  the  popular  idea 
growing  out  of  this,  that  it  is  the  antiseptic  ^ar  excellence. 

Miguel,  in  his  work  published  in  1883  (op.  cii.),  has 
given  the  antiseptic  value  of  this  agent  as  3.20  Gm. 
to  the  litre  of  bouillon.  In  a  later  report  it  is  given  as 
3  Gm.  per  litre  (1  to  333).  In  the  writer's  experiments 
1  to  500  was  found  to  prevent  the  development  of  all 
the  test- organisms,  and  all  of  these  organisms  multiplied 
in  the  presence  of  1  to  1,000.  De  la  Croix  also  states 
that  1  to  503  prevents  the  development  of  bacteria  in  un- 
boiled beef -infusion. 

According  to  Haberkorn'  the  multiplication  of  bac- 
teria in  urine  is  not  prevented  by  1  to  100,  and  Salmon 
states  that  the  micrococcus  of  swine  plague  multiplies 
abundantly  in  urine  containing  1  to  100.  This  would 
indicate  that  the  restraining  power  of  carbolic  acid  is 
neutralized  by  some  ingredient  in  the  urine.  The  germi- 
cide power  of  this  agent  is  also  influenced  by  the  nature 
of  the  liquid  in  which  it  is  in  solution.  Thus  Koch  states 
that  in  solution  in  oil  or  in  alcohol  in  the  proportion  of  five 
per  cent,  it  fails  to  destroy  anthrax  spores  in  one  hundred 
days  or  more.  Anthrax  bacilli  are,  however,  destroyed 
by  1  to  100,  while  1  to  850  prevents  their  development. 

4.  Substances  Moderately  Antiseptic. 

EtBcient  in  thi 
proportion  of 

Bromhydrate  of  quinine ; 1  to  182 

Arseuious  acid 1  to  166 

Boracic  acid 1  to  143 

Sulphate  of  strychnia 1  to  143 

Arsenite  of  soda 1  to  111 

Hydrate  of  chloral 1  to  107 

Salicylate  of  soda 1  to  100 

Ferrous  sulphate 1  to   90 

Caustic  soda 1  to   56 

Citric  acid ! 

Acetic  acid ! 
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The  antiseptic  power  of  boric  cieid  was  fixed  by  Buchholz 
at  1  to  133,  tobacco  infusion  being  tlie  fluid  emplojred 
in  his  experiments.  This  corresponds  very  closely  with 
the  figures  given  by  Miquel.  But  Kuhn  states  that  it 
failed  to  preserve  a  solution  of  egg  albumen  in  the  pro- 
portion of  1  to  101.  On  the  other  hand,  the  writer's  ex- 
periments gave  more  favorable  results  for  all  of  the  test- 
organisms  employed,  and  these  differed  considerably  for 
the  different  organisms.  Thus  the  micrococcus  of  pus 
multiplied  freely  in  the  presence  of  1  to  400,  but  failed 
to  multiply  in  1  to  300  ;  the  micrococcus  of  septicaemia 
did  not  multiply  in  the  presence  of  1  to  400,  and  B. 
termo  did  not  develop  in  solutions  containing  1  to  800. 
It  will  be  noted  that,  according  to  Miquel,  the  antiseptic 
power  of  salieylie  acid  (1  to  1,000)  is  ten  times  that  of 
salicylate  of  soda  (1  to  100). 

The  antiseptic  power  of  ferrous  sulpJubte  is  placed  by 
Miquel  at  1  to  90.  In  the  writer's  experiments  it  was 
found  to  be  efficient  in  the  proportion  of  1  to  200  for 
all  the  test  organisms.  It  is  but  fair  to  state,  however, 
that  in  these  expeiiments  the  culture-solutions  were  not 
left  in  the  culture-oven  longer  than  forty-eight  to  seventy- 
two  hours,  and  it  is  possible  that  some  of  them  might 
have  broken  down  at  a  later  date  if  the  time  had  been 
prolonged,  for  the  antiseptic  power  of  certain  agents 
in  dilute  solutions  is  often  shown  by  delayed  develop- 
ment of  micro-organisms  subjected  to  their  action,  and 
after  a  time  these  organisms  may  develop  freely  in  the 
same  solution.  Whether  in  this  case  the  agent  has  been 
neutralized  chemically,  or  whether  the  organisms,  de- 
veloping feebly  at  first,  may  after  a  time  become  habitu- 
ated to  it,  is  a  question  not  yet  definitely  settled.  The 
commercial  sulphate  of  iron  contains  a  certain  amount 
of  free  sulphuric  acid  which  adds  to  its  antiseptic  value. 
The  writer's  experiments  were  made  with  a  chemically 
pure  protosulphate,  and  no  doubt  Miquel  also  experi- 
mented with  the  pure  salt.  It  must  be  remembered  that 
the  value  of  this  and  other  metallic  salts  as  antiseptics 
is  no  criterion  for  their  use  as  disinfectants.  In  satu- 
rated solution  the  protosulphate  of  iron  does  not  destroy 
the  vitality  of  any  of  the  test-organisms  experimented 
upon  by  the  writer,  and  Arloing,  Comevin,  and  Thomas 
assert  that  a  twenty  per  cent,  solution  did  not  destroy  the 
virus  of  symptomatic  anthrax  after  forty-eight  hours'  ex- 
posure. 

5.    StTBSTANCES  FeEBLY  ANTISEPTIC. 

EfScient  in  the 
proportion  of 

Protochloride  of  manganese  1  to  40 

Calcium  chloride 1  to  35 

Sodium  borate 1  to  14 

Muriate  of  morphia 1  to  13 

Strontium  chloride 1  to  13 

Lithium  chloride 1  to  11 

Barium  chloride 1  to  10 

Alcohol 1  to  10 

The  writer's  experiments  give  a  much  higher  antiseptic 
value  to  lorax  than  that  reported  by  Miquel,  viz.,  1  to  200 
for  the  two  species  of  micrococcus,  and  1  to  400  for  B. 
tei-mo.  De  la  Croix  states  that  the  development  of  bacteria 
in  unboiled  beef -infusion  is  prevented  by  1  to  107.  But,  as 
heretofore  indicated,  the  permanent  preservation  of  a  cul- 
ture-fluid, exposed  to  the  air,  from  all  kinds  of  micro- 
organisms present  in  the  atmosphere,  requires  a  larger 
amount  of  this  and  of  other  antiseptic  agents  than  is 
necessary  to  restrain  development  for  two  or  three  days, 
when  only  a  few  micro-organisms  of  one  of  the  species 
mentioned  are  introduced  into  a  flask  such  as  the  writer 
used  in  his  experiments.  The  differences  in  results  are 
probably  due,  not  to  error,  but  to  differences  in  the  con- 
ditions of  the  experiments. 

According  to  De  la  Croix  alcohol  in  the  proportion  of 
1  to  30  prevents  the  development  of  bacteria  in  unboiled 
beef-infusion.  It  is  probable  that  the  figures  of  Miquel 
are  nearer  the  mark  when  the  experiment  is  protracted, 
for  pathologists  are  aware  that  their  specimens  are  liable 
to  spoil  and  to  develop  a  putrefactive  odor  in  solutions 
containing  forty  to  fifty  per  cent,  of  alcohol. 


6.  Substances  Vert  Feebly  Antiseptic. 

Efficient  in  the 
proportion  of 

Ammonium  chloride 1  to  9 

Potassium  arsenite 1  to  8 

Potassium  iodide 1  to  7 

Sodium  chloride 1  to  6 

Glycerine  (s.  g.,  1.35) 1  to  4 

Ammonium  sulphate 1  to  4 

Sodium  hyposulphite 1  to  3 

My  experiments  correspond  with  those  of  Miquel  in 
giving  to  sodium  hyposulphite  a  very  low  place  in  the 
list  of  antiseptics,  and  yet  this  salt  has  been  extensively 
prescribed  as  an  anti-zymotic  agent.  If  it  has  any  such 
powers  as  have  been  ascribed  to  it  by  Polio  and  others, 
it  must  be  in  consequence  of  its  undergoing  decomposi- 
tion in  presence  of  certain  substances  with  which  it 
comes  in  contact  in  the  alimentary  canal.  In  this  case 
the  sulphurous  acid,  if  set  free,  would  no  doubt  act  as  a 
potent  antiseptic  and  germicide.  But  the  pure  salt  intro- 
duced into  culture-solutions  failed  entirely  to  exhibit  any 
restraining  power  upon  the  development  of  the  test-organ- 
isms up  to  eight  per  cent. ,  at  which  point  it  was  dropped. 
Prom  Miquel's  experiments  it  appears  that  when  present 
in  more,  than  thirty  per  cent,  the  development  of  micro- 
organisms in  beef-tea  is  prevented.  But  in  this  propor- 
tion it  is  probable  that  any  soluble  salt  would  preserve  a 
culture-solution  by  giving  it  a  density  incompatible  with 
the  development  of  micro-organisms. 

Oeorge  M.  Sternberg. 

1  M.  F.  Miguel,  H.D.,  Chef  du  service  micrographique a  rObservatoire 
de  Montsouris :  Les  Organiflmen  Vivants  de  rAtmoephdre,  chap,  ix.,  pp. 
S89-3U9,  FariB,  1883 ;  also  aiticle  Ih  the  Annuaire  de  M^t^orologle  fof 
1884. 

2  N.  Jalan  de  ]a  Croix :  Das  Vcrhalten  der  Bakterien  des  Fleisch' 
wassers  gesren  einige  Antiseptica  (Arch,  f .  exper.  Path,  u.  FbarmakoL, 
Leipz.,  1880-1,  xili.,  178-336). 

3  Ailtiseptioa  und  Bakterien,  Arch.  f.  exper.  Path.  u.  Fharmakol.,  iv., 
1-81  (1875). 

4  Medical  Times  and  Gazette,  London,  April  27,  1873. 

fi  L^action  de  la  quinine  en  rapport  aveo  le  d6veloppement  des  germe? 
et  des  organismes  inf^rieurs  (Trans.  Internat.  Med,  Cong.,  Lond.,  1881, 
i.,  466-472). 

^  Das  Verhalten  von  Harnbacterien  gegeu  einige  Antiseptica.  Dorpat, 
1879.    8vo.      • 

ANTISEPTICS  IN  Abortion  and  Labor  Cases. 
The  development  of  the  germ  theory  of  disease  and  the 
teachings  of  Mr.  Lister  on  the  use  of  antiseptics,  made 
plain  the  great  importance  of  cleanliness  and  the  useful- 
ness of  antiseptics  in  surgery.  As  it  became  recognized 
that  puerperal  fever  was  due  to  septic  poisoning,  the  use  of 
antiseptics  in  preventing  it  soon  became  known,  and  the 
"Report  of  the  Puerperal  Fever  Committee  of  the  Ber- 
lin Obstetrical  Society,"  December  4,  1877,  made  by 
Schroder,  Lohlein,  A.  Martin,  Fasbender,  and  Boehr, 
settled  beyond  question  the  importance  of  cleanliness 
and  the  use  of  antiseptics  in  the  lying-in  room.  It  was 
found  that  a  simple  rule  requiring  all  attendants  and 
students  to  wash  their  hands  in  an  antiseptic  solution 
before  making  examinations  of  the  lying-in  women 
greatly  reduced  the  death-rate  in  lying-in  hospitals. 
Until  1876  in  many  general  hospitals  there  were  wards 
used  for  lying-in  women,  and  epidemics  of  puerperal 
fever  were  very  common,  and  the  death-rate  would 
sometimes  reach  fifty  per  centum.  For  many  years  the 
best  authorities  believed  that  it  would  be  better  to  do 
away  with  all  lying-in  hospitals,  but  now  by  isolation, 
cleanliness,  and  the  use  of  antiseptics  the  death-rate  has 
been  reduced  to  one  or  two  per  centum  in  some  large  hos- 
pitals of  this  class.  By  means  of  specially  constructed 
buildings,  the  strict  observance  of  cleanliness,  and  the  use 
of  antiseptics,  M.  Tarnier,  of  Paris,  has  reduced  the  death- 
rate  to  about  the  half  of  one  per  centum. '  To-day  all  au- 
thorities acknowledge  the  necessity  of  cleanliness,  and 
admit  that  most  cases  of  puerperal  fever  are  due  to  sep- 
tic infection  ;  but,  notwithstanding  the  fact  that  anti- 
septics have  been  used  by  many  for  the  past  fifteen  years, 
there  are  still  many  in  the  profession  ready  to  contend 
that  as  good  results  can  be  obtained  without  as  with 
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them  in  the  lying-in  room.     The  question  now  is,  How 
should  they  be  used  ? ' 

Antiseptics  should  be  used  to  supplement  cleanhness  as 
a  preventive  of  septic  poisoning.  Before  labor  begins, 
and,  when  possible,  before  an  abortion  occurs  or  is  in- 
duced, the  patient  should  be  thoroughly  bathed,  and  put 
in  clean  clothing  and  bed-linen.  The  room  should  be 
cleared  of  useless  furniture  such  as  would  be  likely  to 
hold  dust,  etc.  The  bed-linen  should  bo  kept  clean,  and 
changed  every  day  for  the  first  six  days  after  labor. 

The  doctor  and  nurse,  or  other  assistants,  should  always 
wash  their  hands  in  a  solution  (1  to  5,000)  of  mercuric  bi- 
chloride before  making  an  examination,  and  all  instru- 
ments to  be  used  should  be  kept  in  a  solution  (1  to  20)  of 
carbolic  acid.  The  vulva  should  be  carefully  washed 
with  a  solution  of  mercuric  bichloride  (1  to  5,000).  If  the 
vaginal  discharge  be  fetid,  or  if  the  temperature  of  the 
patient  be  above  100°  F.,  a  vaginal  douche  of  a  warm 
solution  (1  to  5,000)  of  mercuric  bichloride  should  be 
given,  and  repeated  if  the  temperature  does  not  fall.  In 
a  prolonged  labor  the  parts  should  be  occasionally  wa.shed 
off  with  a  solution  of  mercuric  bichloride  of  the  given 
strength,  and  a  napkin  wrung  out  in  the  same  should  be 
kept  over  the  vulva.  After  the  delivery,  if  instruments 
have  been  used,  or  if  the  hand  has  been  introduced,  the 
vagina  should  he  washed  out  with  the  solution  of  mer- 
curic bichloride.  In  all  cases  the  vulva  should  be  washed 
with  the  solution  and  all  the  linen  changed,  and  an  anti- 
septic pad  kept  in  position  over  the  vulva,  and  changed 
every  few  hours  according  to  the  amount  of  discharge. 
A  napkin  wrung  out  in  the  bichloride  solution  answers 
very  well  as  a  pad ;  but  after  a  few  hours  the  damp  nap- 
kins become  uncomfortable,  and  it  will  be  necessary  to 
dry  them  after  being  wrung  out  in  the  solution.  Ab- 
sorbent cotton  pads  in  loose  woven  nets,  with  strings  at 
the  ends  to  tie  to  a  pelvic  pad,  are  sold  in  the  shops. 
These,  soaked  in  the  solution  of  mercuric  bichloride,  and 
then  dried,  make  a  good  and  cheap  pad.  If  the  perineum 
be  torn,  it  is  well  to  sprinkle  iodoform  between  the  lips  of 
the  vidva  each  time  that  the  parts  are  washed.  ' 

The  linen  should  be  kept  scrupulously  clean,  and  the 
pads  changed  every  three  or  four  hours  for  about  a  week 
after  labor,  and  the  vulva, should  be  washed  with  the 
solution  of  mercuric  bichloride  after  each  movement  of 
the  bowels  or  after  passing  water.  Vaginal  douches  are 
not  to  be  used  unless  the  temperature  rises  above  100°  F., 
then  they  are  to  be  given  every  hour  until  the  tempera- 
ture is  again  normal.  If  it  continue  to  rise  in  spite 
of  the  vaginal  douches,  then  intra-uterine  douches  should 
be  given  unless  there  is  positive  evidence  that  the  fever 
is  due  to  some  other  cause  than  septicEemia.  If  the  above 
treatment  be  employed,  puerperal  fever  will  be  very  rare, 
and  even  if  infection  take  place,  by  the  use  of  vaginal, 
and— if  indicated— intra-uterine  injections,  most  cases  of 
puerperal  fever  can  be  aborted  in  twelve  hours.  In 
many  cases  puerperal  fever,  when  fully  developed,  can 
be  cured  by  intra-uterine  injections,  given  every  hour  or 
half  hour  as  indicated.  Of  course,  after  the  centre  of 
infection  extends  into  the  Fallopian  tubes  or  peritoneum 
or  into  some  tissue  beyond  the  reach  of  the  injections  the 
local  treatment  will  fail.  The  best  method  of  using'  the 
vaginal  douche  is  to  wash  the  vulva  and  place  the  pa- 
tient on  her  back,  with  her  hips  on  a  bed-pan,  and  then,  by 
means  of  a  Davidson  syringe  with  hard-rubber  points'  in- 
ject at  least  a  quart  of  the  warm  solution  of  mercuric  bi- 
chloride (1  to  5,000)  into  the  vagina.  By  means  of  a  short 
piece  of  rubber  tubing  a  Mercier  catheter  of  large  size  can 
be  attached  to  the  same  syringe  and  used  for  intra-uterine 
injections. 

Always  before  giving  an  intra-uterine  injection  the  va- 
gina should  be  thoroughly  washed  out,  for  the  same  rea- 
son that  we  should  wash  the  vulva  before  giving  a  vaeinal 
douche.  With  the  patient  on  the  bed^pan,  the  catheter 
Should  be  passed  into  the  uterus  beyond  the  os  internum 
and  in  abortion  cases,  where  the  cervix  is  rigid,  it  should 
be  dilated  so  as  to  readily  admit  the  catheter  and  at  the 
same  time  leave  room  for  the  free  escape  of  the  solution 
lln  T^^  pieces  of  dfibris.  It  is  a  mistake  to  use  a 
solution  of  mercuric  bichloride  as  strong  as  1  to  3,000,  as 
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recommended  by  some  recent  writers,  for  of  that  strength 
it  acts  as  a  strong  astringent  and  interferes  with  perfet 
drainage,  and  makes  the  next  injection.  If  given  within 
an  hour  or  two,  difficult ;  besides,  the  danger  of  mercurial 
poisoning  is  great.  _  Even  a  1  to  5,000  solution,  used  twice 
a  day  after  labor  of  abortion,  for  several  days,  may  cause 
some  of  the  characteristic  effects  of  mercury  on  the  general 
system.  It  must  not  be  forgotten  that  after  labor  and 
after  some  abortions  the  capacity  of  the  vagina  is  relatively 
large,  and  that  therefore,  when  the  perineum  is  intact 
after  a  vaginal  douche  is  administered  to  a  patient  who  is 
lying  upon  her  back,  several  ounces  may  be  for  a  time  re- 
tained in  the  vagina,  and  a  salt  like  bichloride  of  mercury 
will  in  a  short  time  pass  by  osmosis  into  the  general  circu- 
lation. In  some  cases  of  septicaemia  it  may  be  necessary  to 
use  a  douche  every  hour  to  kill  the  local  infection  and  stop 
septic  absorption ;  in  such  cases  it  would  be  well  to  alter- 
nately use  the  1  to  10,000  solution  of  mercuric  bichloride 
and  the  1  to  60  carbolic  acid  solution  (Calvert's  No.  1). 

Mercuric  bichloride  is  slow  in  dissolving,  and  when 
finely  powdered  may  float  undissolved  for  an  hour  or 
more ;  so  it  is  best  to  have  a  carefully  made  solution,  to 
which  water  can  be  added  to  make  any  desired  strength 
of  solution. 

Since  it  is  known  that  biniodide  of  mercury  is  more 
powerful  as  a  germicide  than  the  bichloride,  it  may  take 
its  place  as  an  antiseptic. 

If  the  germ  theory  of  disease  be  correct,  much  may  yet 
be  done  by  using  antiseptics  internally  or  hypodermically 
to  stop  the  development  and  reproduction  of  germs  in  the 
whole  system.  A  solution  of  mercuric  bichloride  (1  to 
485)  can  safely  be  injected  hypodermically  without  caus- 
ing any  local  trouble,  and  we  should  not  hesitate  to  use 
it  should  we  fail  to  check  the  disease  by  the  local  use  of 
antiseptics.  W.  Gill  Wylie. 

'  TraiW  de  1' Ait  des  Accouchements,  Tarnier  et  Chantreiill,  n.  801 
Paris,  1882.  ' 

'On  the  Local  Use  of  Antiseptics  after  Labor  and  Abortions,  bj  W.  Gill 
Wylie,  M.D.,  New  York  Medical  Journal,  June  83, 1883.  Also,  The  Pre- 
vention and  Treatment  of  Puerperal  Fever,  by  T.  GaiUard  Thomas, 
M.D.,  New  York  Med.  Jour.,  December  IB,  1883. 

ANTISEPTICS  IN  Surgery.  The  practice  of  anti- 
septic  surgery  is  based  upon  a  few  broad  general  prin- 
ciples of  which  the  use  of  antizymotic  drugs  or  antiseptics 
is  only  one  feature,  but  one  to  which  of  late  such  a  promi- 
nent place  has  been  given  that  the  general  reader  or  student 
is  apt  to  overlook  the  others  and  consider  it  alone.  With 
the  intention  of  insisting  upon  the  importance  and  duo 
observation  of  the  other  features  in  their  proper  place,  we 
can  only  stop  to  scan  very  hastily  the  history  of  this  par- 
ticular part  of  the  general  subject.* 

Paracelsus  (1493  to  1560)  insisted  that  nature  alone  was 
competent  for  the  task  of  repairing  wounds,  and  that 
non-interference  was  the  best  policy.  Pard  was  the  first 
to  show  that  gunshot  wounds  were  not  poisoned — as  had 
been  supposed,  though  by  his  treatment  he  nevertheless 
converted  them  into  suppurating  cavities.  He  held  that 
the  air  itself  was  beneficial  rather  than  injurious  to  wounds, 
and  that  it  was  the  miasma  in  the  air  rather  than  the  air 
itself  which  caused  such  fatality  in  sick-rooms,  camps, 
etc. 

Delacroix  and  Arcajus  followed  these  teachings,  and 
even  used  such  antiseptics  as  alcohol  and  ethereal  oils 
quite  largely.  All  of  these  masters  insisted  on  rest  and 
vigorous  supporting  treatment  for  the  wounded. 
_  Magatus  (1516)  claimed  that  the  air  was  full  of  infec- 
tious miasms,  and  proved  it  by  the  rapid  decomposition 
which  follows  pricking  the  shell  of  an  egg.  Fearing  the 
access  of  this  air  he  only  changed  dressings  when  it  be- 
came absolutely  necessary.  "While  this  practice  was  in 
many  respects  ^ood,  since  more  perfect  rest  of  the  wound 
was  the  result,  it  was  none  the  less  the  outcome  of  a  wrong 
theory. 

Wiseman  (1693)  held  much  the  same  views,  and  used 
turpentine  more  or  less  as  a  dressing.     In  1706  Parmanus 

•  The  writer  wishes  here  to  acknowledge  hiK  indebtedness  to  Cheyne's 
Antiseptic  Surgery,  of  which  he  has  made  free  use  in  the  preparation  o( 
this  article. 
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■'  speaks  of  a  lotion  which  he  uses  for  wounds  which  re- 
sists putrefaction,  prevents  ill  accidents,  and  takes  away 
the  inflammation  andpain  of  the  wound."  During  the 
same  year  Anel  published  an  account  of  a  method  of 
evacuating  abscesses  by  aspiration  without  leaving  open 
wounds.  Boerhaave  (1720)  recognized  the  connection 
between  external  wounds  and  internal  abscesses  as  no  one 
had  before  him.  Heister  (1753)  used  balsams  quite  ex- 
tensively, chiefly  because  they  hindered  putrefaction. 

Percival  Pott  (1768)  arrived  at  a  pretty  fair  antiseptic 
dressing  for  compound  fractures,  since  he  sealed  his 
wounds  rather  effectively ;  but  he  also  laid  stress  on  the 
maintenance  of  proper  drainage  by  openings  and  counter- 
openings.  B.  Bell  (1784)  used  leaden  drainage-tubes  and 
very  simple  dressings.  He  advised  valvular  openings  for 
many  purposes,  especially  removal  of  floating  cartilages. 
The  researches  of  John  Hunter  (1793)  on  healing  under 
a  scab  were  of  importance,  especially  as  he  deduced  there- 
from the  lesson,  that  it  was  better  to  leave  the  healing 
process  to  nature  alone.  Larrey  (1839)  believed  that  the 
accumulation  of  blood  and  consequent  tension  did  more 
harm  than  the  entrance  of  air  into  joint-wounds.  Lom- 
bard and  Percy  in  1785  learned  that  a  certain  Alsatian 
had  an  infallible  remedy  for  wounds.  On  investigation 
this  turned  out  to  be  pure  river  water  used  with  certain 
magic  phrases  ;  upon  trial  of  the  former  they  praised  it 
highly.  Von  Kern  in  1809  claimed  that  all  that  was 
necessary  for  the  treatment  of  any  wound  was — "  cold 
water  for  arrest  of  haemorrhage,  then  warm  water  for 
dressing,  some  small  pieces  of  lint,  absolute  rest,  and  arti- 
ficial heat."  This  method  was  adopted  by  Von  Walther 
in  Bonn,  by  Fritze  in  Prague,  and  by  Listen,  and  until 
1860  was  generally  in  vogue  in  England. 

The  most  important  result  of  this  theory,  that  the  air 
is  full  of  noxious  miasms,  was  the  introduction  and  de- 
velopment of  the  swbcutaneovs  method,  as  carried  out  by 
Delpech,  Dupuytren,  DiefEenbach,  and  Btromeyer.  The 
signal  successes  obtained  by  this  method  led  to  efforts  to 
convert  open  wounds  into  subcutaneous  ones ;  and  J. 
Guerin  and  Chassaignac  were  largely  identified  with  these 
endeavors.  Much  in  the  same  direction  was  the  endeavor 
by  A.  Guerin  to  filter  the  particulate  miasm  out  of  the 
air  by  surrounding  wounds  with  large  masses  of  cotton- 
wool. It  must  be  noted,  however,  that  he  thereby 
achieved  two  important  requisites  of  proper  wound-dress- 
ing, viz.,  elastic  compression  and  a  constant  tempera- 
ture. 

During  the  early  part  of  this  century  attempts  were 
made  to  substitute  other  gases  for  the  air  in  contact  with 
wounds.  Oxygen,  hydrogen,  and  carbonic  dioxide  were 
the  favorites.  The  complete  inutility  of  this  plan  was 
taught  when  it  was  demonstrated  that  pure  air  by  itself 
was  not  injurious. 

About  the  middle  of.  the  present  century  a  favorite 
routine  of  treatment  was  that  known  as  .the  "open 
method."  Bartscher  and  Vezin  published  a  description 
of  this  in  1856.  This  method,  apparently  so  opposed  to 
antiseptic  practices,  has  gradually  given  way  under  the 
influence  of  Lister's  teachings,  until  now  scarcely  a  sur- 
geon of  eminence  resorts  to  it.  It  should  nevertheless  be 
pointed  out  that  it  is  not  so  directly  opposed  to  the  anti- 
septic method  as  it  appears  to  be  on  first  thought,  since  it 
provides  for  free  drainage,  since  retention  of  blood-clot 
is  less  likely  to  occur,  and  since  it  is  known  that  bacteria 
do  not  grow  readily  in  concentrated  fluids  such  as  are 
those  which  agglutinate  the  parts  of  a  wound  dressed  by 
the  open  metlwd. 

Another  method  which  partakes  largely  of  the  antisep- 
tic character,  and  which  has  been  in  vogue  at  different 
periods  in  the  history  of  surgery,  is  that  by  constant  or 
intermittent  irrigation  or  by  continuous  immersion. 
Since  1839  Langenbeck's  name  is  inseparably  connected 
with  its  use. 

The  antiseptic  and  presfervative  properties  of  coal-tar 
had  been  recognized  by  Chaumette  in  1815,  and  men- 
tioned by  Guibourt  in  1833,  Sivet  in  1837,  and  Bayard  in 
1846.  Calvert  had  shown  that  carbolic  acid,  always 
present  in  coal-tar,  was  a  powerful  disinfectant,  and  that 
it  had  been  used  in  Manchester  in  1857  for  the  preserva- 
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tion  of  dead  bodies.  Stimulated  by  numerous  similar 
facts  laid  before  a  commission  of  the  French  Academy, 
Lemaire  studied  the  subject  diligently,  and  in  1863  pub- 
lished a  memoir  on  the  same  ("  De  I'acide  phenique  ").  In 
this  he  recognized  the  germ  theory  of  disease  as  the  act- 
ual basis  of  antiseptic  surgery,  and  was  the  first  to  rec- 
ommend its  extensive  use  in  the  treatment  of  wounds. 
But  his  work  was  utterly  without  system,  largely  ele- 
mentary, and  carried  to  no  perfection  in  practice.  Such 
was  the  condition  of  affairs  when  Lister  published  his 
first  papers,  for  he  had  been  working  for  two  years  inde- 
pendently of  any  knowledge  of  Lemaire's  experiments. 
So  while  remembering  that  Lister  was  neither  first  to 
show  the  effect  of  microbes  in  causing  fermentation,  nor 
was  the  discoverer  of  carbolic  acid,  still,  as  the  originator 
and  elaborator  of  a  well-defined  and  systematic  method 
of  combating  the  former  by  the  latter,  he  rendered  a 
service  to  mankind  which  will  hand  down  his  name  to 
posterity  as  that  of  one  to  whom  we  owe  incalculable 
gratitudie.  It  matters  not  that  his  method  has  been,  and 
will  yet  be,  modified  by  many ;  the  grand  principles  upon 
which  it  is  based  will  endure  so  long  as  surgery  is  a 
branch  of  the  healing  art. 

Lister's  Own  Wokk. — The  first  cases  which  he  treated 
on  antiseptic  principles  were  compound  fractures  of  the 
leg,  in  1865.  The  treatment  consisted  in  a  piece  of  lint 
soaked  in  a  ten  per  cent,  solution  of  comniercial  carbolic 
acid,  and  laid  on  the  wound.  On  the  fourth  day  it  was 
changed,  and  was  again  renewed  on  the  eighth.  Later  this 
simplest  possible  dressing  was  changed  in  this  wise,  that 
purer  acid  was  used,  and  that  the  lint  was  allowed  to  but 
slightly  more  than  cover  the  wound,  that  the  lint  was 
covered  with  oiled  paper,  and  that  this  was  then  covered 
with  a  larger  piece  of  wet  carbolized  lint.  Under  this 
dressing  formation  of  a  scab  was  frequent.  Next,  after 
such  operations  as  resections  the  interior  of  the  wound 
was  irrigated  with  carbolic  solution.  It  was  soon  found 
best  to  take  care  that  none  of  this  should  be  left  in  the 
wound,  but  that  all  should  be  pressed  out.  Still  later,  the 
practice  was  to  encourage  healing  under  a  scab  by  cover- 
ing the  wound  with  carbolized  lint  or  gauze,  and  this  with 
a  carbolized  oil  mixed  with  powdered  chalk  and  spread 
thickly  upon  a  proper  material.  In  1867  a  fixed  method 
was  adopted  for  opening  abscesses.  The  parts  to  be 
opened  were  carbolized,  and  the  knife  immersed  before 
using.  The  cavity  was  stuffed  with  carbolic  lint,  inserted 
and  removed  by  carbolized  forceps. 

In  1868  a  species  of  external  protective  was  made  by 
spreading  a  carbolized  emplastrum  upon  suitable  cloth. 
By  this  time  he  had  adopted,  first,  a  carbolized  lint  over 
the  wound,  covered  with  the  plaster  just  described ;  over 
this  a  gauze  wet  with  carbolized  water,  with  yet  another 
layer  of  plaster. 

The  irritative  effect  of  a  carbolized  application  next 
the  skin  being  well  recognized,  in  1868  the  protective 
was  introduced.  At  this  time  also  a  standard  one-to- 
twenty  solution  was  used  for  irrigation.  A  little  later 
the  first  layer  of  plaster  was  modified  by  a  change  m  its 
preparation,  gutta-percha  and  shellac  being  used  in  its 
manufacture.  In  1869  catgut  was  introduced  as  a  liga- 
ture material.  At  this  time  when  the  dressing  was  re- 
moved a  small  stream  of  carbolized  water  was  kept  play- 
ing upon  the  part.  Finally,  in  1871,  the  carbolized  gauze, 
as  we  how  know  it,  and  the  spray,  were  introduced. 
Thus  Lister  first  taught  us  a  systematic  way  of  doing 
what  had  been  rudely  and  inefficiently  done  before  him, 
and  showed  us  how  to  insure  a  non-septic  course  for  our 
wounded  patients. 

It  is  now  necessary  before  going  further  to  make  it 
clear  that  the  antiseptic  method  is  based  on  the  germ 
theory  of  fermentation  and  putrefaction,  and  not  neces- 
sarily of  infectious  disease  (Cheyne,  "Antisep.  Surg.," 
p.  359).  This  is  not  the  place  to  discuss  the  relations  of 
micro-organisms  to  surgical  diseases,  such  as  erysipelas, 
septicaemia,  pysemia,  etc.,  nor  yet  can  we  do  more  than 
allude  to  the  well-known  and  undisputed  fact  that  some 
of  the  lowest  forms  of  vegetable  life  are  the  causes  of  all 
forms  of  fermentation  and  putrefaction.  This  latter  fact 
once  granted,  antiseptic  surgery  finds  here  its  sufficient 
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raison  d'Sire  without  necessity  for  polemical  discussion 
resDCctinff  the  origin  of  surgical  disease. 

Antmptic  metlwds  should  be  followed,  because  thereby  we 
exclude  bacteria  from  wounds,  and  so  avovd  putrefaction. 
If  in  addition,  it  happen  that  by  avoidance  of  decomposi- 
tion we  also  avoid  surgical  infection,  so  much  greater  is 
the  advantage  accruing  from  the  practice.  It  matters  not 
whether  we  hold  that  the  excluded  germs  are  the  direct 
causes  of  septic  disease,  or  whether  alkaloids  of  decom- 
position—ptomajnes— are  produced  as  excretory  products 
and  hy  their  presence  and  absorption  cause  pathological 
disturbances.    By  avoiding  one  we  avoid  the  other. 

Astonishing  misconceptions  have  existed,  and  do  yet 
exist  concerning  the  methods  as  well  as  the  principles  of 
the  antiseptic  method.  Thus  many  have  regarded  the 
spray,  which  is  the  most  showy  feature  of  the  strict  Lis- 
terian  method,  as  its  most  important  feature,  whereas  it 
is  the  least  so,  and  may  even  in  certain  oases  be  injurious. 
Others,  thinking  that  the  means  and  not  the  method  in- 
sured success,  have  disregarded  the  latter,  and  have  been 
astonished  at  their  failures.  Others  yet,  believing  that 
the  method  means  cleanliness  alone,  have  tried  to  carry 
out  this  sole  principle  with  varying  degrees  of  success.  If 
instead  of  cleanliness  according  to  lay  notions  be  sub- 
stituted strict  surgical  cleanliness,  then  the  method  be- 
comes really  an  antiseptic  one,  but  this  is  scarcely  to  be 
realized  without  those  addenda  with  which  it  is  so  promi- 
nently identitied. 

Before  considering  applied  details  it  seems  worth  while 
hastily  to  refer  to  some  of  those  minute  organisms  whose 
uninvited  and  unperceived  presence  often  renders  our 
efEorts  futile.  Are  they  ever  present  in  the  healthy  living 
body,  and  must  they  inevitably  lead  to  septic  decomposi- 
tion when  present  ?  Innumerable  experiments  have  made 
it  clear  that  normal  blood  and  normal  tissues  do  not  har- 
bor nor  favor  the  development  of  these  germs.  Let  con- 
tinuity of  tissue  be  broken,  or  let  the  standard  of  vital  re- 
sistance be  lowered,  from  any  cause,  and  then  the  same 
conditions  may  not  obtain.  This  has  been  made  so 
beautifully  clear  by  Chauveau  that  in  justice  to  the  sub- 
ject we  must  give  here  his  "experience  du  bistournage." 

Bistournage  is  performed  by  subcutaneously  rupturing 
the  spermatic  cord  by  torsion.  The  testicle  thus  freed 
lies  separated  from  nearly  all  its  sources  of  nutrition,  but 
is  protected  by  its  tunics  from  access  of  air,  which  means 
from  access  of  germs.  Its  adhesions  to  the  tunica  vagi- 
nalis are  not  sufficient  to  nourish  it,  and  consequently  it 
atrophies.  If  the  blood  contain  putrefactive  germs,  then 
this  testicle  ou^ht  to  break  down.  This  it  does  not  do  ; 
no  germs  reaching  it  either  from  the  blood  or  the  air  ;  it 
simply  disappears  by  absorption.  But  if  the  germs  come 
from  without  the  organism,  the  fact  can  be  proved  as 
Chauveau  proved  it.  He  injected  septic  Organisms  into 
the  vascular  system  of  rams.  After  the  fever,  when  not 
fatal,  had  subsided,  he  performed  the  bistournage,  and 
putrefaction  of  the  testicle  ensued.  But  this  was  not 
enough.  Lest  some  might  object  that  the  bacteria  in  the 
injected  fluid  were  not  the  active  agents,  he  carefully  fil- 
tered the  liquid  to  remove  them,  and  then  repeated  the 
experiment,  but  never  got  the  same  result.  To  make  as- 
surance surer,  and  to  prove  that  it  was  not  the  infective 
fever  which  caused  the  putrefaction  of  the  organ,  he  varied 
the  experiment  in  this  way  :  He  injected  two  rams  with 
the  same  fluid  and  the  same  dose,  and  then  made  the  bis- 
tournage on  one,  with  the  result  that  putrefaction  followed 
only  in  this  one  case.  Furthermore,  when  he  practised 
the  bistournage  on  the  left  testicle  before,  and  on  the  right 
after  injection,  it  was  the  right  only  which  putrefied. 
(Quoted  from  Jeannel's  "De  I'lnfection  Purulente." 
Cheyne.) 

Here  was  a  most  ingenious  proof  that  the  admission  of 
|uch  germs  into  an  organ  determines  its  destruction. 
Should  any  one  ask,  "  How,  then,  does  it  happen  that. 


when  these  germs  can  effect  destruction  of  parts,  they  do 
not  destroy  life? "  the  answer  is  at  hand  ;— first,  we  know 
that  life  frequently  is  lost  in  this  way  and  from  this  cause  ; 
and  second,  we  know  how  vigorously  we  have  to  combat 
these  organisms  when  we  succeed  in  saving  our  patient 
How  happens  it,  then,  that  after  injection  of  irritating 


substances,  such  as,  e.g.,  ammonia,  we  find  septic  micro- 
organisms  in  the  pus  thus  formed  ?  Without  stopping 
in  this  place  to  go  over  the  experimental  ground,  we 
are  forced  to  believe  that  such  germs  have  more  or  less 
access  to  the  blood,  wa  the  lungs  and  alimentary  canal, 
on  account  of  their  minuteness,  but  that  the  blood  and 
tissues  in  a  healthy  state  offer  so  poor  a  field  for  their 
development  that  they  die  from  lack  of  favorable  sur- 
roundings. 

(No  reference  is  made  here  to  the  special  infectious 
diseases,  each  of  which  is  supposed  to  have  its  own  bacil- 
lus, though  the  fact  that  the  infection  does  not  always 
follow  exposure  can  be  thus  best  explained.)  But  in 
conditions  of  lowered  vitality,  depraved  nutrition,  or  in 
the  presence  of  other  diseases,  the  blood  and  tissues  may 
become  so  insensibly  altered  as  to  assist  instead  of  pre- 
venting their  growth.  In  actual  practice  we  see  sepsis 
and  erysipelas  occur  much  more  frequently  in  the  ex- 
hausted, the  debilitated,  and  the  aged  than  in  the  young 
and  healthy.  No  other  conclusion  than  this  satisfactorily 
accounts  for  known  facts. 

Another  point :  The  sphero-bacteria  seem  to  be  more 
or  less  inimical  to  the  more  poisonous  rod-shaped  bacteria ; 
the  former  very  rapidly  exhaust  the  nutritive  fluid  in 
cultivating  solutions  and  starve  out  the  latter.  It  maybe 
a  most  fortunate  thing,  then,  when  the  former  are  present 
in  the  blood  and  wound  secretions,  for  they  may  serve 
thus  to  make  things  unpleasant  for  the  latter,  and  either 
prevent  their  appearance  or  hasten  their  disappearance. 

In  surgical  injuries,  micro-organisms  may  enter  the  tis- 
sues through  two  different  paths  :  through  the  blood  or 
by  the  wound.  "We  take  precautions  against  the  first  pos- 
sibility in  three  ways  :  1.  "We  endeavor,  as  far  as  possible, 
to  operate  upon  patients  only  when  they  are  in  good 
health.  3.  "When  they  are  reduced  or  aged,  we  try  to 
put  them  through  a  "building-up  process,"  by  which  we 
may  restore  to  the  blood  .and  tissues  that  unknown  ele- 
ment vitality,  which  imparts  this  resistant  power.  3.  And 
when  emergency  compels  us  to  operate  upon  those  in  un- 
favorable condition  we  try  to  impart  this  power  in  the 
speediest  possible  manner  by  administration  of  those  reme- 
dies which  are  both  stimulant  and  antizymotic,  such  as 
alcohol,  quinia,  and  the  like. 

As  against  infection  of  the  wound  surface,  we  have  the 
chain  of  precautions  known  as  "Listerism,"  a  system 
which,  when  scrupulously  carried  out,  makes  the  en- 
trance or  lodgement  of  any  living  germ  very  improbable, 
perhaps  impossible.  This  system  has  won  its  way  over 
incredulity  and  ridicule,  and  has  left  an  impress  which 
shall  prove  an  historical  monument,  no  matter  what 
change  it  may  undergo. 

Following  Mr.  (now  Sir  Joseph)  Lister  and  his  disciple, 
Mr.  Cheyne,  we  ought  to  distinguish  between  aseptic  and 
antiseptic  surgery.  The  former  includes  a  series  of 
measures  calculated  to  absolutely  exclude  every  living 
germ  from  lodgement  on  the  wound  surface  or  in  the 
dressings.  To  this  end  there  is  perhaps  but  one  known 
method,  and  that  is  the  strictest  form  of  Listerism.  It 
is,  of  course,  impossible  to  say  exactly  to  what  extent 
any  of  his  details  could  be  omitted,  or  whether  any  others 
could  be  substituted  for  them  ;  but  those  who  aspire  to 
make  the  course  of  a  wound  perfectly  aseptic  had  best 
adhere  strictly  to  those  directions  laid  down  by  their  au- 
thor. It  would  take  a  long  course  of  experimentmg, 
which  might  be  trifling  with  human  life,  before  we  could 
deviate  from  his  plan.  Besides,  no  one  could  go  over  the 
question  more  carefully  than  he  has  done.  Let  us,  re- 
membering that  their  strict  and  conscientious  observance 
constitutes  our  positively  aseptic  surgery,  very  briefly 
run  over  each  detail  of  the  Listerian  system ;  premising 
that  we  shall  find,  as  we  go  over  them,  ample  and.  ad- 
mirable reason  for  each.  After  strict  "Listerism"  is 
rationally  appreciated,  we  shall  be  better  prepared  to 
study  its  later  modifications. 

And,  first,  with  regard  to  general  materials,  the  fol- 
lowing are  needed  for  ordinary  operations  :  Carbolic 
solutions  (pure  acid  in  pure  water)  of  two  strengths,  1  to 
30  and  1  to  40  ;  the  former  only  for  the  spray  and  the 
instruments.     A.  steam  spray  apparatus ;  that  shown  in 
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Fig.  187  bein^  as  convenient  as  any.  The  1  to  30  solu- 
tion is  placed  in  the  glass  vessel,  and  being  diluted  by  the 
steam,  forms  a  spray  of  about  1  to  40  strength. 

A  trough,  preferably  of  porcelain,  like  that  shown  in 
Fig.  188,  in  which  instruments  may  be  covered  by  the 
1  to  20  solution. 

Carbolized  catgut  and  silk;  for  the  preparation  of 
which  the  formulse  in  Cheyne's  work  may  be  consulted. 
They  are  usually  bought  prepared,  ready  for  immediate 
use. 

Drainage  tubing,  of  red  rubber,  which  contains  no  free 
sulphur,  and  so  cannot  blacken  the  protective. 

Carbolized  ^auze,  made  of  fine  unbleached  tarlatan, 
washed  and  dried,  and  then  saturated  with  a  mixture  of 


Fig.  187. 

paraffin,  resin,  and  carbolic  acid.  This  should  be  kept 
in  boxes  hermetically  sealed,  since  the  phenol  will  evap- 
orate from  out  of  the  tightest  wrapping.  By  evaporation 
much  old  gauze  has  thus  lost  its  antiseptic  properties  and 
become  valueless. 

Protective,  i.e.,  an  oiled  silk,  coated  with  copal  var- 
nish, over  which  a  carbolized  starch  is  spread.  This 
latter  prevents  water  collecting  in  drops  on  the  varnished 
surface.  This  protective  serves  a  double  purpose  :  it 
prevents  the  carbolic  gauze  from  exercising  an  irritating 
effect  on  tender  or  fresh  raw  surfaces  underneath ;  and, 
as  the  varnish  which  coats  the  silk  contains  a  slight  pro- 
portion of  lead  (litharge),  it  serves  also  as  a  tell-tale,  since, 
if  decomposition  occurs  beneath  it,  sulphuretted  hydro- 
gen will  be  formed,  and,  by  action  on  the  lead  of  the  sul- 
phur thus  given  off,  the  protective  will  be  discolored  and 


Fig.  188.    (From  Chcyne.) 

blackened.  Furthermore,  it  keeps  the  outer  dressings 
from  sticking  to  the  stitches. 

Mackintosh,  a  cotton  cloth  with  a  thin  layer  of  india- 
rubber  spread  on  one  side.  It  prevents  any  discharge 
which  may  saturate  the  gauze  from  soaking  through,  and 
IS  placed  outside  the  main  portion  of  the  dressing. 

Sponges,  and  these  must  be  known  to  be  surgically 

Ci68i11. 

These  constitute  the  materials  required  for  all  usual 
operations.  The  technique  of  their  iise  is  briefly  as 
follows : 

The  patient  is  supposed  to  have  been  properly  bathed, 
etc.,  before  the  operation.  After  anaesthesia  is  produced, 
the  parts  are  thoroughly  washed  with  the  1  to  30  carbolic 
solution.  Soap  should  not  now  be  used,  since  it  is  known 
that  the  acid  better  permeates  and  mixes  with  oily  or 


greasy  matters,  such  as  those  secreted  by  the  sebaceous 
glands  of  the  skin,  when  they  are  not  emulsified  with 
alkalies  contained  in  the  soap. 

The  surgeon  and  his  assistants  and  nurses  all  wash  their 
hands  in  the  1  to  40  solution,  using  the  nail-brush  care- 
fully. A  towel  is  wet  in  the  1  to  20  solution  and  laid  on 
the  parts,  or  between  them  and  the  operator ;  on  this  in- 
struments may  be  momentarily  laid.  The  spray  is  now 
caused  to  play  upon  the  parts  and  the  operation  is  begun, 
the  surgeon  taking  each  instrument,  or  having  it  handed 
to  him,  from  the  trough  in  which  it  has  been  lying  suTb- 
merged  in  a  1  to  20  solution. 

As  each  instrument  is  used  and  laid  down,  it  must  be 
placed  either  on  the  wet  towel  or  back  in  the  tray.    If  an 


Fio.  189.    (Cheyne.) 

instrument  has  been  dropped  or  handled  by  non-carbol- 
ized  hands,  it  is  at  once  carefully  carbolized  in  the  tray. 
The  sponges  should  be  wrung  out  in  clean  water,  and 
then  thoroughly  rinsed  in  the  I  to  40  solution  before  be- 
ing again  used  about  the  wound. 

Vessels,  as  cut,  are  either  caught  in  haemostatic  forceps 
or  tied  at  once  with  prepared  catgut,  which  can  be  best 
kept  in  and  used  from  such  a  receptacle  as  is  shown  in 
Fig.  190.  The  operation  being  completed,  suitable  drains 
are  inserted,  all  clots  are  removed,  and  the  wound  is 
stitched  up  with  silk  or  gut,  which  has  also  been  soak- 
ing in  the  1  to  20  solution. 

After  the  wound  is  completely  closed  a  piece  of  pro- 
tective but  little  larger  than  it,  and  which  has  been  dipped 


Fig.  mo. 

in  1  to  40,  is  applied.  Over  this  is  laid  a  piece  of 
gauze,  consisting  of  several  layers,  which  has  been  soak- 
ing in  1  to  40,  and  which  should  widely  overlap  the 
protective,  say  from  one  to  three  inches.  Any  hollows 
or  unevennesses  are  filled  up  with  loosely  crumpled 
gauze.  These  together  constitute  the  deep  dressing. 
Over  this  is  placed  the  outer  dressing,  consisting  of 
eight  layers  of  gauze,  and  having  the  mackintosh,  rubber 
side  down,  underneath  the  eighth  or  outermost.  This 
outer  dressing  must  widely  overlap  the  deep  dressing,  and 
not  until  it  is  properly  in  place  must  the  spray  be  in- 
termitted. The  dressing  is  held  firmly  in  place  by 
such  bandages  as  may  be  necessary,  while  an  elastic 
bandage  is  so  applied  around  its  edges  as  to  keep  them 
exactly  approximated  to  the  contour  of  the  parts.    Pins 
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should  not  be  passed  through  the  mackintosh  because 
they  makes  holes  by  which  air  may  gam  access  to  the 

^  A^owel  or  piece  of  clean  rag  should  always  be  kept 
ready  soaking  m  the  1  to  40  solution,  in  case  of  accident  to 
the  spray,  so  that  it  can  be  thrown  over  the  field  of  opera- 
tion to  protect  it  till  the  spray  can  be  started  again. 
A  solution  of  zinc  chloride,  forty  grains  to  the  ounce. 


ll'WijIilll 

Fig.  191.    (Cheyne.) 

is  also  usually  provided  ;  with  this  any  foul  surface,  or 
sinus,  or  carious  bone  can  be  properly  disinfected  and 
cleaned. 

The  annexed  figures,  copied  from  Cheyne's  admira- 
ble work,  may  serve  to  give  an  idea  as  to  bandage  tech- 
nique. 

Figs.  191,  192, 193,  show  how  a  patient  should  be 
dressed  after  operation  for  removal  of  the  breast.     Fig. 


Pig.  192.    (Cheyne.) 

191  shows  the  d^p  dressing,  consisting  of  protective  and 
pads  of  crumpled  gauze,  with  the  outer  dressing  under  the 
aim,  ready  to  be  applied  and  covered  in  as  represented 
in  Pig.  192.  Pig.  193  illustrates  an  outside  binder,  so 
applied  as  to  keep  the  parts  and  dressings  absolutely  at 
rest. 
Pig.  194  represents  a  dressing  suitable  for  any  opera- 


FlG.  193.     (Cheyne.) 

tion  about  the  region  of  the  sterno-mastoid,  behind  or 
„I;°J-  ^  T  *':  ?  ^'"  illustrate  a  ready  method  of 
adapting  a  Lister  dressing  to  the  head,  neck,  or  adioininjr 

regions.  *'  ° 

Pig.  195  shows  the  arrangement  best  adapted  for  suit- 
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ably  retaining  a  proper  dressing  after  opening  a  paoaa 
abscess  in  the  groin,  or  after  resection  of  the  hip-joint, 
subcutaneous  osteotomy  of  the  femoral 
neck,  and  similar  operations. 

And  Pigs.  196  and  197  illustrate  dress- 
ings adapted  for  cases  of  herniotomy 
or  operation  on  the  scrotum,  or  in  the 
groin,  seen  respectively  from  the  front 
and  from  below.  The  dressings  here 
pictured  are  among  the  most  difficult 
to  make  really  eflScient,  but  with  a  little 
care  and  ingenuity  every  indication  can 
be  fulfilled. 

And  this  perhaps  is  the  best  place  in 
which  to  emphasize  the  necessity  of  en- 
forcing absolute  and  perfect  rest  in  the 
treatment  of  wounds.  It  is  well  known 
that  any  freedom  of  motion,  however 
slight,  is  liable  to  at  least  cause  oozing, 
if  not  haemorrhage.  This  means,  be- 
sides the  formation  of  blood-clot,  such 
churning  up  of  the  exuded  fluids  as  to  cause  not  only 
irritation  within  the  wound  and  disturbance  of  the  healing 
process,  but  greater  liability  to  fermentation  and  septic 


Fig.  194.    (Cheyne.) 


Fig.  196.    (Cheyne.) 


processes  within  the  wound.  It  should,  therefore,  be 
considered  requisite  in  each  case  to  so  firmly  dress  and 
support  the  parts,  by  splints  or  otherwise,  as  to  precludt 
the  possibility 
of  a  reckless  or 
restless  patient 
endangering  or 
jeopardizing 
jdis  safety  by 
voluntary  mo- 
tion. 

Such  are,  in 
brief,  the  de- 
tails of  the . 
strict  aseptic 
plan  of  operat- 
ing and  dress- 
ing. As  will  be  seen,  they  are  most  minute  and  form  a 
wnole  whose  slightest  feature  must  not  be  forgotten. 
Let  us  remember  that  their  strict  and  conscientious  ob- 
servance con- 
stitutes posi- 
tively asepUfi 
surgery,  and, 
turning  our 
attention  to 
the  other 
part  of  the 
subject,  let 
us  consider 
how  we  can 
best  render 
our  operative 
procedures 
and  our  sub- 


Fig.  197.    (Cheyne.) 

sings,  properly  speaking,  antiseptic. 
us  a  wide  range  of  choice. 


sequent  dres- 
Here  is  ofEered  to 
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Moreover,  it  makes  comparatively  small  difference 
whether  we  absolutely  exclude  germs  or  destroy  them 
when  present ;  whereas  the  latter  course  is  the  easier, 
while  the  good  we  can  accomplish  by  devising  simple 
and  easily  applied  dressings,  which  may  be  brought  into 
most  extensive  common  use,  and  which  shall  be  genu- 
inely antiseptic,  will  greatly  overbalance  any  harm  that 
may  happen  in  exceptional  cases  by  omitting  to  resort  to 
the  complicated  and  expensive  Lister  method.  In  other 
words,  we  shall,  by  the  one  practice,  save  many  more 
lives  than  we  shall  lose  by  not  adopting  the  other. 

Even  in  1881  it  w^as  a  common  remark  among  home 
and  foreign  surgeons  that  little  or  nothing  was  left  of  the 
original  Lister  system  among  those  who  had  been  its 
most  enthusiastic  advocates.  It  is,  therefore,  fitting  that 
we  inquire  why  these  details  have  been  dropped  or  modi- 
fled.  And  first  of  the  spray;.  This  is  now  considered, 
even  by  its  renowned  originator,  the  least  essential  part 
of  his  system.  Several  causes  have  conspired  toward  its 
abandonment.  In  the  first  place,  numerous  cases  of  car- 
bolic-acid poisoning,  both  of  patient  and  of  operator, 
have  been  reported  as  due  to  its  use.  Then,  too,  grave 
doubts  have  arisen  as  to  its  being  as  effective  as  at  first 
supposed.  It  is,  moreover,  often  a  positive  disadvantage 
to  the  operator.  As  a  consequence,  the  atomizer  is  sel- 
dom seen  either  in  America  or  on  the  Continent.  It  is, 
however,  a  good  plan  in  case  one  has  any  reason  to  be  sus- 
picious of  the  locality  in  which  he  operates,  to  keep  one 
or  two  large  atomizers  playing  in  the  room  in- which  the 
operation  is  to  be  performed  for  an  hour  or  more  before- 
hand. But  it  is  equally  important  that  the  room  should 
be  warm,  and  that  the  operator,  nui'ses,  and  spectators 
should  be  surgically  clean,  especially  when  the  abdomen 
is  to  be  opened. 

The  protective  is  much  less  frequently  used  than  for- 
merly, though  it  will  still  serve  as  well  as  ever  to  indicate 
decomposition  and  to  keep  the  other  dressings  from  stick- 
ing to  the  wound.  It  is  no  longer  necessary  to  apply 
irritating  carbolic  gauze  to  the  skin,  for  a  layer  of  sali- 
cylic or  sublimate  cotton,  or  of  borated  cotton  soaked  in 
boro-glyceride  {vide  below)  is  preferable.  Nevertheless, 
it  is  always  good  practice  to  use  the  protective,  which 
should  be  soaked  in  sublimate  or  other  antiseptic  solution 
before  it  is  used. 

Instead  of  carbolic  gauze  we  now  have  numerous  sub- 
stitutes which  can  be  made  just  as,  or  more  effective. 
These  will  be  considered  below.'  Their  selection  may  be 
left  largely  to  the  choice  of  the  individual  operator. 

Cheaper  substitutes  for  mackintosh  are  now  made  in 
abundance  ;  we  have  very  thin  rubber  cloth,  gutta-percha 
paper,  waxed  and  parafBned  paper,  etc. ;  many  of  them 
very  pliable.  These  materials  may  be  regarded  as,  in 
a  measure,  duplicates  of  those  employed  by  Lister.  As 
we  gradually  depart  from  his  original  methods,  other  ways 
and  means  of  attaining  good  results  are  before  us,  some  of 
which  are  well  worthy  of  careful  study.  An  important 
question  is  this :  If  the  spray  is  fcf  doubtful  utility,  do  we 
need  any  substitute  ?  Probably  we  can  accomplish  as 
much,  or  almost  as  much,  by  irrigation  with  some  anti- 
septic solution,  preferably  one  of  corrosive  sublimate. 
This  may  be  done  occasionally  Auring  the  operation,  and 
should  always  be  practised  just  before  applying  the  dress- 
ings. If  the  hands,  ligatures,  instruments,  and  sponges 
he  thoroughly  antisepticized,  and  kept  so,  we  need  feel 
but  little  fear  for  the  result.  And  if  the  water  used  for 
irrigation  be  quite  hot,  and  allowed  to  play  in  fine  stream 
upon  the  part  during  the  operation,  we  shall  have  both 
an  efficient  antiseptic  and  a  styptic. 

Too  much  care  cannot  be  paid  to  seeing  that  the 
operator's  hands  and  instruments  be  surgically  clean  ; 
eqiuMy  so  those  cf  his  nurses  and  assistants.  Knives 
and  small  instruments  with  baked  rubber  handles,  with 
no  irregularity  or  depression  about  them,  not  even  the 
maker's  name  stamped  on  them,  such  as  Esmarch  has 
recommended,  are  about  the  only  ones  which  can  be  kept 
surgically  clean.  It  is  also  essential  that  the  parts  to  be 
operated  on  should  be  equally  clean.  To  this  end  the 
patient  should  have  had  a  careful  and  complete  prelimi- 
nary bath,  and  should  be  dressed  in  clean  clothes.    Then, 


just  at  the  time  of  operating,  the  parts  should  be  shaved 
and  dried,  and  then  sopped  with  a  mixture  of  spirits  of 
turpentine  (one  part)  with  alcohol  (two  to  three  parts). 

It  must  be  remembered  that  the  instruments  are  kept 
in  1  to  30  carbolic  solution,  and  the  sponges  should  have 
been  but  very  recently  removed  from  the  antiseptic  solu- 
tion in  which  they  are  habitually  to  be  kept.  Instru- 
ments after  using  are  replaced  in  the  carbolic  solution. 
Sponges  are  to  be  washed,  after  becoming  bloody,  in  dean 
water,  then  rinsed  in  the  antiseptic  solution  selected,  be- 
fore being  wrung  dry  and  handed  to  the  assistant ;  and 
all  this  by  one  who  has  surgically  clean  hands  and  clothes. 
Sponges  which  have  been  dropped  had  better  not  be  used 
again ;  those  which  have  taken  up  faeces  or  foul  pus 
should  be  burned.  No  casual  spectator  should  touch 
anything  about  the  patient 

In  other  words,  the  operation  should  be  conducted  with 
the  same  extreme  care  that  is  called  for  in  the  strictest 
Listerian  plan.  Choice  of  antiseptics  may  be  made  from 
those  mentioned  below  ;  but  those  who  try  sublimate  solu- 
tions in  average  strength  of  say  1  to  1,300  will  very  sel- 
dom wish  to  employ  any  other. 

During  the  International  Medical  Congress  (Copen- 
hagen) of  1884,  Professor  Esmarch  read  a  paper  on  the 
antiseptic  method,  in  which  he  laid  down  certain  postu- 
lates for  the  avoidance  of  suppuration,  which  we  summa- 
rize as  follows  :  1,  Exact  hsemostasis ;  3,  avoidance  of 
cavities  in  the  interior  of  wounds ;  3,  drainage,  when 
possible,  not  by  tube  but  by  leaving  openings ;  4,  arti- 
ficial local  ansemia  by  application  of  catgut  ligatures  on 
large  and  small  vessels ;  5,  bandage  before  removal  of 
tourniquet ;  6,  support  of  all  deep  parts  by  sutures,  press- 
ure, etc. 

He  uses,  while  operating,  a  salt  solution  of  the  same 
specific  gravity  as  that ,  of  the  blood ;  after  operating 
he  uses  a  sublimate  solution.  His  bandage-strips  are 
also  sterilized  by  dry  heat  and  sublimate.  "The  spray  he 
only  uses  in  the  room  before  operating.  The  splints  with 
which  he  immobilizes  are  made  of  glass.  By  such  means 
he  attains  results  as  favorable  as  any. 

As  one  studies  the  general  subject  of  antiseptic  surgery 
he  will  find  that  nearly  every  Continental  teacher  of  note 
has  some  custom  peculiar  to  himself  ;  but  this  fact  sim- 
ply implies  that  the  student  has  a  wide  range  of  means 
and  methods  from  which  to  choose  his  own ;  and  it  is 
with  a  view  of  aiding  him  in  his  choice  that  we  give  be- 
low a  list  of  the  more  important  substances  known  to 
possess  germicidal  properties,  stating  concisely  such  facts 
pertaining  to  the  same  as  seem  most  •  important  and  in- 
dicative. 

Aluminium  Acetate. — Introduced  by  Maas,  of  Freiburg, 
who  recommends  a  two  and  one-half  per  cent,  solution 
in  spray,  and  soaks  his  compresses  and  dressings  in  the 
same.  The  salt  is  free  from  irritating  qualities,  and  he 
claims  that  his  cases  follow  a  strictly  antiseptic  course. 
According  to  Sternberg's  researches,  1  part  in  478  killed 
bacteria  in  broken-down  beef-tea,  while  1  in  584  failed  to 
kill.*  It  can  only  be  used  moist,  since  when  dry  it  de- 
composes. 

Alcohol. — Bacteria  of  broken-down  beef -tea  survive  ex- 
posure in  ninety-five  per  cent,  of  alcohol  for  forty-eight 
hours.  The  gonococcus  is  killed  only  by  a  forty  per 
cent,  solution.  It  is  in  many  respects  a  good  antiseptic, 
but  should  not  be  used  in  weak  solutions  when  this 
effect  is  desired.  It  is  worth  while  here  to  call  attention 
to  the  fact  which  Hack  has  demonstrated,  that  granula- 
tions treated  by  alcohol  absorb  very  little,  if  at  all,  while 
those  treated  by  carbolic  acid  absorb  much  more  readily. 
On  the  other  hand,  alcohol  is  said  to  hinder  the  cicatriz- 
ing process. 

Bernoio  Acid.— Onepati  in  3,000  retards  development  of 
spores ;  bacteria  of  broken-down  beef-tea  are  only  de- 
stroyed by  1  part  in  77  Volkmann  has  tested  the  drug 
clinically,  and  found  that  while  wounds  generally  healed 
fairly  well  under  benzoated  jute,  or  dressings  saturated 

*  The  writer  has  borrowed  largely  from  Sternberg's  studies  on  bac- 
teria in  giving  figures  of  this  kind  throughout  this  portion  of  the  sub- 
ject; and  would  refer  the  interested  student  to  his  admirable  treatise  on 
the  subject  (Bacterift,  Magnia  and  Sternberg,  New  Yorli,  1884). 
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with  tincture  of  benzoin,  their  course  was  not  uniformly 
antiseptic.  .  ^.        ... 

Bismuth  Subnitrate.—The  antiseptic  properties  at  bis- 
mutli  subnitrate  were  known  to  Cloquet  and  Verneuil  even 
in  1860  but  have  been  made  much  better  known  by  Kocher 
of  Berne.  He  suspends  it  in  water  in  the  proportion  of 
one  part  to  one  hundred,  and  uses  it  thus  mixed  for  irri- 
gation, both  during  operation  and  when  dressing.  Inas- 
much as  under  its  use  the  wound  secretes  much  less  fluid, 
the  parts  are  not  united  by  suture  until  twenty-four 
hours  after  the  operation,  by  which  time  no  drainage  is 
required.  Gauze  and  cotton  can  be  prepared  with  a  bis- 
muth'mixture.  During  the  discussion  of  the  subject  at 
the  Congress  of  German  Surgeons  for  1883,  Kocher  said 
that  so  far  as  he  had  studied  the  rationale  of  its  action,  he 
had  concluded  that  the  bismuth  salt  did  not  directly  affect 
the  microbes,  e.g. ,  of  erysipelas,  but  rendered  their  usual 
nourishment  unfit  for  their  support  by  forming  a  bis- 
muth albuminate  in  which  they  could  not  grow.  He  also 
said  he  had  observed  both  nephritis  and  enteritis  as  a  re- 
sult of  mild  bismuth  poisoning.  Kocher's  method  has 
found  few  or  no  imitators  in  the  United  States. 

Boric  (poraeic)  acid  kills  inferior  organisms  by  de- 
priving them  of  oxygen.  Even  in  saturated  solutions  it 
often  fails  to  destroy  test-organisms,  but  1  part  in  300 
prevents  their  development,  and  in  this  fact  resides 
its  value.  This  accounts  for  the  fact  that  cocci  maybe 
present  in  the  pus  of  wounds  treated  with  boric  acid, 
and  yet  no  sign  of  putrefaction  be  present.  It  is  sup- 
posed to  be  absolutely  innocuous,  but  Molodenkow  has 
twice  seen  undoubted  symptoms  of  poisoning  after  the 
use  of  large  quantities  of  a  saturated  solution.  It  was 
first  used  as  an  antiseptic  in  1873,  in  Sweden. 

Boric  acid  is  too  sparingly  soluble  in  cold  water  (1  in 
30)  to  be  of  much  service  in  solution  ;  but  stronger  solu- 
tions may  be  made  by  using  hot  water  or  by  the  aid  of 
borax.  Its  crystals  are  difficult  to  pulverize,  but  this 
difficulty  may  be  overcome  by  trituration  with  a  few 
drops  of  alcohol.  It  may  now,  however,  be  easily  pro- 
cured in  amorphous  powder,  which  may  be  blown  through 
any  form  of  powder-blower.  Cavities  that  are  to  heal  by 
granulation  may  be  filled  with  the  powder,  as  wounds 
after  excisions,  sequestrotomies,  removal  of  projectiles, 
etc. ;  it  offers  thus  a  very  safe  means  of  preventing  sepsis, 
and  is,  moreover,  an  admirable  stimulant  to  the  granulat- 
ing process.  For  such  purposes  its  only  rival  is  iodoform, 
while  it  has  the  advantage  of  being  odorless  and  of  prac- 
tically never  causing  symptoms  of  poisoning.  Lint  and 
cotton  may  be  steeped  in  a  hot  saturated  solution  ;  after 
cooling  and  drying  the  fine  crystals  are  deposited  in  their 
fibre.  Absorbent  cotton  thus  prepared  is  nearly  equal  to 
Lister  gauze.  When  a  moist  boric  acid  dressing  is  wanted 
it  can  be  best  secured  in  what  is  known  as  boro-glyceride 
(eide  below,  Gflycerine).  Lister  has  recommended  a  "bo- 
racic  ointment"  made  with  boric  acid,  1  part ;  wax,  1  part ; 
paraffin,  3  parts  ;  almond  oil,  3  parts.  This  may  often 
replace  the  protective,  especially  about  the  genitals 
and  anus,  where  exact  antisepsis  is  difficult  or  impracti- 
cable. 

By  Thiersch,  of  Leipzig,  boric  solutions  are  used  for 
irrigation,  and  are  made  in  this  proportion  :  Salicylic 
acid,  1  part ;  boric  acid,  6  parts  ;  water,  500  parts.  If 
there  be  ever  any  cause  to  object  to  the  use  of  the  sub- 
limate solution  this  may  make  an  excellent  substitute. 

.BrerotM«.— Spores  are  killed  by  a  two  per  cent,  aqueous 
solution ;  and  the  bacteria  in  broken-down  beef-tea  de- 
stroyed by  1  in  336.  It  is  mostly  used  as  a  caustic  for  foul 
and  sloughing  bed-sores,  and  the  like. 

Carbolic  Acid  (Phenol).— Accoi-iing  to  Sternberg  1  in 
800  destroys  septic  cocci,  but  1  in  35  does  not  destroy 
bacteria  of  broken-down  beef -tea.  Still  ]  in  500  prevents 
the  development  of  any  of  these.  De  la  Croix  has  stated 
that  a  ten  per  cent,  solution  is  required  to  destroy  bac- 
terial life.  Koch  has  likewise  recorded  that  ten  per  cent 
solutions  are  necessary  for  sure  disinfection  ;  and  that 
anthrax  spores  are  destroyed  in  a  four  per  cent,  solution 
only  after  an  immersion  of  three  days.  In  this  connection 
we  must  remember  that  spores  are  the  most  resistant  of 
any  pan  of  bacteria,  and  that  anthrax  spores  are  the 
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most  resistant  known.  A  smaller  proportion  than  that 
given  above  is  required  for  mature  germs.  Koch  also 
has  shown  that  oily  solutions  of  carbolic  acid  are  pecu- 
liarly inefficient,  and  consequently  that  catgut  preserved 
in  carbolized  oil  cannot  be  regarded  as  safe  for  surgical 
use,  a  fact  quite  in  accord  with  numerous  recorded  ex- 
periences. In  his  experiments  bacilli  lived  six  days  in 
pure  oil,  and  just  as  long  in  that  containing  five  per  cent, 
of  carbolic  acid. 

More  than  this,  carbolic  acid  has  a  disagreeable  effect 
on  fresh  tissues,  producing  a  bloody  oozing,  the  fluid 
permeating  dressings  rapidly,  and  thus  necessitating  early 
and  frequent  changes,  so  that  a  fundamental  principle 
of  antiseptic  surgery — rigid  rest— has  to  be  violated 
and  the  parts  disturbed.  On  various  accounts,  then, 
phenol  is  now  much  less  us  id  in  surgery  than  a  few  years 
ago,  better  substitutes  in  e  -ery  respect  having  been  in- 
troduced. 

The  Lister  gauze  is  prepared  with  the  following  for- 
mula :  Carbolic  acid,  by  weight,  50 ;  castor  oil,  30 ;  resin 
300 ;  alcohol,  1,000  to  1,500  ;  this  is  sufficient  for  the 
preparation  of  500  parts  by  weight  of  prepared  material. 

Chlorine. — Kills  bacteria  of  decomposed  beef -tea  in 
proportion  of  Ito  1,060,  and  prevents  their  development 
in  that  of  1  in  15,600.  Consequently  chlorine  water 
possesses  excellent  antiseptic  properties,  though  it  is 
scarcely  adapted  for  common  use. 

Eucalyptus. — Of  the  oil  1  in  3,500  retards  develop- 
ment of  spores,  though  only  1  in  14  kills  bacteria  in 
broken-down  beef -tea.  The  leaves  were  used  by  Guibert, 
in  1870,  as  a  dressing  for  lacerations,  etc.  Schulz,  of 
Bonn,  as  well  as  Baucholtz  and  Siegen,  have  made 
numerous  trials  with  preparations  of  eucalyptus,  and  urge 
their  adoption.  They  all  tend  to  hinder  emigration  of 
white  blood-corpuscles,  and  may  thus  influence  suppura- 
tion. Schulz  directs  that  for  the  spray  the  glass  reser- 
voir should  be  filled  with  an  alcoholic  solution  of  the 
oil,  which  the  steam  can  take  up  and  emulsify.  But 
odor  and  expense  serve  to  tell  against  eucalyptus  prepara- 
tions. It  may  also  be  used  in  the  manufacture  of  gauze. 
Lister's  own  researches  and  experiments  have  proved 
very  encouraging.  Lastly,  its  non-poisonous  and  anti- 
malarial properties  should  be  greatly  in  its  favor. 

Glycerine. — Introduced  into  surgery  in  1855  by  De- 
marquay  It  was  first  tried  in  hospital  gangrene,  and 
then  in  all  kinds  of  wounds.  Although  it  seems  inert  as 
regards  spores  of  bacilli,  it  nevertheless  possesses  remark- 
able preservative  power,  for  which  purpose  it  has  been 
largely  used  by  the  writer  (Annals  of  Anat.  and  Surg., 
February,  1883,  p.  130),  who  has  usually  found  that  the 
more  sevei-e  the  test  the  more  satisfactory  the  result. 

Glycerine  possesses  jDi-operties  calculated  to  make  it  pe- 
culiarly valuable  in  surgery.  It  is  not  only  a  solvent  of 
many  of  the  solid  antiseptic  drugs,  but  Is  freely  miscible 
with  water,  and  does  not  evaporate  on  exposure  to  the 
air.  A  glycerine  dressing  is  therefore  not  liable  to  stick 
to  a  wound,  while  the  parts  can  be  easily  cleansed  with  a 
stream  of  water.  In  this  last  respect  it  is  immeasurably 
superior  to  oil.  Further,  Mosetig-Moorhof  has  shown 
that  it  has  a  greater  specific  gravity  than  pus,  and  hence 
can  be  used  to  ^reat  advantage  in  deep  cavities  which  it 
is  difficult  or  impossible  to  drain.  Introduced  into 
these,  the  pus  rises  to  the  top,  and  can  be  floated  off  as 
fast  as  formed. 

Boric  acid  is  soluble  in  hot  glycerine  in  the  proportion 
of  three  parts  to  eight,  though  it  requires  some  care  to 
make  the  solution  thus  strong  ;  but  two  parts  of  the  acid 
are  easily  dissolved  in  eight,  the  solution  still  retaining 
the  usual  fluidity  of  glycerine.  By  this  means  the  anti- 
septic properties  of  both  are  combined  in  what  is  known 
as  boro-glyceride.  It  makes  a  most  admirable  dressing, 
especially  for  plastic  operations  and  scalp  wounds,  since 
the  glycerine  takes  up  the  watery  portions  of  the  blood  as 
poured  out. 

Corrosive  sublimate  also  dissolves  with  remarkable 
readiness  in  glycerine,  and  a  very  strong  solution  can 
thus  be  kept  on  hand  for  reducing  to  any  desired 
strength  ;  or  a  sublimated  glycerine  (I  to  500-1,000)  may 
be  used  instead  of  boro-glyceride, 
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By  aid  of  alcohol  and  heat,  glycerine  may  also  be  im- 
pregnated with  a  small  proportion  of  naphthalin  (q.  v.), 
hut  enough  to  make  it  smell  strongly,  and  share  the 
peculiar  properties,  of  the  latter.  This  mixture  may  be 
used  just  as  ishoro-glyceride. 

lodim,  in  proportion  of  1  to  1,000,  destroys  septic 
cocci,  while  the  bacteria  of  decomposed  beef-tea  are 
killed  by  1  in  410.  Its  antiseptic  properties  were  first 
pointed  out  by  Magendie  and  others,  in  1852.  Since 
then  it  has  been  largely  used,  but  of  late  has  been  rather 
replaced  by  other  drugs.  When  a  stimulating  antiseptic 
is  wanted,  a  three  to  ten  per  cent,  solution  of  the  tincture 
may  be  made  very  serviceable. 

lod/oform. — Introduced  into  systematic  use  as  an  anti- 
septic by  Mosetig-Moorhof,  of  Vienna,  in  1880.  Its 
introduction  has.  certainly  advanced  the  possibilities  of 
surgery.  Practically  insoluble  in  water,  it  furnishes  us  a 
solid  antiseptic  capable  of  withstanding  the  solvent  action 
of  the  fluids  and  excretions  of  the  body.  Formerly  the 
great  danger  after  such  operations  as  extirpation  of  the 
larynx,  thyroid,  tongue,  rectum,  uterus,  etc. ,  was  from 
purulent  infection,  because  by  the  very  nature  of  the 
cases  a  strictly  antiseptic  dressing  was  impossible.  Now 
they  are  made  practicable  and  almost  «afe.  In  spite  of 
the  advantages  which  it  furnishes  us,  it  has  had  some 
bitter  enemies  ;  but  as  experience  has  taught  its  more 
judicious  use,  it  is  likely  to  long  remain  in  favor.  It 
has  been  charged  that  under  its  use  erysipelas  has  hap- 
pened more  fiequently  than  under  the  Lister  dressing. 
Reports  from  some  sources  have  seemed  to  confirm  this, 
yet  erysipelas  is  rare  when  using  it,  the  writer  having  as 
yet  but  once  observed  it ;  and  it  still  stands  without  a 
rival  for  many  purposes. 

Symptoms  of  what  is  known  as  "iodoform  intoxica- 
tion "  have  been  less  rare,  though  stiU  very  uncommon. 
These  symptoms  have  generally  consisted  of  those  of  per- 
verted cerebral  action,  derangement  of  renal  secretion, 
loss  of  appetite,  wasting  away,  etc.  Elimination  must 
take  place  by  the  kidneys.  Mosetig-Moorhof,  its  intro- 
ducer, claims  that  free  elimination  by  these  emunctories 
is  prevented  by  carbolic  acid  when  carbolized  spray  or 
irrigation  is  used  during  operation.  He,  therefore,  ad- 
vises that  they  be  not  employed. 

With  respect  to  the  quantity  of  the  drug  that  may  be 
safely  used,  we  may  say  that  the  limit  of  safety  has  been 
set  at  10  Gm.,  though  much  more  may  be  tolerated. 
Gussenbauer  has  poured  240  Gm.  into  the  cavity  left 
after  resection  of  the  ankle,  with  no  unpleasant  result. 

The  penetrating,  tell-tale  odor  of  iodoform  may  at  least 
be  partially  disguised,  when  desirable,  by  balsam  of 
Peru,  eucalyptus  oil,  tonka  bean,  and  various  other 
drugs. 

Iodoform  may  be  used  in  dry  powder  by  dusting 
through  a  sprinkler,  or  by  using  one  of  the  various  forms 
of  powder-blowers.  When  desirable  to  introduce  it  into 
deep  cavities  a  saturated  ethereal  solution  may  be  poured 
in ;  the  ether  immediately  evaporating  leaves  it  behind  in 
fine  powder.  We  give  two  formulae  for  the  preparation 
of  iodoform  gauze  :  Iodoform,  50  Gm.  ;  ether,  250  C.c.  ; 
alcohol,  1,000  C.c.  This  is  enough  to  saturate  500  Gm. 
by  weight  of  cotton  or  gauze. 

Dissolve  60  Gm.  of  resin  in  1,200  C.c.  of  alcohol,  add 
50  C.c.  of  glycerine ;  in  this  immerse  6  metres  of  gauze,  and 
wring  as  dry  as  possible  ;  then  dust  over  it  50  Gm.  of  pow- 
dered iodoform  by  means  of  a  proper  blower.  Or  if  in 
haste,  the  dry  powder  may  be  simply  rubbed  into  the 
meshes  of  dry  gauze. 

The  proper  method  of  dressing  wounds  such  as  those 
left  after  excision  of  the  tongue,  larynx,  rectum,  kidney, 
or  after  pharyngotomy,  oesophagotomy,  etc. ,  is  by  iodo- 
form gauze,  and  not  by  filling  the  wound  with  dry  pow- 
der. Care  must  be  taken  that  it  lies  snugly  packed  into 
every  corner  of  the  wound,  completely  filling  all  pouches 
and  sinuses.  Thus  packed  it  may  be  left  in  the  oral  cav- 
ity six  to  eight  days.  It  is  not  Imtating,  and  keeps  a 
wound  antiseptic,  no  matter  if  saliva,  pus,  urine,  or  faeces 
pass  over  it,  Separate  drainage  of  a  wound  thus  packed 
is  unnecessary.  The  gauze  may  even  be  left  in  place  un- 
disturbed for  from  five  to  fifteen  days.    As  soon  as  the 


wound  granulates  nicely,  the  gauze  may  be  discontin- 
ued. Dusting  or  rubbing  in  the- drug  may  lead  to  poi- 
soning ;  treated  as  above  this  accident  never  occurs,  ex- 
cept possibly  in  the  largest  wounds. 

Mercuric  {Bi)  Chloride,  Corrosive  Sublimate. — For  the 
introduction  of  this  drug  into  general  surgery  we  are  in- 
debted to  Bergmann,  who  began  to  use  it  in  1878.  It 
now  takes  rank  as  our  most  powerful  and  reliable  anti- 
septic. One  part  in  40,000  prevents  the  development  of 
septic  cocci ;  1  in  6,500  kills  bacteria  in  broken-down 
beef-tea  ;  1  in  10,250  prevents  their  development ;  and 
the  spores  of  anthrax  bacilli,  the  most  resistant  known, 
are  killed  by  ten  minutes'  immersion  in  a  solution  of  1  to 
1,000. 

For  ordinary  surgical  purposes  it  is  used  in  the  propor- 
tion of  1  in  1,000  to  2,000.  In  this  strength  it  is  now  used 
in  most  of  the  hospitals  at  home  and  abroad  for  every  pur- 
pose except  immersion  of  the  instruments.  Sponges  and 
silk  are  kept,  before  using,  in  stronger  solutions.  For 
the  country  practitioner  it  forms  the  most  portable  as 
well  as  efficient  antiseptic,  since  powders  of  one  gram 
(15  grains)  of  finely  powdered  sublimate  are  easily  dis- 
solved in  one  litre  (one  quart)  of  warm  water,  thus  form- 
ing a  solution  of  1  to  1,000  strength  ready  at  hand. 

Poisoning  from  these  solutions  thus  used  is  almost  un- 
known ;  in  rare  cases  where  there  is  peculiar  susceptibil- 
ity it  may  happen,  but  is  not  likely  to  be  serious,  much 
less  fatal. 

Dr.  B.  F.  Weir,  of  New  York,  has  shown  that  when 
sublimated  dressings  (jute,  cotton,  etc.),  are  allowed  to 
stand  for  a  long  time  some  of  the  sublimate  is  liable 
to  lose  a  part  of  its  chlorine,  being  thereby  converted 
into  calomel.  To  prevent  this  it  has  been  suggested  by 
Gibbs  that  the  solutions  in  which  they  are  prepared  should 
contain  one-half  of  one  per  cent,  of  common  salt.  Weir 
has  also  found  that  even  in  solution,-  allowed  to  stand  for 
a  length  of  time,  sublimate  undergoes  the  same  change 
to  a  certain  extent,  judging  from  the  fact  that  lime-water 
added  to  it  gives  a  mixture  of  black  and  red  precipi- 
tates. 

Sir  Joseph  Lister  has  lately  called  attention  to  the  re- 
markable solubility  of  sublimate  in  glycerine,  three  parts 
taking  up  two  of  the  dry  powder,  while  it  is  only  soluble 
in  sixteen  parts  of  water.  We  are  thus  furnished  with 
a  means  of  carrying  a  very  concentrated  solution  in  small 
bulk.  In  this  connection,  making  a  reference  to  military 
surgery,  he  showed  that  rags  are  really  the  same  material 
as  wpod-wool,  and  that  clean  rags  of  any  kind  could  be 
antisepticized  by  soaking  in  a  mixture  of  one  part  of  the 
above  glycerine  solution  in  two  hundred  parts  of  water, 
and  then  hanging  up  to  dry. 

Still  more  recently  (October,  1884),  he  has  delivered  an 
address  on  the  use  of  sublimate,  in  which  he  calls  atten- 
tion to  some  recent  failures  with  carbolic  acid  and  eu- 
calyptus, owing  to  their  volatility  and  consequent  uncer- 
tainty. His  only  objection  to  sublimate  has  been  its 
irritant  properties,  and  these  he  has  succeeded  in  obviating 
by  combining  it  with  blood-serum,  taking  advantage  of 
the  well-known  fact  that  the  inert  coagulum  which  sub- 
limate-forms with  albumen  is  soluble  in  excess  of  serum, 
the  solution  thus  probably  forming  a  double  albuminate 
of  mercury.  This  solution  possesses  all  the  germicidal 
properties  of  its  active  agent,  yet  is  absolutely  non-irri- 
tating in  any  proportion  in  which  it  should  ever  be  used. 
Lister  saturates  a  gauze  with  a  one  per  cent,  preparation, 
and  even  applies  this  to  the  dry  skin.  A  gauze  when  so 
prepared  gives  ofE  a  dust  which  is  slightly  irritating  to 
the  nostrils,  hence  it  is  best  to  cut  it  with  scissors. 

When  the  prepared  serum  is  placed  in  water  it  does  not 
dissolve,  but  becomes  opaque,  the  albumen  retaining  nearly 
all  the  sublimate.  Hence,  when  perspiration  soaks  into 
such  a  dressing  it  does  not  soak  out  the  irritant  chemical ; 
the  skin  is  thereby  saved  from  irritation.  While  time 
sufficient  for  a  fair  trial  of  this  dressing  has  not  yet,  at 
present  writing,  elapsed,  it  gives  remarkable  promise  of 
good  ;  while  for  all  practical  surgeons  Sir  Joseph  Lister's 
own  endorsement  is  amply  sufficient  to  warrant  its  immedi- 
ate introduction  into  practice. 

Sublimate  gauze,  made  according  to  the  following  for- 
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mula,  will  be  found  an  admirable  protection  and  substi- 
tute for  carbolic  gauze  : 


Corrosive  sublimate 


500 


Water ^'^°" 

5,000 

In  this  is  soaked  ordinary  cbeese-cloth  whicb  has 
been  boiled  in  soda  solution  to  remove  its  fatty  matter, 
and  then  washed  and  dried.  Thus  prepared,  it  is  per- 
haps better  for  external  use  than  any  other  antiseptic 
dressing,  except  that  prepared  with  serum  as  mentioned 
above.  Absorbent  cotton  may  be  rendered  antiseptic  in 
the  same  way  ;  but  both  should  be  prepared  freshly  and 
not  allowed  to  become  old,  for  reasons  already  mentioned. 

NmMhaUn.—K  coal-tar  product,  with  the  formula 
CoHb,  discovered  in  1830  by  Garden,  and  introduced  as 
an  antiseptic  in  surgery  in  Luecke's  Strassburg  clmic,  by 
Fischer.  A  white  crystalline  body,  difficult  to  reduce  to 
powder,  melting  at  79°  C,  insoluble  in  water,  but  freely 
soluble  in  benzine  or  in  four  parts  of  ether.  Bonning 
in  1883,  made  a  series  of  experiments  with  blue  pus,  and 
found  that  naphthalin  quickly  destroyed  the  peculiar 
fungus  which  imparts  the  bluish  tint ;  also  that  it  quickly 
killed  all  the  rod-shaped  bacteria,  though  an  occasional 
coccus  would  escape  its  influence.  In  doses  of  3  to  3 
Gm.  it  had  a  laxative  effect,  sometimes  causing  slight 
strangury.  Stewart,  of  Montreal,  has  kept  a  half  pint  of 
urine  sweet  for  three  weeks  with  twenty  grains  ;  and  not 
only  urine  but  pus,  milk,  serum,  etc.  He  claims  that  it 
colors  the  urine,  though  in  this  respect  he  contradicts 
Bonning. 

Naphthalin  is  an  admirable  germicide,  and  has,  more- 
over, properties  which  make  it  seem  almost  specific  as 
against  the  micro-organisms  causing  erysipelas.  Fischer 
called  attention  to  this  fact  soon  after  beginning  its  use, 
and  the  stateriients  to  this  effect  of  various  foreign  ob- 
servers have  received  confirmation  in  the  writer's  hands. 
An  ointment  containing  from  five  to  twelve  per  cent,  of 
the  drug  may  be  smeared  over  the  affected  part.  It 
seldom  fails  to,  at  least,  give  relief,  and  the  writer  has 
frequently  seen  the  appearances  of  the  disease  quickly 
fade  away  under  its  use  ;  so  often,  in  fact,  that  he  feels 
justified  in  recommending  this  as  the  most  reliable  treat- 
ment of  the  many  he  has  tried.  The  same  ointment 
will  be  found  very  useful  in  various  parasitic  and  other 
skin  diseases. 

A  common  formula  abroad  for  the  preparation  of 
naphthalin  gauze  or  cotton,  is  to  soak  the  material  in  the 
following  :  Naphthalin,  1  pint ;  ether,  4  pints  ;' alcohol, 
13  pints.  Thus  prepared,  it  costs  very  much  less  than 
iodoform  gauze  or  cotton.  A  still  cheaper  way,  devised 
by  the  writer,  is  to  prepare  cheese-cloth  so  as  to  make  it 
absorbent,  by  boiling  in  alkaline  water,  and  then,  after 
drying,  to  let  it  take  up  a  saturated  solution  of  naphthalin 
in  benzine  or  gasolene,  after  which  it  is  hung  out  on  a 
line  so  that  the  very  volatile  solvent  may  evaporate.  The 
gauze  must  then  be  kept  in  air-tight  jars  or  receptacles, 
since  the  naphthalin  itself  is  very  liable  to  gradually 
evaporate. 

Though  slightly  irritating  to  a  delicate  skin,  and  ren- 
dering the  use  of  protective  advisable,  naphthalin  will 
be  found  a  very  reliable  antiseptic.  Sluggish  ulcers  are 
quickly  stimulated  by  it  into  liealthy  activity  ;  to  them 
it  is  applied  in  fine,  dry  powder.  For  many  purposes  it 
is  enough  to  simply  sprinkle  this  powder  into  cotton  or 
cheese-cloth  for  outside  dressings.  Djakonow,  Doutrele- 
pont,  and  Delhougne,  among  other  foreign  observers, 
speak  most  highly  of  it,  while  in  this  country  it  has 
been  particularly  introduced,  used,  and  commended  by 
Fowler,  of  Brooklyn,  and  by  the  writer. 

Peroxide  of  Syd/rogen ;  Oxygenated  Wafer.— Pean  and 
Baldy  have  used  water  impregnated  with  two  to  six  vol- 
umes of  oxygen,  partly  as  an  injection  in  cystic  trouble, 
ozsBna,  etc.,  and  partly  internally  (3.0  to  5.01  Gm.  in 
150  C.c.  water)  in  ursemia,  septiceemia,  erysipelas,  dia- 
betes, tuberculosis,  etc.  They  have  also  used  it  locally, 
compresses  being  wet  with  it,  covered  with  some  im- 
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permeable  protective,  and  renewed  when  dry  ;  also  for 
irrigation  and  in  the  spray.  They  have  expressed  them- 
selves well  pleased  during  these  trials,  but  it  is  hardly 
likely  that  in  their  efforts  they  will  find  many  imitators 
in  this  country. 

Potassium  pei-manganate  has  but  a  limited  range  of 
antiseptic  usefulness.  A  two  per  cent,  solution  destroys 
the  virulence  of  septicsemic  blood.  Cocci  of  pus  are 
killed  by  1  in  800  ;  1  in  300  prevents  the  development  of 
bacteria,  while  those  in  broken-down  beef -tea  are  killed 
by  1  in  35. 

Reaorcin^ — Melts  at  118°  C.  and  sublimes  at  276°  C. ; 
is  soluble  in  water  and  alcohol.  Solutions  of  one-half  to 
one  and  one-half  per  cent,  can  be  used  in  spray,  the  latter 
strength  having  well-marked  antizymotic  properties.  A 
five  per  cent,  solution  may  be  used  in  the  bladder  in 
cases  of  cystitis,  while  alcoholic  solutions  with  a  small 
proportion  of  glycerine  serve  for  the  preparation  of  gauze 
and  cotton.     Reasonably  efficient,  but  rarely  used. 

Salicylic  acid  has  the  advantage  over  carbolic  acid 
that  neither  in  strong  solution  nor  in  powder  has  it  odor 
nor  caustic  effect ;  its  disadvantages  are  its  slight  solu- 
bility in  water  and  the  fact  that  Its  powder  is  irritating 
to  the  nose  and  fauces.  By  the  addition  of  borax  it  is 
made  more  soluble  ;  such  a  solution  of  two  per  cent 
strength  kills  bacteria  in  decomposed  beef-tea,  while  by 
itself  1  in  1,131  prevents  their  development.  The  solu- 
tions of  1  in  300,  so  often  employed,  are,  nevertheless,  too 
weak  to  trust  for  purposes  of  irrigation  where  carbolic 
acid  is  irritating  or  obnoxious ;  a  1  to  100  solution,  made 
by  aid  of  borax,  should  be  used. 

It  was  brought  into  surgical  use  by  Thiersch,  of 
Leipzig,  and  has  been  used  a  great  deal.  In  the  spray 
it  is  noh- irritating  to  serous  membranes.  Volkmann  has 
showed  that  in  those  cases  where  the  discharges  have  a 
sour  odor,  and  sphsero-organisms  are  found  under  the 
microscope,  the  use  of  the  acid  checks  all  mischief  and  de- 
stroys the  odor.  Lister  makes  a  cream  or  ointment  of  sali- 
cylic acid  for  application  around  the  edge  of  other  dress- 
ings where  irritation  has  been  set  up.  Dusted  in  powder 
on  ulcerated  surfaces  it  dries  into  a  crust  and  forms  a  pro- 
tection from  the  air.  Three  and  ten  per  cent,  salicylic 
cotton  are  kept  by  the  dealers,  or  may  be  easily  made, 
and  are  very  efficient  substitutes  for  the  carbolic  gauze. 

Sugar. — In  May,  1883,  Luecke  and  his  assistants  be^an 
experimenting  in  the  Strassburg  clinic  with  sugar,  using 
it  not  only  pure  but  mixed  in  equal  proportion  with  naph 
thalin,  and  also  in  combination  with  one-fifth  of  iodo- 
form. These  mixtures  were  made  up  in  gauze  bags, 
laid  over  the  wound  or  directly  on  the  raw  surface,  and 
covered  with  the  usual  outside  dressings.  They  were  al- 
lowed to  remain  eight  to  fourteen  days,  and  proved  very 
absorbent.  The  bags  should  not  have  a  thickness  of 
more  than  half  a  centimetre,  otherwise  there  is  a  ten- 
dency to  the  formation  of  lumps. 

Under  these  dressings  there  was  no  odor,  the  parts  in- 
variably appeared  well,  and  bacteria  could  never  be  found 
in  the  moisture  or  discharge.  Granulations  proceeded 
healthily  and  satisfactorily,  and  were  not  too  vascular ; 
where  it  was  possible  union  per  primam  always  occurred. 
They  therefore  recommend  it  as  a  most  cheap  and  efficient 
dressing. 

The  writer  had  been  using  it,  both  in  surgery  and  in 
the  preparation  of  anatomical  specimens,  independently 
and  ignorantly  of  these  experiments,  when  their  results 
were  published,  and  publication  of  his  own  work  thereby 
rendered  of  less  interest,  and  consequently  postponed; 
his  conclusions,  however,  independently  arrived  at,  were 
to  the  same  effect. 

In  this  Connection  it  may  be  well  to  call  attention  to 
the  fact  that  Galen  said  of  sugar  and  honey  that  they 
would  prevent  putrefaction  (which  of  course  their  daily 
domestic  use  amply  proves) ;  and  that  Avicenna  used  them 
in  the  treatment  of  ulcers.  The  Turks  wash  wounds 
twice  a  day  with  wine  and  then  cover  them  with  sugar. 
Lastly,  it  will  be  remembered  that  during  our  Civil  War 
Packard  found  sugar  to  be  the  best  application  in  cases 
of  hospital  gangrene. 
Thymol  was  brought  to   the   notice  ot   surgeops  by 
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Yolkmann  and  Ranke.  of  Halle.  An  alcoholic  solution 
of  1  in  30  kills  bacteria  in  broken-down  beef-tea ;  1  in 
1,340  prevents  their  development.  At  first  it  promised 
well,  but  it  has  not  stood  exhaustive  tests,  and  is  now  sel- 
dom or  never  used,  except  in  washing  out  thoracic  or  pul- 
monary cavities,  and  in  the  spray  during  laparotomy, 
when  the  solution  should  be  at  least  1  in  350,  instead  of 
1  in  3,000  as  at  one  time  recommended. 

THchlorplienol. — Discovered  by  Lamont  in  1836  ;  intro- 
duced into  Russian  surgical  practice  as  an  antiseptic  by 
Pelechin  in  1879,  and  his  recommendation  warmly  em- 
phasized by  Dianin.  Aside  from  its  general  uses,  Popoffl 
has  recommended  a  five  per  cent,  glycerine  solution  to  be 
painted  over  the  affected  surface  in  cases  of  erysipelas, 
saying  that  two  or  three  applications  check  the  disease. 
In  eight  cases  reported  he  had  surprising  results.  He 
•  also  uses  a  0.06  per  cent,  solution  for  injection  in  leucor- 
rhioea,  gonorrhoea,  etc.,  and  for  a  local  spray  upon  laryn- 
geal ulcers. 

Zino  ehloride  was  recommended  in  1866  by  De  Morgan. 
Lister  uses  an  eight  per  cent,  solution  for  disinfection  of 
sinuses,  fistulae,  and  sloughing  surfaces.  A  solution  of 
1  to  50  kills  the  gonococcus  ;  1  in  300  prevents  the  devel- 
opment of  septic  cocci.  According  to  Hack  a  surface  to 
which  a  strong  solution  has  been  applied  is  almost  in- 
capable of  absorption. 

Recently  Kocher  has  published  his  experience  with  the 
use  of  weak  solutions  in  the  Berne  clinic.  He  has  found 
even  0.03  per  cent,  solutions  very  satisfactory ;  he  also 
saturates  his  dressings  with  the  same  or  stronger  ones. 
Bardeleben  has  used  cotton,  gauze,  jute,  etc.,  prepared 
with  ten  per  cent,  solutions ;  and  especially  commends 
them  for  the  fact  that  their  antiseptic  is  not  lost  by 
evaporation  nor  changed  by  exposure. 

If  we  choose,  in  closing  the  consideration  of  particular 
antiseptics,  we  may  select  the  six  most  commonly  used 
in  this  country,  and,  abstracting  the  following  figures 
from  Sternberg's  tables,  present  the  following  tabular 
estimate  of  their  relative  germicidal  power  : 

Per  cent,  required  Per  cent,  required 
to  destroy  vital-  to  prevent  devel- 
ity.  opment. 

Corrosive  sublimate 0. 005                  0. 003 

Iodine 0.3                      0.035 

Carbolic  acid 0.8  0.3 

Salicylic  acid ■    4.0                      0.05 

Boric  acid 4.0                      0.05 

Alcohol 40.0  10.0 

Aside  from  drugs,  we  have  yet  to  consider  dressing 
materials  which  may  be  impregnated  with  them,  and 
antisepticized  suture  and  ligature  materials. 

By  boiling  in  carbolic  or  in  sublimate  solutions,  both 
silk  and  hempen  thread  may  be  rendered  thoroughly  asep- 
tic. If  the  former  is  used  it  should  be  of  the  strength  of  1 
to  80  or  30.  If  the  latter,  a  one-half  per  cent,  solution.  Boil- 
ing should  be  continued  for  half  an  hour.  After  this  the 
material  should  be  kept  on  spools  submerged  in  similar  but 
weaker  solutions.  Silk  thus  prepared  and  kept  may  be 
used  for  any  internal  purpose,  cut  short  and  left,  without 
fear  that  it  will  cause  any  untoward  irritation. 

We  have  already  learned  that  carbolized  oil  is  in  no- 
wise to  be  depended  on,  hence  catgut  preserved  in  it  is 
unreliable.  With  trifling  trouble  every  one  may  prepare 
catgut  for  himself  at  small  cost,  and  with  a  certainty  that 
it  will  be  aseptic ;  the  method  is  known  as  Kocher's. 
Raw  catgut  of  desired  sizes  is  procured  of  wholesale 
jewellers,  or  other  dealers,  sizes  0, 1,  and  3  being  most  de- 
sirable ;  if  it  seem  greasy  or  smell  at  all  badly  it  may  be 
immersed  in  ether  or  benzine,  which  will  dissolve  out  the 
fatty  matters.  It  is  then  immersed  in  oil  of  juniper  ber- 
ries (not  wood),  in  which  it  is  allowed  to  remain  two  or 
three  days.  It  is  now  only  necessary  to  put  it  into  alco- 
hol containing  1  to  1,000  of 'sublimate,  which  bleaches  it 
out,  and  in  which  it  is  to  remain  until  wanted  for  use. 
By  this  method  it  is  not  only  rendered  aseptic,  but  is 
hardened  so  that  it  may  be  depended  on  not  to  be  ab- 
sorbed too  quickly. 

With  regard  to  silkworm-gut,  ox-aorta  ligature,  kan- 


garoo-tendon, and  the  like,  while  they  are  not  in  general 
use,  if  desired  they  may  also  be  prepared  according  to 
Kocher's  method. 

Neuber's  decalcified  drainage-tubes  had  best  also  re- 
ceive similar  treatment,  that  asepsis  may  be  insured. 
When  rubber  drainage-tubing  is  used,  it  also  should  be 
kept  in  a  jar,  submerged  in  a  1  to  500  to  1,000  watery 
sublimate  solution. 

Coming  now  to  absorbent  dressings,  the  market  is 
stocked  with  numerous  brands  of  absorbent  and  prepared 
cottons  (boric,  salicylic,  iodoform,  sublimate),  jute  (simi- 
larly prepared),  peat,  glass-wool,  wood-wool,  wood-flour, 
oakum,  etc.  Besides  these,  various  other  cheaper  or  more 
domestic  materials  can  be  procured  and  efficiently  pre- 
pared. 

Sawdust,  for  instance,  which  is  quite  absorbent,  may 
be  nearly  parched  by  baking,  and  then  soaked  in  a  1  in 
300  sublimate  solution,  dried,  kept  in  a  tight  box  or  jar 
(but  not  too  long),  and  filled  into  gauze  bags  as  desired  for 
use.  Symonds  recommends  the  soaking  of  coarse  saw- 
dust, which  is  better  than  fine,  in  wine  spirit  containing  ten 
per  cent,  of  phenol  (carbolic  acid),  after  soaking  it  is  ex- 
posed to  the  air  till  the  alcohol  has  evaporated,  when  it 
is  kept  in  tight  receptacles.  This,  too,  is  enclosed  in 
bags  of  several  layers  of  prepared  gauze,  placed  outside 
the  deep  dressing,  and  covered  with  impervious  tissue. 

Max. — Following  a  recommendation  of  Mededew,  a 
Russian  lady  physician,  Makuschina  by  name,  has  shown 
how  flax  of  good  quality  can  be  very  cheaply  prepared. 
It  is  boiled  for  three  hours  in  a  wood-ash  lye,  and  soaked 
therein  for  eight  hours  longer,  then  dried  and  combed 
out.  By  this  process  it  loses  twenty  to  twenty-five  per 
cent,  of  its  weight  and  becomes  soft,  white,  and  absorbent. 
Instead  of  lye  a  two  per  cent,  soda  solution  may  be  used. 
In  Russia,  as  thus  prepared,  it  costs  only  one-fifth  as 
much  as  a  cotton  or  gauze  dressing.  It  may  then  be  pre- 
pared with  any  antiseptic  desired. 

Wood-wool  and  wood-flour,  the  latter  the  finest,  are  made 
from  pine  wood  ;  they  are  very  soft  and  absorbent.  They 
are  best  prepared  with  one-half  per  cent,  by  weight  each 
of  sublimate  and  glycerine  ;  and  when  used  are  made  up 
in  gauze  bags  of  desired  size  and  thickness. 

With  regard  to  relative  absorbent  powers,  it  is  said 
that  cheese-cloth  absorbs  three  times  its  weight  of  fluid  ; 
moss,  four  times ;  sawdust,  four  times  ;  wood-wool,  ten 
times  ;  jute,  eight  times ;  dry  punk,  eleven  times ;  Ger 
man  peat,  twelve  times ;  wood-flour,  fourteen  times ;  ab- 
sorbent cotton,  sixteen  times. 

Moss. — It  has  been  suggested  to  utilize  the  soft  mosses 
found  in  various  districts  as  a  dressing  material.  They 
should  be  prepared  like  sawdust. 

Peat. — The  peat,  originally  introduced  into  the  Kiel 
clinic  by  Neuber  and  Esmarch,  is  now  imported  and  for 
sale  by  dealers  in  this  country.  At  wholesale  it  costs  six- 
teen cents  a  pound,  and  is  as  efficient  as  it  is  cheap.  It 
comes  already  prepared  with  a  proper  percentage  of  sub- 
limate, and  requires  only  to  be  made  up  in  bags  of  sub- 
limate or  naphthalin  gauze,  slightly  dampened  (dampen- 
ing makes  it  more  absorbent),  and  applied  over  the  deep 
dressing,  with  some  impervious  tissue  over  it.  It  has 
special  power  to  absorb  gaseous  products  of  decomposi- 
tion, e.g.,  ammonia;  hence,  according  to  Hart,  when  it 
is  employed  as  a  litter  for  horses,  the  same  beds  can  be 
used  for  two  or  three  months  witliout  change. 

Sand. — Clean  sand  may  be  first  baked  and  then  mixed 
with  sublimate  in  the  proportion  of  one  drachm  (dissolved 
in  alcohol  or  ether)  to  each  pound  of  sand.  When  this  is 
made  up  in  fine  gauze  bags  it  will  fulfil  certain  indica- 
tions remarkably  well. 

Olass-wool  is  a  most  beautiful  dressing  material,  but  its 
expense  will  preclude  its  ever  coming  into  use. 

Oakum,  being  more  or  less  impregnated  with  tar,  is 
more  or  less  antiseptic,  though  very  slightly  absorbent. 
For  a  copious  outside  dressing,  or  for  filling  a  fracture- 
box,  it  will  sometimes  serve  a  useful  purpose. 

It  is  of  the  utmost  importance  that  the  sponges  used 
during  operation  or  dressing  should  be  surgically  clean  ; 
we  therefore  give  here  a  ready  but  effective  method 
of  rendering   them  so.     Sponges  of  fine,  even  texture 
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should  te  selected,  and  the  sand  ^Wc^ttiey  contain 
beaten  out  with  great  care.  They  are  washed  and  soaKea 
tor  twenty-Tour  hours  in  a  1  to  1.000  solution  of  potassic 
Dermaneanate.  Again  they  are  washed  in  clean  water 
Ke7Sltosoilfrdisco4it.  The^  are  next  bleached 
in  a  5  to  500  solution  of  sodium  sulphite  to  which  is 
added  1  part  of  a  watery  solution  of  hydrochloric  or  ox- 
aUc  acid^of  a  strength  of  1  to  12  From  ^^f^^fJ^'^lf 
moved  as  soon  as  bleached,  else  they  become  brittle.  Al- 
ter a  final  washing  they  are  to  be  kept  m  a  1  to  30 
carbolic,  or  a  1  to  500  sublimate,  solution  until  wanted 

°Aiter  use,  if  simply  blood-stained,  they  may  be  cleansed 
and  employed  a  second  lime  ;  but  if  they  have  taken  up 
any  pus  or  fecal  matter  they  should  be  burned  The  second 
clM,nsing  should  consist  of  washing  in  an  alkaline  solu- 
tion till  they  cease  to  discolor  it,  after  which  they  had 
best  go  through  the  permanganate  and  bleaching  solu- 
tions again.  At  all  events  they  should  soak  for  two  weeks 
in  the  usual  antiseptic  solution  before  being  again  used. 

Many  a  failure  in  operative  surgery  has  resulted  from 
lack  of  proper  precaution  with  respect  to  clean  sponges  ; 
failures  which  proper  oversight  and  a  little  care  might 
have  prevented. 

In  order  to  avoid  ever  using  the  same  sponge  more 


114).  That  granted,  the  question  resolves  itself  into  this : 
How  can  it  best  be  performed  ?  And  the  most  perfect 
solution  yet  arrived  at  has  been  reached  by  the  Conti- 
nental military  surgeons. 

Fig.  198  represents  Esmarch's  first  dressing  for  the 
wounded  in  battle.  No.  1  is  the  packet  folded  up,  to  be 
carried  in  the  soldier's  pocket,  and  containing.  No.  2,  a  tri- 
angular bandage  whose  numerous  possible  uses  are  pic- 
torially  represented  upon  it;  No.  3,  a  gauze  bandage 
(antisepticized) ;  No.  4,  an  antiseptic  tampon,  and  No.  5, 
an  ordinary  tampon  and  square  of  oiled  paper. 

Each  soldier  is  so  instructed  that  he,  or  a  comrade  for 
him,  is  prepared  to  make  this  occlusion  immediately  after 
reception  of  a  wound.  By  such  means  many  a  valuable 
life  is  saved,  in  that  its  loss  from  sepsis  is  prevented.* 

At  a  meeting  of  the  Woolwich  Military  Medical  Society 
held  in  February,  1884,  Sir  Joseph  Lister  made  some  most 
important  remarks  concerning  the  application  of  antisep- 
tic dressings  on  the  battle-field  and  in  campaigning.  He 
showed  that  it  is  of  no  use  for  one  surgeon  to  treat  a 
patient  antiseptically  if  the  one  who  has  preceded  or  who 
is  to  succeed  does  not  do  the  same.  In  this  respect  he 
followed  Beyher,  who  divided  his  cases  into  the  fingered 
and  the  unflngered.  He  (Beyher)  had  happened  to  have 
fourteen  cases  of  gun-shot  wound  of  the  knee-joint,  seven 


Fio.  198.    (From  MacCormac.) 


than  once,  Gamgee,  of  Birmingham,  has  devised  a  new 
substitute  made  of  fine  fibre  of  cocoa-nut  bark,  carefully 
cleansed  and  prepared,  enclosed  with  cotton  in  a  sort  of 
gauze  cover.  In  their  interior  is  a  very  thin  glass  or 
gelatine  capsule  containing  some  antiseptic,  such  as  eu- 
calyptol ;  a  sharp  pinch  or  a  slight  blow  is  sufficient  to 
break  this  and  allow  its  contents  to  diffuse  through  the 
fibre.  These  sponges  are  very  absorbent,  taking  up 
fifteen  times  their  weight  of  fluid.  They  may  be  im- 
pregnated with  any  desired  antiseptic,  may  be  sterilized 
at  high  temperatures,  and  are  intended  for  use  only  dur- 
ing one  operation,  after  which  they  are  burned. 

Lastly,  we  should  be  doing  but  scant  justice  to  the  sub- 
ject did  we  fail  to  give  at  least  a  little  space  to  the  con- 
sideration of 

Antiseptics  on  the  Battle-field  and  in  Military 
Sekvice.— We  have  already  seen  that  the  exacting  de- 
tails of  the  Lister  system  are  by  no  means  requisite  to 
an  antiseptic  dressing.  They  are  only  one  means  to 
an  end  which  may  be  in  other  ways  attained.  This 
part  of  the  subject  has  to  do  largely  with  the  treatment 
of  gunshot  wounds,  and  this,  as  is  maintained  by  those 
best  able  to  judge,  should  be  by  primary  antiseptic  occlu- 
sion (TOfe  Annals  of  Anat.  and  Surg.,  February,  1883,  p. 
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belonging  in  each  class.  Six  of  the  fingered  cases  died, 
while  all  of  the  unfingered  recovered,  and  only  one  had 
any  fever.  Besults  like  these  speak  most  eloquently  for 
primary  antiseptic  occlusion.  It  was  at  this  meeting  that 
he  called  attention  to  the  great  solubility  of  sublimate  in 
glycerin  (vide  Mercuric  Bichloride,  above),  and  he  thought 
that  we  must  place  our  main  reliance  for  military  purposes 
in  preparations  containing  either  sublimate  or  iodoform. 

At  the  same  meeting  Surgeon-Major  Stevenson  claimed 
that  while  typically  perfect  asepsis  on  the  field  was  im- 
possible, we  yet  ought  to  be  as  antiseptic  as  we  may.  As 
there  is  sure  to  be  more  or  less  dirt  around  a  soldier's 
wound,  and  as  washing  materials  are  not  to  be  had  on  the 
hattle-ground,  he  suggested  pads,  coated  on  one  side  with 
a  wax  saturated,  say,  with  eucalyptus  or  something  of 
the  kind  ;  when  applied,  the  wax  melts  at  bodjf-heat, 
and  the  skin  is  then  protected  or  bathed  in  an  antiseptic, 
For  this  purpose  he  particularly  commended  spongio- 
piline. 

Lesser,  of  Leipzig,  has  suggested  that  every  soldier 
carry  a  cartridge  emptied  of  its  powder  and  bullet,  and 

*  The  greab  advantage  o£  providing  American  police  officers  with 
similar  paclEets,  and  InBtruoting  them  in  their  uBe,  will  be  {ipparent  tn 
every  one. 
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filled  with  a  mixture  of  boric  acid  and  iodoform,  or  some 
good  substitute. 

More  recently,  at  the  Copenhagen  International  Medical 
Congress  (1884),  Esmarch  laid  down  certaip  rules  for  action 
in  the  service,  which  we  summarize  as  follows :  1.  Hu- 
manity demands  antiseptic  treatment  of  the  wounded. 
2.  All  military  surgeons  should  know  every  detail  of 
such  treatment,  and  all  hospital  assistants  and  bearers  of 
the  sick  and  wound- 
ed should  know  its 
feneral  principles. 
.  Every  soldier 
should  carry  some 
form  of  bandage 
which  may  be  used 
at  least  as  a  provision- 
al protection.  Such 
material  must  be 
compact  as  possible. 
4.  Sublimate,  being 
the  best  antiseptic, 
must  be  used  in  the 
dressing.  5.  From  a  dressing  impregnated  with  it,  squares 
can  be  cut  which  can  be  folded  into  small  shape  for  small 
wounds,  or  several  thicknesses  can  be  used  for  large 
ones.  6.  From  this  material  also  bandages  can  be  made. 
7.  Such  carbolic  acid  as  may  be  needed  may  be  carried  in 
crystals,  or  in  vessels  of  known  measure,  so  that  proper 
proportions  may  be  easily  attained  on  dissolving  it.  The 
spray,  protective,  and  mackintosh,  may  be  quite  dis- 
pensed with  on  the  field. 
8.  In  case  the  dressing  mate- 
rials be  all  used  up,  the  as- 
sistants should  be  familiar 
with  the  preparation  of  wad- 
ding, jute,  lint,  turf  (peat), 
sawdust,  etc.;  and  to  this 
end  strong  glycerine  solu- 
tions of  sublimate  should  be 
carried.  9.  While  iodoform 
in  powder  is  indispensable 
for  certain  purposes,  it  Is  in- 
ferior to  sublimate  for  gen- 
eral use.  10.  Sublimated 
catgut  and  drainage-tubes 
of  suitable  size  must  be  ever 
at  hand.  (Pig.  199  repre- 
sents a  most  convenient  receptacle  intended  for  this  pur- 
pose, and  made  to  stand  rough  handling.)  11.  Sponges 
should  not  be  employed  ;  some  substitute  should  be  used 
and  then  destroyed.  13.  Instruments  should  not  have  fur- 
rowed handles  or  parts ;  such  tend  to  harbor  germs  and 
are  not  easily  cleaned.  1 3.  When,  owing  to  the  exigencies 
of  the  case,  a  strict  antiseptic  dressing  cannot  be  applied, 
the  rule  should  at  least  be  "Do  no  harm."  14.  Keep 
out  of  the  wound  all  fingers 
and  instruments  not  surgi- 
cally clean.  The  only  excep- 
tion to  be  made  to  this  rule  is 
in  case  of  sudden  and  danger- 
ous haemorrhage.  15.  Bullets 
must  never  be  extracted  with- 
out antiseptic  precautions. 
16.  Surgeons  at  the  temporary 
dressing-places  who  have  no 
adequate  antiseptic  facilities 
must  abstain  from  operation, 
contenting  themselves  with  a 
provisional  protective  dress- 
ing, with  application  of  splints, 
etc.  17.  After  arrival  at  a  field- 
hospital  of  a  case  so  protected, 

if  no  such  symptoms  as  pain,  fever,  or  suppuration 
make  it  necessary  to  change  it,  the  first  occlusive  dress- 
ing should  be  left  untouched.  18.  If,  however,  exami- 
nation should  prove  necessary,  then  the  first  dressing 
must  be  removed  and  energetic  antiseptic  measures  in- 
stituted, along  with  drainage  and  thorough  disinfection. 
19.  Only  in  cases  where  no  medical  help  is  at  hand, 


Fio.  200. 


Fig.  201. 
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should  soldiers  themselves  apply  the  bandage  and  dress- 
ing they  carry.  This  triangular  bandage  (see  Fig.  198), 
is  an  essential  of  each  soldier's  outfit. 

To  these  admirable  aphorisms  the  writer  would  only 
add  an  appeal  that 
their  practical  ap- 
plication  be  ex- 
tended to  all  gun- 
shot wounds  in 
civilpractice.  Time 
and  again  he  has 
seen  in  private  and 
hospital  practice 
the  disastrous  re- 
sults of  miscellane- 
ous and  ignorant  interference  when  all  that  was  required 
was  the  simplest  primary  antiseptic  occlusion. 

To  these  remarks  the 
writer  desires  to  append 
a  description  of  an  anti- 
septic  dressing-case 
made  by  the  Interna- 
tional Bandage-Material 
Factory  of  SchafEhau- 
sen,  in  Switzerland.  As  originally  made  it  is  intended 
to  supply  a  portable  means  of  making  a  perfect  Lister 
dressing  ;  but  it  requires  only  a  slight  change  of  contents 
to  adapt  it  to  any  desired  antiseptic  purpose.  It  is  a 
model  of  compactness  and  inge- 
nuity. Fig.  200  shows  an  outside 
case  into  which  the  whole  fits,  with 
a  strap  by  which  it  may  be  slung 
over  the  shoulder.  Fig.  301  shows 
the  two  portions  of  which  it  is 
composed,  made  of  copper,  and 
enamelled  wherever  fluids  come 
into  contact  with  it.  They  close 
together  and  are  sepa- 
rated as  seen  in  the  cut, 
being  fastened  when 
closed  by  a  spring-catch, 
shown  in  Fig.  202.  One 
half  forms  the  basin, 
seen  in  Fig.  203  ;  the 
other  the  irrigator, 
shown  in  Fig.  204. 
The  purposes  of  the 
basin  suggest  them- 
selves. The  irrigator  is 
so  graduated  that  a  car- 
bolic or  sublimate  solu- 
tion of  known  strength 
can  be  mixed  with  any 
desired  proportion  of 
water.  Beneath  it  is 
a  place  for  a  tube, 
which  can  be 
coiled  up  out  of 
the  way  as  de- 
sired, canbe  made 

to  serve  as  a  simple  irrigator-tube,  or  can  be  combmed 
with  the  bulb  and  rubber  spray-tube  (carried  inside  it 
when  not  in  use),  and  made  to  give  both  spray  and  irri- 
gating stream.  J      J!     •    ,,, 
Fig.  205  shows  two  pasteboard-boxes,  made  of  suitable 

size  and  shape, 
so  that  they  fit 
into  their  re- 
spective metal 
parts.  They 
are  lifted  out 
when  the  appa- 
ratus is  in  use. 
They  contain  enough  dressing  materials  for  one  or  two 
cases  without  replenishing,  such  as  bottles  containing 
drainage-tubing  in  carbolized  water,  catgut  in  suitable 
solution,  strong  carbolic  acid  (or  glycerine  sublimate 
solution)  in  graduated  bottles,  to  be  diluted  in  the  irrigator, 
shown  in  Fig.  204,  to  suitable  strength  ;  sponges  or  their 
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substitutes,  bandages,  gauze,  antiseptic  cotton,  protective, 
mackintosli-everything,  in  fact,  which  can  be  needed 
These  may  be  replenished  as  fast  as  used.  A  tiottle  lor 
chloroform  and  a  hypodermic  syringe  may  be  added  it 

d,Gsir6G. 

For  the  army  medical  officer,  as  for  the  railroad  or 
police-surgeon,  the  case  furnishes  liter^^ly  mulHrn  to 


ANTISPASMODICS.  This  is  the  somewhat  unscien- 
tific name  given  to  a  class  of  drugs  of  which  a  limited 
number  only  are  of  real  therapeutic  value.  These  reme- 
dies were  supposed  to  be  of  special  service  in  control- 
ling attacks  of  muscular  spasm  depending  upon  func- 
tional nervous  derangement.  The  Inappropriateness  of 
the  name  is  seen  from  the  fact  that  it  is  not  alone 
convulsive  phenomena  which  form  indications  for  their 
use,  but  that  they  are  also  useful  in  other  of  the 
multiform  ma'hifestations  of  nervousness  or  of  hysteria. 
The  theory  of  their  mode  of  action— if,  indeed,  any 
one  method  of  action  is  common  to  all  the  members 
usually  included  in  the  class— is  not  sufficiently_  estab- 
lished to  made  any  discussion  of  it  profitable  in  this 
place.  Suffice  it  to  say  that  it  is  not  impossible  that,  at 
least,  one  important  action  of  these  drugs  is  a  local  one 
upon  the  intestinal  tract,  where  their  warming  and  stim- 
ulating character  may  produce  a  revulsive  effect.  For 
the  detailed  description  of  the  most  important  drugs  in- 
cluded under  this  heading  the  reader  is  referred  to  their 
proper  titles. 

Of  the  different  remedies  known  as  antispasmodics,  we 
mention  first  a  group  of  animal  origin,  strongly  odorous, 
but  of  little  therapeutic  value.  Mosclius,  musk,  an  oily 
substance  obtained  from  the  preputial  glands  of  the 
Thibetan  musk-deer,  is  the  only  one  of  this  class  which 
is  used  to  any  extent.  In  the  last  stages  of  adynamic 
diseases,  as  typhoid  fever,  it  is  given,  especially  by  (Jer- 
man  physicians,  but  rather  as  a  forlorn  hope  than  with 
real  confidence.  Its  former  use  in  hysteria  is  now  quite 
superseded.  Oastoreum,  a  corresponding  secretion  from 
the  Oastor  fiber,  or  beaver ;  ambergris,  a  morbid  product 
obtained  from  the  sperm-whale,  and  the  source  of  the 
oleum  succini;  and  the  oleum  animale  of  Dippel,  a  sub- 
stance of  disgusting  origin  and  nature,  obtained  from 
"trying  out'  decomposing  animal  structures,  deserve 
mention  only  as  having  been  at  some  time  used  as  anti- 
spasmodics. 

Another  group  consists  of  dru^s  of  generally  feeble 
action,  but  occasionally  useful  in  infantile  hysteria  and 
allied  states.  Among  these  are  humulus,  hops,  and  its 
derivative,  lupulin.  The  former,  applied  locally  in  the 
form  of  poultices  or  embrocations,  has  possibly  some 
virtue,  and  the  latter  is  somewhat  more  active  internally. 
Lacluearium,  derived  from  the  garden  lettuce,  is  even 
more  feeble  than  hops,  but  as  some  persons  are  made 
drowsy  by  eating  lettuce,  it  is  not  impossible  that  lactu- 
carium  may  have  in  certain  cases  a  useful  medicinal 
effect.  The  claims  which  have  been  made  for  celery  as 
an  antispasmodic  and  anticephalalgic  do  not  seem  to 
rest  on  reliable  grounds.  Cimicifuga,  or  black  snake- 
root,  belongs  in  this  group.  It  has  been  chiefly  used  in 
chorea,  and  in  full  doses  it  has  seemed  to  have  some 
effect.  Dracontium,  the  root  of  the  "skunk-cabbage," 
and  Galbanum,  an  ingredient  with  asafoetida  and  myrrh 
in  the  Pilula  Oalbani  Comp.,  U.  S.,  have  also  had  anti- 
spasmodic virtues  ascribed  to  them,  but  with  little  reason. 
_  We  now  come  to  the  group  which  contains  the  most 
important  drugs  of  this  class.  They  are  three  in  num- 
ber, viz.  :  Camphor,  mlerian,  and  asafatida.  They  all 
produce  a  sensation  of  warmth  in  the  stomach,  and  prob- 
ably stimulate  the  whole  alimentary  canal.  But  that  this 
is  not  their  sole  action  is  proved  by  their  superiority  in 
certain  nervous  states  over  the  essential  oils  and  other  so- 
called  carminatives.  The  intestinal  action  of  camphor 
makes  that  drug  a  valuable  aid  in  the  treatment  of  cholera 
and  choleraic  diarrhoea.  In  the  delirium  of  adynamic 
levers  and  as  a  sedative  for  "nervousness  "  it  is  useful 
An  especially  quieting  influence  has  been  claimed  for  it 
in  sexual  irritation  and  excitement.     For  more  distinc- 
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tively  hysterical  symptoms,  camphor  is  often  combined 
with  bromine  in  the  form  of  bromated  or  monobromated 
camphor,  which,  despite  its  disagreeable  taste,  difficult 
solubility,  and  frequent  tendency  to  cause  irritation  of 
the  stomach,  is  considerably  used  for  chorea,  reflex  con- 
vulsions, etc.  Perhaps  no  drug  is  more  generally  used 
to  combat  the  true  hysterical  convulsive  seizure  than 
-oalerian,  and  certainly  in  many  cases  it  meets  the  indica- 
tion better  than  almost  any  other  agent.  The  fluid  ex- 
tract and  the  ammoniated  tincture  are  among  the  most 
eligible  palliatives  of  the  hysteric  attacks,  sometimes  a 
single  dose  serving  to  restore  consciousness.  For  more 
protracted  use  in  the  countless  nervous  manifestations  of 
hysteria,  hypochondria,  and  neurasthenia,  the  salts  of 
valerianic  acid,  notably  the  valerianates  of  zinc  and 
of  ammonium  are  especially  adapted,  serving  to  control 
at  times  even  such  positive  and  conspicuous  symptoms 
as  neuralgia. 

Asafxtida,  long  the  synonym  for  what  is  most  loath- 
some and  offensive  to  the  palate,  acts  very  like  valerian 
in  the  hysteric  attack.  The  flatus  which  has  been  rolling 
about  in  the  intestine  is  expelled,  and,  as  has  been  in- 
timated above,  there  is  some  reason  to  believe  that  the 
stimulation  of  the  intestinal  mucous  membrane  and  the 
revulsion  so  caused  may,  with  the  relief  of  the  tympa- 
nites, play  a  prominent  part  in  the  alleviation  of  the  hys- 
terical spasm.  In  cases  where  simulation  seems  to  have 
any  part  in  the  attack,  the  vile  taste  of  the  drug  may  be- 
come of  service  in  adding  to  its  effectiveness.  In  other 
cases  we  may  give  the.  drug  by  enema,  and  its  action 
upon  the  intestine  and  also  its  effect  on  the  convulsions 
will  be  nearly  the  same  as  if  it  were  administered  by  the 
mouth. 

While  the  above-mentioned  drugs  constitute  the  more 
distinctive  antispasmodics,  there  yet  remain  two  groups 
to  which  the  term  is  often  applied,  and  of  which  some 
part  of  the  action  is  similar  to  that  above  described.  The 
compound  spirit  of  ether,  Hoffman's  anodyne,  is  very  use- 
ful in  controlling  nervous  disturbances,  as  is  also  the 
spirit  of  chloroform,  formerly  known  as  chloric  ether. 
The  substances  from  which  these  are  derived — sulphuric 
ether  and  chloroform — may,  administered  internally  in 
appropriate  doses,  be  employed  for  the  same  purpose, 
although,  of  course,  their  more  proper  classification  is 
among  the  anaesthetics.  The  bromides  of  potasnum,  am- 
monium, and  sodium,  though  in  their  most  prominent 
action  depresso-motors,  are  yet,  in  moderate  doses,  es- 
pecially the  sodium  and  ammonium  salts,  used  as  anti- 
spasmodics. 

Finally,  we  have  the  group  which  includes  coffee,  tea, 
mate,  and  guarana,  of  all  which  the  active  principle  is 
practically  identical  with  caffeine.  Leaving  out  of  ac- 
count the  important  action  of  this  substance  upon  the 
heart  and  circulatory  system,  and  limiting  our  atten- 
tion entirely  to  functional  nervous  phenomena,  we  find 
that  in  migraine,  which  in  the  family  of  diseases  is  not 
distant  of  kin  from  hysteria,  some  of  the  most  useful 
remedies  are  caffeine  and  guarana. 

Charles  F.  Withington. 

ANTISUDORIFICS.  Remedies  employed  in  the  treat- 
ment of  hyperidrosis,  either  local  or  general.  The  most 
important  drugs  in  this  class  are  :  Alcohol,  alum,  dilute 
acids,  ergot,  belladonna,  gallic  acid,  hyoscyamus,  oxide  of 
zinc,  sulphate  of  iron,  arseniate  of  iron,  picrotoxin,  mus- 
carin,  and  tonics. 

In  the  treatment  of  local  sweating,  vinegar,  alum,  alco- 
hol, and  astringent  solutions  are  chiefly  to  be  relied  upon. 
Excessive  general  sweating  is  most  frequently  due  to  de- 
bility, and  hence  cod-liver  oil,  iron,  and  the  tonics  in  gen- 
eral are  indicated.  But  there  are  many  cases,  as  in  the 
night-sweats  of  phthisis,  in  which  tonics  are  of  little 
avail,  and  recourse  must  then  be  had  to  agents  which 
exert  a  special  control  over  this  secretion.  All  of  the 
drugs  above-mentioned  have  been  tried  for  the  relief  of 
this  distressing  condition,  and  there  is  none  which  has 
been  more  frequently  employed  and  has  proven  more  uni- 
formly successful  than  belladonna  or  atropine.  The  sul- 
phate of  atropine  may  be  given  either  by  the  mouth  oi 
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subcutaneously,  but  care  should  be  observed  in  its  use,  as 
patients  sufEering  from  phthisis  seem  to  be  especially  sus- 
ceptible to  the  cerebral  effects  of  this  drug,  and  instances 
have  occurred  in  which  wild  delirium  followed  the  in- 
gestion of  a  very  moderate  dose.  Picrotoxin  has  recently 
been  very  highly  recommended  by  Dr.  Morrell  in  the 
treatment  of  the  night-sweats  of  phthisis.  It  is  given  in 
doses  of  one-sixtieth  of  a  grain  (0.001  Gm.).  Muscarin 
has  also  been  said  to  control  night-sweats  when  given 
hypodermically  in  flve-minim  (0.3  Gm.)  doses  of  the  one 
per  cent,  solution.  Oxide  of  zinc  and  the  iron  salts  have 
enjoyed  considerable  reputation  in  this  condition,  but 
they  are  usually  given  in  combination  with  belladonna, 
and  it  is  questionable  how  far  they  act  as  synergists  of 
the  latter  drug.  In  the  excessive  sweating,  especially  at 
night,  from  which  corpulent  individuals  often  suffer, 
aromatic  sulphuric  acid  is  probably  the  best  remedy.  In 
the  hyperidrosis  of  debility,  while  waiting  for  the  effects 
of  the  tonic  remedies  to  manifest  themselves,  we  may  with 
advantage  give  ergot  or  sulphuric  acid,  preferably  the 
latter,  if  its  too  long  continuance  do  not  disturb  the  diges- 
tive functions.  Sponging  the  body  with  dilute  alcohol  or 
acidulated  water  is  also  useful.      Thomas  L.  Stedman. 

ANUS  AND  RECTUM,  Diseases  op.  From  the  fact 
that  the  lower  four  inches  of  the  rectum  may  be  both  seen 
and  felt  in  every  part,  the  diagnosis  of  its  diseases  be- 
comes comparatively  an  easy  matter,  provided  only  that 
the  proper  means  be  used.  With  the  experienced  exam- 
iner the  sense  of  touch  comes,  after  a  time,  to  supersede 
that  of  sight,  and  the  great  majority  of  rectal  troubles  are 
diagnosticated  by  mere  digital  examination  without  the 
use  of  a  speculum.  The  symptomatology,  moreover, 
may  be  of  great  value,  and  before  proceeding  to  make  the 
physical  examination  which  is  inevitable,  certain  ques- 
tions and  answers  may  give  the  surgeon  a  pretty  clear 
idea  of  what  he  is  to  find.  There  is  a  train  of  symptoms 
common  to  almost  all  diseases  of  this  part,  and  which 
infallibly  points  to  trouble  of  some  kind,  though  they 
may  not  tell  the  exact  nature  of  that  trouble.  These  are 
pain,  protrusion,  haemorrhage,  and  discharge.  Each  of 
these  should  be  carefully  inquired  into,  but  they  should 
not  be  trusted  to  alone  for  the  diagnosis.  Pain  may  mean 
almost  anything.  Protrusion  may  be  either  piles  or  poly- 
pus. Haemorrhage  may  denote  fissure,  piles,  or  cancer. 
"What  the  patient  describes  as  mucous  discharge  with 
diarrhoea  and  tenesmus  may  be  ulceration,  or  it  may  be 
an  overloaded  rectum.  For  this  reason  the  practitioner 
who  attempts  to  treat  a  case  of  rectal  disease  without 
first  making  a  direct  physical  examination  simply  com- 
mits an  act  of  folly. 

How,  then,  to  make  a  rectal  examination  which  shall  be 
thorough  and  yet  as  free  from  pain  as  possible  ?  For  this 
there  are  three  things  absolutely  necessary — a  good  table, 
a  good  light,  and  a  water-closet  in  connection  with  the 
examining-room.  Any  strong  table,  or  any  of  the  elab- 
orate gynecological  chairs  will  answer  the  purpose  ;  and 
either  sunlight  or  artificial  light  may  be  used.  The  patient, 
male  or  female,  should  first  be  placed  in  Sims's  position, 
and  the  skin  around  the  anus,  with  the  anus  itself,  should 
first  be  carefully  Inspected.  In  this  way,  pruritus,  ex- 
ternal hasmorrhoids,  fissure,  and  fistula  may  be  seen  at  a 
glance.  An  enema  of  warm  water  should  then  be  ad- 
ministered through  a  long  tube  which  will  reach  into  the 
sigmoid  flexure.  This  should  be  as  copious  as  the  pa- 
tient can  bear  without  suffering,  should  be  retained  as 
long  as  can  be  with  comfort,  and  then  passed  at  the  adja- 
cent closet,  the  patient  being  instructed  to  strain  well  and 
bring  down  whatever  may  be  in  the  habit  of  protruding 
at  stool.  Prom  the  closet  the  patient  steps  back  upon  the 
table,  and  places  himself  in  the  same  position,  and  if  there 
be  any  internal  haemorrhoids  or  polypus  sufficiently  de- 
veloped to  protrude  from  the  anus,  they  may  be  seen, 
especially  with  the  aid  of  a  little  more  bearing  down.  In 
this  way  sufficient  disease  may  have  been  found  to  account 
for  all  of  the  symptoms  complained  of,  but  all  this  has 
simply  been  preparatory  to  the  digital  examination  of  the 
rectum  proper,  without  which  no  examination  can  be 
considered  at  all  complete.    The  left  index-finger  should 


be  used  when  the  patient  is  on  the  right  side,  and  vice  verm. 
It  should  be  well  oiled  with  a  tenacious  lubricant,  and 
slowly  introduced  through  the  sphincter.  Force  is  un- 
necessary and  painful.  The  sphincter  will  yield  to  time 
and  gentle  pressure  when  it  will  spasmodically  resist  a 
forcilDle  attack.  The  condition  of  the  sphincter  should 
be  noted,  whether  forcibly  contracted,  unduly  dilated, 
or  normal.  The  former  condition  may  be  diagnostic,  and 
may  end  the  examination,  for  a  strong  man  may  scream 
with  agony  at  a  simple  attempt  to  pass  the  finger,  tlie 
diagnosis  being  spasm  of  the  sphincter  muscle. 

Unless  an  obstruction  is  encountered  the  finger  may  be 
carried  up  the  bowel  its  full  length  and  pressed  as  far  as 
possible  beyond,  the  patient  at  the  same  time  being  urged 
to  assist  the  examiner  by  straining  down.  Additional 
distance  may  be  gained  by  passing  the  three  remaining 
fingers  backward  along  the  inter-gluteal  groove,  instead 
of  closing  them  in  the  palm  and  pressing  the  knuckles 
against  the  soft  parts,  as  is  generally  done;  for  the. 
knuckles  prevent  the  full  passage  of  the  index-finger. 
It  is  well  to  know  that  still  another  inch  may  be  gained 
by  having  the  patient  stand  up  and  strain  down  upon  the 
finger  in  the  bowel.  In  this  way  four  inches  of  the  rec-. 
tum  may  be  explored  with  the  parts  adjacent — the  pros- 
tate, uterus,  neck  of  the  bladder,  and  anterior  surface  of 
the  sacrum.  With  an  exceptionally  long  finger  it  may 
be  possible  to  feel  the  vesiculse  seminales  and  vasa  defer- 
entia.  In  other  words,  all  that  part  of  the  bowel  which 
is  most  subject  to  disease  is  brought  within  reach,  and 
after  the  examiner  has  become  thoroughly  conversant 
with  the  feel  of  the  healthy  bowel,  any  pathological 
changes  may  be  detected.  A  stricture  of  small  calibre 
cannot  be  mistaken,  though  one  which  allows  the  finger 
to  pass  may  easily  be  overlooked.  A  stricture  small 
enough  firmly  to  engage  the  end  of  the  index-finger 
marks  the  limit  of  safe  digital  examination,  and  the  fin- 
ger should  not  be  forced  through  it  to  feel  what  is  be- 
yond, lest  a  fatal  laceration  be  caused.  Ulceration  is 
more  difficult  to  detect,  especially  when  superficial  and 
not  attended  by  much  induration ;  and  so  is  the  opening 
of  a  blind  internal  fistula,  unless  it  be  large  and  patulous. 
Haemorrhoids,  when  soft,  are  easily  mistaken  for  the 
natural  folds  of  mucous  membrane,  especially  when  the 
latter  is  lax  and  gathered  into  folds.  In  case  of  a  tumor 
of  any  kind,  conjoined  manipulation  should  be  taken  ad- 
vantage of  in  the  female.  The  cervix  or  fundus  of  the 
uterus  may  easily  be  felt  per  rectum,  and  often  gives  rise 
to  errors  in  diagnosis. 

In  case  all  this  has  been  done  and  nothing  found  to  ac- 
count for  the  symptoms,  what  remains  ?  The  case  is 
evidently  obscure,  the  examiner  is  still  in  the  dark,  and 
the  certainty  which  comes  from  actual  touch  and  vision 
gives  place  to  more  or  less  uncertain  inference.  There 
are  yet  two  things  to  be  done.  The  first  is  to  examine 
carefully  the  left  iliac  fossa  for  cancer  of  the  sigmoid 
flexure ;  the  second  is  to  pass  the  bougie,  and  try  and 
eliminate  stricture  high  up.  If  a  full-siZed  bougie  be 
passed  twelve  inches,  and  no  new  growth  can  be  felt  by 
abdominal  palpation,  cancer  may  be  eliminated  with  an 
approach  to  certainty,  though  ulceration  cannot  be.  The 
bougie  should  be  as  flexible  as  possible,  should  be  blunt 
and  perforated,  to  allow  of  the  injection  of  water  through 
it.  In  passing  the  bougie  place  the  patient  on  the  left 
side,  oil  the  instrument  well,  pass  it  gently  till  it  meets 
an  obstruction,  then  attach  a  syringe  and  fill  the  rectum 
with  water  till  it  is  moderately  distended.  Then,  by 
gentle  pressure,  try  and  urge  the  instrument  farther,  and, 
if  unsuccessful,  and  the  patient  will  bear  it,  inject  more 
water.  By  this  manoeuvre  it  can  generally  be  passed. 
If  it  be  not  passed  on  the  first  trial,  it  may  be  after  a  few 
days,  and  a  diagnosis  of  stricture  high  up  should  not  be 
made  because  the  end  of  a  bougie  persists  in  catching  on 
the  promontory  of  the  sacrum  or  in  a  fold  of  mucous 
membrane. 

If  the  diagnosis  still  be  doubtful,  there  is  but  one 
means  left— ether.  Narcotize  the  patient  fully,  gently 
dilate  the  sphincter  till  the  anus  is  perfectly  patulous, 
pass  the  hand  into  the  rectum  as  far  as  possible  (up  to  the 
wrist  if  it  be  small  enough  to  enter  between  the  tuber- 
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osities),  and  carry  one  or  two  fingers  up  into  the  si^oid 
flexure  This  is  not  a  dangerous  proceeding  with  a 
small  hand,  and  differs  essentially  from  trying  to  torce 
the  whole  hand  into  the  sigmoid  flexure,  w-hich  is  de- 
cidedly dangerous  and  seldom  justifiable  ;  for  the  nar- 
rowest part  of  the  bowel  is  at  the  junction  of  the  rectum 
with  the  sigmoid  flexure,  at  the  duplicature  of  the  peri- 
toneum, and  an  attempt  to  pass  this  point  with  the  whole 
hand  may  cause  fatal  rupture,  while  one  or  two  fingers 
may  be  passed  with  safety.  .j    ,,     <. 

It  will  be  observed  that  nothing  has  been  said  about 
the  speculum,  and  this  is  for  the  reason  that  the  specu- 
lum is  properly  an  aid  to  treatment,  and  is  of  little  use 

for  diagnosis.  It  is 
useful  in  operations, 
and  In  manipulation, 
but  it  is  safe  to  say 
that  if  a  diagnosis  can- 
not be  made  without 
it,  it  will  seldom  be 
made  by  means  of  it. 
To  use  it  properly,  the 
patient  must  be  ether- 
ized and  the  sphinc- 
ter must  be  stretched. 
Under  these  circum- 
stances no  speculum  is 
Fig.  aOB.— Kelsey's  Speculum,  as  good  as  Helmuth's 

modification  of  Sims's, 
and  by  it  the  whole  rectal  pouch  may  be  thoroughly 
thrown  open.  For  oflBce  work,  without  ether,  I  have 
had  made  the  one  shown  in  the  cut  (Fig.  206).  It  is  not 
for  diagnosis,  but  simply  for  exposing  a  certain  limited 
portion  of  the  bowel,  such,  for  example,  as  a  spot  of  ul- 
ceration which  needs  a  local  application.  Its  advantage 
is  that  it  gives  the  best  possible  field  of  view  with  the 
least  possible  amount  of  pain,  caused  by  stretching  the 
sphincter. 

H^MOEEHOiDS. — These  may  be  divided  into  external 
and  internal.  An  external  hsemorrhoid  is  one  situated 
at  the  margin  of  the  anus,  which  does  not  arise  within 
the  sphincter,  is  always  outside  of  the  body,  and  cannot 
be  made  to  remain  within  the  rectum,  and  which  arises 
from,  the  external  heemorrhoidal  veins.     They  present 

themselves  in  two  perfectly  dis-  

tinct  forms,  which  must  not  be 
confounded  with  each  other. 
The  first  is  shown  in  Fig.  207, 
and  is  a  venous  tumor,  pro- 
duced by  the  rupture  of  an  ex- 
ternal haemorrhoidal  vein  and 
the  extravasation  of  its  contents. 
Such  a  tumor  forms  suddenly, 
is  exquisitely  painful,  and  some- 
times looks  and  feels  like  a  large 
black  grape,  or  a  large  pea.  It 
may  result  from  straining  at 
stool,  or  it  may  follow  a  night 
spent  in  sociability  over  a  bottle. 
It  is  amply  sufficient  to  incapaci- 
tate the  sufl'erer  from  all  active 
exercise  while  in  its  acute  stage, 
and  it  will  slowly  subside  and  disappear  when  treated 
by  rest  in  bed  and  applications  of  powdered  ice  in  a 
rubber  baudruclie,  with  the  internal  administration  of 
a  saline  cathartic.  The  most  appropriate  treatment, 
however,  is  a  free  incision  with  a  small,  sharp-pointed, 
curved  bistoury,  the  tumor  being  transfixed  and  incised 
in  the  direction  of  the  radiating  folds  of  the  anus.  As  a 
result  of  the  incision,  a  small,  round  clot  may  be  turned 
out  of  its  bed,  the  pressure  of  which  has  caused  all  the 
suffering.  In  case  of  a  continuous  oozing  of  blood  from 
the  sac  after  such  an  incision,  the  best  treatment  is  firm 
pressure  with  a  compress  and  T-bandage. 

The  other  form  of  external  hsemorrhoid  is  a  cutaneous 
and  not  a  venous  tumor,  and  is  well  shown  in  Fig  208 
This  is  often  spoken  of  as  a  condyloma,  but  that  name  is 
better  applied  to  another  condition.  Such  a  tumor  as 
this  IS  composed  of  skin  and  connective-tissue.    It  often 
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results  directly  from  the  irritation  caused  by  the  first 
variety,  and  is,  in  fact,  the  remains  of  the  venous  tumor ; 
or  it  may  be  caused  by  the  irritation  of  some  ulcerative 
disease  within  the  rectum.  It  is  not  painful  unless  it 
happens  to  become  acutely  inflamed,  and  is  generally 
best  left  alone.  When  operating  for  more  serious  trouble, 
with  the  patient  under  ether,  I  occasionally  snip  them 
off  with  a  pair  of  scissors,  but  when  a  patient  applies  for 
relief  from  them  alone,  I  usually  advise  non-interference. 
The  wound  made  by  removing  them  is  painful  and  they 
generally  do  little  harm. 

Internal  haemorrhoids  are  those  which  arise  within  the 
sphincter  muscle  from  the  internal  hsemorrhoidal  vessels. 
They  present  many  variations  in  structure.  One  per- 
fectly distinct  variety  is  known  as  the  capillary.  This  is 
in  reality  an  erectile  tumor  composed  of  the  terminal 
branches  of  the  arteries  and  veins,  and  of  the  dilated  ca- 
pillaries which  unite  them.  This  form  of  tumor  is  never 
of  large  size,  and  never  projects  far  into  the  cavity  of  the 
rectum.  It  is,  in  fact,  much  like  a  nsevus  of  the  scalp. 
It  may  be  situated  high  up  in  the  rectum,  but  is  generally 
near  the  anus  ;  the  surface  is  granular,  and  the  mem- 
brane covering  the  vessels  is  so  thin  that  it  may  be  broken 
by  each  act  of  defecation.  Such  a  tumor  never  appears 
outside  of  the  anus  unless  the  protrusion  is  caused  by 
some  other  affection,  but  it  may  be  seen  by  carefully  pull- 
ing open  the  parts  with  the  fingers,  and  from  some  part 
of  its  mulberry-like  surface  there  Is  apt  to  be  a  jet  of 
arterial  blood,  coming  per  sal- 
tern. This  is,  above  all  others, 
what  is  most  properly  called  the 
"bleeding  pile."  It  is  not  as 
frequently  met  with  as  the  vari- 
eties next  to  be  described,  and 
it  is  probable  that,  after  existing 
for  a  longer  or  shorter  time  in 
this  form,  the  mucous  mem- 
brane covering  it  becomes  thick- 
ened, there  is  an  increase  in  con- 
nective-tissue, the  hsemorrhage 
decreases  in  frequency  as  the 
capillaries  are  closed  up,  and 
Fig.  ao8.-Bxtemal  Cutaneous  finally  the  capillary _  tumor  is 
Hsemorrhoida.  (Bsmaroh.)  Succeeded  by  an  arterial  or  ven- 
ous one. 
This  form  of  hsemorrhoid  may  be  cured  by  a  single 
thorough  application  of  fuming  nitric  acid,  and  it  is  the 
only  form  in  which  this  plan  of  treatment  is  likely  to  be 
of  permanent  benefit. 

In  the  other  forms  of  hsemorrhoids  there  is  a  distinct 
tumor,  sometimes  of  considerable  size,  made  up  of  mu- 
cous membrane  more  or  less  eroded,  of  connective-tis- 
sue, and  of  blood-vessels.  In  some  the  arteries  seem  to 
predominate,  and  in  others  the  veins,  and  for  this  rea- 
son they  have  been  classified,  without  much  reason,  as 
arterial  and  venous,  but  there  is  little  essential  difference 
between  them.  These  tumors  may  cause  decided  symp- 
toms before  they  are  sufliciently  large  to  protrude  from 
the  anus.  One  of  the  first  is  an  unsatisfied  feeling  after 
defecation,  as  though  the  rectum  were  not  fully  emptied ; 
and  this  is  explained  by  the  increase  in  size  of  the  tumors 
caused  by  defecation,  and  passes  away  after  a  few  mo- 
ments when  the  circulation  has  again  become  natural. 
Other  symptoms  are  pain,  more  or  less  obscure,  and  re- 
ferred to  the  loins  and  thighs,  difficulty  in  micturition, 
diminished  sexual  appetite  and  power,  haemorrhage,  and 
sometimes  a  peculiar  train  of  nervous  symptoms  referred 
to  the  legs,  which  will  deceive  a  patient  and  physician 
into  the  belief  in  commencing  ataxia.  After  the  tumors 
reach  a  stage  which  causes  them  to  protrude  beyond  the 
sphincter  in  defecation,  the  symptoms  are  well  known. 
In  ordinary  cases  the  patient  will  reduce  the  tumors  him- 
self after  each  protrusion.  They  may,  however,  become 
strangulated  and  be  entirely  beyond  the  patient's  power 
of  manipulation.  In  such  a  case,  after  a  period  of  rest, 
and  after  the  relief  which  may  follow  a  spontaneous 
escape  of  blood,  the  haemorrhoids  may  return  of  them- 
selves or  be  put  back  by  the  patient. 
If  the  strangulation  be  more  intense,  gangrene  may  set 
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in  and  a  part  of  the  mass  may  slough,  or  a  portion  may 
suppurate.  Under  such  circumstances  there  will  be  great 
pain,  and  more  or  less  constitutional  disturbance,  with 
fever.  The  gangrene  is  very  evident  to  the  eye  from  the 
greenish  or  blackish  color  and  fetid  odor  of  the  part, 
and  is  rather  a  favorable  termination  to  the  trouble,  as  it 
generally  results  in  a  radical  cure. 

The  treatment  of  internal  hsBmorrhoids  is  both  palli- 
ative and  curative.  Should  the  surgeon  be  sent  for  by  a 
patient  when  his  "  piles  are  down,"  in  other  words,  when 
he  is  suffering  from  either  complete  or  partial  strangula- 
tion, he  has  an  excellent  chance  to  recommend  and  per- 
form a  radical  operation  with  the  ligature,  or  the  clamp 
and  cautery.  The  operation  does  not  seem  to  be  contra- 
indicated  under  these  circumstances,  and  I  have  several 
times  performed  it  with  the  happiest  results.  Should  an 
operation  be  declined,  the  mass  must  be  reduced  if  possi- 
ble. The  patient  should  be  turned  on  the  face,  with  a 
hard  pillow  under  the  pelvis  to  raise  the  buttoclis  and 
allow  of  gravitation  of  the  abdominal  viscera  away  from 
the  rectum.  The  mass  should  then  be  well  smeared  with 
olive  oil,  and  a  gentle  effort  made  to  reduce  it  by  taxis. 
Much  gentleness  is  required  for  this  manoeuvre,  which  is 
a  very  painful  one  under  any  circumstances ;  and  one 
man  may  succeed  where  another  fails,  If  the  taxis  fail, 
cold  should  be  applied,  and  the  patient  left  iii  bed  on  his 
face  with  the  buttoclis  raised.  After  several  hours  a  sec- 
ond attempt  may  be  made,  and  should  this  also  fail  there 
is  nothing  to  do  but  to  wait  for  the  condition  to  subside, 
under  the  use  of  cold  and  applications  of  a  soft  ointment 
of  equal  parts  of  extract  of  belladonna,  and  extract  of 
opium,  with  rest  in  the  position  named  and  the  adminis- 
tration of  laxatives.  After  forty-eight  hours  of  this  treat- 
ment the  patient  will  generally  succeed  in  reducing  the 
mass  by  himself. 

It  is  a  great  advantage  to  the  surgeon  to  know  what 
can  be  done  for  a  timid  patient  without  anything  which 
may  properly  be  called  an  operation.  The  first  thing  is' 
to  secure  a  daily  natural  evacuation  of  the  bowels,  and 
this  without  medicine  if  possible.  The  diet  should  be 
plain.  Highly  seasoned  dishes,  gravies,  salads,  old  cheese, 
etc.,  all  alcoholic  drinks,  and  any  excess  in  tobacco 
should  he  strictly  interdicted.  If  necessary  a  laxative 
may  be  added  to  the  daily  diet,  and  this  may  be  either  a 
glass  of  mineral  water  before  breakfast,  or  a  drachm  of 
compound  licorice  powder  at  night.  The  local  treatment 
consists  mainly  in  the  use  of  astringents  and  cold  water. 
A  cold  sitz-bath  every  morning  after  stool  is  one  of  the 
best  of  all  methods  of  preventing  and  relieving  haemor- 
rhoids, and  cold,  or  even  ice-water,  should  be  freely  ap- 
plied after  each  passage.  The  best  astringent  is  the  sub- 
sulphate  of  iron  in  the  form  of  ointment  or  suppository 
( 3  j.  to  I  j.  for  ointment,  and  two  or  three  grains  in  a  sup- 
pository). By  these  means,  when  followed  with  care  and 
patience,  the  worst  case  may  be  greatly  improved.  Al- 
though they  are  given  simply  as  palliative  measures  they 
will  sometimes  be  followed  by  such  relief  as  to  convince 
the  patient  that  he  is  radically  cured. 

Before  recommending  anything  in  the  way  of  a  surgi- 
cal operation,  the  surgeon  must  decide  whether  the  case 
before  him  is  one  in  which  such  a  procedure  is  justifia- 
ble. A  man  with  enlarged  prostate  is  never  a  desirable 
subject  for  operation,  and  if  such  a  case  can  be  rendered 
endurable  by  palliative  treatment  it  is  better  not  to  use 
the  knife.  In  women,  hsemorrhoids  often  depend  upon 
disease  of  the  uterus,  and,  if  possible,  the  latter  should  be 
cured  before  an  operation  is  attempted.  Pregnancy  is 
not  an  absolute  barrier  to  operation,  though,  if  possible, 
the  operation  is  better  postponed  until  a  few  months  after 
delivery.  Hsemorrhoids  are  often  symptomatic  of  dis- 
ease of  the  liver,  lungs,  heart,  or  kidneys.  There  are 
few  liver  affections  which  need  prevent  operation,  pro- 
vided it  is  preceded  by  appropriate  general  treatment 
pointing  toward  relief  of  the  hepatic  circulation  ;  and  the 
same  may  be  said  of  pulmonary  disease  when  not  too  far 
advanced.  The  condition  which  most  positively  stays  the 
hand  of  the  operator  is  albuminuria. 

From  all  the  different  methods  of  radically  curing 
haemorrhoids  I  shall  describe  but  three.    These  are  the 


ones  which  have  given  the  best  results,  and  from  them 
each  may  choose.  By  any  one  of  them  every  case  may 
be  cured.  The  first  is  the  treatment  by  injection  of  dif- 
ferent fluids,  calculated  either  to  cause  a  sloughing  of  a 
part  of  the  tumor,  or  to  set  up  an  amount  of  inflamma- 
tion in  its  substance  which  shall  change  its  vascular  char- 
acter and  cause  its  gradual  subsidence.  Of  these  fluids, 
carbolic  acid  in  a  solution  of  equal  parts  of  glycerine  and 
water  has  been  found  the  most  satisfactory.  It  may  be 
used  in  almost  any  strength,  from  one  part  in  thirty  to 
one  in  three,  and  it  is  applied  with  an  ordinary  hypoder- 
mic syringe,  the  needle  being  introduced  well  into  the 
substance  of  the  tumor.  The  method  requires  some 
practice,  and  some  skill  in  manipulation  in  getting  a  good 
view  of  the  point  to  be  Injected  and  in  making  the  injec- 
tion properly  ;  but  when  this  is  acquired  and  the  strength 
of  the  application  is  properly  regulated,  the  treatment  will 
be  found  to  give  great  satisfaction.  That  by  it  any  case 
of  haamorrhoids  may  be  cured  there  is  no  doubt,  and  the 
cure  will  generally  be  effected  with  less  suffering  and  an- 
noyance than  by  any  other  method  I  have  ever  tried. 
Many  objections  have  been  raised  to  it,  most  of  them 
theoretical,  and  these  have  kept  many  from  giving  it  a 
fair  trial.  In  my  own  practice  it  has  proved  less  objec- 
tionable than  any  other  plan.  It  is  applicable  to  all  cases  ; 
I  especially  like  it  in  old  and  bad  cases  where  the  tumors 
are  extensive  ;  and  often  use  it  where  I  should  not  be 
willing,  on  account  of  the  patient's  general  condition,  to 
take  the  risk  of  either  of  the  other  two  operations  to  be 
described.  I  have  never  known  it  to  fail  or  to  be  followed 
by  serious  accident. 

The  treatment  by  the  ligature,  as  practised  by  most 
surgeons  at  present,  consists  in  cutting  through  the  greater 
part  of  the  base  of  the  tumor  with  the  scissors,  and  tying 
a  strong  ligature  around  the  remainder,  which  is  sup- 
posed to  contain  the  larger  blood-vessels.  As  in  all  oper- 
ations on  the  rectum,  the  bowels  should  be  thoroughly 
cleared  by  a  cathartic  on  the  previous  day  and  by  an 
enema  just  before  operating.  The  patient  should  be 
etherized  and  placed  in  the  lithotomy  position,  and  the 
sphincter,  gently  but  forcibly  dilated  till  it  loses  its  con- 
tractile power.  A  speculum  may  or  may  not  be  used,  as 
the  operator  prefers.    Each  tumor  is  seized  with  a  long 
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toothed  forceps,  such  as  is  shown  in  the  cut  (Fig.  309),  and 
is  then  drawn  out  of  the  anus.  Holding  the  forceps  in  hia 
left  hand,  the  operator  separates  the  tumor  from  its  at- 
tachments, by  cutting  with  a  strong  pair  of  scissors  in  the 
line  of  junction  of  the  skin  and  mucous  membrane  from 
below  upward  until  only  a  pedicle  remains.  The  forceps 
are  then  transferred  to  an  assistant,  and  a  strong  silk  liga- 
ture tightly  tied  around  what  remains  of  the  tumor,  and  the 
hsemorrhoid  itself  may  then  be  cut  off  at  a  short  distance 
from  the  ligature,  to  remove  as  much  dead  tissue  as  possible 
from  the  rectum.  Each  hsemorrhoid  is  thus  treated  in 
succession,  and  after  all  are  removed  and  the  ligatures  cut 
off  close,  a  suppository  of  opium  and  belladonna  is  intro- 
duced and  a  T-  bandage  tightly  applied  over  a  compress 
of  lint  and  a  napkin. 

The  after-treatment  is  a  matter  of  a  good  deal  of  im- 
portance. It  is  not  well  to  allow  the  bowels  to  be  con- 
fined more  than  three  days,  and  the  first  passage  should 
be  assisted  by  a  laxative.  Much  less  pain  will  be  caused 
by  a  soft  passage  on  the  third  day  after  the  operation 
than  will  result  from  confining  the  bowels  for  ten  days 
or  a  fortnight  as  is  usually  done.  Under  the  latter  cir- 
cumstances the  suffering  caused  by  the  first  passage  is 
often  atrocious,  and  I  have  once  had  to  break  up  and  re- 
move mechanically  a  scybalous  mass  in  a  lady  under 
these  circumstances.     The  suffering   she  endured  con- 
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veved  a  lesson  not  to  be  forgotten.     It  is  not  a  good  plan 
to  try  and  Introduce  suppositories  into  the  paintul  rec- 
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It  is  not  a  good  plan 
into  the  painful  rec- 
tum'after  the  operation.  "There  are  other  ways  of  ad- 
ministerinff  opium  which  are  much  better.  Ihe  liga- 
tures will  generally  come  away  at  the  end  of  a  week  or 
ten  days,  and  the  patient  should  be  kept  m  the  bed  oi 
on  the  lounge  for  a  week  longer  till  the  ulcer  caused  by 
the  separation  of  the  slough  has  had  time  to  heal.  Noth- 
ing has  been  said  about  primary  haemorrhage.  It  is 
sometimes  considerable,  and  there  is  a  good  deal  ot 
theory  about  the  chief  vascular  supply  of  a  hsemor- 
rhoid  being  at  the  upper  end.  The  incision  made  with 
the  scissors  before  the  ligature  is  applied  sometimes  bleeds 
very  freely,  and  requires  the  free  use  of  lint  within  the 
bowel  after  the  operation  is  completed.  The  removal  of 
this  wad  is  an  additional  source  of  pain  when  its  apphca- 
tion  has  been  necessary. 

This  operation,  though  generally  very  satisfactory,  is 
subject  to  certain  objections.  These  are  an  occasional 
fatal  result,  sometimes,  severe  constitutional  disturbance 
with  nervous  excitement,  frequent  pulse,  loss  of  sleep, 
pain  sufQcient  to  demand  the  use  of  morphine  for  days, 
and  obstinate  retention  of  urine,  which  may  render 
catheterism  necessary  for  a  fortnight ;  and  finally  undue 
contraction  after  the  operation,  which  will  entail  the  use 
of  the  bougie. 

The  other  operation,  which  gives  the  best  results,  is  done 
with  the  clamp  and  cautery,  and  consists  in  drawing 
down  the  tumor,  embracing  its  base  tightly  in  the  clamp, 
cutting  off  enough  so  that  a  good-sized  stump  is  left, 
and  cauterizing  this  thoroughly  with  the  hot  iron.  It  is 
important  to  isolate  the  tumors  well,  so  as  to  compress 
them  easily  and  completely ;  and  in  cases  where  the  hse- 
morrhoid  joins  abruptly  the  hypertrophied  skin,  a 
groove  may  first  be  made  with  the  scissors,  so  that  the 
compression  of  the  neck  of  the  tumor  may  be  more 
effectual.  After  the  cautery  has  been  very  thoroughly 
applied,  at  a  black  heat,  the  blades  of  the  clamp  should 
be  gradually  released  by  the  screw.  Should  any  bleed- 
ing occur  the  clamp  must  be  again  screwed  up,  and  the 
cautery  applied  more  thoroughly.  This  may  be  neces- 
sary several  times.  The  advantages  claimed  for  this 
operation  over  that  with  the  ligature  are  greater  safety  to 
life,  gi'eater  freedom  from  suffering,  more  rapid  re- 
covery, less  danger  of  pyaemia,  of  ulceration,  and  of 
embolus,  and  less  constitutional  disturbance  after  the 
operation.  The  operation  is  equally  applicable  to  cases 
of  prolapsus. 

It  will  sometimes  be  found  that  several  of  the  methods 
described  may  be  used  with  advantage  on  the  same  class  of 
cases,  and  the  operator  must  be  guided  in  his  choice  by  all 
the  circumstances  of  each  case.  I  do  not  wish  to  advocate 
the  adoption  of  any  one  method  to  the  exclusion  of 

others,  and  I  have 
found  all  of  them 
very  satisfactory, 
though  much  pre- 
ferring the  treat- 
mentbyinjections 
where  a  speedy 
cure  is  not  an  ob- 
ject to  be  con- 
sidered. 

Pbolapsb. — 
There  are  four 
distinct  varieties 
of  prolapse,  which 
must  be  careful- 
ly   distinguished 

Fio.  alO.— First  Variety  of  Prolapse.    (Mollttre.)   from    each    Other 

,  intheirtreatmentj 

lor  the  same  operation  which  will  cure  one  variety  may 
lead  to  a  fatal  result  in  another  which  to  the  eye  closely 
resembles  it.  The  first  consists  of  a  protrusion  of  the 
mucous  membrane  alone,  and  is  sometimes  spoken  of  as 
partial  prolapse,  because  only  a  part  of  the  coat  of  the 
bowel  comes  out  of  the  body.  It  is  shown  in  Fig  210 
It  IS  a  mere  everting  of  the  mucous  membrane  of  the 
lowest  portion  of  the  rectum,  rendered  possible  by  the 
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laxity  of  the  submucous  connective-tissue.  It  is  an  ac- 
companiment of  some  old  cases  of  haemorrhoids,  and  it 
is  seen  in  the  horse  as  a  natural  result  of  each  act  of  defe- 
cation.  It  is  the  most  common  of  all  the  forms.  It  is 
most  frequently  found  in  children  between  the  years  of 
two  and  four,  and  is  more  common  in  women  "than  in 
men.  It  always  comes  on  gradually,  and  it  may  be  par- 
tial or  complete  as  regards  the  entire  circumference  of  tha 
anus.  It  appears  as  a  scarlet  or  livid  mass  (depending 
upon  the  degree  of  contraction  of  the  sphincter)  covered 
with  the  natural  secretion  of  the  bowel,  directly  continuous 
with  the  skin  on  one  side  and  with  the  mucous  membrane 
on  the  other  ;  and  arranged  in  folds  which  radiate  from 
the  central  aperture  toward  the  circumference.  It  is  at 
first  spontaneously  reducible,  or  at  least  easily  replaced  by 
slight  pressure,  and  remains  reduced  till  the  next  defeca- 
tion ;  but  as  the  amount  of  prolapsed  membrane  increases, 
the  difficulty  in  reduction  becomes  gTcater,  and  finally  the 
mass  may  be  out  of  the  body  most  of  the  time  from  dis- 
tention and  loss  of  power  of  the  sphincter.  In  this  condl. 
tion  the  tumor  is  liable  to  become  inflamed,  oedematous, 
and  irreducible,  and  the  patient  is  in  a  very  unhappy 
plight. 

The  first  step  in  the  treatment  of  this  form  of  prolapse 
is  generally  the  reduction  of  the  mass.  If  the  patient  be  in 
the  condition  last  named  all  operative  interference  should 
be  postponed,  no  attempt  at  reduction  need  be  made,  the 
patient  should  be  confined  to  his  bed,  cold  applications 
used  freely,  and  the  tumor  smeared  with  an  ointment  of 
equal  parts  of  the  extracts  of  opium  and  belladonna. 
After  a  week  of  this  treatment  the  tumor  will  probably 
be  in  a  condition  either  to  replace  or  to  remove,  and  the 
surgeon  can  judge  something  of  the  amount  of  tissue  to 
be  removed,  which  is  not  possible  when  all  the  parts  are 
oedematous.  In  ordinary  cases  the  tumor  may  be  reduced 
by  gentle  taxis.  In  children,  the  patient  should  be  laid 
on  his  face,  across  the  knees  of  the  surgeon,  and  gentle 
pressure  applied  with  the  fingers  well  oiled.  If  this  does 
not  succeed  ether  should  be  given  at  once  and  a  radical 
operation  performed.  In  adults,  when  the  taxis  has  failed 
and  both  ether  and  operation  are  declined,  there  is  nothing 
to  do  but  keep  the  patient  on  his  face  in  bed  with  a  pillow 
under  the  pelvis,  apply  warm  poultices  with  the  ointment 
mentioned,  and  trust  to  time  to  relieve  the  condition. 

The  palliative  treatment  is  directed  entirely  toward 
diminishing  the  frequency  and  amount  of  the  prolapse, 
and  a  cure  may  sometimes,  especially  in  children,  be  ob- 
tained by  these  means  without  operation.  They  consist 
briefly  in  directing  the  act  of  defecation  to  be  performed 
in  the  recumbent  posture,  the  use  of  laxatives  to  prevent 
straining,  the  avoidance  of  any  source  of  irritation  which 
will  cause  frequent  passages,  and  the  use  of  astringent 
washes  each  time  the  bowel  protrudes.  The  best  astrin- 
gent is  cold  water  or  a  cold  solution  of  alum  ( 3  j.  to  |  viii.). 
An  astringent  Injection  may  also  be  given  every  night 
with  advantage,  and  allowed  to  remain  in  all  night. 

A  prolapse  of  this  variety  in  the  child  or  adult  may  be 
effectually  cured  in  several  ways.  In  cases  attending  old 
haemorrhoids,  whatever  operation  is  done  upon  the 
haemorrhoids,  whether  it  be  injection,  the  ligature,  or  the 
clamp,  may  be  extended  to  tide  prolapse,  and  will  have 
an  equally  good  result.  There  have  been  some  remark- 
ably good  results  also  in  cases  of  old  and  extensive  pro- 
lapse from  the  injections  of  ergotine  into  the  cellular 
tissue  around  the  anus.  The  formula  is  glycerine  and 
water,  of  each  fifteen  parts,  and  alkaline  hydrated  extract 
of  ergot  two  parts.  The  do.se  is  one  gram  and  twenty  cen- 
tigrams, injected  at  intervals  of  several  days.  The  injec- 
tion may  be  followed  by  acute  pain,  spasm  of  the  sphinc- 
ter, and  spasm  of  the  neck  of  the  bladder,  causing  re- 
tention ;  and  the  danger  to  be  avoided  is  the  use  of  too 
irritating  solutions  or  solutions  in  too  great  quantity, 
which  may  cause  suppuration  or  poisonous  constitutional 
effects. 

In  children  a  very  effectual  means  of  cure  is  the  appli- 
cation of  fuming  nitric  acid  to  the  prolapsed  part.  The 
bowel  should  be  thoroughly  dried  with  a  towel,  and  the 
acid  applied  with  a  small  stick  all  over  the  mucous  mem- 
brane.    The  bowel  should  then  be  replaced,  a  pad  of  lint 
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Fig.  211. — Prolapse  Oomposed  of  all  the  Coats 
of  the  Eectum.     (Bushe.) 


firmly  applied  by  means  of  a  broad  strip  of  adhesive 
plaster  over  the  nates,  sufficient  opium  should  be  given 
to  confine  the  bowels,  and  the  child  kept  in  bed.  In  a 
large  proportion  of  cases  the  cure  will  be  complete  with 
one  application,  unless  a  polypus  be  the  exciting  cause  of 
the  trouble.  This  treatment  is  not  equally  successful  in 
adults,  and  in  old  persons  deep  and  dangerous  sloughs 
may  result,  which  may  lead  to  serious  haemorrhage.  In 
them  the  treatment  by  linear  cauterization  is  much  pref- 
erable. It  consists  in  making  several  deep  cauteriza- 
tions in  lines  radiating  from  the  centre  of  the  prolapse 
toward  the  circumference.  Paquelin's  cautery  with  the  flne- 
pointed  bent  tip  is  the  proper  instrument,  and  after  several 
such  cuts  have  been  made  it  is  a  good  plan  to  burn 
through  the  sphincter  on  each  side,  to  allow  of  contrac- 
tion. This  operation  must  be  done  with  judgment,  and 
the  amount  of  cau- 
terization must  cor- 
respond with  the 
amount  of  prolapse. 
I  have  never  seen  a 
case  which  could 
not  be  cured  in  this 
way,  for  by  it  the 
anus  may  be  com- 
pletely closed  by  a 
cicatricial  stricture. 
In  old  and  inveterate  cases  the  fault  is  generally,  how- 
ever, in  not  making  the  cauterizations  sufficiently  exten- 
sive. A  portion  of  the  mucous  membrane  is  burned  off, 
hut  the  cuts  do  not  extend  Into  the  connective-tissue 
around  the  anus  as  they  should. 

One  other  effectual  method  of  dealing  with  prolapse, 
whether  mild  or  extensive,  is  with  the  clamp  and  cautery. 
The  operation  is  essentially  the  same  as  that  already  de- 
scribed for  haemorrhoids. 

The  second  variety  of  prolapse  is  that  composed  of  all  the 
coats  of  the  rectum,  mucous,  submucous,  and  muscular, 
and  is  shown  in  Fig.  21 1 .  The  essential  point  in  the  consid- 
eration of  this  form  of  the  disease  is  that  the  prolapse  may 
contain  peritoneum  ;  and  it  follows,  from  the  anatomy  of 
the  parts,  that  the  peritoneal  pouch  will  be  larger  in  front 
than  behind.  In  the  pouch  thus  formed  may  be  located 
coils  of  small  intestine,  or  even  the  uterus  or  an  ovary. 

In  this  form  of 
prolapse  there  is 
no  groove  or  sul- 
cus, and  its  ab- 
sence is  therefore 
no  proof  of -the  ab- 
sence of  peritone- 
um. Its  anatomi- 
cal characters  are 
well  shown  in  Pig. 
213.  This  variety 
of  the  disease  gen- 
erally follows  the 
first,  thoughit  may 
come  on  sudden- 
ly from  violent 
straining.  It  is  dis- 
tinguished from  the  first  by  its  size,  by  greater  firmness 
and  thickness  to  the  touch,  possibly  by  resonance  on  per- 
cussion, or  by  the  gurgling  of  gas  in  a  contained  loop  of 
small  intestine,  by  its  conical  shape,  and  by  the  slit-like 
orifice  which  is  generally  drawn  to  one  side  by  the  attach- 
ment to  the  vagina,  or  by  the  binding  down  of  the  meso- 
rectum. 

It  is  evident  that  an  operation  which  might  cure  the 
first  variety  might  easily  end  fatally  in  this  one  from  the 
presence  of  peritoneum,  and  that  the  possibility  of  this 
comphcation  must  always  be  borne  in  mind.  The  treat- 
ment by  linear  cauterization  is  the  safest,  and  the  cuts 
should  be  made  into  the  substance  of  the  sphincter  after 
the  tumor  has  been  reduced,  and  not  into  the  tuipor  it- 
self. Excision  by  the  clamp  and  cautery,  or  the  ablation 
of  the  mass  by  the  elastic  ligature,  may  sometimes  be 
done  with  safety  if  the  surgeon  is  prepared  for  an  acci- 
dental opening  of  the  peritoneum.    The  palliative  treat- 
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Fig.  213.— Third  Form  of 
Prolapse.    (Bryant.) 


ment  is  the  same  as  for  the  other  variety,  and  it  is  some- 
times better  not  to  attempt  a  radical  cure,  but  to  confine 
one's  effort  solely  to  making  life  comfortaljle. 

The  third  and  fourth  varieties  will  be  described  to 
gether,  because  they  do  not  differ  from  each  other  in 
their  nature,  but  simply  in  their  extent  and  location.  To 
both  the  term  invagination  is  properly  applied,  because  of 
the  ensheathing  of  one  part  of  the 
bowel  within  another,  which  is 
shown  in  Fig.  213.  In  the  third 
variety  the  telescoping  occurs  near 
the  anus,  the  intruded  portion  ap- 
pears at  the  anus,  and  the  sulcus 
between  the  extruded  portion  and 
the  lower  part  of  the  rectum  may 
be  felt  with  the  finger.  Its  depth 
forms  an  indication  of  the  length 
of  the  contained  part.  When  a 
portion  of  the  bowel  still  further 
removed  from  the  anus  has  become  invaginated  into  that 
immediately  below,  the  included  portion  may  or  may  not 
descend  sufficiently  near  to  the  anus  to  be  felt  by  rectal 
touch,  and  the  sulcus  may  not  be  apparent.  This  consti- 
tutes the  fourth  variety,  and  is  generally  known  as  intus- 
susception. 

Abscess  and  Fistula. — Abscesses  near  the  anus  may 
be  divided  into  the  superficial,  those  of  the  ischio-rectal 
fossa,  and  those  of  the  superior  pelvirectal  space.  The 
superficial  variety  may  arise  from  one  of  the  minute 
glands  around  the  anus,  from  suppuration  of  an  external 
hemorrhoid,  from  acute  inflammation  of  an  internal 
haemorrhoid  near  the  margin  of  the  anus,  or  from  inflam- 
mation of  the  subcutaneous  cellular  tissue  due  either  to 
traumatism  or  to  the  presence  of  other  rectal  disease.  In 
the  latter  case  the  abscess  cavity,  though  of  considerable 
extent,  is  superficial ;  in  the  former  cases  the  abscess  will 
probably  be  distinctly  circumscribed.  In  all  of  them 
the  knife  should  be  used  as  soon  as  suppuration  becomes 
inevitable,  that  the  production  of  a  fistula  may  be  avoided. 

An  abscess  of  the  ischio-rectal  fossa  is  bounded  by  the 
levator  ani  muscle  above,  the  skin  below,  the  rectum  on 
one  side,  and  the  adjacent  tuberosity  on  the  other.  An 
abscess  of  the  superior  pelvi-rectal  space,  on  the  other 
hand,  originates  in  the  lax  connective^issue  around  the 
upper  portion  of  the  rectum  above  the  levator  ani.  It 
may  assume  vast  proportions,  blending  laterally  with  the 
subperitoneal  connective-tissue  of  the  iliac  fossa,  and  bur- 
rowing in  almost  any  direction  in  the  true  pelvis. 

The  causes  of  deep  rectal  abscess  arc  various.  Trau- 
matism is  perhaps  the  most  frequent,  and  the  injury  is 
generally  internal  rather  than  external,  being  caused  by 
the  point  of  a  syringe  or  foreign  body  rather  than  by  kicks 
or  falls.  A  fish-bone  may  pass  entirely  through  the  rectal 
wall  and  be  found  loose  in  the  cavity  of  the  abscess  it  has 
caused.  Such  an  abscess  may  also  be  due  to  the  injury 
inflicted  by  the  foetal  head  in  parturition,  and  in  such  a 
case  the  diagnosis  from  puerperal  inflammation  may  be 
difficult.  It  may  also  be  secondary  to  diseases  of  the 
urinary  organs,  and  it  may  result  from  rapture,  ulcera- 
tion, or  perforation  of  the  rectal  wall  in  connection  with 
stricture.  Again,  it  may  result  from  an  inflammation  of  the 
submucous  tissue  with  the  production  of  pus  which  first 
opens  into  the  bowel  and  forms  an  internal  fistula,  and 
subsequently  extends  outward  and  forms  a  large  abscess. 
Finally,  such  abscesses  may  be  in  their  origin  entirely 
disconnected  with  the  rectum  and  due  to  disease  of  some 
neighboring  part  or  to  necrosis  of  some  adjacent  bone, 
or  perhaps  no  adequate  cause  can  be  found,  so  that  for 
lack  of  knowledge  it  may  become  necessary  to  set  them 
down  as  idiopathic. 

In  abscess  of  the  superior  pelvi-rectal  space  the  ^nip- 
toms  are  often  obscure  and  seldom  characteristic.  There 
is  more  or  less  vague  pain  in  the  pelvis  or  lumbar  region, 
which  is  seldom  intense  and  is  generally  increased  by 
defecation.  Fever  may  be  entirely  absent,  is  more  apt  to 
be  continuous  than  very  high  in  degree,  and  chills  are 
only  occasionally  met  with  when  pus  is  formed.  In  ad- 
dition there  is  more  or  less  general  malaise,  and  the  vesi- 
cal symptoms  (retention  and  incontinence)  are  apt  to  be 

273 


Anns  and  Rectum.    rjEpERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 
Anus  and  Rectum. , 


mai-ked.  The  diagnosis  must  rest  chiefly  upon  the  result 
of  careful  digital  examination  by  *e  rectum  and  through 
the  abdomintl  wall.  An  abscess  of  the  ischio-rectal  fossa 
may  at  its  commencement  be  marked  by  the  samesymP^ 
toms  but  later,  the  skin  becomes  red  and  oedematous 
sometimes  over  a  large  part  of  the  buttock  the  pam  is 
very  severe,  and  rectal  examination  impossible.  In  ab- 
scess of  the  superior  pelvi-rectal  space  when  the  disease 
has  extended  to  the  cellular  tissue  of  the  i^chio-rertal 
fossa,  immense  collections  of  pus  may  form  and  buriow 
in  any  direction.  In  men  it  generally  foUows  the  course 
of  the  bowel,  involves,  secondarily,  the  ischio-rectal  fossa, 
and  makes  its  way  through  the  skin  at  some  distance  from 
the  anus,  possibly  over  the  trochanter  or  out  on  the  but- 
tock In  women  it  is  more  apt  to  pursue  a  contrary 
course,  and  may  appear  on  the  surface  in  the  grom  or  near 
the  iliac  crest.  An  abscess  of  the  ischio-rectal  fossa  gen- 
erally breaks  both  upon  the  cutaneous  surface  and  into  the 
bowel  at  some  distance  from  the  anus,  while  one  in  the 
superior  pelvi-rectal  space  is  just  as  likely  to  open  into 
the  bladder,  vagina,  or  pei-itoneal  cavity,  as  into  the  bowel. 
The  great  question  in  treating  an  abscess  of  the  ischio- 
rectal fossa  is  to  avoid  the  formation  of  fistula.  This  can 
generally  be  done  if  the  proper  course  be  followed,  but 
the  treatment  must  be  prompt  and  efficient.  It  consists 
in  etherizing  the  patient  as  soon  as  the  diagnosis  is  made, 
and  without  waiting  for  fluctuation  or  even  for  the  forma- 
tion of  pus,  in  making  a  free  incision  into  the  centre  of 
the  trouble,  thoroughly  cleaning  out  any  cavity  that  may 
have  formed,  breaking  down  all  bridles  of  sloughing  tis- 
sue, laying  open  all  pockets,  washing  out  the  cavity  with 
carbolic  acid,  and  stuffing  it  with  lint.  If  this  be  prop- 
erly done  a  fistula  will  be  avoided  in  the  majority  of  cases. 
If  the  abscess  be  left  to  itself,  or  even  partially  opened,  a 
bad  form  of  complete  fistula  is  pretty  sure  to  follow.  The 
treatment  of  an  abscess  of  the  superior  pelvi-rectal  space 
is  not  so  simple,  the  disease  bein^  more  serious  and  llie 
prognosis  more  grave.  If  possible  the  abscess  cavity 
should  be  opened  with  the  knife  through  the  rectum,  or 
it  may  be  evacuated  by  the  aspirator  through  the  abdom- 
inal wall.  In  general,  however,  it  will  evacuate  itself 
either  into  the  bowel  or  bladder  before  the  diagnosis  is 
made  with  sufficient  certainty  to  justify  an  operation. 

Mstula. — A  fistula  which  is  not  due  to  perforation  of 
the  rectal  wall  from  within  is  the  result  of  a  previous  ab- 
scess, and  therefore  the  consideration 
of  one  leads  directly  to  the  other. 
Like  the  abscesses  from  which 
they  arise  such  flstulse  may  well  be 
divided  into  superficial  and  deep  ; 
or  into  those  of  the  anus  which  are 
subcutaneous  and  involve  at  most 
only  a  few  fibres  of  the  external 
sphincter ;  and  those  of  the  rectum 
and  pelvis,  which  open  into  the 
bowel  at  a  higher  point  or  on  the 
^  surface  at  a  considerable  distance, 
Fio.  214.— Varieties  of  Fis-  perhaps,  from  the  anus.  Both  the 
Ma.  (Oosseim.)A,»nn^  superficial  and  deep  may  be  divided 
fls'tSarc.'biindTiZrnai  »*<>  the  complete,  or  those  which 
flstiua ;  D,  blind  exter-  open  both  into  the  bowel  and  on  the 
nai  fistula.  surface ;  the  external,  which  open 

only  on  the  skin  ;  and  the  internal, 
which  have  an  opening  only  within  the  bowel  (Fig.  314) 
In  the  superficial  or  subcutaneous  fistulEe,  the  external 
orifice  may  be  at  some  distance  from  the  anus  or  among 
the  radiating  folds.  It  may  be  so  small  as  to  escape  the 
eye  in  a  cursory  examination,  unless  a  drop  of  pus  chance 
to  be  squeezed  out  of  it  by  the  pressure  of  the  fingers  ; 
and  when  found  it  may  not  admit  the  end  of  an  ordinary 
probe  A  fine  probe  of  pure  silver  should  always  be  at 
hand  for  these  examinations.  The  presence  of  more  than 
one  orifice  is  rare  in  superficial  fistulas,  and  an  internal 
opening  will  be  found  just  within  the  sphincter  in  the  great 
majority  of  cases  if  it  be  properly  searched  for.  Deep  or 
submuscular  flstulse  differ  greatly  in  their  extent  and 
gravity  from  those  last  described.  In  them  the  track  is 
large  and  often  double  or  branching,  and  the  external 
opening  may  be  far  away  from  the  anus.    The  whole 


perineum  and  even  the  gluteal  region  will  sometimes  bs 
found  pierced  with  openings.  In  these  the  internal  orifice 
does  not  in  all  cases  mark  the  superior  limit  of  the  flstu. 
lous  track.  This  may  run  several  inches  up  the  bowel 
under  the  mucous  membrane  while  the  internal  orifice  is 
only  just  within  the  sphincter  (Figs.  315  and  316). 

The  symptoms  caused  by  this  class  of  flstulse  vary 
greatly.  At  flrst  they  are  those  of  the  abscess  in  which 
they  originate.  After  that  the  one  great  symptom  is  the 
incessant  discharge,  sometimes  slight,  at  others  abundant, 
sometimes  purulent,  at  others  serous,  always  fetid,  some- 
times mixed  with  faeces  and  gas.  Besides  the  discharge 
there  may  be  no  symptom  at  all,  or  there  may  be  more  or 
less  uneasiness  and  pain  in  defecation. 

Blind  internal  flstulae,  or  those  which  have  an  opening 
only  into  the  bowel,  have  a  somewhat  special  patholoCT. 
When  caused  by  an  abscess,  it  is  generally  one  of  the 
deep  variety,  wluch  has  opened  into  the  rectum  high  up 
and  continues  to  discharge  in  this  way.  The  opening 
may,  however,  be  the  result  of  ulceration,  and  the  track 
a  secondary  consequence.  A  small  ulcer  which  shall 
perforate  the  mucous  membrane  and  result  in  internal 
fistula  may  be  due  to  several  causes :  to  rupture  of  an 
inflamed  internal  hsemorrhoid ;  to  the  inflammation  of 
one  of  the  lacunae  just  above  the  sphincter,  from  the 
lodgement  within  it  of  an  irritating  particle  ;  to  the  appli- 
cation .of  strong  acids  or  any  other  traumatism ;  or  to  the 

peculiar  ulcera- 
tion met  with  in 
tubercular  pa- 
tients, but  not  of 
necessity  itself 
tubercular.  Such 
a  condition  is  a 
very  painful  one. 
The  opening, 
which  may  be 
large  enough  to. 
show  a  distinct 
loss  of  substance 
to  the  touch, 
catches  and  re- 
tains particles  of 
fseces,  causing  a 
burning    pain 

Fig.  215.— AB,  deep  BnbmuRcular  track  reuniting  _,T,i_i,       °  .,   j.-t 

from  an  ischio-rectal  abscess ;  AI,  submucous  wmcu   mn,y   lasi 

track  running  up  and  down  the  bowel.  many  hourS  alter 

Pig.  216.— DE,  Bubtegumentary  and  submucous fis-  defecation.      As 

tula  with  internal  and  external  opening.    DF,  roaiilt    rvf   tlin 

deep  submuscular  track  having  same  internal,  "    ii-s""'    "^    ''"■" 

but  separate  external  opening.  lllcer,  an  abSCeSS 

forms  after  atime 
with  the  usual  symptoms.  When  this  is  small,  and  the 
induration  not  extensive,  a  speculum  examination  may  re- 
veal the  ulcer,  but  the  track  and  the  abscess  may  escape— 
a  mistake  which  will  render  all  treatment  du-ected  toward 
the  cure  of  the  ulcer  futile.  There  maybe  several  ulcers, 
only  one  of  which  has  a  fistula  connected  with  it. 

A  fistula  may  heal  spontaneously  or  after  very  slight 
excitement  to  reparative  action,  such  as  the  mere  passage 
of  a  probe  in  making  an  examination,  but  such  cases  are 
very  rare.  Setting  them  aside,  we  are  brought  to  tlie 
question  which  will  often  be  asked  by  the  patient,  and 
which  the  surgeon  may  not  always  be  able  to  answer  to 
his  own  satisfaction, — whether  or  not  it  is  always  best,  or 
even  safe,  to  try  and  cure  a  fistula.  In  certain  cases  of 
Bright's  disease,  cancer,  cardiac  and  hepatic  afEections, 
etc. ,  all  surgical  interference  may  be  plainly  contra-indi- 
cated ;  but  the  question  is  most  apt  to  arise  in  connection 
with  pulmonary  afEections.  I  believe  it  to  be  a  safe  rule 
to  operate  upon  phthisical  patients  as  on  others,  and  have 
many  times  followed  this  rule  with  happy  results  as  to 
improved  general  health  after  the  cure  of  the  fistula, 
There  are  several  niles  which  should  be  carefully  re- 
garded in  this  class  of  cases,  however  No  cautious  prac- 
titioner would  think  of  operating  on  an  old  case  of  dis- 
ease which  was  quiescent  and  causing  little  trouble,  in  a 
person  suffering  from  very  advanced  or  rapidly"  advancing 
lung  trouble.  Cough,  when  violent  and  frequent,  is  also 
a  decided  contra-indication,  Interfering,  as  it  does  very 


FiQ.  215.  Fig.  216. 

Flstulse  with  Double  Tracks.    (MolliSre.) 
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certainly,  with  the  healing  of  the  wound.  The  sphincters 
should  he  interfered  with  as  little  as  possible,  for  they  are 
apt  to  be  weak  atthe  best ;  and  the  general  health  of  the 
patient  must  be  in  no  way  injured  by  confinement  after 
operation  to  secure  healing  of  the  wound .  I  should  never 
urge  a  patient  with  advanced  phthisis,  whose  fistula  was 
an  old  affair  and  causing  him  little  annoyance,  to  submit 
to  an  operation  ;  but  when  the  trouble  is  fresh,  and,  as  is 
most  often  the  case,  attended  by  a  good  deal  of  under- 
mining of  the  skin  and  profuse  discharge,  much  may  be 
done  for  his  relief,  and  in  the  vast  majority  of  cases  a 
cure  can  be  established  without  any  but  good  results  as 
regards  the  lungs. 

The  prevailing  idea  that  to  cure  a  fistula  it  is  necessary 
to  divide  the  sphincter  m.uscle  is  often  carried  to  a  harm- 
ful extreme.  Many  of  them  may  be  cured  by  much 
simpler  means,  and  many  more  of  them  cannot  be  cured 
even  by  this  one.  There  is,  in  fact,  no  rule  which  applies 
to  all  cases.  Many  sinuses  in  this  part  of  the  body  are 
curable  by  the  well-known  means  which  are  used  in  gen- 
eral surgery — free  opening  and  stimulation.  Injections 
of  iodine  or  nitrate  of  silver,  the  application  of  nitrate 
of  silver  fused  on  a  probe,  or  of  strong  carbolic  acid, 
the  introduction  of  a  fine  sea  tangle  tent,  of  a  drainage- 
tube  or  of  a  galvano-cautery  wire,  may  any  of  them  be 
effectual,  but  are  so  more  often  in  cases  of  superficial 
flstulse  which  do  not  communicate  with  the  bowel  than 
in  any  other.  In  complete  flstulse,  when  not  too  deep, 
the  best  operation  is  that  of  incision  with  the  knife.  It 
is  shown  in  Fig.  317,  with  the  addition  of  the  gorget  or 
large  wooden  director  to  cut 
upon,  which  is  often  of  great 
advantage.  The  end  of  the 
knife  may  be  passed  along  the 
director  and  firmly  fixed  in  the 
wood  and  both  withdrawn  to- 
gether. In  most  cases  the  direc- 
tor may  be  passed  through  the 
whole  length  of  the  fistula  into 
the  rectum,  where  the  end  may 
be  caught  upon  the  finger  and 
brought  down  out  of  the  anus 
before  the  incision  is  made.  In 
cases  of  deep  secondai-y  tracks 
running  up  and  down  the  bowel  ^i"-  21T.— Operation  for  Fistula 
under  the  mucous  membrane,  Suettf  r^''  *^^""'"'  ""'' 
as  shown  in  Fig.  215,  the  oper- 
ation is  more  serious.  To  be  sure  of  a  cure  they  should 
be  divided  also,  but  if  hsemorrhage  is  feared  the  division 
may  be  done  with  the  6craseur  or  elastic  ligature.  A 
small  canula  may  .first  be  passed,  through  this  a  wire, 
and  finally  the  elastic  ligature.  It  wiU  be  found,  how- 
ever, that  in  these  cases  the  sinus  is  generally  under  the 
mucous  membrane,  and  the  vessels  are  in  the  deeper  lay- 
ers of  the  bowel.  Severe  bleeding  is  seldom  met  with 
when  the  division  is  done  simply  with  scissors  and  a  di- 
rector. 

When  no  internal  opening  can  be  found,  but  the  mu- 
cous membrane  feels  undermined,  and  the  probe  can  be 
felt  by  the  finger  in  the  rectum,  separated  only  by  a  thin 
layer  of  mucous  membrane,  it  is  a  good  plan  to  force  an 
internal  opening  and  treat  the  fistula  as  though  it  were 
complete.  When  there  are  two  Internal  openings,  both 
should  be  included  in  one  incision.  When,  after  the  in- 
cision, the  diseased  integument  is  found  to  overlap  the 
cut  and  fall  into  it,  it  should  be  cut  away,  and  in  old 
tracks  the  healing  may  be  hastened  many  days  by  thor- 
oughly scraping  out  the  lardaceous  wall  with  the  handle 
of  the  scalpel,  or  scarifying  it  in  several  places  so  that  a 
healthy  reparative  action  may  be  set  up.  Where  the 
fistulous  tracks  exist  in  great  numbers — twenty  or  thirty 
in  some  cases — it  may  be  advisable  to  do  two  or  three 
operations  at  intervals,  rather  than  attempt  more  than  the 
patient's  powers  are  equal  to  at  one  time.  In  such  cases 
there  will  generally  be  found  two  or  three  tracks  which 
are  primary,  the  others  being  merely  offshoots  from  these, 
and  each  main  track  with  its  branches  may  be  divided  in 
one  operation. 

Fistulse  of  the  blind  internal  variety  canonly  be  dealt 


with  rationally  by  incision.  A  .speculum  should  first  be 
introduced,  and  a  silver  director  in  the  form  of  a  hook 
passed  into  the  internal  orifice,  and  brought  down  to  the 
bottom  of  the  track.  "With  this  as  a  guide,  the  fistula 
may  be  opened  into  the  bowel,  but  the  incision  should 
always  be  continued  through  the  sphincter  and  anus,  so 
that  the  wound  may  be  properly  dressed  and  drained; 
otherwise  the  operation  will  only  change  a  small  internal 
opening  into  a  large  one. 

FissTJKB  AND  Ui/CEBATION. — The  many  different  varie- 
ties of  non  malignant  ulcers  which  are  met  with  at  the 
anus  and  within  the  rectum,  may  best  be  classified  in  the 
following  groups :  1,  Simple  ;  2,  dysenteric ;  3,  tuber- 
cular ;  4,  scrofulous  ;  5,  venereal ;  6,  rodent ;  7,  those 
due  to  stricture  ;  8,  those  resulting  from  sloughing. 

Simple  ulcers  are  almost  always  of  traumatic  origin, 
and  the  most  frequent  injmy  to  which  the  rectum  is  sub- 
ject is,  perhaps,  that  arising  from  the  passage  of  hardened 
faeces.  Prom  this  cause  alone,  or  combined  with  their 
extrusion  from  the  anus,  the  surface  of  projecting  hsemor- 
rhoidal  tumors  may  become  ulcerated  for  a  considerable 
extent.  From  this  cause  also  a  fissure  is  often  produced 
within  the  grasp  of  the  sphincter.  Another  frequent 
caxise  of  injury  is  the  presence  of  foreign  bodies,  either 
fish-bones,  date-stOnes,  etc.,  which  have  been  swallowed  ; 
or  larger  substances  which  have  been  introduced  per 
anum.  An  infrequent  cause  of  direct  violence,  and  of 
subsequent  ulceration  independent  of  any  venereal  dis- 
ease, is  sodomy.  Cases  have  been  described  in  which  the 
rectum  was  dilated,  the  mucous  membrane  blackish, 
swollen,  infiltrated,  and  ulcerated  ;  and  the  submucous 
and  muscular  layers  thickened  as  a  result  of  this  vice. 
The  funnel  shape  of  the  anus,  the  lax  sphincter,  and  the 
absence  of  the  radiating  folds  are  usually  quoted  as  signs 
of  the  habit,  but  they  are  not  at  all  constant.  I  have 
seen  the  peculiar  f  nnnel  shape  without  having  any  reason 
to  suspect  the  crime,  and  I  have  had  patients  confess  the 
constant  practice  of  the  crime  in  whom  no  physical 
changes  could  be  found.  An  ulcer  of  the  rectum  is  often 
caused  by  surgical  interference,  such  as  operations  upon 
hsemorrhoids  or  fl.stula,  or  unsuitable  applications  to  fis- 
sures or  prolapse  ;  and,  in  women,  extensive  ulceration 
and  subsequent  stricture  may  be  caused  by  bruising  the 
rectum  between  the  head  of  the  foetus  and  the  sacrum  in 
parturition. 

An  injury  due  to  some  of  the  causes  already  mentioned 
may,  in  certain  persons,  and  when  located  at  the  verge  of 
the  anus,  assume  the  characters  of  an  affection  which  has 
been  elevated  into  a  separate  class,  and  is  known  as  fis- 
sure, or  irritable  ulcer.  The  irritable  ulcer  differs  in  no 
respect  from  other  simple  ulcers  in  the  same  locality,  ex- 
cept in  the  fact  of  its  irritability.  There  is  nothing 
peculiar  in  the  ulcer  itself.  It  may  be  due  to  a  slight 
rent  in  the  mucous  membrane  from  hard  faeces  ;  to  a  con- 
genital narrowness  of  the  anal  orifice,  and  a  naturally 
over-powerful  sphincter  ,  to  the  irritation  of  a  leucorrhoeal 
discharge  in  women  ;  to  an  herpetic  vesicle  ;  or  to  the 
venereal  sore  which  it  so  strongly  resembles,  the  soft 
chancre.  Any  sore  which  is  fairly  in  the  grasp  ot  the 
external  sphincter  is  apt  to  become  an  irritable  or  painful 
one ;  and  a  fissure  may  be  painless  at  one  time  and  pain- 
ful at  another  in  the  same  person  ;  or  painless  in  one 
person  and  painful  in  another.  An  ulcer  associated  with 
contracture,  spasm,  irritability,  pain,  and  sometimes  even 
with  actual  hypertrophy  of  the  sphincter,  is  what  is 
known  properly  as  an  irritable  one  ;  but  a  fissure  may  be 
present  without  exciting  any  of  these  symptoms.  There 
are  two  well-known  theories  regarding  the  causation  of 
this  little  sore.  One  is  that  the  foundation  of  the  trouble 
is  a  spasm  of  the  sphincter,  and  the  fissure  a  secondary 
lesion  due  to  the  passage  of  f  seces  through  the  spasmodi- 
cally contracted  anus.  The  other,  and  more  correct  one, 
is  that  the  Assure  exists  first,  and  that  the  spasm  of  the 
sphincter  and  resulting  pain  are  reflex,  being  specially  apt 
to  occur  in  persons  of  neuralgic  tendency,  and  being  iu 
many  cases  merely  the  local  manifestations  of  a  general 
nervous  state. 

These  ulcers  are  generally  situated  at  the  posterior  com- 
missure, but  may  be  found  anywhere  on  the  anal  circum- 
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f erence.  They  are  generally  single,  but  there  mav  be  two 
or  three,  more  especially  when  they  are  of  venereal  ongin. 
Thev  are  more  common  in  women  than  m  men,  because 
constipation  is  more  common  in  the  former  and  because 
the  skm  is  finer.  They  are  confined  to  no  age  and  are  by 
no  means  relatively  rare  in  infants.  They  are  general  7 
oval  in  shape  with  the  long  axis  vertical,  and  myolve  both 
skin  and  mucous  membrane,  being  situated  just  at  the 
junction  of  the  two.  In  some  cases  they  have  the  appear- 
ance of  a  simple  erosion,  in  others  of  an  old  ulcer  with 
grayish  base  and  indurated  edges  which  has  involved  the 
whole  thickness  of  the  mucous  membrane  and  extended 
fairly  down  to  the  muscle  beneath.  In  the  majority  of 
cases  they  are  not  attended  by  suppuration  or  the  dis- 
charge of  pus,  but  they  are  apt  to  bleed  a  little  on  slight 
provocation.  They  are  often  attended  by  small  polypi 
attached  near  their  upper  end,  or  on  the  opposite  side  of 
the  bowel,  the  presence  of  which  may  counteract  all  cura- 
tive measures  directed  to  the  fissure  alone. 

The  ulceration  which  results  from  a  surgical  operation 
or  from  a  foreign  body  is  easily  recognized .  Those  which 
result  from  acute  and  chronic  eczema  and  from  pruritus 
are  generally  due  to  the  injury  inflicted  by  the  nails  of  the 
sufferer,  and  present  no  special  characteristics.  An  erup- 
tion of  herpes  around  the  anus,  similar  to  what  is  seen  on 
the  lips,  may  result  after  rupture  of  the  primarjr  vesicles 
in  numerous,  small,  superficial  ulcers  of  a  reddish  color, 
secreting  a  little  pus.  These  may  coalesce  at  their  edges 
and  form  a  serpiginous  sore.  They  must  be  carefully  dis- 
tinguished both  from  mucous  patches  and  soft  chancres. 

From  what  has  been  said  of  the  etiology  of  these  simple 
ulcers,  it  Is  plain  that  they  must  present  many  variations 
in  appearance  ;  yet  the  diagnosis  of  each  from  the  other, 
and  of  the  whole  class  from  those  which  are  to  follow, 
will  not  generally  be  found  difficult  if  proper  attention  be 
given  to  the  history,  the  appearance  of  the  lesion,  and  its 
course.  The  disease  is  generally  of  a  healthy  type,  and 
tends  to  self -limitation  and  spontaneous  cure,  rather  than 
to  increase.  The  ulcerative  action  is  generally  superficial, 
and  tends  to  extend  on  the  surface  rather  than  in  depth. 
It  is  generally  surrounded  by  the  signs  of  reparative  ac- 
tion, and  with  proper  care  will  undergo  cicatrization, 
wliich,  when  extensive,  will  result  in  stricture. 

In  dysenteric  ulceration  the  diseased  portion  of  the 
bowel  becomes  infiltrated  with  fibrinous  exudation,  and, 
as  a  result  of  the  pressure  which  this  exercises,  is  necrosed 
and  sloughs.  There  results  a  loss  of  substance,  and  if 
this  is  superficial,  the  mucous  membrane  may  regain  its 
former  state  ;  but,  if  deep,  the  usual  cicatrix  is  produced, 
which,  when  of  sufficient  extent  will  cause  stricture. 
The  ulcers  resulting  from  this  process  vary  much  in  size, 
shape,  and  location.  They  may  be  minute  circles,  but  are 
generally  large,  and  though  their  favorite  site  is  the  rec- 
tum or  sigjmoid  flexure,  they  may  be  found  anywhere  in 
the  large  intestine.  They  may  extend  so  as  to  coalesce 
and  leave  only  islands  of  mucous  membrane  between  the 
extensive  patches,  and  although  the  process  generally  in- 
volves only  the  mucous  coat,  it  may  extend  in  depth  and 
result  In  perforation  and  its  attendant  evils.  The  strict- 
ure arising  from  this  form  of  ulceration  is  sometimes  very 
extensive. 

There  are  two  varieties  of  ulceration  met  with  in  persons 
of  the  tubercular  diathesis ;  one  due  to  the  actual  deposit 
and  softening  of  tubercle,  the  other  a  simple  ulceration 
containing  no  tubercle,  but  modified  in  its  course  by  the 
patient's  general  condition  of  malnutrition.  The  former 
may  properly  be  called  tubercular  ulceration,  the  latter  is 
better  known  as  the  ulceration  of  the  tuberculous.  The 
former  is  very  rare.  It  may  occur  in  the  rectal  pouch, 
or,  indeed,  anywhere  along  the  course  of  the  alimentary 
canal,  but  its  favorite  site  is  at  the  verge  of  the  anus, 
where  it  may  exist  before  any  general  manifestation  of 
tuberculosis.  The  characters  by  which  such  an  ulcer  may 
be  recognized  are  its  pale-red  surface,  covered  with  a  small 
quantity  of  serum  but  devoid  of  healthy  granulations  and 
having  a  varnished  appearance  ;  the  absence  of  surround- 
ing inflammation  ;  its  tendency  to  spread  in  depth  rather 
than  on  the  surface  ;  the  absence  of  any  marked  pain  •  the 
regular  outUne  ending  abruptly  in  healthy  skin  ;  its  ch'ron- 
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icity;  and  the  utter  failure  of  all  treatment  to  arrest  its 
course.  The  diagnosis  may  be  confirmed  by  the  micro- 
scope. A  tubercular  ulcer  starting  in  the  rectum  may 
end  in  perforation  and  fistula — fistula  with  large  internal 
opening — and,  as  a  matter  of  course,  the  usual  operation 
in  such  a  case  would  be  followed  only  by  disappointment 
Such  an  ulcer  has  also  been  known  to  cause  sudden  death 
from  haemorrhage.  The  treatment  should  either  be  sim- 
ply palliative,  or  else  should  aim  at  the  complete  removal 
of  the  tubercular  deposit,  either  with  cautery  or  knife. 

The  other  variety  of  so-called  tubercular  ulcer  is  a  simple 
sore  in  a  phthisical  patient,  modified  in  its  course  and 
character  by  the  general  condition.  It  may  result  from 
any  of  the  causes  of  simple  ulceration  already  mentioned, 
and  any  of  the  simple  varieties  may  assume  its  characters! 
It  may  occur  either  within  the  rectum  or  at  the  anus,  and 
may  vary  in  size  from  a  spot  a  quarter  of  an  inch  in  diam- 
eter to  a  sore  covering  the  whole  lower  part  of  the  rectum. 
It  neither  extends  rapidly  nor  heals  easily,  and  yet  it  is 
surrounded  by  a  healthjr  reparative  action,  and,  unlike 
the  true  tubercular  deposit,  it  may  be  induced  to  heal  and 
may  cause  stricture.  The  disease  is  essentially  a  chronic 
one,  and  Is  often  known  as  "  chronic  ulceration  of  the 
rectum. "  It  may  easily  be  confounded  with  some  of  the 
varieties  of  scrofula  to  be  mentioned. 

Under  the  title  of  esthiom^ne  (lupus  exedens  of  the  ano. 
vulvar  region)  a  number  of  phagedenic  ulcerations,  com- 
plicated with  more  or  less  hypertrophy  of  the  nature  of 
elephantiasis,  have  probably  been  described  ;  but,  in  spite 
of  the  confusion  of  statement,  this  disease  would  seem  to 
be  a  rare  manifestation  of  scrofula,  which  may  precede 
any  others  in  its  development.  It  commonly  starts  from 
the  external  organs  of  generation  in  the  female,  and  in- 
vades the  anus,  rectum,  and  vagina  secondarily.  It  is 
almost  never  seen  in  men.  Its  favorite  starting  point  is 
the  perineum,  and  it  may  be  superficial  or  perforating, 
and  produce  great  loss  of  tissue,  turning  the  rectum  and 
vagina  into  one  cavity.  In  the  late  stage  other  ulcers  are 
apt  to  appear  higher  up,  causing  diarrhoea  and  sometimes 
peritonitis ;  but  whether  these  are  simply  follicular,  or 
are  due  to  further  deposits  of  lupus  has  not  been  deter- 
mined. The  ulcer  is  irregular  in  outline,  with  a  granular 
base  of  a  violet-red  color,  and  there  is  a  slight  sanious  dis- 
charge. The  edges  are  but  little  elevated,  and  are  not 
undermined,  and  there  is  more  or  less  hypertrophy  of  the 
surrounding  tissue  which,  in  some  cases,  is  exceedingly 
well  marked.  The .  ulcer  may  cicatrize  in  part,  the  cica- 
trix being  thin  and  white,  at  the  same  time  that  the  ulcer- 
ative process  is  extending  in  the  opposite  direction.  At  a 
little  distance  from  the  ulcer  there  is  often  a  pathogno- 
monic appearance  of  slight,  reddish,  hard  nodules  of  tuber- 
cular lupus,  separated  from  the  primary  sore  by  healthy 
skin.  With  this  amount  of  disease  the  constitutional 
disturbance  is  often  not  sufficient  to  confine  the  patient  to 
the  house. 

The  diagnosis  is  not  generally  difficult,  though  the  disease 
may  be  confounded  with  cancer,  phagedenic  chancroid,  and 
with  elephantiasis  accompanied  by  secondary  ulceration. 
It  is  best  distinguished  from  cancer  by  the  cicatricial 
bands  which  it  leaves  behind  in  its  ineffectual  attempts  at 
healing,  and  from  chancroid  by  the  surrounding  tubercles 
which  in  lupus  develop  in  the  thickness  of  the  derma  and 
ulcerate  secondarily,  while  the  ulcers  which  surround  a 
chancroid  are  ulcerous  from  the  first,  being  due  to  second- 
ary inoculation.  Van  Buren  advances  the  theory  that 
most  of  these  ulcerations  are  due  to  the  grafting  of  the 
syphilitic  poison  upon  the  scrofulous  diathesis  in  women 
of  improper  lives.  The  duration  of  the  disease  is  indefi- 
nite, and  it  seldom  leads  to  fatal  results.  It  is  best  treated 
by  destructive  cauterization  and  raclage. 

There  are  several  varieties  of  ulceration  of  the  rectum 
and  anus  of  venereal  origin.  Without  attempting  to  de- 
cide upon  the  specific  character  of  the  inflammation 
which  may  follow  the  contact  of  the  gonorrhoeal  dis- 
charge, it  is  well  to  call  attention  to  the  severity  of  that 
inflammation  and  to  the  fact  that  it  may  cause  ulceration 
and  probably  subsequent  stricture.  During  the  height  of 
the  disease  the  rectum  is  hot,  red,  swollen,  and  granular, 
and  there  is  an  abundant  purulent  discharge  issuing  in 
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clots.  The  irritation  of  this  may  cause  erosions  and  As- 
sures which  may  reach  a  considerable  size,  or  a  previously 
existing  Assure  may  become  inoculated  in  this  way  and 
may  spread  in  extent. 

One  of  the  most  frequent  of  all  the  superAcial  ulcera- 
tions at  the  anus  is  the  chancroid.  It  is  much  more  com- 
mon in  females  than  in  males,  constituting  one  in  nine 
of  all  cases  of  chancroids  in  the  former,  and  one  in 
four  hundred  and  f orty-Ave  in  the  latter.  To  account  for 
this  greater  relative  frequency  it  is  only  necessary  to  re- 
member the  frequency  of  accidental  contact  of  the  male 
organ  in  coition,  and  the  facility  of  auto-inoculation  due 
to  the  proximity  of  the  vulva.  These  ulcers  are  seen 
either  on  the  skin  around  the  anal  oriAce  or  just  within 
the  canal,  and  show  a  decided  tendency  not  to  pass  be- 
yond the  internal  sphincter.  They  may  be  single  or 
multiple,  and  may  be  situated  at  any  point  in  the  anal  cir- 
cumference, or  completely  surround  it.  When  several 
have  coalesced  the  sufEermg  may  be  severe.  The  sores 
have  the  same  characters  as  in  other  parts  of  the  body, 
and  the  class  of  women  upon  whom  they  are  found  is  an 
aid  to  diagnosis.  If  any  suspicion  of  their  real  character 
exists,  the  test  of  auto-inoculation  may  be  tried.  Sores  of 
this  variety  tend  to  spontaneous  cure  with  cleanliness, 
and,  if  necessary,  with  judicious  cauterization  ;  and  no 
matter  how  completely  they  may  have  involved  the  anus 
or  the  skin  around  it,  they  seldom  leave  any  trace  after 
healing.  On  the  other  hand,  the  cure  may  be  delayed  for 
months,  and  the  sore  may  assume  a  chronic  type  due 
either  to  the  coexistence  of  some  other  disease  of  the  rec- 
tum, or  to  a  syphilitic  or  scrofulous  taint  in  the  patient. 
They  may  be  complicated  by  a  chronic  oedema  of  the 
surrounding  parts,  and  resemble  the  lupus  exedens  already 
mentioned,  or  by  the  gangrenous  process  known  as  pha- 
gedsena,  generally  of  the  chronic  variety,  advancing  in 
one  place  while  healing  in  another. 

That  a  chancroid  may  extend  into  the  rectum,  cause 
great  destruction,  cicatrize,  and  leave  stricture,  seems  to 
be  beyond  doubt.  Van  Buren  says,  "  I  have  certainly 
seen  this  in  several  cases,  but  only  in  women  ; "  and  Bum- 
stead  and  Taylor  speak  in  the  same  way.  Bridge's  case 
is  generally  considered  conclusive,  though  its  authority 
rests  much  more  upon  the  well-known  character  of  the 
men  who  pronounced  judgment  upon  it  than  upon  the 
history  as  it  stands  recorded  ; '  for  there  is  at  least  a 
strong  suspicion  of  syphilis,  and  there  is  no  account  of 
the  crucial  test  of  auto-inoculation.  That  chancroid  is, 
however,  the  most  common  cause  of  those  grave  strictures 
so  often  met  with  in  women  who  have  had  syphilis,  and 
which  are  generally  known  as  "  syphilitic,"  is  by  no 
means  proved.  That  many  of  them  are  not  due  to  this 
cause  is  rendered  certain  by  the  fact  that  they  are  often 
found  in  women  beyond  the  suspicion  of  either  chancre 
or  chancroid,  and  they  are  often  developed  late  in  the 
course  of  true  syphilis,  are  not  preceded  by  any  ulcera- 
tion near  the  anus,  where  chancroids  are  usually  located, 
and  do  have  their  starting-point  in  an  ulceration  well 
above  the  internal  sphincter. 

True  chancre  at  the  anus  is  not  very  uncommon. 
Probably  many  more  of  them  exist  than  are  ever  diag- 
nosticated, because  they  cause  so  little  local  trouble.  In 
the  female  a  sore  in  this  location  is  easily  accounted  for 
by  artiAcial  inoculation ;  in  the  male  it  means  sodomy. 
They  are  most  liable  to  be  confounded  with  simple  As- 
sures, but  have  a  hard,  raised  margin  and  indurated  base, 
are  less  painful,  and  devoid  of  the  healthy  surface  of  the 
former.  In  a  case  of  suspicion  constitutional  treatment 
may  be  delayed  till  the  appearance  of  general  symptoms. 
True  chancre  within  the  rectum  is  so  rare  as  to  be  almost 
unknown,  and  the  difficulties  surrounding  its  diagnosis  are 
very  gi'eat.  Its  mere  appearance  would  scarcely  be  conclu- 
sive, and  the  absence  of  any  other  primary  sore  would 
need  to  be  absolutely  proved,  in  women  a  very  difficult 
thing  to  do. 

One  of  the  secondary  manifestations  of  syphilis  is  to  be 
looked  for  at  the  anus  and  rectum — the  mucous  patch, 
not  an  infrequent  sign  in  the  former  locality,  and  one 
liable  to  take  on  ulceration  from  local  irritation.  Gener- 
ally, however,  they  are  devoid  of  symptoms,  and  disap- 


pear without  treatment,  or  with  simple  cleanliness  and 
the  use  of  an  astringent  wash.  That  the  mucous  patch 
may  appear  in  the  rectal  pouch  also  is  rendered  probable 
from  analogy  with  the  fauces,  and  such  cases  have  been 
reported  ;  but  they  never  form  cicatrices,  and  hence  need 
not  be  counted  in  the  etiology  of  stricture. 

"Well-marked  cases  of  tertiary  syphilitic-  ulceration  in 
the  rectum,  such  as  are  seen  in  the  mouth  and  throat,  are 
seldom  mentioned  ;  and  yet  that  they  may  exist  and 
cause  extensive  destruction  is  not  only  probable  from 
analogy,  but  clinically  true.  It  is  to  this  cause  that  many 
strictures  are  due.  The  ano-rectal  syphiloma  is  not  pri- 
marily an  ulceration,  but  an  infiltration.  Like  the  gum- 
mata,  however,  it  leads  to  ulceration,  and  the  ulceration 
may  cause  a  "syphilitic"  stricture,  though  the  latter  re- 
sult is  more  apt  to  be  caused  by  actual  blocking  up  of  the 
canal  by  the  peculiar,  doughy,  inelastic  infiltration. 

Rodent  ulcer  is  a  rare  disease  at  the  anus,  but  it  has 
been  occasionally  seen.  It  is  found  by  preference  just  at 
the  verge  and  extending  into  the  canal  from  this  point. 
It  has  the  same  characters  as  when  seen  on  the  face.  Its 
shape  is  iiTegular,  surface  red  and  dry  ;  it  destroys  super- 
ficially, attacking  mucous  membrane  rather  than  skin, 
and  undergoes  rapid,  but  only  partial,  cicatrization  under 
proper  local  and  general  treatment.  It  never  entirely 
heals,  and  is  at  first  generally  mistaken  for  syphilitic  ul- 
ceration until  the  powerlessness  of  all  treatment  has  been 
demonstrated.  It  is  one  of  the  most  painful  of  all  the 
affections  of  the  part,  and  is  best  treated  by  complete  ex- 
tirpation, which  may  prevent  a  return  for  some  years. 

Not  only  is  ulceration  the  most  common  cause  of  strict- 
ure, but  the  latter  is  generally  a  cause  of  the  former  by 
its  obstructive  action,  and  the  changes  it  causes  in  the  nu- 
trition of  the  parts.  At  first  there  is  dilatation  of  the 
rectal  pouch  and  hypertrophy  of  its  walls  above  the  dis- 
ease, due  to  the  effort  to  overcome  the  obstruction.  In  this 
way  the  coats  may  become  of  double  their  natural  thick- 
ness. Next  an  ulcerative  action  is  set  up  in  the  mucous 
membrane,  which  begins  as  a  simple  congestion,  and  ad- 
vances to  complete  destruction  of  the  tissue  over,  perhaps, 
the  whole  circumference  of  the  bowel,  and  for  several 
inches  above  the  stricture.  As  a  result,  the  muscular  layer 
may  be  entirely  denuded,  and  even  perforated,  at  a  con- 
siderable distance  above  the  disease.  Finally,  the  gan- 
grene which  sometimes  follows  the  continued  fevers  and 
is  particularly  liable  to  affect  the  female  genitals,  and  the 
more  severe  forms  of  abscess  may,  by  their  extensive 
sloughing,  end  in  the  production  of  large  ulcerated  sur- 
faces. 

The  symptoms  of  ulceration  are  quite  characteristic. 
In  Assure  the  chief  one  is  the  peculiar  pain,  which  may  be 
constant,  but  is  always  increased  by  defecation.  The 
act  itself  may  not  be  particularly  painful,  but  after  it, 
sometimes  almost  immediately,  sometimes  after  a  short 
interval,  the  characteristic  suffering  begins,  and  may  last 
in  mild  cases  an  hour  or  two,  or  in  severe  ones  nearly  all 
of  the  twenty-four  hours.  The  pain  is  described  as  dull, 
gnawing,  and  aching,  rather  than  lancinating,  and  will 
often  extend  into  the  loins  and  thighs.  Bleeding  at  stool 
is  also  a  common  symptom,  and  the  extent  of  the  fissure 
is  no  indication  to  the  amount  of  suffering  it  may  cause. 
The  element  upon  which  the  pain  directly  depends  is 
probably  the  exposure  of  nerve-filaments.  Ulceration 
within  the  rectum  is  also  attended  by  a  train  of  symptoms 
sufficiently  characteristic  to  render  its  existence  extremely 
probable  when  these  occur.  They  are  morning  diarrhoea 
of  a  peculiar  kind,  the  desire  for  a  passage  coming  on  as 
soon  as  the  patient  awakes,  and  the  passages  being  at  first 
mucus,  and  finally  containing  faeces  mixed,  perhaps,  with 
blood.  After  a  couple  of  hours  these  passages  cease  for 
the  day,  and  nothing  more  is  felt  except  occasional  pain 
and  a  constant  uneasiness  in  the  part.  As  the  disease  in- 
creases, the  diarrhoea  will  return  in  the  evening,  the  dis- 
charge of  blood  and  mucus  will  increase  in  quantity,  and 
the  pain  will  become  constant  and  very  exhausting.  It  is 
scarcely  necessary  to  call  attention  to  the  extreme  gravity 
of  this  condition,  or  to  the  certainty  with  which,  if  un- 
treated, and  sometimes  in  spite  of  the  best  of  treatment, 
it  will  end  either  fatally  or  in  stricture.    The  picture  is, 
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unfortunately,  only  too  familiar,  and  a  case  of  ulceration 
™Sin  ae  rectum  is  perhaps  one  which  calls  for  as  much 
skill  in  treatment  and  yields  as  poor  results  as  anythmg  in 

%hTffagnosi?oFthe  presence  of  ulceration  is  not  diffi- 
cult with  fufflcient  care.  No  ulcer  withm  four  inches  of 
the  anus  is  beyond  the  reach  of  actual  touch  and  vision, 
and  none  need  therefore  escape  detection.  The  rule  is 
simple  If  the  sore  cannot  he  felt  by  digital  examination 
ether  should  be  given,  the  anus  dilated,  and  a  thorough 
speculum  examination  made  of  every  part.  In  every 
case  the  histoiy  must  be  taken  into  consideration  as  well 
as  the  appearance  of  the  sore.  Of  the  many  varieties 
mentioned,  some  are  extremely  rare.  Among  these  are 
the  true  chancre,  tubercular  deposit,  rodent  ulcer,  and 
lupus.  In  most  cases,  after  excluding  syphilis,  the  ulcer 
will  be  of  the  simple  variety,  modified  more  or  less  in 
each  case,  or  it  will  be  malignant. 

The  treatment  of  fissure  should  in  the  first  place  be 
preventive  in  those  persons  in  whom  the  skin  is  unusually 
sensitive  and  liable  to  crack ;  and  for  such  there  is  noth- 
ing better  than  daily  ablutions  with  cold  water,  and  the 
avoidance  of  anything  which  may  tend  to  irritate  it,  as 
the  use  of  printed  or  rough  paper  after  defecation.  A 
fissure  may  often  be  cured  by  applications  of  weak  solu- 
tions of  nitrate  of  silver,  Goulard's  liniment  on  a  pledget 
of  lint,  an  ointment  of  oxide  of  mercury  ( 3  ss.  to  |  j.), 
or  the  passage  of  a  well-oiled  bougie.  I  seldom  find  a 
fissure  which  cannot  be  cured  by  this  line  of  treatment 
and  without  the  necessity  of  stretching  the  sphincter ; 
but  with  these  local  measures  must  he  combined  the 
greatest  possible  amount  of  rest,  and  the  daily  administra- 
tion of  a  mild  laxative  to  secure  an  easy  passage.  If  the 
pain  be  severe  it  is  a  good  plan  to  have  the  evacuation 
late  at  night  just  before  retiring,  and  then  to  use  an  oint- 
ment of  belladonna  freely.  Instead  of  stretching  the 
sphincter,  which  involves  the  previous  administration  of 
ether,  many  cases  may  be  cured  by  drawing  a  sharp  knife 
over  the  base  of  the  ulcer,  and  cutting  sufficiently  deep 
to  divide  those  fibres  of  the  sphincter  which  are  exposed. 
If  a  polypus  be  present  it  must  be  removed,  else  no  line 
of  treatment  will  be  of  any  avail. 

The  treatment  of  ulceration  within  the  rectum  is  a  much 
more  difficult  matter,  but  the  principle  is  the  same.  In 
both  we  give  the  ulcer  rest  and  try  to  assist  nature  in  her 
own  methods  by  avoiding  any  irritation  which  may  inter- 
fere with  the  work  of  repair.  The  general  treatment  con- 
sists of  absolute  rest  in  bed  and  fluid  diet.  Cod-liver 
oil  may  also  be  given  when  well  borne,  as  a  laxative 
and  tonic.  The  local  treatment  consists  in  various  appli- 
cations. Suppositories  serve  a  good  purpose  and  may 
contain  any  drug  desired,  tannin,  iodoform,  bismuth, 
opium,  belladonna,  etc.  The  practice  of  introducing  local 
remedies  in  this  form  has  many  advantages  over  that  of 
applying  them  by  means  of  a  speculum,  for  the  mere  in- 
troduction of  a  speculum  two  or  three  times  a  week  is  apt 
to  do  more  harm  then  the  remedies  will  do  good.  Certain 
good  results  may  be  gained  by  applications  made  in  the 
form  of  enemata,  especially  when  the  disease  is  high  up. 
Three  pints  of  water  may  be  thrown  into  the  sigmoid 
flexure  through  a  long  rectal  tube,  and  parts  may  be 
reached  in  this  way  which  cannot  be  so  by  any  other 
method.  The  drug  from  which  the  best  results  may 
be  expected  is  nitrate  of  silver  in  the  strength  of  from 
twenty^  to  forty  grains  to  three  pints  of  water.  The  ap- 
plication of  pure  nitric  or  carbolic  acid  to  an  ulcer  within 
the  rectum  is  often  followed  by  immediate  reparative 
action.  It  is  especially  indicated  in  syphilitic  disease 
which  has  failed  to  respond  to  constitutional  treatment. 
In  cases  of  more  extensive  disease  above  the  sphincter, 
where  the  latter  by  its  action  causes  constant  pain,  I  am 
in  the  habit  of  freely  dividing  that  muscle  in  the  median 
lino,  posteriorly,  with  the  cautery  knife.  In  this  way  re- 
hef  is  given  to  suffering,  more  perfect  rest  is  obtained  for 
the  parts  than  is  otherwise  possible,  and  a  way  is  opened 
up  for  such  further  local  treatment  as  may  be  necessary. 
The  operation  is  preferable  to  that  of  stretching  the 
muscle,  because  its  effect  is  more  permanent  and  be- 
cause It  permits  of  free  drainage.    It  is,  in  fact,  an  excel- 


lent substitute  for  colotomy  in  a  certain  class  of  severe 
cases  of  otherwise  incurable  disease. 

Steicttobb.— Stricture  of  the  rectum  may  be  congenital 
or  acquired.  The  congenital  vrill  be  referred  to  under 
the  head  of  Malformations.  Acquired  strictm'es  may 
be  divided  into,  1,  those  due  to  pressure  from  outside 
the  bowel ;  2,  spasmodic ;  3,  uon- venereal ;  4,  venereal ; 
5,  cancerous. 

A  tumor  of  any  kind  in  the  pelvis  will  not  infrequently 
so  press  upon  the  rectum  as  to  obstruct  its  calibre.  An 
abscess  in  the  ischio-rectal  fossa  may  be  accompanied  by 
an  amount  of  inflammatory  deposit  around  the  rectum 
sufficient  to  cause  a  considerable  bulging  inward  of  the 
wall ;  and  a  pelvic  inflammation  in  women  may  be  ac- 
companied by  an  amount  of  exudation  which,  in  the  form 
of  bands  across  the  bowel,  shall  partially  close  it,  and,  at 
the  same  time,  lead  to  compensatory  muscular  hyper- 
trophy of  the  rectal  wall.  Medical  literature  is  full  of 
such  cases,  and  here  it  is  only  necessary  to  refer  to  them. 

Much  has  been  written  in  the  past  upon  the  question  of 
spasmodic  stricture,  but  the  condition  is  looked  upon  by 
the  best  authorities  with  great  doubt.  Spasmodic  con- 
traction or  stricture  of  the  external  sphincter  muscle  is 
not  an  unusual  condition,  but  spasmodic  contraction  of 
the  canal  above  that  point  has  always  been  a  matter  of 
belief  and  of  assertion  rather  than  of  demonstration.  It  is 
upon  the  difficulty  encountered  in  passing  a  rectal  bougie 
that  nearly  all  of  the  supposed  cases  rest.  "When  a  bougie 
cannot  be  passed,  a  stricture  is  inferred.  When,  after 
numerous  trials,  an  entrance  is  finally  effected  by  lucky 
manipulation,  the  spasm  has  been  overcome.  To  this 
may  be  reduced  nearly  all  the  reported  cases  of  this  affec- 
tion, which  from  time  to  time  have  appeared  in  the  writ 
ipgs  of  those  who  have  devoted  attention  to  the  subject. 
It  is  perhaps  too  much  to  say  that  spasmodic  stricture 
never  exists  ;  but  a  well-marked  contraction  within  reach 
of  the  finger,  which  can  be  plainly  detected  by  an  ordi- 
nary digital  examination,  and  which  disappears  under 
anaesthesia,  is  yet  to  be  reported,  although  more  or  less 
spasm  may  be  an  accompaniment  of  other  severe  rectal 
disease. 

Non-venereal  strictures  may  be  divided  into  the  dys- 
enteric, the  inflammatory,  and  the  traumatic.  Dysen- 
teric ulceration  has  already  been  spoken  of,  and  strictures 
due  to  this  cause  are  often  very  extensive,  and  not  infre- 
quently multiple.  Proctitis,  whether  acute  or  chronic, 
when  sufficiently  severe  and  attended  bjr  sufficient  changes 
in  the  coats  of  the  bowel,  may  result  in  stricture ;  and  a  ^ 
simple  traumatism  may  lead  to  the  same  result,  either  by 
causing  ulceration  and  cicatrization,  or  by  exciting  a 
chronic  inflammation  in  the  submucous  connective-tissue. 
Among  these  traumatisms  may  be  enumerated  operations 
upon  haemorrhoids,  applications  of  strong  acids,  the  per- 
formance of  some  surgical  operations,  foreign  bodies, 
kicks  and  falls,  and  the  injury  produced  by  the  head  of 
the  foetus  at  birth. 

There  is  another  form  of  stricture  which  may  be  con- 
sidered as  on  the  dividing  line  between  the  congenital  and 
the  inflammatory,  and  which  consists  in  an  enlargement 
and  thickening  of  the  folds  of  mucous  membrane  which 
are  normally  present  in  every  one.  Cases  have  been  re- 
ported in  which  these  folds  became  sufficientljr  hypeitro- 
phied  to  act  as  a  stricture  and  cause  obstruction  and  ac- 
cumulation of  faeces  above.  The  idea  that  these  folds  are 
the  starting-point  of  many  strictures  is  quite  a  general  one, 
and  probably  has  Its  foundation  in  the  fact  that  as  they 
are  the  most  subject  to  injuries,  so  they  may  be  the  most 
frequent  starting-point  of  those  contractions  which  are 
due  to  injuries,  especially  those  from  foreign  bodies  intro- 
duced per  anum,  and  from  hardened  fseces,  intestinal  con- 
cretions, etc. 

The  venereal  strictures  may  be  divided  into  two  varie- 
ties, the  cicatricial  and  neoplastic.  The  venereal  ulcera- 
tions which,  by  subsequent  cicatrization,  are  capable  of 
producing  stricture  have  already  been  referred  to.  They 
are  the  chancroid  and  the  later  syphilitic  ulcers.  The 
true  chancre  and  the  mucous  patch  may  be  left  out  oi 
consideration,  for  the  reason  that  their  influence  in  caus- 
ing stricture  is  still  rather  a  matter  of  surmise  than  oi 
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proof ;  and  the  same  may  be  said  of  gonorrhcea  of  the 
rectum.  There  is  another  class  of  venereal  strictures 
which  are  not  primarily  ulcerative,  and,  therefore,  not 
cicatricial ;  these  may  he  denominated  neoplastic.  In 
this  class  are  to  be  placed  the  gummata ;  the  ano-rectal 
syphiloma,  which  differs  from  gummy  deposit  rather 
clinically  than  microscopically ;  and  a  third  late  mani- 
festation of  syphilis,  which  is  an  inflammation  of  the 
rectal  wall.  This  inflammatory  change  may  involve  a 
large  portion  of  the  rectum.  It  begins  in  the  muscular 
fibre,  the  interstitial  tissue  of  which  becomes  filled  with 
round  cells,  which  ultimately  form  a  connective-tissue, 
and  this  connective-tissue,  by  its  hardening  and  consolida- 
tion, finally  causes  the  complete  destruction  of  the  muscu- 
lar element.  It  is  not  to  be  confounded  with  ano-rectal 
syphiloma,  in  which  there  is  an  actual  deposit  of  large 
masses  of  new  material  in  the  rectal  wall,  masses  which 
it  may  be  very  difllicult  to  distinguish  from  cancer.  In 
these  various  ways  venereal  disease,  and  especially  syph- 
ilis, may  result  in  stricture,  and  this  accounts  for  the  fact 
that  in  about  fifty  per  cent,  of  all  cases  there  Is  a  syphilitic 
history. 

In  studying  the  pathological  anatomy  of  stricture  there 
are  several  points  to  be  observed,  for  changes  will  be 
found  not  only  at  the  stricture  Itself,  but  above  and  be- 
low it,  and  in  the  surrounding  parts.  The  mucous  mem- 
brane at  the  constriction  will  be  found  destroyed,  and  all  the 
connective-tissue,  whether  submucous,  subperitoneal,  or 
intermuscular,  will  be  found  increased  in  quantity,  thus 
increasing  the  thickness  of  the  rectal  wall.  Above  the 
constriction  a  process  occurs  which  will  be  found  to  be 
almost  constant.  It  begins  as  a  dilatation  of  the  bowel 
and  an  hypertrophy  of  the  muscular  layer,  with,  at  first, 
a  thickening  of  the  mucous  membrane.  Later  the  mu- 
cous membrane,  due  probably  to  the  irritation  of  retained 
fsBces,  will  show  all  the  stages  of  ulceration,  from  simple 
congestion  in  some  points  to  a  complete  destruction  in 
others,  and  an  exposure  of  the  muscular  fibre  beneath. 
This  ulcerative  process  may  extend  several  inches  up  the 
bowel,  and  the  bowel  above  the  stricture  may  become  as 
thin  as  paper  in  spots,  and  may  tear  almost  as  easily.  At 
such  points  perforation  is  apt  to  occur.  The  bowel  is  also 
generally  distended  with  gas  and  faeces,  the  latter  being 
more  often  fluid  than  solid,  though  faecal  tumors  wiU 
sometimes  be  met.  The  dilatation  may  reach  an  enor- 
mous size,  and  ultimately  result  in  a  pouch  which  will 
fill  a  great  part  of  the  abdomen,  and  dip  down  in  a 
cul-de-sac  below  the  constriction.  An  ulceration  and 
perforation  of  such  a  pouch  may  result  in  the  establish- 
ment of  a  fistulous  outlet  for  the  faeces,  and  such  an 
outlet  may  be  into  the  rectum  below  the  stricture,  the 
bladder,  the  genital  tract  in  females,  or  into  the  ischio- 
rectal fossa,  with  the  necessary  result  of  abscess.  The 
cellular  tissue  around  the  lower  part  of  the  rectum  may 
also  become  hard  and  lardaceous  as  a  result  of  chronic 
inflammation,  and  this  process  may  extend  a  considerable 
distance  from  the  stricture  along  the  sacrum  up  to  the 
promontory  and  into  the  subperitoneal  tissue  of  the  iliac 
fossae.  Abscess  is  always  liable  to  accompany  stricture, 
for  an  unknown  reason,  perhaps  from  the  lowered  vitality 
of  the  part,  and  this  accounts  for  the  relative  frequency 
of  flstulae  in  this  disease.  These  may  be  both  numerous 
and  extensive,  and  may  make  communications  between 
the  rectum  and  any  of  the  neighboring  organs.  There 
is  also  a  low  form  of  peritonitis  which  frequently  accom- 
panies stricture,  marked  by  tympanites,  vomiting,  and 
pain,  and  attended  by  thickening  of  the  peritoneum  and 
adhesions.  Below  the  stricture  the  rectum  will  some- 
times be  found  unchanged  from  its  normal  condition, 
but  it  will  generally  be  ulcerated  as  it  is  above,  or  else 
there  will  be  haemorrhoids,  excoriations,  vegetations,  and 
cutaneous  tags  of  greater  or  less  size.  These  growths  are 
the  result  of  the  irritation  of  the  discharge  from  the  dis- 
ease above. 

Most  strictures  are  located  in  the  lower  part  of  the  rec- 
tum, and  hence  their  presence  is  easily  detected  in  the 
majority  of  cases.  They  are  far  more  frequent  in  females 
than  in  males,  because  many  of  the  causes  which  produce 
them  operate  chiefly  in  females.    Age  has  little  influence 


upon  their  frequency  after  the  period  of  adult  life.  A 
stricture  may  or  may  not  involve  the  whole  circumference 
of  the  bowel ;  and  the  contraction  may  be  so  slight  as  not 
to  be  apparent  till  the  bowel  is  stretched  by  the  speculum, 
when  a  falciform  band  may  spring  out  from  one  side.  In 
more  extensive  disease  there  is  still  usually  a  passage  for 
the  faeces,  but  it  may  be  very  small.  The  most  extensive 
disease  will  be  found  to  be  due  generally  either  to  syphi- 
litic deposit,  syphilitic  sclerosis,  or  dysentery,  and  in  such 
cases  the  stricture  tissue  may  cover  a  space  of  several 
inches,  beginning  near  the  anus  and  reaching  nearly  the 
entire  length  of  the  rectum. 

When  stricture  is  the  result  of  ulceration,  the  symptoms 
of  the  latter  will  generalljr  mask  those  of  the  former,  and 
the  patient  will  complam  of  pain  and  discharge,  with 
failure  of  the  general  health,  and  gastric  and  intestinal 
disturbance.  The  one  sign  of  a  stricture  is  the  obstruc- 
tion it  causes,  and  this  may  show  itself  in  several  ways, 
fenerally  at  first  by  alternate  attacks  of  constipation  and 
iarrhoea.  The  constipation  is  mechanical,  and  is  due  to 
the  accumulation  of  faeces  above  the  baiTier.  The  diar- 
rhoea is  secondary  to  the  accumulation,  which  in  time 
begins  to  act  as  a  foreign  body,  setting  up  a  catarrhal  in- 
flammation, as  a  result  of  which  sufiicient  fluid  is  poured 
into  the  bowel  to  soften  the  hardened  mass,  and  large 
quantities  are  discharged,  only  to  be  followed  by  fresh 
accumulations.  It  has  often  been  asserted  that  a  lessen- 
ing of  the  rectal  calibre  must,  in  the  nature  of  things, 
cause  a  change  in  the  shape  of  the  faeces,  and  flattened, 
tape-like  stools  are  given  as  a  diagnostic  sign  of  stricture ; 
but  this  is  not  quite  true.  The  tape-like  stool  is  a  sign 
of  value  when  present,  and  should  always  lead  to  careful 
exploration,  but  it  may  not  be  present  in  the  worst  case 
of  stricture,  and  it  may  be  present  without  stricture  ;  in 
the  latter  case  being  due  to  spasmodic  action  of  the 
sphincter  at  the  moment  of  defecation.  A  stricture,  even 
of  large  calibre,  may,  as  a  result  of  straining,  cause  a 
passage  of  very  small  size  and  tape-like  appearance,  but 
to  do  so  it  must  be  forced  down  to  the  anus  in  defeca- 
tion, so  as  to  actually  take  the  place  of  the  sphincter  and 
impress  a  final  mould  upon  the  matter  passed.  It  is  well 
known  that  with  a  very  tight  stricture  high  up,  the  faeces 
maybe  re-formed  in  the  rectum  below,  and  be  passed  nor- 
mal in  size.  At  the  bedside  but  little  weight  is  to  be 
attached  to  the  statements  of  patients  regarding  this 
matter. 

After  a  stricture  has  existed  for  some  time  signs  of  ob- 
struction may  be  manifest  by  abdominal  inspection  and 
palpation.  The  transverse  and  descending  colon  can  be 
felt  partially  distended  with  faeces,  and  will  be  dull  on 
percussion  and  tender  to  the  touch,  while  movable  tumors, 
pitting  on  firm  pressure,  may  be  made  out.  After  an  at- 
tack of  diarrhoea  or  a  brisk  purgation,  these  accumula- 
tions may  disappear,  only  to  form  again  after  a  time. 
G-enerally  complete  obstruction  does  not  occur  without 
ample  warning  in  this  way.  It  is  preceded  by  eructa- 
tions of  fetid  gas,  the  abdomen  swells  and  becomes  very 
tender  on  pressure,  the  coUs  of  intestine  are  visible 
through  the  abdominal  wall,  and  their  violent  peristalsis 
gives  proof  of  the  effort  nature  is  making  to  overcome 
the  obstruction.  After  a  few  days  the  patient  is  ex- 
hausted, and  unless  aid  is  given  dies.  Complete  obstruc- 
tion has  been  seen  to  occur  very  suddenly,  forming  al- 
most the  first  indication  of  serious  disease ;  and  this  is 
more  apt  to  be  the  case  where  the  stricture  is  high  up  in 
the  rectum  or  at  the  junction  with  the  sigmoid  flexure. 
It  comes  on  with  the  usual  signs  of  acute  intestinal 
strangulation — pain,  swelling  of  the  abdomen,  bloody 
passages,  etc. — and  it  may  be  caused  by  some  indigestible 
substance  which  has  been  swallowed  and  refuses  to  pass 
the  stricture,  or  merely  by  hardened  faeces  or  prolapse  of 
the  bowel  above  into  the  constriction. 

The  first  means  of  diagnosis  in  stricture  is  the  examina- 
tion with  the  finger,  and,  as  the  great  majority  of  strict- 
ures are  confined  to  the  lower  part  of  the  rectum,  this  is 
in  itself  generally  sufiBcient.  It  is  the  best,  safest,  and 
least  painful  of  all  the  means  of  diagnosis  when  properly 
executed,  and  yet  it  may  be  the  immediate  cause  of  death 
when  roughly  practised.     There  is  an  inborn  tendency  on 
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the  part  of  many,  -when  the  index-finger  comes  in  contact 
with  a  tight  stricture,  to  bore  through  the  narrow  passage 
and  feel  what  is  on  the  other  side,  a  tendency  to  be  over- 
come. If  the  examiner  be  deliberately  determined  to 
practise  divulsion,  this  is  one  way  to  do  it,  but  divulsiou 
is  not  necessary  for  diagnosis,  and  is,  moreover,  a  very 
grave  surgical  procedure.  The  finger  should,  therefore, 
be  passed  gently  up  to  the  stricture,  and  unless  the 
calibre  admits  of  it  without  straining,  it  should  not  be 
passed  farther.  The  condition  of  the  parts  below  may 
also  be  appreciated,  the  amount  of  induration  estimated, 
and  a  general  idea  formed  of  the  nature  and  extent  of  the 
disease.  In  women  the  vaginal  touch  will  generally  be 
found  of  the  greatest  value  and  should  never  be  omitted. 
As  a  rule  all  can  be  learned  in  this  way  that  can  be 
learned  in  any  other,  where  the  disease  is  within  reach  of 
the  finger,  and  nothing  is  to  be  gained  by  a  painful 
speculum  examination  or  the  use  of  a  bougie — means  of 
diagnosis,  which,  however  valuable  where  the  stricture 
cannot  be  felt  by  the  finger,  are  of  little  use  for  the  lower 
four  inches  of  the  rectum. 

"When  a  stricture  is  situated  high  up  in  the  rectum  or 
in  the  sigmoid  flexure,  the  confidence  in  diagnosis  which 
comes  from  actual  contact  of  the  finger  with  the  disease 
is  entirely  lost,  and  there  is,  perhaps,  nothing  in  the 
whole  range  of  surgical  diagnosis  which  requires  more 
skill  than  the  detection  of  stricture  in  this  part,  and  noth- 
ing attended  with  more  uncertainty.  The  symptoms  are 
not  as  marked,  for  the  nerve-supply  is  not  the  same,  nor 
is  the  sphincter  involved.  For  this  reason  the  patient  is 
apt  to  make  the  diagnosis  of  chronic  constipation  and  dys- 
pepsia for  himself  rather  than  that  of  haemorrhoids.  Pain 
in  the  abdomen,  not  particularly  localized,  pain  in  the 
loins  and  down  the  legs,  obstinate  constipation,  and  oc- 
casional diarrhoea,  are  the  things  usually  complained  of, 
and  in  these  there  is  nothing  to  base  a  positive  diagnosis 
upon.  The  fseces  may  never  present  any  peculianty  of 
shape.  They  are  apt  to  be  lumpy  or  unformed  rather 
than  misformed  :  but  they  may  be  streaked  with  blood 
and  slime,  which  is  perhaps  the  most  valuable  of  all  the 
symptoms  of  the  disease,  and  one  which  always  positively 
calls  for  the  most  careful  physical  examination. 

A  stricture  in  this  locality  must  always  he  examined 
for  with  the  greatest  gentleness,  and  the  result  will  often 
be  negative.     The  attempt  to  decide  the  question  by  the 
use  of  bougies  is  altogether  unsatisfactory,  and  by  no 
means  free  from  danger.    It  is  unsatisfactory  because  an 
obstruction  will  generally  be  encountered   in  trying  to 
pass  an  instrument  of  any  size  through  this  part  of  the 
bowel,  and  the  passage  of  a  small  one,  which  is  much 
easier,  proves  nothing.     It  is  dangerous  because  with  the 
ordmary  i-ubber  rectal  bougies  a  diseased  bowel  may  ea.s- 
ily  be  ruptured  with  what  seems  to  the  operator  to  be  no 
more  force  than  is  justified  in  attempting  to  overcome  the 
natural  obstructions  in  this  part  of  the  canal.    The  hulb- 
ous-pomted  bougie  on  the  flexible  stem  appears  a  priori 
to  be  the  most  suitable  for  exploration,  but  it  has  two  ob- 
jectionable features.     It  is  not  at  all  an  easy  instrument 
to  pass,  and  if  passed  tlu-ough  a  stricture  too  much  force 
18  required  for  the  withdrawal  after  the  abrupt  shoulder 
is  in  contact  with  the  stricture.    A  bougie  intended  for 
this  purpose  should  be  of  soft  rubber,  veiy  flexible  of 
good  size  hollow,  and  with  an  opening  at  the  lower  end 
which  wi  1  fit  tightly  over  the  smtU  tip  of  an  ordinary 
Davidson  s  synnge,  which  should  be  fitted  to  it  before 
the  attempt  to  pass  it  is  begun.     Then,  with  a  basin  of 
warm  water  close  at  hand,  the  bougie  may  be  well  oiled 
and  mtroduced   and  at  the  first  obstruction  the  bowel 
t^"^^     T    il'^'^  ''''*'*  '^**<^'^  ^"'*1  it  is  moderately  dis- 
effnr.tfl'lJH/'j''r^*^/''''^'  °*  "'^''^^  membrane  are 
Tht^l^-  ^tention,  and  one  great  obstacle  is  eliminated. 
1  he  next  is  the  promontory  of  the  sacrum,  which  is  more 
easily  passed  by  a  soft  than  a  stiff  instrument.     Without 
these  precautions,  and  sometimes  y^th  them,  the  Inex 
nSpn*^  '^™'°"^  ^"i  ^""i  ^  ''t'-i'^t^^^  i°  t"«  rectum  of 
thev  mav^hp'°„°^HT*  °{.t^«nty.  °°  matter  how  healthy 
tney  may  be ;  and  for  this  reason  it  is  seldom  safe  to  rest 

hP  ±TT  °^  ''"'l^"''  ""^  "^«  fact  that  a  bourfe  canno 
be  maJe  to  pass.    Moreover,  a  good-sized  bSugie  will 
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often  pass  a  stricture  which  is  small  enough  to  produce 
marked  symptoms. 

In  certain  cases  information  may  be  gained  by  the  use 
of  a  long,  cylindrical  speculum,  while  the  patient  bends 
over  a  chair  and  strains  to  bring  the  parts  into  view ;  and 
it  is  worth  remembering  that  a  full  inch  may  be  gained 
in  a  digital  examination  by  having  the  patient  stand  erect 
and  strain  down  upon  the  finger.  Fortunately,  however 
we  are  not  limited  to  any  of  these  means  for  a  diagnosis! 
Most  strictures  in  this  part  of  the  bowel  are  cancerous 
their  presence  can  be  pretty  accurately  surmised  from  the 
general  symptoms,  and  after  a  time  they  can  be  felt 
through  the  abdominal  wall  by  careful  palpation.  If  the 
diagnosis  cannot  be  made  in  this  way,  and  the  symptoms 
justify  it,  there  is  but  one  means  left — the  passage  of  the 
hand  into  the  rectal  pouch.  I  know  of  no  other  way  than 
this  by  which  a,  stricture  of  the  sigmoid  flexure  whicli 
cannot  be  felt  by  external  manipulation  can  be  certainly 
recognized. 

The  treatment  of  stricture  of  the  rectum  is  both  consti- 
tutional and  local.  The  first  question  to  be  answered  is 
as  to  the  advisability  of  anti-syphilitic  treatment,  and  in 
recent  cases  where  there  is  the  slightest  ground  for  sus- 
pecting syphilis  this  should  never  be  omitted.  It  is  well 
to  exercise  caution  in  the  matter,  however,  and  the  cases 
in  which  the  patient  should  be  submitted  to  this  form  of 
treatment  must  be  carefully  selected.  The  practitioner 
who  considers  the  great  majority  of  strictures  as  syphi- 
litic, and  indiscriminately  uses  mercury  and  iodide  of  pot 
ash,  will  be  mistaken  about  as  often  as  he  who  looks  upon 
most  of  his  cases  as  cancerous,  and,  therefore,  incurable. 
The  general  condition  of  a  patient  with  'stricture  is  never 
up  to  the  normal,  and  an  unnecessary  course  of  medica- 
tion may  do  great  harm  instead  of  good.  Cicatricial  tis- 
sue, even  though  the  result  of  syphilis,  is  beyond  the 
reach  of  specific  treatment ;  but  where  the  case  is  seen 
early  enough,  much  improvement  can  be  gained  by  a 
thorough  course  of  mixed  treatment,  and  a  gummatous 
deposit,  or  a  syphilitic  sclerosis  may  be  checked.  Me^ 
cuiy  and  iodide  of  potash  should  both  be  given,  neither 
being  trusted  alone.  The  former,  as  an  ointment  or  as 
the  oleate,  may  also  be  administered  by  the  rectum,  and 
the  full  constitutional  effects  of  the  drug  may  be  obtained 
in  a  very  short  time  by  this  means  ;  it  is,  however,  an  irri- 
tating_  application,  and  in  cases  of  much  ulceration  and 
sensitiveness  it  may  not  be  well  borne.  In  cases  of  ano- 
rectal syphiloma,  also,  good  effects  have  been  observed 
from  a  thorough  course  of  mercury  with  potash. 

There  are  various  other  means  by  which  the  comfort  of 
these  patients  may  be  increased  without  recourse  to  ope^ 
ative  treatment.  The  most  effectual  of  them  will  be 
found  to  be  a  careful  regulation  of  the  diet,  and  rest  in 
the  horizontal  attitude.  The  diet  should  be  mostly  fluid, 
and  preferably  milk.  If  milk  is  complained  of,  soups 
may  be  substituted  ;  and  where  milk  is  constantly  taken 
in  large  quantities  it  may  be  necessary  to  add  a  mild  laxar 
tive  to  produce  daily  easy  evacuations.  A  certain  amount 
of  farinaceous  food  may  be  allowed,  but  the  best  diet  is 
the  one  that  leaves  the  least  residue.  The  bowels  should 
move  daily  without  straining.  Should  any  medication  be 
necessary  to  feffect  this,  the  mineral  waters,  Rochelle  or 
Glauber's  salts,  or  the  compound  licorice  powder  will  be 
ampljr  sufficient.  Purgatives  are  always  contraindicated 
in  stricture  of  any  variety,  because  they  cause  straining 
and  tenesmus,  increase  the  tendency  to  congestion  and 
its  consequences,  and  because,  where  obstruction  actually 
exists  or  is  threatened,  they  may  do  great  harm  by  excit- 
ing violent  peristalsis  in  an  already  weakened  and  ulcer- 
ated bowel.  The  opposite  condition  of  diarrhoea  is  more 
difficult  to  meet,  and  often  cannot  be  controlled  by  direct 
medical  treatment,  depending  as  it  does  upon  the  ulcera- 
tion associated  with  the  stricture.  It  is  best  treated  by 
diet,  rest,  bismuth  and  morphine,  and  an  occasional 
astringent  injection.  The  general  strength  must  be  care- 
fully supported,  and  in  most  cases  where  it  is  well  borne 
cod-liver  oil  will  serve  a  good  purpose.  When  obstruc- 
tion actually  exists  much  may  be  done  in  the  way  of 
general  treatment  before  resorting  to  operation.  Food 
should  be  almost  absolutely  suspended ;  opium  should  be 
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given  in  large  doses  to  allay  peristalsis  ;  and  large  poul- 
tices covering  the  abdomen  will  give  great  relief  to  suffer- 
ing. Great  benefit  has  been  seen  from  the  administration 
of  belladonna  in  doses  of  one  or  two  grains  of  the  extract 
at  short  intervals.  No  purgatives  should  be  administered, 
and  tapping  the  bowels  with  the  aspirator  is  a  dangerous 
proceeding. 

The  various  means  of  local  treatment  may  be  included 
under  the  three  general  heads  of  dilatation,  division,  and 
colotomy.  Dilatation  may  be  either  gradual  or  sudden, 
partial  or  complete.  •  The  use  of  bougies  for  gradual  dila- 
tation is  an  example  of  good  practice  originating  in  false 
ideas.  It  was  first  adopted  with  the  idea  of  destroying 
the  stricture  by  the  action  of  medicinal  substances  applied 
in  this  way.  Experience,  however,  soon  proved  that 
simple  bougies  were  no  less  efficient  than  medicated  ones, 
and  the  improvement  was  then  supposed  to  be  due  merely 
to  the  mechanical  stretching  of  the  part,  and  the  instru- 
ments were  introduced  as  often,  and  allowed  to  remain  in 
as  long  as  possible — an  idea  still  unfortimately  very  popu- 
lar. The  bougie  is  intended  by  its  presence  merely  to 
excite  absorption  of  organizable  matter,  and  if  the  press- 
ure be  too  great,  too  long  continued,  or  too  frequently 
applied,  it  will  cause  more  than  sufficient  irritation  for 
this  purpose,  and  will  induce  again  the  very  condition  it 
is  intended  to  overcome.  The  rules  which  should  guide 
the  surgeon  in  this  plan  of  treatment  are  now  well  under- 
stood and  generally  admitted.  The  dilatation  should  be 
intermittent  and  not  constant.  Attempts  at  constant 
dilatation  by  means  of  a  bougie  of  any  sort  which  shall 
remain  permanently  in  place,  generally  result  either  in 
failure  or  actual  disaster.  They  are  never  well  borne, 
and  when  persisted  in,  the  rectum  becomes  irritable,  the 
suffering  is  greatly  increased,  and  the  patient  is  exposed 
to  the  risk  of  peritonitis  and  cellulitis.  The  dilatation 
should  never  be  forced.  A  bougie  should  be  chosen 
which  will  readily  pass  the  stricture  without  stretching, 
and  if  there  be  any  doubt  in  the  operator's  mind  about 
the  proper  size  of  the  instrument  to  be  used,  one  should 
be  selected  which  is  too  small  rather  than  too  large.  The 
instrument  should  never  be  passed  ofterier  than  every 
alternate  day,  and  twice  a  week  may  be  better  stilL  Lit- 
tle is  gained  by  allowing  it  to  remain  for  any  length  of 
time  within  the  grasp  of  the  stricture.  In  cases  associated 
with  much  ulceration,  dilatation  by  bougies  is  very  apt 
to  make  matters  worse  instead  of  better  ;  and,  if  used  at 
all,  it  should  be  with  the  greatest  gentleness.  As  to  the 
kind  of  bougie  to  be  used,  the  softer  and  more  flexible 
the  better.  When  the  stricture  is  within  reach  of  the  fin- 
ger I  invariably  use  my  finger  instead  of  a  bougie.  Prac- 
tised in  this  way  much  gooli  may  be  done  by  this  treat- 
ment. The  patient  may  be  greatly  relieved  and  made 
very  comfortable.  It  must,  however,  always  be  continued 
indefinitely,  for  it  does  not  ciire  the  disease.  A  rectum 
which  has  once  been  the  seat  of  an  old  stricture  can  never 
be  made  as  it  was  before  the  disease  by  this  or  any  other 
treatment.  But  though  the  measure  may  not  be  curative, 
it  is  perhaps  as  valuable  a  palliative  as  is  at  the  command 
of  the  surgeon,  and  by  it  in  suitable  cases  a  patient  may 
be  kept  in  comfort  for  life.  It  is  applicable  to  all  strict- 
ures, malignant  or  benign,  which  are  within  reach  from 
the  anus  ;  but  when  the  disease  is  high  up  it  is  not  entirely 
free  from  danger. 

The  dilatation  instead  of  being  gradual  may  be  sudden 
and  forcible.  This  is  known  as  divulsion,  and  for  it 
various  instruments  have  been  inve'^ted,  all  of  them  with 
the  idea  of  tearing  open  the  constriction  by  the  use  of  a 
considerable  amount  of  force.  The  operation  may  be 
commenced  by  nicking  the  stricture  in  one  or  more  places 
with  a  knife  before  using  any  force,  and  this  combined 
cutting  and  stretching  operation  has  sometimes  been  at- 
tended by  excellent  results,  when  followed  by  gentle 
dilatation  at  intervals.  In  cases  of  very  slight  stncture 
with  actual  obstruction,  almost  immediate  relief  has  been 
obtained,  and  much  time  has  been  saved  ;  but  unless  the 
pLtient  be  in  immediate  danger  the  more  gradual  plan  of 
treatment  is  the  safer.  The  dangers  attending  divulsion 
are  haemorrhage,  laceration  and  rupture  of  the  bowel, 
peritonitis,  and  abscess  ;  nevertheless  a  few  very  happy 


results  have  beeh  achieved  by  it,  and  it  is  particularly  ap- 
plicable to  strictures  of  slight  extent  with  a  sharp,  well- 
defined  edge. 

The  unsatisfactory  results  of  dilatation,  and  the  natural 
objection  on  the  part  of  both  patient  and  surgeon  to  the 
operation  of  colotomy,  have  given  rise  to  another  method 
of  treatment  which  within  a  few  years  has  assumed,  de- 
servedly, considerable  prominence.  This  is  the  operation 
of  proctotomy,  or  complete  division  of  the  stricture  by  a 
single  deep  incision.  Either  the  knife  shown  in  Fig.  218 
or  Paquelin's  cautery  may  be  used,  but  the  latter  is  pref- 
erable, because  no  blood  is  lost  and  the  wound  requires 
no  after-dressing.  The  operation  of  internal  proctotomy 
consists  in  dividing  the  whole  of  the  stricture  tissue  in  the 
median  line  anteriorly  or  posteriorly ;  the  incision  extend- 
ing completely  through  the  disease,  and  generally  down 
to  the  sacrum.  It  is  called  internal  because  the  incision 
is  within  the  rectum  and  does  not  involve  the  sphincter, 
and  it  is  usually  performed  with  the  knife.  It  is  simply 
the  old  operation  of  nicking  the  edge  of  the  stricture  car- 
ried to  a  greater  extent,  and  is  subject  to  the  same  dangers 
in  a  greater  degree.  Although  at  first  sight  a  less  serious 
operation  than  the  external  one  next  to  be  described,  it  is 
subject  to  more  complications,  because  the  sphincter  soon 
regains  its  contractility  after  stretching,  and  prevents  the 
free  discharge  from  the  wound  which  is  so  desirable.  In 
a  few  days  the  rectal  pouch  is  constantly  bathed  in  a 
purulent  and  fetid  discharge  which  has  no  chance  of  es- 
cape except  by  the  voluntary  effort  of  the  patient — an 
effort  which  he  or  she  is  in  no  mood  to  make — and  the 
liability  to  pelvic  infiammation  and  systemic  infection  is 
in  this  way  greatly  increased.  The  operation  has,  how- 
ever, been  attended  by  excellent  results.  The  danger  of 
haemorrhage  is  not  very  great  when  the  incision  is  in  the 
median  line,  as  it  should  be.    When  the  cut  is  anterior  as 
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well  as  posterior  the  anatomical  relations  must  be  care- 
fully borne  in  mind,  but  the  single  posterior  incision  is 
much  preferable. 

External  proctotomy  involves  not  only  the  division  of 
the  stricture,  but  of  all  the  tissue  below,  including  the 
anus.  It  may  be  performed  with  the  knife,  cautery,  or 
ecraseur.  The  best  position  for  the  patient  is  the  li- 
thotomy position,  and  if  the  knife  is  used  the  whole  in- 
cision may  be  made  at  one  stroke,  the  blunt  point  being 
passed  through  the  stricture  and  a  long  deep  cut  being 
made,  dividing,  first,  all  of  the  diseased  tissue,  and  gradu- 
ally deepening  as  it  approaches  the  anus  till  nearly  every- 
thing between  the  anus  and  the  tip  of  the  coccyx  is 
included.  The  wound  should  be  triangular,  with  the 
base  at  the  perineum  and  the  apex  in  the  rectum  above 
the  disease,  and  it  should  be  so  made  as  to  allow  of  free 
escape  of  all  discharge  without  the  formation  of  any 
pockets.  If  the  knife  is  used  there  will  be  a  free  gush  of 
blood  which  will  necessitate  packing  the  rectum  with 
lint,  and  for  this  reason  the  operation  with  the  cautery  or 
ecraseur  is  preferable.  The  operation  with  the  cautery 
consists  in  making  the  same  deep  incision,  only  in  com  - 
mencing  at  the  perineum  and  gradually  extending  it  up- 
ward by  successive  strokes  until  the  stricture  itself  is  cut 
through.  The  operation  with  the  ecraseur  consists  in  pass- 
ing the  left  index-finger  through  the  stricture  as  a  guide, 
and  then  plunging  a  trocar  from  a  point  in  the  median 
line  just  in  front  of  the  tip  of  the  coccyx  into  the  rec- 
tum till  it  reaches  the  tip  of  the  finger.  After  drawing 
out  the  trocar  a  fine  bougie  is  passed  through  the  canula 
into  the  rectum  and  brought  out  at  the  anus.  Removing 
the  canula  the  bougie  is  replaced  by  the  chain  of  the 
fecraseur  and  the  operation  is  completed.  The  subsequent 
treatment  of  the  incision  consists  wholly  in  cleanhness. 
When  the  rectum  has  been  filled  with  Imt  some  of  it 
should  be  removed  as  soon  as  it  is  safe  to  do  so,  to  give 
the  patient  ease,  and  the  remainder  may  be  left  till  it  has 
become  loose  by  the  discharge.     When  the  cautery  has 
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been  used  the  parts  need  not  be  disturbed  till  the  third 
day  when  injections  of  warm  water  and  carbohc  acid  or 
chloral  should  be  begun,  and  continued  night  and  morn- 
ing for  some  time.  No  particular  attention  need  be  given 
to  regulating  the  passages  after  the  third  day.  The  first 
one  will  often  be  the  most  comfortable  the  patient  has 
had  for  years.  n  i.    j.  -j  j 

It  may  be  asked  why  so  much  tissue  should  be  divided 
below  the  actual  disease.  In  the  first  place,  this  incision 
provides  for  free  drainage  and  discharge  in  the  most 
effectual  of  all  ways,  by  furnishing  a  dependent,  gutter- 
shaped  opening  which  cannot  become  closed.  This  is 
better  than  any  amount  of  drainage-tubes  or  antiseptic 
dressings.  In  the  second  place,  the  sphincter  muscle  is 
often  the  chief  cause  of  pain  in  this  disease, 'and  its  di- 
vision a  source  of  the  greatest  relief.  It  should  be  re- 
membered that  this  operation  is  put  forward  as  a  good 
and  sufficient  substitute  for  colotomy,  applicable  to  nearly- 
all  of  the  same  class  of  cases  to  which  the  latter  is  appli- 
cable, and  if  it  accomplishes  the  same  results  infinitely 
preferable  in  every  way.  The  results  sought  for  by  colot- 
omy  are  the  formation  of  a  new  outlet  and  the  relief  of 
pain  ;  in  proctotomy,  the  re-establishment  of  the  old  outlet 
and  the  relief  of  pain.  The  free  division  of  the  sphinc- 
ter is  an  important  element  in  effecting  the  latter  result. 
This  operation  is  perhaps  the  greatest  advance  which  has 
been  made  in  this  branch  of  surgery  for  many  years.  Its 
results  are  so  uniformly  satisfactory  that  there  seems  to 
me  to  be  no  more  indication  for  the  establishment  of  an 
artificial  anus  in  the  loin  in  most  cases  of  stricture  of 
the  rectum,  malignant  or  benign,  than  for  the  formation 
of  a  permanent  vesical  fistula  in  cases  of  stricture  of  the 
urethra.  There  are  certain  cases  beyond  its  reach— cases 
of  stricture  too  high  up  for  its  safe  performance,  and 
cases  of  such  extensive  ulceration  and  fistulous  burrow- 
ing that  the  powers  of,  the  patient  are  unequal  to  healing 
the  wounds  which  an  attempt  to  restore  the  natural  pas- 
sage would  render  necessary.  In  this  comparatively 
small  number  of  cases  colotomy  may  be  the  only  re- 
source, and  with  this  exception  the  operation  should  be 
confined  where  it  properly  belongs — to  cases  of  congeni- 
tal malformation  where  the  natural  outlet  cannot  be  es- 
tablished. I  have  never  known  this  operation  to  fail  of 
accomplishing  the  results  pointed  out,  but  too  much 
must  not  be  expected  of  it.  After  it,  as  after  colotomy, 
there  is  still  a  diseased  rectum,  which  must  be  treated  by 
every  possible  means,  and  the  incision  is  only  the  first 
step  in  the  cure.  The  stricture  is  easier  to  overcome  than 
the  ulceration  which  accompanies  it.  In  some  cases  this 
too  may  be  cured  by  patient  effort,  but  not  in  all ;  the 
chances,  however,  in  favor  of  it  are  infinitely  better  after 
the  operation  than  before. 

The  last  resort  of  the  surgeon  in  the  treatment  of  ulcer- 
ation and  stricture  of  the  rectum  is  colotomy.  In  the 
former  it  may  be  curative  ;  in  the  latter  it  is  only  palliative. 
It  has  already  been  pointed  out  how  the  good  results  of 
this  operation  may  be  attained  by  means  infinitely  prefer- 
able in  a  great  many  cases.  It  still  remains,  however,  the 
only  resource  in  cases  of  stricture  too  high  up  to  be  safely 
operated  upon  from  the  anus,  in  certain  cases  of  recto- 
vesical fistula  and  of  imperforate  rectum,  and  in  some 
cases  of  extensive  ulceration  and  fistulse  without  stricture 
where  it  is  desirable  to  give  the  rectum  as  much  rest  from 
tne  contact  of  the  f seces  as  is  possible.  It  has  yet  to  be 
proved  that  colotomy  delays  the  progress  of  cancer  of  the 
rectum  though  it  prolongs  life  by  preventing  obstruction 
and  relieving  pain.  Proctotomy  does  the  same,  and  in 
almost  direct  proportion  as  the  operations  of  proctotomy 
and  ot  partial  and  complete  excision  of  strictures  have 
become  popularized  and  their  advantages  have  become 
manifest,  the  operation  of  colotomy  has  been  limited  and 
the  natural  objections  to  it  on  the  part  of  both  surgeon 
and  patient  have  been  allowed  more  weight 

CANCBR.-Cancer  of  the  rectum,  like  the  disease  else- 
where in  the  body,  generally  occurs  in  middle  life  or  old 
!f^'  *  ^^"^  ^''^  '^.^°  '"  *  child  of  six  years.  It  is 
about  equally  frequent  m  males  and  females.  Its  favorite 
site  IS  the  rectal  pouch,  three  or  four  inches  from  the 
anus ;  next  to  this  it  is  most  frequently  seen  just  above 
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the  internal  sphincter,  and  after  this  the  junction  of  the 
rectum  and  sigmoid  flexure  will  be  found  to  be  its  favor- 
ite starting-point.  Here  it  seems  to  run  a  more  rapid 
course  than  elsewhere,  or  at  all  events  accomplishes  its 
fatal  work  more  quickly  from  the  increased  liability  to 
obstruction  which  the  anatomical  condition  favors. 

A  cancer  of  the  rectum  may,  and  often  does,  begin  so 
insidiously  that  its  existence  is  not  suspected  for  months 
by  either  patient  or  physician.  Slight  wandering  pains 
occasional  diarrhcna,  and  perhaps  an  occasional  mixture 
of  blood  with  the  passages,  often  lead  to  a  diagnosis  of 
ulceration,  and  the  usual  treatment  of  this  condition  is 
followed  without  effect.  After  a  time  the  pain  becomes 
a  more  marked  symptom ;  the  diarrhoea  and  discharges  of 
mucus  and  blood  become  more  frequent ;  there  is  emacia- 
tion and  cachexia ;  a  rectal  examination  is  finally  made 
and  if  the  disease  is  within  reach  of  the  finger  the  diagno- 
sis is  at  once  apparent.  If  the  disease  be  higher  up,  the 
diagnosis  may  be  made  by  exclusion.  The  morning  diar- 
rhoea— a  fluid  passage  immediately  on  rising,  and  another 
which  the  patient  will  describe  as  having  an  appearance 
of  coffee-grounds  or  molasses  mixed  with  faeces,  soon  after 
breakfast — is  exactly  the  same  in  cancer  as  in  non-malig- 
nant ulceration,  and  should  always  excite  suspicion.  The 
presence  of  steady,  severe  pain,  either  localized  at  one 
point  in  the  pelvis  or  shooting  from  one  point  into  the 
loins,  the  testicles,  or  the  thighs,  is  a  symptom  of  great 
importance.  It  is  often  the  only  one  of  which  the  patient 
will  complain,  its'  severity  causing  the  diarrhoea  to  sink 
into  insignificance.  I  have  more  than  once  made  the 
diagnosis  from  these  two  symptoms  alone,  in  cancer  too 
high  up  to  be  felt  or  seen,  and  it  Is  not  apt  to  be  wrong ; 
for  the  diarrhoea  is  diagnostic  of  ulceration,  and  the  pain 
(dull,  steady,  exhausting,  never  intermitting)  generally 
means  the  presence  of  a  new  growth.  The  haemorrhage 
is  seldom  profuse  enough  to  be  dangerous,  but  it  is  pretty 
constant,  and  is  an  element  in  the  wasting  which  the  dis- 
ease causes.  The  symptoms  directly  referable  to  contrac- 
tion are  often  slight,  and  differ  in  no  way  from  those 
caused  by  the  simple  fibrous  stricture  already  described. 
It  is  often  astonishing  to  find  an  advanced  case  of  scirrhus 
in  which  the  calibre  of  the  bowel  is  so  nearly  occluded  as 
scarcely  to  admit  the  end  of  the  index-finger,  and  yet  in 
which  the  patient  has  never  had  any  symptoms  of  obstruc- 
tion. "When  the  cancerous  mass  once  begins  to  break 
down  and  ulcerate  its  extension  is  limited  by  no  tissues  of 
the  body.  The  bladder  may  be  opened  and  a  permanent 
fistula  result,  causing  more  pain  than  the  cancer  itself. 
The  prostate  and  seminal  vesicles  in  the  male,  and  the 
recto-vaginal  septum  in  the  female  may  each  be  destroyed, 
and  any  part  near  the  disease  may  be  involved.  The 
lymphatics  from  the  anus  to  the  groin,  and  those  from  the 
rectum  to  the  hollow  of  the  sacrum,  may  each  become  in- 
volved, and  should  both  be  examined. 

In  a  general  way  it  is  undoubtedly  true  that  benign 
gi'owths  in  the  rectum  increase  slowly,  tend  to  grow  away 
from  the  wall  of  the  bowel  and  to  form  pedicles  for  them- 
selves, to  remain  circumscribed  and  movable,  and  not  tol 
infiltrate  the  surrounding  parts ;  while  cancerous  tumors 
have  just  the  opposite  characteristics.  In  this  way  the 
diagnosis  sometimes  is  perfectly  plain  to  the  touch  in  the 
rectum.  The  stony  hardness  of  scirrhus  which  has  infil- 
trated the  surrounding  parts,  or  is  still  circumscribed  and 
nodular ;  the  softer,  ulcerated,  bleeding,  warty,  flat  epi- 
thelioma which  has  spread  rather  in  surface  than  in 
depth,  but  is  located  on  a  hard  base,  and  has  hard  and 
raised  edges  ;  and  the  soft,  cauliflower  surface  of  the  col- 
loid tumor  which  breaks  down  under  the  finger,  are  all 
diagnostic  to  the  touch.  The  history,  the  age  of  the  dis- 
ease, the  cachexia,  the  glandular  involvement,  and  the 
secondary  deposits  in  the  viscera,  all  help  in  the  diagnosis. 
When  the  disease  is  too  high  up  to  be  felt  by  the  rectum, 
it  can  generally  be  made  out  by  careful  abdominal  pal- 
pation. 

The  treatment  of  malignant  disease  of  the  rectum  is 
designed  to  be  either  curative  or  palliative.  In  a  small 
number  of  selected  cases  a  cure  is  perhaps  possible ;  at  all 
events  the  disease  may  be  removecf  and  its  return  delayed 
for  so  many  years  as  to  give  rise  to  the  hope  of  permanent 
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cure.  This,  of  course,  can  only  be  effected  by  excision, 
and  this  operation  maybe  performed  in  several  ways. 
When  the  growth  is  distinctly  circumscribed  and  is  above 
the  sphincters,  the  anus  may  be  dilated  and  the  mass 
seized,  drawn  down,  and  surroxinded  by  the  wire  ^craseur. 
The  edges  of  the  wound  may  bo  brought  together  or  left 
open,  but  drainage  should  always  be  provided  for,  either 
by  dividing  the  anus  posteriorly,  or  by  inserting  a  drain- 
age-tube through  a  track  provided  for  it,  which  shall 
communicate  with  the  wound  above,  and  perforate  the 
healthy  skin  at  a  point  outside  the  anus  near  the  tip  of 
the  coccyx.  When  dilatation  does  not  suffice  to  allow  of 
easy  access  to  the  tumor,  the  rectum  and  anus  may  be 
freely  divided  posteriorly  as  the  first  step  in  the  operation. 
This  incision,  when  made,  should  be  left  open  for  drainage 
and  not  closed  with  antiseptic  precautions. 

In  cases  of  more  extensive  disease  involving  all,  or 
nearly  all,  of  the  circumference  of  the  bowel,  and  render- 
ing the  removal  of  the  entire  anus  and  lower  part  of  the 
rectum  necessary,  the  operation  is  more  difficult,  and 
special  reference  must  be  paid  to  the  heemori'hage,  which 
may  be  so  serious  as  to  prove  fatal.  Cripps  performs  the 
operation  boldly  and  rapidly.  The  median  posterior 
division  is  made  at  one  stroke  with  a  strong  curved  bis- 
toury introduced  within  the  rectum  and  brought  out  at 
the  tip  of  the  coccyx.  The  buttock  js  then  drawn  away 
from  the  anus  to  put  the  parts  on  the  stretch,  and  a 
lateral  cut  is  made  commencing  at  the  posterior  one  and 
extending  around  the  rectum  to  the  median  line  in  front. 
The  site  of  this  incision,  whether  in  the  rectum  or  outside 
of  the  anus,  depends  upon  the  location  of  the  disease,  and 
whether  or  ngt  the  anus  is  implicated.  The  cut  should 
be  made  boldly,  and  deep  enough  to  reach  well  into  the 
fat  of  the  ischio-rectal  fossa.  The  forefinger  in  this 
incision  will  readily  separate  the  bowel  from  the  sur- 
rounding tissue,  except  at  the  attachment  of  the  levator 
ani,  which  should  be  divided  with  knife  or  scissors.  A 
piece  of  sponge  is  pressed  into  this  cut  to  restrain  the 
bleeding,  while  the  other  half  of  the  rectum  is  treated  in 
the  same  way.  The  greatest  difficulty  will  be  encountered 
at  the  anterior  portion,  where  a  careful  dissection,  aided 
by  a  soimd  in  the  urethra,  may  be  necessary.  When  the 
dissection  has  been  carried  to  a  point  above  the  disease, 
the  bowel  is  drawn  down  and  held  while  the  wire  ecra- 
seur  is  passed  over  it  and  the  section  is  made  at  the 
required  level.  After  this  the  haemorrhage  may  be  free, 
but  is  seldom  serious.  The  vessels  divided  in  the  first 
part  of  the  operation  all  come  from  the  wall  of  the  bowel, 
and  if  ligatured  when  first  cut,  are  divided  again  by  the 
ecraseur.  If  an  effort  be  made  to  carefully  dissect  out 
the  bowel,  beginning  at  the  anus  and  following  it  closely 
from  below  upward,  the  same  vessel  may  be  cut  and  tied 
almost  as  many  times  as  there  are  strokes  with  the  scalpel. 
When  the  disease  involves  only  one  side  of  the  bowel,  the 
operation  is  modified  accordingly.  The  dorsal  cut  is  the 
same,  and  the  lateral  incision  is  made  on  the  affected  side. 
At  the  further  end  of  this  lateral  incision,  away  from  the 
dorsal  one,  a  needle  carrying  a  cord  at  its  point  is  passed 
around  the  disease  and  into  the  rectum  above  it.  The 
loop  of  cord  is  brought  out  at  the  anus,  attached  to  the 
chain  of  the  iScraseur,  and  withdrawn  as  it  entered.  The 
chain  is  then  made  to  cut  its  way  out,  and  a  rectangular 
piece  of  the  rectum  is  thus  included  between  two  in- 
cisions, one  posterior  and  one  lateral.  In  this  rectangle 
is  the  disease,  and  it  is  dissected  upward  from  below,  and 
separated  above  by  again  using  the  Ecraseur.  Instead  of 
using  the  ecraseur,  all  of  these  incisions,  except  the  final 
one,  may  be  made  with  the  cautery  knife,  and  nearly  all 
Weeding  may  be  avoided. 

A  wound  into  the  vagina,  though  always  to  be  avoided 
if  possible,  may  often  be  necessary  in  order  to  fully  re- 
move the  disease.  When  the  opening  thus  made  is  not  too 
extensive,  it  may  be  closed  immediately  after  the  opera- 
tion. A  wound  of  the  male  urethra,  when  slight,  is  to  be 
treated  as  though  the  patient  had  submitted  to  an  external 
urethrotomy,  by  the  frequent  passage  of  the  sound  to  pre- 
vent contraction.  When  a  large  piece  has  been  taken  from 
the  urethra  a  permanent  recto-urethral  fistula  is  the  neces- 
sary result,  and  the  danger  of  fatal  inflammation  is  in- 


creased by  the  presence  of  urine  in  the  rectal  wound. 
When  the  peritoneum  has  been  opened  it  should  be  closed 
with  catgut  ligatures,  though  many  cases  have  done  well 
in  which  the  opening,  when  small  and  in  the  most  de- 
pendent portion  of  the  pouch,  has  been  left  to  itself.  Cases 
where  the  whole  of  the  anus  is  removed  and  the  wound  is 
left  to  drain  itself  do  better  than  those  in  which  an  attempt 
is  made  to  save  the  sphincter  and  drain  the  wound  with 
tubes.  By  trying  to  save  too  much,  life  may  be  lost.  The 
mortality  of  the  operation  itself  is  rather  over  thirty-three 
per  cent.,  death  being  generally  due  to  retro-peritoneal 
suppuration  characterized  by  acute  septic  symptoms.  The 
attempt  to  bring  down  the  upper  end  of  the  bowel  and 
stitch  it  to  the  skin  to  form  a  new  anus  is  generally  not 
attended  with  any  good  result.  In  a  small  proportion  of 
successful  cases  there  will  be  complete  incontinence  after 
the  operation  ;  in  a  greater  number  there  will  be  partial 
control  of  the  evacuations ;  and  in  the  majority  the  con- 
trol will  be  sufficient  to  prevent  the  occurrence  of  any  un- 
pleasant accidents.  Stricture  to  an  annoying  extent  will 
sometimes  be  encountered  as  a  result  of  the  cicatrization, 
and  must  be  overcome  by  dilatation. 

When  the  disease  is  circumscribed  so  that  it  can  be  en- 
tirely removed,  and  when  it  does  not  reach  so  high  as  to 
necessitate  the  opening  of  the  peritoneum,  this  operation 
may  be  indicated ;  in  other  cases  the  risk  of  an  imme- 
diately fatal  result  overbalances  the  advantages  to  be 
gained  by  its  performance.  It  is  chiefly  valuable  as  a 
palliative  measure,  and  that  it  ultimately  prolongs  life 
has  not  yet  been  established.  A  few  cases  have  been  re- 
ported in  which  the  disease  has  not  returned  for  five  or 
six  years  ;  but  many  patients  have  lived  longer  than  this 
without  any  operation.  The  disease  generally  reappears 
within  the  first  year  after  operation,  and  is  fatal  within 
two.  In  cases  properly  chosen,  where  the.  disease  Is  not 
so  extensive  as  to  render  its  removal  one  of  the  most  dan- 
gerous of  the  capital  operations,  the  complete  or  partial 
excision  of  the  growth  is  one  of  the  best  known  methods 
of  palliative  treatment.  The  pain  will  be  greatly  relieved, 
the  obstraction  overcome,  the  discharge  decreased,  and 
the  general  health  vrill  be  correspondingly  benefited. 
Most  of  this  improvement  may  be  gained  by  the  single, 
deep,  posterior  incision,  without  much  excision ;  and  proc- 
totomy, as  a  palliative  measure,  is  less  dangerous  than  ex- 
cision and  fully  as  effectual.  My  own  favorite  practice  is 
to  combine  proctotomy  with  partial  extirpation,  except  in 
cases  where  the  disease  is  so  circumscribed  as  to  render  its 
entire  removal  easy.  The  growth,  when  too  extensive  for 
removal,  may  be  attacked  with  the  knife,  cautery,  finger, 
or  curette,  and  sometimes  greatly  reduced  in  size.  Con- 
siderable pieces  may  sometimes  be  removed  with  the  wire 
ecraseur,  and  Simon's  sharp  scoop  is  a  very  effective  and 
useful  instrument.  The  passages  should  be  kept  soft  but 
not  fluid,  as  any  approach  to  diarrhoea  always  aggravates 
the  suffering.  This  may  be  done  partly  by  the  choice  of 
food,  which  needs  to  be  regulated  with  great  care,  and 
should  be  of  that  kind  which  gives  the  greatest  nourish- 
ment with  the  least  detritus.  An  occasional  laxative  in 
the  form  of  one  of  the  mineral  waters  may  serve  a  good 
purpose.  Rest  in  the  recumbent  posture  will  sometimes 
give  greater  relief  to  pain  than  anodynes.  These  latter 
may  be  given  both  by  the  mouth  and  m  enemata,  and,  if 
possible,  should  be  pushed  to  the  point  of  relieving  suf- 
fering. Unfortunately  this  cannot  always  be  done.  Lum- 
bar colotomy  as  a  palliative  measure  is  only  applicable  to 
those  cases  which  are  too  high  up  to  be  reached  from  the 
rectum.  It  can  do  nothing  but  relieve  pain  and  prevent 
obstruction,  and  in  relieving  pain  it  is  limited  to  those 
cases  in  which  such  pain  is  due  to  the  direct  contact  of 
faeces  with  the  disease.  This  is  only  one  of  the  causes  of 
pain  in  cancer,  and  one  of  the  least.  Most  of  the  suffer- 
ing is  due  to  pressure,  and  will  be  as  great  after  colotomy 
as  before.  Moreover,  some  faeces  will  always  be  found  in 
the  rectum,  even  after  the  establishment  of  an  artificial 
anus. 

The  operation  of  excision  has,  with  the  recent  advances 
in  abdominal  surgery,  also  been  applied  to  cancer  of  the 
sigmoid  flexure  and  descending  colon.  This  operation, 
to  which  the  name  of  colectomy  has  very  properly  been 
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given  has  now  assumed  a  definite  place  m  surgery,  and 
there  are  ten  cases  of  it  on  record.  Five  have  been  im- 
mediatelv  fatal  from  the  operation  itself,  and  m  five  the 
patient  has  recovered.  Of  these,  two  died  m  seven 
months,  one  in  ten  months,  one  was  alive  two  years  later, 
the  history  of  one  ends  with  the  recovery  from  the  opera- 
tion and  the  last  one  reported  was  alive  when  the  case 
was  published,  soon  after  the  operation.  In  decidmg  upon 
the  propriety  of  this  operation  in  any  particular  case,  it 
would  seem  advisable  to  consider  how  long  a  life  the  pa- 
tient is  likely  to  have  if  not  operated  upon.  For  example, 
it  would  hardly  seem  good  surgery  to  subject  a  patient  to 
an  operation  the  immediate  mortality  of  which  is  fifty  per 
cent.,  and  then  have  him  die  of  a  recurrence  of  the  dis- 
ease in  seven  months,  when  he  might  have  lived  seven 
months  without  any  operation.  The  amount  of  actual 
obstraction  caused  by  the  disease  must  in  many  cases  de- 
cide the  propriety  of  surgical  interference.  In  cases  of 
obstruction  where  the  symptoms  point  toward  this  part  of 
the  bowel,  even  when  the  diagnosis  is  not  certain,  it  may 
be  well  to  make  an  exploratory  incision  in  the  left  groin 
instead  of  in  the  median  line,  having  in  mind  the  possible 
extirpation  of  the  disease  and  the  establishment  of  a  new 
anus  at  this  point.  It  can  at  least  be  said  that  in  cancer 
of  the  descending  colon,  sigmoid  flexure,  and  upper  part 
of  the  rectum,  when  the  disease  is  stiU  movable  and  has 
not  invaded  too  much  of  the  tissue  around  the  bowel,  an 
attempt  at  its  removal  is  justifiable ;  and  in  cases  of  in- 
tended colotomy  it  may  be  found  possible  after  the  inci- 
sion has  been  made  to  substitute  colectomy  for  colotomy. 
This  is  another  good  reason  for  substituting  the  inguinal 
for  the  lumbar  incision  in  colotomy,  though  it  is  pertectly 
possible  to  extirpate  the  disease  through  the  loin.  The 
result  of  the  operation  undoubtedly  depends  in  a  great 
measure  upon  the  certainty  with  which  the  diagnosis  is 
made  ;  or,  in  other  words,  upon  the  exact  adaptation  of 
the  operation  to  the  end  to  be  attained.  In  most  of  the 
successful  cases,  the  diagnosis  as  to  the  seat  and  nature  of 
the  obstruction  was  made  before  the  operation  was  begun, 
and  in  all  of  them  only  a  single  incision  was  necessary  to 
reach  the  tumor.  In  three  of  the  five  fatal  cases  two  in- 
cisions were  made — one  in  the  median  line  for  explora- 
tion, and  subsequently  a  second  one  to  reach  the  disease. 
There  seems  to  be  little  difference  in  the  mortality 
whether  the  ends  of  the  divided  intestine  be  united  and 
the  abdominal  wound  closed,  or  one  end  be  brought  to 
the  surface  for  the  f oimalion  of  an  artificial  anus.  The 
latter  is  the  simpler  method ;  the  former  gives  the  better 
result.  A  great  difference  in  the  size  of  the  two  ends  will 
sometimes  render  their  union  difficult ;  the  upper  being 
frequently  hypertrophied  and  dilated,  the  lower  con- 
tracted. 

Non-malignant  Gbowths.— Under  this  head  may  be 
included  polypus,  vegetations,  condylomata,  and  the  rarer 
examples  of  benign  fungus,  gum- 
mata,  ano-rectal  syphiloma,  fibro- 
ma, lipomata,  and  the  various  forms 
of  cysts. 

Polypus  may  be  defined  as  a  be- 
nign tumor  composed  of  one  or 
more  of  the  normal  elements  of  the 
rectal  wall ;  an  hypertrophy  either 
of  the  mucous  membrane  or  of  the 
submucous  connective-tissue.  The 
former  is  generally  spoken  of  as 
soft  or  villous,  and  the  latter  as 
hard  or  fibrous.  The  former  is 
shown  in  Fig.  319,  and  is  often 
spoken  of  as  the  polypus  of  child- 
hood ;  the  latter  is  known  as  the 
polypus  of  adults,  though  these  dis- 
,       ,  „  tinctions  are  of  little  practical  value. 

A  polypus  of  the  soft  variety  may  reach  the  size  of  a 
pigeon  s  egg,  is  soft  to  the  touch,  may  break  down  under 
the  finger  with  rough  handling,  and  has  a  shaggy  or  cauU- 
flower  surface.  On  section  the  surface  is  grayish-red  the 
substance  homogeneous,  and  the  fluid  forced  from  it  bv 
pressure  will  be  found  full  of  cylindrical  epithelium  A 
microscopic  examination  shows  it  to  be  composed  of  long, 
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fine,  bifurcated  papillte,  covered  with  cylindrical  epithe- 
lium. The  glandular  or  adenomatous  polypus  (Fig.  220) 
is  generally  the  size  of  a  small  plum,  rarely  that  of  a 
pear,  and  yet  may  reach  a  weight  of  four  pounds.  It 
is  vascular,  and  therefore  of  reddish  color ;  sometimes 
smooth  on  the  surface,  but  often  mammillated,  like  a 
strawberry ;  attached  by  a  pedicle,  generally  to  the  pos- 
terior wall  at  a  point  within  reach  of  the  finger  ;  and  may 
be  found  anywhere  between  the  ileo- 
cecal valve  and  the  anus.  It  is  due 
to  an  hypertrophy  of  either  the  fol- 
licles of  Lieberkahn  or  the  closed 
follicles.  There  is  another  variety 
of  polypus  which  is  formed  by  an 
hypertrophy  of  both  the  villi  and 
the  follicles  of  Lieberkuhn,  and  is 
known  under  the  various  names  of 
villous  polypus,  villous  tumor,  gran- 
ular papilloma,  and  "  peculiar  bleed- 
ing tumor. "  These  tumors  are  very 
rare,  have  the  feel  of  a  large  warty 
polypus  with  cauliflower  surface, 
are  of  red  color,  bleed  easily  when 
touched,  and  are  of  relatively  slow 
growth.  They  adhere  to  the  rectum 
by  a  pedicle,  sometimes  composed  chiefly  of  mucous  mem- 
brane, and  at  others  large,  short,  and  fleshy.  The  pedicle 
may  be  absent  and  the  growth  will  vary  in  structure  ac- 
cording to  the  proportions  of  its  different  elements.  It 
may  reach  the  size  of  an  orange,  is  found  only  in  adults, 
and  the  symptoms  are  the  same  as  those  caused  by  other 
polypi. 

The  hard  or  fibrous  polypus  (sarcomatous  polJ?pus), 
which  is  composed  primarily  of  the  elements  of  the  sub- 
mucous connective-tissue,  is  much  rarer  than  the  soft 
variety,  and  is  most  commonly  found  in  adults,  where  it 
may  be  single  or  multiple.  It  is  composed  chiefly  of 
fibrous  tissue,  and  resembles  the  uterine  fibroid ;  but  it 
may  contain  both  muscular  and  glandular  elements. 
They  vary  greatly  in  the  degree  of  hardness  to  the  touch, 
according  to  their  composition  and  turgescence.  They  may 
creak  under  the  knife  on  section  and  look  very  much  like 
hypertrophied  and  oedematous  skin ;  or  may  resemble  the 
better-known  nasal  polypus  in  composition.  When  seen 
in  the  rectum  before  removal  the  surface  is  generally  red 
from  vascularity ;  but  after  removal  they  are  pale  and 
generally  smooth,  though  sometimes  uneven  and  irregular 
in  surface  and  covered  with  hypertrophied  papillse.  The 
mucous  membrane  is  generally  easily  stripped  off,  unless 
there  has  been  local  inflammatory  action,  in  which  case  it 
may  be  firmly  attached  and  have  lost  its  natural  appear- 
ance. The  vascular  supply  is  abundant,  both  in  the 
substance  and  on  the  surface  of  the  tumor.  The  pedicle 
is  generally  slight,  and  is  formed  mechanically  by  the 
traction  of  the  growth.  The  tumor  is  benign  in  char- 
acter, and  when  once  removed  does  not  generally  return, 
though  cases  of  recurrence  at  or  near  the  same  point  are 
not  unknown. 

A  rectal  polypus  raajy  exist  many  years  and  give  no 
signs  of  its  presence.  The  two  chief  symptoms  which  it 
is  apt  to  excite  are  haemorrhage  and  discharge.  The 
former  may  be  of  daily  occurrence,  or  may  be  present 
only  at  long  intervals,  and  it  may  vary  in  amount  from  a 
few  drops  to  a  quantity  which  shall  cause  grave  disturb- 
ance and  alarm.  When  the  mucous  membrane  covering 
the  tumor  has  once  become  ulcerated,  the  bleeding  will 
be  frequent  and  the  discharge  more  or  less  fetid.  When 
the  tumor  is  so  high  and  the  pedicle  so  short  as  to  be  be- 
yond the  grasp  of  the  sphincter,  there  will  be  little  or  no 
pain ;  but  after  prolapse  once  begins  to  occur,  the  suffer- 
ing at  each  act  of  defecation  may  be  extreme.  The 
sphincter  may  become  dilated  and  relaxed,  or  if  it  remain 
strong  it  may  work  a  spontaneous  cure  by  strangulating 
the  pedicle.  The  discharge  is  sometimes  profuse  and 
constant,  escaping  not  only  at  the  time  of  defecation  but 
at  frequent  intervals  between,  and  being  of  an  exceed- 
ingly fetid  character.  This  by  its  irritation  may  set  up 
secondary  troubles,  congestion  of  the  mucous  membrane, 
erosions  around  the  anus,   vegetations,   diarrhoea,  and 
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tenesmus,  and  joined  with  the  loss  of  Mood  the  condition 
may  he  mistaken  for  extensive  ulceration  or  malignant 
disease. 

When  a  polypus  presents  at  the  anus  it  should  easily  be 
diagnosticated,  and  should  not  be  mistaken  for  hasmor- 
rhoids.  Haemorrhage  from  the  rectum  in  a  child  usually 
indicates  polypus,  and  it  often  means  the  same  in  an  adult, 
though  it  will  of  tener  indicate  haemorrhoids.  In  making 
a  digital  examination  an  enema  should  first  be  given, 
and  the  finger  should  be  introduced,  while  the  rectum 
is  filled  with  water.  In  this  way  the  polypus  will  float 
freely  in  the  distended  pouch.  The  finger  should  be 
passed  up  along  the  anterior  wall  and  brought  down 
along  the  posterior,  so  that  the  pedicle  may  be  put  upon 
the  stretch  and  the  tumor  caught  in  the  descent.  If  the 
opposite  rule  be  followed,  the  tumor  may  easily  be  car- 
ried up  on  the  finger  and  escape  detection.  In  some 
cases  of  sarcomatous  polypus,  with  broad  attachment,  the 
diagnosis  between  benign  and  malignant  tumor  may  be 
difficult  to  make,  even  with  the  microscope. 

The  treatment  is  generally  simple.  When  the  pedicle 
is  long  and  slender  the  tumor  may  generally  be  safely 
twisted  off,  but  it  is  better  to  apply  a  ligature.  There  are 
two  dangers  to  be  considered ;  the  first  is  that  the  pedicle 
may  contain  large  vessels,  and  the  other  is  that  it  may 
contain  peritoneum.  The  extirpation  of  a  polypus  which 
came  down  from  the  sigmoid  flexure  and  dragged  the 
peritoneum  with  it  has  been  followed  by  death.  Should 
there  be  a  large,  fleshy  pedicle  it  must  be  securely  liga- 
tured. 

The  anus  and  adjacent  skin  are  often  the  seat  of  vege- 
tations of  a  warty  or  papillomatous  nature,  due  to  a 
simple  hypertrophy  of  the  papillary  layer  of  the  skin. 
They  are  composed,  of  the  connective-tissue,  the  epithelial 
covering,  and  the  blood-vessels,  which  in  their  natiu-al 
proportions  and  quantities  make  up  the  papillae  of  the 
derma.  These  little  tumors  resemble  ordinary  warts. 
When  one  of  therri  is  isolated  it  is  dry,  but  when  several 
of  them  are  united  they  become  macerated  in  the  secretion 
of  the  part  which  decomposes  between  them,  and  gives 
rise  to  inflammatory  phenomena.  The  tumor  then  be- 
comes moist  and  fetid,  and  all  the  adjacent  parts  become 
irritated.  According  to  the  number  and  size  of  the  warts, 
the  condition  of  the  patient,  the  abundance  of  the  secre- 
tions, and  the  irritation  to  which  they  are  originally  due, 
these  vegetations  take  on  various  shapes,  and  hence  have 
been  described  as  cock's-combs,  cauliflower  excrescences, 
etc.,  but  the  elementary  structure  of  all  of  them  is  the 
same.  They  were  formerly  considered  as  proof  positive 
of  syphilis,  and  even  of  sodomy,  and  were  so  treated  ;  but 
they  have  nothing  to  do  with  syphilis,  and  they  owe  their 
growth  in  the  first  place  to  a  special  predisposition  to  the 
formation  of  warts  in  the  individual,  and,  in  the  second 
place,  to  the  presence  of  some  irritating  cause  acting  on 
this  particular  part.  Thus  the  discharge  from  any  dis- 
ease of  the  rectum  or  genitals  may  cause  them  to  grow, 
and  they  may  appear  in  persons  apparently  perfectly 
healthy  and  cleanly.  Pregnancy  has  an  undoubted  influ- 
ence on  their  production,  and  they  may  disappear  spon- 
taneously after  delivery.  They  may  appear  at  any  age 
from  infancy  to  adult  life,  though  generally  belonging  to 
the  latter.  They  may  vary  in  size  and  quantity,  from  a 
single  enlarged  papilla  to  a  mass  weighing  a  pound. 
When  they  grow  from  one  side  of  the  intergluteal  fold, 
and  are  large  enough  to  press  with  their  moistened  sur- 
face upon  the  corresponding  point  on  the  opposite  side,  a 
second  patch  may  be  developed  at  the  point  of  contact. 
Their  development  may  be  slow  or  rapid,  and  when  they 
reach  a  large  size  the  patient  is  troubled  by  the  feeling  of 
a  foreign  body,  by  a  sanious  and  foul  discharge,  and  by 
fresh  erosions  and  superficial  ulcers  in  adjacent  parts. 
Great  pain  in  defecation  may  be  caused  by  a  small  wart 
just  at  the  verge  of  the  anus,  and  such  a  little  tumor  may 
cause  all  the  symptoms  characteristic  of  fissure  ;  they  may 
also  spring  entirely  from  the  mucous  membrane  above  the 
sphincter.  There  is  little  danger  of  mistaking  a  mass  of 
these  warts  for  a  malignant  growth,  though  they  have 
been  known  to  assume  a  semi-malignant  character,  and 
to  return  frequently  after  removal.     The  most  common 


error  is  to  consider  them  as  syphilitic  condylomata,  and 
indeed  they  may  not  always  be  easily  distinguishable  from 
the  raised  mucous  patch  or  flat  condyloma  which  is  a 
manifestation  of  true  syphilis.  The  two  may  exist  simul- 
taneously, the  former  caused  by  the  irritation  of  the  latter. 

The  surest,  most  rapid,  and  in  every  way  most  satisfac- 
tory method  of  curing  these  warts  is  to  simply  cut  them 
off  with  the  knife  or  scissors.  The  ligature  is  not  always 
applicable,  and  cauterization  is  apt  to  do  more  than  is 
necessary.  The  growths  may,  however,  be  induced  to 
dry  up  and  shrivel  away  by  applications  pf  powdered 
alum  or  tannin,  and  by  washing  with  astringent  lotions, 
such  as  Labarraque's  solution. 

The  term  condyloma  has  been  applied  to  so  many  differ- 
ent growths  around  the  anus  that  it  has  lost  all  definite- 
ness.  The  variety  of  syphilitic  mucous  patch  situated 
upon  the  skin  near  the  anus,  and  known  as  condyloma 
lata,  or  vegetating  condyloma,  first  manifests  itself  as  a 
red  spot,  and  by  a  slight  effusion  beneath  the  epidermis, 
which  is  soon  rubbed  off  by  friction,  exposing  a  raw  sur- 
face generally  covered  by  a  grayish  pellicle.  This  sur- 
face is  subsequently  elevated  by  an  upward  growth,  and 
by  branching  of  the  papillae,  with  formation  of  connective- 
tissue  and  dilatation  of  the  blood-vessels.  Where  this 
process  has  reached  a  considerable  extent,  a  cauliflower 
appearance  is  the  result,  and  what  was  at  first  a  simple 
mucous  patch  may  become  a  large,  pedunculated,  warty 
growth  surrounded  by  other  vegetations  which  have 
sprung  up  around  the  original  lesion,  and  which  are  due 
to  the  irritation  of  its  presence. 

The  more  general  meaning  of  the  word  condyloma  is, 
however,  a  non-syphilitic  tumor  composed  of  an  hyper- 
trophy of  the  skin  around  the  anus,  attached  by  a  broad 
base,  pinkish  in  color,  soft,  fleshy,  glistening,  moist,  irreg- 
ular in  shape,  flattened  where  two  are  pressed  together, 
and  generally  giving  out  a  slight  secretion.  These  tumors 
generally  have  one  of  the  radiating  folds  of  the  anus  as 
their  point  of  departure,  and  they  differ  from  the  warty 
growths  in  the  fact  that  they  consist  of  an  hypertrophy 
of  the  whole  thickness  of  the  skin  and  not  alone  of  the 
papillae.  The  epithelial  element  in  them  is  not  as  marked 
as  in  the  warts,  and  the  blood-vessels  also  are  less  devel- 
oped. They  are  merely  the  result  of  a  localized  chronic 
inflammation  of  the  skin,  and  often  result  from  an  ex- 
ternal haemorrhoid  or  any  local  irritation,  such  as  has 
already  been  spoken  of.  They  are  a  very  common  ac- 
companiment of  any  ulcerative  process  within  the  rectum, 
and  hence  of  stricture,  and  many  a  stricture  has  been  un- 
justly stamped  as  syphilitic  because  the  discharge  from 
the  anus  has  caused  the  development  of  these  fieshy  tags. 
Unless  there  is  some  special  reason  for  interfering  with 
them  they  may  generally  be  left  to  themselves,  as  they  are 
not  likely  to  cause  any  amount  of  trouble  unless  they  be- 
come ulcerated  upon  the  surface.  In  this  case  they  are 
easily  removed  by  the  scissors  and  ligature. 

PRrrRiTTjs  Ani. — Itching  at  the  anus  is  generally  a 
symptom  of  some  other  disease,  as  haemorrhoids  or  eczema, 
but  it  is  often  present  in  a  marked  degree  when  no  cause 
for  its  existence  can  be  discovered.  It  is  an  exceedingly 
painful  and  annoying  affection,  which  seems  to  be  depend- 
ent upon  no  particular  general  state,  being  found  in  all 
classes.  The  itching  is  more  or  less  constant,  but  is  gen- 
erally worse  after  the  patient  has  become  warm  in  bed  for 
the  night.  The  scratching  which  is  indulged  in  for  re- 
lief, often  unconsciously  during  sleep,  aggravates  the  con- 
dition by  lacerating  the  skin.  The  disease_  is  sometimes, 
in  old  cases,  attended  by  marked  changes  in  the  appear- 
ance of  the  parts.  The  skin  becomes  thickened  and 
parchment-like,  or  else  eczematous  and  moist  from  exu- 
dation, and  there  may  be  a  very  characteristic  loss  of  pig- 
ment, in  which  case  the  skin  becomes  of  a  dull-whitish 
color.  This  is  particularly  noticeable  in  cases  of  long 
standing.  Associated  with  this  condition  it  is  not  unusual 
to  find  one  or  several  fissures. 

The  causes  of  pruritus  are  sometimes  easily  discover- 
able, and  in  such  cases  a  cure  rapidly  follows  their  re- 
moval. It  is  often  due  to  internal  hfemorrhoids,  and 
will  be  effectually  cm-ed  by  their  removal.  It  is  often  a 
symptom  and  complication  of  a  fistula  with  a  small  ex- 
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temal  openiDg,  which  is  easily  overlooked,  and  may  be 
relieved  by  the  cure  of  the  latter  and  the  cessation  ot  the 
discharge.  It  is  often  dependent  upon  the  presence  of 
worms  in  the  rectum,  and  in  every  case  these  should  be 
carefully  looked  for.  "When  they  exist  they  may  gen- 
erally be  seen  like  a  small  piece  of  fine,  white  thread  be- 
tween the  radiating  folds  at  the  verge  of  the  anus,  espe- 
cially at  night  after  the  itching  has  begun.  Instead  of  a 
parasite  within  the  rectum  the  disease  is  sometimes  easilj 
accounted  for  by  the  presence  of  pediculi.  Again,  pruri- 
tus of  an  intense  kind  may  be  due  to  eczema  marginatum, 
and  the  diagnosis  will  rest  upon  finding  the  spores  of  the 
plant  under  the  microscope  ;  or  it  may  be  a  symptom  of 
a  chronic  eczema,  of  herpes,  or  of  erythema.  "When  no 
local  cause  can  be  discovered  a  constitutional  one  should 
be  carefully  sought  for,  and  a  careful  inquiiy  must  be 
made  into  the  patient's  general  health  and  habits.  If 
chronic  constipation  be  present  it  must  be  overcome  first  of 
all.  In  women  the  condition  of  the  generative  organs  must 
be  looked  after,  and  the  lu-ine  should  be  examined  for  sugar. 
In  case  none  of  these  causes  can  be  found  to  account 
for  the  symptom,  eiTors  of  diet  must  be  searched  for  and 
corrected.  Anything  like  excess  in  smoking  or  alcohol 
will  aggravate  the  disease,  and  these  habits  must  be  care- 
fully regulated  if  indulged  in  at  all.  The  disease  will 
sometimes  be  encountered  in  stout,  full-blooded  persons 
who  live  well,  and  perhaps  incline  to  gout.  Insuch, 
active  exercise  and  plainer  living,  with  cold  bathing  of 
the  part  night  and  morning,  and  the  use  of  a  wash  con- 
taining tar  or  carbolic  acid,  will  often  effect  a  speedy 
cure.  On  the  other  hand,  the  disease  may  be  present  in 
persons  of  exactly  the  opposite  class,  the  overworked 
and  worried  professional  or  business  man,  and  in  this 
class  of  cases  alone,  where  the  itching  seems  to  be  a  purely 
nervous  affection,  arsenic  is  indicated.  It  may  be  com- 
bined with  quinine  and  cod-liver  oil,  and  carried  to  its 
full  physiological  effect.  If  pin-worms  be  the  cause,  they 
may  generally  be  removed  by  certain  simple  measures, 
the  best  known  of  which  is  an  enema  of  lime-water,  or  of 
carbolic  acid,  3].;  glycerine,  |  j. ;  and  water,  Ivij., 
injected  after  each  passage.  Turpentine  and  tincture  of 
iron  used  in  the  same  way  are  very  effectual.  The  most 
effectual  remedy  for  eczema  marginatum  is  a,  wash  of 
equal  parts  of  sulphurous  acid  and  water,  frequently  ap- 
plied with  a  soft  cloth,  and,  when  necessary,  gradually 
increased  in  strength  up  to  the  pure  acid,  which  is,  how- 
ever, a  painful  application,  and  one  which  will  readily 
blister.  Strong  tincture  of  iodine,  thoroughly  applied, 
is  also  an  effectual  application.  If  there  be  thickening 
of  the  skin  from  effusion,  the  application  of  very  hot 
water  freely  with  a  sponge  may  give  relief,  and  if  a 
stronger  application  be  necessary,  the  compound  tincture 
of  gi-een  soap,  or  a  solution  of  caustic  potash  (gr.  v.  to 
1  j.),  or  liquor  potassae  may  be  resorted  to.  A  good  oint- 
ment is  made  of  the  ordinary  oxide  of  zinc,  made  soft  and 
applied  gently,  and  one  which  is  very  effectual  in  tem- 
porarily allaying  the  itching  is  made  of  chloroform  ( 3  j. 
to  I  ].).  Another  effectual  application  is  composed  of 
carbolic  acid,  |  ss.  ;  glycerine,  I  j.  ;  and  water,  |  iij. 
1  his  may  be  applied  at  night,  and  its  strength  may  be 
adapted  to  the  case.  There  are  many  f  ormulffi  of  this 
kind,  all  of  which  answer  a  good  purpose,  but  the  cure  is 
to  be  undertaken  in  a  broader  spirit  than  by  searching 
for  any  single  ointment  or  lotion  which  will  allay  the 
Itching  for  a  time.  In  every  case  the  cause  must  be  found 
and  removed  if  a  permanent  cure  is  hoped  for.  If  under- 
taken m  this  way  and  intelligently  treated  by  both  doctor 
and  patient,  a  cure  may  generally  be  effected,  sometimes 
in  a  very  few  days,  but  at  others  only  after  many  dis- 
couragements. 

Spasm  of  the  Sphincteb.— This  is  an  affection 
which  has  been  much  disputed  about,  but  which  un- 
doubtedly sometimes  exists  alone,  and  without  any  com- 
f'^?:^"^^  bssme.  It  is  generally  found  in  nervous  and 
debihtated  patients  ;  and  its  symptoms  are  more  or  less 
uneasiness  about  the  anus,  a  sense  of  fulness  in  the  peri- 
^tlZin^n  ^^™°':''  "'■  lessjifflculty  in  micturition,  con- 
st pation,  and  pain  and  difficulty  in  defecation.  A  digi- 
tal examination  will  often  show  a  markedly  contracted 
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anus,  and  an  attempt  to  introduce  the  finger  will  cause 
unbearable  agony.  The  act  of  defecation  may  be  ex- 
ceedingly difficult  to  accomplish  on  account  of  the  pain 
it  causes  ;  and  any  anxiety  or  distress  of  mind,  and  any- 
thing which  tends  to  irritate  the  rectum  or  the  parts 
around  will  aggravate  the  difficulty.  The  treatment  con- 
sists in  attention  to  the  general  health,  in  allaying  ner- 
vous excitement,  in  the  administration  of  laxatives  to 
relieve  the  bowels,  and  in  anodyne  injections,  such  as 
twenty  drops  of  laudanum.  The  surgical  treatment  con- 
sists in  etherization  and  thorough  dilatation  of  the  sphinc- 
ter. If  this  cannot  be  done,  the  next  best  thing  is  the 
systematic  use  of  bougies. 

Nbtjbalgia. — This  is  an  affection  which,  like  the  last, 
is  most  often  seen  in  nervous  people,  particularly  women. 
The  pain  is  apt  to  be  paroxysmal  but  may  be  continuous, 
and,  unlike  spasm,  is  entirely  independent  of  the  act  of, 
defecation.  It  is  much  the  same  disease  as  neuralgia 
elsewhere  in  the  body,  and  must  be  treated  in  the  same 
general  way.  Where  there  is  well-marked  periodicity  a 
malarial  element  must  be  looked  for ;  and  the  disease  is 
sometimes  the  only  manifestation  of  the  gouty  diathesis. 
In  all  other  cases  the  treatment  must  be  the  same  as  for 
neuralgia  elsewhere  in  the  body,  and  will  be  attended  by 
the  same  results.  The  first  care  should  be  for  the  general 
health,  the  second  for  the  regularity  of  the  bowels,  and 
after  this  local  applications  of  cold  water,  ointment  of 
belladonna,  and  blisters  over  the  sacrum  may  be  tried. 
The  disease  must  be  carefully  distinguished  from  coccy- 
godynia  and  from  spasm  of  the  sphincter. 

Congenital  Malformations. — In  the  foetus  the  anus 
is  at  first  represented  by  a  simple  depression  in  the  skin 
of  the  perineum  which  gradually  extends  in  deptli  and 
advances  to  join  the  rectum.  The  rectum  is  developed 
in  connection  with  the  abdominal  viscera,  gradually  sepa- 
rates itself  from  them,  and,  ending  in  a  blind  pouch,  ad- 
vances to  meet  the  anal  depression.  The  process  of  de- 
velopment may  be  arrested  at  almost  any  stage,  and  the 
result  will  be  one  of  the  malformations  to  be  spoken  of. 
These  have  been  variously  classified  : 

1.  Narrowing  of  the  anus  or  rectum  without  complete 
occlusion.  The  stricture  in  these  cases  may  be  very 
slight,  or  may  reach  such  a  degree  as  hardly  to  permit 
the  passage  of  meconium.  It  is  "generally  linear,  resem- 
bling the  constriction  which  would  be  caused  by  tying  a 
tape  around  the  tube.  There  may  be  no  symptoms 
caused  by  this  condition,  and  the  child  may  grow  to 
adult  life  suffering  only  from  constipation.  Such  strict- 
ures do  not  cause  the  secondary  changes  above  and  be- 
low which  attend  those  of  acquired  origin.  "When  the 
stricture  is  tight  it  lyill  give  rise  to  the  usual  symptoms  in 
the  child — absence  of  passages ,  of  meconium,  distention 
of  the  abdomen,  and  vomiting.  The  contraction  will 
generally  be  found  near   the  anus,   and  the  diagnosis 

and  treatment  are, 
therefore,  easy. 
The  latter  consists 
either  in  dilatation 
or  nicking. 

2.  Closure  of  the 
anus  by  a  membra- 
nous diaphragni. 
The  membrane  in 
these  cases  may  be 
of  greater  or  less 
firmness  and  thick- 
ness, and  may  be 
composed  of  skin 
or  of  mucous  mem- 
brane. It  is  some- 
times so  thin  as  to 
bulge  out  with  the 
pressure  of  the  me- 
conium when  the 
child  strains  or  coughs,  and  has  been  known  to  rupture 
spontaneously.  It  is  the  simplest  of  all  the  varieties  of 
malformation,  and  one  of  the  rarest.  The  treatment  con- 
sists in  a  crucial  incision  through  the  membrane,  which 
will  then  shrivel  away. 


Fig.  221.— Rectum  ending  in  a  Blind  Pouch. 
(MolMre.) 
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Fig.  222. — Rectum  ending  in  a  Blind  Pouch ; 
Anus  Kormal.    (Molli6re.) 


3,  Entire  absence  of  the  anus,  the  rectum  ending  in  a 
blind  pouch  at  a  point  more  or  less  distant  from  the  peri- 
neum (Pig.  321).  In  these  cases  there  may  be  a  slight 
depression  at  the  point  where  the  anus  should  be  found, 
or  there  may  be  no  trace  of  the  anal  orifice,  the  raphe  of 
the  perineum  extending  over  the  spot  in  an  unbroken 
line.  The  external  sphmcter  is  also  sometimes  present, 
and  at  others  entirely  wanting.  The  pouch  of  the  rectum 
may  hang  loose  in  the  pelvis  or  abdomen,  or  may  be 
attached  to  some  adjacent  part ;  and  the  space  between  it 
and  the  perineum  may  be  filled  in  with  cellular  tissue,  or 
a  distinct  fibrous  cord  may  be  traceable  from  the  rectal 
pouch  to  the  skin.  If  the  rectal  pouch  be  not  at  too  great 
a  distance  from 
the  skin,  fluctuation 
may  be  obtained  by 
one  finger  over  the 
perineum  and  the 
other  hand  on  the 
abdomen.  Valuable 
aid  to  diagnosis  may 
be  obtained  by  pla- 
cing one  finger  in 
the  vagina.  A  care- 
ful  examination 
should  always  be 
made  to  see  that  the 
rectum  does  not 
communicate  with 
the  vagina  or  blad- 
der. 

4.  The  rectum 
may  be  the  same  as 
in  the  last  variety,  and  the  anus  normal  (Pig.  223).  The 
septum  separating  the  anal  and  rectal  pouches  in  these 
cases  is  generally  within  easy  reach  of  the  finger,  and  may 
be  so  thin  as  to  permit  a  sense  of  fluctuation.  It  is  com- 
posed of  cellular  or  fibrous  tissue  lined  both  above  and 
below  by  mucous  membrane.  It  may  be  perforated  like 
the  hymen  at  some  point,  and  allow  a  slow  dribbling  of 
meconium ;  and  there  may  be  more  than  one  septum. 

In  addition  to  these  more  common  malformations  there 
are  various  others.  The  anus  may  be  absent  and  the  rec- 
tum may  open  by  an  abnormal  anus  at  any  point  in  the 
perineal  or  sacral  regions,  or  it  may  end  in  the  bladder  (see 

Fig.  323),  urethra, 
or  vagina.  The 
rectum  and  anus 
may  be  normal  but 
the  ureters,  ute- 
rus, or  vagina  may 
communicate  with 
the  rectal  cavity 
and  discharge 
their  contents 
through  it.  The 
rectum  may  be 
totally  deficient, 
as  may  also  be  a 
large  portion  of 
the  large  intestine. 
In  these  cases  the 
anus  is  also  gener- 
ally absent  and  its 
place  supplied  by 
an  outlet  at  the  umbilicus  or  some  remote  part  of  the 
body,  as  the  side  of  the  chest. 

There  are  a  few  general  rules  which  should  govern  the 
treatment  of  these  cases.  Some  of  the  varieties  last  de- 
scribed are  beyond  the  reach  of  surgical  aid,  and  the 
treatment  of  the  first  two  classes  has  been  mentioned. 
In  the  others  an  operation  should  always  be  performed, 
and  without  delay.  There  is  little  to  be  gained  even  by 
waiting  for  the  rectum  to  become  distended  with  meco- 
nium, and  there  is  much  to  be  lost.  If  the  obstruction 
be  complete  and  unrelieved,  death  will  follow  either  from 
peritonitis,  rupture  of  the  distended  bowel,  or  gradual 
wasting  away  without  acute  symptoms.  Even  in  cases 
where  a  certain  amount  of  meconium  escapes  by  a  narrow 


Fio,  223.— Bectum  ending  in  the  Bladder. 
(MoUiSre.) 


orifice,  nothing  is  to  be  gained  by  delaying  the  operation. 
If  there  be  any  chance  of  establishing  an  opening  at  the 
normal  site  of  the  anus,  the  surgeon  should  first  try  this 
procedure ;  and  since  in  most  cases  it  is  impossible  to  tell 
that  the  rectal  pouch  may  not  be  within  easy  reach  from 
the  perineum,  it  is  generally  good  surgery  to  make  a  ten- 
tative incision  at  this  point.  The  means  at  the  surgeon's 
disposal  consist  of  puncture,  incision,  and  incision  com- 
bined with  a  plastic  operation  for  the  formation  of  a  new 
anus.  The  operation  by  puncture  consists  in  plunging  a 
trocar  through  the  perineum  in  the  supposed  direction  of 
the  rectum  for  the  purpose  of  establishing  an  outlet.  It 
may  be  done  without  a  preliminary  incision,  or  after  a 
careful  dissection  has  failed  to  reach  the  desired  point. 
The  use  of  the  trocar  as  an  aid  in  finding  the  rectal  pouch, 
even  after  a  careful  dissection  in  the  perineum,  is  not  a 
justifiable  operation.  It  is  attended  by  the  gi'eatest  dan- 
ger to  the  life  of  the  patient,  and  when  the  rectal  pouch 
IS  successfully  reached  by  it,  which  is  very  rare,  the  out- 
let thus  made  is  of  little  use.  The  peritoneum,  bladder, 
or  uterus  may  each  be  wounded  by  the  instrument,  with 
a  fatal  result,  the  opening  is  not  free  enough  to  allow  of 
even  the  easy  escape  of  meconium,  nor  can  it  be  made  to 
serve  the  purpose  intended  by  subsequent  dilatation. 

The  results  of  attempts  to  establish  an  outlet  by  means 
of  incisions  alone  through  the  perineum  are  not  favorable 
as  regards  a  useful  anus;  for  the  operation,  though  it 
may  be  immediately  successful  in  allowing  the  escape  of 
meconium  and  prolonging  life,  does  not  in  most  cases  re- 
sult in  a  useful  anus  for  any  great  length  of  time.  This 
operation  may,  however,  be  modified  in  two  important 
particulars  and  thereby  rendered  much  more  efficient. 
The  rectum  may  be  drawn  down  from  above  and  stitched 
to  the  skin,  and  to  facilitate  this  where  it  is  too  short  to 
reach  the  surface  of  the  perineum  at  the  proper  point,  the 
new  anus  may  be  made  just  at  the  tip  of  the  coccyx,  or 
that  bone  may  be  removed  entirely  and  the  anus  be  made 
to  occupy  its  place.  In  case  of  failure  to  establish  a  new 
anus  in  the  anal  region,  colotomy  should  be  at  once  per- 
formed. The  teaching  of  different  authorities  will  be 
found  to  vary  as  to  the  propriety  of  first  performing  a  peri- 
neal operation  before  resorting  to  colotomy.  Some  fol- 
low the  rule  I  have  laid  down,  that  it  is  always  better  to 
attempt  the  perineal  operation  where  there  seems  to  be 
the  slightest  chance  of  its  succeeding ;  others  limit  the  lat- 
ter operation  to  cases  where  the  rectal  pouch  is  known  to 
be  near  the  skin,  and  in  all  others  turn  their  efforts  at 
once  toward  the  colon.  In  the  formation  of  an  artificial 
anus  the  left  groin  is  the  best  site  for  the  operation.  In 
children  the  mesocoloii  is  so  lax  that  the  sigmoid  flexure 
may  wander  even  across  the  pelvis.  He  who  attempts 
the  lumbar  operation  in  a  child  may  consider  himself 
fortunate  if  he  finds  the  desired  point  at  all ;  and  when 
found,  it  is  so  completely  surrounded  by  peritoneum  as  to 
render  a  wound  of  that  membrane  almost  a  certainty. 
The  operation  in  the  groin  is  much  easier  of  perform- 
ance, and  the  resulting  anus  much  more  easily  cared  for 
by  the  patient.  These  facts,  together  with  the  decreas- 
ing fear  of  wounding  the  peritoneum,  have  led  surgeons  to 
advocate  the  inguinal  operation  in  all  cases  for  which  the 
lumbar  incision  has  generally  been  made. 

An  incision  about  two  and  a  half  inches  long  is  made 
in  the  left  groin  parallel  with  Poupart's  ligament,  about 
half  an  inch  above  it,  and  well  toward  the  lateral  wall  of 
the  abdomen — so  far  that  the  epigastric  artery  should  not 
be  seen  in  the  operation.  This  incision  is  carried  down 
to  the  peritoneum,  each  successive  layer  being  divided  on 
a  director.  Before  the  peritoneum  is  opened,  all  haemor- 
rhage from  the  wound  should  be  stopped  and  the  cut 
rendered  as  dry  and  clean  as  possible.  The  peritoneum 
is  then  pinched  up  with  forceps  and  nicked,  a  director  is 
introduced,  and  the  opening  enlarged  to  the  extent  of  an 
inch  and  a  half.  The  descending  colon  should  be  in  view 
immediately  below  the  wound,  and  is  recognized  by  the 
usual  signs.  When  such  is  the  case  the  subsequent  steps 
in  the  operation  are  comparatively  simple  ;  but  when  not 
the  case  the  bowel  must  be  searched  for  and,  if  necessary, 
the  incision  must  be  enlarged.  The  operation  may  be 
modified  to  advantage  by  stitching  the  parietal  and  vis- 
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Fros.  224  and  225.— Condition  of  the  Bowel 
after  Colotomy.  showing  Septum  and  Course 
of  Fseoes.    (Packard.) 


ceral  layers  of  the  peritoneum  together  with  sutures  pass- 
ing down  to  the  submucous  coat  of  the  bowel  but  not 
into  its  calibre.  The  wound  may  then  be  covered  and 
the  opening  of  the  bowel  delayed  for  a  few  hours  till  ad- 
hesions have  occurred. 

Attempts  at  establishing  an  anus  in  the  perineum  after 
the  performance  of  colotomy  are  attended  with  great 
danger,  and  are  generally  unsuccessful.  Dr.  Byrd/  how- 
ever, has  made  some 
very  ingenious  and 
successful  opera- 
tions  for  this  pur- 
pose. It  is  well 
known  that  after 
colotomy  the  side 
of  the  bowel  away 
from  the  opening 
becomes  sharply 
bent  upon  itself,  as 
shown  in  Figs.  224 
and  225.  The  septum  must  be  destroyed  before  the  arti- 
ficial anus  is  closed,  and  this  is  accomplished  by  com- 
pressing it  between  the  blades  of  a  pair  of  forceps  till  it 
sloughs.  The  essential  points  in  Byrd's  operation  are  the 
passage  of  a  director  down  the  bowel  from  the  new  open- 
ing to  the  bottom  of  the  pouch,  and  then  cutting  down 
upon  this  as  a  guide  from  the  perineum.  After  forming 
the  anus  in  the  perineum  the  artificial  opening  is  closed 
by  a  plastic  operation  of  his  own  devising. 

Charles  B.  Kelsey. 

■  Arch,  of  Dermatolouy,  January,  1876. 
*  °  '' Lombo-oolotomy  in  the  New-born  for  Relief  of  Imperforate  Beo- 
tnm."   Read  before  the  Tri-State  Med.  Soc,  St.  Louis,  October  86  1881 
Reprint. 


AORTA.  The  aorta  (iopr^  arteria  magna)  is  the  lar- 
gest artery  in  the  body,  although  its  calibre  at  its  com- 
mencement is  sometimes  smaller  than  that  of  the  pulmo- 
naiy  artery.  It  commences  at  the  left  ventricle  of  the 
heart  and  terminates  at  the  left  side  of  the  body  of 
the  fourth  lumbar  vertebra,  where  it  divides  into  the 
right  and  left  common  iliac  arteries.  It  does  not  how- 
ever, pass  directly  between  these  two  points,  but  first 
rises  into  the  chest  for  a  distance  of  about  two  inches  and 
there  terming  a  more  or  less  regular  arch  passes  down- 
ward to  terminate  as  before  designated. 

The  aorta  may,  for  purposes  of  convenience,  be  de- 
scribed as  consisting  of  three  portions— the  arch  the  tho- 
racic (wrta  and  the  abdominal  aorta.  Of  these,  the  arch 
IS  the  first  division  ;  it  is  composed  of  three  portions— the 
ascending,  the  transverse,  and  the  descending 

Ihe  ascending  portion  of  the  arch  is  given  off  from  the 
upper  part  of  the  left  ventricle  of  the  helrt,  a  point  whch 
Z 1?.°"^'/°  '^'*^"  ^°'''^^''  °f  ti^e  ^teiium  on  a  1  nc 
*WrH  f  ^  f  "^^f  -^^^  costo-sternal  articulations  of  the 
«^  fl  n«  th°"'^^  *"'''■  It  P^^ses  upward  and  to  the  right 
as  far  as  the  junction  of  the  second  costal  cartilages  with 

vPMin'T"^  "P"".,*''"  "S'^*  ^^^^'  ^liere  it  changfs  itldf 
rection,  becomes  the  traasverse  portion  of  the  arch  and 
passing  from  right  to  left  and  from  before  backward  it 

dia  here,  where  it  makes  rather  an  abrupt  curve  the  dp 
scending  portion  of  the  arch  commences  which  asain 
proceeds  as  far  as  the  lower  border  of  the  fourth  dS 
vertebra  to  become  continuous  with  the  thoracfe  aorta  as 
the  remammg  part  of  the  artery  within  the  chest  ^sdesie 
nated,  m  contradistinction  from  the  arch  ^ 

feSir  *'•'  '^'^"'^  ^^-^"--l'  whKttKo 

ai  tMiisirrs  vSrv^irr-, 
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in  length,  and  its  highest  part  lies  about  one  inch  below 
the  upper  margin  of  the  manubrium ;  from  it  arise  thp 
three  large  arterial  branches  which  supply  the  head  neck 
and  upper  extremities,  namely:  1,  the  arteria  innomi' 
nata  ;  2,  the  left  carotid  artery ;  3,  the  left  subclavian  ar 
tery.  From  the  third  or  descending  portion  of  the  arch 
no  branches  are  given  off,  and  it  is  held  snugly  in  position 
by  its  attachment  to  the  dorsal  vertebrse. 

The  thoracic  aorta  follows  the  curve  of  the  spinal 
column  ;  at  first  it  is  situated  upon  its  left  side  but  as  it 
descends  it  gradually  approaches  the  median  line  and  at 
the  last  dorsal  vertebra  lies  in  front  of  the  spine  Its 
branches  are  small;  they  are:  1,  pericardial;  2  bron 
chial ;  3,  oesophageal ;  4,  post-mediastinal ;  5,  intercostal 
— ten  pairs. 

The  abdominal  aorta  at  its  commencement  lies,  as  does 
the  termination  of  the  thoracic  aorta,  directly  in'front  of 
the  spinal  column  ;  as  it  descends  it  passes  again  to  the 
left  of  the  vertebrae,  so  that  at  the  fourth  lumbar  verte- 
bra, where  it  terminates,  it  has  again  reached  its  orieinal 
position  to  the  left  of  the  spine.  The  branches  of  the 
abdominal  aorta  are  large,  numerous,  and  important 
They  are  the  (1)  phrenic ;  (2)  coeliac  axis  (gastric  htf- 
patic,  splenic) ;  (8)  superior  mesenteric ;  (4)  suprarenal  • 
(5)  renal ;  (6)  spermatic  ;  (7)  inferior  mesenteric  •  (8) 
lumbar  ;  (9)  sacra  media.  ' 

Wyeth's  measurements  give  the  circumference  of  the 
aorta  at  the  sinuses  of  Valsalva  as  four  inches ;  just  above 
this  is  a  constriction  where  it  measures  only  three  and  a 
half  inches ;  but  at  a  point  two  inches  from  the  ventricle 
ttie  circumference  is  gi-eater  than  that  of  the  sinuses 
The  descending  portion  of  the  arch  is  much  smaller  from 
thedeparture  from  it  of  the  three  large  branches  of  the 
division  before  it.  The  distance  (Wyeth's  measurements) 
^om  the  origin  of  the  arteria  innominata  is  3.48-)-  inches 
The  distance  from  this  artery  to  the  next  branch,  the  left 
carotid,  is  A%+,  and  from  this  last  named  artery  to  the 
left  subclavian  the  distance  is  .79-1-  inch.  The  thoracic 
aorta  does  not  diminish  greatly  in  calibre,  because  its  ef  ■ 
terent  vessels  are  comparatively  small ;  but  from  the  ab 
dominal  portion  spring  so  many  large  and  important  ar- 
terial  trunks  that  at  its  termination  its  diameter  is  not 
more  than  one-half  that  of  the  aorta  at  its  commence- 
ment. 

The  structure  of  the  aorta  is  in  general  the  same  as  that 
ot  the  other  arteries.  Its  middle  coat  is,  however  propor- 
tionately and  actually  thicker,  and  possesses  a  relatively 
larger  amount  of  clastic  tissue  and  a  smaller  amount  of 
muscular  tissue  than  do  the  other  arteries. 

The  aorta  is  of  all  arteries  the  most  liable  to  disease. 
Aortitis,  acute  and  chronic,  atheroma  and  calcification  are 
frequent. 

It  is  also  the  favorite  seat  of  aneurism.  Of  703  cases 
collected  by  Sibson  the  situation  of  the  aneurism  was 
distributed  as  follows ;  ascending  portion  of  arch,  193 ; 
ascending  portion  of  arch  and  transverse  arch  conjointly, 
140 ;  transverse  arch  alone,  120  ;  transver.se  arch  and  de- 
scending arch  conjointly,  20  ;  descending  arch,  73 ,  tho- 
racic aorta  below  the  arch,  71. 

L.  Wardwell. 


APHASIA,  AGRAPHIA,  AiVIIIVflA.  Aphasia(4,  negative, 
and  rfdffis,  speech),  signifies  impairment  of  the  idea  of  lan- 
guage or  Its  expression. 

This  abnormal  cerebral  condition  shows  itself  in  various 
degi-ees  of  intensity,  from  sluggishness  of  speech  or  dis- 
orderly articulation  up  to  incoherence  of  ideas  and  total 
abohtion  of  the  power  to  express  thought,  either  by  speech, 
gesture  or  writing.  The  function  of  expression  may  be 
arrested,  perverted,  or  destroyed,  and  may  include  in  vary- 
ing proportions  the  loss  of  memory  for  words  ;  the  loss  of 
power  to  express  ideas  by  written  signs  or  by  gestures, 
and  an  intellectual  disturbance  that  may  overthrow  the 
verbal  part  of  the  mind  and  cause  wreck  and  ruin  of  the 
faculty  of  language. 

Technical  names  for  the  foregoing  conditions  having 
been  applied  and  used  from  time  to  time  in  accordance 
with  certain  etymological  and  pathological  notions,  the 
terminology  of  dysphasia  is  somewhat  mixed.    Hellenic 
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authority  rejecting  alalia  as  too  comprehensive  and  sus- 
ceptible of  several  explanations,  suggests  such  terms  as 
aphihongia,  aphthenxia,  aphrasia,  and  wphemia  to  indi- 
cate the  impaired  expression  of  articulate  sounds ;  while 
agrwphM  or  pwragra^Ma  and  alexia  imply  a  loss  of  com- 
prehension of  written  language,  which  is  far  more  com- 
mon in  aphasiacs  than  that  of  articulate  language.  Dys- 
mimia,  wmi'mia,  and  paramimia  signify  disturbances  in 
the  manifestations  of  ideas  by  gestures  and  by  varia- 
tions of  the  physiognomy.  In  order  to  gain  a  more 
accurate  terminology  asymbolia  and  asemia  have  been 
proposed  as  more  comprehensive.  Cortical  derangement 
of  speech  proceeding  from  impaired  intellect  is  known  as 
dyihgia  or  aXogia,  and  further  refinements  are  found  in 
agrammatism  and  akata/pliasia,  which  signify  inability  to 
form  words  grammatically  and  to  arrange  them  syntacti- 
cally. 

These  words  have  been  used  in  late  years  to  designate  the 
various  degrees  of  impaired  expression,  but  as  a  matter  of 
medico-historic  interest  it  may  be  said  that  recorded  notices 
of  defects  of  expression  are  not  so  new,  having  been  men- 
tioned in  antiquity,  the  middle  ages,  and  the  last  centu- 
ries. In  both  the  Iliad  and  Odyssey,  Homer  speaks  of  a 
temporary  loss  of  speech  resulting  from  strong  moral 
emotion.  Similar  passag:es  occur  m  Euripides,  Thucy- 
dides,  Plato,  and  Apollonius  of  Rhodes.  Pliny  mentions 
a  disorder  of  memory  in  which  the  symptoms  are  those 
now  known  as  amnesic  aphasia.  Hippocrates,  it  is  evi- 
dent from  his  remarks  on  the  subject,  did  not  difference 
the  symptoms  of  aphasia  from  those  of  aphonia.  Most 
remarkable  in  connection  with  the  subject  are  two  pas- 
sages of  Sextus  Empiricus  in  which  the  word  i^mrla  is  not 
omy  mentioned,  but  defined  with  great  care  in  its  philo- 
sophic sense,  which  does  not  differ  sensibly  from  its  patho- 
logical sense.' 

Toward  the  end  of  the  sixteenth  century  aphasic  de- 
rangements attracted  the  attention  of  Schenkius,  and  later 
Van  Swieten,  Cullen,  and  others ;  but  it  was  not  till  1836, 
when  Dr.  Marc  Dax  communicated  his  celebrated  paper 
to  the  meeting  of  physicians  at  Montpellier,  that  the  knowl- 
edge of  the  subject  began  to  take  scientific  form.  He 
seems  to  have  been  the  first  to  recognize  the  concurrence 
of  derangements  of  speech,  with  lesions  of  the  left  half  of 
the  brain,  but  the  treatise  excited  so  little  attention  as  to 
remain  in  obscurity  till  1863,  when  the  subject  of  cerebral 
localization  led  to  long  and  important  discussions  before 
the  French  Academy.  This  memorable  discovery  of  Dax 
having  placed  the  matter  in  a  new  light  furnished  the 
motive  for  numerous  essays,  a  mere  outline  statement  of 
which  it  is  not  necessary  to  give.  Attempts  toward  cere- 
bral localization  may  therefore  be  regarded  as  of  French 
origin,  notwithstandmg  the  unscientific  and  phrenological 
attempts  of  others  to  locate  the  faculty  of  speech. 

Since  no  complete  and  satisfactory  explanation  of  the 
phenomena  of  the  impairment  of  the  function  of  expres- 
sion in  aphasia  has  been  given,  it  seems  proper  that  a 
study  of  the  normal  laws  of  language  should  precede  the 
inductions  of  anatomy  and  pathology,  and  this,  too,  with- 
out going  out  of  the  domain  of  medicine.  In  a  generic 
sense,  language  includes  the  expression  of  ideas  and  emo- 
tions by  articulate  speech,  graphic  representation,  and 
indicative  gesture,  or  in  other  words,  all  the  "  represent- 
ative signs  of  ideas."  Language  extends  to  all  forms  of 
manifestation  of  thought,  and  requires  the  whole  range 
of  the  nervous  centres,  mental,  sensory,  and  motor  in  its 
elaboration,  although  the  concurrence  of  these  numerous 
elements  in  the  manifestation  of  thought  is,  in  fact,  noth- 
ing more  than  a  co-ordinate  movement  that  we  do  every 
day  in  other  acts  equally  complex,  such  as  standing, 
walking,  or  playing  on  a  musical  instrument.  It  is  gen- 
erally acknowledged  by  philologists  that  there  is  an 
intimate  and  necessary  relation  between  thought  and  lan- 
guage, and  that  mental  language  is  absolutely  indispensa- 
ble to  thought.  Physiology  recognizes  the  fact  that  it  is 
more  intimately  associated  with  ideation  than  other  mus- 
cular acts.  The  natural  and  elementary  language  of  man, 
common  to  all  races,  is  seen  in  the  varied  and  mobile 
expression  of  the  physiognomy,  which  is  often  as  eloquent 
as  speech  itself.  Observant  men  of  travel  soon  learn 
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the  meaning  of  looks,  tones,  and  gestures,  not  only  among 
uncivilized  tribes  but  among  themselves.  This  is  a  ver- 
nacular or  a  congenital  reflex  that  exists  among  the  most 
distinct  races  of  men  from  infancy,  and  does  not  require 
to  be  learned. 

The  author  of  the  "  Descent  of  Man,"  speaking  of  the 
close  similarity  between  men  of  all  races  in  tastes,  dis- 
positions, and  habits,  adverts  to  the  mutual  comprehen- 
sion of  gesticulatoiy  language  by  the  same  expression  in 
their  features,  and  by  the  same  articulate  cries,  when 
excited  by  the  same  emotion,  and  he  further  remarks  that 
this  is  not  so  with  distinct  species  of  monkeys.  The 
articulate  cries  by  which  animals  express  themselves  dif- 
fer in  two  important  particulars  from  the  faculty  pos- 
sessed by  man  of  giving  body  or  form  to  his  thought. 
To  clothe  it  with  a  sensible  sign,  which  permits  of  i1? 
being  outwardly  construed  or  interpreted,  the  two  addi- 
tional elements  of  reason  and  of  speech  are  necessary  to 
obtain  the  result.  One  is  purely  intellectual,  the  other 
essentially  mechanical.  The  conditions  give  rise  to  con- 
ventional signs  which  are  produced  after  uniform  laws, 
and  have  a  certain  stamp  of  conventional  mobility. 
Human  language  is  composed  of  abstractions  representing 
not  only  outward  objects  but  ideas  created,  by  the  mind. 
The  faculty  that  produces  mere  words  and  phrases  is  not 
alone  concerned  in  speech  :  memon^,  the  faculty  of  ab- 
straction, comparison,  association  of  ideas,  etc.,  produce 
an  intellectual  co-ordination  resulting  in  thought  spoken 
mentally,  or  the  interior  language  indispensable  to  for- 
mulate thought  by  representative  signs.  It  would  be 
trespassing  on  the  linguistic  and  psychological  domain  to 
discuss  the  origin  of  speech  and  the  onomatopoetic  feel- 
ing of  children.  To  the  student  of  nerve-physics,  the 
genesis  of  ideas  and  conception  reflexes  is  of  less  conse- 
quence than  a  consideration  of  the  impulse  that  prompts 
the  child  to  mimic  the  speech  of  others,  and  thereby  ac- 
quire as  an  inheritance  the  ready-made  or  artificial  lan- 
guage by  which  he  expresses  his  thoughts  and  feelings. 
This  artificial  language,  by  means  of  which  we  express  our 
ideas,  being  governed  by  the  laws  of  convention,  is  forced 
and  transitory  ;  the  language  established  by  nature  is 
universal,  spontaneous,  and  fixed.  The  borrowed  lan- 
guage of  stage  action  and  the  mimicry  of  actors,  singers, 
and  pant»mimists  belong  to  the  artificial  class,  and  differ 
from  the  natural  manifestations  of  thought  expressed  by 
movements  of  the  body,  varied  attitudes,  or  by  cries. 
Whatever  be  the  mode  of  expression,  whether  mimic, 
spoken,  written,  or  figurative,  the  three  indispensable 
physiological  conditions  of  language,  namely,  a  cerebral 
impulse,  an  intermediary  organ  to  transmit,  and  muscles 
to  execute,  must  always  be  present  in  the  normal  condi- 
tion. At  different  stages  in  the  elaboration  of  language 
these  functions  are  more  or  less  impaired,  giving  rise  to 
the  numerous  defects  of  expression  comprehended  under 
the  useful  and  generic  term  aphasia. 

The  symptoms  are  present  under  two  forms  :  abolition 
of  the  faculty  of  language  with  preservation  of  memory ; 
and  abolition  of  the  faculty  of  language  and  of  memory. 
In  the  first  form,  known  as  ataxic  aphasia,  the  function 
of  articiUation  is  lost  or  perverted  ;  in  the  second,  amnesic 
aphasia,  the  memory  of  words  is  lost  or  perverted.  Apha- 
sia includes  not  only  aphemic  and  alexic  afflections  in  vaiy- 
ing  proportions,  but  dysmimic  states,  the  several  condi- 
tions of  incoherency  being  often  coexistent  and  owing 
sometimes  to  impaired  memory,  sometimes  to  faults  of 
co-ordination,  and  at  other  times  to  both.  These  mental 
and  motor  difficulties  have  nothing  to  do  with  aphonia, 
where  the  inability  to  speak  is  owmg  to  some  laryngeal 
trouble  impairing  the  vocal  ligaments.  Nor  does  the  de- 
scription include  cases  of  mutism,  or  suppression  of 
speech  due  to  general  alteration  of  the  intelligence,  such 
as  the  loss  of  speech  observed  in  idiotism,  cretinism,  and 
deaf-mutism,  or  to  a  lesion  of  motion.  Aphasia  is  a 
trouble  bearing  exclusively  on  the  memory  of  conditions 
necessary  to  the  expression  of  thought,  and  is  limited  to 
a  group  of  symptoms  most  common  to  defects  of  ex- 
pression not  dependent  on  either  paralysis,  hysteria,  or  in- 
sanity. In  aphonia  the  idea  of  language  is  unimpaired, 
and  the  organs  of  phonation  only  are  implicated;-  in 
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aphasia  there  is  an  aplastic  condition  of  the  bram  upon 
which  the  presence  of  tactile  and  visual  ideas  or  auditoiy 
images  fails  to  complete  the  conceptions  of  thmgs  that 
words  represent ;  but  the  vocal  organs  are  m  a  state  ot 
perfect  integrity.  .,        , 

Loss  or  impairment  of  the  power  to  express  ideas  by 
graphic  representation  is  often  associated  with  both  am- 
ne.sic  and  ataxic  aphasia.  In  the  amnesic  form  there  is  a 
noticeable  inabiUty  of  the  will  power  in  using  words  to 
express  ideas.  The  volitional  incitations  that  come  from 
the  brain  in  the  production  of  articulate  language  are  im- 
paired in  such  a  manner  as  to  cause  intercurrent  suspen- 
sions of  speech,  hesitation,  or  confusion  in  talking  ;  a 
misuse  or  f orgetfulness  of  words ;  loss  of  memory  of  sub- 
stantives and  names ;  loss  of  memory  of  a  foreign  lan- 
guage or  even  the  vernacular  tongue,  and  terms  may  be  per- 
sistently misapplied.  The  vocabulary  becomes  extremely 
limited  ;  and  the  small  number  of  remaining  words  the 
patient  articulates  in  a  staccato  way,  and  they  do  not  cor- 
respond to  the  thought.  Among  the  earliest  aberrations 
of  speech  in  this  affection  are  the  substitution  of  obscene 
or  profane  epithets  that  are  totally  irrelevant  to  the  ob- 
jects to  which  they  are  applied.  For  instance,  a  lady  in 
whom  aphasia  was  first  noticed,  received  companjr,  and 
after  greeting  each  guest  formulated  her  politeness  in  the 
somewhat  startling  phrase,  "  Sit  down,  you  dirty  pig." 
Periphrastic  forms  of  speech  and  the  recurring  or  barrel- 
organ  utterances,  constituting  what  is  known  as  echolalia, 
are  also  notable  characteristics  in  some  cases. 

In  ataxic  aphasia  the  faculty  of  speech  is  entirely  abol- 
ished or  so  impaired  that  only  half  articulations  and  auto- 
matic phrases  of  a  few  words  are  used.  Names  of  things 
awaken  no  train  of  associations  in  the  mind,  and  the 
phraseology  may  be  reduced  to  a  jangle  of  confused 
sounds,  the  utterance  of  oaths  under  emotional  circum- 
stances, and  to  a  set  word,  sometimes  accompanied  by  a 
nod  of  assent  or  of  dissent,  which  in  the  amimic  condition 
of  some  patients  may  signify  just  the  opposite  of  what 
they  intend.  The  impulse  to  add  the  force  of  emotion  to 
the  expression  of  ideas  by  profanity  is  one  of  the  phe- 
nomena of  aphasia.  More  curious  is  the  ability  in  some 
cases  to  play  chess,  to  calculate,  to  make  music,  both 
vocal  and  instrumental,  to  cheat  at  cards  ;  and  instances 
are  known  of  the  existence  of  a  high  degree  *of  ataxic 
aphasia,  along  with  the  ability  to  manage  business  affairs 
with  care  and  propriety.  Strictly  speaking,  however, 
swearing  is  not  a  part  of  language,  and  the  same  may  be 
said  of  the  mental  combination  consummated  without 
words,  such  as  calculation,  the  playing  of  games,  and 
music.  The  degree  to  which  these  faculties  are  impaired 
is  a  valuable  diagnostic  guide  in  estimating  the  state  of 
the  intelligence,  and  assists  in  the  process  of  exclusion 
necessary  to  discriminate  the  amnesic  from  the  ataxic  form. 
In  the  former  the  aphasiac  can  write,  and,  when  aided  by 
suggestion,  can  remember  forgotten  words  ;  in  the  latter 
variety  he  cannot  write,  nor  can  he  utter  an  articulate  ex- 
pression after  any  amount  of  help  or  prompting. 

Gesticulatory  incoherence  {amimia)  may  exist  at  the 
same  time.  In  fact  the  mimic  speech  in  this  abnormal 
condition  may  become  as  impaired  and  as  disordered  as 
the  other  modes  of  language.  In  dysmimic  incoherence 
there  is  wanting  a  harmony  between  the  idea  and  the 
mimetic  expression.  The  patient  sometimes  makes  one 
gesture  in  the  place  of  the  other,  and  sometimes  he  ex- 
presses by  this  mode  of  language  the  contrary  of  his 
thoughts  ;  at  other  times  he  forgets  the  .gesture  that  ex- 
presses habitually  a  certain  passion,  and  the  strongest 
emotions  fail  to  awaken  a  response. 

Aphasia  is  of  variable  duration.  It  may  be  transient 
or  permanent,  lasting  half  an  hour  or  a  lifetime.  We 
generally  see  it  as  the  result  of  congestion,  anaemia 
hfemorrhage,  rheumatism,  syphilis,  embolism,  and  the 
like.  Perhaps  ninety  cases  in  a  hundred  are  owing  to 
congestion,  to  a  hasmorrhage,  or  to  a  softening  of  the 
Drain.  An  apoplectic  or  epileptic  form  of  congestion 
opens  the  scene  in  most  cases  of  aphasia,  and  of  all  the 
physical  symptoms  accompanying  it  right  hemiplegia  is 
the  most  common.  This  circumstance  has  caused  the 
clinical  division  of  the  symptoms  into  two  categories,  ac- 
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cording  as  they  are  exempt  from  paralysis  or  accom 
panied  by  right  hemiplegia.  Among  other  causes  are 
diabetes,  albuminuria,  facial  erysipelas,  measles,  scarla- 
tina, typhoid  fever,  and  migraine.  Wounds  of  the  head 
and  of  the  encephalon,  tumors,  cancer,  abscess,  valvular 
lesion  of  the  heart  giving  rise  to  embolism,  organic  dis- 
ease of  the  brain,  sunstroke,  extreme  cold,  and  snake- 
bites are  further  causes.*  Independently  of  the  grosser 
and  visible  lesions,  aphasia  may  occur  from  nervous 
shock,  or  as  a  symptom  of  many  nervous  diseases,  such 
as  epilepsy,  neuralgia,  alcoholism,  uraemia,  or  narcotic 
poisoning ;  from  the  toxic  effects  of  lead  or  phosphorus 
and  from  hepbasstic  hemiplegia  or  hammer-palsy.  Hys'- 
teria  and  hysteroid  affection  and  reflex  action  are  men- 
tioned in  connection  with  the  etiology  of  aphasia,  but 
the  tendency  of  thought  among  late  writers  is  to  ignore 
them  as  causes.  Among  the  causes  of  great  clinical  im- 
portance  are  alterations  in  the  medulla  oblongata,  the 
olivary  bodies,  and  the  lobe  of  the  insula,  which,  by  the 
way,  is  found  in  man  and  the  simiidse  only,  being 
slightly  developed  and  devoid  of  convolutions  in  the  lat- 
ter. Any  morbid  processes  in  the  brain,  or  any  cause 
whatever  that  affects  the  formative  processes  or  nervous 
impulse  concerned  in  language,  and  interferes  with  the 
volitional  incitations  proceeding  from  the  nerve-centres 
in  the  expres.sion  of  language  may  give  rise  to  aphasia. 

Pathologists  believe  the  most  constant  lesion  of  apha- 
sia to  be  cerebral,  and  restricted  to  a  certain  portion  of 
the  brain.  Necroscopic  observations  in  cases  of  aphasia, 
with  brain  lesion  following  nervous  affection  or  typhoid 
fever,  show  almost  always  softening  of  the  brain,  or 
generally  an  obliteration  more  or  less  complete  of  the 
middle  cerebral  artery  with  coexistence  of  valvular  lesion 
of  the  heart,  thereby  establishing  a  constant  relation  in 
aphasia  between  cardiac  affection,  obliteration  of  the  Syl- 
vian artery,  and  cerebral  softening.  Less  absolute  than 
the  foregoing  are  the  attempts  to  determine  the  exact 

Elace  of  the  brain  lesion  ;  and  the  question  may  be  asked, 
3  there  such  a  thing  as  a  local  centre  of  speech  any  more 
than  a  centre  or  seat  for  the  soul  ?  Phrenology,  having 
assumed  an  inadequate  generalization  to  bridge  over  the 
distance  between  mind  and  matter,  has  failed  absolutely 
to  define  vdth  precision  the  seat  of  the  faculty  of  lan- 
guage, and  the  metaphysical  divorcement  of  the  mental 
faculties  from  each  other  and  from  their  physical  rela 
tions,  if  not  obsolete,  is  obsolescent.  Both  phrenological 
and  metaphysical  notions  are  alike  passing  away,  and  a 
scientific  basis  may  yet  be  established  for  the  unity  and 
indivisibility  of  mind.  So  varied  and  detailed  are  the  fac- 
ulties of  the  mind,  that  it  is  impossible  to  make  of  them 
a  topographical  distribution,  even  if  we  located  many  of 
the  mental  powers  or  attributes  in  various  parts  of  the 
body  wherever  grajr  matter  is  found  ;  and  when  we  con- 
sider that  the  manifestation  of  language  is  no  more  a 
mental  attribute  than  locomotion,  for  instance,  and  that  it 
requires  in  its  evolution  the  action  of  the  whole  series  of 
anatomical  possibilities — motor,  sensory,  and  ideational— 
the  subject  becomes  more  obscure  and  complex.  It  is 
generally  conceded,  though,  that  the  correct  expression 
of  ideas  implies  integrity  of  the  cortical  substance  of  the 
hemispheres.  According  to  some  observers,  it  is  held 
that  the  disintegration  of  the  brain  substance  in  aphasia 
is  caused  by  embolism  of  the  left  cerebral  artery  or  its 
branches,  an  obstruction  of  which  not  only  accounts  for 
aberration  of  the  function  of  expressing  ideas  hjr  lan- 
guage, but  for  the  frequency  with  which  aphasia  is  as- 
sociated with  right  hemiplegia,  since  the  same  artery  also 
supplies  blood  to  the  corpus  striatum  of  the  same  side.  It 
is  further  held  that  the  precise  location  of  the  lesion  is  in 
the  posterior  third  of  the  third  or  inferior  left  frontal 

*  Observfitions  of  Dr.  Ogle  on  the  aphasia  resulting  from  the  bites  ol 
venomous  snakes  lead  to  the  remark  that  the  symptom  is  an  early  one 
that  may  last  for  an  indefinite  period  when  otiler  symptoms  have  dis- 
appeared. He  believes  that  the  aphasia  is  owing  to  spasm  in  the  middle 
cerebral  arteries,  and  that  when  permanent  it  is  occasioned  by  thromboeis 
of  the  arteries  above  the  constriction.  He  further  remarks,  in  regard  to 
the  poison  acting  preferably  on  a  single  artery  or  set  of  arteries,  that 
this  fact  is  consistent  with  the  observed  action  of  other  poisons  and 
drugs,  notably  with  that  of  the  cholera-poison,  alcohol,  quiuia,  digitalis 
ergot  of  rye,  belladonna,  soda,  and  potash  salts. 
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convolution.  Other  pathologists  record  cases  that  hear 
■flrifli  almost  as  imicli  effect  on  the  negative  side  of  the 
doctrine,  which  shows  aphasia  resulting-  from  disease  of 
the  right  hemisphere,  and  the  absence  of  aphasia  where 
the  lesion  was  in  the  left  speech-centre.  The  preponder- 
ance of  evidence,  however,  goes  to  show  that  aphasia  is 
connected  with  the  disease  of  the  left  anterior  lobe,  a  con- 
clusion that  seems  beyond  a  questionable  doubt. 

It  is  also  believed  that  there  is  a  cerebral  centre  for  many 
of  the  forms  of  thought  and  emotion  that  do  not  require 
words  in  their  manifestation,  such  as  the  plastic  arts, 
drawing  and  painting,  music,  the  expression  of  joyous  ex- 
citement, calculation,  and  writing. 

Aphasias  can  often  sing  an  exact  tune  without  articu- 
lating the  words,  and  a  musician  completely  aphasic,  be- 
ing unable  either  to  speak  or  write,  has  been  known  to 
write  easily  a  phrase  of  music  that  he  had  heard  sung. 
Aptitude  to  draw  of  ten  remains;  but  in 'many  instances 
artists  have  lost  this.  The  ability  to  waltz,  to  calculate, 
and  to  cheat  at  cards  with  shrewdness  sometimes  remains. 
Generally,  however,  when  the  patient  is  affected  both 
amnesically  and  ataxically  he  is  not  only  unable  to  count 
his  ten  fingers,  but  is  also  unable  to  write.  The  speech- 
centre  being  presumably  situated  in  the  left  hemisphere, 
it  is  also  thought  that  the  same  half  of  the  brain  is  the  one 
in  which  exists  the  co-ordinating  principle  of  writing,  and 
the  one  from  which  proceeds  the  volitional  incitation  in 
the  case  of  graphic  representation  of  ideas.  In  the  condi- 
tion known  as  agraphia,  that  is,  a  loss,  suspension,  or  im- 
pairment of  the  cerebral  aptitude  for  writing,  we  have 
one  of  the  most  trastworthy  means  of  taking  an  inven- 
tory of  the  patient's  mental  condition.  The  derangements 
of  written  speech  are  analogous  to  those  of  phonetic  or 
articulate  speech.  In  the  two  cases  the  harmony  is  im- 
paired between  the  idea  and  its  expression.  Incoherency, 
whether  verbal,  written,  or  gesticulatory,  is  owing  to  the 
fact  that  the  patient  has  forgotten  the  relation  between 
ideas  and  the  representative  forms  of  their  expression. 
Patients  with  ataxic  agraphia  may  use  their  fingers  toler- 
ably well  for  other  acts  requiring  delicate  manipulation, 
such  as  sewing  or  drawing  parallel  lines,  and  at  the  same 
time  be  absolutely  unable  to  write.  Some  patients  make 
senseless  scrawls  or  meaningless  combinations  of  letters 
that  printers  would  designate  as  "  pi."  Others  are  able 
to  make  their  signatures  only,  to  copy,  or  to  write  from 
dictation  ;  but  as  a  rule  they  write  as  badly  as  they  speak, 
and  those  who  do  not  speak  are  equally  incapable  of  writ- 
ing. In  connection  with  this  subject  may  be  mentioned 
the  phenomenon  of  "mirror-writing,"  in  which  the  pa- 
tient writes  with  the  left  hand  and  in  a  reversed  way, 
forming  the  letters  quite  well,  so  that  they  are  easily  read 
when  seen  in  a  mirror.  It  is  probable  that  Leonardo 
da  Vinci  was  incapable  of  writing  otherwise,  as  he  is  re- 
ported to  have  had  right  hemiplegia  at  the  time  he  pre- 
pared a  curious  manuscript  volume  which  is  written  in  this 
reversed  way. 

In  the  matter  of  diagnosis  the  state  of  all  the  organs  from 
the  spinal  cord  to  the  tongue  and  lips  should  be  studied, 
at  the  same  time  keeping  in  mind  the  diverse  sympto- 
matic details  concerning  the  state  of  speech,  intelligence, 
and  writing,  and  the  other  various  manifestations  of 
thought  that  have  been  mentioned  in  the  clinical  picture 
of  aphasia.  The  process  of  elimination  should  extend  to 
all  troubles  of  speech  originating  from  the  influence  of 
moral  causes,  and  those  produced  by  hallucinations  or 
delirious  ideas,  by  nervous  disesises,  as  catalepsy,  epilepsy, 
ecstasy,  etc. ,  or  the  troubles  depending  upon  incipient  lesion 
of  the  intellectual  faculties  or  upon  alterations  of  the  organs 
of  phonation.  These  cases  are  not  aphasia  in  the  restricted 
and  scientific  sense  in  which  it  is  proper  to  use  the  word. 
The  same  may  be  said  of  the  suppression  of  speech  that 
occurs  in  idiocy,  cretinism,  and  dementia,  where  speech 
is  suppressed  in  consequence  of  the  absence  of  thought. 
It  is  the  same  with  mutism  consecutive  on,  deafness  in 
deaf-mutes  and  with  mutism  generally.  A  person  is  not 
necessarily  an  aphasic  because  he  does  not  speak,  nor 
should  the  morbid  inability  known  as  word-deafness  and 
word-blindness  be  designated  by  the  name  of  aphasia. 
Paralysis  of  the  tongue  (gloamplegia  or  laloplegia)  in  either 


of  its  two  forms,  masticatory  or  articular,  may  cause  an 
error  in  the  diagnosis  of  aphasia  ;  so  may  the  results  of  a 
lateral  hemiopia,  which  usually  occupies  the  right  halves 
of  both  retinas.  The  dextral  pre-eminence  should  always 
be  taken  into  consideration.  Most  persons  are  left-brained 
and  consequently  right-handed.  If  left-handed  they  may 
become  aphasic  when  the  lesion  includes  the  right  hemi- 
sphere. In  an  ambidextrous  boy  aphasia  has  occurred 
from  lesion  of  the  left  hemisphere. 

The  prognosis  is  almost  always  in  relation  with  the 
lesion  that  produces  the  aphasic  condition,  and  any  fore- 
cast in  regard  to  the  patient's  future  must  take  into  ac- 
count the  cause  and  location  of  the  lesion.  Aphasia  con- 
secutive on  fever  is  of  grave  character,  but  where  it  is 
owing  to  the  action  of  moral  causes  or  nervous  diseases, 
the  disturbance  is  ordinarily  temporary.  Aphasia  from 
traumatic  lesions  is  more  or  less  grave,  according  to  the 
nature  of  the  cerebral  lesion  originating  it :  as  the  lesion 
heals  the  aphasia  disappears,  consequently  it  can  be  said 
that  the  patient's  chances  for  recovery  in  such  cases  are 
good.  Not  of  such  good  augury,  however,  is  the  aphasia 
resulting  from  the  bites  of  venomous  snakes.  The  age  of 
the  patient  is  an  important  factor.  Children  have  been 
known  to  recover  rapidly  after  extensive  cerebral  de- 
struction, while  an  incurable  aphasia  results  in  an  old  per- 
son from  a  small  focus  of  disease.  Cases  depending  on 
organic  lesion  of  the  brain  are  not  only  the  most  frequent 
of  all,  but  the  most  grave.  Where  the  aphasia  is  depen- 
dent on  a  slight  congestion,  a  small  cerebral  hsemorrhage, 
or  a  primary  affection  of  a  curable  nature,  the  patients 
often  get  well  rapidly.  A  favorable  result  is  not  to  be 
looked  for  in  the  cases  accompanied  by  hemiplegia,  which 
are  generally  rebellious  and  last  for  years  without  modifi- 
cation. 

Aphasia  sometimes  gets  well  spontaneously  in  appar- 
ently severe  attacks.  In  its  treatment  we  are  called  on 
not  so  much  to  treat  the  impainnent  of  speech  as  a  dis- 
tinct pathological  entity,  as  to  treat  the  diseased  condi- 
tions that  seem  to  be  the  cause  of  the  aphasia.  Having  re- 
moved the  cause,  electricity  should  be  applied  to  the  tongue 
and  other  muscles  of  articulation,  and  a  constant  and  sys- 
tematic course  of  instruction,  having  for  its  object  the  re- 
development of  the  faculty  of  language  and  the  exercise 
of  the  organs  of  phonation,  should  be  persistently  and  ju- 
diciously enforced. 

It  is  questionable  whether  the  intellect  is  not  injured  in 
all  cases  of  aphasia ;  but  the  extent  of  the  injury  it  is  not 
so  easy  to  determine  with  the  imperfect  means  of  ascer- 
taining which  we  have  at  our  command.  The  frequent 
association  of  intellectual  troubles  in  aphasia  becomes 
apparent  on  recalling  the  morbid  and  habitual  charac- 
teristics of  the  complaint,  such  as  slowness  and  paresis 
of  ideation,  feebleness  of  memory  and  of  attention,  and 
the  moral  changes  that  show  themselves  by  indifference 
and  apathy.  On  one  hand  it  is  argued  that  the  intelli- 
gence is  preserved  in  all  cases  of  aphasia,  because  a 
certain  number  of  aphasics  show  by  facial  movements, 
gesture,  and  pantomime,  or,  in  other  words,  by  gesticu- 
latory language,  that  they  are  still  capable  of  understand- 
ing articulate  language ;  on  the  other  hand,  alterations 
of  the  intelligence  are  advanced  as  the  most  prominent 
and  distinctive  characteristics  of  the  aphasic  condition. 

In  a  general  manner  we  can  approximate  to  the  mental 
state  of  aphasics  by  assimilating  them  in  this  relation  to 
ordinary  hemiplegics  without  trouble  of  speech.  Both 
have  the  same  pathognomonic  causes,  the  same  cerebral 
lesions  that  produce  sometimes  aphasia,  sometimes  hemi- 
plegia, and  sometimes  the  two  symptoms  together ;  and 
the  same  intellectual  and  moral  modifications  are  ob- 
served in  hemiplegia  as  in  aphasia.  When  the  imper- 
fections of  language  persist  from  the  outset  without 
amendment,  we  must  believe  that  they  are  dependent  on 
a  grave  cerebral  lesion,  and  consequently  that  there  exists 
a  profound  intellectual  trouble. 

The  mental  disorders  that  are  more  or  less  constant  in 
aphasics  may  be  regarded  from  several  points  of  view ; 
according  as  the  intelligence  is  slightly  affected,  mani- 
festly altered,  or  totally  abolished,  as  in  dementia. 

Alterations  of  language  are  generally  accompanied  by 
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.  such  intellectual  troubles  as  want  of  attention,  loss  of 
n[iemory,  incoherence,  hallucinations,  and  delirious  con- 
ceptions. Sometimes  there  is  mental  excitement,  at 
others  depression  and  enfeeblement  of  the  intellectual 
faculties.  Hallucinations  of  hearing  and  of  sight  are  the 
most  frequent  in  aphasia.  A  patient  with  aphasia  has 
been  known  to  have  sitomania  at  the  same  time,  and 
another  in  whom  there  existed  marked  ansesthesia  be- 
lieved his  legs  to  be  cut  away.  These  false  perceptions 
are  particularly  shown  in  the  distrust  of  aphasics  toward 
persons  immediately  surrounding  them.  The  hallucina- 
tions are  the  same  as  those  recognized  in  ordinary  luna- 
tics, and  have  for  their  origin  the  same  lesions. 

Among  the  foi-ms  of  intellectual  delirium  most  fre- 
quently observed  in  a  partial  form  are  the  delirium  of 
persecution,  melancholy,  and  hypochondria.  The  in- 
stinctive impulses  prompt  a  delirious  propensity  to  steal, 
to  drink,  to  commit  suicide  or  homicide,  to  commit  out- 
rages against  shame,  an(}  to  attempt  other  acts  that  render 
one  liable  to  sequestration  in  an  insane  asylum  as  feeble- 
minded. 

The  forms  of  maniacal  excitement  are  much  less  com- 
mon than  those  of  depression,  and  present  nothing  in 
particular.  They  do  not  assume  the  varied  aspects  of  the 
intellectual  excitation  observed  in  a  great  number  of  the 
vesanias.  Depression  is  so  much  more  common  that  it 
may  be  considered  as  constituting  the  rule  in  the  aphasic 
condition.  Its  usual  manifestation  is  in  general  intellect- 
ual apathy ;  indifference  to  friends,  dress,  and  personal 
decency;  by  motiveless  acts,  egoistic  tendencies,  and 
irritability  of  character. 

In  some  cases  the  aphasic  may  become  a  lunatic 
and  irresponsible  for  derelict  acts  that  ought  not  to  be 
referred  to  the  courts.  It  then  becomes  necessary  to  take 
m  advance  precautions  that  hinder  the  patient  from  being 
hurtful  to  himself  or  his  immediate  surroundings  ;  and 
the  question  arises  as  to  whether  the  patient  ought  to  be 
likened  to  an  individual  of  sound  mind  considered  re- 
sponsible for  his  acts,  and  recognized  as  capable  of  being  a 
legitimate  party  to  a  suit,  or  to  other  events  of  civil  life 
The  different  degrees  of  the  intellectual  trouble  which 
IS  constant  m  patients  of  this  class,  are  like  those  found 
in  real  dements.  In  a  certain  number  of  cases  the  patients 
cannot  be  considered  as  sane  of  mind  in  a  medico-legal 
point  of  view ;  and  the  necessity  for  the  intervention  of  the 
medical  legist  m  the  case  of  crime  or  misdemeanor  com- 
mitted by  an  aphasic  does  not  admit  of  a  doubt 

The  means  of  judging  of  the  intelligence  are  bv  the 
gesture,  writing,  speech,  and  the  testimony  of  patients 
after  their  recovery ;  by  the  incoherence,  whether  verbal 
written,  or  gesticulatory,  with  or  without  consciousness 
ot  the  patient.  Impairment  of  the  gesticulatory  speech 
which  may  be  as  much  disordered  as  other  modes  of 
language,  is  usually  indicative  of  grave  and  complicated 
deiangement  of  the  numerous  functions  concerned  in  the 
evoution  of  thought,  and  loss  or  perversion  of  speech 
IS  always  a  concomitant  of  other  cerebral  affections  Of 
?n..i  w^tf'''^  aphasics  who  have  made  analyses  of  their 
intellect  the  one  most  often  quoted  is  Lordat,  who  bv  the 

luLT.nF^'^'^'  °^  ^^J*^"'-^'  ""^^  before  bed  n| 
aphasic,  and  gave  other  evidences  of  mental  distraction 
Besides,  the  h  story  of  his  case  shows  that  hs  mind  was 
considerably  injured  after  recovery.  Doubtless  mlnv 
aph^ics  may  read  mentally  when  they  are  unable  to  do 
so  phonetically;  they  may  think  without  words;  they 
may  be  speechless  but  not  wordless,  and  they  mlv  have 
Ideas  without  the  necessary  means  to  communiSte  them 
m  any  outward  manner  that  admits  of  Sbeinl  Pro? 
shJwT?™f  ?^ interpreted;  but  everything  goerto 
hat  thefnt'efcV.'  "  ''°'^^^'  f ?entially  Stellef tuiland 

292 


confident  is  Legrand  du  BauUe  of  the  injury  to  the  intel 
ligence  in  aphasia  that  he  formulates  his  belief  by  savinji 
that  the- intervention  of  the  physician  is  claimed  in  nl] 
cases  of  accusation  directed  against  aphasic  persons 

Not  less  complex  than  that  of  criminal  responsibility  is 
the  question  of  civil  capacity  in  aphasia.  Serious  nrob 
lems  like  the  following  are  likely  to  occur  any  day  •  Is 
aphasia  a  suiHcient  reason  for  the  privation  of  the  exerciss 
of  civil  rights  ?  Is  it  a  valid  reason  for  opposition  to  a 
marriage  or  to  a  plea  in  abatement  ?  May  it  be  considered 
as  a  hindrance  to  the  usage  of  the  right  to  make  one's 
will  i 

There  are  two  cases  in  which  wills  may  be  attacked  ■ 
when  the  capacity  of  the  testator  is  put  in  doubt  or  when 
the  testamentary  act  is  hot  regular. 

The  validity  of  wills  made  or  signed  by  aphasics  has 
been  frequently  .tested  before  the  courts.  Aphasia  may 
exist  with  perfect  testamentary  capacity  in  some  cases  • 
in  others  the  patient  may  not  be  competent  to  make  a  will' 
or  he  may  not  himself  make  the  will  but  be  unduly  in' 
fluenced  by  the  suggestion  of  others  regarding  the  con 
tents  of  the  will.  A  will  case  is  mentioned  in  which  there 
was  complete  aphasia  and  agi-aphia,  but  the  patient  could 
turn  to  a  dictionary  and  point  out  words.  Generally 
speaking,  where  there  is  no  emotional  change  of  char- 
acter and  disposition  that  would  directly  influence  the 
opinion  which  the  testator  holds  of  his  relatives  he  should 
be  considered  to  possess  perfect  testamentary  capacity 
But  in  the  present  state  of  our  knowledge  of  the  subicct 
It  seems  almost  impossible  to  formulate  clear  and  explicit 
rules  for  guidance  on  this  point.  It  is  to  be  wished  how- 
ever that  with  the  advance  of  science  we  may  some  day 
be  able  to  analyze  and  to  point  out  with  more  precision 
the  exact  nature  of  the  lesion  causing  the  suppression  of 
the  natural  relations  that  exist  between  thought  and  its 
representative  signs.  j„mg  0.  JSome. 

Fabridus.™%Tig;  iWrTio^'"'"'"''-  ""•  '-  ^  '="-  '^"^  "^  '■  "^ 

APHRODISIACS.  Remedies  which  increase  the  sexual 
appetite  or  restore  the  power  of  erection.  The  principal 
agents  employed  for  this  purpose  are  alcohol  and  other 
stimulants,  cautharides,  damiana,  ergot,  ginger  and  the 
spices,  iron  and  other  tonics,  phosphorus,  and  strychnia 
A  diet  consisting  largely  of  animal  food,  and  the  wearing 
ot  warm  clothing,  especially  about  the  loins,  are  valuable 
adjuncts  to  increase  the  effects  of  internal  remedies  The 
sexual  powers  are  often  weakened  or  destroyed  by  pro- 
longed and  steady  mental  or  physical  labor,  and  rest  is 
theretore  indicated  in  such  cases.  When,  as  is  frequently 
the  case  weakness  of  the  genital  functions  is  only  part  of 
a  general  debility,  tonics  should  be  exhibited  and  the  diet 
should  be  stimulating  and  composed  largely  of  meat. 
When  these  measures  are  ineffectual,  recourse  must  be 
had  to  the  direct  aphrodisiacs.  Strychnia  and  phosphorus 
are  the  best  remedies  of  this  class,  for  cantharides  is  very 
uncertain  in  its  action,  and  sometimes  fails  entirely  Dami- 
ana enjoyed  a  great  popular  reputation  at  one  time,  and  is 
stiu  employed  to  a  considerable  extent  as  a  sexual  stimu- 
lant. Jirgot  has  been  found  of  service  in  cases  of  impo- 
tence due  to  insufficient  erectile  power.  T.  L.  8. 

APHTH/E.  (Syn.:  Thrush,  Sprue  ;  Fr.,  Aphihes,  Mil- 
guet;  trer.,  Mundachwamm,  Fasch.)  These  various  terms 
are  by  most  writers  indifferently  employed  to  designate 
two  affections  of  the  mouth,  which,  though  resembling 
each  other  in  their  gross  appearances,  are  really  separate 
and  distinct  conditions.  The  one  is  a  simple  form  of 
ulcerative  stomatitis,  the  other  is  a  specific  inflammation 
excited  by  the  presence  and  growth  of  a  special  fungus, 
in  the  simple  non-specific  sprue  there  first  appear  numer- 
ous small  transparent  vesicles,  filled  with  a  clear  fluid, 
and  surrounded  by  a  reddened  slightly  inflamed  areola. 
Ihe  vesicles  may  occur  as  isolated  points,  or  may  be 
grouped  together  or  even  confluent.  They  are  usually 
seen  first  upon  the  tongue,  and  spread  thence  to  the 
neighboring  parts  of  the  mouth  and  fauces.  The  vesicles 
soon  become  cloudy,  lose  their  fluid  contents,  and  then 
present  themselves  as  slightly  elevated  whitish  spots  on 
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diameters,  Oldium  albicans.  (From 
Kobin.)  a,  a.  Cells  of  epithelium ;  &,  &, 
spores,  isolated  or  united  ia  the  form  of 
chains,  or  arranged  in  round  or  irregular- 
ly shaped  groups,  adhering  to  the  surface 
of  the  epithelial  scales ;  d,  cylindrical 
tubular  filaments,  containing  in  their  in- 
terior molecular  grannies,  e,  £,  swollen  ex- 
tremities of  the  tubules ;  g,  ovoidal  swell- 
ings ;  A,  ovoidal  cells,  articulating  with 
each  other ;  i,  terminal  ovoidal  cell. 


the  lingual  and  buccal  mucous  membrane.  These  patches 
are  easily  detached,  and  when  removed  may  leave  shal- 
low ulcerations  covered  with  a  thin  film  of  dirty  yellow 
slough.  The  eruption  is  usually  attended  with  malaise 
and  a  moderate  degree  of  fever.  The  disease  occurs 
mostly  in  sickly  infants  sufEering  from  digestive  disturb- 
ances, but  may  also  attack  adults  who  are  debilitated  by 
disease  or  old  age.  There  is  no  special  treatment  for  this 
affection.  Attention 
should  be  directed 
chiefly  to  the  correc- 
tion of  the  gastric  dis- 
orders upon  which 
thrush  depends.  A 
small  saline  aperient 
may  be  given  first,  and 
may  then  be  followed 
by  alkalies  to  correct 
the  acid  condition  of  ^v 
the  primse  vise.  But 
the  fault  will  gener- 
ally be  found  to  lie 
in  the  infant's  diet ; 
either  the  child  is  be- 
ing nursed  with  the 

bottle,  or  it  is    being  Flo.  226.— A  Patch  of  Aphthie,  magnified 

fed  with  pap  which  °°"  ^'  '  '"'"  "■'  '" 
it  is  unable  to  digest. 
If  the  infant  is  nurs- 
ing and  the  mother  is 
not  able  to  supply  it 
with  the  necessary  sus- 
tenance, a  wet-nurse 
should  be  procured. 
An  older  child  should 
he  fed  chiefly  with  milk,  to  which  a  sufficient  amount 
of  lime-water  has  been  added,  and  with  small  quantities 
of  finely  cut  mutton  or  beef.  Vegetables  and  starchy 
food  are  to  be  temporarily  eschewed.  In  the  aged,  tonics 
and  stimulants  are  called  for,  attention  being  especially 
directed  to  the  primary  affection.  The  inflamed  parts  of 
the  mucous  membrane  may  be  re- 
peatedly touched  with  a  camel's- 
hair  pencil  dipped  in  a  solution  of 
borax  in  glycerine.  But  frequent 
washing  out  of  the  mouth  should 
be  avoided,  and  force  should  never 
be  employed  to  remove  the  patches. 
The  constant  swabbing  out  of  the 
infant's  mouth  is  perhaps  one  of 
the  most  frequent  causes  of  stoma- 
titis in  the  new-born. 

The  specific  form  of  aphtnse 
presents  nearly  the  same  clinical 
features  as  that  just  described. 
When  it  occurs  in  a  previously 
healthy  child,  there  are  usually  a 
few  days  of  malaise  preceding  the 
appearance  of  the  stomatitis.  The 
mouth  may  at  this  time  be  hot  and 
tender,  so  that  the  infant  may 
show  a  reluctance  to  take  the 
breast  or  the  bottle  as  the  case  may 
be.  Soon  small  whitish  spots  ap- 
pear about  the  tip  of  the  tongue. 
Process  of  Development  ^Qu  Spread  tuence  to  Its  sides  and 
from  the  Spores,  etc.  to  the  Other  poi'tions  of  the  mucous 
irf  JUJ'"!''''-'  The  spores  membrane  of  the  mouth  and  phar- 

are  seen  m  round  groups  rrn.  at.  t^K 

(o,  a),  or  in  patches  of  the  7^'^-  The  patches  are  white  or 
same  shape  as  the  epithe-  slightly  yellowish  in  color,  a  little 
hai  scales  (6, 6) ;  tubes  (o,  raised  above  the  surface  and  some- 

cj  may  also  be  seen  de-       -ui  i--_jii'  __ 

veiopingfrom  these  groups  '^^^^  cone-shaped,  lookmg  very 
or  from  isolated  spores.  much  like  little  collections  of  cur- 
dled milk.  They  are  at  first  closely 
adherent  to  the  mucous  membrane,  but  later  are  easily  de- 
tached, leaving  a  smooth  glistening  surface  upon  which  a 
new  patch  is  quickly  reformed.  If  any  force  has  been  used 
to  remove  the  spots  excoriations  are  formed.  These  ulcers 
are  rounded  or  oval  in  shaiie,  with  clean-cut,  not  elevated. 


Fio.  227.— Another  Portion 
of  the  same  Patch,  the 
Filaments  are  seen  in  the 


edges,  their  surface  is  of  a  dirty  yellow  color,  and  they 
are  surrounded  with  an  inflamed  areola.  These  whitish 
curd-like  patches  consist  of  epithelial  cells  and  the  spores 
and  filaments  of  a  fungus  plant  known  as  the  oidium 
albicans.  The  parasitic  nature  of  the  affection  was  dis- 
covered simultaneously  by  Berg,  of  Stockholm,  and 
Gruby,  of  Vienna,  working  independently  of  each  other. 
This  fungus  consists  of  filaments  and  spores,  the  latter 
lying  upon  and  between  the  imbricated  cells  of  the  epithe- 
lium, while  the  former  penetrate  the  cells  and  frequently 
pass  even  into  the  submucous  tissue.  The  filaments  are 
simple  or  ramified,  often  containing  within  them  elongated 
cellules,  and  are  usually  tangled  together,  and  mter- 
woven  into  a  network  con- 
taining spores,  epithelial 
cells,  and  granular  matters 
within  its  meshes.  Fig.  236 
represents  a  fragment  of  one 
of  these  curd-like  patches. 
Fig.  337  represents  another 
portion  of  the  same  patch, 
showing  the  growth  of  the 
filaments  from  the  spores. 
Fig.  338  shows  the  mode  of 
growth  of  the  filaments  from 
the  spores,  the  manner  of 
their  ramification,  and  the 
ovoid  cells  contained  within 
the  fully  developed  tubules. 
Muguet  is  not  in  itself  a 
grave  affection,  but  is  often 
of  significance  as  indicating 
some  serious  disturbance  of 
the  digestive  apparatus.  It 
occurs  in  weakly  children, 
insufficiently  or  improperly 
fed,  or  living  in  damp  and 
unhealthy  surroundings. 
The  diagnosis  seldom  pre- 
sents any  difficulty,  diph- 
theria being  the  only  affec- 
tion with  which  it  is  at  all 
likely  to  be  confounded. 
The  eruption  of  sprue  is 
usually  limited  to  the  anterior  portions  of  the  buccal 
cavity,  or  is  at  least  more  plentiful  in  this  locality,  while 
in  diphtheria  these  parts  are  only  secondarily,  if  at 
all.  Invaded.  The  treatment  is  the  same  as  that  of  the 
non-parasitic  form.  No  attempt  should  be  made  to 
remove  the  patches  beyond  what  may  be  accomplished 
in  this  way  by  a  soft  brush.  Borax  may  be  used  very 
freely.  Sulphite  of  soda  in  solution  has  been  recommended. 
If  the  curd-like  patches  are  constantly  reproduced,  the 
ulcerated  surfaces  from  which  they  arise  may  be  touched 
lightly  with  nitrate  of  silver  in  solid  form  or  in  strong 
solution.  The  treatment  of  the  local  affection,  however, 
will  usually  present  but  little  difficulty  if  the  primary  dis- 
order of  the  digestive  tract  be  corrected. 

Thomas  L.  Sledman. 

APOLLINARIS,  an  acidulated  water  of  Rhenish  Prus- 
sia, mostly  bottled  for  export.  It  is  possessed  of  no  me- 
dicinal value,  being  simply  an  agreeable  table-water. 

S.  F, 

APOPLEXY  (oir({,  from,  and  jrxflfis,  a  striking).  The 
word  apoplexy  means  literally  a  knocking  down  or  stun- 
ning, a  stupefaction.  It  is  equally  held  to  mean  a  palsy 
of  the  body  or  some  part  of  the  body,  or  of  the  mind,  in 
consequence  of  a  sudden  haemorrhage,  causing  functional 
deficiency  of  the  brain  without  the  suspension  of  respira- 
tion and  circulation.  The  same  condition,  as  regards  ner- 
vous phenomena,  exists  in  syncope  and  asphyxia,  but  the 
first  of  these  begins  in  the  heart  and  the  second  m  the 
lungs. 

Formerly  every  disease  accompanied  by  sudden  aboh- 
tion  of  consciousness  and  power  of  motion,  followed  ^  a 
certain  degree  of  paralysis,  was  called  apoplexy.  The 
term  was  also  applied  to  almost  all  cases  of  sudden  death. 


FlQ.  228.— Fully  Developed  Fila- 
ments of  the  Gidiwin  albicans. 
(Prom  Robin.)  a,  a,  Points  of 
constriction  ;  c,  c,  ovoid  cells  con- 
tained within  the  lumen  of  the 
tubules ;  ci,  d,  ramifications  of 
tubes ;  e,  a  new  branch  formed 
by  a  single  cell  which  is  becoming 
elongated  to  form  a  filament ;  Q. 
mother  spore  sending  out  an  off- 
shoot; A,  germinating  spores;  /, 
development  of  filaments  from  iso- 
lated spores. 
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notably  to  those  owing  to  the  rupture  of  an  aneurism, 
and  to  the  comatose  state  occurnng  m  certam  diseases. 
The  word  having  heen  used  generically  to  denote  an  epi- 
tome of  the  symptoms,  and  being  applied  to  diseases 
widely  different,  ought  to  be  struck  from  the  nosological 

list 

Heretofore  different  kinds  were  distinguished :  Sanguin- 
eous apoplexy,  the  consequence  of  a  sudden  extravasa- 
tion of  blood  occurring  in  connection  with  an  organic 
disturbance  of  the  brain,  such  as  haemorrhage  or  obstruc- 
tion of  its  blood-vessels ;  serous  or  pituitary  apoplexy, 
occasioned  by  a  serous  effusion  into  the  arachnoid  or  in 
the  cerebral  ventricles ;  and  nenous  apoplexy,  in  which 
no  textural  change  could  be  discovered.  Apoplexy  of  the 
new-born  is  a  term  applied  to  that  state  of  apparent  death 
in  which  a  child  at  birth,  after  difficult  and  prolonged 
parturition,  has  impeded  circulation,  from  any  cause  what- 
ever that  occasions  a  stasis  in  the  cerebral  vessels.  A 
better  name  for  the  condition  is  asphyxia.  The  present 
tendency  of  thought  on  the  subject  is  to  use  the  word 
apoplexy  for  the  haemorrhagic  form  only,  while  the  term 
serous  apoplexy  is  used  to  denote  an  acute  cerebral  con- 
gestion, and  the  term  nervous  apoplexy  to  denote  an 
acute  brain  anaemia.  Some  writers  deny  the  existence 
of  the  latter  form,  which  is  nothing  more  nor  less  than 
syncope,  and  the  so-called  serous  form  is  extremely  rare. 
Indeed,  it  is  doubtful  whether  more  than  one  f orm,_which 
limits  the  condition  to  htemorrhage  into  the  brain,  can 
with  propriety  be  admitted. 

The  effusion  of  blood  into  other  parts  of  the  body,  with 
sudden  functional  disturbance  of  the  same,  has  caused  ob- 
servers to  see  in  them  an  analogy  to  haemorrhagic  brain 
apoplexy,  and  thus  we  have  the  conditions  known  as  spinal 
apoplexy  or  hemato-myelitis,  pulmonary  apoplexy,  retinal 
apoplexy,  placental  apoplexy,  and  the  like,  the  name  of 
the  affected  organ  supplying  the  specific  designation. 

In  cerebral  apoplexy  death  is  often  of  sudden  occur- 
rence, the  immediate  cause  being  effusion  of  blood  into 
the  brain  substance,  the  ventricles,  the  meninges,  or  the 
cerebellum.  The  name  apoplexy  will  be  limited  to  the 
discussion  of  that  form  that  is  best  known,  the  most 
common,  and  the  most  formidable,  namely,  that  charac- 
terized anatomically  by  encephalic  haemorrhage. 

Allied  to  apoplexy  are  coma  or  stupor,  arising  from 
various  causes  affecting  the  brain,  such  as  pressure,  and 
the  apoplectic  states  brought  about  by  poisoning,  drunk- 
enness, uraemia,  etc. ,  a  knowledge  of  which  is  useful  from 
a  judicial  point  of  view. 

See  Cerebral  Haemorrhage ;  also  Hemiplegia,  Alcohol- 
ism.  Poisons,  and  Uraemia.  J■^^^^g  ^   -^^^^ 

APOTHECARY.  This  term  is  derived  from  the  Greek 
'Airoa^jKi;,  and  strictly  means  a  repository,  without  regard 
to  the"character  of  the  articles  placed  in  it.  It  was  used, 
however,  by  Galen  for  the  receptacle  where  he  kept  his 
medicines.  In  modern  usage  it  varies  somewhat  in  mean- 
ing. In  England  it  indicates  a  general  practitioner  who 
supplies  drugs  to  his  patients.  In  Scotland  it  is  used  of 
persons  who  compound  and  seU  drugs,  but  recently  this 
class  is  more  strictly  described  as  pharmaceutical  chemists, 
or*  chemists  and  druggists. 

In  France,  where  the  Code  Napoleon  is  the  basis  of  law, 
the  term  has  a  different  meaning  from  druggist,  the  latter 
being  used  only  of  those  who  sell  drugs  at  wholesale  or 
in  the  original  packages,  while  an  apothecary  is  a  person 
who  compounds  and  sells  drugs  for  private  and  individual 
use.  There  is  a  decision,  under  the  modern  Roman  Code, 
to  the  effect  that  a  druggist  has  no  right  to  pulverize  and 
sell  chinchona  bark,  this  being  considered  "compound- 
ing," and  hence  belonging  alone  to  the  apothecary.  In 
this  country  the  same  distinction  has  prevailed  to  some 
extent,  but  now  in  general  usage  apothecary  is  synony- 
mous with  druggist.  One  of  the  States  (Louisiana)  has 
by  a  judicial  decision  declared  that  the  distinction  between 
an  apothecary  and  a  druggist  still  exists  ;  while  in  another 
(Massachusetts)  it  has  been  held  that  a  person  may  be  an 
apothecary  who  does  not  compound  medicines.  In  Eng- 
land apothecaries  seem  originally  to  have  been  irregular 


practitioners  of  medicine.  They  did  not  belong  to  the 
corporation  of  physicians,  which  was  established  in  Lon- 
don in  1518,  nor  to  the  barber-surgeons,  who  were  simi- 
larly  incorporated  in  1540. 

In  1543  an  Act  of  Parliament  was  passed  recognizing 
and  protecting  these  irregular  practitioners,  who,  from  the 
fact  that  in  most  instances  they  kept  shops  for  the  sale  of 
medicines,  were  called  "apothecaries."  They  were  in- 
corporated with  the  grocers  into  one  of  the  city  companies 
of  London,  in  1606,  and  were  made  a  separate  company  in 
1617.  During  the  seventeenth  century  a  dispute  sprang 
up  between  the  physicians  and  the  apothecaries,  as  to  the 
extent  of  the  rights  of  the  latter.  It  was  contended,  on 
the  part  of  the  physicians,  that  the  apothecaries  should 
contine  themselves  to  the  dispensing  of  medicines,  while 
the  latter  claimed  the  right  to  prescribe  also. 

This  question  was  taken  into  the  courts,  and  was  finally 
decided  by  the  House  of  Lords  in  1703,  when  it  was  held 
that  the  apothecaries  had  the  right  to  prescribe  and  ad- 
minister medicine  as  well  as  to  compound  remedies.  In 
1715  an  act  was  passed,  giving  the  Apothecaries'  Company 
the  right  in  London  to  destroy  drugs  unfit  to  be  used. 

In  1748,  ten  examiners  were  appointed  without  whose 
license  no  one  could  dispense  medicines  in  London  and 
for  a  distance  of  seven  miles  around.  In  1815  the  Apo- 
thecaries' Society  was  granted  the  right  to  issue  licenses  to 
apothecaries  in  England  and  Wales.  In  1860  this  privi- 
lege was  extended  to  the  whole  of  Great  Britain. 

Until  1815  the  education  of  medical  practitioners,  in- 
cluding apothecaries,  was  optional  in  England  and  Wales, 
although  many  members  of  these  professions  were  gradu-  . 
ates  of  the  universities ;  but  the  act  requiring  the  issue  of 
licenses  soon  brought  medical  schools  into  existence.  It 
was  found,  however,  that  notwithstanding  the  require- 
ments for  medical  knowledge,  many  applicants  were  de- 
ficient in  preliminary  education,  and  in  1860  an  act  was 
passed  requiring  an  examination  in  the  Arts  before  obtain- 
ing a  license. 

In  this  country  the  various  States  harve  laws  prescribing 
the  conditions  upon  which  persons  may  have  the  right  to 
compound  and  dispense  medicines,  and  these  laws  in  gen- 
eral require  some  preliminary  education,  together  with  a 
diploma  from  a  school  of  pharmacy,  or  an  apprentice- 
ship in  a  drug  establishment.  These  laws  differ  in  the 
several  States,  and  extended  reference  cannot  be  made  to 
them.  There  has  grown  up  a  distinction,  on  account  of 
the  wonderful  growth  of  the  pharmacopoeia  and  the  in- 
creasing demand  for  drugs,  between  manufacturing  and 
dispensing  pharmaceutists  or  apothecaries.  The  former 
manufacture  and  deal  only  at  wholesale,  or  in  compara- 
tively large  quantities,  and  the  latter  compound  and  dis- 
pense medicines  and  drugs  to  the  individual  purchaser. 

The  liability  of  apothecaries  or  druggists  for  negligence 
in  the  preparation  or  sale  of  drugs  arises  from  common 
law  principles,  and  need  not  be  created  by  positive  statu- 
tory enactment.  Most  of  the  States  have,  however,  care- 
fully drawn  laws  punishing  neglect  on  the  part  of  the 
apothecary. 

Without  statutory  legislation  the  vendor  of  drugs  is 
upon  the  same  legal  footing  as  the  seller  of  provisions, 
and  is  held  to  warrant  their  good  quality. 

The  motto  of  caveat  emptor  is  held  not  to  apply  to  bad 
or  unwholesome  provisions,  and  the  same  exception  ap- 
plies, with  much  stronger  force,  to  drugs,  the  quality  of 
which  can  rarely  be  tested  by  the  purchaser.  The  motto 
enforced  by  the  courts  in  these  cases  is  caveat  mnditor. 
Any  adulteration  of  drugs  is  punished  severely  in  all 
cases,  and  the  statutes  on  this  subject  are  referred  to  under 
the  title  of  Food  and  Drug  Adulteration. 

Aside  from  the  statutory  declarations  concerning  the 
liability  of  apothecaries  and  druggists,  it  may  be  remarked, 
that  in  the  cases  where  the  apothecary  prescribes  as  wdl 
as  compounds  the  medicine,  the  liability  is  similar  to  that 
of  the  physician,  and  the  latter  is  held  responsible  for 
reasonable  skill  and  knowledge  in  the  practice  of  his  pro- 
fession. This  liability  is  in  addition  to  that  which  ad- 
heres to  the  special  function  of  the  apothecary,  the  com- 
pounding of  medicines.  The  apothecaiy  is  held  to  warrant 
the  good  quality  of  his  preparations,  and  to  be  absolutely 


294 


REFERENCE  HANDBOOK  OP  THE  MEDICAL   SCIENCES. 


Apoplexy. 
Appetite. 


free  from  negligence,  because  the  only  protection  of  the 
public  lies  in  his  strict  (iccountability. 

The  legal  rules  applicable  to  apothecaries  as  well  as 
to  physicians  are  stated  more  at  length  under  the  title  of 
Malpractice,  but  some  general  principles  may  be  given 
here.  As  has  been  already  said,  there  is  an  implied  war- 
ranty that  the  drugs  sold  are  of  good  quality.  This 
warranty,  in  the  case  of  articles  which  deteriorate  by  the 
lapse  of  time,  applies  only  to  the  time  when  they  pass  out 
of  the  vendor's  hands.  The  apothecary  is  not  held,  how- 
ever, to  an  absolute  guarantee  under  all  circumstances. 
If,  for  instance,  there  should  be,  without  his  knowledge,  a 
wilful  substitution  by  another  of  poison  in  a  jar  containing 
a  harmless  drug,  both  being  similar  in  appearance,  and 
the  poison  should  be  sold  in  place  of  the  drug,  the  apothe- 
cary would  not  be  liable.  Negligence  must  be  shown 
before  a  conviction  is  possible.  The  liability  of  the  orig- 
inal vendor  for  his  own  negligence  continues,  notwith- 
standing the  fact  that  there  may  be  a  number  of  inter- 
mediate vendors  between  him  and  the  consumer.  In  a 
well-known  case,  a  jar  labelled  by  the  manufacturer  as 
extract  of  dandelion  contained  really  extract  of  belladonna, 
and  there  were  several  changes  of  ownership  without 
knowledge  of  the  substitution  before  the  drug  reached  the 
retail  dealer,  who  sold  it  for  extract  of  dandelion,  to  the 
great  injury  of  his  patient. 

Here  the  last  vendor  was  held  to  be  free  from  negli- 
gence and  the  manufacturer  was  punished  severely. 

The  mistake  of  supplying  a  harmful  drug  for  an  inno- 
cent one  may  be  punished  either  criminally  or  civilly. 
The  person  guilty  of  the  mistake,  in  case  death  ensues,  is 
liable  to  a  charge  of  manslaughter,  whether  the  mistake  is 
made  wilfully  or  negligently.  If  a  physician  carelessly 
orders  an  injurious  drug  in  a  prescription,  the  apothecary 
is  not  freed  from  responsibility  because  he  carefully  and 
literally  follows  the  directions  given.  He  is  expected  to 
have  sufficient  knowledge  to  detect  the  mistake,  and  if  he 
does  not,  is  held  liable  equally  with  the  physician. 

There  are  special  laws  in  the  various  States  carefully 
regulating  the  sale  of  poisons,  and  the  bottles  or  packages 
are  required  to  be  labelled  as  poisons,  and  marked  in  addi- 
tion with  the  name  of  the  special  drug.  If  this  is  not 
done  the  offender  is  liable  to  the  penalty  of  the  statute, 
hut  is  not  responsible  to  the  person  injured  if  the  charac- 
ter of  the  drug  is  fully  made  known  to  him,  and  he  is 
cautioned  against  its  use. 

Statutes  forbidding  the  sale  of  spirituous  liquors  are 
generally  held  not  to  apply  to  druggists,  who  use  them  in 
compounding  medicines,  and  liquors  are  usually  allowed 
to  be  sold  for  strictly  medicinal  purposes. 

Henry  A.  BUey. 

APPETITE— the  desire  to  take  solid  or  liquid  food, 
which  is  accompanied  by  a  painful  sensation  and  urgent 
desire  in  the  condition  known  as  hunger. ,  Hunger  marks 
simply  the  desire  to  eat ;  appetite,  the  pleasure  that  we 
find  in  eating  ;  when  we  are  pressed  with  hunger  we  eat 
with  appetite. 

The  desire  of  a  thing  for  the  satisfaction  of  the  senses 
is  generally  used  in  the  plural,  thus  we  speak  of  sensual, 
carnal,  or  depraved  appetites.  In  the  singular  and  ab- 
solutely, the  word  appetite  is  a  specific  term  that  modern 
psychology  has  differenced  from  the  generic  word  pas- 
sions. It  calls  appetites  the  passions  that  correspond  to 
the  wants  of  the  animal  nature. 

Taken  in  a  particular  sense,  the  word  appetite  denotes 
a  want  to  eat,  and  differs  from  the  want  of  liquid  aliment, 
causing  the  peculiar  sensation  known  as  thirst.  Figura- 
tive references  to  appetite,  and  the  occurrence  of  the  word 
In  a  great  number  of  locutions  and  proverbs,  are  well 
known.  Shakespeare's  good  digestion  that  waits  on  ap- 
petite ;  the  Galenical  admonition  always  to  get  up  from 
the  table  a  little  hungry  ;  the  Gargantuan  saying  of  Ra- 
belais that  appetite  comes  by  eating,  and  that  certain 
sweetness  of  forbidden  things  that  even  Solomon  says  is 
pleasant,  are  formulas  familiar  to  most  every  one.  Not 
so  well  known,  however,  are  the  epithets  applied  to  appe- 
tite in  a  scholastic  sense,  which  speak  of  the  faculty  by 
which  the  soul  inclines  toward  good  as  the  concupiscible 


appetite,  and  the  rejection  or  avoidance  of  evil,  the  iras- 
cible appetite. 

The  venereal  appetite,  for  obvious  reasons,  does  not 
need  to  be  defined. 

With  the  other  propensities  to  satisfy  desires  or  to  flat- 
ter the  senses,  it  must  be  excluded,  as  we  shall  apply  the 
term  appetite  to  the  desire  for  food  and  drink  only. 

This  organic  sense  is  manifested  in  its  hybrid  characters 
by  periodic  languor  of  the  stomach  and  slight  fatigue — sen- 
sations that  evidently  have  their  departure  in  the  entire 
system.  In  fact,  life  itself  is  an  affair  of  appetite,  and 
nothing  is  more  real  in  a  practical  point  of  view.  'The 
study  of  its  diverse  modes  of  existence  offers  to  the  prac- 
titioner not  only  a  source  of  interest,  but  a  subject  that 
may  be  of  diagnostic  import,  and  may  furnish  a  therapeutic 
indication.  It  is  hardly  necessary  to  pass  in  review  the 
numerous  theories  that  have  been  advanced  to  explain 
the  sensation  of  hunger. 

Normal  or  physiological  appetite  indicates  by  agree- 
able sensations  the  necessity  to  furnish  alimentary  mate- 
rial to  repair  the  losses  of  the  economy  ;  exaggerated  or 
abnornal  appetite  is  a  nutritive  state  indicating  a  more 
desperate  situation,  that  may  range  all  the  way  from  sim- 
ple appetite  in  convalescence  up  to  voracity  and  other 
pathological  exaggerations. 

Appetite  may  be  modified  in  various  ways.  Circum- 
stances favoring  it  are  youth,  muscular  or  intellectual  ex- 
ercise, contentment,  regular  habits,  a  bracing  atmosphere, 
sufficient  and  regular  intervals  between  meals,  and  sim 
plicity  of  diet.  It  is  said  that  people  of  most  vitality  bear 
hunger  badly.  The  histories  of  many  shipwrecks  and 
disasters  at  sea  show  that  delicate  women  have  survived 
the  effects  of  thirst  and  famine  when  strong  men  have 
died.  The  writer  has  also  noticed,  during  two  Arctic  ex- 
peditions which  he  accompanied  in  search  of  the  exploring 
yacht  Jeannette,  that  the  strongest  men  of  the  party  stood 
the  deprivation  of  food  the  worst.  The  effect  of  cold  in 
increasing  the  appetite  is  a  matter  of  common  experience. 
Any  vigorons  man  in  the  prime  of  life,  who  has  been 
shooting  all  day  in  a  sharp,  crisp  atmosphere,  will  be  sur- 
prised at  his  gastronomic  capabilities.  It  may  be  re- 
marked here,  however,  that  some  acquaintance  with  the 
subject  warrants  the  assertion  that  Eskimos  have  not 
the  enormous  appetites  with  which  they  are  usually  ac- 
credited, and  that  the  popular  notion  regarding  their 
edacity  is  one  of  the  current  fallacies.  Instead  of  being 
great  gluttons  they  are,  on  the  contrary,  moderate  eaters. 
The  Eskimo  who  accompanied  Lieutenant  May,  of  the 
Nares  Expedition,  on  his  sledge  journey,  is  reported  to 
have  been  a  small  eater,  and  several  Eskimos  employed 
by  the  writer's  party  as  dog-drivers  and  interpreters  were, 
as  a  rule,  smaller  eaters  than  our  own  men.  It  is,  per- 
haps, the  revolting  character  of  Eskimo  diet — rancid  oil, 
a  tray  of  hot  seal  entrails,  a  bowl  of  coagulated  blood,  or 
partly  hatched  eggs,  for  example — that  has  caused  an 
overestimation  of  the  quantity  actually  eaten.  Persons 
in  whom  nausea  and  disgust  are  awakened  at  tripe,  putrid 
game,  or  mouldy  and  maggoty  cheese,  affected  by  so- 
called  epicures,  not  to  mention  the  bad  oysters  preferred 
by  George  I.  to  fresh  ones,  would  doubtless  be  prejudiced 
and  incorrect  observers  as  to  the  quantity  of  food  an 
Eskimo  might  consume.  Moreover,  the  reported  cases 
were  probably  exceptional  ones,  happening  in  subjects 
who  had  been  living  out-of-doors  on  little  else  than  frozen 
air  for  perhaps  a  week  ;  and  the  narrators  are  entitled  to 
further  allowance  when  we  consider  that  ethnology  is  a 
new  science,  and  veracity  a  virtue  that  is  quite  young 
among  travellers. 

Such  causes  as  intemperance,  sedentary  life,  absence  of 
exercise,  emotional  conditions,  and  the  like,  are  detri- 
mental to  appetite.  Another  cause  that  is  said  to  "  cloy 
the  hungry  edge  of  appetite,"  is  love,  when  it  is  con- 
demned to  abstinence.  Doubtless  many  have  lost  appetite 
from  this  cause  ;  but  it  is  harder  to  divine  how  the  writers 
of  amorous  verses,  who  declare  that  they  "  live  on  love 
and  feed  on  kisses,"  derive  nourishment  from  such  dainty 
morsels. 

Appetite  varies  at  the  different  periods  of  increase, 
maturity,  and  decline.     The  infant's  first  squall  is  for 
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food ;  he  soon  eats  himself  into  boyhood,  when,  it  has  been 
truly  remarked,  the  pantry  becomes  his  place  of  devotion, 
and  the  butcher  and  baker  his  tutelary  saints.  At  vigor- 
ous maturity  the  holy  fire  of  the  cooking  range,  the  artist- 
like  management  of  the  palate,  and  the  triumphs  of  the 
kitchen,  are  still  objects  of  devotion  and  interest.  De- 
clining into  "  the  lean  and  slippered  pantaloon,  the  un- 
poetical  fact  still  remains  that  dinners  are  necessary  at 
this  time  of  life,  in  which  the  appetite  is  of tener  one  of 
desire  than  want ;  and  for  this  reason  it  is  said  that  old 
men  bear  fasting  better  than  the  young. 

In  convalescence  the  appetite  may  be  weakened,  exag- 
gerated, or  perverted  from  the  normal  standard.  The 
fathers  of  medicine  have  left  but  little  for  their  successors 
to  do  in  the  matter  of  dietetics,  and  nothing  fundamental 
has  been  said  upon  the  question  of  appetite  in  convales- 
cence since  the  days  of  the  Aphorisms. 

Simple  defect  of  appetite  is  known  as  anorexia ;  its  path- 
ological exaggeration  as  boulimia,  also  fames  canina,  poly- 
phagia, and  lycorexia.  Anorexia  is  found  immediately 
after  great  loss  of  blood,  also  in  ansemia,  tubercular  men- 
ingitis, and  in  almost  all  conditions  where  the  glandular 
structure  of  the  stomach  is  impaired.  In  chronic  ulcer,  how- 
ever, the  appetite  remains  good.  More  remarkable  is  the 
fact,  that  in  simple  basilar  meningitis,  patients  sometimes 
eat  well.  Boulimia  occurs  in  convalescence  and  in  epi- 
leptics, in  hysteria,  mania,  gastralgia,  chlorosis,  diabetes 
insipidus,  and  intestinal  worms.  Subjects  of  boulimia 
have  been  known  to  devour  incredible  quantities  of  food, 
such  as  twelve  pounds  of  bread  jn  twenty-four  hours,  and 
in  six  days  three  hundred  and  seventy-nine  pounds  of 
food.  Boulimia  is  sometimes  congenital.  Perversion  or 
depravity  of  the  appetite,  either  congenital  or  acquired,  is 
noticed  in  a  special  neurosis  of  the  stomach  called  malacia, 
when  the  patients  long  for  substances  unused  as  food,  but 
containing,  however,  nutritive  principles,  and  pica,  when 
they  eat  and  covet  objects  that  are  not  assimilable.  Per- 
versions of  the  appetite  are  most  common  among  the  in- 
sane, but  are  not  confined  exclusively  to  them.  Most  phy- 
sicians have  seen  children,  chlorotic  girls,  or  women  in  the 
early  months  of  pregnancy,  who  eat  with  apparent  relish 
such  objects  as  chalk,  pickles,  slate-pencils,  coal,  plaster, 
ashes,  earth,  and  the  like.  A  small  child  has  been  known 
to  indulge  its  lithovorous  propensity  so  far  as  to  eat  one 
hundred  and  fifty  pebbles,  some  of  them  the  size  of  a 
walnut ;  a  young  woman  in  a  year  and  a  half  consumed 
more  than  eighty  pounds  of  rotten-stone  ;  an  habitual 
smoker  constantly  ate  his  pipe  while  smoking,  and  another 
person  was  known  to  eat  whip-handles.  Instances  are 
recorded  of  men  swallowing  such  objects  as  wine-glasses, 
billiard-balls,  knives,  watches,  etc.,  but  in  these  instances 
the  act  was  not  owing  to  any  prompting  of  appetite,  but 
to  a  desire  to  appear  reckless  and  daring.  In  women  this 
gastric  depravity  results  either  from  vanity  or  uterine 
causes.  Such  fantastic  crudities  as  chalk,  vinegar,  brine, 
and  other  edible  curiosities  too  disgusting  to  mention, 
have  been  taken  to  answer  the  purposes  of  silly  conceit 
and  the  promptings  of  mistaken  vanity.  In  extreme 
cases  the  depravity  extends  to  numerous  vile  objects,  liquid 
as  well  as  solid.  Nothing  is  too  strange  or  too  dirty  to 
encounter.  In  allotriophagy  patients  have  been  known 
to  eat  hair,  dirty  rags,  insects,  and  rats ;  in  polyphagia 
astonishing  instances  of  edacity  are  related,  such  as  that 
of  a  man  having  taken  the  incredible  quantity  of  forty 
kilogrammes  of  food  in  a  day,  or  that  of  another  who  was 
in  the  daily  habit  of  eating  enough  food  to  keep  ten  men. 
Lunatics  have  been  known  to  make  small  junk-shops  of 
their  stomachs.  AposUnoriem  examination  of  the  stomach 
of  an  unfortunate  lunatic  has  revealed  nearly  twelve 
pounds  of  miscellaneous  articles,  such  as  nails,  buttons, 
coins,  steel  buckles,  a  shoemaker's  awl,  and  the  like! 
The  state  of  mind  that  takes  pleasure  in  eating  such 
articles  leads  to  the  remark  that,  as  equilibrium  of  mind 
is  in  a  great  degree  dependent  on  digestion,  so  the  converse 
is  true,  that  the  appetite  is,  more  than  we  arc  aware  of  de- 
pendent on  the  condition  of  the  brain. 

Among  the  more  remarkable  of  these  perversions  is  the 
condition  often  existing  among  negroes  in  intertropical 
countnes,  known  as  geophagia,  cachexia  Africana.  or,  in 
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plain  English,  dirt-eating.  Veracity  in  the  matter  ol 
voyages  and  narratives  being  a  virtue  of  recent  acquire- 
ment,  the  writer  would  feel  disposed  to  regard  as  fabu- 
lous most  of  the  recorded  instances  related  by  travellers 
and  missionaries,  had  he  not  personally  witnessed  geo- 
phagia in  negroes.  According  to  Humboldt,  South 
American  crocodiles  swallow  stones  and  bits  of  wood 
during  the  dry  season.  The  same  has  been  observed  in 
the  Egyptian  crocodiles,  and  stones  have  been  found  by 
Cuvier  and  Owen  in  the  stomachs  of  crocodiles  that  have 
died  in  zoological  gardens. 

On  a  late  visit  to  the  Fur-Seal  Islands  of  Alaska,  the 
writer  learned  that  both  the  fur-seals  and  sea-lions  frequent- 
ing these  islands  during  the  storge  period  are  in  the  habit 
of  swallowing  large  quantities  of  water-worn  pebbles  and 
boulders.  Mr.  Henry  W.  Elliott,  of  the  Smithsonian, 
who  has  investigated  the  subject  quite  thoroughly,  says 
that  the  lithovorous  habit  is  limited  to  the  adult  males 
and  females.  He  has  examined  the  stomachs  of  hundreds 
of  these  animals  that  were  driven  up  and  killed  immedi 
ately  after  their  arrival  in  the  spring,  and  in  the  empty 
stomachs  of  many  of  the  "  old  bulls  "  were  found  stones 
weighing  half  a  pound  apiece.  One  paunch  contained  in 
the  aggregate  over  five  pounds  of  large  pebbles,  and  in 
the  stomach  of  one  sea-lion  there  were  more  than  ten 
pounds  of  stone,  some  of  them  of  great  size.  According 
to  old  sailors,  these  animals  swallow  stones  for  ballast ; 
but  the  ballast  theory  is  untenable.  Mr.  Elliott,  in  his 
"  Monograph  of  the  Seal-Islands  of  Alaska,"  ascribes  as 
a  cause  for  this  habit  the  presence  of  nematoid  worms, 
which  he  found  in  nearly  every  instance  in  the  hundreds 
of  stomachs  examined.  Among  the  thousands  of  disem- 
bowelled Pribylof  fur-seal  carcasses  there  were  noticed  no 
abnormal  or  diseased  viscera,  and  in  no  single  ease  has 
anything  ever  been  found  other  than  the  bile  or  ordinary 
secretions  of  this  class,  with  the  marked  exception  of  a 
small  cluster  of  woims  from  the  size  of  a  walnut  to  a 
bunch  the  size  of  a  man's  fist.  The  long  fasting  that 
these  animals  undergo  during  the  rutting  season  may  be 
an  additional  cause  for  swallowing  stones,  which  by  their 
bulkiness  aids  to  relieve  the  sensation  of  hunger  during 
that  period.  How  the  intense  physical  energy  of  these  ani- 
mals is  maintained  during  an  abstinence  from  food  of  any 
kind,  or  from  even  water,  during  three  and  four  months, 
Is  simply  wonderful.  It  is  evidently  sustained,  Mr.  Elliott 
thinks,  by  the  absorption  of  their  own  fat,  with  which 
they  are  so  liberally  supplied  when  they  first  come  out 
of  the  sea  and  take  up  their  positions  on  the  breeding- 
grounds.  This  remarkable  endurance  and  abstinence  re- 
duce the  animal  to  a  mere  bony  shadow  at  the  end  of  the 
season,  when  he  crawls  laboriously  back  to  the  sea,  abject 
and  spiritless,  to  renew  a  fresh  lease  of  life ;  and  it  is  re- 
lated that  the  violation  of  supposed  physiological  laws 
does  not  appear  to  affect  them,  for  they  come  back  just 
as  sleek,  fat,  and  ambitious  as  ever,  in  the  following  sea- 
son. The  Orinoco  natives  accompanjring  Humboldt  on 
an  expedition  were  in  the  habit  of  eatmg  a  pound  and  a 
half  of  earth  daily,  and  enjoyed  vigorous  health  for  two 
months  of  the  year  on  no  other  apparent  subsistence  than 
masses  of  silicate  of  alumina  and  lime.  Goldberry  states 
that  he  has  eaten  the  earth  affected  by  the  geophagist 
without  disgust  or  subsequent  inconvenience,  and  two 
Alpine  travellers  relate  that  on  one  occasion  each  ate 
about  five  ounces  of  talc  without  inconvenience,  and 
found  that  it  allayed  the  sensation  of  hunger.  Another 
traveller  has  seen  the  appetite  so  vitiated  among  children 
that  it  was  necessary  to  tie  them  up  to  prevent  geophagy. 
Many  persons  have  seen  in  a  museum  the  tin  masks  worn 
by  West  Indian  slaves  for  the  same  purpose.  It  has 
been  observed  at  Banco,  on  the  Madelina  River,  that, 
women  occupied  in  making  pottery  swallow  from  time  to 
time  little  balls  of  the  earth  that  they  are  moulding. 
Geophagy  is  also  common  among  the  natives  of  Guinea 
and  of  New  Caledonia.  At  Popyan  and  other  places  in 
Peru  earth  is  sold  as  a  comestible.  It  is  made  into  cakes 
and  patties  by  the  women  of  Java,  who  eat  it  during  preg- 
nancy. The  habit  is  also  known  to  exist  among  the 
wandering  Tunguses  of  Siberia,  the  negroes- of  Senegal, 
and   the   aborigines  of   the   Idolos  Islands.    Nor  is  il 
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the  exclusive  inflnnihr  of  degraded  and  primitive  tribes. 
The  elegant  senoras  of  some  provinces  of  Spain  and  Portu- 
gal are  said  by  a  French  writer  to  nibble  with  delight  the 
earth  of  Bacaros,  when  it  has  served  in  the  confection  of 
vases  in  which  wine  has  remained  a  certain  time,  and  has 
left  some  little  of  its  aroma.  According  to  Dr.  Joseph 
Pitt,  geophagy  prevails  epidemically  among  the  poor  white 
people  as  well  as  the  negroes  in  North  Carolina,  along  the 
borders  of  the  Roanoke  River  (iV.  T.  Med.  Bepos.,  2d 
Hexade,  vol.  v.,  p.  340).  Dr.  John  Le  Conte,  of  Savan- 
nah, Ga.,  says  he  has  frequently  observed  the  same 
habit  among  the  poorer  classes  of  whites  inhabiting  the 
pine  barrens  and  thinly  settled  portions  of  Greorgia  {So. 
Med.  and  Surg.  Jour.,  August,  1845,  p.  431).  We  learn 
from  the  same  authority  that  this  gastric  depravity  is  not 
confined  to  human  beings  ;  for  in  Georgia,  on  the  north 
side  of  the  Altamaha  River,  in  Mcintosh  County,  cows 
feeding  on  coarse  grass,  probably  deficient  in  the  phos- 
phatic  or  calcareous  ingredients  essential  to  healthy  nu- 
trition, are  constantly  observed  to  chew  bones.  Pica  has 
also  been  noticed  as  a  symptom  in  horned  cattle  and  in 
sheep  in  Gascony,  supposed  to  be  owing  to  the  deleterious 
influences  of  what  are  termed  landes  allioiiques.  The 
writer  has  witnessed  coprophagy  in  one  of  the  elephants 
confined  in  the  London  Zoological  Gardens. 

There  are  reasons  for  believing  that  geophagy  is  heredi- 
tary and  the  entailment  of  a  habit  contracted  in  Africa. 
Humboldt  thinks  it  a  habit  prolonged  from  generation  to 
generation.  Concluding  from  analogy,  the  habit  .of  dirt- 
eating  is  no  less  disgusting  at  first  than  that  most  loathsome 
of  indulgences,  chewing  tobacco.  In  many  instances 
geophagy  is  an  uncontrollable  habit ;  in  others  it  is  the 
outcome  of  inexorable  want,  and  is  resorted  to  for  the 
purpose  of  appeasing  hunger  and  to  give  bulkiness  to  a 
meagre  supply  of  organic  food.  Owing  to  the  fact  that  a 
spider  may  be  confined  in  a  box  for  ten  weeks,  and  sup- 
posed to  be  capable  of  obtaining  nutriment  from  devour- 
ing zinc  sulphate,  and  that  certain  coleoptera  derive 
sufficient  material  from  earthy  matter  for  nutriment, 
growth,  and  metamorphosis,  it  has  been  suggested  that 
the  smooth,  unctuous,  aluminous  clay  in  which  the  dirt- 
eater  delights  may  supply  a  deficiency  in  some  of  the  in- 
gredients of  his  ordinary  food.  There  are,  however,  so 
many  opposing  facts  connected  with  insect  life  that  offset 
the  foregoing,  that  this  entymological  analogy,  to  say  the 
least,  furnishes  but  a  poor  base  of  induction. 

Tlie  tendency  among  medical  men  is  to  regard  the 
geophagic  propensity  as  a  vitiated  state  of  the  appetite  re- 
sulting from  a  neurosis  of  the  function  of  digestion.  It 
may  be  the  outcome  of  habit  in  some  instances  ;  in  others 
it  is  caused  by  bad  and  insufficient  diet,  chloro-ansemia, 
inflammation  of  the  mesentery,  and  the  presence  in  the 
duodenum  of  numerous  nematoid  parasites  known  as 
ankylostomes. 

The  subjects  of  geophagia  are  emaciated,  they  have  a 
protuberant  abdom«n  and  sallow  complexion.  There  is  a 
tendency  to  serous  effusions,  and  hypertrophied  liver  and 
spleen  are  usual  concomitants.  The  condition  may  be 
confounded  with  paludial  cachexia  or  beriberi  of  a  hydro- 
pic form. 

Therapeutic  indications  in  geophagy  naturally  point  to 
removal  of  the  cause  and  the  substitution  of  proper  diet. 
Dr.  Franklin,  with  his  usual  character  and  wisdom,  hav- 
ing recommended  a  daily  allowance  of  spirits,  it  has  been 
tried  with  success. 

Other  pathological  states  of  the  appetite  occur  in  the 
condition  known  as  lycanthropy,  and  in  necrophagy  de- 
pending on  mental  degradation,  superstition,  or  dementia. 
An  intense  dread  of  food  (Sitophobia),  or  aa  obstinate 
rejection  of  food  (Sitomania),  is  often  found  among  the 
insane.  Instances  are  reported  on  undoubted  authoritjr,  of 
insane  patients  having  fasted  forty,  fifty,  and  even  sixty 
days,  and  recorded  cases  of  coprophagy  and  skatophagy 
abound  in  the  annals  of  psychiatry.       Irving  C.  JBosse. 

AQUAMALARIAL  FEVER.  This  term  was  suggested  by 
Dr.  Smart,  U.S.A.  (Am.  Jour,  of  the  Med.  Sciences,  January, 
1878),  not  as  indicating  a  variety  in  the  clinical  aspects  of 
malarial  disease,  but  to  draw  attention  to  the  importance 


of  the  theory  of  the  transmission  of  the  disease-poison  by 
means  of  the  water-supply.  For  a  presentation  of  the 
facts  and  arguments  on  which  the  theory  is  based,  see 
Water,  Sanitary  Aspects  of. 

ARBOR  VIT/E  {Thvoa,  U.  S.  Ph.;  the  fresh  tops  of 
Tliuja  oecidentalis,.  Linn.;  Order  Goniferm).  This  is  a 
North  American  tree,  growing  abundantly  in  Canada  and 
the  Northern  States,  and  extending  at  higher  elevations 
as  far  south  as  Pennsylvania  and  Virginia.  It  is  a 
middling  or  good-sized  tree  with  spreading  and  graceful 
branches,  and  a  fine,  often  large,  trunk,  which  supplies  a 
close-grained,  durable  wood.  It  is  occasionally  planted 
here  for  ornament,  but  more  often  abroad,  where  it  is 
valued  as  a  garden  tree ;  the  Arbor  mtce  of  our  gardens  is 
usually  the  smaller,  closer,  erect-branching  Tliuja  orien- 
talis  Linn. ,  of  Asia,  which  is  a  favorite  hedge-plant.    The 

fenus  to  which  these  belong  is  a  small  one  of  only  a 
ozen  species  (only  two  or  three  in  its  narrowest  limits) ; 
its  nearest  affinities  are  vdth  the  Cypresses,  from  which 
it  is  distinguished  by  longer  cones  and  fewer  (3)  ovules 
under  each  scale,  and  with  the  Junipers,  which  differ  in 
having  berrylike  fruits. 

The  twigs  are  thus  described  in  the  Pharmacopoeia: 
"Twigs  flattish,  two  edged,  the  scale-like  leaves  ap- 
pressed  and  closely  imbricate  in  four  rows,  rhombic-ovate, 
obtusely  pointed,  with  a  i-oundish  gland  upon  the  back ; 
of  a  balsamic,  somewhat  terebinthinate  odor,  and  a  pun- 
gently  aromatic,  camphoraceous,  and  bitter  taste." 

Arbor  Vitce  contains  about  one  per  cent,  of  a  volatile 
oil,  something  like  that  of  Juniper ;  tannic  acid  (Pini- 
tanic) ;  a  minute  amount  of  a  glucoside  called  Thujin, 
etc. 

Medical  Pbopektebs. — Astringent,  diuretic,  expect- 
orant, tonic,  etc.,  in  no  direction  of  much  value.  Some- 
times used  for  cough  ;  a  tincture  is  employed  occasionally 
for  external  use  upon  ulcers,  rheumatic  joints,  etc.  Dose, 
two  to  four  grams.  There  is  no  officinal  preparation, 
but  an  alcoholic  Fluid  Extract  would  be  a  suitable  one. 

Allied  Plants. — For  Ord.  Ooniferm,  see  Tubpentinb. 

Allied  Dbugs. — See  Abnica  and  Hamamelis  in  ex- 
ternal use  ;  see  also  Junipbb.  W.  P.  Bolles. 

ARCACHON.  Thetownof  Arcachon  lies  about  thirty 
miles  southwest  of  Bordeaux,  on  the  margin  of  a  very 
extensive  salt-water  lake,  and  some  ten  miles  back  from 
the  Atlantic  coast.  The  modern  origin  of  the  town  is 
indicated  by  the  motto  inscribed  upon  its  coat-of-arms, 
Heri  solitudo,  hodie  pagus,  eras  civiias ;  which  motto  is 
also  an  indication  of  the  former  character  of  the  sur- 
rounding country.  A  desert  waste  of  barren  sand-dunes 
extended  for  many  miles  in  every  direction  about  the 
present  site  of  Arcachon,  until  the  French  government, 
some  fifty  years  ago,  conceived  the  project  of  planting 
these  dunes  with  pine  forests,  as  a  means  of  immobilizing 
the  sand  which,  driven  by  the  fury  of  the  Atlantic  gales, 
was  continually  encroaching  more  and  more  upon  the 
country  of  the  interior.  A  thick  forest  of  these  trees 
(Pinus  Maritima)  now  covers  the  whole  face  of  the  coun- 
try, and  by  these  pine-covered  sand-hills  the  site  selected 
(in  1854)  for  the  now  well-known  sea-coast  resort  of  Ar- 
cachon is  shut  in  and  protected  on  every  side  except 
upon  the  north,  which  is  occupied  by  the  great  salt-water 
lake  abov.e  mentioned,  upon  whose  southern  shore  the 
town  is  built. 

From  its  close  proximity  to  the  Atlantic  Ocean,  Arca- 
chon necessarily  possesses  a  climate  characterized  by  the 
moderate  moisture  of  atmosphere,  and  by  the  equability 
of  temperature  proper  to  most  maritime  stations.  The 
direction  of  the  prevailing  winds,  which  in  this  region 
blow  from  the  ocean,  is  an  important  factor  in  insuring 
to  this  sea-coast  station  its  proper  maritime  climate. 
From  the  direct  violence  of  the  Atlantis  gales,  as  well  as 
from  the  winds  blowing  from  the  east  and  south,  Arca- 
chon is  sheltered  by  the  dense  pine  forest  which  clothes 
the  surrounding  sand-dunes  ;  while  the  sandy  nature  of 
its  soil  serves  in  some  measure  to  diminish  the  tendency 
to  excessive  atmospheric  humidity  which  might,  perhaps, 
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be  expected  to  exist  in  a  region  thus  exposed  to  ocean 

^  Wiiids  blowing  from  the  nortli  and  from  the  northeast 
reach  Arcachon  after  passing  over  its  great  Jake  or  land- 
looked  bay,  the  circumference  of  which  is  stated  by  Ur 
J  H  Bennet  to  be  sixty-eight  miles  in  length,  buch 
north  and  northeast  winds,  therefore,  "become  some- 
what warmed  in  winter,  and  their  irritating  dryness  _di- 
miBished,  while  it  is  maintained  that  they  also  bring 
from  the  surface  of  this  unusually  salt  sea-water,  ana 
from  the  vast  extent  of  sands  exposed  by  the  retreating 
tides  an  appreciable  amount  of  saline  and  other  marine 
emanations,  to  give  a  special  efficacy  to  the  air  in  cer- 
tain scrofulous  conditions."  ("  Health  Resorts  and  Iheir 
Uses  "  by  J.  Burney  Yeo,  M.D.,  p.  261.)  According  to 
the  author  just  quoted,  the  prevailing  winds  at  Arca- 
chon, namely,  the  sea-winds  blowing  from  the  north- 
west west,  and  southwest,  occur  most  frequently  from 
December  to  February,  "usually  blow  continuously  day 
and  night  for  several  days  in  succession.  ...  of- 
ten blow  with  great  violence,  and,  were  it  not  for  the 
protection  of  the  lofty  pine-trees  .  .  .  would  form  a 
serious  drawback  to  the  climate."  The  average  number 
of  rainy  days  in  that  portion  of  France  in  which  Arcachon 
is  situated,  is  stated  by  Lombard  to  be  one  hundred  and 
thirty,  while  the  total  amount  of  the  annual  rainfall  is 
twenty -three  inches,  a  greater  part  of  which  falls  during 
the  winter  and  autumn  months  than  during  the  spring 
and  summer  seasons. 

The  mean  temperature  for  the  year  at  Arcachon  is  59° 
F. ;  the  mean  temperature  of  the  winter  season  46.4°  F. 
to  50°  F.  (Lombard).  At  Bordeaux  the  mean  winter 
temperature  (according  to  the  same  author)  is  43.7°  F., 
and  the  mean  annual  temperature  is  55.6°  F.  A  very 
pronounced  difference  of  temperature  between  these  two 
points  is  thus  made  manifest,  despite  the  trifling  differ- 
ence in  latitude  existing  between  them.  According  to 
data  quoted  from  Dr.  G.  Hameau,  in  the  "  Dictionnaire 
Usuel  des  Sciences  Medicales,"  the  result  of  a  series  of 
thermometric  observations  taken  in  the  pine  woods  at 
Arcachon,  and  covering  a  period  of  ten  years,  showed 
the  mean  annual  temperature  at  8  a.m.  to  be  55.76°  F., 
and  at  noon  to  be  59.96°  F. ;  for  the  minimum  tempera- 
tures the  annual  mean  was  found  to  be  46.94°  F. ;  for  the 
maximum  temperatures  it  was  66.2°  F. 

Arcachon  is  both  a  summer  and  a  winter  resort,  and 
there  are  two  distinct  portions  of  the  town,  the  one,  adapted 
for  residence  during  the  wanner  months,  lying  directly  on 
the  shore  of  the  salt-water  lake  or  basin,  and  possessing 
facilities  for  bathing  ;  the  other  lying  away  from  the  water 
in  the  midst  of  the  pine  forest,  separated  from  the  shore 
town  by  a  high  sand  dune,  and  consisting  of  ' '  num'erous 
villa  residences  actually  built  in  the  forest,  each  house  be- 
ing surrounded  by  pine  trees  "  (Dr.  J.  Burney  Yeo,  op.  cit.). 
This  latter  section  is  known  as  the  Ville  d'Hiver,  or  win- 
ter town,  while  the  former  is  called  the  Plage,  or  beach. 
Of  this  Plage,  Dr.  Yeo  remarks  that  it  "is  occupied  by 
somewhat  closely  packed  streets  and  houses,"  and  be- 
comes in  summer  time  "  a  sort  of  Margate  for  the  popu- 
lation of  Bordeaux."  Dr.  J.  H.  Bennet  says  of  Arcachon 
that  it  is  "a  pretty  sea-side  town  .  .  .  with  good  hotels, 
picturesque  villas,  convenient  and  handsome  club-house 
and  baths — indeed,  all  the  appurtenances  of  advanced 
civihzation.  The  summer  town  is  built  on  the  sandy 
shore  of  the  great  lake  or  sea,  which  affords  excellent 
bathing.  The  lake  itself,  from  its  gi-eat  extent  and  from 
its  being  land-locked  on  every  side,  offers  every  possible 
facility  for  safe  boating,  yachting,  and  fishing."  After 
describing  the  Ville  d'Hiver  and  giving  much  other  in- 
teresting information  concerning  Arcachon  in  his  enter- 
taining book,  "  Winter  and  Spring  on  the  Shores  of  the 
Mediterranean"  (5th  edition,  1875),  and  after  alluding  to 
the  "rather  mild  and  equable  temperature"  of  the  winter 
climate  at  Arcachon,  to  the  advantage  it  possesses  over 
Biarritz  in  being  surrounded  by  pine  forests  affording 
"  considerable  shelter  against  wind  for  walks  and  drives," 
etc.,  etc..  Dr.  Bennet,  nevertheless,  expresses  the  opinion 
that  the  place  has  been  overestimated  as  a  winter  resi- 
dence for  consumptives,  and  that  it  is  not  so  favorable  for 


this  class  of  patients  as  is  the  Genoese  Riviera.  Dr.  Sparks, 
in  his  article  on  the  treatment  of  disease  by  climate,  in 
Quain's  "Dictionary,"  specifies  Arcachon  as  a  good  re- 
sort for  neuralgic  patients.  This  place  certainly  presents 
to  the  invalid  the  rather  unusual  conibination  of  a  mild 
sea-side  resort  and  of  a  pine  woods  sanitarium.  The  air  of 
its  surrounding  forests  is  said  to  be  remarkably  rlcli  in 
ozone,  and  is  of  course  laden  with  the  "balsamic  exliala. 
tions  always  to  t>e  found  -where  trees  of  this  species 
abound.  According  to  Dr.  Yeo  the  climate  of  Arcachon 
is  "sedative  yet  not  relaxing,"  is  "mild,"  and  is  "espe- 
cially suitable  to  cases  of  irritative  bronchial  or  laryngeal 
catarrh,  to  cases  of  phthisis  with  tendency  to  congestion 
or  inflammatory  complications,  and  to  persons  of  nervous 
temperament.  It  is  not  suited  to  persons  of  a  lymphatic 
and  toi-pid  habit,  who  do  better  in  the  tonic  and  stimu- 
lating air  of  the  Western  Riviera.  Cases  of  consumption 
and  of  other  chronic  lung  diseases  have  certainly  been 
arrested  at  Arcachon,  and  dyspeptic  persons,  in  whom  the 
dyspepsia  has  been  complicated  with  hysteria,  hypochon- 
driasis, and  nervous  irritability,  have  derived  great  benefit 
from  its  climate"  (J.  Burney  Yeo,  op.  cit.,  p.  362), 

Huntington  Bichard). 

ARCO.  The  village  of  Arco  (Lat.  45°  52'  N.,  Long.  10° 
52'  E.)  is  situated  in  the  extreme  southern  portion  of  the 
Austrian  i'yrol,  about  twenty-five  or  thirty  miles  from 
the  Italian  boundary  line,  and  but  three  miles  distant 
from  the  northern  extremity  of  the  beautiful  Lago  di 
Garda.  Between  the  town  and  the  shore  of  the  lake  ex- 
tends a  level  alluvial  plain  hemmed  in  by  lofty  moun- 
tains on  every  side  except  the  south,  and  traversed  by 
the  rivers  Sarca  and  Varrone.  Arco  stands  upon  the 
western  bank  of  the  first  mentioned  of  these  two  rivers, 
at  the  point  where  it  emerges  from  between  the  hills. 
The  elevation  of  the  town  above  the  lake  is  stated  by 
Weber  to  be  only  23  feet,  while  its  height  above  sea-level 
is  put  by  the  same  author  at  240  feet  (73  metres).  In 
Bulenburg's  "  Real-Encyclopadie  "  the  elevation  of  Arco 
above  sea-level  is  given  as  93  metres,  or  305  feet.  Di- 
rectly behind  the  town,  which  nestles  at  its  very  foot, 
rises  a  bold  rocky  promontory  some  400  feet  high,  upon 
which  stands  the  old  castle  of  Arco,  surrounded  by  its 
gardens.  The  small  level  plain  reaching  from  Arco 
southward  to  the  lake  is  noted  for  its  fertility,  and  pro- 
duces very  fine  fruit ;  the  grapes  growing  in  this  shel- 
tered valley  are  very  sweet,  and  the  olive-tree,  the  fig, 
and  the  pomegranate  also  flourish.  At  Arco  the  orange 
ripens  in  the  open  air.  Dr.  Weber  (Ziemssen's  "Hand- 
buch  der  AUgemeinen  Therapie,"  B.  II.,  S.  173)  calls 
attention  to  the  cultivation  of  the  olive  in  this  region,  as 
proving  that  the  temperature  never  sinks  in  winter  below 
—  9°  C.  (=  15.8°  F.) ;  that,  in  point  of  fact,  it  seldom  or 
never  falls  so  low  as  this, will  appear  from  the  figures  about 
to  be  quoted  from  Bulenburg's  "  Real-Encyclopadie." 
Although  surrounded  on  the  east  and  west  as  well  as 
on  the  north  by  mountains,  many  of  which  have  peaks 
rising  to  the  height  of  5,000  feet  above  the  sea,  the  width 
of  the  little  valley  intervening  between  Arco  and  the  lake 
is  sufficiently  great  to  prevent  an  overshadowing  of  the 
town  by  an  east  and  west  wall  of  lofty  hills,  and,  as  the 
country  to  the  southward  is  all  open,  the  rays  of  the  sun 
have  free  access  to  this  exceptionally  sheltered  spot  dur- 
ing the  greater  part  of  the  day.  From  the  description 
given  above  of  the  topographical  relations  of  Arco,  it 
might  naturally  be  inferred  that  severe  winds  would  be 
debarred  from  access  to  the  place,  and  that  the  town 
should  by  rights  enjoy  a  good  proportion  of  perfectly  calm 
weather  ;  and  in  fact  it  is  celebrated,  and  justly  so,  for  the 
calmness  of  its  atmosphere  during  the  greater  part  of 
the  winter  season. 

In  the  months  of  December  and  January,  and  for  the 
first  half  of  the  month  of  February  as  well,  the  atmo- 
sphere is,  as  a  rule,  quite  undisturbed  by  winds.  After 
the  middle  of  February,  however,  and  especially  during 
the  two  months  of  March  and  April,  the  cold  wind  known 
as  the  "  Bora"  makes  itself  felt  daily  between  the  hours 
of  10.30  A.M.  and  3  p.m.,  and  may  be  expected  to  blowin 
I  this  way  for  the  next  succeeding  seven  months,  or  until 
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the  month  of  September  (Ealenburgfe  "Beal-Encyclo- 
padie").  According  to  the  authority  Jast  quoted,  the 
mean  annual  relative  humidity  at  Arco  is  72  per  cent. ; 
the  greatest  number  of  rainy  days  occur  during  the  two 
autumn  months  of  October  and  November,  and  the  two 
spring  months  of  March  and  April,  and  such  rainy  days 
are  characterized,  for  the  most  part,  by  the  possession  of  a 
mild  and  equable  temperature.  This  same  writer  ac- 
counts for  the  equability  of  the  climate  of  Arco  as  being 
due  in  some  degree  to  the  nearness  of  the  great  Lago  di 
Garda,  a  body  of  water  some  thirty  odd  miles  in  length 
from  north  to  south,  and  whose  southern  extremity  ex- 
pands to  a  breadth  of  not  less  than  ten  miles ;  while  the 
long,  neck-like  prolongation  extending  in  a  northerly  di- 
rection from  this  great  fresh  water  basin  for  a  distance  of 
some  20  or  25  miles,  and  walled  in  on  either  hand  by  the 
mountains  of  the  Austrian  Tyrol,  has  a  width  from  shore 
to  shore  varying  between  2  miles  at  its  upper,  or  northern 
extremity,  and  5  or  5i  miles  at  the  point  where  it  expands 
into  the  above-mentioned  basin  constituting  the  op- 
posite and  southern  extremity  of  the  lake.  "In  very 
severe  winters,"  says  the  writer  in  Eulenburg,  "  the  tem- 
perature does  fall  upon  two  or  three  occasions  as  low  as 
26.6°  F.  (-3°  C),  or  24.8°  F.  (-4°  C),  but  this  low  tem- 
perature persists  for  a  few  hours  only  {i.e.,  two  or  three 
hours),  and  occurs  for  the  most  part  only  very  early  in  the 
course  of  the  day  (in  den  friihen  Morgen-stunden)." 

Dr.  Weber  (Ziemssen's ' '  Handbuch  der  AUg.  Therapie, " 
B.  II.,  S.  173)  gives  the  following  facts  concerning  the 
climate  of  the  Italian  Lake  Region,  and  includes  Arco  in 
his  list  of  places  properly  belonging  within  this  climatic 
district.  The  relative  humidity  of  such  points  he  states 
as  being  between  72  and  78  per  cent,  during  the  autumn 
and  winter  months,  and  somewhat  less  than  70  per  cent, 
in  the  spring  season.  The  average  number  of  rainy  days 
is  from  36  to  40  during  the  autumn,  from  34  to  36  during 
the  spring,  and  from  15  to  20  during  the  winter.  Snow 
falls,  as  a  rule,  in  this  region,  on  not  more  than  6  or  8 
days  of  the  year,  and  seldom  lies  for  several  days  to- 
gether upon  the  ground.  Among  the  local  winds  which 
prevail  about  all  great  lakes,  those  blowing  from  the 
north  and  from  the  northeast  are  of  most  frequent  oc- 
currence in  this  region.  Fogs  are  rare ;  there  are  few 
days  during  which  an  invalid  must  keep  within  doors 
from  sunrise  to  sunset ;  and  there  is  less  dust  than  is 
found  along  the  Italian  Riviera. 

The  following  temperature  chart  is  copied  from  Eulen- 
burg's  "  Encyclopaedia,"  to  which  book  the  writer  is  in- 
debted for  a  large  share  of  his  information  concerning 
the  place  in  question. 


Obbeevatiohs  op  Temperatckk  at  Aeco,  Wihtks  of  1876-76. 
(From  Eulenburg's  Eeal-Encyclopadie.) 

Month. 

Monthly  Mean. 

Mean  Max. 
(at  noon). 

Mean  Min 
(at  noon). 

October 

59.6° 

60.2° 

41.8° 

43° 

45.3° 

50.4° 

59° 

71.9° 
60.8° 
53.6° 
61.7° 
64.4° 
66.8° 
75.2° 

53.2° 

42.8° 

December 

42  8° 

39.2° 

I''ebruary 

41° 

March 

44  6° 

April 

50° 

These  figures,  giving  the  result  of  one  season  of  ob- 
servations, speak  for  themselves,  and  indicate  for  Arco 
the  possession  of  a  mild  and  an  equable  climate  during 
the  seven  colder  months  of  the  year. 

Arco  has  come  into  notice  quite  recently  as  a  desirable 
winter  residence  for  invalids,  the  greater  number  of 
whom,  according  to  the  writer  in  Eulenburg,  were,  at  the 
time  when  the  "  Real-Encyclopadie "  was  issued  (1880), 
phthisical  patients  from  North  Germany.  According  to 
that  writer,  and  to  Dr.  Weber,  pleasant  and  comfortable 
apartments  were  already  to  be  had  at  Arco  for  the  ac- 
commodation of  invalids,  and  a  Kurhaus,  with  con- 
veniences for  baths,  and  provided  with  apparatus  for  the 
taking  of  inhalations,  is  mentioned  by  the  former  writer. 
The  drinking-water  is  of  good  quality^  and  is  derived 


from  springs.  The  "  cuisine  "  is  German.  Pretty  walks 
abound  in  every  direction,  and,  from  its  close  proximity 
to  the  Tyrolean  Mountains,  and  to  Lake  Garda,  it  is  easy 
to  understand  that  many  delightful  excursions  may  be 
made  from  the  town.  Although  the  writer  of  the  pres- 
ent article  is  not  in  possession  of  definite  information  on 
this  point,  it  is  natural  to  infer  that  since  the  publication 
of  the  accounts  of  this  resort  from  which  such  frequent 
quotations  have  been  made,  the  arrangements  at  Arco 
for  the  accommodation  of  invalids  must  necessarily  have 
increased  in  number ;  for  there  can  be  little  question  that 
Nature  has  endowed  this  spot  with  exceptional  advan- 
tages as  a  winter  health  resort. 

Huntington  Bicha/rds. 

ARCUS  SENILIS.  (Stu.:  Gerontoxon,  Gerotoxon, 
Kraus ;  Yr.,  Are  Senile,  Gerontoxon;  Qer.,  OreiseiU)0- 
gen.) 

Arcus  senilis  is  an  elongated,  narrow  opacity  of  the 
cornea,  situated  close  to  the  margin  of  the  latter,  in  shape 
crescentic,  or  appearing  under  the  form  of  two  crescents, 
an  upper  and  a  lower ;  still  more  rarely,  and  in  cases  of 
extreme  development  of  the  lesion,  consisting  in  a  com- 
plete marginal  ring  produced  by  the  coalescence  of  two 
such  crescents.  In  color  an  arcus  senilis  varies  accord- 
ing to  the  stage  of  its  development ;  in  slightly  pro- 
nounced and  recent  cases  the  color  is  a  faint  grayish  or 
milky  white,  in  more  advanced  and  severer  cases  the  opa- 
city becomes  of  a  chalky  whiteness.  As  its  name  im- 
plies, this  lesion  has  been  commonly  supposed  to  belong 
exclusively  to  advanced  life ;  such,  however,  is  not  the 
case  :  while  it  is  indeed  true  that  arcus  senilis  usually  ap- 
pears in  persons  over  forty-five  or  fifty  years  old,  never- 
theless the  eyes  of  many  old  people  exhibit  no  trace  of 
the  lesion,  and  it  is  not  very  infrequently  found  in  those 
under  forty-five  years  of  age,  and  in  exceptional  cases  has 
been  observed  during  youth  :  a  very  few  congenital  cases 
have  even  been  reported  (by  Wardrop,  Withusen,  and 
Morhenheim).  A  strip  of  transparent,  or  nearly  trans- 
parent tissue,  almost  always  exists  between  the  outer 
margin  of  an  arcus  senilis  and  the  extreme  periphery  of 
the  cornea :  this  strip  is  usually  about  one  millimetre 
wide.  (Where  arcus  senilis  is  the  result  of  repeated  at- 
tacks of  keratitis  in  persons  under  forty  years  old,  this 
clear  space  does  not  exist :  it  was  also  absent  in  the  con- 
genital cases  above  alluded  to.)  Except  in  very  slightly 
marked  and  recent  cases  of  this  lesion,  two  crescents  will 
be  found,  the  upper  one  being  always  the  first  to  appear 
and  being  invariably  the  more  advanced  of  the  two  in  its 
development.  Thus  the  upper  crescent  is  always  more 
opaque,  wider,  and  longer  than  the  lower  one.  The 
centres  of  the  two  crescents  may  always  be  joined  by  a 
straight  line  passing  through  the  middle  of  the  pupil,  and 
this  straight  line  is  usually  a  vertical  one,  although  at 
times  it  may  be  slightly  inclined.  The  greatest  degree  of 
opacity  in  each  crescent  is  found  either  at,  or  slightly  ex- 
ternal to,  its  middle  point,  and  from  this  centre  the  opa- 
city shades  off  gradually  toward  the  outer  and  inner  ex- 
tremities, more  gradually  toward  the  latter  than  toward 
the  former.  Arcus  senilis  increases  more  rapidly  in  opa- 
city than  in  width  ;  its  central  and  peripheral  borders  are 
well  defined,  the  peripheral  border  especially  so.  The 
lesion  is  seldom  more  than  three  millimetres  wide  at  its 
widest  point.  Arcus  senilis  is  usually  bilateral,  although 
one  eye  alone  may  be  sheeted.  The  growth  of  an  arcus 
senilis  is  accelerated  by  the  existence  of  deep-seated  dis- 
ease of  the  eye. 

Pathology. — The  pathological  condition  consists  es- 
sentially in  a  fatty  degeneration  of  the  cornea,  affecting 
primarily  the  corneal  corpuscles,  subsequently  the  lamel- 
lae of  the  intercellular  substance  in  the  superficial  layers 
of  the  substantia  propria ;  in  severe  cases  spreading  to 
the  deeper  layers,  even  down  to  the  membrane  of  Desce- 
met,  and,  exceptionally,  appearing  in  Bowman's  mem- 
brane and  in  the  epithelial  layer  which  covers  the  latter. 
"  In  great  senescence,  however,  a  very  similar  layer-like 
disposition  of  molecular  fat  has  been  seen  in  the  border- 
ing zone  of  the  conjunctiva  and  sclera,  and  even  in  the 
ciliary  muscle  and  processes,  with  atheromatous  degen- 
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eration  of  the  corresponding  vessels  "  (Stellwag  on  the 
Eye). 

The  results  of  the  most  careful  observations,  both  clini- 
cal and  pathological,  would  seem  to  show  that  an  arcus 
senilis  is  a  frequent  accompaniment  of  degenerative 
changes  in  the  ophthalmic  and  other  branches  of  the  in- 
ternal carotid  artery ;  in  fact,  that  it  is  preceded  by  such 
changes,  and  follows  as  an  effect  of  them.  By  some  it 
has  been  regarded  as  a  lesion  almost  pathognomonic  of 
fatty  heart ;  this,  however,  is  too  much  to  assume,  for 
arcus  senilis  has  been  seen  in  persons  who  had  not  fatty 
degeneration  of  the  heart,  and  fatty  heart  can  exist  with- 
out arcus  senilis ;  although  it  yet  remains  true  that,  in  a 
patient  presenting  an  arcus  senilis  together  with  indications 
of  enfeebled  action  of  the  heart,  we  are  warranted  in 
strongly  suspecting  the  presence  of  a  fatty  degeneration 
of  this  organ.  From  the  observed  fact  that  an  atheroma- 
tous degeneration  of  some  of  the  cerebral  vessels  has  been 
found  to  accompany  the  lesion  under  discussion  (Canton, 
Schoeen,  J.  Arnold),  we  are  justified  in  regarding  with 
suspicion  the  occurrence  of  arcus  senilis  in  persons  under 
forty  years  old,  such  persons  being,  not  improbably,  ex- 
posed in  an  unusual  degree  to  the  dangers  of  cerebral 
haemorrhage  and  softening. 

Symptoms. — Of  symptoms  arcus  senilis  has  none,  and 
but  one  case  is  recorded  where  the  opacity  was  sufHciently 
extensive  to  interfere  with  vision. 

Ulceration  of  the  cornea,  when  it  involves  the  area  of 
fatty  degeneration  occupied  by  an  arcus  senilis,  is' exceed- 
ingly rebellious  to  treatment ;  on  the  other  hand,  a  clean- 
cut  incision  through  the  degenerated  tissues,  as  practised 
in  the  operation  for  cataract,  heals  as  rapidly  as  in  a  per- 
fectly normal  cornea.  In  persons  of  a  broken-down  con- 
stitution it  is  said  that  an  arcus  senilis  olf  ers  a  very  invit- 
ing field  for  ulcerative  changes. 

Treatment.— There  is  no  curative  treatment  for  arcus 
senilis ;  it  may,  however,  be  possible,  by  a  course  of  gen- 
eral treatment  directed  against  the  disease  acting  as  prime 
factor  in  the  case,  to  arrest  the  development  of  the  lesion 
(as  in  a  case  alluded  to  by  J.  F.  Streatfield  in  Quain's 
' '  Dictionary  of  Medicine  ").  Huntington  Richards. 

AREA  EMBRYONALIS-PELLUCIDA— VASCULOSA 

JiTO.     In  eggs  which  contain  a  great  deal  of  yolk,  as  in 
those  of  birds,  we  often  see  an  apparent  separation  of  the 
ovum  into  two  parts,  one  the  embryonic  portion  in  a 
strict  sense,  and  the  other  the  extra-embryonic  portion  or 
yolk  sac.     The  term  area  germinatim,  or  emin/onalis  or 
Its    synonym    the  germinal  disk,  is  used  to  designate 
that  portion  of  the  ovum  which  is  most  immediatelv  con- 
cerned m  the  construction  of  the  embiyo.     In  the  area 
germinatim  there  is  a  central  portion  known  as  the  area 
pemcida,f.rom  its  clear  appearance,  and  an  outer  broad 
margin  of  a  darker  hue,  known  as  the  area  opaca  or 
maculosa,  because  the  first  blood-vessels  are  developed  in 
this  region.     In  the  centre  of  the  area  pellucida  actjears 
a  longitudinal  mark  the  primitive  streak^which  shows  the 
at  thrt,°l*1".  """^'"^  longitudinal  axis  of  the  embryo! 
at  tills  time  the  area  pellucida  is  oval,  the  large  end  ex 
tending  around  the  cephalic  extremity,  and  is  completelv 
surrounded  by  the  hro^d  area  opaca,  the  outside  bXdary 
of  which  IS  nearly  circular.     The  cause  of  the  difference 
n  transparency  between  the  two  areas  lies  in  the  charac 
ter  of  the  inner  or  entodermal  lamina  of  cells  -the  entn 
derm  of  the  pellucida  is  a  very  thin  epiLlhim  somew^iS 
resembling  the  so-called  endothelium  of  th"'aduTt  Beri 
toneum,  while  the  entoderm  of  the  opaca  is  an  en^/hpK,,,!: 
composed  of  very  large  cells  wit^sS  Ldei  Md  ve^ 
numerous  granules,  which  were  included  from  ?he  vo^ 
when  those  cells  were  segmented  off.     Towarf  the  ne 
nphery  of  the  area  opaca  the  entoderm  becomes  thiclFp; 
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rapidly  by  peripheral  additions  ;  on  the  inner  margin  of 
the  opaca  the  cells  are  thinned  out,  and  thus  the  pellucida 
constantly  encroaches  upon  the  opaca— the  former  grows 
at  the  expense  of  the  latter.  It  should  be  remembered 
that  in  both  parts  there  is  an  interstitial  growth,  effected 
by  the  divisions  of  the  cells  composing  them. 

Our  knowledge  of  the  nature  of  the  "Keimwall"is 
thus  summarized  in  Foster  and  Balfour's  "  Embryoloev" 
(Second  edition,  pp.  65,  66),  reference  being  had  espeeiallv 
to  the  chick.  "The  exact  nature  of  this  material  has  been 
the  subject  of  many  controversies.  Into  these  contro- 
versies it  is  not  our  purpose  to  enter,  but  subjoined  are 
the  results  of  our  own  examination.  The  germinal  wall 
first  consists,  as  already  mentioned,  of  the  lower  cells  of 
the  thickened  edge  of  the  blastoderm,  and  of  the  sub- 
jacent yolk  material  with  nuclei.  During  the  period  be- 
fore the  formation  of  the  primitive  streak,  the  epiblast 
{i.e.,  ectoderm)  appears  to  extend  itself  over  the  yolk 
partly  at  the  expense  of  the  cells  of  the  germinal  wall' 
and  possibly  even  of  the  cells  formed  around  the  nuclei 
in  this  part.  The  cells  of  the  germinal  wall,  which  are 
at  first  well  separated  from  the  yolk  below  become 
gradually  absorbed  in  the  growth  of  the  hypoblast  (j  e 
entoderm),  and  the  remaining  cells  and  yolk  then  become 


«*•-, 


\ 
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w;™r«  Th  I  7  T  S  ""'  ^'"'"yo  Chick,  Incubated  about  Twenty 
Hours.  The  whole  of  the  area  pellnoida,  Ap,  and  a  small  part  of  the 
a,rca  opaca,  Ao,  la  shown ;  J'r,  primitive  groove  ;  vAf,  anterior  or  oepha- 
iio  amniotic  fold.  ^    —>"  f 

mingled  together  and  constitute  a  compound  structure, 
continuous  at  its  inner  border  with  the  hypoblast  (ento- 
derm). This  structure  is  the  germinal  wall  usually  so 
described.  It  is  mainly  formed  of  yolk  granules  with 
numerous  nuclei,  and  a  somewhat  variable  number  of 
rather  large  cells  embedded  among  them.  The  nuclei 
some  of  which  are  probably  enclosed  by  a  definite  cell- 
body,  typically  form  a  special  layer  immediately  below 
the  epiblast.  A  special  mass  of  nuclei  is  usually  present 
at  the  junction  of  the  hypoblast  with  the  germinal  wall." 
A  simple  and  natural  interpretation  of  the  germinal  wall 
IS  to  regard  it  as  the  zone  of  segmentation  around  the 
embryonic  area,  where  new  cells  are  being  segmented  off 
trom  the  yolk  and  added  to  the  germinal  disk  proper. 
I  he  course  of  segmentation  in  the  ova  of  bony  fishes 
seems  to  me  to  settle  beyond  reasonable  doubt  the  justice 
ot  this  interpretation ;  in  these  ova  it  is  readily  seen  that 
the  growth  of  the  germinal  disk  is  exactly  as  just  stated- 
by  peripheral  addition  of  cells  segmented  off  from  the 
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rolk.  A  much  discussed  problem  is  thus  solved.  Koll- 
mann's  account  *  of  the  exact  arrangement  of  the  parts 
in  the  germinal  wall  differs  in  some  important  respects 
from  that  of  other  authors,  but  probably  makes  a  real 
advance  in  accuracy.  His  statements  do  not  conflict  with 
the  conception  of  the  nature  of  the  germinal  wall  ad- 
vanced in  this  article. 

If  the  germinal  area  of  a  hen's  ovum,  at  about  the  stage 
shown  in  Fig.  339,  be  removed  from  the  yolk,  hardened, 
and  transverse  sections  made  through  it,  the  three  primi- 
tive germ-layers  will  be  found  already  present,  as  is  shown 


fflG.  230. — Transverse  Section  through  the  Front  end  of  the  Primitive  Streak  of  a  Grermlnal  Area  of  a  Hen's  Ovum, 
about  Eighteen  to  Twenty  Hours.  (After  Foster  and  Balfour.)  pv,  primitive  streak ;  £p,  ectoderm ;  A2/,  entoderm ; 
m,  mesoderm ;  gh^  germinal  wall. 

in  the  accompanying  wood-cut  of  such  a  section  through 
the  anterior  end  of  the  primitive  streak.  The  outer  layer 
is  thick,  the  inner  layer  thin  and  scarcely  differentiated 
from  the  middle  layer,  which  consists  of  loose  scattered 
cells. 

We  have  thus  briefly  indicated  the  characteristics  of 
the  area  embryonalis  at  the  time  of  the  appearance  of  the 
primitive  groove.  Its  origin  is  described  under  Segmen- 
tation ;  the  nature  and  significance  of  the  primitive  streak 
is  treated  under  Foetus.    We  proceed  now  to  the  further 


Fio.  231.— PartoJAreaVascnlosa  of  Embryo  Chick  of  Forty  Hours,  (x  26 
diam.)  (After  IColliker.)  Only  the  vascular  network  is  drawn,  ps^  and 
the  t^minal  sinus  or  vein,  vt, 

history  of  the  germinal  disk  in  meroblastic  vertebrates, 
and  shall  close  the  article  with  an  account  of  the  area  in 
mammalia ;  we  omit  here,  of  course,  the  history  of  the 
differentiation  of  the  embryo  in  the  area  pellucida,  as 
that  history  is  fully  treated  under  Foetus,  and  confine  our 
attention  to  the  changes  in  the  extra-embryonic  portions. 
The  a/rea  germinatwa  presents  in  all  vertebrates  a  nearly 


circular  outline  ;  at  first  it  occupies  a  small  space  on  top 
of  the  yolk,  but  it  gradually  expands  on  all  sides,  spread- 
ing further  and  further  ;  in  time  it  reaches  the  equator  of 
the  yolk,  and  then  expands  so  as  to  encroach  upon  the 
inferior  hemisphere,  and  apparently  continues  its  growth 
untU  it  reaches  the  inferior  pole  and  the  yolk  is  complete- 
ly enclosed ;  this  expansion  is  due,  as  we  have  seen,  to 
the  peripheral  accretions  made  by  the  germinal  wall. 
Most  of  the  enlargement  falls  to  the  share  of  the  area 
opaca,  because  the  additions  to  its  outside  rim  are  more 
rapid  than  the  conversion  of  its  inner  edge  into  the  area 

pellucida,  which  there- 
fore expands  more 
slowly.  The  pelluci- 
da changes  its  shape 
during  its  develop- 
ment ;  at  first  it  is 
quite  round,  it  then 
becomes  elongated  and 
soon  pear-shaped 
(Fig.  339).  In  the  chick 
the  broad  end  of  the 
pear  widens  rapidly, 
and  is  well  marked  off 
from  the  narrow  end 
which  surrounds  the 
caudal  extremity  of  the 
embryo. 

The  most  important 
function  of  the  extra- 
embryonic area  is  the  formation  of  the  blood-vessels 
and  blood.  The  first  appearance  of  these  organs  is  in 
the  mesodermic  splanchnopleure  of  the  area  opaca ;  they 
are  next  developed  in  the  area  pellucida,  and  finally 
in  the  embryo  proper.  H.  Strahl  states  that  in  the  liz- 
ard the  blood  and  blood-vessels  first  appear  in  the  area 
pellucida.  Toward  the  edge  of  the  area,  however,  the 
vascular  layer  is  so  thick  that  it  may  appear  as  if 
the  whole  mesoderm  participated  in  the  formation  of  the 
blood-vessels ;  but  wherever  the  mesoderm  has  split,  the 
blood-vessels  lie  in  the  lamina  next  the  entoderm,  i.e.,  in 
the  splanchnopleure.     In  the  chick,  by  the  second  day, 


Fio.  23S.— Vessels  of  the  Area  Pellucida  of  a  Chick  of  Two  Days.    a.  a, 
vessels;  6,  6,  interstitial  tissue ;  c,  c,  blood-islands.    ( After  KoUiker. ) 

the  vessels  form  a  coarse  network,  Fig.  331,  without  any 
indication  of  large  stems  or  trunks,  except  the  broad 
limiting  sinus  lit,  which  marks  off  the  edge  of  the  area. 
There  is  only  one  layer  of  vessels.  Scattered  about  in 
the  network  are  irregular  red  spots,  which  received  from 
early  embryologists  the  name,  still  current,  of  blood- 
islands.  At  first  the  network  consists  of  solid  cords  of 
cells,  but  the  cords  are  soon  hollowed  out,  becoming 
tubes  with  endothelial  walls ;  but  exactly  how  this  is  ac- 
complished is  not  yet  clear.  The  blood-islands  give  rise 
to  the  first  colored  blood-corpuscles,  which  are  not  iden- 
tical with  the  red  globules  of  the  adult,  being  colored 
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nucleated  cells,  and  arising,  according  to  KoUiker,  by 
dliect  metamorphosis  of  the  mesodemic  cells  of  the 


PiB  233  —Diagram  of  the  Circulation  in  a  Chick  at  the  End  of  the 
Third  Day,  as  seen  from  the  Under  or  Ventral  Side.  The  embryo,  with 
the  exception  of  the  heart,  Ht.,  is  dotted ;  Arc.,  aortic  arches  ;  D.C., 
ductus  Cuvieri  ;  Jug.,  jugular  vein  ;  card.,  cardinal  vein ;  the  remain- 
ing letters  are  explained  in  the  text.  The  veins  are  black  ;  the  arteries 
cross-lined. 

into  endothelial  tuhes,  while  blood-corpuscles  are  formed 
in  their  interior.  These  fine  cords  grow  into  the  area 
pellucida,  and  so  into  the  embryo,  according  to  His, ',  *,  ^  °, 
who  maintains  that  all  the  embryonic  blood-vessels  grow 
in  from  the  extra-embryonic  area,  and  that  the  con- 
nective-tissue also  grows  similarly.  Hence  His  distin- 
guishes between  the  tissues  originally  present  in  the 
embryo  (ArcMblast)  and  those  which- grow  into  it  (Para- 
blast).  It  is  still  undecided  how  far  these  views  will 
hold ;  they  have  been  the  subject  of  much  discussion, 
but  it  will  suffice  to  refer  now  to  the  papers  of  "Waldeyer ' 
and  KoUmann,  ',  '. 

We  give  here  Schaefer's  account  of  the  development  of 
the  secondary  vascular  "  Anlagen,"  within  the  body  of  the 
embryo.  "  One  of  the  most  favorable  objects  for  the 
study  of  the  development  of  the  blood-vessels  and  their 
contained  blood-corpuscles,  is  afforded  by  the  subcutane- 
ous tissue  of  the  new-born  rat,  especially  those  parts  in 
which  fat  is  being  deposited.  Here  we  may  observe  that 
many  of  the  connective-tissue  corpuscles  are  much  vacuo- 
lated, and  that  the  protoplasm  of  some  of  them  presents 
a  decided  reddish  tinge.  In  others  the  red  matter  has 
become  condensed  in  the  form  of  globules  within  tlie  cells, 
varying  in  size  from  minute  specks,  to  spheroids  of  the 
diameter  of  a  blood-corpuscle  or  more.  .  .  .  After  a 
time  the  cells  become  elongated  and  pointed  at  their  ends, 
sending  out  processes  to  unite  with  neighboring  cells.  At 
the  same  time  the  vacuoles  in  their  interior  become  en- 
larged, and  coalesce  to  form  a  cavity  within  the  cell,  in 
which  the  reddish  globules,  which  are  now  become  disk- 
shaped,  are  found.  Finally,  the  cavity  extends  through 
the  cell  processes  into  those  of  neighboring  cells,  and  into 
those  sent  out  from  pre-existing  capillaries  ;  but  a  more  or 
less  extensive  capillary  network  is  often  formed  long  be- 
fore the  connection  with  the  rest  of  the  vascular  system 
is  estal)lished."  The  corpu.scles  thus  formed  are  identical 
with  the  adult  red  globules,  and  different  from  the  red 
cells,  produced  as  above  described  in  the  blood-islands. 
The  former  gradually  replace  the  latter,  which  nearly  all 
disappear  long  before  the  end  of  intra-uterine  life  in  the 
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human  species,  although,  according  to  Neumann,  some 
are  still  to  be  met  with  even  in  the  new-born  child.  How 
the  red  cells  disappear  is  unknown.  Hayem  "  claims  tc 
have  found  red  nucleated  cells  in  the  adult,  but  they  art 
probably  pathologically  modified  leucocytes,  and  not  sur- 
vived embryonic  red  cells,  as  they  were  found  only  in 
persons  with  certain  severe  diseases.  (The  best  general 
account  of  the  origin  of  the  blood  is  in  Quain's  "  Anat- 
omy "  (Ninth  ed.,  p.  84,  ft.),  where  the  literature  is  given 
in  exienso.)  Three  kinds  of  corpuscles  appear  in  the 
blood  of  the  amniota :  1,  red  cells,  probabl^  homologous 
with  the  nucleated  red  globules  of  amphibia ;  2,  white 
corpuscles  or  cells  ;  3,  true  red  globules,  not  cells. 

Feuerstack  '■•  has  attempted  to  trace  the  formation  of 
all  colored  blood-corpuscles  in  vertebrates  to  the  direct 
metamorphosis  of  colorless  corpuscles  (leucocytes).  It  is 
probable  that  he  is  correct  as  far  as  the  nucleated  red 
blood-globules  of  amphibia  and  amniote  embryos  are  con- 
cerned. But,  as  stated  just  before,  the  true  red  globules 
of  the  higher  vertebrates  are  new  acquisitions  by  them, 
and,  as  far  as  we  know  at  present,  have  no  homologue  in 
amphibia.  Feuerstack  has  entirely  overlooked  this  con- 
clusion. Besides  the  view  given  above  and  adopted  by 
Schaef  er,  as  to  the  origin  and  nature  of  the  red  blood- 
globules,  is  another  (Balfour,  '»  Kultschitzki,  "  ei  al.), 
according  to  which  the  nuclei  in  the  parent  cells  multiply, 
and  becoming  charged  with  hsemoglobin  are  converted 
into  blood-globules  which  are  set  free  by  the  breaking 
down  of  the  parent-cells.  There  is  much  to  be  said  in 
favor  of  this  interpretation,  which  will,  perhaps,  be  found 
correct  when  the  extension  of  knowledge  shall  have 
settled  the  problem. 

Soon  after  the  capillary  network  of  the  area  opaca  and 
pellucida  has  penetrated  the  embryo,  certain  lines  of  the 
network  begin  to  widen,  and  soon  distinctly  assume 
the  size  and  functions  of  main  trunks  ;  some  of  these 
unite  with  the  posterior  venous  end  of  the  heart,  which 
has  meanwhile  been  formed  in  the  embryo,  and  others 
become  connected  with  the  anterior  or  aortic  end ;  eveh 


Fig.  234.— Area  Vaaonlosa  and  Embryo  of  a  Babbit.   (After  Van  BenedeO 
and  Julin.) 

before  this  the  heart  has  begun  to  beat,  so  that  as  soon  as 
all  the  connections  are  made,  the  primitive  circulation 
starts  up.  The  arrangement  of  the  vessels  is  not  the  same 
in  birds  and  mammals,  although  commonly  so  stated.  The 
disposition  in  birds  is  indicated  by  the  diagram  shown  m 
Fig.  333,  in  which,  it  should  be  remembered,  the  embryo 
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and  the  capillary  network  are  drawn  many  times  too  large 
in  proportion  to  the  area  vaseulosa.  The  area  is  bounded 
by  a  broad  circular  vessel,  the  sinus  terminalis,  8.T., 
which  constitutes  a  portion  of  the  venous  system  in  birds, 
for  in  front  of  the  head  of  the  embryo  the  sinus  leaves  a 
gap  and  is  reflected  back  along  the  sides  of  the  body 
of  the  embryo,  to  make  two  large  veins,  which,  after 
uniting  with  other  venous  channels  coming  from  vari- 
ous parts  of  the  area  vasculosa  on  each  side,  enter  the 
embryo  as  two  large  trunks,  Om.V.,  known  as  the  om- 
phalo-'mesaraie  veins  ;  these  two  veins  unite  in  a  median 
vessel,  the  sinus  venosus,  S.V.,  which  runs  straight  for- 
ward and  enters  the  posterior  end  of  the  heart.  The  sinus 
venosus  also  receives  the  veins  from  the  body  of  the  em- 
bryo, narnely,  the  jugulars,  jug.,  and  cardinals,  card. ;  the 
former  from  in  front  unite  each  with  the  cardinal  of  the 
same  side,  making  a  short  transverse  trunk,  known  as 
the  Ductus  Cuvieri,  D.C.  ;  the  two  ducts  empty  into  the 
sinus  venosus.  The  entire  venous  current  is  thus  brought 
to  the  heart  in  a  united  stream  ;  it  passes  out  through  the 
aorta ;  the  greater  part  ascends  the  aortic  arches  and 
passes  back  as  shown 
in  the  figure,  Ao.,  and 
divides  at  the  posteri- 
or fork  of  the  aorta, 
the  bulk  of  the  two 
currents  passing  out 
through  the  omphalic 
arteries,  Om.A.,  and 
thence  into  the  capil- 
laries of  the  area  iias- 
culosa,  and  so  on  to 
the  venous  trunks 
again.  As  shown  in 
the  figure,  which  pre- 
sents the  underside  of 
the  area,  the  left  ora- 
phalo  -  mesaraic  vein 
preponderates,  and  in 
the  latter  stages  this 
difference  becomes 
more  marked,  until 
finally  the  right  stem 
is  very  inconsiderable 
incomparisonwith  the 
great  left  vein.  The 
time  at  which  the  dis- 
parity commences  is 
extremely  variable,  as 
is  also  the  degree 
of  inequality  between 
the  two  veins. 

According  to  Van 
Beneden's  ^''  recent  re- 
searches on  the  rab- 
bit the  arrangement  of 
the  main  ves.fels  in  the  area  vasculosa  of  mammals  is  quite 
different.  The  sinus  terminalis  forms  a  complete  ring 
and  is  connected  with  the  arterial  system  by  a  single 
trunk,  which  corresponds  to  the  left  omphalic  artery  of 
the  bird.  For  some  time  the  connection  between  the  em- 
bryonic arteries  and  the  area  vasculosa  is  entirely  through 
capillaries,  and  the  arterial  trunk  on  the  vascular  area 
does  not  appear  in  the  rabbit  for  several  days.  There  are 
two  veins,  one  arising  from  each  side  of  the  body  and 
passing  out  on  to  the  area  vasculosa  over  the  back  of  the 
embryo ;  they  are  the  two  large  upper  vessels  in  the  figure. 

In  the  mammalian  ovum  we  have  further  to  distinguish 
the  area  plaeenialis,  that  portion  of  the  chorion  by  which 
the  embryo  is  attached  to  the  uterine  wall,  and  which  af- 
terward participates  in  the  formation  of  the  placenta. 
Whether  this  exists  in  all  mammalia  distinctly  marked 
out  during  very  early  stages  is  uncertain,  but  in  some 
species,  at  least,  it  is  present  at  an  extremely  young 
stage.  It  is  not  safe  to  speak  at  present  in  general  terms 
of  the  divisions  of  the  area  embryonalis  in  mammals ; 
we  confine  ourselves,  therefore,  to  a  description  of  the 
divisions  in  the  much-studied  rabbit,  following  in  this 
the  last  publication  '*  of  Van  Beneden  and  Julm.     The 


Fio.  235.— Area 
partly  torn  off. 


tica ;  a.v.,  area  vasculosa ;  a.pl.,  area  placentalls. 


germinative  area.  Fig.  335,  is  nearly  circular,  and  at  the 
stage  figured  shows  the  following  peculiarities :  The 
nearly  straight  embryo  lies  in  the  centre,  and  exhibits 
plainly  the  central  nervous  system  and  the  proto-verte- 
braj ;  around  the  head  of  the  embryo  is  a  clear  space, 
pr.a.,  the  pro-amniotic  area,  over  which  no  mesoderm  is 
developed  ;  around  the  sides  and  hind  end  of  the  embryo 
is  another  light  place  which  contains  mesoderm,  but  is 
distinguished  by  the  retarded  vascularization ;  this  is  tho 
amniotic  area,  a.a.,  and  is  converted,  by  a  process  of  up- 
folding  similar  to  that  described  above  in  reference  to  the 
chick,  into  the  amnion,  which,  as  previou.sly  stated,  cov- 
ers the  posterior  portion  of  the  rabbit  embryo.  The  re- 
mainder of  the  germinal  disk  constitutes  the  area  vascu- 
losa, «.«.,  with  the  terminal  sinus,  blood-islands,  etc. 
The  area  consists  of  two  membranes,  the  upper  the  so- 
matopleure,  the  lower  the  splanchnopleure  ;  a  large  por- 
tion of  the  former  behind  the  embryo  has  been  torn  off, 
a.pl. ;  this  defect  is  due  to  the  fact  that  over  this  region 
villosities  have  appeared,  and  a  close  connection  estab- 
.  lished  between  this  region  and  the  uterine  wall ;  it  is  by 

this  means  that  the 
ovum  is  attached ; 
hence,  when  the  em- 
bryo is  removed  from 
the  uterus,  this  area  of 
the  splanchnopleure 
(chorion)  remains  ad- 
herent to  the  ute- 
rus. As  development 
proceeds,  the  allantois 
grows  up  against  this 
area,  over  which  the 
difllerentiation  of  the 
placenta  takes  place ; 
hence  the  name,  area 
placentalis. 

Note.  —  Since  this 
article  was  put  in 
type,  I  have  seen  an 
extended  article  by 
Duval  on  the  struct- 
ure of  the  embryonic 
area  (Annales  des  Sci- 
ences naturelles,  Zoo- 
logie,  1885,  numero  1). 
He  has  studied  the 
germinal  wall  with  de- 
tail and  reports  results 
of  great  interest,  espe- 
cially as  concerns  the 
growth  of  the  area  and 
the  first  appearance  of 
the  embryo.  His  con- 
clusions will  be  dis- 
cussed under  Foetus. 


Imbryonalis  of  a  Rabbit  of  Eleven  Days,  with  the  Area  Placentalis 
( After  Van  Beneden  and  Julin. )  ^r.a.,  pro-amnion  ;  a.a.,  area  amnio- 
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tatales  Chez  le8  mammiferss  (Lapin  et  Cheiropttoes).  Arch,  de  Biologie, 
"■'is^Haye^^G. :  Des  globuleB  rouges  4  noyau  dans  le  sang  de  I'adulte. 
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maun  u.  Sohwalbe,  Jahresber.,  1883,  57.) 

Ohmies  Sedgwick  Mtnoi. 

ARECA  NUT  {Areca,  Br.  P.,  Betel  Nut).  The  Areca 
Palm  Areca  Catechu  Linn.,  is  a  fine  large  tree,  with 
smooth  graceful  stem  and  a  handsome  crown  of  long  pin- 
nate leaves.  The  flowers  are  monoecious ;  the  fruit  is 
egg-shaped  with  a  fibrous  mesocarp  and  a  hard  stone 
consisting  of  the  seed  and  adhering  endocarp.  It  is  from 
fifty  to  seventy-five  centimetres  (two  to  three  inches)  long. 
The  albumen  is  hard,  ruminated,  and  contains  a  minute 
embryo  near  the  base.  This  tree  is  a  native  of  India,  the 
Sunda  Islands,  and  probably  of  other  neighboring  parts. 
It  is  cultivated  there  and  elsewhere  in  the  tropics  for  the 
sake  of  its  seeds,  wliich  have  been  an  article  of  Asiatic 
commerce  for  centuries.  There  is  still  an  enormous  con- 
sumption of  them  in  China  and  India,  chiefly  as  a  masti- 
catoiy ;  for  this  purpose  they  are  boiled  or  used  when 
fresh  and  soft.  They  are  often  chewed  with  the  leaves 
of  the  Betel  Pepper  and  lime.  Their  introduction  into 
European  medicine  is  rather  recent. 

Areca  nuts  of  our  market  consist  of  the  kernel  of  the 
seed  only,  the  testa  being  removed  with  the  pericarp. 
They  are  about  two  centimetres  in  diameter,  and  about  as 
long  as  broad.  Their  shape  is  between  spherical  and  coni- 
cal, with  a  very  blunt  rounded  point,  and  a  broad,  flat,  or 
sometimes  depressed  base.  The  surface  is  of  a  cinnamon- 
brown  color,  and  covered  with  a  network  of  vein-like  lines, 
which  radiate  Irregularly  from  the  base  toward  the  apex. 
The  albumen  is  very  hard  and  bone-like,  and  upon  being 
sawed  through  presents  a  marbled  surface  like  that  of  the 
nutmeg,  caused  in  the  same  way,  that  is  by  the  infolding 
of  the  brown  surface-layer  of  the  seed  (endosperm),  which 
takes  place  under  the  reticulated  lines  above  described. 
The  general  color  of  the  section  is  whitish,  the  lines  are 
brown. 

The  principal  constituents,  as  given  by  Professor  Fluck- 
iger,  are :  a  rod  tannic  matter,  giving  a  ^reen  color  with 
persalts  of  iron,  and  resembling  Rhatania-  or  Cinchona- 
red,  and  a  solid /aJ/  of  each  fourteen  or  fifteen  per  cent. 
The  tsenicide  principle  has  not  been  determined. 

Areca  is  an  efficient  astringent  and  has  no  unpleasant 
taste  or  smell,  but  it  has  no  medicinal  advantage  over  the 
numerous  other  tannin-containing  articles  in  more  general 
use.  The  charcoal  made  by  incinerating  the  nuts  is  used 
as  a  dentifrice.  It  is  only  seriously  employed  in  medicine 
as  an  anthelmintic,  especially  as  a  tsenicide — even  for  this 
purpose  but  rarely,  although  it  has  undoubted  power. 

Dose. — From  four  to  sixteen  grama  ( 3  j.  to  3  iv.),  in 
powder. 

Alliep  Plants. — The  order  Palmce,  from  an  economic 
as  well  as  botanical  point  of  view,  is  one  of  the  most  in- 
teresting in  the  whole  vegetable  kingdom,  but  as  its  prod- 
ucts have  almost  no  medical  importance,  much  space 
cannot  be  given  to  it  in  this  work.  The  following  short 
list  of  some  of  its  best-known  species  will  illustrate  the 
variety  of  its  products : 

Areca  Catechu  Linn. 

Phytelephas  macroca/rpa  E.  and  P.,  etc.  .Vegetable  Ivory. 

Phmnix  dactylifera  Linn Dates. 

Calamus  Botang  Linn.,  etc Rattan. 

Calamus  Draco  Willd Dragon's  Blood. 

Metroxyhn  Siwm/phii Mart.,  etc .Sago. 

Saguerua  aaccharifer  Bl. ,  etc Sago  and  Syrup. 

Cocos  nucifera  Linn. ,  etc Cocoanuts,  etc. 

Elaias  Quineensis  Linn Palm  Oil. 

Etc.,  etc. 

Besides  these,  it  furnishes  coarse  and  fine  woods  for 
all  purposes,  materials  for  ropes,  vessels,  hats,  fans,  chairs 
cloth,  cups,  various  kinds  of  Instruments,  wax,  foods] 
dnnks,  and  wines,  etc. ,  and  luxuries  in  great  variety.   The 
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Cocoanut  tree  alone  supplies  a  greater  number  of  the  ma 
terial  wants  of  mankind  than  any  other  plant. 

Allied    Drugs. — See    Nutgalls    for    Astringents 
Koosso  for  Anthelmintics.  W.  P.  "  "      ' 


ARENARIA  RUBRA,  Codex  Med. ;  Spergularia  rubra 
Pers.  ;  Order,  Caryophyllacew.  The  entire  plant  of  this 
little  widely  dispersed  weed  is  official  in  France.  It  may 
be  used  freely  in  decoction  for  vesical  catarrhs,  etc.,  but 
has  no  well-defined  medical  qualities  or  active  constituents, 
and  is  as  unworthy  to  be  ranked  as  a  medicine  as  its  near 
relative  Chickweed  would  be. 

The  entire  order  is  particularly  destitute  of  active  prop- 
erties and  furnishes  no  important  food,  medicine;  or  poi- 
son ;  but  it  does  grace  our  flower-gardens  with  some  of 
their  choicest  treasures.  The  glucoside  Saponin  occurs  ia 
a  number  of  its  species.     See  Soapwobt. 

Allied  Drugs. — See  Couch  Grass.      W.  P.  Solles. 

ARGYRIA.  The  discoloration  of  the  skin  resulting 
from  the  internal  use  of  nitrate  of  silver.  It  shows  itselj 
first  as  a  faint  steel-gray,  or  pale-bluish  color,  appearing 
earliest  upon  the  face,  hands,  and  other  uncovered  por- 
tions of  the  body,  where  also,  even  when  the  rest  of  the 
body  is  invaded,  the  most  intense  discoloration  is  to  be 
found.  If  the  medicament  is  continued  the  discoloration 
deepens  in  intensity,  until  it  is  a  dark-grayish  blue.  The 
mucous  membranes  are  involved,  the  mouth  and  con- 
junctiva becoming  discolored.  The  nails  show  some  dis. 
coloration,  and  the  hair  sometimes  assumes  a  reddish  tint. 

Microscopical  examination  of  the  skin  in  argyria  shows 
the  epithelial  layer,  the  rete,  and  the  glandular  epithelium 
all  free  from  infiltration  by  the  silver,  while  collec- 
tions of  the  coloring  matter  are  found  in  the  connective- 
tissue  of  the  skin.  These  deposits  are  most  dense  in  the 
upper  portion  of  the  papillae  and  in  the  membrana  pro- 
pria of  the  sweat-glands,  where  they  present  under  a  low 
microscopic  power  the  appearance  of  a  thin  violet  line, 
Deposits  also  may  occur  in  the  various  internal  organs, 
with  the  exception  of  the  nervous  system. 

The  appearances  seen  in  argyria  may  occur  after  long- 
continued  use  of  nitrate  of  silver,  or  after  a  brief  use  of 
large  doses  of  the  drug. 

Argyria  has  usually  been  regarded  as  incurable.  Dr. 
L.  P.  Yandell,  however,  has  reported  two  cases  in  which 
relief  and  cure  were  obtained  by  the  employment  of  ten  to 
sixty  grain  doses  of  iodide  of  potassium  thrice  daily  for 
months,  together  with  mercurial  vapor  baths.  The  pa- 
tients were  syphilitic.  Arthur  Van  Harlingen. 

ARIZONA.  The  exceptional  dryness  and  purity  of  its 
atmosphere,  the  wonderful  clearness  of  its  skies,  and  the 
very  small  number  of  rainy  days  there  occurring,  would 
all  seem  to  point  to  the  desirability  of  the  Territory  of 
Arizona  as  a  health-resort  for  patients  suffering  from  pul- 
monary phthisis  or  from  other  diseases  of  the  respiratory 
system.  *  Owing,  however,  to  the  unsettled  gondition  nf 
the  country  at  the  present  time,  and  to  its  great  distance 
from  the  centres  of  civilization,  it  can  hardly  be  expected 
that  proper  living  accommodations  and  food  should  be 
found  in  Arizona  for  any  save  such  invalids  as  are  fully 
able  to  put  up  with  a  rather  coarse  and  meagre  dietary, 
and  to  brave  the  other  discomforts  incident  to  frontier 
life.  The  climatic  advantages  of  Arizona  are  almost  identi- 
cal with  those  to  be  found  in  New  Mexico,  and  for  their 
more  detailed  discussion  the  reader  may  be  referred  to 
the  articles  on  New  Mexico  and  Santa  Pe,  to  be  found  in 
later  volumes  of  the  Handbook. 

A  writer  on  the  climatic  advantages  of  this  region,  whose 
residence  as  post-surgeon  at  Port  Apache,  in  the  eastern 
part  of  Arizona,  entitles  him  to  be  listened  to  as  one 

*  According  to  the  mortality  statiBtlcR  given  in  the  compeudium  of  the 
Tenth  CensuH  of  the  United  States  (1880),  the  number  of  deaths  occur- 
ring/rom  all  caiites  in  Arizona,  during  the  ceusus  year,  was  291 ;  while 
the  number  set  down  as  due  to  consumption  during  the  same  period  jb 
only  18  :  the  percentage  of  deaths  from  consumption  was  therefore  only 
6.2  per  cent.  The  actual  number  of  deaths  from  this  cause  per  10,000  of 
total  population  was  4.45,  a  lower  flgure  than  we  finil  for  any  other  State 
or  Territory  in  the  Union  with  the  exception  only  of  New  Mexico  and.of 
Wyoming. 
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whose  opinions  are  based  upon  the  authority  of  personal 
observation,  has  called  attention  to  the  prevailing  absence 
of  pulmonary  phthisis  and  of  pneumonia  among  dwell- 
ers in  this  section  of  country.  At  Camp  Apache,  this 
writer  tells  us,  "the  winters  are  sometimes  harsh,  the 
thermometer  occasionally  registering  as  low  as  6°  P., 
with  considerable  rain  and  snow  :  yet  when  the  days  are 
clear  the  temperature  is  mild  and  bracing. "  The  summer 
climate  at  this  elevated  station  (Camp  Apache  standi 
5,600  feet  above  sea-level,  despite  the  fact  of  its  lying  in 
a  valley)  he  describes  as  delightful.  "  From  May  to  De- 
cember the  climate  is  superb,  the  temperature  rarely 
reaching  100°  F.  at  noon,  and  generally  falling  to  about 
70°  F.  at  night,  causing  a  blanket  to  be  comfortable  and 
refreshing  sleep  certain.  This  summer  the  snow  did  not 
disappear  from  the  mountain-tops  until  the  middle  of 
June,  and  the  so-called  '  rainy  season '  commenced  about 
the  Ist  of  July  and  lasted  until  September  1st.  During 
this  period  frequent  showers  with  vivid  lightning  occur, 
leaving  the  day  bright,  with  a  delightful  atmosphere." 
The  same  writer  says  that  he  has  found  phthisical  patients 
able  to  bear  very  well  the  great  changes  of  temperature 
incident  to  a  region  having  so  exceptionally  dry  an 
atmosphere  as  that  of  Arizona,  provided  that  they  do  not 
expose  themselves  to  moving  currents  of  air.  (See  "Ari- 
zona Territory  as  a  Health-Resort  for  Consumptives," 
by  B.  G.  McPhail,  Post-surgeon  U.  S.  A.,  Camp  Apache, 
Arizona,  in  the  Virginia  Medical  Monthly  for  December, 
1874.) 

A  glance  at  the  Irypsometric  map  of  the  United  States, 
to  be  found  in  the  U.  S.  Census  for  1880,  will  show  that 
fully  seven-eighths  of  the  Territory  of  Arizona  has  an 
elevation  above  sea-level  of  more  than  500  feet,  while  for 
perhaps  two-thirds  of  the  Territory  the  height  above  the 
sea  may  be  set  down  as  varying  from  3,000  to  6,000  feet. 
The  greatest  elevations  lie  toward  the  north  and  east, 
the  least  toward  the  south  and  west.  For  detailed  statis- 
tics of  the  climate  of  one  of  the  exceptionally  low-lying 


stations  of  Arizona  the  reader  is  referred  to  the  chart 
given  under  the  title  Yuma,  in  the  last  volume  of  this 
Handbook. 

The  three  tables  given  below,  and  marked  respectively 
A,  B,  and  C,  are  extracted  from  more  extensive  tables  in 
"Smithsonian  Contributions  to  Knowledge,"  Nos.  277 
and  333.  The  figures  in  these  tables  will  serve  to  give  a 
more  accurate  idea  of  the  climate  of  Arizona  than  any 
that  could  be  conveyed  by  a  merely  descriptive  account 
of  the  Territory,  based,  as  the  latter  would  have  to  be, 
upon  rather  scanty  sources  of  information. 

Table  A  shows  the  mean  temperature  of  the  months,  of 
the  seasons,  and  of  the  year,  for  each  of  the  four  stations 
selected.  In  Table  B  are  given  the  extremes  of  heat  for 
each  month  occurring  during  a  year  of  extreme  heat,  and 
the  extremes  of  cold  occurring  during  a  year  showing  ex- 
ceptional extremes  of  low  temperature ;  such  years  of 
extremely  high  and  of  extremely  low  temperatures  being 
selected  out  of  the  total  number  of  years  comprising  the 
period  of  observation  at  each  station.  Concerning  this 
table  of  extreme  temperatures  it  is  important  to  remark 
that  in  the  series  from  which  they  are  taken  the  values 
of  the  figures  given  are  not  claimed  to  be  absolute,  but 
only  approximative,  being  based,  almost  without  excep- 
tion, upon  data  from  the  tri-daily  observations  at  each 
station,  and  not  upon  observations  with  the  maximum 
and  minimum  thermometers.  The  hours,  also,  of  such 
tri-daily  observations  at  each  of  the  four  stations  here 
considered  were  those  of  7  a.  m.  ,  2  p.  m.  ,  and  9  p.  m.  Table 
C  shows  the  mean  amount  of  precipitation  in  rain  or 
melted  snow  at  each  of  the  four  selected  stations. 

The  figures  of  these  three  tables  not  only  show  the  ex- 
treme heat  which,  during  the  summer  season,  is  liable  to 
prevail  in  nearly  all  parts  of  Arizona,  and  the  great  vari- 
ability of  the  climate  in  point  of  temperature  at  all  sea- 
sons ;  but  they  also  demonstrate,  in  some  measure,  the 
differences  in  climate,  depending  upon  altitude  rather  than 
upon  latitude,  which  are  met  with  in  different  portions  of 
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TABLE  A 

Name  ot  Station. 

i 

1 

|l{ 

t-3 

1 

56.43 
60.89 
47.35 
31.29 

64.06 

58.77 
51.78 
39.50 

i 

78.67 
67.11 
61.49 
47.80 

1 

80.38 
76.68 
70.38 
54.68 

90.03 
85.54 
8i:i6 
67.22 

1 

94.51 
87.04 
83.69 
70.51 

1 

98.35 
83.08 
81.66 
67.69 

84.15 
80.77 
76.41 
58.64 

4^ 

u 
O 

74.84 
73.19 
63.48 
47.36 

1 

61.73 
61.41 
53.21 
37.57 

8 

n 

53.50 
50.67 
45.71 
26.37 

72.70 
67.49 
61.30 
47.13 

92.59 
85.52 
82.17 
68.47 

1 

73.57 
71.46 
64.37 
47.86 

54.05 
50.24 
45.58 
27.23 

73.23 
68.68 
63.32 
47.67 

Series. 

FortMojayfi 

G'p  Lowell,  Tucson 
CampDate  Greek... 
torttlanby 

S3°18' 
34°18' 
35043' 

114»35' 
110°53' 
112<>40' 
109»10' 

604 

8,726 
6,500 

58.23 
49.16 
43.53 
34.04 

Begins.         Ends. 
June,  1859.     Deo.,  1870 
Nov.,  1866.      Dec,  1870 
May,  1867.      Deo.,  1870 
Dec,  1851.      Nov.,  1863 

*  Elevation  of  Tucson  is  Biven  in  Eeport  of  Chief  Signal  Officer,  IT.  S.  A.  (1881),  as  2,404  feet. 

TABLE  B. 


Name  of  Station. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

Year  of  ex- 
treme heat. 
Do.  of  ex- 
treme cold. 

Series. 

Fort  Mo]av6 ] 

Camp  Lowell,  Tucson  i 
Camp  Date  Creek....  ■! 
PortCanby. i 

78 
21 

76 
22 

73 
20 

68 
-20 

83 
14 

82 
22 

84 
22 

61 
-12 

93 
36 

93 

27 

86 
25 

,76 
-1 

100 
40 

98 
36 

92 
38 

80 
12 

110 

47 

102 
52 

101 
45 

89 
19 

117 
39 

111 
63 

108 
48 

98 
30 

118 
47 

112 
72 

111 
65 

99 
86 

116 
52 

102 
70 

105 
58 

96 
43 

109 
45 

101 
62 

106 
52 

87 
30 

105 
27 

96 
40 

97 
.32 

79 
17 

90 
20 

98 
31 

86 

27 

72 
0 

81 
23 

78 
20 

84 
16 

65 
-25 

1870  &  1873 
1873t 

1869 
1869 

1870 
1869 

1855 
1855 

Begins.              Ends. 
!•  Jan.,  1880.        June,  1864 

I  Nov.,  1866.       Dec,  1870 

i  Aug.,  1867.       Dec,  1870 

!■  Dec,  1851.       Nov.,  1863 

t  In  explanation  of  the  discrepancy  between  these  figures  and  those  standing  in  the  column  next  following,  it  may  be  remarked  that  in  the  text 
preceding  these  tables  in  Smithsonian  Contributions  to  Knowledge,  No.  2T7,  it  is  stated  "  Observations  of  a  later  date  than  1870  are  included  in  our 
table." 


TABLE  C. 

Name  of  Station. 

1 

i 

1 

1 

1 

>? 

t 

0.04 
2.90 
2.81 
2.44 

1 

0.01 
1.40 
1.23 
2.73 

1 
m 

0.07 
0.60 
0.18 
1.86 

4i 

0,00 

6!63 

0.70 

1 

i 

02 

1 

|S 

Series. 

PortMojay6 

Camp  Lowell,  Tucson 

O.Bl 

0.25 

0.25 

0.06 

0.00 

o.co 

0.18 
0.62 

0.03 
0.00 
0.00 
0.74 

0.88 

digs 

1.16 

0.42 
1.70 
4.09 
0.87 

0.30 
2!68 

0.08 
4.30 
4.04 
6.91 

0.95 

i;i9 

3.72 

1.18 
2!b5 

2.61 

i4.'2i' 

Begins. 

Aug.,  1659. 

1867 
1867 

May,  1862. 

Ends. 
Oct.,  1866 

Camp  Date  Creek 

FortOanby 

0.98 

0.70 

0.84 

0.67 

Dec,  1860 

Vol.  I.— 30 
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the  Territory.  It  should  always  be  borne  In  mind  that  m 
a  country  having  so  extraordinarily  dry  an  atmosphere  as 
that  of  Arizona,  extremes,  both  of  heat  and  of  cold,  are 
far  less  felt  than  they  are  in  regions  where  the  relative 
humidity  of  the  atmosphere  is  considerably  higher. 

Huntington  Richa/rds. 

ARM,  Applied  Anatomy  of.  The  arm  or  upper  arm 
extends  from  the  lower  border  of  the  pectoralis  major  to 
a  point  about  four  centimetres  (one  and  a  half  inch)  above 
the  bend  of  the  elbow. 

The  shape  and  outlines  of  the  ami  depend  upon  the 
age,  sex,  muscular  development,  or  other  physical  con- 
ditions of  the  subject.  In  muscular  or  thin  persons  there 
are  distinct  prominences  and  depressions,  while  in  fat 
subjects  the  surface  is  smooth  and  rounded. 

The  skin  covering  the  anterior  and  inner  part  of  the 
arm  is  without  hair,  thin  and  delicate,  qualities  first  taken 
advantage  of  by  Tagliacozzi  in  rhino-plastic  operations. 
It  is  easily  torn  or  abraded.  The  pressure  of  splints  or 
other  apparatus  quickly  raises  the  epidermis.  Care  must 
always  be  taken,  therefore,  that  pressure  be  neither  too 
great  nor  too  long  continued.  On  the  back  of  the  arm 
the  skin  is  thick,  rough,  and  with  more  or  less  hair.  The 
skin  is  everywhere  connected  with  the  subjacent  aponeu- 
rosis by  very  loose  connective-tissue.  It  is  therefore  very 
mobile,  and  may  be  easily  dissected  up  with  the  fingers 
in  making  a  skin-flap,  for  which  form  of  amputation  it 
is  peculiarly  well  adapted.  It  follows  that  blood  and  pus 
easily  make  their  way  be- 
tween the  skin  and  the 
aponeurosis  in  all  direc- 
tions. The  arm  has  four 
distinct  surfaces,  anterior, 
posterior,  external,  and 
internal.  The  prominence 
of  the  anterior  surface  is 
very  marked,  especially  in 
the  muscular,  and  is  com- 
posed of  the  biceps  and 
brachialis  anticus  mus- 
cles. The  brachialis  anti- 
cus covers  the  lower  half 
of  the  anterior  surface  of 
the  humerus,  while  the 
belly  of  the  biceps  extends 
the  whole  distance  from 
the  lower  border  of  the 
pectoralis  major  to  the 
bend  of  the  elbow.  The  bi- 
ceps, overlapping  the  bra- 
chialis anticus  in  the  mid- 
dle of  the  arm,  becomes 
narrowed  as  it  approaches 
the  elbow.  The  brachialis 
anticus  becomes  broader, 
so  that  just  before  its  in- 
sertion into  the  coronoid 
process  it  presents  a  flat 
surface  on  either  side  of 
the  biceps  tendon. 

The  posterior  surface  is 
rounded  and  made  promi- 
nent by  the  bellies  of  the 
triceps  muscle,  which, 
very  distinct  in  muscular 
subjects,  give  no  surface 
markings  in  others. 

The  external  surface  is 
flattened  and  corresponds 
to  the  interval  between 
the  muscles  of  the  anterior 
and  posterior  parts  of  the 
arm.  It  is  bounded  above 
by  the  muscular  part  of 

of%hf«h»W''°7'*^'S'°^  '°  tJie  middle  of  the  outer  part 
be  rttti^oH  /u  "'-^  h'^nierus,  where  its  insertion  can 
hith™J/'^'^  ^^■''}°Z•  *e  external  surface  terminates 
in  the  supra-condyloid  ridge  of  the  humerus,  covered  by 
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the  origin  of  the  supinator  longus  and  the  radial  carpal 
extensors.  The  outer  edge  of  the  biceps  is  marked  by  a 
shallow  groove,  which  terminates  below  at  the  bend  of 
the  elbow,  and  above,  at  the  insertion  of  the  deltoid 


Cephalic  vein. 
Longhead  bi- 
ceps. 


Kadial  nerve.. 


Sup.  profun. 
da  artery. 

Triceps,  ex- 
ternal head. 


<( 


<  ■^^'V^^-^- 


(Biceps,  short 
I  head. 
■Muscnlo-out.  n. 
-..Median  nerve! 
'Brachial  artery. 
....Basilic  vein. 
.Int.  cut  nerve. 
...Ulnar  nerve. 
iY~Inf.  profunda  a, 
-L  J  Triceps,  in. 
J I     I     ternalhead. 

.^  J  Triceps,  long 
(        head. 


iltoid  muscle. 


Basilic  V. 


Median  n 


PlQ.  287.— Dissection  of  the  Arm,  Anterior  and  Internal  Surface, 
and  fasciie  have  been  turned  baclc.    (Prom  Joessel.) 


Fig.  236. — Transverse  Section  of  Arm  just  below  Insertion  of  Deltoid. 
(From  Joessel  ;  Lehrbuch  der  Topographisch-Ohirurgischen  Anato. 
mie,"  Bonn,  1884.) 

bifurcates  like  a  letter  Y,  the  two  arms  of  which  coi- 
respond  to  the  anterior  and  posterior  margins  of  that 
muscle.  This  is  called  the  external  bicipital  groove, 
and  it  marks  the  course  of  the  cephalic  vein. 

The  internal  surface  of 
the  arm  is  flattened,  and 
marked  by  a  groove  ex- 
tending from  the  axilla 
along  the  inner  border  of 
the  coraco-brachialis  and 
biceps  muscles  to  the  bend 
of  the  elbow.  This  de- 
pression, called  the  inter- 
nal bicipital  groove,  indi- 
cates the  course  of  the 
brachial  artery,  median, 
and  internal  cutaneous 
nerves,  and  in  its  upper 
part  the  positions  of  the 
ulnar  and  musculo-spiral 
nerves. 

The  brachial  aponeuro- 
sis, thicker  behind  than 
in  front,  envelops  the  arm 
like  a  sleeve.  It  is  pierced 
by  the  basilic  vein  and 
internal  cutaneous  nerve 
at  about  the  middle  of  the 
inside  of  the  arm,  while 
the  cephalic  vein  rests 
upon  its  external  surface. 
Being  strong  but  easily 
separated  from  subjacent 
parts,  it  may  cause  exten- 
sive infiltrations  in  all  di- 
rections. 

The  arm  Is  usually  di- 
vided into  an  anterior  and 
posterior  compartment, 
by  the  attachment  of  a 
process  of  the  brachial 
aponeurosis  to  the  exter- 
nal and  internal  borders 
of  the  humerus.  The  ex- 
ternal process — external 
intermuscular  septum— 
passes  to  the  bone  between 
the  bellies  of  the  brachia- 
lis anticus  and  the  triceps. 
The   internal  nasses  be- 


The  skin 


tween  the  biceps  and  brachialis  anticus  in  front,  and  Ihe 
triceps  behind  (see  Fig.  236).  If  a  section  is  made  through 
the  arm,  at  a  point  betweeen  the  insertion  of  the  deltoid 
and  the  origin  of  the  supinator  longus,  it  will  be  seen 
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that  the  biceps  and  brachialis  anticus  muscles,  with  most 
of  the  arteries,  veins,  and  nerves,  lie  in  front  of  the  sep- 
tum, and  that  the  triceps  muscle  and  one  or  two  vessels 
and  nerves  lie  behind.  The  anterior  division  of  the  arm 
contains  the  biceps  and  brachialis  anticus  muscles,  inser- 
tion of  deltoid  and  coraco-brachialis,  brachial  artery  with 
its  accompanying  vein,  median,  part  of  ulnar,  external 
and  internal  cutaneous  nerves,  basilic  and  cephalic  veins. 
The  bic^s  forms  the  prominence  of  the  anterior  and 
inner  surface.  From  its  two  points  of  origin,  the  coracoid 
process  and  upper  margin  of  the  glenoid  cavity,  it  is  first 
covered  by  the  pectoralis  major  muscle,  and  becomes 
superficial  at  the  beginning  of  the  arm.  It  ends  in  a  strong 
tendon  inserted  into  the  bicipital  tuberosity  cf  the  radius. 
Its  muscular  portion  is  broad,  convex  from  side  to  side,  and 


Below  the  middle  of  the  shaft  the  artery  gradually  in- 
clines forward,  and  pressure  to  control  it  must  therefore 
be  directed  backward.  After  exposing  the  inner  side  of  the 
arm  by  removing  skin,  fascia,  and  fat,  we  find  the  brachial 
lying  between  the  biceps  and  triceps  in  the  greater  part 
of  its  course.  At  the  beginning  it  rests  upon  the  long 
head  of  the  triceps,  with  the  musculo-spiral  nerve  and 
superior  profunda  artery  intervening,  and  with  the  coraco- 
brachialis  on  its  outer  side.  At  the  middle  of  the  humerus 
it  rests  upon  the  tendon  of  insertion  of  the  coraco-brachi- 
alis. In  the  lower  part  it  rests  on  the  brachialis  anticus, 
and  in  contact  with  the  inner  head  of  the  biceps  (Fis:. 
339).  ^ 

The  median  nerve  is  in  front  of  the  artery  in  the  be- 
ginning of  its  course,  and  gradually  inclines  to  the  inner 

side,  though  not  infre- 
quently passing  out- 
side and  behind  to  ar- 
rive  there   (see   Pig. 
238).     Veins    accom- 
pany  the    artery   on 
each  side,  and  at  in- 
tervals   communicate 
transversely(Fig.  244). 
The  basilic  vein,  sepa- 
rated from  the  artery 
by  the  deep  fascia  at 
the  lower  half,  pierces 
that  structure  and  is  on  the  inner  side  during  the  rest  of  its 
course  to  join  the  axillary.    The  musculo-spiral  nerve  is  in 
contact  with  the  artery  at  its  upper  end  ;  the  ulnar  nerve  ac- 
companies it  a  short  distance  on  the  inner  side,  and  gradu- 
ally becomes  separated  from  it  to  pierce  the  inter-muscular 
septum  and  reach  the  posterior  surface  of  the  internal 
condyle.     The  internal  cutaneous  nerve  is  placed  to  the 
inner  side,  about  halfway  down  the  arm,  where  it  pierces 
the  deep  fascia  and  accompanies  the  basilic  vein.     The 
superior  profunda  branch  of  the  brachial  is  given  oS  in 
the  first  part  of  its  course,  and  passes  downward,  back- 
ward, and  outward  with  the  musculo-spiral  nerve.     The 


Fia.  338.— Superficial  Dissection  of  the  Upper  and  Forearm.  The  skin,  fascia,  and  veins  have  been  removed.  The 
median  nerve  is  seen  to  have  an  unusual  relation  to  the  brachial  artery,  passing  from  the  outer  side  beMnd  and  to 
the  inner  side  of  that  vessel.    Thin  subject,  reduced  to  one-fifth  normal  size.* 

from  above  downward.  When  cut  it  contracts  strongly, 
partly  because  it  has  no  attachment  to  the  humerus,  and 
partly  because  of  its  loose  connective-tissue  surroundings. 
On  its  outer  side  lies  the  cephalic  vein.  The  brachial 
artery  and  median  nerve  run  along  its  inner  border. 

Between  it  and  the  brachialis  anticus  is  situated  the 
aiusculo-cutaneous  nerve.  The  brachialis  anticus  occu- 
pies the  lower  anterior  half  of  the  shaft  of  the  humerus, 
gradually  increasing  in  thickness  as  it  approaches  the 
elbow,  where  it  is  inserted  into  the  coronoid  process  of  the 
ulna.  The  cephalic  vein  and  musculo-cutaneous  nerve 
rest  upon  the  outer  and  anterior  surface  of  this  muscle, 
while  the  brachial  artery,  median  nerve,  and  basilic  vein 
are  upon  its  internal  anterior  aspect.  When  cut  through, 
the  brachialis  anticus  does  not  retract,  on  account  of  its 
extensive  and  intimate  attachment  to  the  humerus. 

The  deltoid  muscle  is  inserted  into  the  outer  side  of  the 
middle  of  the  shaft  of  the  humerus.     Just  below  this  in- 
sertion the  bone  can  be  felt  and  examined.     Everywhere 
else  the  shaft  is  surrounded  by  muscles,  which  make  ex 
amination  of  the  bone  difficult. 
The  skin  over  the  insertion  of 
the  deltoid  has  been  used  for 
issues,  vaccinations,    etc.,   on 
account  of  the  absence  of  large 
nerves  and  blood-vessels. 

The  insertion  of  the  coraco- 
brachialis  can  be  seen  and  felt 
on  the  inner  side  of  the  shaft 
opposite  the  insertion  of  the 
deltoid.  Its  inner  border  is  the 
guide,  first  to  the  axillary  and 
then  to  the  brachial  arteries. 

Brachial   Artery, — This    ar-  Fio.  2-39.— Dissection  of  night  Arm  from  AxUIa  to  Elbow. 

terylies  in  the  groove  on  the 


inner  side  of  the  biceps.  It  is 
covered  only  by  skin,  fat,  fas- 
cia, and  more  or  less  by  the 
median  nerve.  It  can  be  easily 
felt  pulsating  along  its  whole 
course.  In  its  upper  part  it  lies  to  the  inner  side  of  the 
humerus,  and  to  be  controlled  must  be  compressed  out- 
ward against  that  bone.  The  simplest  object  can  be  used 
J°  ™ect  compression.  By  bringing  the  elbow  firmly  to 
the  side  and  a  little  forward,  the  clothing  is  often  enough 
to  stop  radial  pulsation.  By  holding  a  book  between  the 
humerus  and  thorax  with  strong  adduction,  it  may  be 
wholly  controlled. 

„  *  ^''  *"  "uts  used  in  this  article,  with  the  exception  of  Pigs.  8.36,  2.37, 
«i,  248,  264,  and  260,  are  copies  of  photographs  taken  by  Dr.  Mixter, 
irom  dissections  made  by  the  author. 


,  ,  .^  The  brachial  artery  is  seen  in  relation  to  the 

median  nerve,  which  first  overlies  and  finally  passes  to  the  inner  side  of  the  artery.  Both  artery  and  nerve 
are  seen  to  lie  on  the  inner  border,  first  of  the  coraco-brachialis  muscle  and  then  of  the  biceps,  and  upon 
the  tendons  of  the  latissimus  dorsi  and  teres  major  muscles,  then  upon  the  triceps,  and  finally  upon  the 
brachialis  anticus.  The  ulnar  and  internal  cutaneous  nerves  are  seen  below,  the  ulnar  passing  behhid  the 
internal  condyle,  and  the  internal  cutaneous  over  the  pronator  radii  teres  and  flexor  muscles  arising  from 
the  internal  condyle.  The  inferior  profunda  branch  of  the  brachial  is  seen  joining  the  ulnar  nerve.  Thin 
subject,  two-fifths  normal  size. 


inferior  profunda  is  indicated  by  the  line  of  the  ulnar 
nerve,  which  it  accompanies  to  the  posterior  part  of  the 
internal  condyle.  It  leaves  the  brachial  to  join  the  nerve 
at  about  the  middle  of  the  shaft.  The  nutrient  artery 
supplies  the  medullary  cavity  of  the  humerus  and  is  given 
off  at  the  middle  of  the  shaft,  directed  downward.  _  The 
anastomotica  magna  leaves  the  brachial  about  two  inches 
above  the  elbow,  and  passes  backward  and  inward  to  get 
behind  the  internal  condyle. 

The  median  nerve  accompanies  the  brachial,  lying  first 
in  front  and  then  to  the  inner  side.    Its  course  is  marked 
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t)y  the  same  line  as  the  brachial.  It  gives  no  branches 
in  the  arm.  .  . ,       «  ,. 

The  ulna/r  nene  is  situated  on  the  inner  side  ot  the 
brachial  as  far  as  the  middle  of  the  arm,  where  it  passes 
behind  the  intermuscular  septum  into  the  posterior  com- 
partment, to  get  to  the  interval  between  the  internal  con- 
dyle and  olecranon,  accompanied  by  the  inferior  pro- 
funda artery.  ..,,..       -j      * 

The  musculo-cutaneous  nene  leaves  the  outer  siae  oi 
the  axillary  artery  just  before  it  becomes  the  brachial. 


*^^^!^J*^ 


humerus,  it  may  be  injured  by  a  blow  as  well  as  by  press, 
ure.  For  the  same  reason,  in  amputations  it  should  be 
divided  by  a  clean  cut  of  the  knife  in  the  circular  sweep 
by  which  the  muscles  are  divided.  Otherwise  its  fibres 
maj  be  torn  through  with  the  saw.  - 

The  triceps  occupies  the  whole  posterior  aspect  of 
the  arm.  Its  three  bellies  can  be  made  out  in  muscu- 
lar  subjects,  and  its  flattened  tendon  of  insertion  into 
the  olecranon  distinctly  felt.  Between  its  second  and 
third  heads  the  musculo-spiral  nerve  and  .superior 
profunda  artery  pass  (Via 
241).    ,  1         \   s- 

Ligature  of  tlm  Brachial.— 
,  The   brachial  artery  may  be 
tie'd  in  any  part  of  its  course, 
but  the  point  of  election  is  in 
the  middle  of  the  arm,  where 
the    median   nerve   passes  in 
front  from  the  outer  to  the  in- 
ner side.     The  incision,  about 
two  inches  in  length,  should  be 
made  in  the  line  of  the  vessel 
from  the  junction  of  the  mid- 
dle and  outer  thirds  of  the  ax- 
illa to  the  middle  of  the  bend  of 
the  elbow.   The  forearm  should 
be  supinated.     In   the  upper 
part  of  the  arm  (see  Fig.  248) 
the  median  nerve  lies  to  the 
outer  side,  separating  the  ar- 
tery from  the  coraco-brachia- 
lis.     The  ulnar  nerve  lies  to  the 
inner  side.    The  venae  comites, 
which  are  sometimes  very  large  and  communicate  freely 
over  the  vessel,  may  complicate  the  operation  somewhat. 
The  artery,  however,  is  not  easily  mistaken.     In  the 
middle  of  the  arm  the  relations  are  similar.    The  biceps 
lies  to  the  outer  side,  and  the  median  nerve,  in  most 
cases,  passes  in  front,  while  the  ulnar  is  separated  from 
the  inner  side  of  the  vessel  by  a  considerable  interval. 
(See  Fig.  343,  in  which  the  median  lies  on  the  outer  side, 
and  Fig.  S38,  in  which  that  nerve  passes  behind  the  artery, 
as  it  not  infrequently  does.)    The  basilic  vein  may  he  m 
relation  with  the  artery,  but  is  generally  separated  from 
it  so  far  as  not  to  be  seen  (see  Fig.  340).     It  must  be  home 
in  mind,  that  there  are  various  anomalies  of  the  brachial 
which  may  complicate  the  operation.    The  error  to  be 


Fig.  240.— Dissection  of  the  Anterior  and  Inner  Side  of  Left  Arm  from  AxiUa  to  Elbow.  Tlie  brachial  ar- 
tery is  seen  with  the  median  nerve  above  it  in  the  greater  part  of  its  course,  but  crossing  to  the  inner  side 
as  it  approaches  the  elbow.  Just  below  the  artery  the  internal  cutaneous  nerve  is  seen  dividing  into  two 
branches.  Below  this  is  the  basilic  vein,  and  still  lower  the  ulnar  and  lesser  internal  cutaneous  nerves 
resting  on  the  triceps.  The  skin  and  fascia  have  been  removed.  At  the  upper  left  hand  are  the  inser- 
tions of  the  deltoid  and  coraoo-brachiaUs  muscles.  Along  the  top  is  the  biceps,  and  at  the  right  upper 
comer  the  vense  comites  of  the  brachial  artery.    Thin  subject,  two-flfths  natural  size. 

and  gradually  inclines  outward  from  the  brachial  to 
pierce  the  coraco-brachialis  a  short  distance  above  its 
insertion.  Thence  it  passes  between  the  biceps  and 
brachialis  anticus,  to  appear  in  the  lower  part  of  the 
external  groove. 

The  internal  cutaneous  neree  accompanies  the  brachial 
artery  and  basilic  vein  ;  leaving  the  former  at  the  middle 
of  the  arm,  and,  piercing  the  deep  investing  fascia,  it  con- 
tinues with  the  basilic  vein  to  the  bend  of  the  elbow. 

The  nerve  of  Wrisberg  is  placed  to  the  inner  side  of  the 
brachial,  as  far  as  the  middle  of  the  arm,  where  it  pierces 
the  fascia,  and  is  distributed  to  the  skin  on  the  inner  and 
posterior  side  of  the  lower  half  of  the  arm. 

In  total  paralysis  of  the  brachial  plexus,  sensation  is 
sometimes,  if  not  always,  retained  in  the  skin 
between  the  axilla  and  the  internal  condyle, 
through  the  inosculation  of  the  intercosto-hume- 
ral  branch  of  the  second  intercostal  nerve  (Fig. 
240). 

The  'posterior  compartment  of  the  arm  is  com- 
posed entirely  of  the  three  bellies  of  the  triceps 
muscle.  The  only  other  structures  contained 
here  are  the  musculo-spiral  and  ulnar  nerves, 
with  their  accompanying  arteries. 

The  musculo-spiral  is  in  intimate  relation  with 
the  brachial  artery  for  a  short  distance,  as  it 
passes  from  the  axilla  obliquely  outward  to  en- 
•  ter  the  musculo-spiral  groove,  accompanied  by 
the  superior  profunda  artery.  Its  oblique  pas- 
sage behind  the  humerus  corresponds  to  the  del- 
toid impression.  Having  pierced  the  intermus- 
cular septum,  it  appears  deep  in  the  groove  out- 
side the  biceps,  covered  by  the  supinator  longus  Fig.  241.-DiB8Dction  of  the  Musonlo-spiral  Nerve,  etc.  Right  arm,  thin  snbjeot. 
and  extensors  of  radial  carpus,  to  divide  into  the  The  triceps  has  been  out  through,  ana  its  upper  part  turned  back.  The  nerve  iB 
radial    and    posterior    interosseous   nerves       Its        ^*^''  '"  '"^  S"^""™  passing  outward.    Several  branches  pass  from  it  into  the  Bub- 

exfemal  cutaneous  branches  appear  superficially      fte°deit°oid  ""  '"'^''" '"'™"    ^"^  ™^*'°  °*  *°  ™'  corresponds  to  the  insertion  of 
in  the  outer  bicipital  sulcus. 


A_  longitudinal  cut  on  the  posterior  aspect  of  the  arm 
carried  to  the  bone  would  divide  this  nerve.  The  use  of 
crutches  sometimes  causes  paralysis  of  it  by  pressure 
(crutch  paralysis).  It  is  possible  for  the  nerve  to  become 
compressed  between  the  fragments  of  a  broken  humerus 
or  to  be  involved  in  the  callus.  Tillaux  speaks  of  a  case 
m  which  he  dissected  this  nerve  from  the  callus  which 
surrounded  it,  with  complete  recovery  of  its  functions 
1  rom  its  close  connections  with  the  hard  surface  of  the 
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guarded  against  is  mistaking  the  median  nerve  for  the 
artery,  particularly  when  the  nerve  is  directly  in  front 
and  communicates  to  the  finger  the  pulsations  of  the 
vessel  beneath.  Care  should  also  be  taken  not  to  open 
the  sheath  of  the  biceps. 

With  regard  to  the  effect  of  muscular  contraction  on 
the  position  of  fragments  in  fractures  of  the  humerus, 
there  has  been  much  difference  of  opinion  among  sur- 
geons.    At  the  present  time  the  prevailing  opinion  seems 
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to  be  that  fragments  owe  their  position  more'  to  the  direc- 
tion and  violence  of  the  blow  than  to  muscular  contrac- 
tion. In  fractures  of  the  lower  extremity  of  the  hu- 
merus, Velpeau  remarks  that  displacement  is  apt  to  be 
slight,  because  the  masses  of  muscle  surrounding  the 
bone  rather  tend  to  keep  the  fragments  in  place. 


Fio.  343. — ^Diseection  of  Inner  Side  of  Upper  Arm ;  HelationB  of  Bight 
Brachial  Artery  near  Axilla  (axilla  to  right  of  incision,  elbow  to 
left).  From  top  of  incision  to  bottom  are  seen  biceps,  tendon  of  cor- 
aco-brachialis,  median  nerve,  brachial  artery, .  ulnar  nerve,  triceps 
muscle.    (Slightly  reduced  in  size.) 

The  Elbow. — The  region  of  the  elbow  extends  about 
two  flngers'-breadth  above  and  below  the  wrinkle  in  the 
skin  made  by  the  flexion  of  the  forearm. 

The  anterior  surface  is  flat.  On  each  side  are  promi- 
nences formed  by  the  muscles  arising  from  the  external 
and  internal  condyles  of  the  humerus,  which  converge, 
forming  a  letter  V.  In  the  depression  between  these 
muscles  the  biceps  tendon,  brachial  artery,  and  median 
nerve  are  situated.  On  each  side  the  bony  prominences 
of  the  external  and  internal  condyle  can  be  distinctly  felt 
subcutaneously.  In  very  fat  persons  these  prominences 
may  become  depressions.     Behind,  the  olecranon  forms  a 


Pio  248 —Relations  of  the  Right  Brachial  Artery  at  Middle  of  Arm 
(axilla  to  right,  elbow  to  left)  In  the  incision  the  biceps  muscle  is  seen 
at  top  (out  side).  Below  its  lower  (inner)  border  ia  the  median  nerve, 
next  brachial  artery,  then  after  a  narrow  interval  the  ulnar  nerve 
resting  on  the  triceps.  Both  biceps  and  triceps  are  represented  cov- 
ered with  their  fascia.  The  median  is  usually  In  front  of  artery  at 
this  point    (Slightly  reduced.) 

very  prominent  landmark,  and  in  the  depression  between 
It  and  the  extensor  muscles  the  head  of  the  radius  in 
dislocations  backward  can  always  be  felt,  and  its  posi- 
tion clearly  defined.  Behind  the  internal  condyle  there  is 
a  depression  which  marks  the  course  of  the  ulnar  nerve. 
In  effusions  into  the  elbow-joint  these  depressions  are 
obliterated  or  may  become  prominences,  as  the  pressure 
of  the  fluid  pushes  the  capsule  of  the  joint  backward  on 
either  side  of  the  olecranon.  Between  them  one  may  get 
flnctuation.    Aspiration  of  the  joint  should  be  done  on 


the  outer  side  to  avoid  the  ulnar  nerve.  The  skin  over 
the  anterior  aspect  of  the  elbow  is  thin  and  translucent, 
and,  except  in  cases  where  they  are  concealed  by  fat,  the 
veins  can  be  seen  through  it.  Over  the  olecranon  it  may 
be  very  rough  and  thick.  There  exists  in  most  cases,  on 
flexion,  a  transverse  furrow  or  wrinkle,  which  may  disap- 
pear wholly  on  extension.  This  does  not  correspond 
to  the  joint,  but  is  situated  two  to  four  centimetres  (about 
an  inch)  above  it,  and  is  so  variable  in  position  as  to  be  of 
no  value  as  a  landmark.  From  its  delicacy  the  skin  is 
easily  abraded  by  splints.  In  normal  extension  it  is 
slightly  stretched,  and  in  violent  efforts  at  extension, 
as  in  the  reduction  of  a  chronic  contraction,  it  is  liable 
to  be  torn.  The  same  thing  may  happen  by  pressure 
of  the  prominence  of  the  humerus  in  backward  disloca- 
tion of  the  radius  and  ulna. 

The  superficial  veiris,  situated  just  beneath  the  skin,  con- 
sist of  three  approaching  the  joint — radial,  median,  and 
ulnar — and  two  leaving 
it,  the  cephalic  and  basi- 
lic. The  radial  becomes 
the  cephalic,  and  the  ul- 
nar the  basilic;  while  the 
median,  which  ascends 
the  arm  between  the 
radial  and  ulnar,  bifur- 
cates, sending  a  branch 
to  both  cephalic  and  ba- 
silic: the  median  cephal- 
ic and  median  basilic. 
The  median  basilic  pass- 
es over  the  bicipital  fas- 
cia and  median  and  in- 
ternal cutaneous  nerves. 
Being  separated  from 
the  brachial  artery  only 
by  bicipital  fascia,  that 
vessel  may  easily  be 
wounded  when  this  vein 
is  selected  for  venesec- 
tion. It  Is  in  this  way  that 
arterio-venous  aneurism 
may  be  formed.  The 
median  cephalic  passes 
over  the  tendon  of  the 
biceps  and  rests  upon 
the  brachialis  anticus. 

The  musculo  -  cutane- 
ous nerve  appears  on  the 
outer  side  of  the  biceps, 
a  short  distance  above 
the  joint,  resting  on  the 
brachialis  anticus.  Pass- 
ing behind  the  median 
cephalic,  it  supplies  the 
integument  of  the  outer 
side  (see  Fig.  338). 

The  internal  cutane- 
ous passes  behind,  less 
frequently  in  front  of, 
the  median  basilic.  In 
the  latter  position  it  may 
be  injured  in  venesec- 
tion, causing  neuralgia, 
etc.  (It  will  be  seen  in 
Pig.  244  that  the  nerve 
passes  behind  the  vein.) 

The  bicipital  fascia 
leaves  the  tendon  of  the 
biceps  arid  passes  downward  and  inward  to  join  the  apo- 
neurosis covering  the  muscles  of  the  internal  eminence, 
where  it  becomes  continuous  with  the  aponeurosis  of  the 
forearm.  It  crosses  the  brachial  artery,  protecting  it  to 
a  certain  extent.  When  the  arm  is  flexed  the  flnger  can 
be  hooked  under  the  edge  of  the  fascia  (see  Fig.  345). 

The  brachial  artery  passes  obliquely  downward  from 
within  outward,  along  the  inner  side  of  the  biceps  ten- 
don to  the  middle  of  the  bend  of  the  elbow,  where  it 
divides  into  the  radial  and  ulnar.    The  bicipital  fascia  is 


Fig.  244. — ^Vlew  of  the  Bend  of  Elbow  of 
Left  Arm.  (Thin  subject,  two-thirds 
normal  size.)  Injecting  pipe  introduced 
into  median  vein  through  skin.  The 
median  cephalic  vein,  small  in  size,  is 
seen  passing  upward  and  outward  to  * 
form  with  rad^l  the  cephalic  vein; 
median  basilic  upward  and  inward  to 
form  with  ulnar  the  basilic  vein.  In  the 
centre  of  incision,  between  biceps  ton- 
don  and  median  nerve  the  brachial  ar- 
tery is  seen,  almost  en  tirely  concealed  by 
its  veme  comites.  The  internal  cutane- 
ous nerve  lies  just  inside  the  median, 
and  passes  under  the  median  basilic. 
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in  front,  and  the  median  nerve  on  its  inner  side,  while  it 
rests  on  the  brachialis  anticus. 

The  artery  at  this  point  is  accompanied  by  veins  (see 
Fig.  344)  which  communicate  freely.  These  may  be  In- 
volved in  a  wound  of  the  artery,  which  frequently  occurs, 
and  an  aneurismal  varix  may  result.  In  forced  flexion 
pulsation  may  be  entirely  checked,  and  haemorrhages 
from  the  vessels  of  the  forearm  may  be  controlled  in  this 
way.  The  same  method  may  be  used  in  the  treatment  of 
an  aneurism  or  an  aneurismal  varix  at  the  elbow,  di- 
minishing the  flow  of  blood  through  the  artery,  and  ex- 
erting direct  pressure  on  the  sac. 

The  median  nene  is  situated  on  the  inner  side  of  the 
artery,  but  gradually  becomes  separated  from  it  to  pass 
between  the  heads  of  the  pronator  radii  teres. 

The  biceps  tendon  is  situated  on  the  outer  side  of  the 
artery,  and  maybe  felt  almost  to  its  insertion  into  the  bi- 
cipital tubercle  of  the  radius.  It  is  separated  from  the 
anterior  part  of  the  tubercle  by  a  bursa,  which  may  be 
the  seat  of  an  inflammation  or  the  origin  of  a  cyst.  The 
biceps  is  a  supinator  of  the  forearm  as  well  as  a  flexor, 
and  its  insertion  should  be  saved  if  possible  in  excision 
of  the  joint.  It  is  important  to  distinguish  between  the 
biceps  tendon  and  the  median  nerve  in  operations  upon 
the  brachial.    The  tendon  is  broad,  white,  and  glistening ; 


*?^  K^  ^^'^'i'""'  '^  ^™*  °*  ^'Sht  Elbow  At  extreme  left  of  incision 
IS  the  bicipital  fascia  as  it  blends  with  the  aponeurosis  covering  muscles 
of  internal  condyle.   At  topof  incision  is  fascia  covering  biceps.  At  the 

„„1T;  '"V,?''''"*'  pn'*''™"^  nerve  crosses  belly  of  pronator  raau  teres 
muscle.    All  vems  have  been  removed.     (Thin  subject,  normal  size.) 

the  nerve  is  smaller,  more  rounded,  and  yellow  If  the 
former  is  met  with,  one  must  go  to  the  inner  side  :  if  the 
latter,  to  the  outer. 

,J^^^  brachialis  anticus  forms  the  floor  of  the  space  at 
the  bend  of  the  elbow.  It  is  inserted  into  the  coronoid 
process,  and  this  msertion  should  be  saved  in  excisions 
when  possible.  The  radial  nerve  pierces  the  external  in- 
termuscular septum  after  leaving  the  musculo-spiral  in 
Its  groove  and  passes  between  the  brachialis  anticus  and 

Inn^f  °^^'^°?^'-  ^'  ^'^^^  ^^"^  ^e'^^'^d  tl'e  supinator 
ongus  The  ulnar  nerve  is  situated  in  the  groove  be- 
tween the  olecranon  and  internal  condyle.     It  has  been 

frnrft,  n?f'  r  ^^  •."'  "*  *^^  ^''"'^y^^'  °'-  to  be  dislocated 
from  Its  normal  position.  It  is  liable  to  iniury,  though 
somewhat  protected  by  the  prominences  on  either  sile 
but  turnpH  V^t'*'  ?^V*"^  "^^'^^  «l^°^ld  never  be  seen 
ftick  tenfln.  nf  ^i,"^!"'  ^^^  periosteum.  The  broad  and 
tScranon  *^^■'"'=^P^'=^?  ^^  fe»  at  its  insertion  into 
xnc  Olecranon.    This  muscle  is  very  powerful  and  it  Is  a 

notTth^'^l^f  •'''  violent  and  s/dlen  c?ntracSon  may 
fract^fre  of Ti  ^P^^^^"*  ¥*<"•  ^  the  production  It 
fracture  of  the  olecranon,  in  falls  upon  the  elbow 
While,  m  excision  of  the  joint,  it  is  quite  easy  to  save  the 

ver^cultTo'f '  -^'^''X^^l  the'forearm!!°Sme 
very  difficult  to  do  so  with  the  triceps.     It  is  best  to 
save  the  tendon  and  its  connection  with  the  periosteum 
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of  the  ulna  "by  removing  them  all  together, 
power  of  extension  follows  this  procedure. 

Between  the  olecranon  and  the  skin  there  is  a  bursa  of 
considerable  size,  which  is  often  the  seat  of  an  acute  or 
chronic  inflammation.  An  acute  bursitis  here  may  result 
in  rupture  of  this  sac,  and  extension  of  inflammation  in  all 
directions  under  the  skin.  It  is  not  uncommon  for  bus 
starting  at  this  point  to  dissect  the  skin,  as  far  down  as  the 
wrist,  from  the  aponeurosis  which  protects  the  deener 
structures.  Chronic  inflammation  of  this  bursa  gives  rise 
to  a  hygroma,  often  of  considerable  size,  known  as  "min. 
er's  elbow." 

Two  to  three  centimetres  above  the  internal  condyle 
there  is  situated  a  lymphatic  gland  (epitrochlear)  restm? 
on  the  intermuscular  septum.  Sometimes  there  are  two 
of  these  glands.  It  is  often  inflamed  in  wounds  of  the 
hand,  particularly  of  the  last  three  fingers.  Sigmund  at- 
taches gi-eat  importance  to  the  enlargement  of  this  gland 

in  the  diagnosis  of 
syphilis,  but  his  views 
are  disputed  by  many. 
Inasmuch  as  the  epi- 
trochlear gland  be- 
comes involved  sooner 
or  later  in  the  natural 
progress  of  malignant 
disease  of  the  hand  or 
forearm,  it  should  al- 
ways be  carefully  ex- 
amined in  such  cases. 
Ligature  of  the  Bror 
chial  at  the  Bend  of 
the  Elbow. — An  inct 
sion  about  two  inches 
in  length  should  he 
made  along  the  inner 
border  of  the  tendon  ^ 
of  the  biceps,  begin-' 
ning  at  the  level  of  the 
internal  condyle.  The 
bicipital  fascia,  having 
been  exposed  by  the 
first  incision,  should 
be  divided  upon  a  di- 
rector, as  it  is  some- 
times very  thin.  The 
artery  and  its  vena: 
comites  will  then  be 
exposed.  In  some 
cases  the  presence  of 
these  veins  conceals 
the  artery  and  compli- 
cates the  operation,  as 
in  Fig.  244,  where  but 
a  small  part  is  visible. 
The  median  nerve  will 

FlQ346-Theipperi  cis  on  shows  the  rela-    be  found  tO  the  inner 

tonsoftherghtbrachal  at  benlofel-  siflp  nf  thp  nrtprv 
bow.     From  outer  side  (left)  to  inner  are  ^     "^     ''**    artenr, 

bicipital  fascia,  brachial  artery,  median  Sometimes  separated  a 
nerve,  and  pronator  radii  teres  covered  short  distance  from  it. 
by  internal  cutaneous  nerve.  The  lower  Thp  nppfllp  ulioillfl  hp 
incision  shows  relations  of  right  radial  ar-  ^  ''^  neeoie  snouia  De 
tery  in  upper  third  of  forearm.  From  left  PaSSed  irom  the  inner 
(outer  Bide)  to  right  are  seen  :  supinator  side  tO  avoid  the  nerve 
longus  drawn  to  outside,  radial  nerve,  ^opp  Vhira.  94.fi  24(i  and 
radial  arte^r  resting  on  pronator  radii  Sfq  ^^  „  'pi J^' *°S 
teres,  and  flexor  carpi  radialis  muscles.    '^™-      ^^S^-    ■^^    *"" 

(Four-flfths  normal.  Thin  subject.)  246  are  enlargements 
.     T31.     „.  of  the  upper  mdsion 

m  Fi^.  349).  A  high  division,  or  other  anomalies  of  the 
brachial,  may  complicate  the  operation. 

The  forearm  extends  from  two  fingers'-breadth  below 
ttie  elbow  to  the  styloid  processes  of  the  radius  and  ulna. 
The  shape  of  the  forearm  is  conical,  and  markedly  so  in 
muscular  individuals.  This  explains  the  difficulty  of  dis- 
secting back  a  cuff  of  skin  in  amputations  without  divid- 
ing longitudinally.  The  forearm  is  flattened  transversely, 
which  shape  facilitates  amputation  by  antero-posterior 
flaps.  The  skin  in  front  is  smooth  and  thin,  while  behind 
it  is  thick  and  covered  with  hairs.  It  is  more  or  less  ad- 
herent to  the  muscular  aponeurosis,  and  must  be  dissected 
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back  in  flap  amputations.  The  ulna  can  be  felt  subcu- 
taneously  from  the  olecranon  to  the  styloid  process.  By 
passing  the  finger  rapidly  along  this  surface  any  irregu- 
larity or  deformity  can  be  detected  very  readily,  especially 
in  supination.     The   radius  is   deeply  placed   among 
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Pig.  247.— Transverse  Section  through  XTpper  Part  of  Forearm.    (From  Joessel.) 

muscles  in  its  upper  half,  and  only  its  head  can  be  felt. 
In  its  lower  half  it  gets  nearer  the  surface,  and  in  injuries 
at  this  point  the  condition  of  the  bone  can  be  made  out 
with  comparative  ease. 

When  the  arm  is  supinated  two  shallow  longitudinal 
grooves  can  be  seen  on  its  anterior  surface, 
particularly  in  thin  people.  The  outer  ex- 
tends from  the  middle  of  the  bend  of  the 
elbow  to  the  styloid  process  of  the  radius, 
and  corresponds  to  the  course  of  the  radial 
artery.  The  inner  runs  fi'om  the  internal 
condyle  along  the  edge  of  the  flexor  carpi 
ulnaris,  ending  at  the  outer  side  of  the  pisi- 
form bone,  and  marks  the  course  of  the 
ulnar  artery  and  nerve.  The  muscular 
masses  which  make  up  the  lateral  promi- 
nences near  the  elbow,  comprise  the  mus- 
cles arising  from  the  condyles,  and  their 
size  varies  with  the  individual.  On  the 
posterior  surface  of  the  forearm  there  is  a 
marked  depression  between  the  extensor 
communis  digitorum  and  the  supinator  lon- 
gus,  with  the  two  radial  extensors.  Near 
the  carpal  extremity  of  the  radius  there  is 
a  slight  prominence,  formed  by  the  exten- 
sors of  the  thumb  crossing  obliquely  the  su- 
pinator longus  and  radial  extensors.  Over 
this  prominence  is  felt,  better  than  any- 
where else,  the  synovial  friction  or  creak- 
ing which  accompanies  inflammation  of 
the  tendon  sheaths  (Teno-vaginitis  crepi- 
tans). 

Between  the  extensor  communis  digito- 
rum and  the  muscles  arising  from  the  in- 
ternal condyle,  there  is  a  very  marked  de- 
pression when  the  arm  is  supinated,  and  it 
is  along  this  sulcus  that  the  ulna  is  subcu- 
taneous. 

The  muscles  of  the  forearm  are  invested 
by  a  strong  aponeurosis,  which  is  continu- 
ous with  that  of  the  elbow  above  and  the 
wrist  below.  Upon  this,  embedded  in  more 
or  less  fat,  the  ulnar,  median,  and  radial 
veins  rest,  together  with  the  terminal 
branches  of  the  internal  and  musculo-cu- 
taneous  nerves.  The  internal  cutaneous 
nerve  supplies  the  skin  on  the  inner  side 
before  and  behind,  and  the  musculo-cutane- 
ous  the  anterior  and  QUter  side.  In  inju- 
nes  to  these  nerves  higher  up,  the  ulnar 
and  median  nerves  exert  an  influence  in 
restoring  sensibility  to  the  skin  through 
inosculations,  which  pierce  the  investing  aponeurosis. 

Posteriorly,  on  the  outer  side,  the  skin  is  supplied  by  the 


lower  external  cutaneous  and  radial  branches  of  the  mus- 
culo-spiral.  The  investing  aponeurosis  is  very  adherent 
to  the  subjacent  muscles,  some  of  their  fibres  arising  from 
it,  and  is  attached  on  either  side  to  the  radius  and  ulna  by 
means  of  septa,  which  are  inserted  into  those  bones.  The 
forearm  is  then  divided  into  an  an- 
terior and  posterior  compartment, 
separated  further  by  the  interosseous 
membrane.  The  anterior  compart- 
ment contains  externally  the  supinatoj 
longus,  extensores  carpi  radiales  lon- 
gior  and  brevior,  and  supinator  brevis. 
The  radial  nerve  is  covered  by  the  su- 
pinator longus  in  the  upper  part  of  the 
forearm,  but  emerges  from  between 
that  muscle  and  the  extensor  carpi 
radialis  longior  in  the  lower  and  outer 
part,  and  is  subcutaneous  in  the  rest 
of  its  course.  Just  below  the  elbow, 
where  the  supinator  longus  meets  the 
pronator  radii  teres,  at  the  extremity 
of  the  V-shaped  depression,  the  radial 
nerve  is  in  relation  with  the  radial  ar- 
tery on  its  outer  side  (Fig.  347). 
The  posterior  interosseous  nerve 
pierces  the  supinator  brevis  muscle  about  two  to  three 
centimetres  (one  inch)  below  the  upper  part  of  the  head 
of  the  radius.  In  resecting  the  head  of  this  bone,  one 
must  not  forget  the  position  of  the  nerve,  because,  if  seri- 
ously injured,  paralysis  of  the  extensors  will  follow.     The 
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Fio.  248.— Superficial  Dissection  of  Forearm.    (From  Joessel.) 

relations  of  the  important  vessels  and  nerves  of  the  ante- 
rior region  of  the  forearm  are  best  understood  by  dividing 
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the  muscles  into  three  layers.  The  ^^st  layer  cons^^^^^^^^^^ 
the  pronator  radii  teres,  flexor  carpi  radialis,  palmaris  ion 
BUS  and  flexor  carpi  ulnaris  muscles. 
^  An  these  muscles  arise  from  the  internal  condyle.  The 
pronator  radii  teres  is  inserted  into  the  outer  side  of  the 
?Xs  It  about  its  middle.  The  other  muscles  are  ten- 
toons  at  r^wrist  and  superficial,  and  I'etween  them  the 
tendons  of  the  middle  layei- may  be  seen  I^  amputations 
of  the  forearm  it  should  not  be  forgotten  that,  it  the  Done 
°s  cut  hrough  below  the  insertion  of  the  pronator  radu 
teres  the  power  of  pronating  the  stump  is  retained. 

In  the  uppir  part  of  the  forearm  the  radial  artery,  which 
is  the  direct  continuation  of  the  brachial,  rests  upon  the 
supinator  brevis  and  the  insertion  of  the  pronator  radu 
teres  (Fig.  246),  and  to  the  inner  side  of  the  supinator 
longus  In  the  rest  of  its  course  it  is  placed  between  the 
lattlr  muscle  and  the  flexor  carpi  radialis,  often  concealed 
above  by  the  bellies  of  those  muscles  (Fig.  248),  and 
is  separated  below  from  their  tendons  by  a  considerable 
interval  Though  in  relation  with  the  radial  nerve  in  the 
apper  part  of  the  forearm,  as  the  artery  approaches  the 
wnst  it  is  separated  from  that  nerve  by  the  tendon  of 
the  supinator  longus,  and  has  no  important  nerve  in  direct 
relation  with  it.  This  vessel  is  within  the  sheatii  _ot  the 
pronator  radii  teres.  For  this  reason  it  is  msuiflcient  to 
turn  back  the  supinator  longus  when  one  wishes  fully  to 
expose  the  artery.  j      j 

The  flexor  sublimis  digitorum  composes  the  second  ana 
middle  layer  of  muscle.  The  deep' layer  is  made  up  of 
the  flexor  profundus  digitorum  and  the  flexor  longus 
poUicis.  Between  the  middle  and  deep  layer  we  find  the 
median  nerve,  ulnar  artery,  and  ulnar  nerve. 

The  median  nerve  leaves  the  bend  of  the  elbow  behind 
the  inner  arm  of  the  V  and  passes  between  the  two  heads 
of  the  pronator  radii  teres,  crossing  the  ulnar  artery  at 
its  origin,  and  separated  from  it  by  the  deep  slip  of  that 
muscle.  It  then  passes  straight  to  the  wrist  between  the 
flexor  profundus  and  sublimis  digitorum,  where  it  be- 
comes superficial,  appearing  between  the  tendons  of  the 
flexor  carpi  radialis  and  the  flexor  sublimis  digitorum, 
partly  concealed  by  the  palmaris  longus,  which  is  placed 
rather  to  its  ulnar  side.  The  median  nerve  supplies  all 
the  muscles  of  this  group,  except  the  inner  half  of  the 
flexor  profundus  and  the  flexor  carpi  ulnaris.  In  violent 
muscular  contraction,  as  in  rowing,  gymnastic  exercises, 
etc.,  the  nerve  may  be  compressed  and  give  rise  to  painful 
cramps.  The  median  nerve  is  accompanied  by  a  small 
artery,  comes  nervi  mediani,  which  sometimes  is  very 
much  enlarged ;  in  such  cases  it  passes  under  the  an- 
nular ligament  with  the  nerve  and  joins  the  superficial 
palmar  arch.  This  may  explain  the  recurrence  of  haem- 
orrhage from  a  wound  in  the  palm  after  both  ulnar  and 
radial  arteries  have  been  tied  (Holden). 

The  ulnar  artery,  larger  than  the  radial,  arising  from 
the  brachial  at  the  bend  of  the  elbow,  opposite  the  inner 
border  of  the  neck  of  the  radius,  inclines  obliquely  down- 
ward and  inward  under  the  pronator  radii  teres,  flexor 
carpi  radialis,  palmaris  longus,  and  flexor  sublimis  digi- 
torum. It  rests  first  upon  the  brachialis  anticus,  and 
then  upon  the  flexor  profundus  digitorum.  At  about  the 
middle  of  the  forearm  it  is  joined  by  the  ulnar  nerve  in 
its  passage  from  behind  the  internal  condyle  to  the  wrist. 
In  the  tendinous  part  of  the  forearm  the  artery  becomes 
superficial,  placed  on,  and  sometimes  under,  the  radial 
border  of  the  flexor  carpi  ulnaris,  with  the  inner  tendon 
of  the  flexor  sublimis  digitorum  on  its  outer  side.  The 
ulnar  nerve  is  in  intimate  relation  with  the  artery  in  the 
lower  half  of  its  course,  and,  situated  on  its  ulnar  side,  is 
sometimes  even  entirely  hidden  by  the  tendon  of  the 
flexor  carpi  ulnaris.  The  ulnar  nerve,  leaving  its  groove 
behind  the  internal  condyle,  descends  between  the  flexor 
sublimis  and  profundus  digitorum,  and  joins  the  artery 
in  the  middle  third  of  the  forearm.  Above,  it  is  separated 
from  the  vessel  by  the  elbow-joint  and  the  muscles  of  the 
internal  condyle.  After  joining  the  artery  it  is  in  very 
intimate  relation  with  it.  In  the  upper  part  of  the  fore- 
arm both  artery  and  nerve  are  covered  entirely  by 
muscles.  Lower  down  they  are  more  superficial,  anci 
yet  even  there  they  are  deeper  than  the  radial.     In  tying 


the  artery  in  amputations,  care  must  be  taken  to  separata 
it  well  from  the  nerve.  The  ulnar  nerve  supplies  the 
inner  half  of  the  flexor  profundus  digitorum  and  the 
flexor  carpi  ulnaris.  The  anterior  interosseous  branch  of 
the  nerve  is  situated  beneath  the  deep  layers  of  muscle, 
and,  with  the  anterior  interosseous  branch  of  the  median, 
rests  upon  the  interosseous  membrane  as  far  as  the  pro- 
nator quadratus  muscle,  in  the  substance  of  which  it 
ends,  while  the  artery  pierces  the  membrane  to  gain 
the  back  part  of  the  wrist. 

The  posterior  compartment  of  the  forearm  consists  of 
two  layers  of  muscles,  superficial  and  deep.  The  super- 
ficial layer  comprises  the  extensor  communis  digitorum, 
the  extensor  minimi  digiti,  extensor  carpi  ulnaris,  and  an- 
coneus. The  deep  layer  consists  of  the  three  extensors  of 
the  thumb,  extensor  ossis  metacarpi  poUicis,  extensor  priml 
internodii  poUicis,  extensor  secundi  internodii  pollicis, 
and  the  extensor  indicis.  These  muscles  are  all  supplied 
by  the  radial  nerve.  The  posterior  part  of  the  forearm 
is  remarkably  free  from  arteries  and  nerves.  The  only  ar- 
tery is  the  posterior  interosseous  branch  of  the  ulnar,  and 
the  only  nerve  is  the  posterior  interosseous  branch  of  the 
musculo-spiral.  In  paralysis  of  the  musculo-spiral  nerve 
the  power  of  extension  and  supination  is  lost ;  of  the  me- 

dian,  pronation 
and  the  greater 
part  of  flexion  ;  of 
the  ulnar,  a  small 
part  of  fiexion. 

The  ulna  is  near- 
ly straight,  the  ra- 
dius is  convex  on 
its  outer  side. 
Both  bones  are  in 
contact  at  each  ex- 
tremity, but  are 
separated  at  the 
middle  of  the  fore- 
arm by  quite  an 
interval.  The 
width  of  this  space 
varies,  but  is  great- 
est in  a  position 
half-way  between 
pronation  and  su- 
pination. 

Ligature  cf  ra- 
dial in  upper  third 
of  tJie  forearm.— 
The  hne  mark- 
ing the  course  of 
the  radial  artery 
is  drawn  from  the 
middle  of  the  bend 
of  the  elbow  to  the 
styloid  process  of 
the  radius,  or  base  of  the  metacarpal  bone  of  the  thumb. 
An  incision  from  two  to  two  and  a  half  inches  in  length 
should  be  made  along  this  line  to  the  space  between  the 
supinator  longus  and  the  pronator  radii  teres.  In  muscu- 
lar subjects  it  will  be  necessary  to  turn  back  the  supinator 
longus.  The  artery,  with  its  two  nerves,  will  be  found 
in  the  sheath  of  the  pronator,  which  will  require  to  be 
opened.  The  radial  nerve  lying  on  the  outer  side  makes 
it  necessary  to  introduce  the  aneurism  needle  from  with- 
out inwards  (Pig.  249). 

Ligature  of  Ulnar  Artery  in  Foi-earm.— The  course  ot 
the  artery  in  the  middle  and  lower  third  is  marked  by  a 
line  drawn  from  the  internal  condyle  to  the  pisiform  bone. 
An  incision,  two  to  three  inches  in  length,  should  be  made 
along  this  line,  exposing  the  deep  fascia  at  the  septum  which 
separates  the  flexor  sublimis  digitorum  from  the  flexor 
carpi  ulnaris.  This  fascia  having  been  divided  with  the 
knife,  the  muscles  can  easily  be  separated  with  the  handle 
of  the  scalpel.  This  must  be  done  horizontally,  and  not 
from  before  backward.  The  ulnar  nerve  will  first  come 
into  sight,  and  then  the  artery.  The  nerve  is  so  constant 
in  this  relation  that  it  may  be  said  to  be  the  guide  to  the 
artery.    Care  must  be  taken  not  to  confound  the  median 


Fig.  349. — Right  Arm.  Ligature  of  brachial  at 
bend  of  elbow,  and  radial  and  ulnar  in  upper 
third  of  forearm.  (Muscular  subject,  one-third 
normal  size.)  For  enlargements  of  these  in- 
cisions see  Figs.  345,  346,  and  360, 
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with  the  ulnar  nerve,  which  may  happen  if  one  goes 
through  and  not  under  the  flexor  sublimis  (see  Figs. 
249  and  350). 

The  WRIST  is  situated  between  the  forearm  and  hand, 
and,  surgically  speaking,  extends  about  two  flngers'- 
breadth  above  and  below  the  radio-carpal  joint.  It  may 
be  divided  into  an  anterior,  posterior,  and  external  region. 

The  skin  of  the  anterior  region,  like  that  of  the  fore- 
arm, is  thin  and  smooth,  and  marked  with  transverse 
folds,  the  lowest  of  which  is  the  most  distinct.  This  is 
situated  over  the  neck  of  the  os  magnum,  correspond- 
ing with  the  inter-carpal  joint,  two  centimetres  (three- 
fourths  inch)  below  the  articulation  of  the  radio-carpal 
joint,  and  one  and  a  half  centimetre  (one-half  inch)  above 
the  metacarpo-carpal  joint.  The  other  folds  are  of  little 
value  as  surgical  guides. 

A  prominence  made  by  the  tendon  of  the  palmaris  lon- 
gus  can  be  seen  distinctly  in  the  middle  of  the  anterior 
aspect  of  the  wrist,  separated  from  the  tendon  of  the 
flexor  carpi  radialis  by  a  narrow  groove  in  which  lies  the 
median  nerve.  On  the  inner  side,  the  insertion  of  the 
flexor  carpi  ulnaris  into  the  pisiform  bone  can  easily  be 
made  out,  and  deeply  on  its  radial  border  the  pulsation 
of  the  ulnar  artery  can  be  felt.  Deeply  placed  between 
the  last-named  muscles  are  the  tendons  of  the  flexor  sub- 
limis digitorum. 

On  the  radial  side  of  the  flexor  carpi  radialis,  which, 
though  larger,  is  less  distinct  than  the  tendon  of  the  pal- 
maris longus,  the  radial  artery  is  situated,  and  may  be 
compressed  backward  against  the  radius;     These  ten- 


Fio.  S60.---Belation8  of  Eight  Ulnar  .Artery  in  Upper  Part  of  Forearm.  At 
upper  side  of  incision  flexor  Rublimis  digitorum  is  turned  back,  and  part 
of  its  tendinous  fibres  show  from  below.  Ulnar  artery  is  seen  joined  by 
ulnar  nerve  at  middle  of  incision,  resting  on  flexor  profundus  digitorum. 
Plexor  carpi  ulnaris  is  turned  downward.    (Two-thirds  normal  size.) 

dons  are  brought  out  more  distinctly  in  flexion.  The 
skin  of  this  region  is  very  adherent  to  the  subjacent  apo- 
neurosis, and  is  dissected  from  it  with  difficulty  in  ampu- 
tating by  skin  flaps. 

The  structures  of  the  wrist  are  covered  by  a  strong 
aponeurosis,  which  is  continuous  with  tha,t  of  the  forearm 
above,  and  with  the  annular  ligament  below.  It  serves  to 
keep  the  tendons  in  place,  and  also  offers  strong  resist- 
ance to  the  escape  of  pus  when  inflammation  exists  among 
the  flexor  tendons. 

The  relation  of  the  large  vessels  and  nerves  of  this  re- 
gion is  of  great  surgical  importance. 

The  tendons  of  all  the  long  muscles  of  the  anterior 
compartment  of  the  forearm  converge  at  the  wrist,  and 
with  the  arteries  and  nerves  are  arranged  in  a  flattened 
bundle  resting  upon  the  pronator  quaaratus.  The  skin 
and  aponeurosis  having  been  removed,  we  find  the  fol- 
lowing order  of  arrangement  :  Beginning  with  the  radial 
side,  the  tendon  of  the  supinator  longus,  radial  artery, 
flexor  carpi  radialis,  flexor  longus  poUicis,  median  nerve, 
palmaris  longus,  with  tendons  of  flexor  sublimis  digi- 
torum, ulnar  artery,  ulnar  nerve,  and  flexor  carpi  ulnaris 
(Fig.  251).  The  tendons  of  the  flexor  profundus  digito- 
rum are  concealed  by  the  structures  first  enumerated, 
and  their  relations  have  no  particular  surgical  interest, 
except  in  connection  with  the  synovial  bursse  to  be  de- 
scribed with  the  hand. 

The  radial  artery  at  the  wrist  is  very  superflcial,  being 


covered  only  by  skin  and  a  layer  of  aponeurosis.  It  rests 
upon  the  radius  behind,  separated  only  by  a  thin  layer 
of  muscular  fibres  {pronator  quadratus).  The  pulsation 
of  this  artery  can  be  entirely  stopped  with  slight  press- 
ure of  the  finger  directed  backward  against  the  radius. 
From  its  superflcial  position  the  radial  is  easily  wounded. 
When  cut  it  should  be  tied  or  twisted  at  both  ends,  on  ac- 
count of  the  free  anastomoses  of  the  palm. 

The  artery  is  sometimes  very  tortuous  and  subject  to 
atheromatous  degeneration  of  its  walls.  Aneurisms  are 
not  uncommon,  especially  of  traumatic  origin. 

At  the  styloid  process  the  radial  changes  its  direction, 
and  passes  outward  and  forward  over  that  bone  to  gain 
the  interval  between  the  extensors  of  the  thumb  on  the 
external  side  of  the  wrist.  As  it  curves  outward  it  gives 
off  the  superficialis  volse  branch,  which,  with  the  ulnar 
forms  the  superficial  palmar  arch.  Ordinarily  this  branch 
is  quite  small,  but  at  times  it  is  very  much  enlarged  (see 
Fig.  259)  and  gives  rise,  in  such  case,  to  severe  haemor- 
rhage when  wounded. 

The  median  nerve  lies  behind  the  tendon  of  the  pal- 
maris longus,  and  somewhat  to  its  radial  side.  In  its 
course  from  the  forearm  it  gradually  leaves  its  relation 
with  the  flexor  profundus  digitorum  and  becomes  super- 
flcial, mingling  with  the  tendons  of  the  superflcial  flexor, 
from  which  one  some- 
times has  difficulty  in  dis-      ,.i,..,.i:.,.:-  ..         yv,^;:..w4-;;;i  .;.;Oi.V. 

tinguishing  it.  Its  differ- 
ence in  color,  texture, 
and  position,  is  generalljr 
sufficient  for  its  recogni- 
tion, but  when  its  guide, 
the  palmaris  longus,  is 
wanting  or  is  abnormally 
placed,  much  confusion 
may  arise. 

To  expose  the  median 
nerve  in  the  carpal  re- 
gion, the  hand  should  be 
supinated,  and  a  longi- 
tudinal cut  of  three  cen- 
timetres (one  inch)  made 
on  the  ulnar  border  of 
the  flexor  carpi  radialis. 
If  the  palmaris  longus  is 

present,  the  cut  should  be  Fia.aSl.-Anterior  view  of  Eight  Wrist. 

made  in  the  groove  be-  (Thin  subject,  two-thirds  normal  size.) 
The  skin  and  fascia  have  been  re- 
moved. The  structures  are  seen  in  the 
following  order  from  right  of  incision 
to  left  (radial  to  ulnar  side)  :  Supina- 
tor longus  tendons  partly  covered  by 
aponeurosis,  radial  artery  resting  on 
radius,  flexor  carpi  radialis,  flexor  lon- 
gus poUicis,  median  nerve,  tendons  of 
flexor  sublimis  digitorum,  ulnar  ar- 
tery, flexor  carpi  ulnaris.  The  ulnar 
nerve  is  concealed  by  the  tendon  in 
this  subject.  There  is  no  palmaris 
longus  present. 


tween  the  two  tendons. 
The  fascia  having  been 
divided,  the  nerve  will 
be  found  close  to  the  in- 
ner border  of  the  radial 
flexor,  and  a  little  deeper 
than  it.  The  palmaris 
longus  for  the  reasons 
given,  is  not  so  sure  a 
guide  to  the  nerve  as  is 
the  flexor  carpi  radialis. 

The  occasional  presence  of  an  enlarged  median  artery 
should  be  borne  in  mind  in  seeking  for  the  nerve. 

Incisions  deep  into  the  wrist  should  be  made  on  the  ul- 
nar border  of  the  palmaris  longus,  to  avoid  the  nerve. 

The  ulnar  artery  is  more  deeply  placed  than  the  radial. 
It  is  covered  by  skin,  two  layers  of  aponeurosis  (the  sec- 
ond separating  the  superficial  and  deep  flexors),  and  is 
often  partly  concealed  by  the  flexor  carpi  ulnaris.  Its 
pulsations  cannot  be  easily  perceived  by  the  finger,  and 
there  is  more  difficulty  in  exposing  it.  The  ulnar  con- 
tinues on  its  straight  course  to  the  palm,  lying  to  the  ra- 
dial side  of  the  pisiform  bone,  resting  on  the  annular  liga- 
ment. 

The  ulnar  nerve  is  placed  to  the  inner  side  of  the  artery 
in  the  vsrrist.  It  is  often  wholly  concealed  by  the  flexor 
carpi  radialis.  Its  relation  is  very  constant,  and  it  forms 
a  valuable  guide  to  the  artery.  Six  to  eight  centimetres 
(two  to  three  inches)  above  the  carpal  joint  the  ulnar 
gives  off  its  posterior  branch,  which  passes  behind  the 
flexor  carpi  ulnaris  to  supply  part  of  the  dorsum  of  the 
hand  and  fingers. 
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?Senf:ndTasstL?ougl.  grooves  -  the  styloid  process 
nfthp  radius  to  their  insertions  into  the  tliumD.  . 

ThrtencTon  of  the  extensor  secundi  internodii  poUicis 
™sobliqSe°y  the  carpal  extensors  below  the, annular 
Sment  and  ioins  the  extensor  primi  internodii  poUicis 
K  base  of  he  first  phalanx.  The  interval  between 
these  tendons  is  a  well-marked  depression,  when  the 
humb  is  strongly  abducted  and  extended  known  as  the 
tabatiSre,  or  anatomist's  snuff-box.  In  this  depression 
which  corresponds  to  the  scaphoid  bone  can  be  felt  the 
Tnd  of  the  metacarpal  bone  of  the  thumb  and  the  radia 
artery   and  the  radial  vein  can  be  seen  runmng  over  it 

^"^rSfa©  fn^ids  region,  wmding  around  the 
styloid  process  of  the  radius,  passing  beneath  the  exten- 
sor tendons  of  the  thumb,  crosses  obliquely  the  space 
between  them,  and  descends  between  the  first  and  second 
metacarpal  bones  to  gain  the  palm.  In  its  course  be- 
neath the  tendons  it  is  bound  tightly  to  the  carpus  bya 
deep  layer  of  fascia,  which  increases  somewhat  the  difli- 
culty  of  isolating  the  vessel. 

The  radial  nerve  becomes  subcutaneous  a  short  distance 
above  the  wrist,  where  it  leaves  the  space  between  the 


Fig.  252.— Dissection  of  the  Bxternnl  Region  of  the  Right  Wrist.  Tiie 
radial  artery  is  seen  between  the  relaxed  tendon  of  the  flexor  carpi  ra- 
dialia  below,  and  the  supinator  longus  on  the  outer  (upper)  aide.  It 
then  passes  beneath  the  first  two  extensors  of  the  thumb  and  a  small 
branch  of  the  radial  nerve,  crosses  the  base  of  the  thumb  obliquely,  and 
disappears  under  the  tendon  of  extensor  secundi  internodii  pollicis, 
(Thin  subject,  femalp,  one- half  normal  size.) 

supinator  longus  and  extensor  carpi  radialis  longior,  and 
divides  into  two  branches  which  supply  the  thumb  and 
fingers,  that  supplying  the  thumb  crossing  the  tabatifere 
vertically. 

The  posterior  region  of  the  wrist  is  marked  by  the  ten- 
dona  of  the  remaining  extensors  of  the  fingers,  the  ex- 
tensor carpi  radialis  longior  and  brevior,  extensor  indicis, 
extensor  communis  digitorum,  and  extensor  minimi 
digiti.  The  dorsum  is  on  the  same  plane  as  the  posterior 
part  of  the  forearm.  In  fractures  of  the  radius  this  plane 
is  often  broken  by  a  distinct  elevation,  which  produces 
the  familiar  deformity  known  as  the  silver-fork  fracture 
of  the  radius. 

The  styloid  processes  of  the  ulna  and  radius  are  very 
distinctly  marked  in  the  dorsum  of  the  wrist,  and  their 
condition  may  be  accurately  ascertained  in  injuries  of 
these  bones  (Fig.  253). 

The  skin  of  this  region  is  thicker  than  that  of  the  an- 
terior, and  is  more  or  less  hairy.  It  has  folds  produced 
by  extension  which  are  of  little  value  as  landmarks.  It 
is  easily  dissected  from  the  subjacent  structures.  The 
aponeurosis  covering  the  external  and  posterior  aspects  of 
the  wrist  is  continuous  with  that  of  the  forearm  above, 
and  of  the  dorsum  of  the  hand  below,  and  is  attached  to 
the  radius  and  ulna  laterally.    The  ligamentum  carpi 


commune  dorsale  is  a  reinforcement  of  the  aponeurosis 
by  fibres  which  run  diagonally  across  from  radius  to 
ulna,  from  above  downward. 
From  the  under  surface  of 
this  fascia  fibrous  walls  ex- 
tend to  the  forearm  and  car- 
pal bones,  through  which  the 
tendon  sheaths  pass.  These 
osteo  fibrous  canals,  lined 
with  synovial  membrane,  al- 
low free  play  to  the  tendons, 
and  hold  them  close  to  the 
bone  when  the  hand  is  in  po- 
sition of  hyper-extension. 

They  are  arranged  in  the 
following  order  :  The  exten- 
sor ossis  jnetaearpi  pollicis 
and  pnmi  internodii  pollicis 
rest  in  the  depression  which 
luns  over  the  side  of  the  sty- 
loid process  of  the  radius,  and 
rest   in    the   same    synovial 
sheath  (Fig-  254).    This,  al- 
luded to  above,  is  often  the 
seat  of  an  inflammation  which 
causes  transient  pain,  swell- 
ing,   and    friction 
(teno-vaginitis   cre- 
pitans).   In  case  the 
inflammation  is  the 
result   of    violence 
this  crepitus  may  be 
mistaken  for  a  sign 
of  fracture. 

To  the  ulnar  side 
of  the  tendons  last 
mentioned,  we  find 
those  of  the  carpal 
extensors  and  the 
third  extensor  of  the 
thumb.  The  first 
two  are  situated  in 
separate  grooves  in 
the  radius,  and  the 
third  crosses  them 
obliquely.  These  synovial  sheaths  generally  communi- 
cate. Still  further  to  the  ulnar  side  is  a  deep  depression 
for  the  extensor  indicis  and 
extensor  communis  digito- 
rum. Between  the  bones  is 
the  tendon  of  the  extensor 
minimi  digiti,  and  in  a  groove 
on  the  ulna  close  to  the  sty- 
loid process  is  that  of  the  ex- 
tensor carpi  ulnaris.  All  the 
tendons  are  accompanied  by 
synovial  sheaths  for  a  vary- 
ing distance  from  the  poste- 
rior ligament  (Fig.  254).  If 
these  sheaths  are  injected 
with  mercury,  small  projec- 
tions are  seen  through  the 
dorsal  ligament  under  the 
skin  and  subcutaneous  fas- 
cia. It  is  from  these  projec- 
tions, according  to  some  sur- 
geons, that  ganglia  are  de- 
veloped. Others  think  they 
more  frequently  start  from 
the  capsule  of  the  joint,  par- 
ticularly that  of  the  radio- 
carpal ;  for  if  this  point  be 
filled  with  air  or  mercuiy  pio.  854.. 

one  notices,  particularly  on     Wrist  (^ - 

itsdorsalaspect,littlehernia.     ^^^"^^^^^^^^^^^f^Z 
like  projections  of  the  ]oint     joesaei.) 
capsules.     A  cyst  formed  in  ,.    •  ■  * 

this  manner  would  evidently  be  connected  with  the  loini. 
The  possibility  of  this  condition  of  things  existing  shoultt 


Fio.  253.— External  and  Posterior  Region  of 
Wrist,  showing  arrangement  of  tendons, 
artery,  nerve,  etc.  The  skin  and  fascia 
have  been  removed.  (Four-fifths  noi-mal 
size.) 


^„.  ™,.— Posterior  View  of  Left 
Wrist  (One-half  normal  size.)  In- 

ia/.f  4/^Ti  nf   tha  avnovlal  sheathS  OC 
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be  borne  in  mind  in  cases  in  which  the  surgeon  wishes  to 
puncture  or  cut. 

Ligature  of  the  Badial  in  Anterior  Part  of  the  Wrist. — 
Tlie  course  of  this  vessel  is  along  a  line  drawn  from  the 
middle  of  the  bend  of  the  elbow  to  the  metacarpal  bone 
of  the  thumb.  The  incision  should  be  made  along  this 
line,  just  above  the  annular  ligament,  about  two  inches  in 
length,  dividing  the  skin  and  subcutaneous  tissues  down 
to  the  aponeurosis. 

The  artery  with  its  nerve  will  be  found  with  the  su- 
pinator longus  on  its  outer,  and  the  flexor  carpi  radialis 
on  its  inner,  side.  The  vessel  is  then  exposed  by  carefully 
incising  the  fascia  covering  it,  and  is  separated  from  its 
vens  comites.  There  being  no  accompanying  nerve,  the 
needle  may  be  passed  from  either  side.  In  this  opera- 
tion the  superficial  position  of  the  artery  should  be  dis- 
tinctly realized,  for  there  is  danger  of  wounding  the  ar- 
tery longitudinally  by  the  first  incision. 

The  radial  may  be  tied  on  the  external  aspect  of  the 
wrist  in  the  interval  between  the  extensor  tendons  of  the 
thumb.  A  vertical  cut  four  to  five  centimetres  (one 
and  a  half  inch)  in  length  should  be  made  from  the 
styloid  process  of  the  radius  to  the  base  of  the  meta- 
carpal bone  of  the  thumb.  The  radial  vein  and  the 
cutaneous  branch  of  the  radial  nerve  lie  parallel  to  the 


Fig.  255.  —Ligature  ol  the  Ulnar,  Radial,  and  Palmar  Arch,  Bight  Ann. 
Fig.  256  shows  an  enlargement  of  the  two  lower  incisions  in  Fig.  255. 

cut,  and  should  be  avoided  if  possible.  The  artery  is 
often  diiflcult  to  find  on  account  of  its  deep  position  and 
aponeurotic  coverings.  It  is  always  easier  to  tie  on  the 
anterior  aspect  of  the  wrist,  so  that  this  operation  is  of 
little  practical  use. 

Ligature  of  the  Ulnar  at  the  Wrist. — An  incision  four 
to  six  centimetres  (one  and  a  half  to  two  inches)  in 
length  should  be  made  in  the  line  of  the  artery  along  the 
radial  border  of  the  fiexor  carpi  ulnaris,  just  above  the 
annular  ligament. 

The  muscular  aponeurosis  having  been  exposed  and 
cut  through,  the  artery  and  nerve  will  be  found  beneath 
the  second  layer  of  aponeurosis  which  covers  the  deep 
flexors.  The  artery  and  nerve  are  in  such  intimate 
relation  that  both  are  usually  exposed.  The  nerve  lying 
on  the  ulnar  side  of  the  vessel,  the  needle  should  be 
passed  from  within  outward. 

The  HAND  begins  with  the  inferior  fold  of  the  wrist,  and 
is  divided  surgically  into  a  digital  and  metacarpal  portion. 

The  metacarpal  portion  consists  of  an  anterior  and 
posterior  surface,  the  palm  and  dorsum  of  the  hand  re- 
spectively. 

The  palm  of  the  hand  presents  in  its  centre  a  well- 


marked  depression,  known  as  the  hollow  of  the  hand. 
Above,  this  is  bounded  by  two  eminences  with  a  depres- 
sion between  them  ;  an  outer,  formed  by  the  muscles  of 
the  thumb,  the  thenar  eminence,  and  an  inner,  formed  by 
those  of  the  little  finger,  the  hypo-thenar  eminence. 
Below  the  hollow,  close  upon  the  first  phalanx  of  the 
four  last  fingers,  there  are  longitudinal  furrows,  par- 
ticularly well  marked  opposite  the  ring-flnger,  with 
rounded  eminences  between  them  which,  if  the  fingers 
are  fully  extended,  come  plainly  into  view.  These  fur- 
rows indicate  the  course  of  the  fibrous  prolongations  of 
the  palmar  fascia,  which  are  firmly  bound  to  the  skin  and 
draw  it  down.  The  rounded  eminences  projecting  be- 
tween the  furrows  consist  of  "small  masses  of  fat,  under 
which  lie  the  digital  arteries  and  digital  branches  of  the 
ulnar  and  median  nerves. 

The  skin  of  the  palm  is  marked  by  numerous  furrows 
or  wrinkles,  three  of  which,  arranged  in  the  shape  of  an 
M,  are  of  importance  as  surgical  guides.  The  upper  fur- 
row runs  from  the  interval  between  the  thumb  and  hypo- 
thenar  eminence,  forward  and  outward  to  the  base  of  the 
index  finger,  where  it  is  joined  by  the  second,  which  comes 
from  the  ulnar  side  less' obliquely.  Between  the  first  and 
second  furrows  the  superficial  arch  is  situated,  and  the 
line  of  their  union 
corresponds  to  the 
metacarpo  -  phalan- 
geal joint  of  the  in- 
dex finger. 

The  inferior  line 
starts  from  the  emi- 
nence at  the  base  of 
the  index-finger  and 
curves  inward  to  the 
fifth.  It  marks  the 
metacarpo  -  phalan- 
geal joints  of  the  last 
three  fingers. 

When  the  thumb 
is  strongly  abducted, 
the  curve  of  its  pal- 
mar surface,  con- 
tinued to  the  pisi- 
form bone,  would 
mark  quite  accurate- 
ly the  position  of  the 
superficial  palmar 
arch  (Pig.  258).  _ 

Longitudinal  inci-      ^ 
sions    through    the 

furrows  at  the  bases  fiq.  256.— Relations  of  Radial  and  rhiar  Ar 
of  the  fingers,  and  terles  at  wrist.  The  incision  on  left  shows 
-    -  -  .  - --        relations  of  ulnar  artery.    From  left  to  right 

(ulnar  to  radial  sides)  are  seen  the  tendons 
of  the  flexor  carpi  ulnaris,  ulnar  nerve,  ar- 
tery, tendons  of  flexor  sublimis  digltorum. 
The  incision  on  right  shows  the  radial  artery 
resting  on  the  right  (radial)  side  of  tendon 
of  flexor  carpi  radialis.  To  the  right  oC  the 
artery  is  the  tendon  of  the  supinator  longus 
separated  by  a  narrow  interval,  through 
which  the  bony  surface  of  the  radius  can  be 


below  the  middle 
transverse  fold  of  the 
palm,  will  avoid  the 
palmar  arch  and  its 
branches,  as  well  as 
the  nerves  of  the  fin- 
gers. The  skin  of  the 
palm  is  thick  and  ad- 
herent. It  is  without 

hair  and  sebaceous  glands,  which  explains  the  absence  of 
f uruncular  inflammation  on  the  palmar  surface,  while  it 
is  so  common  on  the  dorsum,  where  these  appendages  are 
found. 

Between  the  epidermis  and  cutis  vera  of  the  palm  ab- 
scesses often  occur,  which  are  sometimes  explained  by 
the  presence  of  a  mucous  bursa  in  that  place.  "When  the 
epidermis  is  very  thick  and  strong,  pus  may  make  its  way 
under  the  true  skin  and  form  an  abscess  there.  The  com- 
munication between  the  two  abscess  cavities  is  generally 
by  a  small  opening,  from  which  arrangement  the  name 
of  shirt-stud  felon  has  been  derived.  The  same  thing 
may  be  produced  by  an  abscess  starting  beneath  the  cutis 
vera,  and  later  pushing  up  the  epidermis  through  a  small 
opening  in  the  true  skm. 

The  hollow  of  the  hand  is  triangular  in  shape,  with  its 
base  toward  the  fingers,  and  its  apex  between  the  thenar 
and  hypo-thenar  eminences. 
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The  skin  having  l)een  removed,  a  layer  of  fat  is  exposed, 
pierced  by  fibres  which  unite  the  skin  firmly  with  the 
palmar  fascia,  and  make  the  separation  of  these  layers  ex- 

tremelv  difficult.  ,  j  •  *      * 

The  palma/r  fascia  is  thick  and  strong,  and  consists  ot 


Pig.  257.— Superficial  Dissection  of  Palm.    The  skin,  and  as  little  fascia 
as  possible,  have  been  removed. 

longitudinal  fibres  derived  from  the  tendon  of  the  pal- 
maris  longus,  or,  in  cases  where  this  muscle  is  absent, 
from  the  ante-braohial  aponeurosis  and  the  annu- 
lar ligament.  It  is  narrow  and  thick  above,  broad  and 
thin  below,  where  it  divides  into  four  processes,  inserted 

into  the  sheaths  and 
ligaments  of  the  fin- 
gers and  sides  of  the 
first  phalanges.  It 
is  strengthened  by 
transverse  fibres 
attached  to  the  sec- 
ond and  fifth  meta- 
carpal bones. 

Between  the  pro- 
longations    of    the 
fascia  to  the  fingers 
are   the  masses   of 
fat  spoken  of  above. 
In  laboring  men  these  are  often 
the  seat    of   an   inflammation 
starting  beneath  the  overlying 
thickened  skin.    Pus  formed  in 
this  way  should  be  relieved  by 
early  incision,  for,  if  left  to  it- 
self. It  makes  its  way  between 
the  fingers  to  the  dorsum  of  the 
hand,   and  sometimes  involves 
the  metacarpo-phalangeal  joints. 
From  the  borders  of  the  pal- 
Pro.  26e.-in  this  cut  the  wrist  ^^^  ^a^cia  is  derived  the  thin 
is  a  little  more  flexed  than  in  aponeurotic    Covering    of    the 
Fig.  251.   The  ulnar  nerve  is  muscles  of  the  thenar  and  hvDO- 
L^nartXtin'-i-Jl;^  ':^^-^l  e^^ences,    continu^^s 

median  is  nearer  the  flexor  behind  With  the  aponeurosis  of 
carpi  radialis.    The  palmaris  the  dorsum 

ISSns  ^^^  J^!  t^'Z      f"'^  '^^  lateral  borders  also 

Pig.  251.  antero  -  postenor  prolongations 

„„ ,  f      ^,        ,  ,  ,go  to  be  attached  to  the  third 

and  fourth  metacarpal  bones,  which,   though  delicate, 

ofler  sufficient  resistance  to  prevent  the  extension  of  in- 
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flammation  from  the  thumb  or  little  finger  to  the  impor. 
tant  structures  of  the  hollow  of  the  hand. 

The  palmar  fascia  may  become  contracted,  forming 
painful  elevations  under  the  skin,  and  gradually  flexing 
the  fingers  so  as  to  render  them  more  or  less  useless.  The 
failures  which  have  followed  division  of  the  contracted 
fibres  seem  to  justify  the  belief  that  other  structures  are 
instrumental  in  producing  this  deformity. 

The  superficial  palma/r  arch  is  exposed  on  removing  the 
palmar  fascia.  It  is  the  direct  continuation  of  the  ulnar 
artery,  and  is  completed  by  the  superficial  volar  branch 
of  the  radial,  which,  usually  of  small  size,  may  become 
much  enlarged  (Fig.  359). .  From  the  convexity  of  the 
arch  the  digital  branches  are  given  off,  and  proceed  in  a 
straight  line  to  the  interdigital  folds,  where  each  one 
divides  to  supply  the  adjacent  sides  of  two  fingers.  The 
digital  branches  of  the  median  and  ulnar  nerves  are 
placed  between  the  superficial  arch  and  the  flexor  ten- 
dons. There  is  often  a  communicating  branch  between 
the  two  nerves  in  the  palm.  In  their  course  to  the  fin- 
gers they  accompany  the  digital  arteries. 

The  median  supplies  the  thumb,  index,  middle,  and 


Fig.  259. — Dissection  of  Wrist  and  Hand.  The  nkin  and  palmar  fascia 
have  been  removed.  The  superficial  arch  is  seen  to  be  formed  by -a 
small  ulnar  artery  and  an  enormously  enlarged  superflcialis  vole 
branch  from  the  radial. 

radial  side  of  ring-finger.  The  ulnar  supplies  the  ulnar 
side  of  ring-finger  and  both  sides  of  little  finger. 

Longitudinal  incisions  made  over  the  metacarpal  bones 
in  the  line  of  the  middle  of  the  finger  will  avoid  both 
arteries  and  nerves. 

The  superficial  and  deep  flexor  tendons,  emerging  from 
the  carpal  arch,  diverge  to  their  respective  fingers,  where 
they  both  enter  the  same  tendon  sheath  opposite  the 
heads  of  the  metacarpal  bones. 

To  the  deep  tendons  are  attached  the  lumbricalea 
muscles,  which,  inserted  into  the  extensors  on  the  dorsum 
of  the  fingers,  flex  the  first  phalanx  and  extend  the  two 
others.  In  paralysis  of  the  extensors,  therefore,  the 
power  of  extending  the  terminal  phalanges  is  not  lost. 

The  flexor  tendons  are  enveloped  in  a  common  sheath, 
which,  though  extending  above  the  annular  ligament,  is 
mostly  situated  in  the  hollow  of  the  hand.  Another 
quite  extensive  sheath  accompanies  the  flexor  longus  pol- 
licis  into  the  wrist.  The  tendon  of  the  flexor  carpi 
radialis  has  a  third  and  smaller  one,  which  is  of  little  sig- 
nificance beyond  its  being  occasionally  the  origin  of  a 
ganglion. 
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The  larger  sheath  covering  the  common  flexors  (ulnar 
bursa)  begins  about  two  centimetres  (two-thirds  inch)  above 
the  annular  ligament,  where  it  is  in  contact  with  the 
ulnar  nerve.  Passing  under  the  ligament,  it  is  placed 
upon  the  inferior  extremity  of  the  radius  and  deep  liga- 
ment of  the  carpus,  to  which  it  is  firmly  united,  and 
beneath  the  tendons.  Below  the  ligament  it  inclines  ob- 
liquely to  the  ulnar  side,  entirely  surrounding  the  tendons 
of  the  fourth  and  fifth  fingers,  and  accompanying  but  a 
short  distance  those  of  the  second  and  third.  The  special 
sheath  of  the  fifth  finger  is  almost  always  connected  with 
the  large  flexor  bursa,  which  explains  the  clinical  fact 
that  felons  of  this  finger  may  be  followed  by  extension 
of  the  disease  into  the  thumb  and  forearm. 

The  sheath  of  the  flexor  longus  poUicis  is  continued 
from  the  wrist,  under  the  annular  ligament,  to  the  ter- 
minal phalanx.  In  many  cases  there  is  direct  communi- 
cation between  this  sheath  and  that  of  the  flexors  of  the 
fingers,  which  explains- the  extension  of  thecal  inflamma- 
tion from  the  thumb  to  the  palm,  or  even  to  the  little 
finger. 

Acute  inflammation  of  these  synovial  sheaths  is  a  very 
severe  affection,  and  may  be  followed  by  grave  results. 
Prom  what  has  been  said  it  is  evident  that  a  thecal  in- 
flammation starting  in  the  thumb  or  little  finger,  from 
whatever  cause,  is  more  like- 
ly to  extend  into  the  palm  and 
wrist  than  one  beginning  in 
the  index-,  middle-,  or  ring- 
fingers.  In  cases  where  the 
special  sheath  of  the  little  fin- 
ger communicates  with  the 
palm,  pus  may  make  its  way 
there  and  into  the  wrist, 
Where  it  may  easily  break 
through  the  thin  walls  of  the 
bursa  and  dissect  its  way  up 
the  forearm  with  great  rapid- 
ity, producing  most  serious 
results.  The  same  progress 
may  be  seen  in  inflammation 
of  the  sheath  of  the  flexor 
longus  poUicis. 

The  median  nerve  passes 
under  the  annular  ligament 
between  the  synovial  sheath 
of  the  flexor  longus  poUicis 
and  that  of  the  flexores  sub- 
limls  and  profundus  digito- 

The  ulnar  nerve  is  also  in 
contact  with  the  inner  bursa 
before  it  crosses  the  annular 
ligament.  This  proximity 
explains  in  part  the  existence 
of  severe  pain  when  these 
sheaths  are  inflamed  and  dis- 
tended. 

It  is  not  uncommon  in  the  palm  to  see  a  large  cyst  con- 
nected with  the  sheath  of  the  flexors,  corresponding  in  its 
general  shape  and  outline  to  that  of  the  bursa. 

By  pressure  exerted  above  the  wrist,  and  then  over  the 
palm,  the  fluid  of  this  cjrst  may  be  tilted  backward  and  for- 
ward with  a  peculiar  friction  sound,  caused  by  the  pressure 
of  large  numbers  of  small  whitish  bodies  resembling  rice. 
With  strict  antiseptic  precautions  after  Lister's  method, 
such  a  cyst  may  be  emptied  without  serious  results  follow- 
ing the  opening  of  the  tendon  sheaths.  In  all  cases  of 
inflammation  of  the  palm  free  incisions  should  be  made 
early,  even  before  the  presence  of  pus  can  be  demonstrat- 
ed by  fluctuation,  in  order  to  prevent  not  only  serious 
injury  to  the  structures  of  the  palm,  but  also  the  exten- 
sion of  the  disease  beneath  the  annular  ligament  into  the 
forearm.  The  deepest  layer  of  the  palm  consists  of  the 
interosseous  muscles,  with  the  deep  palmar  arch,  and  deep 
branch  of  the  ulnar  nerve. 

The  deep  a/reh,  smaller  than  the  superficial,  is  the  con- 
tinuation of  the  radial,  anastomosing  with  the  deep  branch 
of  the  ulnar.    It  is  situated  about  one  and  a  half  centi- 


'Showing  the  flynovial 
Bbeaths  of  the  flexor  tendonB  in- 
jected. That  ol  the  little  finger 
is  Been  to  connect  with  the  large 
palmar  bursa  extending  under  the 
annular  ligament  into  the  wrist. 
The  flexor  longus  poUicis  is  ac- 
companied to  the  wrist  by  a  syno- 
vial sheath  of  its  own.    (From 

one- half  normal  size.) 


metre  (one-half  inch)  higher  up  than  the  superficial  arch, 
and  is  so  deeply  placed  as  to  be  of  little  surgical  impor- 
tance in  ordinary  operations  upon  the  palm. 

It  should  be  borne  in  mind  that  it  may  be  wounded 
from  the  back  of  the  hand,  and  that  it  may  be  very  much 
enlarged,  supplying  the  digital  arteries  usually  derived 
from  the  superficial  arch. 

In  the  subject  from  which  Pig.  361  was  taken  the  deep 
arch  was  enormously  enlarged  and  gave  oil  the  digital 
branches.  In  wounds  of  the  large  arteries  of  the  palm  it 
becomes  a  serious  question  what  is  the  best  course  to  pur- 
sue. A  ligature,  to  be  effectual,  must  be  applied  to  both 
ends  of  the  severed  vessel ;  but  this  cannot  be  done  with- 
out exposing  the  deep  structures.  If  we  tie  the  radial 
and  ulnar  at  the  wrist,  we  have  communication  with  the 
palm  through  the  anterior  and  posterior  interosseous  arter- 
ies and  the  carpal  arches.  Ligation  of  the  brachial  at  the 
bend  of  the  elbow  or  middle  of  the  arm  is  followed  by 
very  free  collateral  circulation  through  the  anastomoses 
about  the  elbow-joint. 

When  the  cut  is  clean  and  of  uncertain  direction  and 
depth,  it  is  better  to  apply  direct  compression  over  the 
wound,  and,  if  necessary,  partial  compression  of  the  large 
vessels  of  the  forearm  or  arm,  than  to  expose  the  deep 


Fia.  961. — Deep  Dissection  of  the  Anterior  Surface  of  Hand.  The  flexor 
tendons  have  all  been  cut,  but  the  nerves  are  left.  The  distribution  of 
the  nerves  to  the  fingers  is  shown,  and  the  deep  branch  of  the  ulnar 
entering  the  adductor  and  flexor  brevis  pollicis.  In  this  subject  the 
digital  arteries  were  given  off  by  the  deep  palmar  arch,  instead  of  by 
the  superficial.    (One-half  normal  size.) 

structures  of  the  hand  in  the  application  of  a  ligature. 
This  is  generally  successful,  but  if  it  fails  it  is  then  rieces- 
sa:^  to  open  the  wound  and  tie  the  vessel  at  both  ends. 

The  deep  branch  of  the  ulnar  nerve  is  given  off  just 
below  the  pisiform  bone,  and  passes  downward  and  out- 
ward, with  the  deep  communicating  branch  of  the  ulnar 
artery,  between  the  flexor  brevis  minimi  digiti  and  abduc- 
tor minimi  digiti.  It  supplies  the  interosseous  muscles, 
the  two  inner  lumbricales,  the  abductor,  and  the  inner 
head  of  the  flexor  brevis  pollicis. 

In  paralysis  of  the  ulnar  nerve  the  first  phalanx  is  ex- 
tended, but  the  two  terminals  are  flexed ;  inasmuch  as, 
like  the  lumbricales,  the  interosseous  muscles  extend  the 
former  and  flex  the  latter  (Tillaux). 

The  thenar  eminence,  covered  by  thin,  fine,  non-adher- 
ent skin,  is  made  up  of  the  short  muscles  of  the  thumb, 
the  abductor,  opponens,  flexor  brevis,  and  adductor  pol- 
licis. It  is  covered  by  a  thin  aponeurosis  derived  from 
the  palmar  fascia,  and  is  cut  off  from  the  palm,  as  already 
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mentioned,  by  a  layer  of  fascia  attached  to  the  third  meta- 

'^^The  bXof  the  thumb  is  traversed  in  part  by  the  super- 
ficialis  volse  branch  of  the  radial  (Pig.  259). 

Behind,  the  adductor  pollicis  is  pierced  ^)y  t^e  ^adm 
artery  in  its  course  from  the  external  region  of  the  wnst 
to  the  deep  palmar  arch.  The  abductor,  opponens  and 
outer  head  of  flexor  brevis  poUicis  are  supplied  by  the 
median  nerve,  all  the  rest  by  the  ulnar. 

The  hollow  of  the  palm  is  bounded  on  its  ulnar  side  by 
the  hypo-thenar  eminence,  which  is  composed  of  the  short 
muscles  of  the  little  flnger-the  abductor,  opponens,  and 
flexor  brevis  minimi  digiti.  This  is  covered  by  a  thm 
aponeurosis,  like  the  thenar  region,  and  is  shut  ott  troni 
the  palm  by  a  fascia  attached  to  the  fourth  metacarpal 
bone.    The  skin  is  thick  and  often  indurated. 

The  ulnar  artery  and  nerve  cross  this  eminence  at  the 
ulnar  side  of  the  unciform  process,  and  supply  the 
muscles  of  the  little  finger,  and  the  skin  covering  them. 

Bm-mm  of  tU  Hand.— The  skin  is  thin,  elastic,  and 
loosely  adherent.  It  is  covered  with  hairs  and  sebaceous 
glands,  and  is  therefore  very  liable  to  f uruncular  inflam- 
mation. The  subcutaneous  connective-tissue  being  very 
loose,  this  region  is  frequently  the  seat  of  oedema,  espe- 
cially when  the  return  of  blood  through  the  superficial 
veins  is  retarded  by  the  pressure  of  bandages,  splints,  or 
other  apparatus.  The  radial  and  ulnar  nerves  supply 
the  skin  of  the  dorsum— the  radial  supplying  the  thumb, 
index-finger,  and  half  of  the  middle  finger,  and  the  ulnar 
supplying  the  rest.  There  is  usually  very  free  inoscu- 
lation between  these  two  nerves. 

The  tendons  of  the  extensors  of  the  fingers  are  flat- 
tened and  bound  down  to  the  metacarpal  bones.  They 
are  united  by  transverse  fibres,  which  are  particularly 
well  marked  and  strong  on  either  side  of  the  tendon  of 
the  ring-finger.  The  result  of  tl^is  arrangement  is  that 
the  three  inner  fingers  are  associated  in  their  movement, 
and  the  ring-finger  cannot  be  extended  without  also  mov- 
ing the  others.  These  fibres  have  been  divided  subcuta- 
neously,  the  operation  resulting  in  greater  freedom  of  the 
ring-finger. 

The  digital  part  of  the  hand  consists  of  the  five  finders, 
known  as  the  thumb,  index-,  middle-,  ring-,  and  little- 
fingers.  Their  number  may  be  increased  or  diminished. 
When  supernumerary  fingers  exist  which  are  unsightly 
or  interfere  with  the  others,  they  should  be  amputated. 
They  are  sometimes  provided  with  bones,  joints,  and 
tendons,  and  sometimes  are  composed  only  of  soft  parts 
united  to  the  rest  of  the  hand  by  a  small  pedicle.  The 
thumb  may  be  double  or  bifid.  The  fingers  also  vary  in 
size  and  length.  They  may  be  curved  from  side  to  side, 
or  antero-posteriorly,  from  deformity  of  the  phalanges. 
Finally,  they  may  be  webbed  by  the  extension  of  the  in- 
terdigital  commissures  toward  the  finger-tips. 

On  the  palmar  surface  of  the  fingers  are  seen  three  dis- 
tinct folds,  especially  well  marked  in  fiexion.  The 
first  fold  is  twelve  to  fifteen  millimetres  (one-half  inch) 
below  the  metacarpo-phalangeal  joint,  and  may  be  used 
as  a  landmark  in  disarticulating  this  joint  from  the  pal- 
mar surface.  The  second  fold  consists  of  two  furrows, 
the  one  nearest  the  palm  lying  directly  over  the  Joint  be- 
tween the  first  and  second  phalanges.  The  third  fold  is 
situated  between  the  second  and  third  phalanges,  and  lies 
two  and  a  half  millimetres  (iV  to  i^j-  inch)  above  the 
joint.  The  second  and  third  folds  may  be  used  as  land- 
marks in  disarticulating  at  the  second  and  third  joints. 
The  thumb  has  three  folds,  although  there  are  but  two 
phalanges.  The  upper  and  lower  correspond  to  the  first 
and  second  joints  respectively,  while  the  middle  one  is 
opposite  the  centre  of  the  first  phalanx. 

The  palmar  aspect  of  the  fingers  is  composed  of  skin, 
fat,  tendon-sheaths,  tendons,  and  bone.  The  skin  is  dense 
and  thick,  like  that  of  the  palm,  and  is  firmly  attached 
to  the  underlying  tissues.  At  the  tips  of  the  fingers  it  is 
abundantly  supplied  with  tactile  corpuscles  and  nerve- 
filaments. 

Between  the  skin  and  tendon-sheaths,  and  attached  to 
both,  are  collections  of  fat,  arranged  in  three  promi- 
nences on  the   palmar   surface  and  separated  by  the 


transverse  furrows.  They  are  often  covered  by  indura- 
tions from  the  pressure  which  they  support.  The  tendon, 
sheaths  of  the  fingers  begin  at  the  metacarpo-phalangeal 
joint,  and  end  just  short  of  the  last  phalanx,  so  that  in 
amputation  of  the  last  joint  they  are  not  injured.  The 
sheath  of  the  tendon  of  the  flexor  longus  poUicis,  on  the 
contrary,  accompanies  the  tendon  down  to  the  last  joint 
of  the  thumb,  and  is  consequently  opened  in  amputations 
of  the  terminal  phalanx.  The  tendons  glide  through 
their  sheaths  with  the  greatest  freedom,  and  when  cut 
retract  so  far  that  it  is  almost  impossible  to  suture  the 
divided  ends. 

In  the  ligamenta  vaginalia  opposite  the  joints  are  of- 
ten seen  hernia-like  projections  of  the  synovial  sheath, 
through  small  openings,  especially  when  the  sheath  has 
been  injected  with  mercury.  In  serous  effusion  and  in- 
flammation these  little  pouches  form  easily  recognizable 
projections. 

In  chronic  contraction  of  the  flngers  tenotomy  of  the 
flexor  tendons  is  successful,  unless  flexion  is  prevented  by 
permanent  changes  in  the  joint. 

Destruction  of  the  flexor  tendons  will  be  followed  by 
permanent  extension  of  the  flngers,  just  as  destruction  ol 
the  extensors  results  in  permanent  flexion. 

By  a  felon  is  understood  a  phlegmonous  InflammatioD 
of  the  flngers,  which  may  start  in  the  adipose  tissue  be. 
neath  the  skin,  or  in  the  network  of  lymph  capillaries  o{ 
the  terminal  phalanx.  It  may  be  limited  to  the  subcu- 
taneous cellular  tissue,  or  it  may  break  into  the  tendon- 
sheaths,  and  very  rarely  it  may  extend  even  to  the  bones. 
If  the  tendon-sheaths  become  involved,  inflammation  of 
the  palm  may  follow,  especially  in  tendons  of  the  "thumb 
and  little  flnger,  in  the  manner  already  spoken  of.  The 
skin  on  the  posterior  surface  of  the  flngers,  particularly 
of  the  first  and  second  phalanges,  is  bairy,  with  numer- 
ous sebaceous  glands,  in  ■which  small  furuncles  may  de- 
velop as  on  the  dorsum  of  the  hand. 

The  joints  of  the  fingers  lie  very  ntar  the  surface,  and 
are  generally  opened  from  the  dorsum.  In  such  cases  the 
flap  is  taken  from  the  palmar  surface.  Situated  in  a  fold 
of  the  terminal  phalanx,  the  nail  varies  somewhat  in 
shape  in  different  people,  and  special  types  are  met  with 
which  are  said  to  be  characteristic  of  certain  diseases. 
Thus  the  clubbed  flngers,  in  which  the  nails  are  bent  and 
the  terminal  phalanges  enlarged,  are  often  seen  in  dis- 
eases where  the  circulation  is  retarded  or  the  blood  im- 
perfectly aerated. 

The  nail  is  often  the  seat  of  an  inflammation  more  or 
less  severe,  which  may  affect  any  of  the  soft  parts  around 
it,  or  may  entirely  destroy  the  matrix  and  give  rise  to 
great  deformity  (onychia,  paronychia). 

The  arterial  supply  of  the  fingers  is  derived  generally 
from  the  superficial  palmar  arch,  the  branches  of  which 
bifurcate  opposite  the  digital  folds.  The  thumb  is  sup- 
plied by  the  radial.  The  digital  arteries  proceed  to  the 
terminal  phalanx,  lying  on  each  side  of  the  flexor  tendons. 
They  anastomose  freely  from  side  to  side,  and  end  at  the 
pulp  in  a  small  arch  from  which  minute  branches  diverge 
to  the  very  tips  of  the  flngers.  This  abundant  arterial 
supply  to  the  fingers  explains  why  one  is  able  in  many 
cases  to  secure  a  primary  union  even  after  complete  sepa- 
ration of  the  ends  of  the  fingers. 

The  nerves  of  the  fingers — four  in  number,  two  on  the 
palmar  and  two  on  the  dorsal  surface — are  derived  from 
the  ulnar,  radial,  and  median  in  the  manner  already  re- 
ferred to.  They  inosculate  freely,  both  laterally  and  also 
from  the  palm  to  the  dorsum. 

Some  anatomists  maintain  that  the  dorsal  nerves  ter- 
minate opposite  the  first  joint,  and  that  the  last  two 
phalanges  are  entirely  supplied  by  the  palmar  nerves.  If 
this  view  is  correct,  sensation  will  be  retained  on  the  backs 
of  the  flngers  when  the  nerves  of  the  dorsum  are  di- 
vided. 

In  avulsion  of  the  finger  by  extreme  violence,  both 
the  tendons,  flexor  and  extensor,  may  be  drawn  out  of  the 
forearm, 

Injuries  to  the  Nerves  of  the  Arm,  Etc.— la 
paralysis  of  the  musculo-spiral  nerve  the  power  of  exten- 
sion is  lost,  except  that  of  the  last  two  joints  of  the  iuitefi. 
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which  are  extended  by  the  lumbricales  and  interosseii. 
Supination  is  only  possible  through  the  biceps.  It  is 
impossible  to  extend  the  forearm,  and  the  hand  hangs 
flexed  and  limp  (wrist-drop).  Sensibility  is  lost  over  the 
skin  supplied  by  the  nerve. 

Parcdyais  of  the  Median  Nerve. — Through  paralysis  of 
the  flexor  sublimis  digitorum,  flexion  of  the  second 
phalanges  of  all  the  fingers  is  lost ;  through  that  of  the 
outer  half  of  the  profundus  it  is  rendered  impossible  to 
flex  the  last  joint  of  the  middle-  and  index-fingers.  A 
certain  amount  of  flexion  of  the  first,  and  extension  of 
the  second  and  third  phalanges,  is  still  possible  through 
the  interosseii.  Pronation  is  lost,  and  flexion  of  the  wrist 
accomplished  only  by  the  flexor  carpi  ulnaris.  Sensation 
is  lost  over  the  skin  supplied  by  the  nerves  already  de- 
scribed. 

In  paralysis  of  the  ulnar  nerve,  flexion  of  the  ring-  and 
little-flngers  is  greatly  impaired,  through  loss  of  con- 
tractile power  of  the  flexor  carpi  ulnaris,  and  inner  half 
of  the  flexor  profundus  digitorum.  At  the  same  time  all 
the  muscles  of  the  hand  are  paralyzed,  except  the  three 
outer  muscles  of  the  thumb,  and  two  radial  lumbricales. 
The  fingers  cannot  be  separated  or  abducted,  and  the 
thumb  cannot  be  adducted.  Sensation  is  lost  in  the  little- 
finger  and  in  half  of  the  ring-finger. 

Sensation  returns  very  quickly  to  the  parts  supplied  by 
these  nerves,  even  when  the  main  trunks  have  been  com- 
pletely divided.  This  is  explained  by  the  numerous  in- 
osculations and  by  the  interlacing  of  fibres  between  these 
nerves  in  different  parts  of  the  arm. 
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ARM,   DISEASES  AND   INJURIES  OF. 

Diseases. 

Abscess. — Abscesses  of  the  upper  extremity  may  oc- 
cur at  almost  any  point.  The  two  most  serious  situations 
are  the  palm  of  the  hand  and  the  axilla. 

Palmar  Abscess. — Deep-seated  abscess  of  the  palm  of 
the  hand  occurs  quite  often,  and  is  of  a  pretty  serious 
•  nature,  owing  to  the  pain  and  complications  to  which  it 
gives  rise.  The  cause  is  generally  a  lacerated  wound,  a 
contusion,  or  other  injury.  The  inflammation  is  situated  in 
the  palmar  aponeurosis,  in  the  subaponeurotic  tissue,  and 
in  the  sheaths  of  the  tendons.  It  frequently  spreads  so 
as  to  involve  a  large  extent  of  tissue.  The  symptoms  are 
those  usually  manifested  in  inflammation,  namely,  pain, 
heat,  redness,  and  swelling.  The  constitutional  symp- 
toms are  generally  well  marked.  Treatment. — Blood 
must  be  taken  locally,  the  hand  must  be  kept  elevated 
and  covered  with  compresses  wet  with  the  Lotio  Plumbi 
ct  Opii.  Suppuration  must  be  hastened  by  poulticing, 
and  pus  must  he  promptly  evacuated.  The  bowels  must 
he  kept  open  and  antifebrile  remedies  given.  The  se- 
quelae are  necrosis,  ankylosis,  and  contraction  of  tendons. 
There  is  great  danger  in  this  afEection  of  a  general  cellu- 
litis. 

Axillary  Abscess. — This  may  be  either  acute  or  chronic. 
In  the  acute  form  the  pus  may  be  confined  to  the  con- 
nective-tissue, or  it  may  spread  in  all  directions,  as  be- 
neath the  scapula,  beneath  the  pectoral  muscles,  into  the 
anterior  mediastinum,  or  into  the  neck.  The  usual 
signs  of  abscess  will  be  present.  Treatment. — This  con- 
sists _  in  making  a  free  outlet  for  the  pus  ;  but  in  making 
the  incision  great  care  must  be  taken  not  to  wound  the 
axillary  vessels,  the  best  plan  being  to  incise  the  skin  and 
then  divide  the  remaining  tissues,  layer  by  layer,  on  a 
director.  The  chronic  form  occurs  especially  in  young, 
strumous  subjects.  The  treatment  is  the  same,  with  the 
addition  that  sinuses  are  frequently  found  which  require 
special  attention. 

Adenitis. — Inflammation  and  enlargement  of  the 
glands  in  the  axilla  present  no  special  features,  except  in 
connection  with  cancerous  ailections,  which  will  be 
treated  of  under  Tumors. 


Atrophy,  Muscular.— Atrophy  of  muscles  in  the 
upper  extremity  may  occur  from  a  variety  of  causes. 
A  very  frequent  cause  is  non-use,  as  in  diseases  of  joints, 
or  in  injuries  requiring  long  periods  of  rest.  The  cause 
may  be  central,  however,  as  in  infantile  paralysis. 
Muscles  may  undergo  degeneration— granular,  fatty,  oi 
waxy— after  rheumatism,  lead-poisoning,  syphilis,  alco- 
holism, or  chronic  spasm,  as  in  scrivener's  palsy. 

Perhaps  the  most  curious  form  of  degeneration  is  what 
is  known  as  "  progressive  muscular  atrophy,"  or  "wast- 
ing palsy."  This  disease  is  generally  very  slow  in  its 
progress.  The  degeneration  may  be  irregular,  some  oi 
the  fibres  remaining  intact.  In  some  instances  the  de- 
generation may  be  simple,  in  others  there  may  be  fatty 
or  granular  changes.  The  consistence  may  be  increased, 
owing  to  an  increase  of  the  connective-tissue.  The  mus- 
cular fibre  may  be  yellow  or  colorless.  The  affection 
begins  generally  in  the  upper  right  extremity,  passing 
from  the  hand  to  the  shoulder,  and  then  involving  the 
muscles  of  the  other  limbs  and  the  trunk. 

It  commences  with  loss  of  power,  which  gradually  in- 
creases ;  there  may  be  cramps,  twitchings,  or  fibrillary 
tremors ;  occasionally  there  is  pain,  or  some  cutaneous 
anaesthesia.  The  disease  is  of  central  origin,  and  may  be 
brought  on  by  muscular  exertion,  exposure,  syphilis,  and 
injuries  of  the  spine  (Bryant).  Treatment. — This  must 
be  directed  toward  the  exciting  cause.  Tonics  are  indi- 
cated ;  arsenic  has  been  used  with  success  ;  galvanism 
must  be  applied  to  the  affected  muscles. 

Degeneration  of  muscles,  with  apparent  hypertrophy, 
known  as  "  Duchenne's  paralysis,"  occurs  more  especially 
in  the  lower  extremities.    It  is  most  frequent  in  childhood. 

Anesthesia  of  the  upper  extremity  may  result  from 
wounds  of  the  peripheral  nerves,  from  pressure  on  the 
nerves  by  tumors,  or  from  temporary  pressure,  as  on  the 
ulnar  nerve  at  the  elbow.  The  anaesthesia  may  be  partial 
or  complete ;  it  may  be  accompanied  by  tingling  sensa- 
tions ("pins  and  needles,")  formication,  and  numbness. 
The  condition  is  apt  to  be  accompanied  by  vaso-motor 
spasm,  the  effect  of  which  is  seen  in  the  unnatural  white- 
ness of  the  skin.  The  sensations  are  often  presented  as 
hot  objects  producing  the  sensation  of  cold,  andTO'c«  versa; 
the  temperature  of  the  part  is  always  lowered.  The  af- 
fection is  frequently  seen  after  sleeping  with  the  arm  in 
an  unnatural  position,  as  under  the  body  or  hanging  over 
the  back  of  a  chair.  The  trouble  is  confined  to  the  pe- 
ripheral distribution  of  the  nerve  affected.  Treatment. — 
The  cause  must  if  possible  be  removed.  The  electric 
current,  applied  by  means  of  the  "  faradic  brush,"  is  of 
great  value  in  this  affection  (Hammond).  Hyperaesthesia 
occurs  in  several  affections,  more  especially  is  it  one  of 
the  phenomena  in  neuralgia. 

Ankylosis. — Ankylosis  of  the  fingers  and  thumb  may 
be  caused  by  traumatism,  syphilis,  or  any  cause  which 
results  in  an  inflammation  of  a  phalangeal  or  metacarpo- 
phalangeal articulation  (Gross).  The  treatment  must  be 
"  sorbef acient,  with  passive  motion,"  friction  with  mer- 
curial ointment,  and  any  tendency  of  the  part  to  return 
to  its  former  position  must  be  checked  by  means  of  a 
splint  and  roller-bandage.  Persons  whose  occupation  ren- 
ders them  especially  liable  to  permanent  flexions  of  the 
fingers,  as  tailors,  shoemakers,  and  many  others,  should 
guard  against  them  by  proper  exercise  of  the  fingers,  and 
the  application  of  a  splint  or  other  apparatus  at  night. 

(For  Ankylosis  of  the  other  joints  of  the  upper  ex- 
tremity, see  the  article  on  Diseases  of  Joints.) 

Aneurism.- Aneurisms  of  the  upper  extremity  are 
discussed  in  the  article  on  Aneurism. 

Bursitis. — The  bursa  over  the  olecranon  process  fre- 
quently undergoes  a  chronic  enlargement,  due  to  an  infiam- 
mation  of,  and  an  effusion  into,  the  tissues  ;  this  is  .some- 
times known  as  ' '  miner's  elbow. "  The  same  enlargement 
occurs  over  the  acromion  process  in  men  who  carry  heavy 
articles,  as  timber,  in  this  position  (Bryant).  The  cause 
in  most  instances  seems  to  be  "  pressure,"  although  this 
is  not  always  the  case,  as  such  enlarged  bursae  are  some- 
times found  over  the  knuckle  from  no  such  cause.  Treat- 
ment.— This  consists  in  the  removal  of  pressure  and  the 
application  of  blisters,  or  the  cyst  may  be  tapped  and 
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kept  from  reforming  by  tight  ft'^PPi'ig  ^  ^™'',„^J 
hp\)prf  ormed  or  suppuration  set  up  by  means  ot  a  seton. 
In  ?omeSa  cure^^as  been  effected  by  njectag  t;^ty 
droDS  of  tine,  iodin..  co.  in  a  draclim  of  water.  When 
loose  bodies  exist  in  a  bursa,  they  may  be  removed  by 
means  of  a  free  incision  through  its  walls. 

In  inflammation  of  the  deep  bursa  l^eneath  the  deltoid 
muscle,  there  may  be  pain,  crepitation,  .and  such  swelhng 
as  to  simulate  disease  of  the  shoulder-jomt  This  torm 
Sust  be  dealt  with  cautiously,  as  it  frequently  communi- 
cates with  the  shoulder-joint.  The  best  treatment  is  ab- 
solute rest  of  the  arm  and- counter-irritation  by  blisters. 
When  pouches  exist,  they  may  be  opened. 

Ganouon.— The  swelling  of  a  bursa  connected  with 
the  sheath  of  a  tendon  is  called  a  "  ganglion  This  may 
be  either  localized  or  diffused.'  The  locahzed  form  may- 
be found  connected  with  the  flexor  tendons,  but  it  is  most 
common  on  the  dorsal  aspect  of  the  wnst.  It  is  a,  cystic 
deeeneration  in  the  flnger-like  processes  of  the  synovial 
membrane.  The  cause  of  this  affection  is  almost  always 
a  strain.  The  swelling  may  be  very  hard,  fluctuating,  or 
soft ;  if  large,  it  may  be  translucent ;  it  is  generally  pain- 
ful ;  occasionally  it  occurs  in  the  palm  of  the  hand,  at 
the  heads  of  the  metacarpal  bones,  and  in  this  location  it 
is  extremely  painful.  In  the  diffused  (or  compound) 
form  the  swelling  will  be  deep-seated  and  irregular  along 
the  course  of  the  tendons ;  sometimes  all  the  flexor  tendons 
will  be  involved,  and  the  swelling  will  occupy  the  whole 
palm  of  the  hand,  and  it  may  extend  up  the  forearm.  In 
these  latter  cases  the  ' '  melon-seed  "  or  "  rice-like  "  bodies 
are  usually  found.  Treatment.— The  localized  form  may 
be  treated  when  first  found  by  applying  a  blister,  and  se- 
curing rest  by  means  of  a  splint  ;  if  of  long  standing, 
however,  the  cyst  must  be  punctured,  or  ruptured,  the 
fluid  squeezed  out,  and  firm  pressure  made  by  a  pad  and 
strapping.  The  diffused  form  requires  more  serious 
treatment :  rest  must  be  secured  for  a  few  days  by  means 
of  a  splint,  and  an  incision  is  then  made  in  the  affected 
sheaths  free  enough  to  allow  the  fluid  to  drain  away. 
After  the  operation  the  splint  should  be  kept  on ;  move- 
ment of  the  fingers  being  allowed  after  a  few  days. 

Cellulitis  and  Ertsipblas  of  the  upper  extremity 
are  aiscussed  under  the  heads  of  Diseases  of  the  Cellu- 
lar Tissue  and  Erysipelas. 

Caries  and  Necrosis  of  the  bones  of  the_  upper 
extremity  are  discussed  under  the  heads  of  Osteitis  and 
Necrosis. 

Contractions. — Dupuytren's  contraction  is  a  contrac- 
tion of  the  fascia  of  the  palm  of  the  hand  and  of  the  little 
finger  which  results  in  a  chronic  flexion,  more  or  less 
complete,  of  the  finger ;  it  occasionally  involves  the  ring- 
finger.  It  is  said  to  occur  more  frequently  in  gouty  or  rheu- 
matic subjects.  By  some  it  has  been  thought  to  be  due  to 
the  absorption  of  the  deposit  of  fat  which  exists  in  the  con- 
nective-tissue of  the  palmar  fascia,  this  absorption  being 
followed  by  inflammation.  The  treatment  consists  in 
making  an  incision  at  the  palmar  surface  of  the  base  of  the 
fingers,  which  will  divide  the  connecting  prolongations  of 
the  palmar  fascia ;  the  finger  is  then  straightened  out  and 
bandaged  to  a  splint  applied  to  the  back  of  the  fingers  and 
hand.  Passive  motion  of  the  finger  should  be  made  every 
day,  the  treatment  being  kept  up  for  three  or  four  weeks. 

Any  tendon  may  become  contracted  from  inflammatory 
action,  and  require  treatment  which  would  be,  of  course, 
tenotomy. 

Contraction  of  the  long  head  of  the  biceps  muscle  may 
occur,  and  more  or  less  prevent  extension,  thus  necessitat- 
ing tenotomy. 

Gangrene. — Gangrene  of  the  fingers  and  hand  most 
frequently  results  from  frost-bite ;  it  has  occasionally  been 
caused  by  too  tight  bandaging,  and  particularly  lay  plaster- 
of-Paris  bandages  having  been  too  snugly  applied.  Gan- 
grene from  disease  seems  to  be  very  rare  in  the  upper  ex- 
tremity. The  treatment  of  gangrene  presents  no  special 
features  in  this  region ;  bandages,  and  especially  plaster 
bandages,  should  be  frequently  examined  to  ascertain 
whether  they  are  suflHciently  loose. 

Joint-Dibeases.— Joint-diseases  of  the  upper  extremity 
are  treated  under  the  general  head  of  Joint-Diseases. 


Lymphangitis. — Inflammation  of  the  lymphatics  fre- 
quently occurs  in  the  upper  extremity  from  poisoned 
wounds,  or  dissection  wounds,  or  from  wounds  received 
by  butchers  while  cutting  animal  tissue.  These  wounds 
are  marked  by  the  rapid  spread  of  the  inflammation,  the 
lymphatics  showing  plainly  the  inflammation,  whieh  may 
spread  from  the  hand  tc  the  shoulder  in  a  very  short  time. 
The  constitutional  symptoms  are  generalhr  very  marked, 
in  most  cases  being  those  of  pyaemia.  There  may  be  a 
discharge  of  lymph  from  the  severed  vessel — ^this  is  known 
as  lymphorrhoea.  The  constitutional  treatment  is  that  of 
pysemia,  the  local  that  of  cellulitis. 

Malformations. — Congenital  deformities  of  the  hand 
and  fingers  are  most  often  seen  in  the  form  of  supernu- 
merary fingers  and  thumbs.  These  may  occur  in  one  or 
both  hands ;  sometimes  the  abnormal  members  may  have 
perfectly  formed  metacarpal  bones,  the  hand  in  some 
cases  being  double.  Generally,  however,  they  are  ruai- 
mentary,  and  appear  as  skin  appendages  or  as  cleft  pha- 
langes. Hypertrophy  of  a  hand  or  finger  may  exist. 
AiTest  of  development  may  occur  also.  Treatment.— 
Rudimentary  fingers,  when  they  exist  as  skin  appendages, 
may  be  readily  excised,  but  when  existing  as  cleft  pha- 
langes they  should  be  removed  at  some  distance  from  the 
junction,  in  order  to  avoid  opening  the  joint ;  the  result 
ing  stump  generally  withers  later  on. 

Webbed  Fingers. — In  some  cases  all  the  fingers  and 
thumbs  are  "webbed,"  but  generally  two  only  are  in- 
volved. If  the  fingers  are  well  formed  the  web  may  he 
divided,  care  being  taken  that  the  sides  of  the  wound  at 
the  base  of  the  eleft  do  not  unite.  When  me  web  is 
broad  it  may  be  divided  transversely,  and  a  flap  fastened 
around  each  adjoining  finger  (Bryant). 

Lack  of  development  or  intra-uterine  amputation  may 
take  place  at  any  point  in  the  upper  extremity ;  or  per- 
haps a  single  bone,  or  an  articulation  may  be  wanting. 

Claw-like  hands  occur  but  rarely ; .  they  are  deficient  in 
fingers  and  in  metacarpal  bones.  The  existing  fingers 
are  generally  wanting  in  power.  There  is  no  treatment 
for  this  condition. 

Neuralgia. — Neuralgia  of  the  cervico-brachlal  plexus 
manifests  itself  in  acute  pains  shooting  down  the  arm  into 
the  hand  ;  these  are  accompanied  by  cutaneous  hyperais- 
thesia.  The  pain  corresponds  to  the  distribution  of  me 
sensory  branches  Of  the  brachial  plexus.  It  is  of  a  ' 
dull  character,  and  is  frequently  worse  at  points  where 
the  nerve-trunks  are  exposed,  as  at  the  elbow,  and  at 
points  where  the  superficial  nerves  emerge  from  the  fas- 
cia. Sometimes  it  is  mistaken  for  the  pain  of  muscu- 
lar rheumatism.  The  temperature  of  the  skin  of  the  af- 
fected part  is  reduced,  and  there  may  be  trophic  changes. 
There  may  be  excessive  sweating  of  the  fingers.  This 
disease  is  often  inveterate,  and  is  attended  with  nocturnal 
attacks.  Treatment. — Possible  causes  must  be  fully  con- 
sidered, and  when  a  constitutional  trouble,  such  as  syphilis 
or  malaria,  can  be  made  out,  the  treatment  must,  of  course, 
be  managed  accordingly.  The  pain  must  be  controlled 
by  the  use  of  anodynes,  as  morphia,  chloral,  and  the  bro- 
mides ;  deep  subcutaneous  injections  of  morphia  have 
proved  very  successful  in  these  cases.  Counter-irritation 
by  blisters  or  by  the  actual  cautery  is  also  effective ;  elec- 
tricity in  the  fonn  of  the  galvanic  current  is  of  great  ser- 
vice—the  current  must  not  be  too  strong,  nor  should  it  be 
applied  too  long  at  a  time. 

Neuritis. — Inflammation  of  a  nerve  in  the  upper  ex- 
tremity is  occasionally  met  with.  The  causes  are  trau- 
matism, cold,  rheumatism,  and  syphilis  ;  the  extension  of 
cancerous  disease  has  caused  neuritis,  and  one  case  of 
neuritis  has  been  reported  as  occurring  in  typhus  fever 
without  other  known  cause.  In  an  inflamed  nerve  the 
axis-cylinder  and  the  medullary  contents  become  disin- 
tegrated, the  blood-vessels  are  enlarged,  and  the  neuri- 
lemma is  distended  with  serous  exudation.  In  chronic 
cases  there  is  a  proliferation  of  the  connective-tissue. 
The  inflammatory  process  may  be  so  severe  as  to  cause 
sloughing  of  the  nerve.  This  affection  is  frequently 
accompanied  by  trophic  changes  in  the  skin  of  the  hanu 
and  about  the  nails.  The  symptoms  are  pain  and  sore- 
ness along  the  nerve,  with  redness  and  a  bullous  eruption 
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of  the  skin  ;  hypersesthesia  may  be  present,  followed  later 
on  by  ansBsthesia.  The  pain  is  said  to  be  aggravated  by 
the  contact  of  cold  and  hot  substances.  TreaVment. — 
Blood  may  be  abstracted  locally,  cooling  lotions  applied, 
and  anodynes  administered.  The  general  health  must  be 
looked  after,  and  when  there  is  a  constitutional  taint  it 
must  be  treated.  In  the  chronic  form,  counter-irritation, 
as  blisters,  may  be  applied  along  the  course  of  the  af- 
fected nerve.  Nerve-stretching  has  been  advised  in  this 
afEection. 

Onyxitis,  or  onychia  maligna,  is  an  inflammation  of 
the  matrix  of  the  nail.  It  occurs  most  frequently  in  un- 
healthy children,  and  is  excited  by  some  such  cause  as  a 
squeeze  or  other  contusion.  It  commences  with  the  usual 
signs  of  inflammation,  as  swelling,  redness,  and  tender- 
ness ;  there  is  pain  of  a  throbbing  character.  This  is  fol- 
lowed by  the  exudation  of  a  fetid  serous  fluid  from  be- 
neath the  nail ;  finally,  the  nail  becomes  loosened  and 
falls  off  or  rolls  up  at  the  edges ;  the  inflammation  may 
extend  to  the  bone  of  the  last  phalanx.  The  condition 
may  become  chronic.  Treatment. — In  the  milder  cases 
this  consists  simply  of  tonics  internally  and  water-dress- 
ing locally.  In  the  more  serious  cases  some  mercurial,  as 
the  ung.  hydrarg.  oxid.  rubri,  must  be  applied ;  and  it 
may  be  necessary  to  perform  evulsion  of  the  nails,  or 
possibly  to  remove  the  nail  and  soft  parts  on  the  dorsal 
surface  of  the  phalanx.  Powdered  nitrate  of  lead  has 
been  successfully  applied  to  the  ulcers. 

Paralysis. — (For  Infantile  Palsy  and  Lead  Palsy,  see 
articles  on  these  subjects.)  Paralysis  of  the  deltoid  muscle 
may  be  caused  by  injuries,  as  falls,  dislocations,  or  blows 
on  the  shoulder  ;  it  may  be  caused  by  cold  or  exposure. 
The  nerves  and  muscular  fibres  are  in  a  state  of  contu- 
sion. This  may  be  followed  by  infiammation  involving 
the  shoulder- joint.  Treatment. — At  first  rest,  then  leeches 
and  soothing  applications  ;  later  on  friction  may  be  made, 
or  counter-irritation  by  blisters,  followed  by  passive  mo- 
tion. Electricity  is  also  indicated.  Temporary  paralysis 
of  the  muscles  of  the  upper  extremity  rriay  be  caused  by 
pressure,  as  when  one  falls  asleep  with  the  arm  hanging 
over  the  edge  of  any  object,  or  when  it  is  held  in  an  un- 
natural position  for  any  length  of  time.  The  loss  of  mo- 
tion and  of  sensation  will  be  confined  to  the  muscles  and 
portion  of  the  skin  which  are  supplied  by  the  fibres  of 
the  nerve  directly  pressed  upon. 

(For  Syphilitic  and  Skin  Diseases,  see  these  subjects.) 

TuMOES. — (See  also  under  the  head  of  Tumors.) 

Ungual  Exostoses. — Although  these  generally  occur  on 
the  toes,  several  cases  have  been  reported  in  which  they 
grew  from  the  fingers  and  thumbs.  Out  of  120  cases  of 
exostosis,  5  were  from  the  fingers  and  3  from  the  thumbs 
(Bryant).  The  treatment  is  simply  the  excision  of  the 
growth,  which  must  be  removed  well  down  to  its  base  ; 
when  the  growth  is  situated  near  a  joint,  care  must  be 
exercised  not  to  open  the  latter. 

Muscular  Tumors. — Cancerous  and  vascular  tumors 
and  hydatids  sometimes  occur  in  the  muscles  of  the 
upper  extremity,  but  present  no  particular  peculiarities 
in  this  situation.  The  so-called  "  exercise  bone,"  which 
occurs  on  the  left  arm  in  soldiers,  is  an  ossification  of  the 
muscle. 

Tumors  of  Tendons. — Cartilaginous,  bony,  car  xrous, 
and  fibro-cellular  tumors  have  been  reported  as  springing 
from,  or  involving  the  tendons  of  the  palm  of  the  hand. 
They  all  demanded  removal.  Most  tumors  connected 
with  tendons  are  more  or  less  indurated  ganglia. 

Neuroma.  — Painful  tumors  of  nerves  occur  occasionally 
in  the  stumps  after  amputation  of  the  arm  or  forearm. 
They  must  be  removed  by  very  careful  dissection,  so  as 
not  to  injure  the  nerve  proper. 

TelegrapTier's  Cra/mp. — This  affection,  known  some- 
times as  scrivener's  palsy  or  writer's  cramp,  is  a  partial 
paralysis  and  a  partial  spasm  of  the  muscles  of  the  hand 
and  fingers ;  the  cause  being,  apparently,  the  fatigue 
arising  from  the  long-continued  use  of  the  muscles,  as  in 
writing,  telegraphing,  playing  upon  musical  instruments, 
and  so  forth.  The  symptoms  are  fatigue,  numbness,  and 
pain  in  the  thumb  and  forefinger  of  the  affected  hand. 
The  affection  develops  gradually ;  it  may  go  on  to  involve 
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the  muscles  of  the  hand,  forearm,  and  arm.  After  a  time 
the  pen  cannot  be  held  except  for  a  few  minutes  at  a 
time,  unless  something  be  wrapped  around  it  to  increase 
the  bulk ;  the  final  result  is  complete  inability  to  use  the 
muscles.  The  pain  may  simulate  that  of  rheumatism  or 
neuralgia ;  there  may  be  burning  or  tingling  sensations  ; 
the  muscles  may  become  atrophied,  and  the  fingers  cold 
and  stifE.  The  pathologjr  is  not  well  understood.  Dr. 
Gross  thinks  that  it  is  "  simply  a  local  nervous  affection 
of  the  muscles  of  the  thumb  and  fingers,  originating  in 
excessive  fatigue  and  eventuating  in  partial  paralysis  and 
atrophy."  Others  hold  that  it  has  its  origin  in  the  gray 
cells  of  the  spinal  cord  ;  others,  that  it  is  a  reflex  neuro- 
sis. Treatment,  to  be  effective,  must  be  begun  early. 
Absolute  rest  from  the  customary  occupation  must  be  in- 
sisted on,  with  counter-irritation  and  passive  motion  made 
at  regular  intervals ;  the  faradic  current  may  do  good. 
If  necessary,  the  general  health  must  be  looked  after, 
tonics,  exercise,  and  change  of  air  being  indicated.  Vari- 
ous mechanical  aids  have  been  made  to  prevent  the  oc- 
currence of  the  spasm,  the  general  principle  being  to 
obviate  the  necessity  for  rigid  contraction  of  the  muscles. 
(Figs.  789,  790,  and  791  in  Gross's  "  Surgery.")  These  ap- 
pliances are  especially  useful  in  the  form  designated  as 
writer's  cramp.  Massage,  friction,  and  percussion  of  the 
affected  muscles  have  done  good  in  some  cases. 

Whitlow. — This  is  an  acute  inflammation  of  a  tendon 
or  its  sheath  in  the  fingers ;  it  is  a  serious  affection,  and 
liiay  cause  constitutional  as  well  as  local  trouble.  It  may 
be  caused  by  a  strain,  a  contusion,  a  wound  involving  the 
tendon  or  its  sheath,  or  a  foreign  body.  Ordinarily  it 
begins  in  the  fingers,  and  spreads  into  the  palm,  or  even 
up  into  the  forearm.  The  local  symptoms  are  those  of 
deep-seated  inflammation ;  the  pain,  which  may  extend  up 
the  arm,  is  very  severe.  'There  are  marked  febrile  symp- 
toms in  the  more  severe  cases.  Unless  checked  the  pro- 
cess will  go  on  to  suppuration,  and  even  to  sloughing  of 
the  tendons,  and' necrosis.  It  frequently  causes  a  diffuse 
cellulitis  of  the  hand  and  forearm.  A  stiff'  finger  is  a 
very  frequent  result  of  this  trouble.  Treatment. — As  soon 
as  the  diagnosis  is  made,  a  clean  incision  must  be  made 
well  down  to  the  tendon.  This  should  be  made  ver- 
tically upon  the  middle  of  the  finger,  in  order  to  avoid 
injuring  important  vessels.  Even  if  no  pus  escape,  the 
tension  and  pain  will  be  relieved  and  the  inflamma- 
tion checked.  If  suppuration  occur,  the  pus  must  be 
promptly  evacuated,  for  if  allowed  to  remain  within 
the  fibrous  sheath  it  does  great  harm.;  Poultices  must 
be  applied,  with  soothing  applications,  and  the  hand 
elevated.  The  bowels  must  be  moved,  and  antifebrile 
remedies  given.  Pain  must  be  allayed  by  opium.  When 
the  hand  is  affected  the  treatment  is  that  of  deep-seated 
palmar  abscess. 

An  inflammation  of  the  sheaths  of  tendons,  sometimes 
called  "thecitis,"  may  occur  also  in  the  hand  and  about 
the  wrist  and  elbow ;  it  may  occur  in  connection  with 
disease  of  the  neigh'boring  bursfe  or  joints.  It  may  he 
due  to  disease,  as  gout,  rheumatism,  and  syphilis,  or  to 
exposure,  or  to  an  injury,  as  a  sprain  or  contusion.  It 
may  spread  from  one  sheath  to  another,  resulting  in  per- 
manent deformity  and  lameness.  The  symptoms  arc 
pain  on  movement  of  the  affected  tendons  (which  is  often 
very  severe),  together  with  the  other  signs  of  inflamma- 
tion. The  disease  may  spread,  invading  a  great  length 
of  tendinous  sheath.  Treatment. — The  inflammation 
should  be  checked  by  the  abstraction  of  blood  by  leeches, 
and  counter-irritation  should  be  made  externally  with 
tinct.  iodini.  The  constitutional  disease,  if  any  exist, 
requires  appropriate  treatment.  Pain  must  be  allayed 
by  opium  internally  and  soothing  applications  localhr. 
If  permanent  stiffness  result,  passive  motion  and  sorbefa- 
cients  are  indicated. 

Painful  crepitation  almost  always  occurs  in  the  tendon- 
sheaths  of  the  forearm  and  arm,  most  frequently  in  those  of 
the  extensors  at  the  outer  and  back  part  of  the  wrist.  It 
may  occur  in  the  tendon-sheath  of  the  long  head  of  the  bi- 
ceps muscle.  It  is  due  to  an  inflammation  of  the  sheath  of 
the  tendon,  followed  by  a  deposit  of  plastic  material,  which 
causes  the  pain  and  gives  the  sensation  of  crepitation  on 
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motion  The  affection  often  disappears  spontaneously, 
but,  if  not,  rest  and  counter-irritation  will  generally  ac- 
complish a  cure. 

Injubxes. 

Btjbns.— See  article  on  that  subject. 
Deformities  from  burns  and  scalds  of  the  upper  ex- 
tremity are  frequently  of  such  a  nature  as  to  require 
surgical  treatment.  In  some  cases  the  whole  upper  part 
of  the  arm  has  been  fastened  to  the  axilla  by  a  cicatricial 
web,  the  traction  being  occasionally  so  great  as  to  displace 
the  head  of  the  humerus.  The  development  of  the  ex- 
tremity may  be  prevented  by  the  contraction  (see  Fig.  40 
in  Bryant's  "Surgery").  Movement  at  the  elbow-joint 
may  be  more  or  less  completely  prevented  by  such 
cicatrices.  Treatment  consists  in  a  division  of  the  cica- 
trix. In  doing  this,  however,  in  the  axillary  region, 
great  care  must  be  taken  that  nerves  and  vessels  displaced 
by  the  morbid  process  are  not  injured  by  the  section. 
The  subcutaneous  tissue  must  be  divided,  for  it  is  here 
that  the  contraction  exists.  The  section  may  be  accom- 
plished by  the  division  of  the  flap  or  by  a  number  of 
small  incisions.  After  a  healthy  granulating  surface  has 
appeared,  the  cure  may  be  hastened  by  "skin-grafting." 
Burns  about  the  hand  and  fingers  may  result  in  a  webbing 
of  the  latter  ;  this  may  be  guarded  against  by  keeping  the 
dressings  well  down  in  the  clefts  of  the  fingers. 

CoNTtrsioNS. — Contusions  of  the  hand  frequently  give 
rise  to  a  good  deal  of  pain  and  swelling.  The  blows  re- 
ceived on  the  hands  by  pugilists  frequently  cause  such 
injuries.  When  they  occur  about  the  joints  they  fre- 
quently disable  the  parts  temporarily.  It  is  often  impos- 
sible to  determine  the  exact  extent  of  the  injury  until  time 
has  caused  the  removal  of  the  swelling.  Severe  con- 
tusions of  the  hand  and  fingers  must  be  treated  by  sooth- 
ing applications,  as  the  lotio  plumbi  et  opii,  and  the  hand 
supported  on  a  splint  with  a  cotton  dressing. 

Contusions  of  the  forearm  and  arm  require  similar 
treatment.  When  in  the  neighborhood  of  the  elbow  or 
wrist,  there  are  frequently  joint  complications  (see  In- 
juries of  Joints).  Contusions  of  muscles  may  result  in  a 
partial  or  complete  paralysis,  which  is  seldom  permanent. 
They  may,  however,  cause  atrophy  of  the  muscle  :  such 
an  injury  is,  perhaps,  most  frequently  seen  in  the  deltoid 
muscle,  as  the  result  of  a  fall  or  a  blow  on  the  shoulder. 
The  treatment  of  this  condition  is  at  first  rest,  followed 
by  electricity  and  passive  motion.  If  a  contusion  cause 
much  extravasation  of  blood,  cold  applications  must  be 
made  ;  in  some  instances  an  artery  may  be  ruptured,  in 
which  ease  a  traumatic  diffuse  aneurism  would  form  (see 
Aneurisms).  If  the  force  be  sufficient  to  deprive  the 
tissues  of  their  vitality,  a  contusion  will  be  followed  by 
sloughing.  Slight  inflammation  is  frequently  set  up, 
which  in  some  cases  may  become  erysipelas  or  cellulitis. 
Dislocations.— -See  article  on  that  subject. 
Fkactubbs. — See  article  on  that  subject. 
Fhost-bites.— When  cold  is  applied  long  enough  to 
check  the  circulation  in  a  finger  or  the  hand,  a  frost-bite 
is  the  result.  The  appearance  of  a  part  thus  affected  is 
characteristic :  it  has  a  white  and  waxy  look,  and  is  cold 
and  rigid ;  the  blood  is  driven  completely  away  from  the 
surface.  In  some  cases,  when  the  freezing  process  has 
been  very  sudden,  the  frozen  portion  will  have  a  mottled 
appearance,  owing  to  the  retention  of  the  blood  in  the 
tissues.  There  will  be  the  usual  constitutional  effects  as 
torpor,  and  if  the  exposure  be  prolonged,  death  will 
result.  Treatment.— This  must  be  very  cautiously  carried 
out ;  the  parts  should  be  restored  to  their  natural  condi- 
tion very  gradually.  The  venous  circulation  may  be 
aided  by  gentle  rubbing  in  the  direction  of  the  venous 
now,  the  arterial  by  stimulants  internally.  Friction  with 
snow  or  ice-water  may  be  resorted  to,  and  after  the  circu- 
lation has  begun  to  return,  the  temperature  of  the  water 
may  be  gradually  raised.  The  after-treatment  consists  in 
protecting  the  parts  with  a  light  dressing ;  tonics  may  be 
administered  internally.  If  too  great  reaction  occur,  it 
must  be  checked  by  cooling  lotions,  and,  if  necessary,  by 
depressants  internally.  Gangrene  may  result,  and  must 
be  treated  as  when  resulting  from  any  other  cause.     Am- 
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putation  may  be  necessary,  but  should  not  be  done  until 
the  limit  of  the  sloughing  process  has  shown  itself. 

Sprains  of  wrist  and  elbow  ;  see  article  on  Injuries  ol 
Joints. 

Wounds. — Wounds  of  the  hand  and  fingers,  either 
incised,  lacerated,  or  punctured,  are  the  most  common. 
This  is  due  to  the  fact  that  artisans  work  constantly  with 
sharp  tools,  and  also,  that  in  adjusting  and  operating 
machinery  it  is  the  hands  that  are  most  exposed  to 
danger.  Bleeding  must  be  checked,  and  the  wound  tho- 
roughly cleansed,  as  in  any  situation.  Deep  wounds  of 
the  fingers,  when  at  all  extensive,  require  careful  sutur- 
ing. When  there  is  reason  to  suppose  that  a  joint  has 
been  opened,  the  wound,  if  not  too  extensive,  should  be 
immediately  sealed  up  and  rest  maintained.  Wounds 
about  the  proximal  phalanges  may  divide  either  the  flexor 
or  the  extensor  tendons.  In  such  an  event  the  divided 
ends  of  the  tendon  should  be  sutured,  the  wound  dressed, 
and  the  finger  or  thumb  placed  on  a  splint,  forced  exten- 
sion being  maintained. 

Wounds  of  the  palm  of  the  hand,  when  they  involve 
either  of  the  palmar  arches,  are  very  serious  (see  article  on 
Wounds).  Wounds  of  the  dorsum  of  the  hand,  if  at  all 
deep,  generally  divide  several  tendons.  An  effort  must 
be  made  to  unite  the  divided  ends,  and,  if  necessary, 
the  tissue  must  be  dissected  up  in  order  to  secure  the 
tendons,  which  are  apt  to  retract  within  their  sheaths. 
After  dressing  the  wound  absolute  rest  must  be  secured 
by  means  of  a  splint,  and  forced  extension  of  the  hand 
and  fingers  maintained. 

Wounds  of  the  forearm  and  arm,  if  they  tend  to  gape, 
must  be  sutured,  and  if  they  are  extensive,  the  parts  must 
be  supported  by  means  of  a  splint. 

Wounds  about  the  wrist,  elbow,  and  shoulder  are  ren- 
dered serious  on  account  of  the  proximity  of  the  joint 
(see  article  on  Injuries  of  Joints). 

Lacerated  wounds  in  which  a  large  amount  of  skin  is 
destroyed,  must  be  left  to  granulate ;  such  wounds  are 
frequently  caused  by  the  hand  or  arm  being  caught  in  the 
shafting  or  cog-wheels  of  machinery. 
.  Gunshot  wounds  in  the  upper  extremity  are  generally 
serious  only  when  they  cause  compound  fractures,  or 
sever  large  blood-vessels,  or  penetrate  joints  (see  articles 
on  Fractures,  Gunshot  Wounds,  and  Injuries  of  Joints). 
The  ball  should  be  extracted,  if  possible ;  careful  cleansing 
and  free  drainage  are  essential.  Such  parts  as  are  dam- 
aged beyond  repair  must  be  removed. 

Wounds  caused  by  glass  are  frequent  in  the  hand  and 
wrist ;  the  hemorrhage  is  generally  considerable  (see 
article  on  Injuries  of  Arteries).  Care  must  be  taken  that 
all  the  fragments  are  removed  from  the  wound. 

William  H.  Murray. 

ARMY  DISEASES.  As  long  as  humanity  exists,  so 
will  the  necessity  for  association  or  solidarity,  and  the 
power  of  defence,  and  even  of  attack.  War  seems  to  be 
the  fatal  law  of  humanity,  and  its  homicidal  results  ap- 
pear to  be  the  conservative  means  of  the  human  species 
for  preventing  its  degradation,  for  elevating  its  physical 
and  moral  powers,  and  for  making  the  stronger  races 
prevail  over  the  feebler.  The  perfecting  of  human  or- 
ganizations requiring  an  armed  force,  the  somascetic 
efficiency  of  this  force  is  an  object  of  primary  considera- 
tion. What  constitutes  the  real  value  and  efficiency  of  a 
trained  army  is  the  health  of  its  individual  members.  In 
spite  of  the  most  improved  arms  and  the  skilful  strategy 
of  able  leaders,  an  army  will  find  itself  largely  handi- 
capped in  the  operations  of  war  when  encumbered  with 
that  evil  of  incalculable  magnitude,  a  large  sick-list ;  and 
every  disabled  man  in  an  army  may  be  looked  upon  as 
contributing  as  much  to  its  inefficiency  as  two  that  have 
been  killed  outright,  since  it  usually  requires  the  services 
of  several  other  men  to  look  after  him.  Sickness  does 
more  to  render  an  army  inefficient  than  any  other  cause. 
There  is  an  interaction  between  disease  and  warfare. 
Disease  enters  the  camp  and  the  barrack,  not  always  as  a 
single  spy,  but  often  in  battalions.  It  gives  no  quarter, 
and  its  ravages  kill  more  than  the  most  bloody  battles 
with  the  enemy,    The  only  exception  to  this  rule  is  in 
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the  case  of  short  campaigns  ;  and  it  is  a  principle  admit- 
ted by  all  great  military  leaders  that  the  more  rapid  a 
war,  the  less  murderous  it  is.  The  bloodiest  wars  of  latter 
times  show  that  about  a  fifth  only  of  the  deaths  are  occa- 
sioned by  the  flre  of  the  enemy. 

In  the  hard  hand-to-hand  tights  of  ancient  times,  when 
no  quarter  was  shown,  the  number  of  killed  was  enor- 
mous ;  but  with  the  increase  of  arms,  the  number  of 
wounded  is  far  greater  than  the  killed.  The  astonishing 
.  number  of  killed  and  the  few  wounded  on  such  occasions 
as  the  sea-fight  at  Actium,  the  battle  betjveen  Csesar  and 
Ariovistus,  or  at  Cressy,  has  no  parallel  in  modern  war- 
fare. A  few  figures  will  suffice  to  show  the  relation  of 
the  killed  to  the  wounded  in  more  recent  battles. 

Of  913,967  German  soldiers  engaged  in  the  Franco- 
Prussian  war,  113,240  were  wounded,  and  38,282  died  on 
the  field  of  battle  or  a  little  later. 

In  the  Turko-Russian  war,  Scharchowskoi's  command, 
of  18,000  men,  lost  at  Plevna,  in  July,  1877,  4,553,  of 
whom  2,924  were  killed  and  1,629  wounded,  a  relation  of 
1  to  0.56. 

But  these  figures  are  far  from  being  so  significant  as 
those  representing  the  losses  incurred  by  disease  during 
war.  History  abounds  in  references  to  the  grand  mili- 
tary epidemics  of  antiquity,  such  as  the  destruction  of 
the  army  of  Sennacherib ;  the  plague  described  by 
Thucydides  during  the  Peloponnesian  war ;  the  pestilen; 
tial  diseases  spoken  of  by  Diodorus  Siculus  and  by  Livy, 
as  having  made  great  ravages  in  the  Roman  and  Cartha- 
ginian armies ;  the  disease,  thought  to  be  scurvy,  that 
Pliny  relates  afflicted  the  Roman  army  in  Germany ;  the 
great  losses  that  the  army  of  Severus  sustained  in  the 
marsh  of  Caledonia  ;  and  the  mention  by  Xenophon,  in 
his  "  Retreat  of  the  Ten  Thousand,"  of  the  loss  of  sight 
and  frost-bites,  ca,used  by  the  excessive  cold  to  which  his 
troops  were  exposed  in  the  mountains  after  crossing  the 
Euphrates.  It  is  not  necessary  to  multiply  these  and 
other  references  that  go  to  show  that  the  armies  of  an- 
tiquity were  often  ravaged  by  disease,  and  that  military 
medicine  formed  a  part  of  the  army  organization  at  the 
end  of  the  Roman  Empire. 

The  army  of  Gustavus  Adolphus,  in  six  months,  lost 
14,000  men  by  disease ;  at  a  later  date  there  occurred, 
principally  among  the  infantry,  in  one  month  16,000 
deaths  by  disease,   and  but  1,000  were  killed  by  the 


It  IS  estimated  that  more  than  two-thirds  of  the  losses 
of  the  English  fleet,  during  the  wars  of  1792  to  1815,  were 
from  disease. 

We  know  from  history  of  the  ravages  of  scurvy  and 
leprosy  in  the  army  of  the  Crusaders  ;  of  the  prevalence 
of  typhus  in  the  armies  of  the  sixteenth  century ;  and  at 
the  same  epoch,  of  the  fearful  ravages  made  by  syphilis 
in  the  French  army  in  Italy. 

On  the  foregoing  points  much  positive  Information  is 
withheld  from  posterity,  and  we  have  no  means  to  make 
a  comparison  with  the  more  detailed  statements  that  are 
furnished  in  modern  times. 

In  the  army  of  Frederick,  during  the  Seven  Years' 
War,  180,000  died,  mostly  by  disease. 

On  the  expedition  to  Walcheren  (1809)  the  mortality  in 
the  English  army  was  34.69  from  disease  and  1.67  by  the 
enemy. 

The  English  army  lost  in  Spain,  from  January,  1811, 
to  January,  1814,  out  of  61,511  men,  24,930  by  disease, 
and  only  8,889  by  the  enemy's  fire,  giving  a  proportion  of 
nearly  12  to  100  by  disease,  and  4  to  100,  or  three  times  less, 
by  the  enemy.  The  mortality  was  so  excessive  that 
being  carried  to  the  General  Hospital  was  considered  the 
same  thing  as  being  sentenced  to  death.  Admissions  to 
hospital  were  so  frequent  that  twice  the  number  of  the 
army  passed  through  the  hospitals  every  year. 

Of  115,000  Russians,  in  1828,  there  died  by  disease 
80,000,  and  in  consequence  of  wounds,  20,000. 

The  French  in  the  Crimea,  out  of  an  army  of  309,000, 
had  95,000  deaths,  of  which  75,000  were  from  disease 
and  30,000  from  the  fire  of  the  enemy.  In  six  months 
the  Allies  lost  53,548  men.  Of  this  number,  50,000  were 
untouched  by  the  Russians,  and  but  8,800  were  wounded. 


In  the  Italian  war  of  1859,  out  of  an  effective  force 
of  200,000,  there  were  entered  in  hospitals  129,950. 

The  statistics  of  the  American  Civil  Wai'  show  the 
killed  in  battle  to  be  61,362  ;  died  from  wounds,  34,789  ; 
died  of  disease,  183,287.  There  also  died  as  prisoners  29,725 
Federals  and  26,774  Confederates. 

After  an  unusually  short  campaign,  the  Prussian  Army 
and  its  allies,  in  1866,  lost  6,437  by  disease,  principally 
cholera,  and  4,450  by  the  enemy.  In  the  campaign  of 
1870-71,  in  an  army  of  about  900,000,  there  occurred 
40,500  deaths,  of  which  13,180  were  from  disease  and 
38,303  from  wounds. 

Even  in  the  small  army  of  the  United  States  (33,749), 
the  cases  of  admission  to  treatment  among  white  troops,  in 
1884,  were  1,583  per  1,000  of  mean  strength  for  disease,  and 
350  per  1,000  of  mean  strength  for  wounds,  injuries,  and 
accidents ;  making  the  ratio  m  the  1,000  about  equal  to  the 
average  for  the  preceding  decade. 

An  analogous  circumstance  holds  in  regard  to  the  In- 
valid Pension  List.  The  writer  is  informed  by  the  Medi- 
cal Referee  of  the  Pension  Office,  that  the  number  of  those 
pensioned  for  disability  incurred  by  disease  is  more  than 
four  times  greater  than  the  number  pensioned  for  wounds. 

These  figures  scarcely  need  comment.  They  are,  how- 
ever, worthy  of  special  notice  in  relation  to  the  Prussian 
army.  A  result  so  favorable  speaks  well  for  the  sanitary 
administration  of  this  army,  and  a  similar  one  has  never 
been  shown  in  the  history  of  war. 

It  is  not,  however,  during  active  wars  or  on  expeditions 
that  the  greatest  mortality  is  observed.  When  an  army 
is  condemned  to  inaction  during  a  siege,  or  even  in  can- 
tonment after  a  laborious  expedition,  sickness  rages  with 
the  greatest  violence.  The  typhus  that  tried  the  Crimean 
army  occurred  in  the  winter  following  the  capture  of 
Sebastopol,  and  after  the  conclusion  of  the  armistice. 
The  disasters  of  that  war  first  drew  public  attention  to 
the  importance  of  army  sanitary  arrangements,  and  the 
sufferings  of  the  army  excited  so  much  sympathy  in  Eng- 
land that  a  Royal  Commission  was  appointed  to  inquire 
into  its  sanitary  condition.  Prom  the  report  of  this  Com- 
mission it  appears  that,  of  all  the  barracks  inspected  in  the 
United  tingdom,  only  one  and  a  part  of  two  others  were 
properly  ventilated,  and  the  barracks  for  more  than  one- 
half  of  the  force  were  wholly  unprovided  with  means  of 
ventilation.  Still  more  astonishing  is  the  statement  that 
the  mortality  in  the  army  generally  was  twice  as  great, 
and  in  the  foot-guards  three  times  as  great,  as  in  the  cor- 
responding classes  of  the  civil  population.  About  the 
same  time  it  was  shown,  in  France,  that  the  mortality 
in  the  army  was  much  greater  than  among  the  civil 
population.  On  this  point  the  query  naturally  arises. 
If  the  army  medical  officer  was  so  fully  aware  of  the 
importance  of  prevailing  diseases  and  the  efficacy  of  judi- 
cious sanitary  measures  in  their  prevention,  how  does  it 
happen  that  a  state  of  affairs  so  completely  opposed  to 
the  first  principles  of  hygiene  has  been  permitted  to  exist  ? 
An  answer  to  this  question  is  found  in  the  unsettled  rela- 
tions existing  between  the  military  and  the  medical 
authorities,  or,  to  put  it  in  military  language,  the  tactical 
organization  clashed  with  the  administrative  organization. 
On  the  one  hand  there  was  jealousy,  egotism,  and  the 
stiffness  of  prejudice  ;  on  the  other,  the  incompetency  and 
pedantry  of  a  class  of  professional  men  not  likely  to  suc- 
ceed elsewhere.  In  former  days  the  military  authorities 
held  that  the  duties  of  a  medical  officer  were  to  treat  the 
sick  and  wounded,  and  any  recommendations  bearing  on 
the  general  management  of  the  men  were  deemed  intru- 
sive, and  resented  as  an  interference  with  the  province  of 

the  commanding  officer.     "I'll  be  d d  if  I  do,"  was 

the  reply  made  to  Sir  Ranald  Martin,  in  India,  by  a  com- 
manding officer  to  whom  he  made  a  simple  suggestion 
regarding  the  drainage  of  the  camp,  with  a  view  to  pre- 
vent an  outbreak  of  sickness,  from  which  there  subse- 
quently resulted  a  fearful  mortality.  ' '  Medical  opinions 
are  very  good  when  called  for,"  was  said  to  the  senior 
medical  officer  in  the  Burmese  war  ;  and  in  the  Crimean 
war,  Inspector-General  Alexander  was  informed  by  a  gen- 
eral of  division  that  he  "  had  better  keep  his  suggestions 
and  strictures  until  asked  for  "    It  was  not  within  the 
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vo-wei  of  the  medical  officer,  as  at  the  present  day,  to 
remedy  such  evils,  and  if  his  suggestions  were  acted  upon 
at  all  It  was  owing  to  the  common  sense  or  good  feelmg 
of  the  commanding  officer.  Moreover  army  medical 
ofacers  had  done  nothing  for  science  and  for  the  improve- 
ment of  medical  and  surgical  practice ;  nor  had  they  done 
much  more  than  others  in  statistics  and  nomenclature  ot 
disease  While  the  medical  profession  in  civil  life  was 
gradually  improving,  in  the  army  it  stood  still.  In 
1810  a  mass  of  papers  about  the  Walcheren  fever,  and, 
afterward,  on  the  diseases  of  the  Peninsular  war,  were 
sent  to  the  Director-General  of  the  Medical  Department, 
who  considered  this  hulk  of  records  so  troublesome  that 
he  had  them  burnt.  An  analogous  circumstance  occurred 
in  connection  with  the  Army  Medical  Museum  in  Wash- 
ino-ton  Most  of  the  present  material  was  about  to  be  de- 
stroyed or  buried  by  the  War  Secretary,  when  Sir  Henry 
Holland,  who  happened  to  be  in  America  at  the  time, 
and,  hearing  of  this  intention,  interceded  in  behalf  Of  the 
collection,  and  by  his  representations  and  efforts  secured 
the  establishment  of  the  museum. 

The  general  health  of  armies  has  greatly  improved  of 
late,  but  this  improvement  did  not  originate  with  the  med- 
ical officers.  It  was  brought  about  by  outside  influence. 
The  average  army  medical  officer  has  been  about  as  apa- 
thetic and  unprogressive  as  the  line  officers,  who  made 
strenuous  objection  to  the  introduction  of  the  percussion- 
cap  in  the  place  of  the  old  flint-lock,  and  later,  to  the  sub- 
stitution of  breech-loaders  for  smooth-bores  and  muzzle- 
loaders. 

There  are,  however,  many  honorable  exceptions  to  this 
order  of  things,  men  who  have  advocated  the  principles 
upon  which  sanitary  ameliorations  are  founded. 

The  attention  that  sanitary  reform  of  the  army  has  at- 
tracted in  civil  life  is  shown  by  the  citizen  organizations, 
whose  acts  have  been  of  the  greatest  benefit  in  removing 
existing  evils  and  suggesting  remedies.  The  English 
army  owes  its  redemption  from  special  sickness  and  un- 
due mortality  to  Lord  Herbert,  Lord  Grey,  and  Florence 
Nightingale,  who  did  so  much  toward  saving  life  by 
working  in  concert  with  the  War  Office.  • 

Lord  Herbert's  commission  recommended  six  hundred 
feet  of  cubic  air-space  as  the  minimum  in  barracks  and 
guard-rooms,  and  twelve  hundred  in  hospitals.  It  also 
secured  the  abolition  of  the  old  rule  confining  the  duties  of 
medical  officers  to  the  treatment  of  the  sick  and  wounded, 
and  the  introduction  in  its  stead  of  an  authorized  system 
of  sanitary  supervision.  It  is  now  established  by  regula- 
tion, that  any  medical  officer  in  charge  of  troops  shall 
make  to  his  commanding  officer  any  recommendations  he 
may  consider  necessary  for  protecting  or  improving  the 
health  of  his  troops ;  and  should  they  not  be  adopted,  he 
must  then  submit  them  in  writing.  In  case  the  com- 
manding ofiicer  should  not  deem  it  necessary  to  give  ef- 
fect to  the  recommendation,  he  must  state,  in  writing,  his 
reasons  for  not  doing  so,  and  transmit  them,  with  the  re- 
port of  the  medical  officer,  to  the  commander-in-chief. 
All  sanitary  defects,  if  not  remedied,  are  brought  period- 
ically under  the  notice  of  the  Director-General  of  the 
Army  Medical  Department. 

The  conferring  of  advisory  powers  upon  medical  offi- 
cers, for  purely  preventive  and  sanitary  purposes,  resulted 
in  the  greatest  success.  In  the  Crimea,  the  excessive  mor- 
tality and  sickness  at  first,  and  the  singular  healthfulness 
of  the  English  army  afterward,  on  the  same  spot  and  un- 
der the  same  military  circumstances  as  before,  interested 
the  rulers  of  armies  and  brought  about  great  benefits  to 
the  soldier.  The  benefit  was  so  apparent  that  during  the 
last  year  of  the  war,  after  the  introduction  of  sanitary  re- 
form, the  mortality  in  hospitals  barely  exceeded  that  of 
the  Guards  in  their  barracks  at  home.  The  eflorts  of  per- 
sons instrumental  in  bringing  about  so  much  good,  also 
gave  impetus  to  other  nations,  and  various  beneficial  so- 
cieties were  organized,  having  for  their  object  the  nursing 
ot  ™  ^^'^^  ^"3  wounded.  The  most  notable  of  these  is 
the  Patriotic  Ladies'  Union  of  the  Red  Cross,  which  origi- 
nated from  small  beginnings  after  the  battle  of  Sadowa 
.1.  J^'  l^o'^^ever,  to  the  United  States  that  Europe  owes 
the  first  idea  of  humanizing  war.     The  lesson  of  the  Cri- 
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mea,  having  been  well  studied  in  this  country,  resulted 
in  the  Sanitary  Commission,  whose  efforts  contributed  so 
much  to  the  comfort  of  the  well,  and  the  relief  of  the 
wounded. 

Soldiers,  in  most  countries,  are  now  furnished  with  im- 
proved barracks,  better  food  and  clothing,  gymnasia 
recreation-rooms,  and  out-of-door  amusements,  and  their 
sick  wives  and  children  are  also  provided  for,  all  of  which 
have  made  not  only  a  reduction  of  one-half  in  the  death- 
rate,  but  have  diminished  the  moral  degradation  of  the 
soldier,  increased  his  efficiency,  and  raised  his  character. 

Statistics  of  the  principal  armies  show  that  the  death- 
rate  has  decreased  in  the  last  few  years.  In  the  last 
decade  it  has  decreased  as  follows :  in  the  English  army 
from  1836  to  1846,  the  average  of  17.5  in  the  thou- 
sand has  now  fallen  to  8.79  ;  French  army,  1843  to  1848 
15  to  9.40 ;  Russian,  1841  to  1853,  37.4  to  18 ;  Belgian' 
1871  to  1874,  13.8  to  5.4 ;  Austro-Hungarian,  1844  to 
1845,  28  to  11.6  ;  Prussian,  1846  to  1860  and  since,  6. 

Statistics  further  show  that  those  armies  lose  the  least 
number  of  men  by  death  that  discharge  the  greatest  num- 
ber because  of  physical  disability.  This  phenomenon  is 
shown  in  the  Prussian  army  when  the  different  periods 
are  compared  with  one  another.  The  natural  decrease  of 
an  army  is  from  death  and  discharges.  The  Prussian 
army  has  decreased  as  follows :  1858  to  1863,  21.3  ;  1869 
38.1;  1W4,  37.8  per  cent. 

In  the  English  army  it  is  shown  that  the  Contagious 
Diseases  Act,  which  has  been  so  severely  attacked  on  so- 
called  moral  and  religious  grounds,  has  materially  lowered 
the  sick-rate  at  those  stations  where  It  is  in  force.  The 
admissions  from  causes  under  its  control  have,  within 
five  years,  been  reduced  to  less  than  a  third  at  some  of 
the  large  stations ;  while  a  comparison  of  fourteen  sta- 
tions at  which  the  Act  is  in  force,  with  fourteen  to  which 
it  has  not  been  extended,  shows  54.5  cases  in  the  thou- 
sand at  the  former,  and  113.3  at  the  latter. 

The  mortality  of  the  English  army  is  a  subject  of  great 
Interest,  because,  being  scattered  over  all  points  of  the 
globe,  the  army  is  subjected  to  different  climatic  influ- 
ences. The  mortality  of  the  English  troops  serving  in 
the  colonies,  like  that  of  the  troops  serving  in  the  United 
Kingdom,  has  diminished  progressively  with  the  adoption 
of  hygienic  measures.  From  official  sources  it  is  learned 
thai  the  annual  death-rate  in  the  army  generally  averages 
about  fourteen  in  the  thousand.  In  1870,  Gibraltar, 
Malta,  and  Canada  were  the  healthiest  stations,  showing 
a  death-rate  of  only  8.7  in  the  thousand.  The  United 
Kingdom  came  next  with  a  rate  of  9.5,  while  in  India  the 
death-rate  rose  to  23.8.  But  to  appreciate  the  improve- 
ment that  has  been  effected  in  the  health  of  the  army,  it 
is  necessary  to  turn  back  to  the  fifteen  years  preceding 
the  Crimean  war,  when  the  death-rate  in  the  United 
Kingdom  averaged  17.5,  and  that  of  the  army  generally 
33  in  the  thousand ;  while  the  death-rate  in  India  aver- 
aged 63  in  the  thousand  between  1837  and  1853,  and  87 
in  the  thousand  in  the  twenty  years  preceding  1837. 

This  progressive  diminution  is  also  shown  in  the  French 
army  since  1830 — a  period  to  which  the  first  documents 
go  back — to  have  fallen  from  37  to  18  in  the  thousand. 

Previously  to  the  outbreak  of  the  American  Civil  War 
the  death-rate  in  the  United  States  Army  was  26  in  the 
thousand.  After  the  outbreak  of  the  war  the  mortality 
from  disease  was  increased  more  than  100  per  cent.  In 
1869  the  death-rate  among  the  white  troops  was  18,  and 
that  among  the  black  18  in  the  thousand. 

In  spite  of  the  introduction  of  many  reforms,  compari- 
son shows  the  mortality  in  the  army  to  be  still  in  excess  of 
that  of  the  civil  population  of  the  same  age,  living  under 
analogous  conditions  (13  in  place  of  11  in  the  thousand), 
and  that  the  soldier,  who  is  a  picked  man,  well  housed, 
fed,  and  clothed,  is  much  oftener  sick  than  the  working- 
man.  It  has  been  ascertained  during  the  last  thirty  years, 
that  the  annual  number  of  days  of  sickness  is  from  six  to 
eight  for  each  workingman  belonging  to  various  mutual 
aid  societies  ;  while  the  statistics  of  various  armies  give 
an  annual  average  of  fifteen  to  twenty  days  of  sicknes.? 
for  each  soldier ;  in  other  words,  the  number  of  days  of 
sickness  each  year  is  fifteen  to  twenty  times  greater  than 
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the  number  of  the  effective  force.  It  may,  however,  he 
remarked  on  this  point,  that  the  workingman,  having  to 
make  a  living,  does  not  stop  work  except  for  serious  ill- 
ness, while  the  soldier,  finding  it  to  his  interest  to  get  ex- 
empt from  duty,  abuses  this  privilege  by  going  on  the 
sick-list  for  the  slightest  indisposition.  A  recent  tabular 
statement  of  the  morbidity  in  different  armies  shows 
the  lowest  figures  in  the  Portuguese,  Austro-Hungarian, 
Italian,  and  Prussian  armies,  the  sick  days  of  'each  man 
of  the  effective  force  being  from  thirteen  to  fifteen  yearly ; 
in  the  French  and  in  the  English  armiel  it  is  from  six- 
teen to  seventeen  ;  while  in  the  United  States  Army  it  is 
nineteen  among  the  negro  troops,  and  twenty-one  among 
the  white.  In  1884,  out  of  an  average  mean  strength  of 
33,749,  there  were  41,638  cases  of  admission  to  treatment 
reported  in  the  latter  army.  Of  the  white  troops  the  aver- 
age number  constantly  on  sick  report  during  the  year  was 
1,003,  or  50  per  1,000  of  mean  strength ;  809,  or  40  per 
1,000,  were  constantly  under  treatment  for  disease,  and 
194,  or  10  per  1,000,  for  wounds,  accidents,  and  injuries. 
Among  the  black  troops  the  average  number  constantly 
on  sick  report  was  44  per  1,000  ;  of  which  33  per  1,000 
were  under  treatment  for  various  diseases,  and  11  per 
1,000  for  injuries. 

Having  shown  in  this  brief  outline  the  significance  of 
losses  to  an  army  from  sickness,  it  is  unnecessary  to  point 
out  the  urgent  need  for  careful  study  of  the  causes  and 
prevention  of  the  principal  diseases  that  scourge  and  en- 
cumber an  army,  and  thereby  affect  the  operations  of 
war. 

The  diseases  observed  among  armed  forces,  whether 
afloat  or  ashore,  comprise  almost  all  those  which  are  met 
with  in  civil  life,  such  as  fevers,  affections  of  the  various  or- 
gans, syphilis,  gonorrhoea,  alcoholism,  etc. ,  all  of  which  are 
BO  well  described  in  numerous  works,  and  their  treatment 
so  well  formulated,  that  they  would  not  be  mentioned 
here,  except  for  their  frequency  in  armies,  and  to  insist 
upon  their  etiology,  their  mode  of  development,  and  their 
prevention. 

The  three  principal  causes  affecting  the  health  of  the 
soldier  are  his  environment,  his  manner  of  life,  and  his 
food ;  and  it  is  these  three  influences  alone,  either  sepa- 
rately or  combined,  that  modify  the  soldier's  sickness. 
The  first  of  these  is  typified  in  the  accidents  arising  from 
atmospheric  or  telluric  influences ;  such  as  rapid  death 
from  heat  or  from  cold,  the  transient  influence  of  the 
seasons,  and  the  slower  but  more  durable  effects  of  climate 
witnessed  in  dysentery  and  the  unfortunate  action  of 
malaria.  The  second  cause  relates  to  the  mephitlsm  of 
dweUing-places,  and  the  miasma  arising  from  overcrowd- 
ing, imperfect  ventilation,  want  of  cleanliness,  and  inat- 
tention to  personal  hygiene ;  the  effects  of  which  are  seen  in 
typhus  and  typhoid  fevers,  the  exanthemata,  and  in  the 
general  tendency  to  adynamia.  The  third  cause  concerns 
the  diseases  brought  about  by  vicious  alimentation.  It  is 
seen  in  scurvy,  which  has  existed  as  a  leading  disease  in 
armies  of  every  age,  not  only  in  a  fully  developed  form, 
hut  as  a  uniform  taint  complicating  other  diseases. 

The  prevailing  diseases  in  armies  are  mostly  acute  ;  and 
at  least  two-thirds  of  them  being  zymotic,  are  consequently 
preventable. 

It  is  desirable  to  have  clearer  notions  regarding  the 
term  zymosis,  which  is  used  in  speculative  pathology  to 
denote  the  action  of  a  peculiar  and  little-known  process 
analogous  to  fermentation.  This  morbid  principle,  acting 
presumably  in  the  blood,  causes  profound  changes  in  the 
system,  and  produces  wide-spread  constitutional  affections 
among  masses  of  men. 

The  most  widely  prevailing  doctrine  of  the  present  day 
respecting  the  origin  and  communication  of  diseases  is 
that  known  as  the  germ  theory.  Special  organic  forms 
known  as  mycrozymes,  bioplasts,  bacilli,  etc.,  alleged  by 
various  pathologists  to  he  found  in  contagious  fluids,  have 
been  the  subject  of  much  discussion ;  some  contending 
that  they  are  of  fungoid  growth  and  enter  the  body  as 
parasites ;  others  that  they  are  germinal  masses  derived 
from  normal  cells,  and  owing  to  a  series  of  changes  in 
existing  matter  under  new  circumstances  ;  while  a  third 
class  deny  positively  that  any  such  germs  exist.     The 


elements  or  factors  giving  rise  to  many  of  the  foregoing 
conditions  are  known  as  zymotic,  a  term  that  the  writer 
formerly  attempted  to  explain  in  a  cyclopaedia  article. 
The  word  has  been  objected  to  by  many  as  an  Improper 
designation,  but,  it  seems,  on  insifeicient  grounds.  Like 
the  atomic  theory  in  chemistry,  it  is  not  clearly  descriptive, 
but  is  admitted  into  the  standard  nomenclature  of  medi- 
cine as  a  convenient  expression  to  include  all  that  class 
of  diseases  communicable  from  existing  foci,  and  capable 
of  being  prevented  by  hygienic  or  other  conditions. 

As  before  remarked,  there  are  no  diseases  peculiar  to 
soldiers.  It  is  in  their  mode  of  action  only  that  a  differ- 
ence exists  between  army  diseases  and  those  of  civil  life  ; 
so  the  mention  will  be  limited  to  the  principal  diseases 
that  encroach  most  on  the  usefulness  of  the  army. 

Among  the  privations  incident  to  war  is  the  atrriospheric 
exposure  to  which  the  soldier  is  subjected.  Sleeping  on 
the  bare  ground,  and  often  drenched  with  rain ;  standing 
in  trenches  exposed  to  snow  and  cold,  and  making  long 
marches  under  a  tropical  sun,  are  a  few  of  the  vicissitudes 
that  debilitate  and  render  him  susceptible  to  the  action  of 
the  seasons.  The  diseases  developed  by  the  influence  of 
the  seasons  present  in- the  soldier  no  particular  character 
calling  for  remark,  unless  it  be  their  short  duration,  the 
regularity  with  which  certain  of  them  return — such  as 
cholera  morbus,  malarial  fever,  and  dysentery — and  the 
occasional  tendency  of  some  to  become  endemo-epidemic. 
The  influence  of  cold,  damp  nights  followed  by  hot  days, 
and  the  action  of  intense  light,  are  the  generally  admitted 
causes  of  the  purulent  ophthalmia  observed  in  European 
armies.  In  Algeria  it  has  been  observed  that  ophthalmia 
is  often  developed  in  men  who  sleep  outside  of  their  tents, 
directly  exposed  to  nocturnal  radiation.  In  Europe 
atmospheric  vicissitudes  are  often  known  to  have  pro- 
duced the  same  effects,  purulent  ophthalmia  having  often 
been  observed  among  harvesters  who  had  exposed  them- 
selves to  cold  while  covered  with  sweat.  An  epidemic  in 
a  French  orphan  asylum  broke  out  after  a  shower  that 
had  wet  the  children ;  and  it  is  thought  that  the  epidemic 
of  the  allied  armies  of  Europe,  in  1813  and  1815,  was  in 
great  part  owing  to  the  necessity  of  bivouacking  at  night 
on  the  cold,  damp  earth,  after  fatiguing  marches  and 
incessant  fighting. 

Climatic  diseases  are  said  to  be  only  those  of  the  season 
carried  to  a  higher  power.  Observation  and  experience 
seem  to  be  our  only  guides  as  regards  climate.  Up  to  the 
present  time  climatology  has  given  us  many  figures  with 
but  few  results,  and  topography  teaches  nothing  upon  the 
salubrity  of  a  country.  It  does  not  explain  why  cholera 
is  in  India,  plague  in  ECTpt,  and  yellow  fever  on  the 
shores  of  the  Gulf  of  Mexico.  Nor  does  it  tell  why 
fevers  spare  New  Caledonia,  in  spite  of  the  existence  of 
numerous  marshes,  and  why  they  ravage  Madagascar,  in 
spite  of  its  grand  chain  of  mountains. 

The  meteorological  influences  of  a  climate  modify  the 
telluric  conditions,  alimentation,  habits,  etc.  ;  and,  gen- 
erally speaking,  the  diseases  of  hot  countries  correspond 
to  those  of  the  hot  seasons,  and  those  of  cold  climates  to 
those  of  cold  seasons. 

Affections  of  the  organs  of  respiration  and  rheumatism 
are  mentioned  by  systematic  writers  as  prominent  dis- 
eases in  cold  countries.  Rheumatism,  however,  belongs 
rather  to  temperate  climates.'  It  is  met  with  in  India  and 
Egypt,  but  is  unknown  in  the  polar  regions. 

In  Nova  Scotia  the  English  army  furnished  a  propor- 
tion of  30  cases  of  rheumatism  to  the  1,000  ;  while  under 
the  more  temperate  climate  of  the  Cape  of  Good  Hope, 
there  were. 57  in  the  1,000.  On  two  successive  voyages 
to  the  Siberian  Arctic  the  writer  did  not  meet  with  a 
single  case  of  bronchitis  or  rheumatism,  nor  even  a  com- 
mon cold,  except  in  Eskimos,  who,  by  the  way,  appear 
to  stand  cold  not  so  well  as  white  men.  During  the  last 
few  years,  meteorological  parties  at  the  circumpolar  sta- 
tions have  escaped  all  sickness,  and  sledging  expeditions 
have  been  exposed  to  continuous  cold  of  —50°  with  no 
great  Inconvenience.  On  the  other  hand,  soldiers  have 
been  known  to  succumb  in  great  numbers  from  asphyxia 
caused  by  cold,  when  the  thermometer  marked  a  tem- 
perature comparatively  high.    The  history  of  congela- 
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tions  in  armies  shows  that  what  played  a  greater  role 
than  the  cold  itself,  was  the  state  of  inanition  brought 
about  by  unfavorable  hygienic  conditions.  Pages  could 
be  filled  with  historic  mentions  of  losses  caused  by  cold 
in  various  armies,  from  that  of  Xenophon  down  to  modern 

According  to  Forestius,  soldiers  have  been  found  frozen 
and  standing  with  their  arms  in  their  hands,  as  if  struck 
with  catalepsy.  Larrey  observed  the  same  thing  on  the 
retreat  from  Moscow,  and  the  incident  furnished  a  mo- 
tive for  verses  to  Victor  Hugo. 

In  1709,  Charles  XII.  lost  a  part  of  his  army  from  cold 
in  Russia,  and  in  1719,  3,000  of  his  men  perished  from 
cold  in  Finland. 

In  1742,  the  French  army,  in  passing  the  defiles  of 
Bohemia,  lost  in  ten  days  400  men  from  cold.  The 
"Grand  Army"  of  400,000,  in  six  months  after  the  re- 
treat from  Moscow,  numbered  but  3,000  men,  cold  being 
the  principal  cause  of  disaster. 

In  1845,  a  column  of  French  troops  in  Algeria,  being 
overtaken  by  snow  and  a  north  wind,  lost  308  men  in  forty- 
eight  hours,  and  521  others  were  more  or  less  frost-bitten. 
Analogous  accidents  have  happened  to  the  French  in 
Algeria  on  three  other  occasions. 

In  the  Crimea,  1,179  of  the  French  troops  perished 
from  cold,  and  4,023  were  frost-bitten. 

The  English  had  2,389  cases  of  congelations  and  463 
deaths.  The  thermometer  in  the  Crimea  was  never  very 
low,  and  it  is  believed  that  congelations  were  owing  more 
to  the  debilitated  condition  of  the  soldiers  than  to  the  de- 
gree of  cold.  A  report  suggests  that  it  would  be  better 
to  speak  of  these  accidents  as  ' '  gangi-ene  owing  to  scor- 
butic tendency  exaggerated  by  cold. " 

At  the  risk  of  incurring  the  reproach  of  superfluity,  it 
may  be  remarked  that  warm  clothing  and  plenty  of  good 
food  are  the  best  protectors  against  excessive  cold.  A 
small  quantity  of  spirit  may  render  great  service,  but 
taken  in  large  quantity  it  is  suicidal.  The  men  should  be 
allowed  sumcieut  opportunities  to  make  hot  soup  or 
drink.  Had  the  armies  mentioned  in  the  foregoing  sum 
mary  been  well  fed,  it  is  certain  that  they  would  have  re- 
sisted the  cold  with  no  great  loss.  The  well-fed  and  well- 
clothed  command  of  General  Crook,  U.  S.  A.,  during  the 
Powder  River  Expedition  of  1876,  consisting  of  about  two 
thousand  men,  was  engaged  in  an  active  campaign  in  up- 
per Nebraska  during  the  months  of  December,  January, 
and  February,  with  the  thermometer  never  above  freezing, 
and  often  down  to  40°  F.,  yet  the  sick-list  was  small,  and 
the  number  of  frost-bites  (31)  was  comparatively  trivial. 
Among  350  Indians  who  made  part  of  the  expedition 
there  occurred  no  frost-bites,  and  three  only  are  borne  on 
the  return  of  sick  and  wounded.  A  detachment  of  200 
nien,  under  Major  Campbell,  IT.  S.  A.,  has  marched  over 
nine  hundred  miles  in  snow,  without  the  occurrence  of 
frost-bites  or  any  case  of  serious  illness.  It  is  the  opinion 
of  experienced  soldiers  that  good  discipline  does  much  to 
prevent  the  injurious  effects  of  either  heat  or  cold. 

The  extinction  of  vitality  by  extreme  7ieat,  common 
among  soldiers  serving  in  hot  climates,  is  sometimes  wit- 
nessed in  temperate  chmates  during  what  is  known  as  the 
heated  term,  and  often  has  victims  in  European  armies. 

On  July  8,  1853,  two-thirds  of  the  men  in  a  Belgian 
regiment  on  the  march  from  Beverloo  to  Hasselt  were 
struck  down  by  heat.  Only  150  of  the  regiment  were 
able  to  reach  Brussels.  An  analogous  fact  was  observed 
in  the  army  of  Prince  Henry,  on  a  forced  march  from 
Bernburg  to  Dresden. 

During  the  Italian  war  heat-asphyxia  was  frequently 
observed  m  the  French  army.  On  the  4th  of  July  3  000 
men  of  one  division  fell  in  the  ranks. 

The  Baden  army  lost  eight  men  in  one  company  a 
few  years  ago  ;  and  the  Austrian  army  lately  lost  six  men 
in  one  regiment. 

Sunstroke  does  not  appear  to  have  occurred  often 
among  the  French  army  in  Mexico.  It  is  frequent  at 
Mauntms  among  English  soldiers,  while  it  is  rare  at  the 
Cape  and  the  West  Coast  of  Africa,  and  is  almost  un- 
i^qToi'°  Senegambia.  In  1883  there  were  28,  and  in 
1B84,  /Jl  cases  of  sunstroke  in  the  United  States  army. 
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Whether  sunstroke  be  regarded  as  a  hyperaemic  condi. 
tion  of  the  brain,  or  as  an  acute  neurosis  of  the  vaso- 
motor system  having  the  medulla  oblongata  as  a  centre 
it  is  probably  owing,  in  all  its  forms,  to  changes  in  the 
internal  organs  brought  about  by  high,  close,  and  humid 
temperature.  Whatever  be  the  variety,  death  is  produced 
by  paralysis  of  the  heart,  and  occurs  generally  in  men 
whose  condition  is  lowered  by  such  causes  as  diseased 
viscera,  crowd-poisoning,  and  great  fatigue.  Sunstroke 
is  relatively  infrequent  among  cavalrymen ;  it  is  generally 
confined  to  the  infantry. 

It  requires  no  great  foresight  to  suggest  the  precaution- 
ary measures  that  should  be  taken  against  sunstroke. 
Marches  and  drills  should  be  so  regulated  that  the  men 
may  rest  during  the  hottest  part  of  the  day.  Should  cir- 
cumstances render  the  exposure  imperative,  the  men 
ought  to  march  in  open  order,  as  far  apart  as  circum- 
stances will  permit,  and  during  a  halt  they  should  not  be 
allowed  to  lie  on  the  bare  ground. 

Dysentery,  until  lately  one  of  the  most  terrible  scourges 
of  armies,  is  evidently  influenced  in  frequency  and  gravity 
by  the  heat,  not  only  of  hot  countries,  but  by  that  of  the 
summer  and  autumn  in  temperate  climates. 

In  1415,  the  army  of  Henry  V.  was  reduced  by  dysen- 
tery to  one-fourth  of  its  effective  force,  before  the  battle  of 
Agincourt.  From  this  time  onward  history  shows  dysen- 
tery to  be  one  of  the  commonest  of  diseases  in  armies.  It 
does  not  appear  to  have  been  very  frequent  or  grave  in 
the  army  of  the  United  States,  while  at  the  siege  of  Metz 
there  were  514  patients  in  hospital  for  dysentery. 

As  regards  the  etiology  of  this  affection,  different  results 
have  been  obtained  from  a  large  number  of  observations ; 
but  it  is  most  generally  admitted  that  the  disease  depends 
on  a  certain  focus  of  infection,  and  that  it  dies  out  on  the 
removal  of  the  cause. 

In  1773,  half  the  English  army  at  Hanau  had  dysen- 
tery. It  decreased  after  the  abandonment  of  the  camp. 
The  same  thing  took  place  in  the  change  of  camp  in  the 
army  of  Prince  William  of  Hesse,  in  1778.  An  instance 
is  known  of  a  regiment  being  affected  with  dysentery 
every  time  it  went  into  a  certain  camp.  Diarrhoea  and 
dysentery  In  the  United  States  army  are  reported  at  209 
per  1,000  of  the  mean  strength  for  the  year  1883. 

The  causes  of  dysentery  are  moisture,  common  to  habi- 
tations on  low  grounds,  the  contamination  of  impure  air, 
exposure  to  rain  and  wet,  too  light  clothing,  and  the  in- 
fluence of  the  seasons  and  conditions  of  the  weather.  It 
does  not,  however,  depend  entirely  on  surface  and  on 
seasons  ;  for  it  sometimes  occurs  on  ships  in  winter. 
Other  causes  are  cold  and  damp  nights  following  hot 
days,  rapid  changes  of  temperature,  and  malaria. 

In  the  English  army  it  makes  its  appearance  in  the  mid- 
dle of  summer  and  the  beginning  of  autumn.  In  the 
Prussian  army  it  makes  its  appearance  from  June  to  Sep- 
tember, and  prevails  but  little  among  the  cavalry — a  fact 
thought  to  be  due  to  their  better  clothing,  their  freedom 
from  over-exertion,  and  their  higher  pay,  which  makes 
better  food  possible. 

A  study  of  the  geographical  distribution  of  dysentery 
shows  the  existence  of  a  constant  relation  between  that 
affection  and  abscess  of  the  liver,  and  that  the  places 
where  dysentery  prevails  with  greatest  force  are  not  those 
where  the  gravest  fevers  are  observed.  Hepatic  abscess 
appears  to  be  most  common  in  India  and  in  Algeria ;  in 
fact,  its  medical  geography  and  the  circumstances  under 
which  it  occurs  are  the  same  as  those  of  dysentery. 

Chronic  diarrhaa  prevailed  to  a  considerable  extent 
during  the  late  civil  war.  Persons  are  now  on  the  in- 
valid pension-list  for  this  disease,  contracted  during  the 
"  Chickahominy  campaign,"  twenty  years  ago  ;  and  an 
additional  fact-— more  curious  from  another  point  of  view 
than  a  medical  one — is  that  many  of  these  pensioners 
weigh  two  hundred  pounds  1  Diarrhoeal  diseases  show  a 
proportion  of  219  per  1,000  of  mean  strength  in  the  United 
States  army  for  1884. 

The  frequency  of  palustral  fevers  in  armies  has  been 
witnessed  from  the  time  when  the  Gauls,  under  Brennus, 
encamped  under  the  walls  of  Rome,  were  scourged  and 
despoiled  by  malarial  fever.     In  the  year  208,  the  Boman 
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army  of  80,000  men  lost,  in  Scotland,  from  this  cause,  50,- 
000  men.  More  recent  facts  furnish  numerous  examples 
of  epidemics  owing  to  telluric  influences. 

No  military  disaster  caused  by  palustral  Infection  was 
more  complete  than  that  following  the  English  expedi- 
tion to  the  island  of  Walcheren  in  1809.  On  this  occa- 
sion, it  is  said,  the  English  were  conquered  before  the 
battle.  Out  of  an  effective  force  of  39,219  men,  there 
succumbed  to '  the  fever,  between  August  28th  and  De- 
cember 23d,  4,175  men.  The  number  of  admissions  to 
hospital,  from  August  31st  to  November  18th,  was  21,846. 
After  the  return  to  England  there  were  11,503  additional 
cases.    But  317  men  were  killed  by  the  enemy. 

Malarial  fevers  prevailed  in  the  French  army  during 
the  Morean  campaign  in  1838,  as  also  at  the  Crimea  and 
during  the  occupation  of  Rome.  But  it  is  among  troops 
stationed  in  Algeria,  India,  and  the  Southern  States  of 
America,  that  the  gravest  forms  of  impaludism  are  found. 

Some  knowledge  of  the  geographical  distribution  of 
malarial  fevers  is  indispensable  to  show  what  are  the 
surrounding  conditions  favorable  to  the  development  of 
these  diseases,  and  as  »  preliminary  to  the  study  of  their 
etiology. 

Broadly  speaking,  malarial  fevers  increase  in  frequency 
and  gravity  as  latitude  diminishes  ;  but  this  progression 
lacks  constancy  and  uniformity.  Although  these  fevers 
increase  in  gravity  and  frequency  as  the  equator  is  ap- 
proached, their  distribution  does  not  correspond  exactly 
with  the  isothermal  lines.  Tropical  countries  are  often 
exempt,  while  others,  in  a  high  latitude,  have  these 
fevers.  They  are  found  in  Sweden  as  high  as  latitude 
63°,  in  some  parts  of  Ireland,  and  on  the  shores  of  the 
Baltic.  On  the  other  hand,  in  intertropical  countries 
like  Australia,  Tahiti,  and  the  Island  of  Reunion,  they 
are  rare,  and  New  Caledonia  is  completely  exempt. 
Marshy  coasts  and  low  humid  plains  are  the  objective 
causes  of  malarial  fevers,  and  the  surroundings  most  fav- 
orable for  their  development ;  yet  the  marsh  itself  is  not 
a  cause,  for  there  are  marshes  in  hot  countries  that  are 
not  febrigenous.  The  city  of  Mexico,  situated  on  a 
high  plateau,  surrounded  by  lakes  and  marshes,  exempli- 
fies the  *fact  that  vertical  climatology  corresponds  to 
horizontal  climatology  :  there  malarial  fevers  are  almost 
unknown. 

In  Europe  malarial  fevers  seem  to  have  almost  disap- 
peared with  the  advance  of  civilization,  yet  they  are 
common  in  the  Belgian  army,  having  reigned  epidemi- 
cally some  years  ago  in  the  garrison  at  Antwerp  and 
among  the  troops  at  Beverloo.  They  are  also  observed 
epidemically  on  the  littoral  of  France  from  Bayonne  to 
the  mouth  of  the  Loire  ;  in  Corsica  ;  and  in  Hungary,  on 
the  Danube.  But  it  is  in  Greece  and  Italy  where  they 
take  a  grave  form.  In  Greece  palustral  affections  count 
for  two-thirds  in  the  mortality.  During  the  French  oc- 
cupation of  Rome,  out  of  1,000  patients  in  hospital  more 
than  500  were  there  for  fevers.  Every  school-boy  knows 
of  the  sad  insalubrity  of  the  Pontine  Marshes,  and  not 
less  celebrated  is  the  Palus  Mmotis  in  the  Sea  of  Azov, 
whose  cachectic  inhabitants  are  mentioned  by  Hippocra- 
tes. In  India  the  mortality  from  fevers — intermittent, 
remittent,  and  pernicious — counts  for  40.30  in  the  100. 
In  Algeria  they  count  for  20,697  in  43,507  patients,  or 
48  in  the  100. 

They  prevail  in  grave  form  in  Egypt,  Abyssinia,  the 
French  Antilles,  and  in  Guiana.  At  the  latter  place, 
13,000  French  colonists  from  Alsace  and  Lorraine  were 
reduced  in  three  years  to  2,000.  The  latest  returns  of 
the  United  States  army  place  malarial  diseases  at  308  per 
1,000  of  mean  strength. 

In  North  America  the  palustral  influence  is  much 
greater  on  the  shores  of  the  Gulf  of  Mexico  and  in  the 
Antilles  than  upon  the  coast  of  the  Pacific.  This  is  fully 
shown  in  the  statistics  of  the  war  of  the  Rebellion.  Fig- 
ures from  the  "Report  of  the  Sanitary  Commission  "  also 
show  an  increase  in  the  frequency  of  fever  in  the  United 
States  as  the  equator  is  approached.  In  the  northern 
posts,  at  a  distance  from  the  sea  and  the  great  lakes,  they 
give  151  sick  in  the  thousand  ;  in  the  lake  region,  193  ; 
in  the  seaboard  stations  from  the  Delaware  capes  to 


Savannah,  370  ;  on  the  Lower  Mississippi,  383  ;  in  Eastern 
Florida,  520  ;  and  in  the  Southwest,'  747.  A  few  years  ago, 
malarial  fever  prevailed  to  such  an  extent  at  the  Wash- 
ington Arsenal  and  at  Fort  Washington,  on  the  Potomac, 
that  there  were  scarcely  enough  well  men  to  do  guard 
duty.  The  latter  post  has  been  abandoned,  mainly  on  that 
account.  At  Fort  Foote,  near  Washington,  days  have 
occurred  when  there  were  but  three  persons  in  the  garri- 
son that  did  not  suffer  from  ague.  An  oflScer  who  served 
at  that  post  thirteen  years  ago  still  suffers  from  the  effects 
of  malaria  when  the  weather  changes,  notwithstanding 
the  fact  that  he  has  served  most,  of  the  time  since  in  non- 
malarious  localities. 

Experience  shows  negroes  to  be  less  subject  to  palus- 
tral miasm  than  others,  but  they  partly  lose  their  im- 
munity after  living  a  long  time  in  a  non-malarious  climate. 
On  the  English  expedition  up  the  Niger,  composed  of 
145  whites  and  158  negroes,  there  were  among  the  whites 
130  cases  of  fever  and  40  deaths ;  among  the  negroes  11 
only  were  slightly  attacked,  and  they  had  passed  several 
years  in  England.  A  departure  from  this  rule  has  lately 
occurred  in  the  United  States  army,  the  returns  of  which 
for  1884  show  malarial  diseases  to  have  been  more  fre- 
quent among  the  black  than  the  white  troops  ;  the  ad- 
mission rate  for  the  former  being  62  per  1,000  higher  for 
this  year,  and  14  per  1,000  higher  for  the  previous  year. 
The  fact  that  the  negro  regiments  are  serving  in  a  spe- 
cially malarious  region  is  supposed  to  account  for  this 
increase. 

So  much  has  been  published  upon  the  etiology  and 
mode  of  development  of  these  fevers,  that  to  give  here 
even  a  summary  would  be  needless  repetition  of  what 
has  been  better  stated  elsewhere. 

A  disputed  question  is  in  regard  to  the  influence  of 
drinking-water  in  originating  and  propagating  these 
fevers.  Our  knowledge  of  the  question  is  mainly  em- 
pirical. Dr.  Blanc,  who  has  travelled  through  Abys- 
sinia, claims  to  have  escaped  the  fevers  of  that  country 
by  never  drinking  water  unless  filtered  or  boiled  ;  an 
English  officer,  who  submitted  to  the  same  rule,  was 
equally  preserved,  while  all  the  other  persons  taking  part 
in  the  same  mission  were  attacked  with  fever  or  dysentery, 
on  account  of  not  having  been  willing  to  take  the  same 
precautions.  The  writer  has  had  a  similar  experience, 
never  having  been  ill  while  serving  at  such  malarious 
posts  as  Savannah,  New  Orleans,  and  Brownsville,  Tex. 
Water,  except  for  purposes  of  swimming  and  navigation, 
received  only  hydrophobic  attention  ;  and  during  two 
epidemics  of  dengue  at  Savannah  and  Brownsville,  the 
writer  does  not  know  personally  of  a  single  individual 
that  escaped  except  himself.  An  experienced  army  offi- 
cer informs  the  writer  that  he  considers  bad  cookery  to 
be  the  main  cause  of  sickness  during  campaigns,  in  con- 
nection with  drinking  imprudently  of  water,  either  good 
or  bad. 

The  irregularity  of  the  period  of  malarial  incubation  is 
sometimes  witnessed  in  an  outbreak  of  fever  when  the 
patients  have  quitted  the  unhealthy  climates.  Soldiers 
who  in  Algeria  have  never  had  fever,  are  often  attacked 
with  it  on  the  voyage  to  France,  or  a  little  time  after 
landing.  An  epidemic  of  intermittent  fever  occurred  at 
Cook's  Inlet,  Alaska,  on  a  high  bluff,  among  persons  who 
had  lately  arrived  on  a  ship  from  a  malarious  locality 
The  writer  has  seen  a  case  of  intermittent  fever  in  a 
sailor  on  board  a  ship,  while  in  the  ice  off  Wrangell 
Island.  It  was  ascertained  that  before  coming  north  this 
man  had  been  on  the  Isthmus,  near  the  Chagres  River.  The 
slowness  of  the  poison  is  often  seen  in  the  form  of  cachexia 
common  to  the  indigenous  population  of  unhealthy  coun- 
tries. This  cachexia  has  much  to  do  with  the  mortality 
of  palustral  fevers,  and  complicates  other  diseases.  An 
effort  has  been  made  by  certain  writers  to  differentiate  the 
so-called  typho-malarial  fever,  but,  it  would  appear,  upon 
insufficient  ground.  This  supposed  type,  which  writers  on 
the  subject  naively  say  closely  approximates  remittent 
fever  and  typhoid  fever,  and  may  be  confounded  with 
them,  is  either  typhoid  fever,  or  it  is  remittent  fever  in 
which  the  symptoms  are  complicated  by  the  adynamia 
brought  about  by  the  scorbutic  taint  and  by  chronic  ma- 
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larial  poisoning.  The  clinical  Impossibhty  of  diag^^^^^^ 
ing  this  apocryphal  type,  and  the  al)surdity  of  intro 
ducins  a  new  term  which  has  not  even  the  merit  ot  a 
convelient  abstraction,  is  apparent  to  any  one  that  h^s 
had  any  practical  experience  with  malarial  fevers  We 
can  with  the  same  propriety  speak  of  malario-syphilitic 
fever  or  of  typho-malarial  epilepsy.  ■,„■■, 

Mllitlry  hy^ene,  being  rarely  able  to  effect  such  radical 
and  efficacious  prophylactic  measures  as  the  drainage  of 
marshes  and  the  cultivation  of  the  soil  in  palustral  locali- 
ties must  take  other  means  to  prevent  the  extension  ot 
malaria  in  hot  countries.  Sufficient  importance  is  not 
riven  to  hygienic  considerations,  although  we  have  in 
the  present  age  much  surer  means  of  ascertaining  the 
Insalubrity  of  localities  than  that  adopted  by  the  ancient 
Greeks  and  Bomans,  who,  before  founding  a  city  or_ es- 
tablishing a  camp,  examined  the  viscera  of  animals  im- 
molated for  the  occasion,  and  if  the  priests  found  the 
spleen  or  the  liver  diseased,  the  gods  were  declared  to  be 
unpropitious,  and  they  went  elsewhere  to  found  a  place 
more  agreeable  to  the  gods  and  more  favorable  to  men. 

It  is  not  advisable  to  take  an  army  Into  a  malarious 
country  during  the  fever  season,  and  in  localities  where 
malarial. fevers  prevail  it  is  wise  to  retire  to  high  land 
during  the  epidemic  period,  if  practicable.  Arabs  and  the 
inhabitants  of  the  Roman  Campagna  leave  the  plain  for 
the  mountain  during  the  season  of  fevers  ;  the  English, 
in  India,  have  established  sanitariums  in  the  hills,  and  the 
French,  at  Guadaloupe,  have  a  similar  establishment. 

Troops  in  a  malarious  country  should  not  be  made  to 
undergo  any  great  fatigue,  and  during  the  prevalence  of 
fevers  the  soldier  should  be  exposed  as  little  as  possible  to 
atmospheric  vicissitudes,  such  as  the  morning  dew,  the 
mid-day  sun,  and  the  chill  at  night.  When  such  expos- 
ure is  imperative,  the  administration  of  quinine,  or,  as 
is  preferred  by  most  French  surgeons,  the  serving  out 
of  black  coffee,  is  the  best  prophylactic  treatment.  Many 
facts  having  testified  in  favor  of  quinia  as  a  prophylactic, 
it  is  given  the  preference  by  English  and  Americans  ;  but 
the  French  physicians  are  generally  unanimous  in  their 
disbelief  of  its  efficacy,  and  prefer  coffee  to  quinia. 

The  experience  of  the  Ashantee  war  shows  that  alco- 
holic drinks  are  hurtful.  The  men  that  did  not  touch  the 
supplementary  ration  of  rum  presented  a  morbidity  and  a 
mortality  inferior  to  the  other  soldiers. 

The  acclimation  of  troops  in  a  malarious  country 
cannot  be  counted  upon,  experience  having  shown  that 
the  mortality  increases  with  the  duration  of  the  sojourn. 
Figures  show  the  mortality  during  the  first  year's  sojourn 
in  French  Guiana  to  be  15  in  the  1,000  men.  This 
mortality  increased  with  the  duration  of  the  sojourn,  hav- 
ing reached  102  in  the  eighth  year,  and  in  the  ninth  135 
in  the  1,000. 

Infallible  proofs  of  the  non-acclimation  of  troops  show 
the  necessity  for  frequent  renewal  of  garrisons  in  locali- 
ties devastated  by  malaria.  The  French  renew  their 
garrison  at  Mayotte  every  year ;  in  the  other  colonies, 
less  malarious,  every  four  years. 

It  is  thought  by  many  that  malarial  fevers  and  yellow 
feur  are  essentially  the  same,  and  that  they  assume  more 
or  less  the  type  of  one  another,  according  as  they  are 
modified  by  intensity  of  cause  and  by  prevailing  consti- 
tution. The  opinion  that  yellow  fever  arises  from  mias- 
mata or  infective  material  is  sustained  by  numerous 
facts ;  but  the  fever  itself  is  a  morbid  entity  perfectly 
distinct  from  the  palustral  fevers,  and  presents  certain 
analogies  with  typhus.  Yellow  fever  does  not  prevail  to 
so  great  an  extent  among  the  land  force  as  it  does  on 
ships,  where  the  infection  readily  takes  up  its  abode  ;  and 
it  is  demonstrated  that  ships  more  than  men  propagate 
and  import  the  epidemics  that  have  prevailed  at  commer- 
cial seaports  from  time  fo  time. 

Columbus  having  landed  at  San  Domingo  in  1493,  lost 
the  greater  number  of  his  crew  from  what  appears  to 
liave  been  yellow  fever,  and  shortly  after  his  return  to 
Spain  an  epidemic  of  yellow  fever  prevailed  at  Barcelona. 
It  is  proved  that  yellow  fever  is  an  essentially  importable 
disease,  and  that  the  ship  is  above  all  to  be  feared.  The 
ships  that  have  imported  epidemics  into  Europe  were  from 


Havana,  where  the  disease  is  eiidemic.  A  singular  thing 
in  connection  with  the  endemicity  of  yellow  fever  Is  that 
it  has  never  been  brought  into  Europe  from  Africa,  where 
it  is  also  endemic. 

At  the  siege  of  Pampeluna,  in  1833,  the  French  pre- 
vented its  introduction  and  spread  in  their  army  by  ex- 
cellent, but  very  radical,  procedures,  which  consisted  in 
burning  an  infected  ship  and  ordering  all  the  sick  out  of 
the  town  to  surrounding  country  houses.  Before  the 
latter  measure  was  executed  it  became  necessary  to 
threaten  a  bombardment  of  the  town  in  order  to  hurry 
the  tardy  inhabitants.  The  French  also  suffered  during 
their  occupation  of  Mexico  in  1863.  The  fever  broke  out 
among  the  troops  six  days  after  landing  in  Vera  Cruz, 
and  it  also  attacked  the  fleet.  The  negroes  of  the  Egyp- 
tian battalion  had  not  a  single  case  of  yellow  fever  dur- 
ing a  sojourn  of  four  years  at  Vera  Cruz.  An  epidemic 
of  typhus  prevailed  on  board  the  ship  that  took  these  ne- 
groes to  Mexico.  As  a  rule,  negroes  are  exempt,  but 
this  fever  prevailed  among  the  negro  troops  at  New  Or- 
leans during  the  war  of  secession,  and  caused  considerable 
mortality. 

High  land  seems  to  furnish  a  safe  refuge  in  time  of  yel- 
low-fever epidemics.  The  fever  has,  however,  prevailed 
in  Caracas,  3,000  feet  above  the  sea-level ;  in  Cuzco,  at 
an  elevation  of  11,378  feet,  and  even  in  other  places  in 
the  Andes,  at  14,000  feet. 

Acclimated  persons  are  less  liable  to  this  fever  than 
new-comers,  hence  the  necessity  does  not  exist  for  a  fre- 
quent change  of  garrison  in  yellow-fever  countries.  In 
the  matter  of  individual  prophylaxis,  excesses  of  all  kinds 
are  to  be  avoided,  especially  in  alcoholic  drinks.  Ex- 
posure to  the  sun,  errors  of  hjrgiene,  and  fatigue,  are 
also  to  be  guarded  against.  During  the  epidemic  of  yel-' 
low  fever  that  prevailed  among  the  United  States  troops 
at  Brownsville,  Texas,  in  1882,  such  measures  as  isolation 
of  the  sick,  and  a  thorough  police  and  disinfection,  were 
unsuccessful.  Abandonment  of  the  infected  locality,  on 
the  twenty-third  day  of  the  epidemic,  was  followed  by 
better  results. 

No  epidemic  of  cholera  is  known  to  have  prevailed  in 
Europe  among  armies  before  1830  ;  but  the  English  army 
has  been  ravaged  by  It  at  various  times  in  India  since  1757. 

A  division  of  5,000  men,  under  Colonel  Pears,  in  1781, 
lost  in  one  day  500  men.  But  the  saddest  of  these  epi- 
demics occurred  in  the  division  under  Hastings,  in  1817. 
The  onset  of  the  disease  was  so  sudden  that  sentries  fell 
as  if  struck  by  lightning,  and  it  took  three  or  four  men 
to  stand  a  tour  of  two  hours.  Five  thousand  men  died  in 
five  days,  and  the  command  became  nearly  extinguished. 

In  1831  cholera  made  such  ravages  in  the  Persian  and 
Turkish  armies,  that  they  Were  obliged  to  put  an  end  to 
warlike  operations  in  Mesojjotamia.  The  armies  imported 
the  disease  to  their  respective  countries.  Armies  take  a 
great  part  in  the  distribution  of  cholera.  It  was  carried, 
in  1830,  by  troops  engaged  in  putting  down  the  Polish 
Revolution,  into  Russia,  England,  and  even  to  America. 
Since  then  nearly  all  armies  in  the  field  have  been  af- 
fected with  it.  In  1866  Prussian  troops  carried  it  into 
Bohemia,  and  in  1854  the  French  took  it  from  Marseilles 
to  Gallipoli  and  Varna,  thence  to  Dobrudscha,  Corsica, 
and  numerous  localities  near  the  Black  Sea. 

A  great  number  of  facts  show  its  distribution  by  the 
army  in  America.  In  1866  it  was  transported  by  re- 
cruits from  New  York  to  San  Francisco,  Texas,  Louisi- 
ana, and  Savannah.  The  writer  was  present  during  the 
epidemic  among  the  troops  at  the  latter  place,  and  wit- 
nessed it  from  the  first  case  to  the  close.  The  same  year 
it  broke  out  in  Brazil,  Montevideo,  and  Buenos  Ayres, 
and  was  imported  by  contending  armies  into  Paraguay. 
These  facts  could  be  multiplied  almost  indefinitely,  as  well 
as  those  that  show  the  origin  of  an  extensive  epidemic 
from  a  single  person  coming  from  an  infected  locality. 

During  a  time  of  peace  troops  generally,  participate  in 
cholera  with  the  inhabitants  of  the  place  of  garrison. 
The  military  population  at  Paris,  in  1833,  1849,  and  185(5 
to  1854,  have  suffered  much  more  than  the  civil  popula- 
tion. Among  the  inhabitants  the  mortality  was  14.76  in 
1,000,  wliile  it  was  42.59  in  the  1,000  among  the  garrison 
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troops.  In  the  United  States  the  epidemic  of  1866  showed 
77  in  the  1,000  for  the  white,  and  135  in  the  1,000  for  thie 
black  troops. 

The  course  of  cholera  is  greatly  influenced  by  the  sur- 
face of  the  soil  and  by  the  character  of  the  drinking- 
water.  An  epidemic  is  worse  in  those  parts  of  a  city 
lying  in  a  valley,  while  hills  generally  escape.  Poor 
water,  narrow  streets,  bad  and  crowded  quarters,  bad 
privies,  etc.,  influence  the  course  of  cholera  as  they  do 
tliat  of  typhus.  In  the  contrary  condition  the  epidemic 
cannot  take  footing.  Psychical  depression,  like  fear  or 
terror,  favors  the  infection,  and  the  acclimatized  are  less 
aflected  than  new-comers. 

The  prophylaxis  of  cholera  requires  the  general  de- 
mand of  hygiene.  Small  rations  of  rum  and  cognac  are 
recommended  by  some  physicians.  Disinfection  and 
quarantine  measures  should  be  systematically  enforced, 
and  proper  measures  should  be  taken  to  sequestrate  the 
sick. 

Typhoid  fever,  one  of  the  most  frequent  diseases  among 
soldiers,  and  standing  next  in  importance  to  phthisis,  is 
considered  as  one  of  the  best  gauges  of  the  sanitary  state 
of  an  army.  Its  frequency  in  comparison  with  consump- 
tion places  consumption  in  the  ascendency.  There  is  a 
relation  of  three  to  five  in  the  Wurtemburg  contingent  of 
the  German  army.  The  malady  is  on  the  decrease  in  the 
Austrian  army ;  on  the  increase  in  the  Italian ;  in  the 
Prussian  army  the  number  of  cases  has  been  sometimes 
greater,  sometimes  less,  but  during  late  years  the  disease 
has  been  less  prevalent  than  formerly  ;  while  the  number 
of  cases  occurring  in  the  French  array  for  several  years 
past  has  risen  by  some  two  or  three  in  the  thousand. 

Twenty  to  thirty  years  of  typhoid  fever  in  armies  shows 
•the  mortality  in  the  Prussian  army  to  be  15.7;  Rus- 
sian, 151  ;  Austrian,  395  ;  Italian,  151.4  ;  English,  91.37 
per  1,000.  In  the  United  States  army  from  1867  to  1883, 
in  an  annual  mean  strength  of  36,339,  the  annual  average 
of  typhoid  fever  gives  8.58  in  the  1,000.  The  rate  for 
1884,  11  in  the  1,000,  is  not  only  three  times  higher  than 
the  average  annual  occurrence  for  the  previous  sixteen 
years,  but  it  is  double  the  highest  rate  recorded  since  the 
Civil  War.  The  cavalry  has  suffered  from  this  disease 
largely  in  excess  of  other  branches,  and  it  is  thouglit  that 
the  fever  was  disseminated  by  3,000  cavalry  recruits  who 
during  the  year  had  been  sub.iected  to  filth-poisoning 
and  then  sent  to  distant  frontier  posts.  Statistics  of 
mortality  in  armies  show  the  mortality  to  be  greater  in 
the  first  year  of  service;  and  the  disease  more  prevalent 
among  young  recruits  than  among  old  soldiers.  The  char- 
acter of  the  drinking-water  is  thought  to  influence  the 
development  of  this  fever.  An  instance  is  known  of 
pump- water  being  contaminated  with  organic  matter  from 
the  manure  of  a  horse  stable  ;  the  source  of  the  difliculty 
was  removed  and  the  typhoid  ceased.  The  montlis  of  Au- 
gust and  September,  during  the  autumn  manoeuvres,  are 
the  occasions  for  the  infection  in  France  and  Prussia.  It 
prevails  most  in  the  Austrian  army  during  the  July  ma- 
noeuvres.   In  Munich  it  reached  its  maximum  in  March. 

Bad  water  is  thought  to  be  the  source  of  numerous 
epidemics ;  but  many  are  opposed  to  this  supposition. 
Collections  of  filth  may  act  as  a  focus  of  infection,  and 
soil  impregnated  with  urine  and  fecal  matter,  putrid 
gases,  etc.,  may  be  considered  as  etiological  factors.  In 
1865  the  mortality  in  the  Prussian  army  was  twenty-five 
per  cent.,  but  under  the  cold-water  treatment  it  has  fallen 
to  fifteen  per  cent.  Sanitary  measures  sometimes  fail  to 
eradicate  the  disease  from  certain  military  posts  and 
positions.  At  several  posts  in  Bengal  it  has  become  so 
incorrigibly  endemic  as  to  necessitate  their  military  evacu- 
ation. 

A  chapter  might  be  devoted  to  the  historic  pathologjr 
alone  of  typhus,  which  has  prevailed  as  a  formidable  epi- 
demic in  armies  in  the  field  from  400  B.C.  to  latter  days. 
It  would  be  an  extensive  study  to  note  the  effects  of  this 
one  disease  on  military  operations  in  past  times.  During 
peace  it  is  of  subordinate  importance.  It  prevailed  ex- 
tensively during  the  Peloponnesian  war,  and  in  1486  in 
the  army  of  Ferdinand  the  Catholic.  It  is,  however, 
during  the  sixteenth  and  seventeenth  centuries  that  we 


hear  most  of  typhus.  In  1790  the  Russian  army  had  to 
suspend  operations  against  the  Turks  in  Little  Tartary  on 
account  of  typhus  ;  and  it  was  from  this  disease  here, 
and  at  this  time,  that  the  philanthropist,  John  Howard, 
died.  The  disease  took  footing  in  England  and  in  Ger- 
many during  the  Napoleonic  wars,  and  hardly  any  other 
epidemic  has  equalled  it  in  extreme  mortality.  At  the 
siege  of  Torgau  30,000  men  died  of  it  in  a  few  months, 
leaving  only  5,000.  During  the  Crimean  war  it  rose  to  a 
high  figure.  It  is  epidemic  in  some  parts  of  Germany, 
and  is  carried  from  time  to  time  into  the  army. 

Typhus  is  reported  not  to  have  prevailed  in  the  United 
States  army  during  the  war'of  secession  ;  but  the  authors 
of  the  statistics  have  confounded  under  the  name  of 
"camp  fevers,"  typhus,  typhoid  fever,  and  malarial  re- 
mittent. This  name  has  been  given  without  reason  to 
exantheraatic  typhus,  to  which  it  should  not  apply.  Of 
late  years,  however,  typhus  is  comparatively  infrequent, 
and  it  never  gains  much  of  a  footing  during  peace. 
History  shows  it  to  be  developed  in  the  field,  or  under 
such  circumstances  as  crowding,  impure  air,  damp,  etc. 
In  the  ancient  pest  of  Athens  400,000  men  are  reported  to 
have  died  in  10,000  houses.  Fatigue  and  psychical  depres- 
sion have  much  to  do  with  the  causation  of  typhus. 

Of  all  the  diseases  that  impair  the  eflSciency  of  the 
army  phthisis  is  the  most  permanent  and  omnipresent. 
Its  mortality  in  most  armies  has  decreased  in  the  last  two 
decades.  In.  the  English  army  from  1840  to  1846  the 
death-rate  from  phthisis  was  7.86;  1859  to  1866,  3.1; 
1867  to  1871,  3. 7.     In  the  French  army,  1863  to  1869,  3, 38  ; 

1874,  0.98.  Italian  army,  1871  to  1875,  1.33,  compared 
to  3.80  in  former  years.     Austrian  army,  1840  to  1845,  7 ; 

1875,  3.5.  The  decrease  is  most  constant  in  the  Prussian 
army.  It  fell  from  1846  to  1863  to  1.38  ;  in  1876  it  was 
0.81.  The  returns  of  the  United  States  army  place  con- 
sumption and  other  tuberculous  diseases  at  5  per  1,000 
of  mean  strength. 

The  development  of  tuberculosis  in  soldiers  is  owing  to 
the  infiuence  of  general  conditions,  such  as  organic  debility, 
living  in  badly  ventilated,  crowded,  and  dirty  quarters, 
want  of  exercise,  confinement,  uniform  and  insufficient 
diet,  and  inherited  feebleness.  Its  prevention  is  simply  a 
question  of  hygiene  and  recruitment.  The  strict  exami- 
nation of  recruits  is  as  much  in  the  interest  of  the  army 
as  the  attention  to  the  sick,  and  there  is  no  doubt  that 
much  sickness  could  be  prevented  by  rejecting  men  who 
are  not  strong  enough  to  meet  tlie  requirements  of  the 
service.  All  the  diseases  of  the  respiratory  organs  to- 
gether do  not  assume  the  numerical  importance  of  con- 
sumption. An  apparent  deviation  from  this  rule  is  found 
in  the  returns  of  the  United  States  armjr  for  1883,  which 
place  diseases  of  the  respiratory  organs  first  in  numerical 
importance,  64  per  cent,  being  catarrhs  of  the  upper  air- 
passages. 

Diseases  of  the  circulatory  organs  are  more  common 
in  the  army  than  in  the  civil  population.  The  frequency 
of  "  irritable  heart"  in  the  soldiers  of  the  American  Civil 
War  was  owing  to  prolonged  fatigue,  mental  excite- 
ment, and  vicious  alimentation.  The  loss  in  the  English 
army  from  1867  to  1871,  from  heart  disease,  is  placed  at 
1.46,  and  the  invalided  at  3.1.  Aneurism  is  eleven  times 
more  common  in  that  army  than  in  the  civil  population. 

Small-pox  in  armies,  formerly  very  frequent,  is  now  rela- 
tively infrequent.  The  earliest  record  of  small- pox  influ 
encing  the  operation  of  war  is  met  with  in  the  Koran, 
which  speaks  of  the  discomfiture  it  caused  Abraha's  army 
in  the  year  of  Mahomet's  birth.  It  probably  prevails  to 
about  the  sanie  extent  as  among  the  civil  population,  but 
the  mortality  is  much  greater.  During  the  American 
Civil  War  there  were  1,310  cases  of  small-pox  the  first 
year  with  413  deaths ;  in  the  second  year,  3,833  with  1,183 
deaths. 

During  the  Franco-Prussian  war,  1870  to  1871,  the 
mortality  from  small-pox  in  the  army  of  Paris  was  6.76 
in  the  hundred.  The  German  army,  which  had  been 
carefully  vaccinated  and  re-vaccinated,  lost  during  the 
whole  campaign  but  361  men  from  small-pox,  out  of  an 
effective  of  913,967  men.  After  the  war  it  was  reintro- 
duced into  the  Prussian  army  by  French  prisoners.    From 
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1869  to  1871,  but  2  cases  are  reported.  'In  the  small 
army  of  the  United  States,  4  cases  are  reported  for  the 
year  1883. 

Other  eruptive  fevers,  like  measles  and  scarlaivm,  are 
found  as  often  among  soldiers  as  among  children— a  cir- 
cumstance that  shows  the  analogy  between  the  diseases 
of  the  soldier  and  those  of  children.  In  fact,  stomatitis, 
mumps,  diphtheria,  and  cerebro-spinal  meningitis  occur 
with  the  same  frequency  in  military  hospitals  as  in  chil- 
dren's hospitals. 

From  1832  to  1859,  measles  was  the  cause  of  27  deaths 
in  the  1,000  among  the  garrison  of  Paris.  It  was  epi- 
demic in  several  garrisons  during  the  siege.  During  our 
Civil  War  there  were  21,676  cases  with  551  deaths  the  first 
year  ;  in  the  second,  16,345  with  1,313  deaths.  The  men 
attacked  in  both  countries  were  almost  exclusively  young 
soldiers  from  twenty  to  twenty -two  years  old.  Epidemic 
capillary  bronchitis  is  often  developed  in  connection  with 
the  eruptive  fevers,  and  especially  with  measles.  It  was 
developed  at  Metz  at  the  same  time  with  numerous  cases 
of  measles,  and  under  analogous  circumstances,  namely, 
during  cold  weather  and  on  the  arrival  of  conscripts. 
Mortality  from  scarlatina  in  the  garrison  of  Paris  from 
1833  to  1859,  was  7.7  in  the  1,000  of  general  mortality, 
while  it  was  only  3  in  the  1,000  among  tlie  civil  population. 
In  1837, 1840,  1848,  and  1849  the  number  of  deaths  rose 
above  the  average.  Eruptive  fevers  developed  largely 
in  all  the  French  garrisons  in  1840  and  1848,  and  at  the 
same  time  there  were  numerous  epidemics  of  capillary 
bronchitis  and  cerebro-spinal  meningitis.  The  mortality 
from  scarlatina,  like  that  from  measles,  has  diminished 
since  1863,  the  figures  showing  about  4.7  in  the  1,000  of 
the  general  mortality.  Epidemics  of  cerebro-spinal 
meningitis  have  coincided  almost  everywhere  with  epi- 
demics of  the  eruptive  fevers,  and  their  development 
has  been  favored  by  the  same  general  conditions — the  ar- 
rival of  recruits,  cold,  and  the  prevalence  of  eruptive 
fevers.  Epidemics  of  cerebro-spinal  meningitis,  remark- 
able for  their  extreme  gravity,  have  prevailed  in  the 
French  army  since  1837,  both  in  France  and  Algeria. 
The  epidemic  of  Metz  in  1849  extended  to  the  civil  popu- 
lation. During  the  winter  of  1844  the  epidemic  was 
observed  at  Gibraltar,  but  was  more  severe  among  the 
civil  population  than  the  troops.  In  the  winter  of  1860-61 
numerous  cases  of  cerebro-spinal  meningitis  occurred  in 
the  garrison  at  Arnheim,  Holland.  The  frequent  coin- 
cidence of  the  eruptive  fevers  and  cerebro-spinal  menin- 
gitis would  seem  to  indicate  an  identity  of  cause  for  both. 
Indeed,  there  is  much  evidence  to  support  this  assertion 
ill  the  analogies  observed  in  the  symptoms  and  complica- 
tions of- cerebro-spinal  meningitis  and  of  scarlatina. 

Other  virulent  eruptions  may  attack  the  soldier,  such 
as  those  spread  all  over  the  globe  in  anomalous  forms  and 
known  by  the  various  names  of  yaws  or  framboesia,  the 
sibbens  of  Scotland,  the  radezyge  of  Sweden  and  Nor- 
way, the  falcaldine,  scherlievo,  etc.— all  of  which  are 
forms  of  syphilis  on  which  local  circumstances  have  im- 
printed particular  characters. 

Of  all  the  causes  among  a  soldier's  personal  habits,  the 
one  that  brings  him  oftenest  to  hospital  in  time  of  peace 
is  the  contraction  of  venereal  disease. 

It  is  estimated  that  more  than  one  million  cases  annually 
were  treated  in  the  French  army,  with  an  average  loss 
of  thirty -seven  to  fifty  days  of  service,  not  to  mention  the 
pecuniary  loss.  In  the  garrison  of  Marseilles  the  annual 
average  of  venereal  was  reported  to  be  124  for  every 

nnn",f«^°'^  ?^?'  °''  ^^°^^  ^  ^°  8-  ^""om  1863  to  1869,  of 
709,064  admissions  there  were  40,003  venereal  cases 
being  56  in  the  1,000  and  106  for  the  1,000  effective 
force  ;  10,000  days  of  sickness  gave  1,900  for  venereal 

fiJ'Tnnn  ^?  ^llf."^'  '"  ^^^^'  ^^^  Proportion  was  156  in 
the  1,000.  In  1873,  statistics  indicate  91  in  1,000  for  the 
army  of  the  interior,  and  137  in  1,000  for  that  of  Algeria. 

Js  in^Ti^'Tnnn'  H^  "I®  ^^^  ^'^  ^  '"^  10-  1°  1873  it  was 
vonii  ^^•'^"i?-  A*e  Belgian  army  the  proportion  of 
Inth  i.i'  a^out  the  same  as  that  of  the  French,  one- 
tenth  of  the  effective.  The  same  proportion  exists  in  the 
Portuguese  army,  where  one  finds  96  in  the  1  000 
In  the  Prussian  army  there  were,  in  the  1,000,  in  1867, 
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54  ;  in  the  Austrian  (1869),  63  ;  in  the  army  of  Holland 
(1868-69),  105  ;  in  the  United  States  army  (1888),  60  for 
the  white  and  66  for  the  negro  troops.  The  proportion 
for  1884  gives  63  for  the  white  and  81  for  the  black 
The  ratio  is  lower  in  the  Prussian  army  for  1879  and 
1880  ;  but  the  vicennial  rate  for  the  English  army  in  tlie 
United  Kingdom  gives  a  much  higher  figure. 

The  frequency  of  venereal  in  the  English  army  is  ow- 
ing, in  a  measure,  to  the  neglect  of  the  prophylactic  meas- 
ures adopted  by  other  countries.  Figures  show  329  cases 
for  every  thousand  men,  nearly  1  to  3,  which  is  in  con- 
trast to  the  French  figures  of  1  to  10.  It  must  be  ad- 
mitted, however,  that  the  Contagious  Diseases  Act 
wherever  it  has  been  enforced,  has  sensibly  diminished 
the  frequency  of  venereal  diseases  in  the  army. 

It  is  thought  by  some  that  enforced  celibacy  is  one  of  the 
circumstances  that  increase  the  mortality  of  the  army. 
Others,  in  admitting  the  greater  mortality  among  single 
than  among  married  men  of  the  same  age,  think  the  influ- 
ence of  celibacy  to  be  greatly  exaggerated,  since  many 
single  men  renounce  marriage  because  of  bad  health  or  dis- 
ease, a  cause  of  celibacy  that  is  not  met  with  in  the  army, 
where  there  is  an  enforced  celibacy  analagous  to  that  of 
priests,  who,  though  single,  live  as  long  as  married  men. 
Serious  depression  of  the  vital  powers,  known  as  ady- 
namia, is  one  of  the  most  common  consequences  of  the 
soldier's  mode  of  life,  and  it  is  this  condition  with  the 
scorbutic  taint  that  complicates  his  other  diseases. 

Scurvy  has  prevailed  in  armies  from  time  immemorial. 
It  would  be  the  work  of  sterile  erudition  to  catalogue  a  long 
list  of  scorbutic  epidemics,  but  the  history  of  the  principal 
ones  are  full  of  instruction  to  the  army  surgeon.  A  pas- 
sage from  Pliny  seems  to  relate  to  the  prevalence  of  scurvy 
in  the  army  of  Caesar  Germanicus,  which  he  says  was 
healed  with  the  herha  iritanniea.  •  Strabo  also  speaks  of 
an  analogous  malady  that  occurred  in  the  army  of  JEtius 
Gallus,  in  Arabia.  But  it  is  in  the  thirteenth  century  liat 
we  find  epidemics  of  scurvy  so  well  characterized  in  the 
armies  of  the  Crusaders.  In  1250,  Louis  the  Holy  was 
himself  attacked  with  it,  and  the  malady  destroyed  one- 
sixth  of  his  army.  The  old  navigators,  Vasco  de  Gama 
and  Cartier  lost  most  of  their  crews  from  scurvy.  In 
1703  it  destroyed  6,000  men  in  the  garrison  at  Thorn.  And 
so  the  history  might  be  multiplied  of  epidemics  occurring 
in  fleets  and  armies,  in  besieged  fortresses,  and  during  cam- 
paigns down  to  the  Crimean  war,  and  even  beyond.  In 
that  war  the  French  army  lost  more  men  by  scurvy  than 
were  killed  by  the  enemy.  Although  the  occurrence  of 
scurvy  is  looked  upon  as  a  reproach  to  the  medical  officer 
serving  with  troops,  it  has  lately  prevailed  in  some  gar- 
risons_  in  an  endemic  form.  In  the  Russian  army,  in 
1873,  its  prevalence  is  mentioned  as  5.3  per  cent. ;  in  the 
Austrian  army,  1870-73,  11,  8,  6,  and  12  per  cent.  At 
Prague,  in  1873,  it  was  epidemic  in  an  army  of  7,500, 
and  there  occurred  169  cases,  of  which  four  died.  The 
scorbutic  taint,  the  writer  is  informed,  exists  in  the 
United  States  army  among  troops  serving  in  Arizona. 

The  principal  cause  of  scurvy  is  defective  alimentation. 
The  want  of  fresh  vegetable  diet,  poor  water,  the  absence 
of  milk  and  Jbeer,  damp,  ill-ventilated  quarters,  debility, 
great  exertion,  and  a  uniform  diet  may  be  specifically 
enumerated. 

The  prevention  of  scurvy  nowadays  is  too  well  under- 
stood to  require  much  comment.  The  Nares  expedition 
to  the  Arctic  in  1875-76,  suffered  much  from  scurvy, 
which  was  attributed  to  the  absence  of  lime-juice.  Sub- 
sequent expeditions  have  done  without  lime-juice,  and  no 
case  of  scurvy  has  occurred.  Two  Arctic  expeditions 
have  convinced  the  writer  of  the  antiscorbutic  qualities 
of  good  beer  and  wine,  used  in  moderation,  antt  there  ap- 
pears to  be  a  consensus  of  opinion  among  both  executive 
and  medical  officers  of  late  Arctic  expeditions  in  regard 
to  their  judicious  use  ;  as  may  be  gleaned  from  the 
precis  of  evidence  taken  by  a  Parliamentary  Committee. 
Sir  Edward  Parry  attributed  the  greatest,  antiscorbutic 
effect  to  beer ;  Dr.  Coban  says  this  is  the  opinion  of  all  the 
authors  he  has  read  who  spoke  concerning  beer  in  the  Arc- 
tic regions  ;  Dr.  Barnes  believes  beer  decidedly  antiscorbu- 
tic and  recommends  that  it  should  be  given ;  Sir  George 
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Nares  says  abstainers  are  no  better  ofE  than  others,  as  re- 
gards scurvy.  Captain  Markham  says  he  would  as  soon 
take  a  man  of  temperate  habits  on  an  expedition  as  an 
abstainer  ;  the  two  total  abstainers  of  his  sledge  suffered 
severely,  and  he  himself  felt  better  after  he  took  to  drink- 
ing his  rum.  Sir  L.  McClintock  says  there  is  no  advantage 
in  teetotalers  ;  Mr.  Alexander  Gray,  that  there  is  no  advan- 
tage in  point  of  health  among  abstainers  on  board  whalers. 
Dr.  Envall,  who  accompanied  Nordenskiold,  condemns 
excess,  but  believes  spirituous  liquors  to  be  of  great  use  in 
small  and  moderate  quantities.  Nordenskiold  and  Palan- 
der  in  1873  took  a  sledging  journey  from  their  winter 
quarters  in  Spitzbergen,  in  lat.  79°  53'  north,  and  were 
away  sixty-six  days.  There  was  no  scurvy,  though  the 
party  had  no  lime-juice.  Their  diet  consisted  of  pemmi- 
can,  biscuit,  salt  pork,  butter,  coffee  in  abundance,  and  a 
little  spirits  daily.  All  returned  in  excellent  health. 
Comparison  may  be  made  between  the  Alert  of  the  Nares 
expedition  (on  board  which  scurvy  prevailed,  notwith- 
standing the  careful  daily  administration  of  lime-juice), 
and  H.M.S.  Assistance  in  1850-51.  In  the  Assistance 
there  was  beer  brewed  on  board,  while  the  Alert  had  no 
such  advantage.  No  scurvy  prevailed  on  board  the 
former  ship.  Captain  Markham,  speaking  of  the  preven- 
tion of  scurvy  in  any  future  expedition  wintering  in  high 
latitudes,  says  the  dietetic  causes  may  be  reduced  to  a 
minimum  by  varying  the  diet  with  condensed  milk,  but- 
ter, eggs,  beer  and  wine.  He  also  observes  in  regard  to 
the  adequacy  and  completeness  of  outfit,  that  former  ex- 
peditions had  the  means  of  brewing  beer  on  board,  while 
the  Nares  expedition  had  no  such  advantage. 

The  most  common  complieationa  of  scurvy  are  dysentery 
and  diarrhoea.  The  malady  may  manifest  itself  by  func- 
tional troubles  only — general  debility,  muscular  pains, 
liemeralopia,  etc.  In  fact  the  latter  is  regarded  as  a  mani 
festation  of  scurvy,  and  has  often  prevailed  epidemically 
in  armies.  Our  first  knowledge  of  the  epidemic  preva- 
lence of  hemeralopia  in  armies  goes  back  to  1756,  when 
seventy  soldiers  at  Montpellier,  belonging  to  different 
regiments,  were  attacked  with  night-blindness.  Epi- 
demics were  of  almost  yearly  occurrence  in  the  French 
army.  In  1837-38-39  the  garrisons  of  Metz  and  of  Stras- 
bourg were  attacked,  and  during  several  years  the  epi- 
demic reappeared  at  Verdun  and  at  Strasbourg,  affecting 
each  year  nearly  a  tenth  of  the  garrison.  In  1847  heme- 
ralopia occurred  at  different  stations  in  France  at  the  same 
time  as  scurvy.  In  1853  seventy  soldiers  of  an  infantry 
regiment  at  Wissembourg  became  hemeralopic,  while  two 
squadrons  of  cuirassiers  garrisoned  in  the  same  town  were 
spared.  During  the  Crimean  war,  both  French  and  Eng- 
lish were  attacked.  Scurvy  prevailed  at  the  same  time. 
After  the  capture  of  Sebastopol,  the  number  of  hemera- 
lopics  was  so  great  in  the  French  army  that  certain  regi- 
ments could  not  furnish  the  number  of  men  necessary  to 
mount  guard. 

Many  other  epidemics  among  the  French  could  be  men- 
tioned. The  malady  is  not,  however,  common  to  that 
nationality.  In  1819  50  soldiers  of  a  Swiss  regiment, 
garrisoned  at  Lyons,  entered  hospital  for  hemeralopia. 
In  1834,  in  two  Prussian  battalions  at  Ehrenbreitstein 
and  Pfaffendorf ,  138  men  were  attacked.  The  garrison 
at  Lisbon  also  had  an  epidemic  of  hemeralopia  m  1856. 
In  New  Mexico  and  Kansas,  Hammond  has  noticed  hem- 
eralopia as  a  scorbutic  accident,  and  it  figures  in  the  re- 
turns of  the  United  States  army  for  1888  and  1884. 

Besides  the  numerous  army  epidemics,  hemeralopia  has 
been  observed  epidemically  among  fleets.  The  French 
frigate  Alceste  had  75  men  with  hemeralopia.  They  pre- 
sented signs  of  scurvy  at  the  same  time.  Hemeralopia 
and  scurvy  occurred  simultaneously  on  the  U.  S.  ship 
Raritan  in  1846.  Other  epidemics  of  hemeralopia  in 
sailors  have  disappeared  on  getting  fresh  provisions  in 
abundance. 

So  many  facts  assimilate  scurvy  and  hemeralopia  in  an 
etiological  point  of  view  that  an  abundant  and  varied 
diet  suggests  itself  at  once  as  the  best  prophylactic.  The 
epidemic  at  Lisbon  disappeared  as  soon  as  tide  ration  was 
increased.  Change  of  barracks  does  no  good ;  certain 
regiments  having  continued  to  furnish  hemeralopics  dur- 


ing several  years,  notwithstanding  frequent  changes  of 
garrison. 

Epidemics  of  acrodynia,  of  frequent  occurrence  in  past 
years  in  European  armies,  and  beriberi,  frequently  ob- 
served in  the  English  army  in  India,  are  believed  by 
many  to  be  of  scorbutic  origin. 

The  frequency  of  alcoholism  in  the  army  is  one  of  the 
commonest  causes  that  encroach  upon  its  usefulness. 
This  frequency  is  rather  badly  shown  by  statistics,  for 
the  reason  that  the  term  includes  many  pathological  con- 
ditions and  their  symptoms,  which  vary  according  to  the 
quantity  of  drink  and  the  intervals  at  which  it  is  con- 
sumed. Drunkards  in  the  army  die  of  "  chronic  gas- 
tritis," cirrhosis  of  the  liver,  albuminuric  nephritis, 
arterial  atheroma,  and  are  registered  as  having  died  of 
these  diseases  when  in  reality  it  should  be  alcohoUsm 
which  has  taken  the  most  important  part  in  the  pro- 
duction of  the  disease.  Alcoholism  prevails  more  ex- 
tensively in  the  English  than  in  the  French  army.  In 
1869  the  mortality  in  the  French  army  was  0.016  in  the 
1,000 ;  in  1872,  0.027  in  1,000  by  drunkenness  and  delirium 
tremens.  In  the  English  army  from  1859  to  1866,  3,194 
men  were  entered  in  hospital  for  drunkenness  and  817  for 
delirium  tremens,  giving  a  proportion  for  the  eight  years 
of  6.4  in  1,000  men.  In  the  same  period  there  were  3 
deaths  by  drunkenness  and  50  from  delirium  tremens ; 
being  80  from  acute  alcoholism  and  0.13  deaths  in  the 
1,000,  a  figure  nearly  ten  times  greater  than  that  of  the 
French  army.  In  the  colonies  the  mortality  from  alco- 
holism in  the  English  army  is  much  greater  than  that  in 
the  army  at  home.  In  the  United  States  army  for  the 
year  1884  the  number  reported  is  76  in  the  1,000  for  the 
white,  and  4  for  the  negro  troops.  The  observation  of  an 
experienced  American  officer  is  that  the  alcohol  habit  is 
rarely  acquired  by  soldiers  after  entering  the  army  ;  the 
habit  in  most  instances  being  a  confirmed  one  previously 
to  enlistment. 

It  is  rare  that  acute  alcoholic  poisoning  terminates 
life.  Cerebral  haemorrhage  and  pulmonary  congestion 
have  been  known  to  terminate  fatally  while  under  the 
influence  of  drink,  but  the  subacute  form  is  usually 
manifested  in  gastric  disturbances,  delirium  tremens, 
epileptiform  convulsions,  insornnia,  hallucinations,  etc. 
Chronic  alcoholism  imprints  a  particular  character  of 
gravity  on  all  the  diseases  of  drunkards.  Its  disastrous 
influence  is  seen  not  only  in  the  prolonged  congestions 
and  the  fatty  and  connective- tissue  degenerations  of 
various  organs,  but  in  general  paralysis,  mental  aliena- 
tion, and  suicide.  Alcoholism  is  one  of  the  most  fre- 
quent causes  of  insanity  and  suicide  in  the  army.  Some 
writers  attribute  to  alcoholism  nearly  two-thirds  of  the 
mental  diseases ;  it  is  said  to  be  the  principal  cause  of 
suicide  in  England,  Germany,  and  Russia. 

In  the  English  army  for  the  period  of  1859  to  1866  the 
figure  for  suicides  is  0.26  in  the  1,000;  for  1873  it  is 
0.25.  The  lunacy  figures  for  the  former  period  show  1.68 
in  the  1,000.  These  figures  are  lower  than  those  of  the 
French  army.  For  the  same  period  the  annual  loss  by 
suicide  rose  to  0.27  in  the  1,000  ;  from  mental  alienation, 
0.20  in  the  1,000.  From  1864  to  1869  there  were  921 
cases  of  alienation,  giving  a  proportion  of  1.31  among 
officers  and  0.34  among  men.  In  1873  it  was  0.38.  In 
1869  the  number  of  deranged  was  0.39  in  the  1,000,  and 
the  suicides  rose  to  0.43  in  the  1,000.  In  1872  the  propor- 
tion was  0.50  in  the  1,000. 

In  1873  there  were  but  13  suicides  in  the  Italian  army. 

In  the  Prussian  army  from  1846  to  1863  the  suicides 
were  0.46  ;  from  1867  to  1873,  0.06.  There  were  30  sui- 
cides during  the  Franco-Prussian  war.  The  average  in 
the  Saxon  army  corps  is  0.93. 

Statistics  of  the  Austrian  army  for  1870  place  suicides 
at  0.97,  and  give  15  per  cent,  to  attempts.  There  were 
also  26  self -mutilations ;  70  per  cent,  were  from  shooting, 
31  from  hanging.  Suicides  were  four  times  more  fre- 
quent in  the  non-commissioned  officers  than  in  privates. 
Self-mutilation  occurred  in  privates  only.  From  1871  to 
1873  the  number  of  suicides  was  somewhat  smaller,  being 
0.81.  Among  361  cases  the  cause  was  unknown  in  290  ; 
in  37  it  was  fear  of  punishment ;  in  12  melancholia ;  4 
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each,  from  hatred  of  the  service  and  disappointed  love. 
Twenty-three  self-mutilations  in  1873  involved  the  index- 
finger,  middle-finger,  and  thumb. 

Suicides  in  the  United  States  army  have  been  quite 
common  in  late  years.  The  annual  report  for  the  year 
1883  gives  17  suicides  in  an  effective  of  33,304.  Of  these 
10  were  from  shooting,  1  from  hanging,  3  from  throat- 
cut,  and  4  from  poisoning. 

For  the  year  1884  the  same  number  (17)  is  reported  out 
of  an  effective  of  35,339. 

Diseases  influencing  the  operaticms  of  war  are  not  lim- 
ited to  men.  Horned  cattle,  horses,  mules,  camels,  and 
elephants  are  subject  to  sicknesses  that  cause  a  great  deal 
of  inefficiency.  In  India  serious  inconvenience  and  delay 
are  often  caused  in  marches  and  transportations  by  sick 
elephants  ;  disease  in  draught-animals  affects  military 
operations  seriously,  and  often  impedes  strategy  by  delay 
in  bringing  up  camp-equipage,  munitions,  and  the  like  ; 
diseases  of  horses  influence  the  number  of  regiments  of 
cavalry  and  field  artillery,  and  when  proper  attention  can- 
not be  paid  to  the  animals  during  a  severe  camijaign,  they 
may  be  seized  with  an  epizooty,  or  they  may  sicken  and 
die  by  hundreds.  Napoleon's  campaign  in  1813  was 
seriously  affected  by  the  deplorable  condition  of  his 
horses,  and  cavalry  and  artillery  animals  perished  in  such 
numbers  in  the  Crimea  that  batteries  were  practically  un- 
horsed, and  but  few  men  could  be  mounted.  The  history 
of  all  campaigns  will  show  that  this  cause  has  more  or 
less  impeded  the  operations  of  warfare  ;  that  bovine  pest 
and  war  maintain  almost  constant  relations  ;  and  that  ar- 
mies are  the  most  active  purveyors  of  cattle  plague.  A 
repetition  of  what  has  prevailed  in  all  war  times  occurred 
in  1870.  A  few  infected  cattle  of  the  Prussian  army, 
having  by  mischance  fallen  into  French  hands,  propa- 
gated disease  to  such  an  extent  that  the  aE;ricultural  losses 
in  France  for  that  year  were  more  than""  100, 000  head  of ' 
cattle. 

Knowing  the  interactions  between  each  other  of  war- 
fare and  disease,  the  more  calm,  reflective,  and  self-reli- 
ant modern  mind  recognizes  the  necessity,  both  moral  and 
political,  for  preserving  the  physical  condition  of  the  public 
servants  who  expose  their  life  and  health  to  the  hazards 
of  war,  and  to  climates  even  more  deadly. 

Army  and  navy  sanitation  is  constantly  and  rapidly 
improving ;  but  it  is  yet  far  behind  the  advance  of  the 
nineteenth  century,  notwithstanding  the  foresight  of  those 
VFho  endeavor  to  abolish  or  limit  certain  insanitary  con- 
ditions incident  to  war.  Do  what  we  may,  some  of  these 
conditions  must  prevail  as  long  as  armies  and  fleets  exist, 
and  the  Angel  of  Death  will  direct  the  strategy  of  cam- 
paigns in  spite  of  our  best  efforts.  Irving  0   ~ 


^.ARMY    FIELD    HOSPITAL    ORGANIZATION.-The 

JJield  Hospital  Organization  of  the  Army  is  the  result  of 
an  evolution  from  simple  elements  by  which  provision  is 
i  made  for  the  proper  care  and  treatment  of  the  troops  en- 
gaged in  actual  warfare.  It  may  be  best  studied  by  fol- 
lowing Its  progress  from  the  elementary  conditions  under 
which  one  medical  oflScer  discharges  the  whole  of  the 
held  duties,  to  the  fully  developed  organization,  in  which 
each  medical  oflicer  in  the  command  performs  a  certain 
duty  as  a  part  of  the  machine.  The  history  of  our  armv 
during  the  past  twenty  years  furnishes  many  illustrations 
ot  the  elementary  forms,  as  necessitated  by  the  conditions 
of  Indian  warfare  ;  while  the  history  of  our  armies  during 
the  war  of  the  rebelhon  gives  many  admirable  examplel 
ot  the  tuUy  developed  organization. 

When  a  detachment  of  troops,  numbering  from  fifty  to 
^.ni^ri?''^*^  *°?.  ^/tyine°.  takes  the  field,  it  is  accom- 
panied by  a  medical  officer.  Before  starting  on  the  ex- 
pedition this  medical  officer  duly  considers  its  probable 
^sues  a.  affecting  the  well-being  of  the  men  engaged  and 
makes  suitable  provision  for  their  occurrencefso  far  as 
can  be  done  with  existing  facilities,  or  under  existing  re- 
such  Th"  .^•"°'".*'1«  supplies  of  his  hospital  he  selects 
such  medicines,  instruments,  dressings,  stimulants  and 
other  medical  comforts  as  may  seemVecesry  If  the 
militarjr  operations  are  to  be  conducted  in  l  difficult 
mountain  country  these  hospital  supplies  are  packed  on 
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mule-back ;  but  if  the  roads  ai'e  passable  to  wheeled 
vehicles,  an  ambulance  wagon  accompanies  the  expedi 
tion  for  the  transportation  of  sick  or  wounded  men,  while 
stores  and  hospital  canvas  are  carried  in  one  of  the  heavier 
wagons.  So  long  as  the  command  is  free  from  serious 
cases  of  sickness  or  injury,  the  only  man  specially  belone 
ing  to  the  hospital  department  may  be  the  driver  of  the  am- 
bulance, but  when  their  services  are  necessary,  one  or  more 
men  are  detailed  for  duty,  under  the  orders  of  the  medical 
officer,  to  attend  specially  to  the  wants  of  the  patients. 

On  the  march  this  ambulance  wagon  follows  closely  in 
the  rear  of  the  column  of  troops,  constituting  an  anibu- 
lant  or  travelling  hospital.  When  camp  is  reached  the 
medical  officer  selects  a  suitable  site  for  his  hospital  tent 
to  which  his  patients  are  transferred,  and  in  which  they 
are  fed  and  otherwise  cared  for  by  the  men  detailed 
under  his  direction.  If  casualties  occur  from  an  engage- 
ment with  the  enemy,  the  medical  officer  gives  such  aid 
to  the  wounded  as  is  possible  on  the  field,  and  superin- 
tends their  removal  to  the  hospital,  the  ambulance  wagon 
or  stretcher  being  used  for  their  transportation,  according 
to  the  distance  or  to  the  nature  of  the  injuries  sustained 
in  individual  cases.  At  the  hospital  the  needful  surgical 
assistance  is  rendered  and  the  wounded  are  treated,  until 
facilities  are  afforded  for  their  transfer  to  some  perma- 
nent military  post.  But  the  military  conditions  necessi- 
tating advance  or  retreat,  may  call  for  the  removal  of  the 
wounded  from  the  field  hospital  at  the  earliest  possible 
moment,  in  which  case  certain  of  the  supply  wagons 
which  have  been  emptied  during  the  progress  of  the 
march  or  campaign,  may  be  utilized  for  their  transporta- 
tion with  the  command,  until  an  opportunity  is  afforded 
of  transporting  them  to  a  permanent  establishment. 

If  the  command  is  larger,  consisting  of  several  hundred 
men,  provision  is  necessarily  made  for  a  larger  number 
of  sick  and  wounded.  The  surgeon  is  accompanied  by 
one  or  more  assistants,  and  by  a  hospital  steward  in  charge 
of  the  supplies.  The  hospital  train  consists  of  two  or 
three  ambulances  and  a  heavy  wagon  containing  the  sup- 
plies, tents,  stretchers,  hair  mattresses,  blankets,  and  a 
special  outfit  for  the  hospital  kitchen.  Before  starting 
on  the  expedition  details  are  made  for  hospital  duty,  as 
for  stretcher-bearers,  cooks,  and  nurses.  The  surgeon 
exercises  general  supervision,  acting  as  medical  officer  on 
the  staff  of  the  commander,  or,  in  other  words,  as  health 
officer  of  the  command.  The  senior  assistant  has  charge 
of  the  ambulant  hospital;  the  junior  keeps  the  records 
and  carries  out  special  instructions  in  individual  cases. 
^  Such  a  body  of  men  as  has  been  mentioned  is  prac- 
tically a  regiment.  Officially  the  regiment  consists  of 
ten  or  twelve  companies,  each  mustering  from  fifty  to  a 
hundred  men.  A  surgeon  and  two  assistants  are  usually 
assigned  to  duty  with  it.  The  Regulations  of  the  United 
States  Army  provide  it  with  three  ambulance  wagons  if 
there  are  five  hundred  men  or  more  in  the  ranks,  and 
with  one  transport  wagon  for  tents,  medicines,  stores, 
and  other  necessary  material.  The  personnel  of  the  hos- 
pital train  consists  of  a  driver  for  each  wagon,  two 
stretcher-bearers  attached  to  each  ambulance,  and  a  ser- 
geant m  charge,  in  all  eleven  men ;  while  that  of  the 
hospital  proper  consists  of  a  hospital  steward  in  charge 
of  the  supplies,  two  cooks,  and  nurses  in  the  proportion 
of  one  to  each  company. 

Whether  the  expeditionary  force  consists  of  a  small  de- 
tachment with  one  medical  officer,  a  regiment  with  sev- 
eral medical  officers,  and  the  hospital  train  and  outfit  as 
described,  or  of  a  hundred  such  regiipents,  the  duties  re- 
quired of  the  medical  department  are  identical.  The 
senior  medical  officer  must  make  necessary  provision  for 
all  probable  contingencies ;  or,  if  unable  to  do  this,  he 
must  make  known  his  requirements  to  the  proper  au- 
thorities. Requisition  must  be  made  for  the  medicines, 
stores,  and  appliances  which  may  be  needed,  including 
the  ambulances  and  supply  wagons.  The  sick  and 
wounded  men  must  be  carried  during  the  march,  and  must 
have  their  wants  attended  to  with  as  much  care  as  if  they 
were  in  a  stationary  and  permanent  hospital.  In  tempo- 
rary camps  they  must  be  similarly  cared  for  in  the  hos- 
pital shelters.     If  the  command  is  threatened  with  ept 
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demic  disease,  the  necessary  measures  must  be  enforced 
to  prevent  its  invasion  or  spread.  Should  an  engagement 
take  place,  the  wounded  must  receive  needful  aid  on  the 
field,  and  must  thereafter  be  transferred  without  delay  to 
the  field  hospital,  where  primary  operations  are  performed 
prior  to  their  removal  to  some  more  permanent  depot. 

With  a  detachment  in  the  field,  the  one  medical  officer 
has  to  perform  all  the  duties  of  his  department ;  but  with 
a  regiment  these  duties  are  shared  by  the  several  medical 
officers  forming  the  staff.  The  regiment  is  the  unit  of 
organization  for  masses  of  men,  from  the  military  point 
of  view ;  but  it  does  not  afford  a  broad  enough  basis  for 
the  establishment  of  a  competent  field  hospital  organiza- 
tion. This  will  be  appreciated  readily  if  a  number  of 
regiments  are  assumed  to  be  aggregated  in  the  same 
camp.  On  the  regimental  basis  there  are  as  many  small 
hospitals  as  there  are  regiments.  The  sick  men  of  each 
regiment  are  treated  in  their  own  hospital  by  their  own 
medical  officers.  So  far  this  is  satisfactory,  and  if  these 
commands  were  in  a  permanent  camp  and  free  from  epi- 
demic disease,  there  is  no  argument  worthy  of  special 
notice  against  the  existence  of  the  regimental  hospitals. 
But  these  regiments  are  assumed  to  be  in  camp  for  field 
service,  and  as  soon  as  the  orders  to  march  are  pub- 
lished, the  inaptitude  of  these  hospitals  to  meet  the  new 
conditions  becomes  manifest.  Military  policy  dictates 
that  the  column  of  troops  on  the  march  should  be  a  col- 
umn of  fighting  men,  unbroken,  at  the  regimental  inter- 
vals, by  ambulances  carrying  sick  men  and  by  wagons  with 
medical  or  other  supplies.  The  ambulances  with  the 
sick  are,  therefore,  aggregated  into  a  single  train,  with 
position  in  rear  of  the  last  regiment,  forming  practically 
a  general  ambulant  hospital  for  the  command.  The 
wagons  containing  the  tents  and  hospital  stores  form  part 
of  the  general  supply  train,  which  follows- the  command 
under  the  protection  of  the  rear-guard.  On  arriving  at 
the  site  selected  as  the  camp-ground  for  the  night,  the 
ambulances  which  have  travelled  as  an  aggregate  hos- 
pital during  the  day,  become  separated  into  their  regi- 
mental elements,  each  camping  in  the  vicinity  of  its  own 
command ;  and  as  the  regiments  may  be  widely  scattered, 
many  of  them  at  considerable  distances  from  the  direct 
line  of  march,  the  day's  march  for  the  sick  man  may  be 
thus  needlessly  lengthened.  The  troops,  who  carry  their 
shelter-tents  and  rations  with  them,  are  able  to  make 
themselves  comfortable  as  soon  as  the  camping-ground  is 
reached,  but  the  hospital  attendants  must  await  the  ar- 
rival of  the  rear-guard  and  wagon  train  before  they  can 
place  the  tired  and  suffering  sick  under  shelter  and  re- 
fresh them  with  appropriate  nourishment.  Delays  of 
this  kind  are  especially  frequent  in  wet  and  inclement 
weather,  when  the  condition  of  the  roads  impedes  the 
progress  of  the  supply  train. 

But  it  is  chiefly  during  and  after  a  battle  that  the  in- 
competency of  the  regimental  system  of  hospital  organiza- 
tion is  manifested.  The  hospitals  are  scattered  at  various 
distances  from  each  other  along  the  rear  of  the  line  held 
by  the  troops.  They  are  inconspicuous,  and  not  easily 
reached  by  such  wounded  as  come  rearward  without  as- 
sistance or  guide.  No  satisfactory  supervision  can  be 
exercised  over  them.  Some  of  the  regiments  suffer  more 
than  others.  Their  ambulances  and  stretcher-bearers  are 
unable  to  remove  the  wounded  with  promptitude  from 
their  exposed  position  in  the  field.  The  medical  officers 
are  overworked,  yet  cannot  accomplish  all  that  should  be 
done.  Their  hospital  shelters  are  insufficient,  and  their 
supplies  perhaps  inadequate.  Meanwhile  the  medical  of- 
ficers of  those  regiments  that  have  not  become  engaged, 
or  have  not  suffered  severely,  are  at  their  posts  awaiting 
the  unknown  developments  on  the  line  of  battle.  If 
there  seem  to  be  no  prospect  of  an  immediate  call  to  ac- 
tion, these  officers  may  assist  their  overworked  comrades ; 
but  they  may  show  some  hesitancy  in  sliaring  their  stores 
and  dressings  with  others,  if  there  is  a  likelihood  of  their 
own  commands  becoming  engaged  before  opportunity  is 
afforded  of  replenishing  these  at  a  purveying  dep6t.  In 
fact,  a  regiment  may  at  any  time  have  more  wounded 
men  than  can  be  provided  for  within  the  limits  of  a  regi- 
mental hospital. 


For  purposes  of  command  on  active  service  regiments 
are  brigaded.  Four  or  five  regiments  constitute  a  bri- 
gade, which  is  under  the  command  of  a  general  officer. 
The  brigade  forms  a  more  appropriate  unit  for  field- 
hospital  organization  than  the  regiment.  The  senior 
surgeon  exercises  general  supervision,  and  advises  the 
commanding  general  on  all  matters  pertaining  to  the 
health  of  the  troops.  The  hospital  train  is,  subject  to  his 
orders,  under  the  command  of  a  second  lieutenant  de- 
tailed from  one  of  the  regiments  as  ambulance  officer. 
The  surgeon  is  thus  relieved  of  the  responsibility  for 
property  which  attaches  to  the  possession  of  wagons, 
horses,  and  harness,  for  his  ambulance  officer  acts  as 
quartermaster  of  the  hospital.  The  train  consists  of  fif- 
teen ambulances,  on  the  assumption  that  the  brigade  is 
formed  of  five  regiments,  each  numbering  over  five  hun- 
dred men,  a  light  medicine  wagon,  and  some  heavy  trans- 
port wagons  carrying  the  hospital  canvas,  bedding,  and 
stores. 

When  the  line  of  march  is  taken  up,  the  ambulances, 
accompanied  by  the  medicine  wagon  and  one  or  more 
wagons  containing  a  part  of  the  hospital  outfit,  accom- 
pany the  troops.  Wagons  carrying  forage,  rations,  and 
other  suEplies  not  immediately  required,  travel  with  and 
form  part  of  the  general  supply  train.  Two  medical 
officers  are  placed  on  duty  with  this  ambulant  hospital, 
whicli  is  not  broken  up  on  reaching  camp,  but  preserves 
its  organization  under  canvas  as  on  the  march.  Stand- 
ing orders  assign  the  various  regimental  officers  to  spe- 
cific duties  in  the  event  of  a  battle.  These  are  issued  on 
the  recommendation  of  the  brigade-surgeon.  One  sur- 
geon is  assigned  to  duty  as  the  operator  for  t]ie  com- 
mand ;  three  medical  officers  are  detailed  as  his  assistants ; 
the  others  remain  on  the  field  with  their  regiments.  As 
soon  as  the  position  of  the  line  of  battle  is  determined  the 
brigade-surgeon  selects  the  site  for  the  hospital,  which 
is  immediately  established,  while  the  ambulances  and 
stretcher-bearers  proceed  to  the  front  to  bring  in  the 
wounded.  Thus,  though  but  one  regiment  may  suffer, 
the  medical  strength  of  the  brigade  contributes  to  the  care 
of  its  wounded.  The  medical  officers  detailed  to  accom- 
pany the  regiments  in  the  field  select  the  nearest  point  to 
the  line  of  battle  where  some  shelter  from  infantry  fire 
may  be  obtained.  The  nature  of  the  ground  often  ren- 
ders it  advisable  for  the  medical  officers  of  several  regi- 
ments to  aggregate  at  one  point,  to  which  the  wounded 
are  assisted  or  borne  upon  stretchers  ;  but  although  there 
may  be  a  large  accumulation  of  wounded  at  such  a  point, 
it  is  never  recognized  as  a  field  hospital,  but  as  an  ambu- 
lance depot,  to  which  wagons  repair  for  the  conveyance 
of  the  sufferers  from  the  field  of  danger.  Water-supplies 
and  stimulants  are  to  be  found  at  these  depots,  and  much 
minor  surgery  is  performed.  Clothing  and  bullets  are 
extracted  from  wounds,  haemorrhage  checked  by  styptics, 
torsion,  or  ligatures,  and  water  or  other  simple  dressings 
applied,  according  to  the  character  of  the  injury  and  the 
time  which  the  surgeons  have  at  command  between  the 
arrival  of  the  cases  and  their  departure  by  wagon  for 
the  hospital,  where  the  operating  staff  of  the  brigade  is 
at  work. 

It  is,  however,  inadvisable,  for  military  reasons,  to 
have  the  marching  column  of  a  large  army  broken  up  at 
brigade  intervals  by  hospital  trains.  Hence  follows  a 
further  consolidation  or  higher  organization.  Several 
brigades  united  for  purposes  of  command  constitute  a 
division.  A  surgeon-in-chief  or  medical  director  on  the 
staff  of  the  commanding  general  has  control  of  its  medi- 
cal department,  which  consists  of  the  regimental  medical 
officers,  stewards,  and  detailed  men,  and  of  the  brigade 
ambulance  trains,  consolidated  under  the  command  of  a 
first  lieutenant  of  the  line. 

A  medical  officer  is  detailed  as  surgeon  in  charge  of  the 
hospital  of  the  division,  and  assistants  are  assigned  to  him, 
usually  one  from  each  of  the  brigades.  He  is  responsible 
for  the  care  of  the  sick  on  the  march  and  in  camp,  and 
for  the  comfort  and  general  welfare  of  the  wounded  when 
brought  to  his  establishment  by  the  ambulance  corps. 
A  man  of  indomitable  energy  is  required  for  this  position, 
one  who  is  quick  to  see  and  prompt  to  act,  for  the  time 
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In  which  action  is  possible  is  usually  limited.  Under 
favorable  circumstances  a  few  hours  may  be  obtamea  De- 
fore  the  wounded  begin  to  come  in,  and  much  prepara- 
tory work  may  and  must  be  done  during  that  time,  aut 
frequently  the  first  cases  reach  the  hospital  site  betore 
the  kitchen  fires  are  well  lighted  or  the  shelters  prepared. 
Everything  has  to  be  accomplished  while  the  patients  are 
arriving,  and  the  work  of  perfecting  the  hospital  continues 
to  the  last  hour  of  their  stay.  An  operator  and  assistants 
from  each  brigade  constitute  the  surgical  staff  of  each 
section  of  the  hospital.  Under  the  ordinary  conditions  of 
camp  life  these  officers  perform  their  regimental  duties, 
acting  as  sanitary  officials,  and  attending  professionally 
to  such  cases  of  sickness  as  may  be  treated  satisfactorily 
in  quarters  ;  but  when  an  engagement  is  imminent  they 
report  at  the  hospital  for  duty  at  the  operating-tables. 

The  Regulations  of  the  United  States  Army  prescribe, 
as  has  been  stated,  the  number  of  ambulances  that  may  be 
attached  to  a  command,  and  the  number  of  men  that  ac- 
company them  as  drivers  and  litter-carriers.  A  division 
of  ten  thousand  men,  organized  into  three  brigades,  each 
consisting  of  five  regiments,  is  entitled  to  a  train  of  forty- 
five  ambulances,  commanded  by  one  senior  and  three 
junior  subalterns,  and  manned  by  fifteen  mounted  ser- 
geants, forty-five  drivers,  and  ninety  stretcheY--can'iers. 
Besides  these  there  are  three  medicine-wagons  specially 
fitted  for  the  field-hospital  service,  heavy  baggage- wagons 
for  tents,  bedding,  rations,  and  forage,  and  a  travelling- 
forge  for  horseshoeing  and  field  repairs  for  the  train. 

But  although  the  legal  allowance  is  thus  specified,  it  by 
no  means  follows  that  the  command  will  always  be  fortu- 
nate enough  to  be  provided  with  that  allowance.  It  is  of 
interest,  therefore,  to  consider  what  amount  of  transporta- 
tion and  supplies  is  imperative  for  efficient  work  under 
the  ordinary  conditions  of  the  battle-field.  Assuredly 
there  ought  to  be  enough  of  field  supplies  on  hand  to 
keep  the  surgical  staff  at  work  during  and  after  an  en- 
gagement, and  as  certainly  the  means  of  transportation 
for  the  wounded  ought  to  be  such  that  the  operator  will 
not  have  to  wait  for  his  next  case  to  be  brought  in  from 
the  field  after  the  engagement  has  begun.  There  is  thus 
a  minimum  of  transportation  and  supplies  based  upon  the 
working  powers  of  the  surgical  staff.  But  the  scope  of 
the  hospital  and  ambulance  work  includes  much  more 
than  operative  surgery.  The  response  given  under  favor- 
able circumstances  by  the  surgeon  in  charge  of  a  field- 
hospital  to  an  inquiry  concerning  the  progress  of  his  work 
during  an  eng:agement  would  probably  be  as  follows : 
"We  are  doing  very  well:  we  have  removed  our 
wounded  from  the  field,  have  fed  them  and  made  them 
comfortable,  and  the  operative  work  is  progressing." 
These  phrases,  in  their  order  of  sequence,  represent  the 
practical  view  to  be  taken  of  the  duty  of  the  field-hospital 
toward  those  who  have  fallen.  They  must  be  removed 
from  the  field  without  delay,  for  delay  is  exposure  to 
further  wounding;  it  is  unnecessary  suffering  from 
weather  inclemencies,  mental  agitation,  shock,  haemor- 
rhage, and  pain,  which,  if  not  leading  directly  to  a  fatal 
issue,  may  be  the  cause  of  tedious  convalescence  and 
future  disability.  The  first  consideration  is  their  re- 
moval, and  the  means  to  effect  this  must  be  proportioned 
to  the. probable  casualties  and  irrespective  of  operative 
proceedings  at  the  hospital.  As  the  probable  casualties 
are  dependent  on  the  number  of  men  in  the  ranks,  there 
IS  thus  a  maximum  of  transportation,  presumably  the 
regulation  allowance,  based  upon  the  size  of  the  com- 
mand. 

The  absolute  loss  sustained  in  an  engagement  is  pro- 
portioned to  the  number  of  men  engaged.  But  as  in  a 
division  one  brigade  will  suffer  more  than  another  brigade 
V  *  n"*^  regiment  be  more  severely  handled  than  another^ 
It  follows  that  the  maximum  loss  expressed  as  a  propor- 
tion ot  the  men  engaged  will  be  smaller  in  a  large  than  in 
a  small  command.  The  probable  casualties  in  every  hun- 
dred men  of  a  division  will  be  represented  by  a  smaller 
number  than  will  represent  the  probable  casualties  in 
every  hundred  men  of  a  brigade.  Companies  may  be 
destroyed,  re^ments  may  lose  half  their  number  bri- 
gades be   decimated ;   but,  unfortunately,  we   do   not 
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know,  as  facts  from  the  history  of  our  armies,  what  have 
been  the  maxima  of  battle  losses  suffered  by  commands 
of  various  strengths.  The  records  of  the  war  of  the  re- 
bellion, so  far  as  published,  do  not  furnish  the  necessary 
data. 

As  it  is  impossible  to  determine  with  certainty  the  max- 
imum casualties  that  may  occur  in  a  division  of  ten  thou, 
sand  men,  the  greater  interest  attaches  to  the  consideratioa 
of  that  minimum  of  transportation  and  supplies  which  is 
based  upon  the  working  powers  of  the  surgical  staff. 
This  working  power  is  a  vague  and  uncertain  measure! 
It  cannot  be  expressed  in  definite  terms  like  the  power  of 
a  steam-engine.  It  varies  in  different  individuals,  and  at 
different  times  in  the  same  individual,  according  as  the 
sirrounding  conditions  assist  or  impede.  But  with  all 
these  difficulties,  when  a  certain  amount  of  operative 
work  is  definitely  stated,  there  need  be  no  hesitation  in 
concluding  whether  it  can  or  cannot  be  accomplished  in 
the  given  time  by  earnest  men  in  possession  of  their  nor- 
mal health,  strength,  and  endurance.  But  the  estimate 
.as  to  the  possibilities  must  be  made  by  one  who  has  seen 
veterans  in  field  surgery  at  work  against  time,  with  the 
inexorable  military  necessity  requiring  the  hospital  to  be 
emptied  by  a  certain  hour,  and  humanity,  and  perhaps 
the  professional  spirit  urging  them  to  the  completion  of 
their  task.  The  capital  operation — the  amputation  or  re- 
section— requires  but  a  short  time  for  its  performance. 
The  systematic  division  of  labor  under  the  supervision  of 
the  surgeon  in  charge  relieves  the  operator  of  his  case  as 
soon  as  the  last  roller  is  adjusted  or  dressing  applied,  and 
furnishes  its  successor  for  consideration  and  operation  if 
necessary.  Time  lost  in  field  surgery  is  lost  between 
cases,  for  want  of  that  active  and  systematic  direction 
which  enables  all  to  be  constantly  employed. 

At  first  sight,  the  uncertainty  as  to  the  amount  of  sur- 
gical work  implied  by  the  presence  of  a  certain  number  of 
wounded  would  seem  to  render  it  impossible  for  an  ex- 
pression to  be  given  of  the  ability  of  the  operating  staff  to 
accomplish  it.  Wounds  vary  in  degree  from  the  simple 
lesion  of  the  superficial  or  muscular  tissues,  to  penetration 
of  cavities  with  visceral  injury  and  fractures  of  bones, 
with  implication  of  important  vessels  and  nerves.  In- 
dividually they  require  more  or  less  attention,  from  the 
simple  dressing  which  may  be  applied  by  the  patient  him- 
self to  the  capital  operation  under  anaesthetics,  or  the  ap- 
plication of  some  form  of  apparatus  to  secure  immobility. 
But  by  examining  the  statistics  of  war  surgery,  the  prob- 
able amount  of  work  which  a  given  number  of  wounded 
will  bring  to  a  hospital  may  be  ascertained. 

In  every  hundred  of  wounded,  as  shown  by  an  ap- 
pended table  compiled  from  the  "  Surgical  History  of  the 
War  of  the  Rebellion,"  there  was  found  to  be  a  necessity 
for : 

Cases, 
Primary  amputation  or  resection  in  fractures  of  the  larger  bones 

and  joints  of  the  upper  extremities  in 3.78 

Amputation  or  resection  in  fractures  of  the  larger  bones  and  joints 

of  the  lower  extremities  in 3.S2 

Amputation  or  resection  in  fractures  of  the  hand  in S.07 

Amputation  or  resection  in  fractures  of  the  foot  in 80 

Ligation  of  arteries,  removal  of  ball  and  bone  splinters,  partial  ex- 
cisions, formal  trephinings,  and  other  operations  in  injuries  of 
the  head,  neclc,  and  trunk,  and  in  flesh  wounds  of  the  extremi- 
ties in 1.00 

Application  of  dressings  to  secure  immobility  in  fractures  of  the 

long  bones  and  larger  joints  of  the  upper  extremities  in 6.01 

Application  of  dressings  to  secure  immobility  in  fractures  of  the 
long  bones  and  larger  joints  of  the  lower  extremities  in 5.51 

Making  the  percentage  of  wounds  requiring  special  attention  at 
the  operating-table  of  the  fleld-hospital 20.89 

This  accounts  for  20.89  of  the  hundred ;  the  remainder 
consisted  of  flesh  wounds  (many  of  which  had  already 
been  attended  to  at  the  ambulance  dep&ts),  calling  only 
for  simple  dressings  or  the  occasional  use  of  the  pockets 
case  ;  of  fractures  of  the  hand  and  foot  which,  requiring 
no  operation,  seldom  involved  a  necessity  for  special 
dressings  to  secure  immobility ;  and  of  those  grave  cases 
of  injury  to  the  head,  chest,  and  abdomen,  in  which  the 
resources  of  the  surgeon  are  unfortunately  limited.  The 
care  of  these,  although  constituting  surgical  work,  must 
usually  in   these  emergencies  be  delegated   to  skilled 
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nurses,  dressers,  and  attendants  doing  duty  under  the  su- 
pervision of  ttie  medical  staflE.  Some  of  these  cases,  how- 
ever, make  notable  calls  on  the  time  of  the  surgical  staff 
for  consideration,  if  not  for  operation;  but  as  regards 
time  spent  in  consideration,  it  must  be  remembered  that 
there  is  a  laxity  in  the  rules  for  operative  interference 
which  enables  the  surgeons  to  work  on  cases  in  which  the 
indications  are  manifest,  while  the  others  receive  the  ben- 
efit of  the  conservative  doubt. 

Many  circumstances  may  occur  during  a  campaign  to 
diminish  the  capacity  of  the  surgical  staff  for  work.  De- 
ficient rations,  the  fatigues  of  the  march  or  of  previous 
engagements,  deprivation  of  sleep,  and  weather  expos- 
ures, may  have  induced  a  condition  of  depressed  vitality, 
which  will  manifest  itself  in  their  actions,  notwithstand- 
ing their  efforts  to  overcome  it  under  the  stimulus  of 
present  battle  and  urgent  professional  calls.  Hence, 
although  the  work  which  is  implied  by  the  presence  of  a 
certain  number  of  wounded  may  be  known,  no  line  can 
he  drawn  or  standard  raised  by  which  the  operations  of  a 
hospital  may  be  measured  in  particular  instances.  Nor 
is  this  sought  to  be  attained.  The  object  in  view  is  to 
realize  the  work  which  may  be  done,  under  the  most 
favorable  conditions,  that  the  operating  staff  may  not  have 
its  capacity  for  work  rendered  valueless  to  the  wounded 
for  want  of  the  needful  supplies  and  transportation. 

The  experienced  field-surgeon  will  readily  allow  that,  if 
the  operating  staff  of  a  division  hospital  consisting  of 
three  brigade  sections  is  properly  supported  by  trained 
nurses  and  attendants,  five  hundred  men  may  be  received 
into  hospital  and  put  in  condition  for  removal  therefrom, 
if  necessary,  by  the  end  of  forty-eight  hours,  without 
making  an  undue  strain  upon  the  energies  of  the  estab- 
lishment. When  a  thousand  men  are  received,  the  neces- 
sity for  unusual  effort  becomes  apparent ;  but  the  effort 
is  not  so  much  the  result  of  doubtful  ability  to  attend  to 
this  number  as  of  fear  lest  there  be  more  to  come.  If 
more  do  come,  making  a  total  of  twelve  or  fifteen  hun- 
dred, the  working  power  of  the  staff  is  undoubtedly  ex- 
ceeded, but  with  such  numbers  come  conditions  which 
strengthen  the  powers  of  the  hospital. 

The  ratio  of  killed  and  wounded  varies  considerably  in 
different  engagements,  and  especially  if  the  casualties  in 
small  constituent  parts  of  the  army  are  made  the  basis  of 
the  calculation ;  but  the  rate  obtained  from  the  summary 
of  engagements  and  battles  in  the  "Surgical  History  of 
the  War  of  the  Rebellion "  may  be  accepted  as  indicating 
the  probabilities  : 

Killed.  Wounded. 

T7nited  States  troops B9,860  280,040 

Confederate  troops 51,426  227,871 


111,286 


507,911 


This  corresponds  to  one  man  killed  for  every  4.564 
wounded ;  or,  in  percentage  of  casualties,  killed,  17.97, 
wounded,  82.03. 

For  a  division  of  ten  thousand  men  to  have  a  list  of 
wounded  numbering  from  twelve  to  fifteen  hundred  im- 
plies a  loss  to  it  in  killed  and  wounded,  and  to  the  army 
of  which  it  is  a  part,  which  ordinarily  involves  days  of 
recuperation  before  the  struggle  can  be  renewed.  This 
lengthens  the  existence  of  the  hospital,  giving  an  extra  day 
or  two  to  complete  the  primary  operations,  and  peimitting 
medical  men,  hitherto  on  duty  at  ambulance  depots  on 
the  field,  to  reinforce  the  hospital  staff  and  hasten  the 
completion  of  the  work. 

The  experience  of  the  past  shows  that  if  the  division 
hospital  is  thoroughly  prepared  to  give  the  needful  pri- 
mary attention  to  twelve  hundred  wounded,  the  history 
of  its  service  will  not  fail  to  give  satisfaction.  All  ordi- 
nary and  probable  occasions  will  be  provided  for,  and,  if 
the  extraordinary  and  unlikely  should  occur,  the  circum- 
stances which  attend  them  may  be  susceptible  of  being 
turned  to  account  in  the  interest  of  the  wounded. 

On  a  basis  of  this  kind  the  minimum  of  necessary 
medicines  and  surgical  supplies  can  be  approximated ; 
but  as  these  do  not  make  a  large  demand  upon  the  trans- 
portation, this  minimum  should  be  appreciated  only  to 
be  exceeded.    In  so  many  hours  after  a  battle  the  fleld- 


hospital  shoujd  be  in  a  condition  to  move  with  the  army 
for  further  operations,  although  there  may  have  been  no 
communication  with  medical  purveying  depots  in  the 
meantime.  The  scope  of  this  essay  does  not  include 
tabular  lists  of  supplies. 

On  this  same  basis  the  maxirhum  of  food  supplies 
which  it  is  advisable  to  carry  can  be  calculated.  Pro- 
vision has  to  be  made  only  for  the  emergency,  for  the  first 
twenty-four  hours  after  an  engagement.  By  the  end  of 
that  time,  if  the  troops  have  held  their  ground,  wagons 
from  the  general  supply  train  will  have  been  distributing 
rations,  and  the  hospitals  will  participate  in  the  distribu- 
tion ;  or,  if  the  troops  have  been  driven  back,  leaving  the 
hospitals  without  their  lines,  food  supplies  must  be  ob- 
tained from  the  other  side  by  flag  of  truce  or  by  foraging. 
Rations,  consisting  of  tea  and  coffee,  sugar,  hard  bread, 
and  beef -essence,  must  be  carried,  and  sacredly  preserved 
for  the  wounded  during  and  after  an  engagement.  These 
will  support  the  hospital  until  the  arrival  of  the  supply- 
wagons,  even  should  there  be  some  delay  ;  for  not  all  of 
the  wounded  borne  upon  the  hospital  registers  draw  on 
its  food  supply  during  the  first  hours.  Many  of  the 
slighter  cases  camp  or  bivouac  in  squads  under  the  flag 
of  the  medical  department,  and  supply  themselves  from 
the  contents  of  their  haversacks  after  a  cup  of  coffee  or 
basin  of  soup  from  the  hospital  kitchen  on  their  arrival ; 
and  the  demand  for  food  by  the  severely  wounded  is  not 
gi'eat. 

The  supply  of  underclothing,  of  bedding,  and  of  can- 
vas for  shelter  is  not  measured  by  the  total  number  of 
casualties  in  a  given  battle,  but  by  the  number  of  cases  of 
severe  wounds.  This  number  includes  nearly  twenty-one 
per  cent,  of  the  total  of  twelve  hundred  wounded  men ; 
hence,  if  underclothing,  stretchers,  cots,  or  light  bed- 
steads, mattresses,  blankets,  and  hospital-tent  accommo- 
dation are  carried  for  two  hundred  and  fifty  patients,  the 
severely  wounded  will  Be  provided  for  under  all  but  ex- 
ceptional conditions.  To  extemporize  couches  for  the 
slighter  cases  when  the  total  number  exceeds  two  hun- 
dred and  fifty,  a  supply  of  bed-sacks,  which  are  light  and 
occupy  but  little  space  in  the  wagons,  should  be  provided. 

To  determine  the  amount  of  wheeled  transportation 
which  will  insure  the  speedy  removal  of  the  wounded 
from  the  field,  consideration  must  be  given  to  the  char- 
acter of  the  injuries.  Many  men  with  flesh-wounds,  and 
even  with  fractures  of  the  upper  extremity,  find  their 
way  to  the  hospital  unaided.  Others  bear  the  transit 
easily  in  the  sitting  position,  and  an  ambulance  can  carry 
six,  seven,  or  more  such  cases  per  trip,  according  to  its 
plan  and  construction.  But  a  certain  proportion  of  the 
wounded  require  transportation  in  the  recumbent  position, 
which,  in  some  distressing  instances,  must  be  effected  by 
the  stretcher-bearers.  The  wagons,  when  laden  with  such 
cases,  can  carry  but  three  per  journey,  two  severe  cases 
within  and  one  of  less  gravity  on  the  seat  with  the  driver. 

An  examination  of  the  table  appended  to  this  article 
will  furnish  an  approximation  to  the  number  requiring 
special  care  in  their  transportation.  These  may  be  sum- 
marized as  follows  per  hundred  wounded : 

Fractures  of  the  BkuU ^'^'^ 

Fractures  of  the  vertebrae 26 

Wounds  penetrating  the  chest . , 3.55 

Wounds  penetrating  the  abdomen 1-50 

Fractures  of  the  pelvis 1.28 

Fractures  of  tbe  lower  extremity,  excluding  those  cases  of  Injury  to 

the  foot  which  do  not  require  operation 9.01 

Percentage  of  cases  requiring  the  recumbent  position 17.37 

In  this  estimate  cases  of  severe  shock  attending  injuries 
other  than  those  tabulated,  and  of  extensive  flesh-wounds 
which  prohibit  the  sitting  posture,  are  not  included,  as 
they  may  be  considered  offset  in  part  by  those  wounds  of 
the  lower  extremity,  as  of  the  ankle,  which  do  not  im- 
peratively demand  recumbency  during  the  journey.  If 
those  who  require  special  care  in  their  transportation  be 
put  at  twenty  per  cent,  of  the  whole,  thirty  wagons,  with 
their  attendant  stretcher-bearers,  will,  in  four  or  five 
hours,  be  able  to  accomplish  the  work  implied  by  a  loss 
in  wounded  of  twelve  hundred  men,  provided  no  unusual 
difficulty  is  experienced  in  aggregating  the  sufferers  at 
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the  dep6ts,  and  that  the  hospital  is  established  within  a 
proper  distance  of  the  line  of  battle.  The  number  of 
those  who  reach  the  hospital  without  assistance  is  always 
large,  but  it  is  relatively  larger  after  severe  engagements, 
for,  when  the  depots  are  crowded  with  men  awaitmg 
transportation,  many  will  undertake  the  journey  on  foot, 
rather  than  wail  so  near  the  area  of  danger  for  the  re- 
turn of  the  wagons.  Bach  ambulance  wagon  should  be 
provided  with  a  keg  of  water  and  a  locked  box  for  the 
surgical  supplies  and  food  to  be  mentioned  hereafter  ; 
an  axe,  two  stretchers,  a  lantern  and  candles,  and  an 
iron  pail,  which  can  be  used  in  case  of  need  as  a  camp- 
kettle,  complete  its  field  equipment. 

These  ambulance  wagons  should  be  used  but  seldom 
for  the  removal  of  the  wounded  on  the  breaking  up  of 
the  field  hospital,  and  only  when  they  can  return  in  time 
to  secure  a  few  hours'  rest  before  the  order  to  march  has 
to  be  carried  out.  They  are  a  formal  part  of  the  field 
hospital,  and  ought  not  to  be  separated  from  it  without  a 
thorough  knowledge  of  the  military  contingencies  proba- 
ble during  their  absence,  or  an  order  from  superior  au- 
thority, which  is  equivalent  to  such  knowledge.  Usually 
the  wagon-trains  of  the  supply  departments,  after  unload- 
ing at  the  front,  may  be  secured  for  the  removal  of  the 
wounded  to  the  base,  where  accommodations  for  their 
treatment  or  special  means  of  transportation  to  other 
points  have  been  provided.  If  more  wagons  are  required 
than  have  been  furnished  by  the  departments,  an  effort 
should  be  made  to  obtain  them  by  further  issues  to  the 
troops. 

The  train  of  the  division  field-hospital  includes,  in  ad- 
dition to  the  thirty  or  more  ambulances,  their  complement 
of  men  and  their  travelling-forge. 

First : — Three  medical  hospital  wagons,  one  for  each 
brigade  section  of  the  hospital,  specially  fitted  for  the 
tran.sportation  of  the  supply  of  medicines  considered  nec- 
essary for  the  campaign,  as  well  as  for  the  greater  por- 
tion of  the  surgical  supplies,  including  stimulants,  anaes- 
thetics, morphia,  dressings,  and  instruments,  with  the  op- 
erating-tables and  tent-flies  to  be  pitched  over  them,  in 
case  the  weather  should  require  this  shelter  for  the  pa- 
tients and  operators.     In  addition  to  the  driver,  each  of 
these  wagons  has  attaclied  to  it,  travelling  always  with  it 
and  in  special  charge  of  its  valuable  contents,  an  hospital 
steward  or  apothecary,  who  dispenses  under  the  rules 
instituted  by  the  surgeon  in  charge,  and  who,  during  ac- 
tion, supplies  the  dressings  and  stimulants  and  looks  to 
the  safety  of  the  uncased  instruments.     This  steward  is 
also  responsible  that  the  locked  boxes  of  certain  of  the 
ambulance  wagons  are  stocked  with  an  assortment  of 
surgical  supplies,    such  as   chloroform,  whiskey,   mor- 
phine, hnt,  rollers,  and  plaster,  and  that  the  boxes  of  the 
ambulances  not  so  stocked  are  stored  with  beef-essence 
tea  sugar,  and  hard  bread.     The  ambulance  oflicers,  as 
well  as  the  steward  and  surgeon  in  charge,  are  aware 
of  the  kind  of  special  supplies  in  each  ambulance,  and 
details  of  the  wagons  are  made  from  this  point  of  view 
when  required  on  particular  occasions.     By  this  arrange- 
ment field  supplies  and  stores  are  found  by  the  side  of 
the  wounded  as  soon  as  they  are  brought  from  the  field 
although  the  character  of  the  roads  or  other  accidental 
conditions  may  have  temporarily  delayed  the  arrival  of 
the  heavier  wagons  ;  and  the  special  work  of  the  operat- 
ing-table and  kitchen  can  progress  on  this  preliminary  sup- 
ply until  the  adverse  conditions  are  overcome  and  the  medi- 
cal and  other  wagons  have  reached  the  scene  of  action 

becond :— Ten  or  more  heavy  wagons,  the  number  de- 
pending on  their  capacity  and  construction,  intended  for 
the  transportation  of— 

fl4tV?r '''.''^'  "^"^-^  ^^^^  *^^  ^^''^ter  of  two  hundred  and 
thrKvJ;  ■■,'°'^^"u™S,*^''  necessary  poles  and  pegs,  and 
Xhw'tr""/'  f^°^''i'  '^"'^  °'^«^  tools  requisfte  for 
fhem!  trenching  the  ground  around 

(6)  The  wall-tents  and  personal  baggage  (limited^  of  the 
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tresses,  a  stock  of  blankets  and  underclothing,  and  of  bed 
sacks,  which,  when  required  for  use,  may  be  filled  with 
hay  or  other  available  material. 

(d)  The  ordinary  army  ration  for  the  men  of  the  com 
mand  for  the  number  of  days  which  will  e%se  before 
new  issues  are  made  from  the  base  or  general  supplv 
train,  together  with  the  requisite  kitchen  outfit. 
•  (e)  Rations  of  bread  and  beef -stock,  tea,  sugar,  coffee 
salt,  etc.,  for  twelve  hundred  men  for  one  day,  with 
camp-kettles  and  a  small  suppljr  of  plates,  mugs,  spoons 
etc.  These  are  carried  for  use  In  case  of  an  engagement' 
to  insure  food  supplies  to  the  wounded  until  communica- 
cation  is  opened  with  the  supply  trains  after  the  battle 
When  this  communication  is  effected  these  stores  should 
be  immediately  replaced  by  requisition  on  the  proper 
oflScer  of  the  subsistence  department. 

The  ambulance  officer  is  responsible  for  the  property 
included  in  the  train,  and  by  frequent  inspections  and 
timely  requisitions  and  repairs,  preserves  it  in  a  state  of 
thorough  efficiency.  He  is  necessarily  a  mounted  officer, 
as  his  duties  involve  rapid  transit  from  one  point  to 
another.  He  institutes  drills  in  his  command,  and  in- 
structs his  drivers  and  stretcher-bearers  in  the  best  and 
most  expeditious  manner  of  handling  the  sick  and 
wounded.  He  superintends  the  removal  of  the  wounded 
from  the  field,  their  aggregation  at  the  depots,  and  their 
transmission  to  the  hospital,  and  satisfies  himself  by  per- 
sonal inspection  of  the  field  that  his  men  have  accom- 
plished their  work.  He  familiarizes  himself  with  the 
country  between  the  line  of  battle  and  the  hospital,  in- 
structs the  drivers  as  to  the  shortest  and  easiest  routes, 
and,  if  need  be  and  it  is  possible,  arranges  for  improving 
their  condition. 

On  the  breaking  up  of  the  hospital  he  superintends  the 
arrival  and  departure  of  the  wagons,  to  avoid  unnecessary 
delay  from  carelessness  or  the  misunderstanding  of  in- 
structions. He  acts  as  subsistence  officer  and  quarter- 
master of  the  hospital,  so  far  as  concerns  its  regular  rations 
of  food  and  forage,  and  its  issues  of  clothing,  when  such 
are  required;  but  with  the  accommodation,  medical 
stores,  and  other  property  pertaining  specially  to  the 
wards  he  has  no  connection,  other  than  as  master  of  the 
transportation,  to  see  that  they  are  on  the  ground  and 
available  when  required. 

Three  subaltern  officers  aid  the  ambulance  chief  in  his 
duties,  and  take  command  of  detached  portions  of  the 
train  when  the  accident  or  duty  of  the  time  necessitates 
their  detachment.  They  should  be  active  and  enterpris- 
ing men,  well  versed  in  field-work,  and  capable  of  assum- 
ing charge  of  the  whole  train  and  its  responsibilities  in 
the  absence  of  their  superior.  Each  officer  and  man  con- 
nected with  the  hospital  and  its  train  should  be  familiar 
with  his  duties  under  the  various  conditions  of  the  camp, 
the  march,  and  the  battle-field,  that  there  may  be  no  con- 
fusion, loss  of  time,  or  wasted  energies  when  the  period 
of  action  unexpectedly  arrives.  There  is  a  certain  amount 
of  work  to  be  done,  and  it  can  be  accomplished  in  many 
cases,  if  at  all,  only  by  each  individual  having  a  thorough 
knowledge  of  his  own  share  and  doing  it  satisfactorily. 
Drill  gives  perfection  in  action  to  the  results  of  disciplin- 
ary methods  ;  but  the  true  drill  for  the  field  hospital  is 
only  to  be  found  in  active  service.  There  is,  fortunately, 
in  most  campaigns,  a  preparatory  period  of  marching  and 
camping  before  the  opposing  forces  commence  their 
struggle.  During  this  period  the  regularly  recurring  es- 
tablishment of  the  hospital  at  the  end  of  the  day's  march 
for  the  care  of  the  casual  sick,  gives  that  familiarity  with 
practical  details  which  enables  the  personnel  to  accept  the  ■ 
results  of  battle  as  a  simple  exaggeration  of  ordinary  and 
daily  duties. 

If  the  division  is  operating  as  an  independent  command 
the  hospital  follows  the  rear  of  the  marching  column ; 
but  if  it  is  a  part  of  a  larger  command  the  order  of  march 
may  direct  a  temporary  partition  of  the  hospital  train. 
It  may  be  imperative,  from  a  military  point  of  view,  to 
have  the  various  divisions  of  the  army  well  closed  up  and 
unbroken  by  baggage  or  other  heavy  wagons.  The  am- 
bulances and  medicine  wagon  are  then  permitted  to  fol- 
low in  rear  of  the  command  to  which  they  belong ;  while 
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the  heavier  transport  wagons  of  the  hospital  fall  into 
position  with  the  regimental  baggage,  ordnance,  sub- 
sistence and  forage  wagons,  in  rear  of  the  whole  fighting 
force  except  the  rear-guard,  or  the  command  specially  de- 
tailed for  their  protection.  In  this  column  the  hospital 
wagons  are  generally  accorded  the  lead.  One  of  the 
ambulance  oincers  is  assigned  to  duty  with  the  portion  of 
the  train  thus  detached.  This  separation  is  usually  tem- 
porary, the  completion  of  the  day's  march  bringing  the 
wagons  into  camp  shortly  after  the  troops  and  their 
ambulances  have  reached  it,  the  time  of  their  arrival  de- 
pending on  the  length  of  the  marching  column  and  the 
character  of  the  roads,  the  weather,  etc.  Occasionally, 
however,  the  conditions  of  the  campaign  may  continue 
the  detachment  of  these  wagons  for  a  longer  period. 

On  the  march  the  ambulances  and  medicine  wagons 
constitute  the  division  fleld-hospital.  Following  in  rear 
of  the  troops,  it  picks  up  those  who  have  fallen  out  of  the 
column  from  accident  or  the  development  of  disease. 
Usually  each  of  these  men  has  been  examined  by  his  regi- 
mental medical  officer  and  furnished  with  a  card  of  au- 
thorization to  await  the  passage  of  the  ambulances.  One 
of  the  officers  on  duty  with  the  ambulances  receives  the 
cards,  admits  the  patients,  and  procures  from  the  medi- 
cine wagon  such  articles  as  may  be  needful  for  their  im- 
mediate treatment.  This  admission  by  card  may  seem, 
to  those  who  have  had  no  field  experience,  to  be  a  piece 
of  what  is  known  as  official  red-tape  ;  but  it  is  needful  to 
save  the  energies  of  the  hospital  surgeons  and  preserve 
the  ambulance  transportation  for  the  more  urgent  cases. 
The  regimental  officer  knows  the  men  of  his  command, 
and  can  arrive  at  an  accurate  estimation  of  the  conditions 
in  a  given  case  in  less  time  than  the  hospital  surgeons,  who 
have  no  previous  knowledge,  and  who  must  conduct 
their  examinations  while  on  the  move.  If  the  troops  are 
raw  and  undisciplined,  men  may  drop  out  of  the  ranks 
in  large  numbers  without  the  sanction  of  the  regimental 
surgeons,  and  besiege  the  ambulances  for  admission. 
There  is  no  time,  while  being  pushed  forward  by  the 
troops  in  rear,  to  make  a  discriminating  examination,  and 
these  applicants  are  permitted  to  enter  the  ambulances. 
At  the  next  halt  for  rest  a  few  of  the  unwarranted  entries 
may  be  weeded  out,  if  the  time  of  the  officers  is  not 
wholly  occupied  in  examining  other  candidates  for  ad- 
mission ;  but  ultimately,  if  the  march  is  long,  the  roads 
bad,  or  the  weather  oppressive,  every  seat  is  in  use,  and 
the  surgeons  are  importuned  for  the  accommodation  which 
they  can  furnish  only  by  discriminating  between  one 
fagged-out  man  and  another.  The  preliminary  examina- 
tion by  the  regimental  surgeon,  and  admission  to  hospital 
on  his  authority,  prevent  this  strain  on  the  energies  of 
the  ambulant  hospital. 

The  march  has  its  sufferers  as  well  as  the  battle-fleld, 
and  these  must  be  carried  along  and  cared  for  ;  but  simple 
exhaustion  must  be  met  by  the  general  principle  of  halt- 
ing the  column  at  intervals  for  rest.  If  the  military  ne- 
cessity requires  a  forced  march,  the  commanding  general 
must  accept  the  loss  of  men  which  his  line  will  suffer  as 
the  price  of  the  position  which  he  secures.  The  ambu- 
lances are  an  hospital,  not  a  means  of  transportation  for 
a  jaded  army.  The  sick  and  injured  are  to  be  carried, 
not  the  merely  exhausted,  who,  by  a  short  period  of  rest 
will  be  recruited  and  enabled  to  push  forward  to  the  end 
of  their  march. 

At  the  conclusion  of  the  day's  journey,  when  not  im- 
mediately in  front  of  the  enemy,  the  hospital  camps  in 
some  suitable  place  in  rear  and  not  distant  from  the  com- 
mand. While  awaiting  the  arrival  of  the  baggage  wagons 
the  sick  are  examined  and  treated.  Such  as  arc  con- 
sidered fit  for  duty  are  directed  to  report  to  their  regi- 
ments. A  notification  should  be  sent  to  regimental  sur- 
geons in  the  cases  of  men  admitted  during  the  march 
without  their  knowledge,  and  retained  as  unfit  for  duty 
at  its  conclusion,  that  these  men  may  be  accounted  for  on 
the  regimental  reports.  In  the  meantime  the  surgeon  in 
charge  indicates  to  the  hospital  attendants  who  have  been 
detailed  as  pioneers,  the  position  which  he  desires  the 
tents  to  occupy.  Wood  and  water  are  procured,  and  the 
kitchen,  and  such  other  fires  as  the  season  and  climate 
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may  require,  are  lighted  in  front  of  the  position  to  be  oc- 
cupied by  the  tents. 

In  the  temporary  camp  of  an  active  campaign  the  wood- 
fire,  a  few  feet  distant  from  the  open  front  of  the  tent,  is 
the  simplest  and  best  means  of  warming  its  interior.  If 
a  strong  wind  is  blowing  care  must  be  exercised  in  the 
selection  of  their  relative  positions. 

On  the  arrival  of  the  heavy  wagons,  the  pioneers  un- 
load and  pitch  as  much  of  the  hospital  canvas  as  may  be 
required  for  the  accommodation  of  the  sick,  and  subse- 
quently the  tents  of  the  officers.  The  nurses  unload  and 
fit  into  the  raised  canvas  such  stretcher-bedsteads,  bed- 
ding, and  other  articles  as  may  be  necessary,  and  there- 
after the  stretcher-bearers  transfer  the  sick  from  the  am- 
bulance wagons. 

The  cooks  obtain  their  kitchen  utensils,  and  furnish  tea 
and  coffee  by  the  time  the  sick  are  in  their  cots.  Later 
in  the  evening,  dinner  is  prepared.  Pending  the  prepara- 
tion of  this  meal  the  ambulances  and  wagons  are  packed 
in  rear  of  the  tents  and  the  horses  fed,  watered,  and 
groomed,  while  the  stretcher-bearers  pitch  their  shelters 
between  the  wagon  park  and  the  hospital  tents,  and'  the 
pioneers  trench  around  the  wards  to  keep  their  floors  dry 
in  case  of  possible  rain.  When  rain  is  probable  the  tent- 
ropes  should  be  relaxed,  lest  their  contraction  dislodge 
the  pegs  and  endanger  the  stability  of  the  canvas. 

In  the  establishment-  of  camp  each  man,  by  drill  and 
experience,  knows  his  particular  duty,  and,  by  doing  it 
heartily,  accomplishes  the  whole  with  ease  and  rapid- 
ity. Less  than  an  hour  will  suffice  to  transform  a  de- 
serted field  into  an  hospital  settlement  as  orderly  and  pei'- 
fect  in  its  appointments  as  if  it  had  existed  there  for 
years.  With  dinner  the  labors  of  the  day  are  at  an  end, 
save  for  the  camp  guard  over  the  wagons  and  horses,  the 
hospital  guard,  if  tlie  season  requires  one  to  attend  to  the 
fires,  and  the  special  work  of  the  doctor  and  nurse  in  par- 
ticular cases. 

If,  however,  the  sick  do  not  number  more  than  the  ambu- 
lances can  accommodate  with  bed-room — when  the  camp 
is  reached  late  at  night  and  an  early  start  is  anticipated — 
if  the  evening  is  wet  and  discomfort  would  attend  the 
transfer  of  the  sick  to  the  tents,  or  even  if  the  roads  are 
miry  and  it  is  undesirable  to  have  the  hospital  canvas 
made  so  much  heavier  by  the  rain,  the  patients  may  be 
permitted  to  pass  the  night  in  the  ambulances ;  so  that 
these  vehicles  and  their  accompanying  medicine  wagons 
may  constitute  the  division  field-hospital  in  camp  as  well 
as  on  the  march.  Under  such  circumstances,  if  the  num- 
ber is  larger  than  can  be  accommodated  in  the  ambu- 
lances, tents  may  be  pitched  for  the  slighter  cases,  while 
those  of  a  more  serious  character  remain  undisturbed  un- 
der the  ambulance  covers.  , 

When  reveille  is  sounded  in  the  command,  the  team- 
sters groom,  feed,  and  water  their  horses,  the  stretcher- 
bearers  pack  up  their  blankets  and  shelters,  and  fill  the 
ambulance  kegs  with  fresh  water  ;  breakfast  is  eaten  ;  the 
sick  are  examined,  and  medicines  prescribed  and  provided 
for  their  use  during  the  day,  after  which  they  are  trans- 
ferred to  the  ambulances,  while  their  recent  quarters  and 
bedding  are  packed  up  and  stored  away  in  the  wagons, 
which  have  by  this  time  reported  for  their  loads.  When 
the  troops  fall  in,  the  ambulances  are  in  line,  ready  to 
move  off  in  rear  of  their  command ;  but  the  transport 
wagons  remain  in  camp  until  all  the  troops  have  passed, 
and  then  join  the  column  of  the  supply  train.  Thus  an- 
other day's  march  is  commenced. 

With  veteran  soldiers  long  marches  may  be  made  with- 
out a  man  presenting  himself  at  the  ambulances,  but  with 
raw  troops  the  sick  and  worn-out  accumulate  from  day 
to  day,  until  it  becomes  imperatively  necessary  to  make 
other  provision  for  them.  The  medical  director  arranges 
for  the  relief  of  the  hospital  by  sending  the  cases  to  the 
base  of  supplies,  in  such  transportation  as  he  may  be  able 
to  procure  from  the  chief  quartermaster.  The  duty  of 
the  hospital  surgeons  in  this  event  is  to  select  the  cases 
for  the  rearward  journey,  retaining  those  whose  disabil- 
ity is  of  a  temporary  character.  The  surgeon  in  charge 
provides  them  with  rations  for  their  journey,  and  such 
medicines  and  medical  stores  as  may  be  necessary.     The 
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medical  officers  and  attendants  to  accompany  them  are 
detailed  from  the  regiments  by  proper  orders. 

In  the  absence  of  transportation,  the  sick  may  have  to 
be  left  in  quarters  extemporized  for  their  occupancy  in 
some  village  or  settlement,  or,  if  need  be,  a  portion  of  the 
field-hospital  outfit  may  be  left  temporarily  with  them. 

But  the  march  leads  to  an  encounter  with  the  enemy. 
A  severe  engagement  is  not  a  matter  of  precipitation. 
Large  masses  of  men  move  slowly.  The  position  of  the 
enemy  is  known  with  more  or  less  accuracy  for  days  be- 
fore the  battle  is  fought.  If  the  army  is  on  the  defensive, 
the  lines  are  established  with  care  and  deliberation ;  if  on 
the  offensive,  the  position  of  the  enemy  has  to  be  felt  be- 
fore the  dispositions  can  be  made  for  the  attack.  This 
gives  more  or  less  time,  which  must  be  utilized  by  the 
surgeon  in  charge  in  preparing  for  the  coming  event. 

First,  as  to  the  selection  of  a  position.  The  medical 
director,  who  has  ridden  along  the  formed  or  forhiihgline 
of  battle,  indicates  to  the  surgeon  in  charge,  personally 
or  by  messenger,  some  notable  point  centrically  situated 
in  rear  of  the  line,  as  a  suitable  location.  The  ambu- 
lance officer,  on  his  return  from  a  survey  of  the  lines 
and  the  roads  leading  therefrom,  may  be  the  bearer  of 
this  order.  The  particular  locality  in  this  neighborhood 
is  selected  by  the  surgeon  in  charge,  with  due  considera- 
tion to  proximity  to  water  and  fuel,  dryness  of  site,  facil- 
ity of  communication  with  main  roads  leading  to  front 
and  rear,  availability  of  neighboring  buildings  as  hospi- 
tal accessories,  and  shelter  from  artillery  fire,  although 
this  last  has  usually  been  considered  in  the  instructions 
of  the  medical  director. 

It  is  better  that  the  hospital  should  not  be  too  near  the 
front.  Nothing  is  so  depressing  to  the  wounded,  already 
more  or  less  prostrated  by  their  injuries,  than  exposure 
to  fire  while  under  the  hospital  flag,  as  it  is  suggestive  of 
a  disaster  to  the  line  of  battle,  with  possible  capture  and 
deprivation  of  the  kindly  attention  of  friends,  and  of  the 
home-nursing  on  which  they  had  calculated  for  the  pe- 
riod of  their  convalescence.  Even  in  the  best  disciplined 
establishments  the  effect  is  sometimes  demoralizing. 
The  hospital  camp  cannot  be  removed  further  to  the 
rear,  under  these  circumstances,  without  detriment  to  the 
interest  of  the  wounded  already  brought  in  ;  while  those 
on  the  field  have  to  be  left  for  so  much  longer  before  olj- 
taining  the  shelter  and  care  which  the  hospital  establish- 
ment was  intended  to  provide.  A  distance  of  two  miles 
from  the  front  to  the  site  selected  will  prevent  the  un- 
necessary occurrence  of  accidents  of  this  nature  ;  while  if 
the  roads  are  good,  there  will  be  little  delay  in  the  trans- 
port of  the  wounded. 

If  the  line  of  battle  is  driven  back,  the  exposure  of  the 
hospital  is  an  unavoidable  result,  unless  anticipated  by 
prompt  action  on  the  part  of  those  in  charge.  A  rear- 
ward move  under  the  circumstances  is  not  effected  at  the 
expense  of  the  wounded  on  the  field,  as  they  are  without 
the  lines,  and  dependent  for  succor  on  the  hospital  ar- 
rangements of  tlie  other  side. 

The  neighborhood  of  a  farm-house,  country  seat,  or 
other  occupied,  or  recently  occupied,  dwelling  presents 
many  advantages.  It  is  a  landmark,  and  will  not  so 
readily  be  missed  by  wounded  soldiers  seeking  the  hos- 
pital on  foot.  It  will  be  in  direct  communication  with 
the  roads,  and  water  and  fuel  will  be  found  near  it ; 
while  if  it  and  its  vicinity  become  exposed  to  artillery 
fire,  it  offers  a  point  of  advantage  for  the  display  of  the 
hospital  flag. 

Our  surgeons,  during  the  Civil  "War,  preferred,  for 
these  reasons,  the  vicinity  of  a  notable  dwelling  as  a  site 
for  their  field  hospitals,  although,  at  least  during  the 
later  periods,  they  seldom  made  use  of  its  rooms  as  hos- 
pital wards,  except  as  adjuncts  or  diverticula,  when  an 
unusual  influx  of  wounded  necessitated  some  provision 
for  shelter  outside  of  their  hospital  canvas.  Experience 
taught  them  that  only  by  providing  their  own  shelter  and 
thus  rendering  themselves  independent  of  fortuitous 
circumstances,  cOuld  they  at  all  times  and  in  all  places 
be  prepared  to  give  adequate  shelter  to  their  wounded 
When  depending,  as  often  happened  during  the  eariv 
part  of  the  war,  upon  the  accidents  of  the  field,  their  pa- 
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tients,  in  unfavorable  conditions,  had  either  to  remain 
without  cover  or  be  overcrowded  in  the  available  rooms. 

When  the  site  Is  selected,  or  even  prior  to  the  decision 
as  to  the  specific  locality,  the  ambulances  proceed  to  the 
front  and  report  at  the  points  considered  suitable  for  am-# 
bulance  dep6ts,  while  the  baggage  wagons  are  brought 
into  position  ready  to  unload  their  material  when  required. 
At  the  ambulance  dep6ts  the  stretcher-bearers  await  the 
onset  under  tlie  orders  of  the  ambulance  officer  and  his 
sergeants.  In  rear,  the  pioneers,  nurses,  cooks,  and 
teamsters  undertake  the  routine  work  of  unloading, 
pitching,  and  furnishing  the  tents,  building  fires,  and 
preparing  beef -soup,  tea,  and  coffee,  under  the  orders  of 
the  surgeon  in  charge ;  while  certain  of  these  men,  with 
the  hospital  stewards,  raise  the  operating  flies,  or  shelters, 
and  furnish  them  with  their  tables,  instruments,  and  ap- 
pliances, under  the  direction  of  the  operating  surgeons. 

There  is  in  every  army  a  small  percentage  of  men  who, 
although  borne  on  the  rolls  of  the  fighting  force,  are  practi- 
cally non-combatants.  Musicians  and  boys  belonging  to 
the  drum-corps,  neither  of  whom  carry  muskets,  are  of 
no  value  as  a  class  on  the  line  of  battle,  and,  under  exist- 
ing orders  in  most  services,  they  are  of  no  value  anywhere 
else  during  the  momentous  hours  in  which  victory  or  de- 
feat results  from  the  military  operations.  On  orders 
issued  by  the  adjutant-general,  these  men  may  be  utilized 
as  temporary  aids  to  the  medical  department  at  the  ambu- 
lance dep6ts  and  hospital.  A  certain  number,  detailed  by 
name,  may,  by  a  standing  order,  be  made  to  report  to  the 
surgeon  in  charge  as  soon  as  their  commands  deploy  into 
line.  This  will  bring  them  to  the  hospital  in  time  to 
aid  the  pioneers  in  pitching  the  tents  and  preparing  the 
hospital  camp  for  the  reception  of  the  wounded.  There- 
after they  may  be  employed  according  to  their  individual 
capacities,  the  main  body,  however,  being  assigned  to 
duty  as  the  police  party  of  the  camp.  Many  medical 
officers  have  reported  against  the  use  of  drum-corps  de- 
tails for  hospital  purposes  on  the  ground  that  they  arc 
troublesome  and  unmanageable ;  but  as  others  have 
credited  them  with  valuable  services,  variations  in  execu- 
tive ability  are  suggested  in  explanation,  rather  than  dis- 
similarity in  the  character  of  details  from  the  same  class 
of  men. 

Injuries  of  the  hand  or  flesh  wounds,  attended  with 
little  haemorrhage  or  shock,  are  usually  the  first  cases  to 
reach  the  hospital.  They  have  received  primary  dress- 
ings at  the  ambulance  depots,  and  have  made  the  journey 
thence  on  foot,  anxious  to  get  away  from  the  scene  of 
danger.  Their  wounds  are  examined  and  recorded,  and 
feach  is  assigned  to  the  ward  of  a  certain  ward-master,  who 
will  thereafter  be  responsible  for  his  comfort.  Blankets, 
overcoats,  and  shelter-tents  are  frequently  thrown  away 
in  the  hurried  marches  or  rapid  movements  which  some- 
times prelude  a  battle  ;  but  if  the  soldier  is  in  possession 
of  these  articles  when  wounded,  they  generally  reach  the 
hospital  with  him.  The  shelter-tents  belonging  to  these 
first-comers  are  pitched  at  regular  intervals  in  rear  of  the 
hospital  tents,  forming  the  ward  to  which  they  have  been 
assigned.  The  pioneers  attend  to  this  work,  trenching 
the  ground,  weather-guarding  the  shelters,  and  providing 
some  material,  such  as  hay,  straw,  freshly  cut  grass, 
leafy  twigs,  wood  shavings,  etc.,  as  a  mattress.  If  no 
material  available  for  bedding  can  be  found  in  the  imme-  ■ 
diate  vicinity,  one  of  the  now  empty  transport  wagons 
may  be  despatched  to  some  point  where  a  supply  maybe 
obtained,  and  if  no  such  point  is  known  a  detachment  of 
the  drum-corps  may  be  sent  out  under  responsible  leader- 
ship as  foragers.  During  inclement  weather  these  slight- 
er cases  may  be  housed  in  the  hospital  tents  until  their 
special  camp  is  prepared.  When  thus  systematically 
camped,  the  wants  of  the  wounded  are  not  likely  to  be 
overlooked,  as  each  ward-master  has  his  duties  aggregated 
and  defined. 

But  in  the  meantime  the  ambulances  arrive  from  the 
field,  and  the  whole  staff  of  the  hospital  becomes  at  once 
actively  engaged.  Should  the  news  from  the  front  indi- 
cate that  the  tents  will  be  insufficient  for  the  accommoda- 
tion of  the  wounded,  the  flies  are  removed  and  pitched  as 
extensions  of  the  wards,  and  the  bed  sacks  filled  with  such 
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suitable  material  as  may  have  been  collected  in  the  neigh- 
borhood. If  the  ground  is  dry  and  the  weather  favor- 
able these  extemporized  mattresses  may  be  used  without 
bedsteads  ;  but  it  is  well  to  have  it  understood  as  a  stand- 
ing rule  in  the  establishment,  that  no  severely  wounded 
man  should  be  permitted  to  lie  on  the  ground.  Raised 
bedsteads,  however  rude  their  construction,  give  to  the 
wounded  a  sense  of  comfort  which  they  cannot  realize 
while  lying  as  in  bivouac.  They  contribute,  moreover, 
to  the  facility  with  which  dressings  are  applied,  and  to 
the  cleanliness  and  general  appearance  of  the  wards. 
Hence,  as  soon  as  the  flies  have  been  extended  a  force 
should  be  set  to  work  to  build  bunks  for  the  expected 
patients.  If  the  extension  of  the  wards  by  means  of  the 
flies  is  insufficient  for  the  shelter  of  the  incoming 
wounded,  recourse  may;  be  had  to  the  accommodation 
offered  by  the  neighboring  dwelling  or  its  out-houses ; 
but  with  the  hospital  establishment  organized  as  stated, 
this  will  be  needful  only  on  exceptional  occasions. 

Should  the  enemy  retire  to  another  position  under 
pressure  of  the  attack,  it  is  not  necessary  for  the  hospital 
to  follow  the  consequent  advance  of  the  troops.  The 
ambulances  will  have  to  make  a  longer  journey  to  reach 
it ;  but  it  would  be  better  for  them  and  for  the  recently 
wounded  to  undertake  this  than  for  the  whole  establish- 
ment to  make  a  forward  move.  Should  the  advance  in 
pursuit  carry  the  lines  so  far  from  the  hospital  as  to  seri- 
ously impair  its  usefulness,  a  forward  move  may  be  or- 
dered, provided  its  wounded  and  sick  can  be  carried  in 
the  ambulances  and  other  wagons  at  the  disposal  of  the 
surgeon  in  charge  ;  but  if  the  wounded  cannot  be  thus 
transported,  the  orders  will  probably  direct  the  hospital 
to  be  ready  to  move  at  a  given  hour,  by  which  time  all 
operations  are  expected  to  be  performed  and  the  wounded 
to  be  in  condition  to  imdertake  a  rearward  journey  in 
wagons  specially  provided  for  their  transportation. 

The  surgeon  in  charge  superintends  the  loading  of  these 
wagons,  and  provides  for  the  comfort  of  the  wounded  by 
supplying  the  medical  officer  who  is  detailed  from  his 
regimental  duties  to  accompany  them  with  such  articles 
of  food  and  medicine  as  may  be  needful.  He  may  have 
to  part  with  some  of  his  mattresses,  bedsacks,  and 
blankets  in  fitting  out  this  train ;  but,  if  necessity  calls 
for  it,  requisitions  can  at  the  same  time  be  sent  to  the 
base  of  supplies  to  have  them  replaced  on  the  first  oppor- 
tunity. 

Should  the  orders  transmitted  by  the  medical  director 
require  a  forward  movement  of  the  hospital  establish- 
ment, while  no  provision  is  made  for  the  removal  in  the 
opposite  direction  of  the  wounded  already  accumulated, 
rations  must  be  drawn  from  the  general  supply  train  and 
left  with  them,  together  with  the  necessary  supply  of  medi- 
cines, stimulants,  dressings,  etc.,  required  for  the  probable 
period  of  their  stay  and  subsequent  journey.  Under  these 
circumstances  much  of  the  hospital  material  may  have  to 
he  left  behind  for  the  time  being,  under  charge  of  an  am- 
bulance officer,  with  the  wagons  needful  to  insure  its  re- 
turn to  the  hospital  on  the  departure  of  the  wounded  to 
the  base  of  supplies.  The  hospital  may  thus  be  tempo- 
rarily disabled,  but  the  greater  its  disability,  the  less  is 
the  likelihood  of  its  being  again  called  into  serious  action 
without  time  being  afforded  for  recuperation ;  for  the 
disability  from  this  cause  is  proportioned  to  the  loss  in- 
flicted on  the  command  to  which  it  is  attached.  If  the 
command  has  suffered  considerably,  it  will  probably  be 
placed  in  reserve  for  a  few  days,  by  which  time  the  hos- 
pital material  will  have  returned  to  the  front. 

But  should  a  fiercely  contested  battle  be  fought,  giving 
twelve  or  fifteen  hundred  wounded  to  each  of  the  divis- 
ion hospitals,  the  lines  become  so  broken,  and  the  troops 
so  exhausted,  that  time  must  elapse  before  either  party  is  in 
condition  for  a  renewal  of  the  contest ;  ammunition,  food, 
forage,  and,  perhaps,  clothing  wagons,  have  to  be  or- 
dered up  for  use.  The  resumption  of  hostilities  is  a 
gradual  process,  preceded  by  feints  and  manffluvres  to 
develop  the  antagonist's  strength,  gain  position,  or  await 
reinforcements.  The  existence  of  the  hospital  on  the 
ground  selected  at  the  beginning  of  the  battle  may  thus 
be  measured  by  days  instead  of  hours,  and  ample  time 


may  be  afforded  the  surgical  staff  for  the  completion  of 
its  laisors ;  but  the  uncertainty  which  is  inherent  in  all 
battle-field  conditions,  renders  it  important  that  every  ef- 
fort should  be  made  to  have  the  wounded  in  condition 
for  removal  at  the  earliest  possible  moment.  As  soon, 
therefore,  as  the  battle  has  ceased,  certain  medical  offi- 
cers, wlio  have  hitherto  been  on  duty  at  the  front,  are  di- 
rected to  report  to  the  surgeon  in  charge  for  assignment 
to  temporary  duty  at  the  hospital,  where  tables  are  ex- 
temporized for  their  use,  and  the  progress  of  the  opera- 
tive work  is  correspondingly  hastened ;  or,  the  extra 
surgical  help  may  be  derived  from  the  base  or  general 
hospitals,  especially  if  telegraphic  and  railroad  connec- 
tions have  been  kept  up.  The  aid  required  under  these 
circumstances  is  skilled  surgical  assistance,  to  enable  the 
hospital  to  complete  its  field  operations.  It  is  provided, 
as  has  been  seen,  with  the  needful  shelters,  supplies,  and 
appliances  for  a  large  aggregation  of  wounded,  and  with 
the  surgical  aid  requisite  for  the  operative  work,  pro- 
vided time  is  afforded  in  which  to  accomplish  it ;  but  as 
this  important  element  is  not  always  available,  surgical 
aid  from  the  front  or  rear  is  always  of  value. 

Should  the  troops  in  the  line  of  battle  be  driven  back, 
and  the  hospital  establishment  become  exposed,  the  sur- 
geon in  charge  must  take  prompt  measures  to  prevent  its 
capture  by  the  enemy.  All  the  wounded  who  have  been 
brought  in  should  be  removed,  with  the  hospital  mate- 
rial, to  a  suitable  site  in  the  rear  of  the  position  newly 
assumed  by  the  troops.  The  wounded  left  upon  the  field 
must  be  cared  for  by  the  medical  department  of  the  op- 
posing force,  but  such  as  have  reached  the  shelters  pre- 
pared by  friends  should  not  be  given  up  without  the 
strongest  efforts  on  the  part  of  those  in  charge  to  save 
them.  If  there  is,  unfortimately,  no  time  to  effect  tiie 
removal  of  all,  such  as  must  be  permitted  to  fall  into  the 
hands  of  the  enemy  should  be  left  with  as  comfortable 
surroundings  as  if  they  were  still  within  the  lines.  Hos- 
pital canvas,  bedsteads  and  bedding,  medical  and  surgical 
supplies,  and  food,  must  be  left  with  them,  and  such 
medical  attendance  as  their  number  may  require  should 
be  detailed  to  remain  with  and  surrender  them.  Shelter 
and  furniture  thus  lost  to  the  hospital  should  be  renewed 
by  immediate  requisition  on  the  supply  depots. 

If  the  disaster  is  so  serious  that  none  of  the  wounded 
can  be  removed,  the  surgeon  in  charge  should  endeavor  to 
preserve  the  hospital  organization  by  withdrawing  the 
ambulances,  wagons,  surplus  stores,  and  personnel  not 
specially  detailed  to  remain  with  the  wounded.  "When 
the  hospital  establishment  is  thus  disabled,  an  immediate 
renewal  of  hostilities  necessitates  the  occupation  of  the 
available  buildings  in  the  neighborhood  of  the  new  site  ; 
but  this  utilization  of  pre-existing  shelter  would  have  been 
necessary  if,  without  the  repulse,  the  wounded  had  by 
their  number  called  for  increased  accommodation.  The 
graver  cases  are  received  and  bedded  in  the  dwellings  or 
their  out-houses,  and  the  slighter  cases  camp  in  their  can- 
vas shelters  as  before.  Food,  medicines,  surgical  appli- 
ances, etc.,  are  furnished  from  the  wagons  which  have 
been  saved,  and  the  operating  staff  is  reorganized  if  it  has 
suffered  loss. 

If  the  disaster  involves  the  capture  of  the  transporta- 
tion and  supplies,  while  more  or  less  of  the  officers  and 
men  have  escaped,  to  undertake  the  duty  of  aiding  the 
wounded  who  may  fall  in  the  skirmishes  of  a  subsequent 
retreat,  a  work  is  presented  to  these  members  of  the  hos- 
pital establishment  which  will  be  accomplished  with  an 
efficiency  depending,  eceteris  paribus,  on  their  previous 
discipline.  Notwithstanding  breaks  in  their  ranks,  their 
training  holds  them  together  as  a  machine  constituted  for 
a  specific  purpose.  "Wagons  for  the  transport  of  the 
wounded,  and  of  supplies  obtained  from  the  hospitals  or 
purveying  dep6ts,  may  often  be  obtained  from  the  army 
trains.  The  light  headquarters'  wagons  were,  on  several 
occasions  during  our  Civil  "War,  transferred  to  the  hos- 
pitals, to  form  the  nucleus  of  an  extemporized  ambulance 
system,  and  the  work  of  collecting,  treating,  and  provid- 
ing for  the  wounded  has  thus  gone  on  with  more  ot 
less  of  precision  and  efficiency. 

It  sometimes  happens,  however,  that  the  conditions  of 
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a  campaign  deprive  the  surgeon  in  charge  of  his  transport 
wagons  and  their  contents  during  some  part  or  the  whole 
of  an  engagement,  although  no  previous  disaster  has 
taken  place.  Thus,  the  army  having  to  execute  a  rapid 
movement,  would  be  impeded  by  the  pressure  of  the 
heavier  wagons.  An  ambulance  officer  is  left  behind  with 
them,  with  instructions  to  bring  them  forward  on  the 
earliest  possible  opportunity.  If  the  troops  become  en- 
gaged before  their  arrival,  the  ambulance  boxes  and  medi- 
cine wagons  afford  the  necessary  supplies,  and  keep  the 
personnel  at  work  on  behalf  of  the  wounded  until  the  re- 
mainder of  the  train  reaches  the  ground.  Or,  a  river  has 
to  be  crossed,  over  which  it  is  considered  injudicious  to 
bring  the  heavier  portion  of  the  train  until  the  troops  have 
established  their  position  on  the  further  side.  In  this 
case,  also,  the  supplies  in  the  ambulance  boxes  will  be  of 
value  to  the  wounded  until  the  transport  wagons  reach 
the  scene  of  action. 

When  the  army  goes  into  winter  quarters,  and  occa- 
sionally during  sieges,  the  character  of  the  division  fleld- 
hospital  may  undergo  a  seeming  change.  As  there  is  no 
immediate  prospect  of  a  move,  the  sick  and  wounded 
need  not  be  sent  away  unless  they  have  accumulated  be- 
yond the  capacity  of  the  hospital  to  accommodate  them. 
Commanding  officers  approve  of  retaining  the  sicli  and 
wounded  in  the  field-hospital  while  in  somewhat  perma- 
nent camps,  as  the  return  of  their  men  on  recovery  is  in- 
sured ;  they  become  interested,  therefore,  in  these  field- 
hospitals,  and  further  the  efforts  of  the  medical  officers  in 
improving  their  condition.  Under  such  circumstances 
lumber  can  usually  be  obtained,  and  the  tents  may  be 
pitched  upon  frames,  and  be  floored  and  weather-boarded 
as  high  as  the  eaves  ;  shelves,  tables,  and  benches  may  be 
put  in  as  fixtures  and  furniture,  and  the  ward  be  warmed 
by  an  open  brick  fireplace  built  at  one  end.  Stoves  are 
unmanageable  under  canvas,  and  extemporized  under- 
ground furnaces  and  fires  are  dangerous.  If  the  ground  is 
damp,  plank  pathways  are  laid  for  access  to  all  parts  of  the 
hospital  camp  and  its  grounds,  which  should  be  enclosed 
by  a  fence  and  thoroughly  policed.  As  thus  finished,  the 
hospital  presents  an  air  of  permanence  and  stability  ;  but 
if  kept  in  proper  drill,  a  few  hours,  notice  only  is  required 
to  have  it  packed  up  and  waiting  its  place  in  the  column 
of  march. 

Table  op  245,790  Gunshot  Wounds. 
(Compiled  Jrom  the  "Surgical  History  of  the  War  o£  the  EebelUon.") 


Region  and  character  of 
wounds. 


Wounds  of  scalp 

skull 

riesh  wounds  of  face 
Fractures  of  face 
Wounds  of  neck 

"         spine 

Flesh  wounds  of  chest 

Penetrating  chest 

Fiesh  wonnds  of  abdomen 
PcnetratinK  abdomen 
Wonnds  of  pelvis 

"  back 

Flesh  wounds,  upper  extremity^ 
„  "  "  lower  extremity. 
Fractures  of — 

Clavicle  and  scapula 

Shoulder 

Humerus 

Elbow... 

Forearm 

Wrist.... 

Hand.... 

Hip-joint 

Femur 

Knee-joint 

Leg 

Ankle-joint 

Foot 


ARNEDILLO,  in  New  Castile,  near  Pampeluna  lies », 
an  altitude  of  335  metres  (1,066  feet)  above  the  sea  T 
has  a  thermal  spring  of  a  temperature  of  51  8°  C  flgs  i 
F.),  containing  3.52  parts  per  1,000  of  solids,  chiefly  sn 
dium  chloride,  aluminium  sulphate,  and  iron  Therp 
is  present  a  little  free  COa.  Taken  in  copious  draughts 
the  water  acts  as  an  agreeable  aperient,  in  small  quanti 
ties  it  is  astringent.  Arnedillo  has  been  resorted  to  al 
most  exclusively  for  the  treatment  of  syphilis,  but  of  lafe 
years  sufferers  from  malarial  cachexia,  rheumatism  and 
dyspepsia  have  increased  the  number  of  its  patrons 
The  water  must  be  taken  in  great  abundance  to  produce 
medicinal  eJfect.  £  ^ 

ARNICA  (ArniaiB  Flores,  U.  S.  Ph. ;  Floreg  Arnim 
Ph.  G.  ;  AmiccB  Radix,  U.  S.  Ph.,  Br.  P. ;  Arniai  Co^ 
dex  Med. ;  Root,  leaf,  and  flower-head).  ' 

Arnica  Montana  Linn.  {Doronicum  montanum  Lamk ) 
Order,  Gom/poaitm,  Seneeionidem,  belongs  to  a  small  genus  of 
rather  low,  simple-stemmed  herbs,  with  large,  radiate 
yellow,  usually  solitary  flower-heads,  and  simple  oppo'- 
site,  generally  entire,  leaves.  The  officinal  arnica  plant 
is  from  thirty  to  sixty  centimetres  (one  to  two  feet)  in 
height,  rising  from  a  horizontal  or  ascending  rhizome 
with  a  star  of  petioled  leaves  near  the  ground,  and  one  or 
two  pairs  of  smaller  leaves  on  the  stem.  The  stem,  leaves 
and  inflorescence  are  mostly  glandular-hairy ;  the'flowers 
are  rich  golden,  or  orange-yeUow.  As  all  parts  of  the  plant 
are  used  m  medicine,  the  further  description  is  given  be- 
low from  a  pharmacological,,  instead  of  a  botanical  point 
of  view.  It  is  especially  a  native  of  Europe,  in  tlie 
wastes  and  mountains  of  which  it  is  very  abundant  but 
it  grows  as  well  in  Siberia  and  in  northern  North  Amer- 
ica, and  it  is  not  always  easy  to  cultivate.  It  is  imported 
from  Europe. 

Arnica  has  passed  through  several  fluctuations  of  favor 
and  neglect  since  its  first  introduction  into  medical  use. 
It  appears  to  have  been  an  article  of  popular  medicine  in 
Central  Europe  at  least  as  far  back  as  the  sixteenth  cen- 
tury, and  was  urged 
upon  the  profession 
by  numerous  physi- 
cians in  the  seven- 
teenth, when  it  was 
a  good  deal  used,  as 
well  as  in  the  eigh- 
teenth. Early  in  the 
present  century  it  had 
fallen  much  into  dis- 
use, but  was  revived 
again  about  the  mid- 
dle of  the  century, 
chiefly  as  a  popular 
vulnerary.  Very  late- 
ly it  has  been  goings 
out  of  fashion  again, 
its  place  in  popular 
taste  being  taken  by 
Hamamelis  and  other 
things.  Internally  it 
has  been  a  good  deal 
tried,  but  is  now  very 
little  employed. 


Fig.  262.— Arnica;  flowering-head. 
(Baillon.) 


Gharles  Smart. 
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ArnuM  Flowers,  as  the  flower-heads  are  usually  called, 
are  from  three  to  six  centimetres  across  (one  and  a  fourth 
to  two  and  a  half  inches)  with  a  two-rowed  involucre  of 
lanceolate  scales,  the  outer  ones  glandular.  The  ray-flow- 
ers number  from  sixteen  to  twenty,  the  disk-flowers  being 
much  more  numerous.  The  receptacle  is  flat  and  pitted. 
Achenia  flve-angled,  glandular,  hairy,  surrounded  by  a 
stiff  brittle  pappus ;  corolla  tubes  also  hairy.  Ray-flow- 
ers pistillate,  disk-flowers  perfect.  Odor  not  very  strong, 
peculiar,  recalling  that  of  Grindelia,  and  some  other 
Oompodtm;  taste  bitter,  acrid.  Dust  sternutatory.  Usu- 
ally the  drug  consists  of  the  entire  capitula,  but  some- 
times the  flowers  are  separated  and  constitute  the  whole. 

Arnica  Leaves  are  not  much  used.  They  are  lanceolate, 
with  tapering  bases,  entire,  and  from  one-  to  three  or 
five-nerved,  according  to  size  and  position;  they  are 
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Their 


Flower  of  same. 
(Enlarged!) 


rather  stiff,  rough  above,  and  smooth  beneath, 
properties  are  those  of  the  flowers,  but  weaker. 

Arnica  Boot. — This  consists  of  the  sparsely  scaly,  dark- 
brown  rhizome  and  its  adherent  roots.  It  is  brittle,  often 
bent,  from  two  to  six  centimetres  long  (one 
to  two  and  a  half  inches),  and  from  four 
to  five  millimetres  (one-sixth  to  one-fourth 
inch)  in  diameter.  It  is  rough,  irregularly 
ringed  and  knotted,  and  has  numerous 
brittle,  simple  rootlets  attached  to  one 
side,  all  the  way  along.  They  are  about 
one  millimetre  in  diameter,  and  two  or 
three  centimetres  in  length.  The  exter- 
nal color  of  the  rhizome  is  dark-brown,  of 
the  roots  lighter.  Internally  it  is  a  gray- 
ish-white, with  a  circle  of  darker  oil-tubes, 
etc.,  in  the  cortical  portion.  Taste  sharp, 
bitter,  persistent.     Odor  slight. 

The  chief  constituents  are  the  oO,  of 
which  it  contains  about  one  per  cent., 
and  a  crystalline  bitter  principle,  amiein. 
The  oil  of  arnica  has  a  peculiar  compo- 
sition. 

Internally  administered.  Arnica  has  a 
decided  action  upon  the  animal  organism, 
especially  upon  the  gastric  and  intestinal 
tracts,  causing  vomiting,  pain  in  stomach  I'™-  26S.---singlo 
and  bowels,  colics,  diarrhoea,  etc.  It  may 
cause  death,  as  in  a  case  recorded  by 
Wilms  (quoted  by  Hager),  with  symptoms  of  gastro-en- 
teritis,  where  the  amount  taken  was  from  fifty  to  eighty 
cubic  centimetres  (fourteen  to  twenty  drachms)  of  a  ten  per 
cent,  tincture.  It  may  also  produce  dizziness,  faintness, 
headache,  sweating,  increase  of  urine,  etc.  It  is  said  to 
cause  bloody  milk  in  cows.  The  above  effects  do  not 
recommend  arnica  much  for  internal  use,  still  it  has  been 
given  for  nervous,  spinal,  and  urinary  troubles,  fevers, 
etc.  Such  internal  use  of  the  drug  is  "now  rare.  Exter- 
nally and  locally  Arnica  is  a  favorite  ingredient  of  popu- 
lar vulneraries  ;  it  is  stimulant,  sometimes  (if  concen- 
trated), irritant  to  some  skins  and  it  may  even  give  rise  to 
the  formation  of  pustules.  Dose,  from  four  to  twelve  de- 
cigrams (0.4  to  1.2  (Jm.,  gr.  vj.  to  xviij.). 

The  preparations  are  Extract  of  Arnica  Root  (Extrae- 
ium  Arniem  Radicis,  U.  S.  Ph.),  a  tincture  evaporated  to 
a  moist  mass  and  preserved  from  drying  by  a  little  gly- 
cerine ;  used  to  make  Arnica  Plaster  (Emplaatrum  Ar- 
nica, U.  S.  Ph.,  one-third  with  two-thirds  Besin  Plaster) ; 
Fluid  Extract  of  Arnica  Root  (Extractum  Arniem  Badi- 
cis  Fluidum,  U.  S.  Ph.,  strength,  \) ;  Tincture  of  Ar- 
nica Root  (Tinciura  Arniem  Radicis,  strength  -sV),  and 
finally  Tincture  of  Arnica  Flowers  (Tinctura  Arniem 
Fhrum,  U.  S.  Ph.,  strength  i). 

Allied  Plants. — For  CompoBitm  see  Chamomile. 

Allied  Drugs. — Internally  Veratrine,  Turpentine, 
Antimony,  and  some  of  the  other  Gompodtm.  Exter- 
nally, numerous  stimulating  drugs  and  liniments — Tur- 
pentine, Oil  of  Cajeput,  Thapsia,  etc.         W.  P.  Bolles. 

ARNSTADT,  a  city  situated  in  the  Thuringian  forest 
of  Saxony,  a,t  an  altitude  of  309.7  metres  (1,006  feet),  con- 
tains scattered  about  its  environs  numerous  chlorinated 
springs,  the  therapeutic  effect  of  which  is  augmented  by 
the  equable  and  mild  climate  of  this  region.  The  moun- 
tain air  is  bracing  and  singularly  pure.  The  thermo- 
metric  variation  is  seldom  more  than  5°  C,  and  often  less 
during  the  summer  days,  though  the  nights  are  cooler. 
The  temperature  of  the  water  is  only  11°  C.  (51.8°  F.) : 
it  contains  24  per  cent,  of  solid  matters,  but  the  baths  are 
taken  in  a  dilution  of  one  part  in  three. 

The  composition  of  the  water  is  as  follows  : 

Sodium  chloride 324.000 

Calcium  chloride ; . .      6.450 

Magnesium  chloride 5.110 

Magnesium  iodide  0.001 

Magnesium  bromide 0.054 

Calcium  sulphate 1.700 

The  waters  are  evaporated  so  that  the  residue  contains 
431.4  parts  total  solids  per  1,000,  with  a  disproportionate 


increase  of  bromides  and  iodides ;  this  is  then  diluted 
with  simple  carbonated  water,  and  used  as  a  beverage,  or 
is  bottled  for  export.  At  Plane,  in  the  neighborhood  of 
Arnstadt,  is  the  "  Riedquelle,"  a  chlorinated  spring,  the 
water  of  which  is  used  undiluted,  or  in  admixture  with 
milk  and  whey.  It  is  indicated  for  infantile  struma,  and 
inflammation  of  the  mucous  membranes  in  general.  The 
Riedquelle  water  contains  4.959  parts  solids  per  1,000,  in 
the  following  proportions : 

Sodium  chloride 3.706 

Calcium  chloride 0.004 

Magnesium  chloride 0.068 

Sodium  sulphate 0.808 

Magnesium  sulphate 0.130 

Calcium  sulphate 0.416 

Sodium  carbonate 0.267 

Free  carbonic  acid,  71.564  Cc. 

The  temperature  of  this  spring  is  15°  C.  (59°  F.).  There 
are  at  Arnstadt  two  large  bathing  establishments  with 
complete  apparatus  for  vaporization  of  the  water,  inhal- 
ing apparatus,  pine  baths,  promenades,  and  other  im- 
proved and  modern  aids  to  the  water  cure. 

Henry  Fleiscliner. 

ARROW-HEAD  HOT  SPRINGS.  Location  and  Post- 
Office,  San  Bernardino,  San  Bernardino  County,  Cal. 

Access, — By  Southern  Pacific  Railroad  to  Colton, 
thence  by  stage  to  Springs,  ten  miles  distant. 

Analysis.— No  reliable  analysis  had  been  received  to 
date,  but  the  water  is  said  to  be  strongly  impregnated  with 
iron,  combined  with  magnesia,  sulphur,  and  iodine. 

Thbbapeutic  Pkopekties. — ^Without  a  knowledge  of 
the  chemical  composition  of  these  waters  it  is  impossible 
to  judge  of  their  medicinal  value.  However,  having  a 
temperature  from  180°  to  210°  F.,  they  should  be  of  bene- 
fit in  rheumatism,  gout,  and  skin  diseases.  Provision  is 
made  for  the  treatment  of  these  cases  by  steam-  and  mud- 
baths.  It  is  also  claimed  that  they  are  efficacious  in  kid- 
ney, liver,  and  stomach  affections. 

The  springs,  twelve  or  more  in  number,  are  situated 
in  the  foot-hills  north  of  San  Bernardino,  at  an  altitude  of 
2,000  feet.  They  issue  from  a  species  of  granite,  mixed 
with  silica. 

The  climate  is  delightfully  pure  and  balmy.  The  tem- 
perature is  never  oppressively  warm,  and  rarely  ever 
reaches  the  freezing-point.  On  account  of  the  altitude 
fogs  seldom  prevail.  For  sufferers  from  lung  and  bron- 
chial troubles  this  region  is  a  favorite  resort. 

The  present  proprietors  of  the  Springs,  who  have 
lately  come  into  possession,  have  erected  a  large,  first- 
class  hotel,  and  heated  it  by  the  water  from  the  Springs. 
The  bathing  facilities  have  been  renovated  and  enlarged. 
They  include  a  hot- water  swimming  pool,  seventy  by  one 
hundred  feet,  and  from  five  to  twelve  feet  deep. 

The  scenery  from  the  Springs  is  grand  and  beautiful. 
To  the  north  are  snow-capped  mountains,  while  on  the 
south  the  beautiful  valleys  of  San  Bernardino  and  River- 
side, with  their  orange-groves,  vineyards,  and  grain-fields, 
are  spread  out  against  a  background  of  the  Temescal 
Mountains,  thirty  miles  away.  There  are  churches  and 
schools  at  San  Bernardino,  six  miles  from  the  Springs. 

a.  B.  F. 

ARROWROOT  {Arrowroot  de  la  Jamaigue,  Codex 
Med.).  The  starch  obtained  from  Maranta  arundinacea, 
Linn.     Order,  Seitaminem ;  tribe,  Marantacem. 

The  Marantas  form  a  small  group  of  this  most  interest- 
ing tropical,  or  subtropical,  order,  of  which  (Jinger  and 
the  Cannas  are  other  conspicuous  examples.  They  differ 
from  the  former  principally  by  having  but  one  anther- 
cell  and  a  one-seeded  fruit,  and  from  the  latter  also  by  their 
one-seeded  fruit.  They  are  perennial  herbs,  with  tuber- 
ous or  thickened  starch-laden,  scaly  rhizomes,  and  leafy, 
often  branched,  stems.  The  flowers  partake  of  the  pe- 
culiar irregularity  of  the  order,  although  not  so  showy  as 
many,  in  being  principally  composed  of  the  petal-like 
staminodia,  or  barren  stamens.  The  cultivated  Cannas,  so 
common  in  gardens,  will  serve  as  an  illustration  of  the 
order. 
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The  arrowroot  plant  is  a  native  of  tropical  America, 
including  the  "West  Indies.  It  is  also  extensively  culti- 
vated, and  has  been  introduced  into  nearljr  all  tropical 
countries.  A  large  amount  of  arrowroot  is  now  pro- 
duced in  Southern  Asia.  The  Indian  plant  differs  some- 
what from  the  American,  hut  is  considered  as  only  a  va- 
riety of  it. 

The  early  medicinal  application  of  arrowroot  among 
the  aborigines  appears  to  have  been  as  a  remedy  for  the 
wounds  of  their  arrows,  to  which  it  owes  its  name.  It 
was  both  given  internally,  and  applied  as  a  poultice  to 
the  injured  part.  It  was  also  used  as  a  food.  Accounts 
of  its  cultivation  in  the  West  Indies  date  back  about  a 
hundred  and  fifty  years,  since  which  time  it  has  been  an 
article  of  general  commerce. 

Arrowroot  is  prepared  in  essentially  the  same  way  as 
other  starches,  namely,  by  washing  it  out  of  the  cellular 
tissue.  The  rhizomes  are  carefully  cleaned  and  ground, 
then  the  pulp  is  washed  over  sieves,  through  which  the 
starch  passes  with  the  water  into  reservoirs,  where  it 
gradually  subsides  to  the  bottom.  It  is  washed  over  and 
over  with  clean  water,  until  perfectly  white  and  pure,  and 
is  then  dried.  The  yield  is  about  ten  per  cent,  of  the  fresh 
rhizome.  It  is  manufactured  in  a  number  of  tropical 
countries,  several  of  the  West  India  islands,  Brazil, 
India,  etc.,  but  that  of  the  West  Indies,  generally  called 
Bermuda  arrowroot,  is  regarded  as  the  best.  It  is  a 
beautifully  white,  lumpy  powder,  without  odor  or  taste  ; 
rubbed  between  the  fingers  it  gives  a  slight  crackling 
sound,  or  rather,  feeling,  for  the  sensation  is  conveyed 
more  through  the  fingers  than  the  ears.  Its  other  prop- 
erties are  simply  those  of  starch  in  general,  to  which  the 
reader  is  referred. 

When  the  antiphlogistic  treatment  of  diseases  was  more 
in  vogue  than  at  present,  arrowroot  took  quite  an  im- 
portant place  in  the  dietary  of  the  sick.  It  was  also  ex- 
tensively used  as  an  ingredient  of  foods  for  infants.  For 
neither  of  these  purposes  is  it  to  be  much  recommended. 
As  a  food  it  has  scarcely  any  advantages  over  the  cheaper 
indigenous  starches  now  so  admirably  prepared. 

Allied  Plauts.— Species  of  Ganna  and  Curcuma 
yield  similar  starches.  For  notice  of  the  order,  see 
Ginger. 

Allied  Drugs.— See  Starch.  W.  P.  Bolles. 

ARSENIC.  1.  General  Medicinal  Properties  of 
THE  Compounds  op  Arsenic— The  predominant  feature 
of  the  action  of  arsenical  preparations  is  intense  irrita- 
tion. Locally  applied  in  fairly  concentrated  form  to  a 
denuded  surface  the  irritation  is  so  severe  as  to  excite  the 
extreme  of  reaction,  namely  gangrenous  inflammation ; 
the  part  sloughs,  strangulated  by  congestion  and  inflam- 
mation. Arsenic  is  thus  indirectly,  and  because  indi- 
rectly, slowly,  painfully,  and  dangerously,  caustic. 
Applied  so  as  to  cauterize,  there  is  also  a  risk  of  absorp- 
tion ot  enough  arsenic  to  produce  constitutional  poison- 
ing, a  risk  greater  when  the  application  is  weak  than 
when  It  IS  strong,  since  in  the  latter  case  congestion  is 
developed  early,  whereby  absorption  is  impeded  When 
arsenic  is  taken  internally,  gastro-intestinal  irritation  is 
easily  produced,  and  in  acute  arsenical  poisoning  consti- 
tutes the  most  prominent  feature  of  the  derangement 
Apart  from  tendency  to  irritate,  arsenic  is  fairly  anti- 
septic, and  upon  the  higher  organisms,  such  as  man  has 
an  action  upon  the  nervous  system.  In  arsenical  poison- 
ing nervous  symptoms  are  prominent,  and,  therapeuti- 
cally, much  of  the  avail  of  arsenicals  hinges  upon  the 
allaying  of  nervous  derangements. 

For  the  purposes  for  which  arsenic  is  used  in  medicine 
the  remedy  has  to  be  administered  continuously  for  davs' 
weeks,  or  months.  In  so  giving  it  the  rule  is  to  adjust 
the  dosage  so  that  no  obvious  disturbance  is  set  up  Such 
ftSf'fircf-  *^^  l'?g*.°n»^8  of  poisoning  that  is,  shows 
tself  first  in  an  irritation  of  the  conjunctiva,  he  eve 
becoming  suffused  and  smarting,  and  the  lower  lid  puftv 
from  oedema ;  and  secondly,  in  an  irritation  of  the  stom 
ach,  shown  by  failure  of  appetite  and  soreness  a^d 
sensation  of  weight  at  the  epigastrium.  In  soSe  persons 
the  gastric  symptoms  precede  the  conjunctival.     The  two 
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sets  of  symptoms  should  be  watched  for  in  arsenical 
medication,  and  the  dosing  diminished  or  temporarilv 
discontinued  until  their  abatement,  which  speedily  fol 
lows  the  withdrawal  of  the  poison. 

The  therapeutically  valuable  properties  of  arsenic  are 
as  follows  : 

(a)  Improvement  of  Nutrition. — Even  in  the  healthy 
carefully  graduated  dosage  with  arsenic  tends  to  improve 
general  nutrition,  the  Individual  fattening,  the  skin  beine 
specially  rosy  and  smooth,  or,  in  animals,  the  fur  sleel 
and  glossy,  and  the  bones  thick  and  dense.'  In  the  so- 
called  arsenic-eaters  of  Styria,  the  women  are  said  to 
indulge  for  the  beautifying  of  their  complexion,  and  the 
men  for  the  improvement  of  their  wind  and  the  increased 
physical  endurance  which  they  claim  to  derive  from  the 
use  of  arsenic.  This  habit  of  regular  consumption 
of  arsenic  among  certain  of  the  working-class  in  Styria 
seems  now  established  as  a  fact  by  competent  and  reliable 
testimony.  ^  Arsenious  acid  is  the  preparation  commonly 
used,  and  the  daily  allowance  has  been  known  to  reach 
five  and  even  ten  grains.  But  attempts  in  other  countries 
to  acquire  the  tolerance  of  the  poison  which  the  Styriau 
peasantry  show,  commonly  end  in  disaster.  The  prop- 
erty of  arsenic  to  modify  nutrition  is  availed  of  princi- 
pally in  the  following  diseases :— Progressive  Pemiciout 
Anmmia :  In  this  affection,  where  iron  is  so  notoriously 
futile,  arsenic  has  in  many  cases  proved  of  great  benefit, 
patients  even  recovering  fully  under  its  use.  It  is  prob- 
ably at  the  present  writing  the  most  important  medicinal 
agent  for  the  treatment  of  the  disease.  Scaly  Skin  Dis- 
eases :  In  skin  diseases  arsenic  is  more  or  less  used,  but 
experience  agrees  that  it  is  vastly  more  likely  to  be  of 
benefit  in  affections  of  the  epidermis  than  in  those  involv- 
ing the  corium.  Psoo-iasis  is  a  typical  disease  of  the 
former  kind,  and  in  its  treatment  arsenic  is  a  standard 
remedy.  At  the  beginning  of  an  arsenical  course  the 
symptoms  often  suffer  an  exacerbation,  but  this  com- 
monly subsides  in  a  few  days.  The  medicine  should  not 
be  prescribed  during  the  inflammatory  stage  of  a  skin 
disease,  but  when  used  should  be  persisted  in  for  weeks, 
or  even  months,  after  apparent  cure.  Under  all  circum- 
stances the  remedial  action  is  slow. 

(J)  Control  of  Neuroses. — The  property  of  arsenic  to 
affect  nerve-functions,  seen  in  the  nervous  phenomena 
that  attend  arsenical  poisoning,  shows  itself  therapeuti- 
cally in  a  tendency  to  abate  pain,  spasm,  and  undue  re- 
flex irritability.  The  property  is  utilized  most  especially 
in  the  following  conditions:  —  Oastrie  IrriUMity:  In 
idiopathic  dyspeptic  irritabilitjr  of  the  stomach,  or  in  the 
irritability  attending  the  chronic  gastritis  of  drunkards, 
or  ulcer  or  cancer  of  the  stomach,  arsenic  is  often  of  con- 
siderable benefit,  and  is  especially  efficacious  where  the 
nervous  disturbance  is  disproportionately  great  to  the  ex- 
tent of  the  lesion.  Neuroses  of  the  Respiratory  Orgam : 
Certain  asthmatics  find  a  certain  amount  of  temporary 
relief  from  arsenic,  a  relief  more  likely  to  be  obtained  in 
the  pure  neurotic  form  of  the  disease  than  where  the 
symptoms  are  secondary  to  bronchitis,  emphysema,  or 
disease  of  the  heart.  Yet  also  the  nerve-irritation  in 
coryza  may  be  relieved,  and,  according  to  Ringer,  par- 
oxysmal sneezing  is  often  promptly  broken  by  the 
remedy,  except  when  caused  by  true  hay  fever,  the  result 
of  the  inhalation  of  pollen.  Other  Neuroses :  In  clwrea 
arsenic  is  probably  the  most  generally  serviceable  of 
medicines,  an  opinion  so  universally  held  that  discussion 
is  unnecessary.  Simple  uncomplicated  cases  recover 
under  the  use  of  the  remedy  more  frequently  than  not. 
Neuralgia  also  sometimes  yields  to  arsenic,  more  par- 
ticularly when  the  attacks  show  a  regular  periodicity  of 
onset ;  in  other  words,  when  the  affection  is  very  likely 
of  malarial  origin.  Other  neuroses  also,  such  as  angina 
pectoris,  and  even  epilepsy,  have  occasionally  been  treated 
by  arsenic,  and  isolated  cases  have  been  reported  where 
benefit  has  been  claimed  from  the  medication. 

(o)  Control  of  Malarial  Diseases. — Arsenic  has  a  notori- 
ous power  over  malarial  affections,  being  commonly  re- 
sorted to  as  next  choice  after  the  cinchona  alkaloids.  In 
a  broad  way  it  is  inferior  in  potency  to  those  alkaloids, 
but  yet  in  old  cases,  and  particularly  in  intermittenfs  ol 
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tertian  and  quartan  rather  than  quotidian  type,  it  may 
succeed  even  after  quinine  has  failed.  As  compared  with 
quinine,  furthermore,  arsenical  preparations  are  tasteless 
and  cheap,  and  for  those  reasons  alone  may  be  selected 
for  prescription  in  malarial  disease  with  the  poor  or  with 
children. 

Besides  the  foregoing,  arsenic  has  been  used  in  a  great 
variety  of  diseases  on  the  general  principle  of  being  an 
"  alterative,"  with  alleged  success  in  many  cases. 

3.  The  Medicinally  used  Preparations  of  Ar- 
senic.— The  arsenical  compounds  used  in  medicine  are 
the  trioxide  (arsenious  acid),  triiodide,  and  the  two  salts, 
poiassic  arseniie  and  sodie  arsenate. 

Armnie  Trioxide,  As-jOs,  or  As406.  This  well-known 
compound  is  officinal  in  the  U.  S.  Pharmacopoeia  as  Aci- 
dmn  Arsenio»um,  Arsenious  Acid,  an  appellation  which 
chemically  belongs  only  to  the  aqueous  solution  of  the 
oxide.  This  is  the  preparation  also  known  as  white  ar- 
lenie,  or,  in  common  parlance,  simply  a/rsenic.  Arsenious 
acid,  so-called,  is  "a  heavy,  white  solid,  occurring  either 
as  an  opaque  powder,  or  m  transparent  or  semitranspar- 
ent  masses  which  usually  have  a  striated  appearance  ; 
permanent  in  the  air,  odorless  and  tasteless,  and  having  a 
faintly  acid  reaction.  Soluble  in  30  to  80  parts  of  water 
at  15°  C.  (59°  F.),  the  solubility  varying  with  its  physical 
condition.  It  is  slowly  but  completely  soluble  in  15  parts 
of  boiling  water.  In  alcohol  it  is  but  sparingly  soluble. 
It  is  freely  dissolved  by  hydrochloric  acid,  the  alkalies 
and  their  carbonates,  and  is  moderately  soluble  in  glyce- 
rin. "When  heated  to  about  218°  C.  (424.4°  F.)  it  is  com- 
pletely volatilized,  without  melting,  and  when  thrown  on 
ignited  charcoal,  it  emits  an  alliaceous  odor  "  (U.  S.  Ph.). 
Arsenious  acid  is  obtained  by  sublimation,  by  roasting 
ores  containing  arsenic,  and  is  subsequently  purified  by 
resublimation.  When  first  obtained  it  is  in  transparent 
glass-like  masses,  but  these,  in  after-exposure,  acquire  the 
porcelain-like  appearance  in  which  arsenious  acid  is  com- 
monly met  with  in  the  shops.  This  change,  beginning 
on  the  surface,  gradually  extends  in  time  throughout  the 
whole  thickness  of  the  mass ;  not  so  quickly,  though,  but 
that  commercial  samples  may  often  be  found  where  the 
masses,  on  fracture,  show  a  vitreous  interior.  For  medi- 
cal use  the  mineral  is  pulverized,  appearing  then  as  a 
veiy  fine,  white,  smooth  powder.  In  this  condition  it  is 
easily  adulterated,  but  the  fraud  can  be  readily  detected 
by  sjjbmitting  the  sample  to  sublimation,  when  the  arsen- 
ious acid  will  all  disappear  by  volatilization,  and  the  im- 
purities be  declared  by  a  non- volatile  residue. 

Arsenious  acid  possesses  all  the  physiological  properties 
of  arsenicals  as  above  set  forth.  It  does  not  act  upon  the 
sound  skin,  but  upon  a  mucous  membrane  or  denuded 
surface  produces  violent  irritation.  Taken  internally  it  is 
readily  enough  absorbed  to  produce  the  constitutional  ef- 
fects of  arsenic,  therapeutic  or  toxic,  and  may  be  so  used, 
as  a  medicine,  in  doses  of  0.003  Gm.  (one-twentieth  grain) 
three  times  a  day,  generally  given  in  pill.  But  it  is  not  an 
eligible  preparation  for  internal  use,  because  of  the  local 
irritation  it  is  apt  to  set  up.  Externally  it  has  been  em- 
ployed to  destroy  the  tissues  of  cancer  or  lupus,  applied 
in  ointment  or  paste.  For  such  purpose  the  arsenious 
acid  is  mixed  with  from  four  to  eight  times  its  weight  of 
inert  matter,  such  as  ointment  or  an  indifferent  powder 
brought  to  condition  of  paste  by  admixture  of  mucilage. 
Such  arsenical  ointment  or  paste  is  then  applied  to  the 
tissue  to  be  destroyed,  the  point  being  observed,  if  the 
part  be  covered  by  skin,  to  first  remove  the  epithelium 
by  blistering.  The  application  is  to  continue  for  from 
twelve  to  twenty-four  hours.  Weak  arsenical  mixtures 
are  more  dangerous  than  strong,  because  of  the  greater 
likelihood  of  constitutional  poisoning.  Even  strong  ap- 
plications, if  at  all  extensive,  are  risky,  and,  at  best,  the 
destruction  of  tissue  by  arsenic  is  a  slow,  uncertain,  and 
very  painful  process,  not  to  be  commended.  Most  of  the 
numberless  caustic  pastes  of  quack  "cancer-doctors"  are 
preparations  of  arsenious  acid.  The  following  have  been 
celebrated  in  their  day  : — Arsenical  Paste  of  Frire  Odme : 
Arsenious  acid  and  animal  charcoal,  each  one  part ;  mer- 
curic sulphide,  four  parts  ;  to  be  used  only  over  a  small 
area  at  a  time.    iSir  Aatley  Cooper's  Arsenious  Ointment  : 


Arsenious  acid  and  sulphur,  each  one  part ;  spermaceti 
cerate,  eight  parts.  Plunket's  Caustic :  Bruised  plant  of 
ranunculus  aeris  and  of  ranunculus  flammula,  each 
twenty-four  parts  ;  arsenious  acid,  three  parts  ;  sulphur, 
five  parts  ;  the  whole  mixed  to  a  paste,  rolled  into  balls 
and  these  dried  in  the  sun.  For  application  the  balls  are 
to  be  again  reduced  to  pasty  consistence  by  rubbing  with 
yolk  of  egg.  In  using  this  preparation,  preliminary  de- 
nudation of  the  skin  is  unnecessary,  that  operation  being 
performed  by  the  acrid  matter  of  the  crowfoot.  The 
only  preparation  of  arsenious  acid  ofBcinal  in  the  U.  S. 
Pharmacopoeia  is  what  is  entitled,  now,  Liquor  Acidi 
Arseniosi,  Solution  of  Arsenious  Acid.  This  is  a  one  per 
cent,  solution  of  the  arsenical  in  water  acidulated  with 
two  per  cent,  of  hydi'ochlorio  acid,  and  corresponds  with 
what  was  called  in  the  fifth  revision  of  the  Pharmaco- 
poeia "  Solution  of  Chloride  of  Arsenic."  The  change  of 
title  is  a  proper  one,  since  the  hydrochloric  acid  merely 
determines  the  solution  of  the  arsenious  acid  without  en- 
tering into  combination  with  it.  The  preparation  is  of 
the  same  strength  as  Fowler's  solution  (see  below),  and 
is  given  in  doses  of  0.30  Gm.  (five  minims)  three  times  a 
day,  largely  diluted  with  water. 

Arsenic  Triiodide,  Asia.  This  compound  is  officinal  in 
the  U.  S.  Pharmacopoeia  as  Arsenii  lodidum.  Iodide  of 
Arsenic.  It  is  in  "  glossy,  orange-red,  crystalline  masses, 
or  shining,  orange-red,  crystalline  scales,  gradually  losing 
iodine  when  exposed  to  the  air,  having  an  iodine-like  odor 
and  taste,  and  a  neutral  reaction.  Soluble  in  3.5  parts  of 
water  and  in  10  parts  of  alcohol  at  15  C.  (59°  F.) ;  also 
soluble  in  ether  and  in  disulphide  of  carbon.  It  is  gradu- 
ally decomposed  by  boiling  water  and  by  boiling  alcohol. 
By  heat  the  salt  is  completely  volatilized.  The  aqueous 
solution  has  a  yellow  color,  and,  on  standing,  gradually 
decomposes  into  arsenious  and  hydriodlc  acids"  (U.  S. 
Ph.).  This  iodide  has  been  given  internally  as  an  arseni- 
cal in  doses  of  0.008  Gm.  (one-eighth  grain),  and  used  ex- 
ternally on  malignant  growths  in  a  one  per  cent,  ointment ; 
but  its  principal  purpose  among  medicines  is  to  furnish 
the  pharmacist  with  the  arsenical  ingredient  of  the  officinal 
preparation.  Liquor  Arsenii  et  Hydra/rgyri  lodidi.  Solution 
of  Iodide  of  Arsenic  and  Mercury,  commonly  known  as 
BoTuman's  Solution.  This  is  an  aqueous  solution  of  one 
per  cent,  each  of  the  iodide  of  arsenic  and  the  red  iodide 
of  mercury.  It  is  a  pale  yellow  fluid,  slightly  astringent 
in  flavor,  and  precipitating  with  alkalies,  silver  solutions, 
and  solutions  of  alkaloidal  salts.  It  is  used  as  a  composite 
"alterative"  internal  medicine,  its  reputation  being  prin- 
cipally in  the  line  of  scaly  skin  disease,  syphilitic,  or 
idiopathic,  and  in  rheumatic  affections.  Dose,  from 
five  to  ten  drops,  well  dilutfed  with  water,  after  meals. 

Potassic  A  r senile.  An  arsenite  of  potassium  is  officinal  in 
the  U.  S.  Pharmacopoeia  only  in  the  solution,  entitled  Liq- 
uor Potassii  Arsenitis,  Solution  of  Arsenite  of  Potassium, 
better  known  by  the  common  name  of  Fowler's  Solution. 
This  solution  is  made  by  boiling  equal  parts  of  arsenious 
acid  and  acid  potassic  carbonate  in  water,  until  chemical 
union  is  effected,  then  bringing  the  solution  to  the  stand- 
ard strength  of  one  per  cent,  of  arsenious  acid,  and  adding 
a  small  charge  of  compound  tincture  of  lavender.  This 
latter  addition  is  to  give  the  preparation  sufficient  taste 
and  color  to  prevent  its  being  mistaken  for  simple  water. 
Fowler's  solution  is  clear,  and  tastes  only  of  lavender. 
It  is  of  alkaline  reaction,  and  responds  to  the  usual  tests 
for  arsenic.  Physiologically  it  acts  the  same  as  would  a 
solution  of  arsenious  acid  of  like  strength.  It  is  in  imi- 
tation of  a  famous  remedy  known  as  "tasteless  ague- 
drop,"  and  is  the  most  convenient  and  commonly  used 
arsenical  for  internal  giving.  The  average  dose  is  five 
drops,  well  diluted  with  water,  to  be  taken,  like  all  ar- 
senicals, after  eating,  and  repeated  two  or  three  times  a 
day. 

Sodic  Arsenate,  Na^HAsO*,  7H,0.  The  salt  is  offi- 
cinal under  title  Sodii  Arsenias,  Arseniate  of  Sodium.  It 
occurs  in  "colorless,  transparent,  prismatic  crystals, 
slightly  effiorescent  in  dry  air,  odorless,  having  a  mild, 
feebly  alkaline  taste,  and  a  faintly  alkaline  reaction. 
Soluble  in  four  parts  of  water,  and  very  slightly  soluble 
in  alcohol  at  15°  C.  (59°  F.) ;  very  soluble  in  boiling 
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■water,  and  soluMe  in  sixty  parts  of  boiling  alcohol. 
When  gently  heated,  the  salt  loses  28.8  per  cent  of  its 
weight  (water  of  crystallization),  and,  if  further  heated, 
to  near  148°  C.  (398.4°  F.),  it  loses  the  remainder  of  its 
water  (11.5  per  cent.) "  (U.  S.  Ph.).  Sodic  arsenate  has 
the  usual  properties  of  the  arsenicals,  hut  is  a  httle  milder 
than  potassic  ar,senite.»  It  is  generally  prescribed  in  the 
officinal  Liquor  Sodii  Arseniaiis,  Solution  of  Arseniate  of 
Sodium,  simply  a  one  per  cent,  aqueous  solution  of  the 
salt.  This  solution  may  be  given  in  the  same  dose  and 
manner  as  Fowler's  solution. 

Edward  Ourtu. 

•  Th.  GicB :  Arohiv  liir  Experiment.  Path.,  December,  1877,  quoted  in 
Phillips's  Materia  Medioa. 
2  Maclagan :  Edinburgh  Medical  Journal,  1864,  p.  iVi. 
'  Ringer :  Journal  ol  Physiology,  vol.  i.,  p.  313. 

ARSENIC,  POISONING  BY.  Metallic  arsenic,  even  if 
pure,  may  act  as  a  violent  poison,  when  taken  internally, 
apparently  by  reason  of  its  oxidation  and  solution  in  the 
contents  of  the  stomach  and  intestines.  Exposed  to  moist 
air  it  slowly  absorbs  oxygen,  with  the  formation  of  ar- 
senious  oxide,  and  thus  acquires  poisonous  properties. 
This  mixture  of  arsenic  and  arsenious  oxide,  containing, 
it  is  said,  from  four  to  eleven  per  cent,  of  the  latter  com- 
pound, has  been  sold  under  the  name  of  fly-powder,  and 
has  given  rise  to  a  number  of  cases  of  poisoning,  most  of 
which  have  been  caused  by  the  accidental  ingestion  of  the 
poison  by  children.  The  symptoms  and  appearances 
produced  by  it  are  similar  to  those  caused  by  arsenious 
oxide. 

All  the  soluble  compounds  of  arsenic,  and  some  of 
the  insoluble  compounds,  are  poisonous.  The  principal 
compounds  which  have  given  rise  to  poisoning  are  :  ar- 
senious oxide,  called  also  arsenious  anhydride,  arsenious 
acid,  white  arsenic,  and  arsenic  ;  the  arsenites  of  sodium, 
potassium,  and  copper  ;  the  arseniates  of  sodium  and  po- 
tassium ;  arseniuretted  hydrogen  (see  Arseniuretted  Hy- 
drogen, Poisoning  by) ;  the  yellow  sulphide  of  arsenic,  or 
orpiment,  and  the  red  sulphide,  or  realgar ;  arsenical  col- 
ors, which  include  arsenite  of  copper,  or  Scheele's  green  ; 
aceto-arsenite  of  copper,  or  Schweinfurt  green ;  the 
sulphides  of  arsenic,  and  aniline  and  other  coal-tar 
colors,  which  frequently  contain  arsenic  in  some  form. 
The  most  important  of  these  compounds  are  arsenious 
oxide  and  the  preparations  included  under  the  term 
"  arsenical  colors."  Of  the  solid  compounds  of  arsenic, 
those  which  are  most  soluble  are,  as  a  rule,  the  most 
poisonous. 

Acute  Poisoning. — The  principal  source  of  acute 
poisoning  is  arsenious  oxide,  or  white  arsenic,  which  has 
^ven  rise  to  a  large  number  of  cases  of  criminal,  sui- 
cidal, and  accidental  poisoning.  The  opportunities  for 
poisoning  by  this  substance  are  much  increased  by  the 
_  fact  that  it  can  be  easily  obtained  for  the  extermination 
of  household  vermin,  and  for  use  as  an  antiseptic.  It  has, 
moreover,  no  appreciable  taste,  and  is  not  therefore  de- 
tected, as  a  rule,  when  taken  into  the  mouth. 

Symptoms.— The  time  at  which  the  symptoms  appear  is 
subject  to  many  variations,  depending  m  great  part  on  the 
dose,  on  the  form  in  which  it  has  been  administered, 
whether  as  a  solid  or  in  solution,  and  on  the  condition  of 
the  stomach.  The  average  period  is  from  half  an  hour 
to  an  hour  after  the  poison  has  been  taken.  Oases  have 
been  reported  in  which  they  have  appeared  immediately 
(Beck,  Wharton  and  Stille,  Taylor) ;  within  eight  and 
ton  minutes  (Christison) ;  within  fifteen  minutes  (Taylor). 
In  others  the  symptoms  have  been  delayed  for  several 
hours ;  five  hours  (Orfila),  seven  (Lacli6se),  eight  (Ton- 
nelier),  nine  (Ryan),  ten  (Belloc),  and  sixteen  (Harts- 
horne). 

When  a  large  dose  of  arsenic  has  been  taken,  the  first 
symptoms  are  usually  nausea,  and  an  intense  burning 
pain  in  the  throat,  oesophagus,  and  stomach,  followed  by 
violent  and  incessant  vomiting.  The  vomited  matters 
consist,  at  first,  of  the  contents  of  the  stomach,  but  later, 
ot  mucus,  bile,  and  sometimes  blood.  The  pain  soon 
extends  over  the  whole  abdomen,  and  is  followed  by  vio- 
lent purging    and  tenesmus.      The   stools  are  usually 
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watery,  sometimes  resembling  the  discharges  of  cholera 
and  are  frequently  tinged  with  blood.  ■  There  is  usually 
intense  thirst  and  a  feeling  of  constriction  in  the  throat  • 
there  are  pains  in  the  loins  and  cramps  in  the  extremities.' 
There  is  severe  headache ;  the  skin  is  cold,  and  covered 
with  a  clammy  perspiration ;  at  first  pale,  it  later  be- 
comes cyanotic.  The  respiration  is  painful ;  there  is 
great  prostration ;  the  urine  is  sometimes  suppressed. 
Coma,  convulsions,  and  partial  or  general  paralysis  not 
infrequently  precede  death,  which,  in  this  form  of  poison- 
ing, usually  takes  place  in  from  five  to  twenty-four  hours. 
In  rare  cases  pain,  vomiting,  and  purging  are  slight  or 
wanting.  In  some  of  these  cases  the  patient  passes  at 
once  into  a  state  of  collapse,  in  others  the  symptoms  re- 
semble those  produced  by  a  narcotic. 

Frequently  the  progress  of  the  case  is  not  so  rapid  as  stated 
above.  The  early  symptoms,  consisting  of  burning  pain  in 
the  throat,  oesophagus,  and  stomach,  vomiting,  purging, 
excessive  thirst,  irregular  pulse,  coldness  of  the  extremi'- 
ties,  and  great  weakness,  last  from  a  few  hours  to  one  or 
two  days,  when  a  remission,  or  even  a  complete  intermis- 
sion, of  some  of  the  prominent  symptoms,  especially  of 
pain,  vomiting,  and  purging,  occurs.  After  a  time,  how- 
ever, the  symptoms  recur  with  increased  violence,  and  run 
the  same  general  course  which  has  been  described,  deatU 
taking  place  in  from  two  to  six  or  eight  days.  In  some 
cases  an  eruption  appears  on  the  skin  ;  a  result,  possibly, 
of  the  local  action  of  the  arsenic,  inasmuch  as  it  is  elimi- 
nated in  part  through  the  glands  of  the  skin.  The  char- 
acter of  this  eruption  varies  in  different  cases.  It  may  be 
petechial,  papular,  vesicular,  or  pustular  ;  or  there  may 
be  a  simple  diffused  redness.  Salivation  and  jaundice 
have  been  occasionally  observed. 

Arsenic  has  proved  fatal  when  applied  to  the  abraded 
skin,  to  ulcerated  surfaces,  and  when  introduced  into  the 
vagina  and  rectum.  Violent  symptoms  of  poisoning 
have  been  produced  by  its  application  to  the  sound  skin. 
The  drug  is  absorbed  with  great  rapidity  when  inhaled  in 
the  form  of  vapor. 

Other  Sources  of  Acute  Poisoning. — Next  to  arsenious 
oxide,  arsenite  of  copper  gives  rise  to  the  largest  number  of 
cases  of  acute  arsenical  poisoning.  This  compound  forms 
the  whole  or  a  part  of  the  pigments  known  as  Scheele's 
green,  Paris  green,  Schweinfurt  or  emerald  green  (aceto- 
arsenlte  of  copper).  When  pure,  these  pigments  contain 
from  fifty-five  to  sixty  per  cent,  of  arsenious  acid,  to 
which  their  poisonous  properties  are  mainly  due.  Dur- 
ing the  past  few  years  arsenite  of  copper  has  been  sold 
extensively  under  the  name  of  Paris  green  for  the  pur- 
pose of  killing  potato-bugs.  Owing  probably  to  the  ease 
with  which  it  can  be  obtained,  it  has  given  rise  to  a  con- 
siderable number  of  cases  of  suicidal  poisoning.  Many 
cases  of  accidental  poisoning  have  resulted  from  the  use  of 
these  compounds  as  pigments.  They  are  employed  in  the 
manufacture  of  artificial  flowers  and  of  other  articles  of 
dress,  the  most  dangerous  of  which  is  green  tarlatan ;  in 
the  manufacture  of  wall-papers  ;  for  coloring  children's 
toys,  candles,  crayons,  etc.  ;  in  the  manufacture  of  green 
glazed  papers,  which  are  used  so  extensively  for  cover- 
ing boxes,  as  wrappers  for  confectionery  and  toilet 
articles,  for  decorating  candy,  pastry,  and  other  articles, 
for  lamp-shades,  in  the  form  of  wafers  and  labels,  and 
in  kindergarten  schools.  Occasionally  these  pigments 
are  used  as  green  paints,  and  they  were  formerly  much 
resorted  to  for  coloring  confectionery  and  pastry  articles. 
Articles  made  of  card-board,  such  as  concert  tickets, 
playing  cards,  price  cards,  etc.,  are  frequently  colored 
with  them. 

The  arsenical  pigments  more  frequently  give  rise  to 
chronic  poisoning  than  to  acute  poisoning,  but  cases 
of  acute  poisoning  are  not  infrequent,  especially  among 
children,  who  have  put  into  the  mouth  papers,  toys, 
water-colors,  crayons,  etc. ,  which  had  been  colored  with 
them.  Formerly  acute  poisoning  often  followed  the 
ingestion  of  candy  and  other  articles  of  food  colored 
with  arsenite  of  copper  ;  but  the  pigment  is  rarely  if 
ever  used  for  this  purpose  at  the  present  time.  Occa- 
sional cases  of  poisoning  have  been  caused  by  eating 
articles  of  food  which  had  been  placed  upon  surfaces 
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colored  with  arsenite  of  copper  and  had  absorbed  some 
of  the  pigment. 

The  sulphides  of  arsenic,  if  pure,  are  usually  considered 
harmless.  Some  experiments  of  Ossikovszky,  however, 
point  to  the  possibility  of  the  oxidation  of  the  yellow 
sulphide  to  arsenious  acid  under  the  conditions  existing 
in  the  intestines.  The  commercial  sulphides  usually  con- 
tain a  considerable  amount  of  arsenious  oxide,  and  are, 
therefore,  active  poisons.  They  have  been  used  for 
criminal  poisoning,  and  orpiment  has  given  rise  in  several 
instances  to  acute  poisoning  as  a  result  of  its  use  by  mis- 
take for  other  pigments  in  coloring  articles  of  food. 
The  external  application  of  orpiment  as  a  depilatory  has 
been  followed  by  fatal  results. 

The  arsenites  and  arseniates  of  sodium  and  potassium 
are  more  poisonous  than  arsenious  acid,  inasmuch  as  they 
are  more  soluble.  The  arseniates  have  seldom  given  rise 
to  poisoning.  Several  cases  of  fatal  poisoning  have  oc- 
curred among  children,  as  a  result  of  drinking  the  water 
in  which  certain  fly-papers  (bibulous  paper  soaked  in  a 
solution  of  arsenite  of  sodium  and  subsequently  dried) 
had  been  placed.  Taylor  relates  cases  of  poisoning  result- 
ing from  the  use  of  arsenite  of  sodium  as  a  cleansing 
fluid.  The  external  application  of  arsenical  soaps  has 
been  followed  by  eruptions  on  the  skin  and  by  severe 
symptoms  of  irritant  poisoning. 

With  the  exception  of  the  coppery  taste,  and  the  green 
color  of  the  vomitus  and  stools  in  poisoning  by  arsenite 
of  copper,  the  symptoms  caused  by  all  the  above  com- 
pounds of  arsenic  are  the  same  as  those  produced  by 
arsenious  oxide. 

Fatal  Period.  —  The  shortest  periods  within  which 
arsenic  has  proved  fatal  are  twenty  minutes  (Taylor),  one 
hour  (Finlay),  two  hours  (Foster,  Clegg,  Boland),  two 
and  one-half  hours  (Dymock).  Death  has  occurred  in 
from  three  to  six  hours  in  many  cases.  In  some  cases  life 
has  been  prolonged  for  several  days ;  six  days  (case  of 
Due  de  Praslln),  seven  (Taylor),  twelve  (Cormick),  six- 
teen days  (Alexander).  In  one  case  in  which  arsenic  was 
applied  externally  death  did  not  take  place  till  the  twen- 
tieth day.  Two  cases  are  recorded  in  which  death  re- 
sulted from  the  secondary  effects  of  the  poison  after  the 
lapse  of  two  and  three  years  respectively  (Belloc,  Wepfer). 
According  to  Taylor,  the  average  time  at  which  death 
takes  place  is  twenty-four  hours.  Woodman  and  Tidy 
state  that  arsenic  has  proved  fatal,  in  one-half  the  fatal 
cases  recorded,  within  nine  hours.  In  non-fatal  cases 
recovery  is  frequently  delayed  for  many  months  by  dis- 
turbances of  digestion,  affections  of  the  skin,  neuralgic 
pains,  anaesthesia,  and  paralysis  of  the  extremities. 

Fatal  Quantity. — The  minimum  fatal  dose  appears  to 
be  in  the  neighborhood  of  0. 13  Gm.  (3  grs.).  Dr.  Lachese 
places  it  at  from  0.050  to  O.IO  Gm.  (0.77  to  1.54  gr.) ;  Tar- 
dieu  at  from  0.100  to  0. 150  Gm.  (1.54  to  3.31  grs.) ;  Taylor 
at  from-  0.130  to  0.195  Gm.  (3  to  3  grs.),  under  favorable 
circumstances.  Taylor  quotes  one  case  in  which  0. 13  Gm. 
(2  grs.),  in  the  form  of  Fowler's  solution  (arsenite  of  po- 
tassium), taken  in  divided  doses  during  five  days,  destroyed 
the  life  of  a  woman  ;  another  in  which  0. 162  Gm.  (3i  grs.), 
taken  in  the  form  of  fly-water,  was  fatal  to  a  healthy 
girl  aged  nineteen  years.  Serious  symptoms  have  been 
caused,  in  two  or  three  cases,  by  0.13  Gm.  Recovery 
has  taken  place  after  doses  varying  from  ?.9  to  63.3  Gm. 
{3j.tolij.). 

Appearances. — The  mucous  membrane  of  the  stomach 
is  usually  inflamed  either  over  its  whole  surface  or  in 
patches.  The  color  is  sometimes  deep  crimson,  more 
often  a  brownish-red,  and  frequently  assumes  a  dotted  or 
striated  appearance.  There  is  frequently  an  effusion  of 
blood  beneath  the  membrane,  which  is  sometimes  soft- 
ened, thin,  and  easily  separated  ;  at  other  times  thickened 
and  corrugated.  If  the  arsenic  has  been  administered  in 
the  solid  form,  portions  of  it  may  be  found  embedded  in 
the  thick  mucus  which  adheres  to  the  inner  surface  of  the 
stomach.  Sometimes,  in  cases  of  poisoning  by  white 
arsenic,  the  yellow  sulphide,  formed  by  the  action  of  the 
sulphuretted  hydrogen  evolved  during  decomposition,  is 
found  adhering  to  the  inner  surface  of  the  oesophagus, 
stomach,  or  intestines.    Ulceration  of  the  stomach  is  very 


rare,  and  perforation  still  rarer.  The  mucous  membrane 
of  the  intestines  presents  appearances  similar  to  those  ob- 
served in  the  stomach  ;  but  the  inflammation  of  the  intes- 
tines is  frequently  limited  to  the  duodenum  and  rectum. 
The  oesophagus  is  sometimes  highly  injected.  The  ap- 
pearances in  the  stomach  and  intestines  are,  as  a  rule,  more 
marked  the  longer  the  patient  has  lived  after  taking  the 
poison.  Cases  are  recorded,  however,  in  which  no  path- 
ological appearances  were  observed  in  the  alimentary 
tract,  although  a  large  dose  had  been  taken,  and  life  had 
been  prolonged  for  several  hours  ;  while  well-marked  in- 
flammatory appearances  have  been  observed  in  cases 
which  proved  fatal  as  early  as  two  and  three  hours 
after  ingestion  of  the  poison.  The  appearances  in 
the  stomach  and  intestines  are  the  same,  whether  the 
poison  has  been  introduced  into  the  system  by  the 
mouth  or  by  other  channels.  Sub-endocardial  extrava- 
sation, most  marked  in  the  left  ventricle,  about  the 
columnse  carnese,  has  been  observed  (Wilks,  Bonavia, 
McLeod).  There  is,  in  arsenic  poisoning,  a  more  or  less 
extensive  fatty  degeneration  of  the  liver,  kidneys,  heart, 
muscular  tissue  of  the  diaphragm,  and  epithelium  of  the 
glands  of  the  stomach  and  intestines.  In  some  cases  ^f 
poisoning  the  body  has  been  found  in  a  good  state  of  pre- 
servation many  months  and  even  years  after  death.  To 
what  extent  this  is  due  to  the  arsenic  is  uncertain,  since 
in  some  cases  of  arsenic  poisoning  decomposition  has  pro- 
ceeded very  rapidly,  while  the  body  has  been  found  re- 
markably well-preserved  in  cases  of  death  from  other 
causes. 

Absorption  and  Elimination. — Arsenic  is  rapidly  ab- 
sorbed and  may  be  detected,  after  death,  in  all  the  organs 
and  tissues  of  the  body.  During  the  past  few  years  there 
has  been  considerable  discussion  with  regard  to  the  rela- 
tive proportion  of  arsenic  contained  in  the  different  tis- 
sues :  most  authorities  agree  in  stating  that  the  liver  and 
kidneys  usually  contain  the  largest  amount.  In  1875 
ScolosubofE  made  some  experiments  on  animals,  feed- 
ing them  with  a  solution  of  arsenite  of  sodium,  and 
found  that  the  brain  and  spinal  cord  always  contained 
the  largest  amount  of  arsenic,  in  both  acute  and  chronic 
poisoning.  He  concluded,  therefore,  that  the  paralyses 
so  often  observed  in  cases  of  arsenical  poisoning  are 
the  result  of  changes  in  the  nervous  tissue.  His  re- 
sults were  confirmed  by  DePoncy  and  Livon,  who  also 
state  that  the  amount  of  phosphoric  acid  in  the  urine  is 
considerably  increased,  which  increase  they  attribute  to  a 
replacement  of  the  phosphorus,  in  phosphogly  eerie  acid,  by 
arsenic.  Ludwig's  results  were  different.  He  made 
many  analyses  of  the  organs  of  persons  who  had  com- 
mitted suicide  with  white  arsenic,  likewise  of  the  organs 
of  dogs  which  had  died  from  both  acute  and  chronic 
arsenical  poisoning,  and  found  that  the  liver  contained 
the  largest  amount  of  arsenic  in  all  cases ;  that,  in  acute 
poisoning,  the  kidneys  also  contained  considerable  arsenic ; 
while  the  bones  and  the  brain  contained  very  small  quan- 
tities. In  a  later  paper,  Ludwig  states  that,  in  acute 
poisoning  the  kidneys  may  contain  a  larger  proportion  of 
arsenic  than  the  liver ;  that  the  muscular  tissue  always 
contains  more  than  the  brain ;  and  that,  in  chronic  poison- 
ing, arsenic  is  found  in  the  liver  for  a  longer  period  than 
in  any  other  organ.  Bergeron,  Delens,  and  L'fiote  found, 
in  a  case  of  poisoning  by  Paris  green,  seven  times  as  much 
arsenic  in  the  liver  as  in  the  brain ;  the  kidneys  and  mus- 
cular tissue  also  contained  more  than  the  brain.  Garnier's 
investigations  also  show  that  the  liver  is  the  organ  in 
which  arsenic  accumulates  to  the  greatest  extent,  in  both 
acute  and  chronic  poisoning.  Recorded  analyses,  made 
by  Guareschi,  Johnson,  Chittenden,  E.  S.  Wood,  and  the 
writer,  confirm  the  conclusion  arrived  at  by  Ludwig, 
that  in  poisoning  with  arsenious  oxide  the  largest  quantity 
of  arsenic  is  found  in  the  liver  and  kidneys.  Chittenden 
suggests  that  the  form  of  the  poison,  whether  readily 
soluble,  as  arsenite  of  sodium,  or  comparatively  insoluble, 
as  arsenious  oxide,  may  modify  the  amount  contained  not 
only  in  the  brain  but  in  the  muscular  tissue  ;  that,  when 
comparatively  large  amounts  are  found  in  these  parts, 
the  poison  may  have  been  taken  in  a  soluble  form.  Inas- 
much as  the  arsenic  is  very  unequally  distributed  through 
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the  muscular  tissue,  in  some  cases,  while,  in  others,  it  is 
distributed  more  evenly,  he  suggests  that  the  distribution 
through  the  muscular  tissue  may  throw  some  light  on 
the  time  at  which  the  poison  was  taken.  The  quantity 
of  arsenic  taken  appears  to  have  no  influence  on  its  dis- 
tribution. ,   ,  ,         ,  „„ 

Elimination  commences  very  soon,  and  takes  place 
chiefly  through  the  kidneys  ;  in  part,  however,  through 
the  glands  of  the  skin,  the  mucous  membrane  of  tne  ali- 
mentary canal,  and  in  the  bile,  saliva,  and  tears.  The 
time  required  for  complete  elimination  appears  to  be, 
as  a  rule,  about  fourteen  days  ;  in  some  cases  a  longer 
period  is  required.  Arsenic  has  been  detected  in  the 
urine  nineteen  days  (E.  S.  Wood),  twenty  days  (Mac- 
lagan),  twenty-one  days  (Eulenburg),  and  six  and  one- 
half  weeks  (Gaillard)  after  the  last  administration.  Chit- 
tenden detected  traces  of  arsenic  in  the  organs  of  a  man 
who  died  fourteen  days  after  taking  arsenious  oxide.  On 
the  other  hand,  cases  are  reported  in  which  death  took 
place  within  a  few  days  after  taking  the  poison,  and  yet 
none  could  be  detected  in  any  part  of  the  body. 

TreaMi^nt.— The  poison  should  be  quickly  removed 
from  the  stomach  by  means  of  emetics,  as  sulphate  of 
zinc,  mustard  and  warm  water,  or  salt  and  warm  water  ; 
or  the  stomach-pump  may  be  employed.  Castor-oil 
should  be  administered  to  remove  the  poison  from  the 
bowels.  As  a  chemical  antidote,  the  freshly  precipitated 
hydrate  of  iron  promises  good  results,  when  the  arsenic 
has  been  taken  in  solution.  It  cannot  be  depended  upon 
when  the  arsenic  has  been  taken  in  the  solid  form. 
This  antidote  may  be  prepared  by  neutralizing  a  solution 
of  one  of  the  sesquisalts  of  iron  with  magnesia  or  carbo- 
nate of  soda.  The  precipitate  thus  obtained,  hkving  been 
collected  on  a  muslin  strainer  or  a  filter,  and  hastily 
washed  with  water,  should  be  administered  very  freely. 
Mattison  recommends  dialyzed  iron,  to  which  common 
salt  has  been  added  to  precipitate  the  hydrate  of  iron. 
The  after-treatment  depends  upon  the  symptoms. 

Chronic  Poisoning. — This  may  result  from  the  re- 
peated administration  of  small  doses  of  arsenic,  and  is 
frequently  observed,  in  a  mild  degree,  as  a  result  of  the 
medicinal  employment  of  Fowler's  solution  (arsenite  of 
potassium).  Criminal  poisoning,  by  the  administration 
of  small  doses  of  arsenic,  is  seldom  observed.  Chronic 
arsenical  poisoning  is  most  frequently  caused  by  the  in- 
halation of  the  vapors  of  arsenic,  or  by  the  inhalation  of 
arsenical  dust  detached  from  wall-papers,  or  from  artifi- 
cial flowers  and  other  articles  of  dress.  Those  who  are 
especially  liable  to  this  form  of  poisoning  are  persons 
engaged  in  the  manufacture  of  various  preparations  of 
arsenic,  those  engaged  in  industries  requiring  the  use  of 
arsenical  compounds,  especially  manufacturers  of  artifi- 
cial flowers  and  wall-papers,  milliners,  paper-hangers, 
persons  who  wear  articles  of  dress,  in  the  preparation  of 
which  arsenical  pigments  were  used,  and  persons  who  oc- 
cupy rooms  the  walls  of  which  are  covered  with  arseni- 
cal papers. 

The  presence  of  arsenic  in  wall-paper  was  formerly 
due,  almost  entirely,  to  the  use  of  Scheele's  and  Schwein- 
furt  green  as  pigments.  The  dangerous  character  of 
these  pigments  is  now  so  well  recognized  that  they  have 
been  replaced,  to  a  great  extent,  by  other  and  less  injuri- 
ous pigments.  Green  wall-papers  are  not,  therefore,  so 
frequently  arsenical  as  formerly.  At  the  present  time 
papers  of  all  colors  may  contain  a  considerable  quantity 
of  arsenic,  which  is  introduced,  either  with  aniline 
dyes,  which  frequently  contain  arsenic  as  an  impurity, 
or  with  other  colors  to  which  compounds  of  arsenic  have 
been  purposely  added  by  the  color-manufacturer,  "to 
make  the  color  work  better."  Fabrics,  also,  may  contain 
arsenic,  which  Is  introduced  with  the  color  ;  but  fabrics, 
which  are  colored  with  non-arsenical  colors,  are  fre- 
quently rendered  arsenical  by  the  use  of  arseniate  of 
sodium  as  a  dung  substitute,  or  by  the  use  of  compounds 
of  arsenic  as  mordante. 

Symptoms.— The  first  symptoms  are  the  result  of  the 
local  action  of  the  arsenic,  and  consist  of  irritation  of  the 
mucous  membrane  of  the  eyes  (amounting  in  some  cases  to 
conjunctivitis),  intolerance  of  light,  irritation  of  the  nose 


and  throat,  dry  cough,  loss  of  appetite,  nausea,  a  feeling 
of  uneasiness  or  pain  in  the  stomach  and  intestines,  and 
sometimes  vomiting  and  diarrhoea.  Frequently  these 
symptoms  are  not  very  severe,  but  in  a  few  cases  they 
have  run  an  acute  course,  and  have  resulted  fatally.  Other 
symptoms  produced  by  the  constitutional  action  of  the 
poison  are  headache,  sleeplessness,  muscular  debility, 
emaciation,  depression  of  spirits,  neuralgic  pains  in  varil  ' 
ous  parts  of  the  body,  attacks  of  fainting,  muscular  trem- 
blings, occasionally  convulsions,  and  sometimes  paralysis 
of  the  extremities.  These  symptoms  are  probably  due, 
in  most  cases,  to  the  inhalation  of  minute  particles  of  ar- 
senical dust.  It  is  probable,  however,  that  under  certain 
conditions  a  portion  of  the  arsenic  in  arsenical  wall-paper? 
is  given  off  in  the  form  of  arseniuretted  hydrogen,  and 
that  the  symptoms  produced  by  such  papers  are  some- 
times due,  in  part,  to  the  inhalatipn  of  this  gas. 

All  the  symptoms  described  will  not  be  observed  in 
every  case.  They  are  subject  to  many  variations,  depend- 
ing especially  upon  the  length  of  exposure  and  upon  idio- 
syncrasy. The  effect  of  idiosyncrasy  is  observed  especially 
in  the  case  of  persons  exposed  to  arsenical  wall-papers  ; 
for  the  number  of  those  thus  exposed,  who  experience 
symptoms  of  poisoning,  is  comparatively  small.  In  many 
cases,  however,  the  symptoms  have  undoubtedly  been 
attributed  to  other  causes,  inasmuch  as  the  catarrhal 
symptoms  resemble  those  of  an  ordinary  cold,  while  the 
symptoms  of  gastro-intestinal  irritation,  if  comparatively 
mild,  may  readily  be  attributed  to  indigestion.  It  is  pos- 
sible, too,  that  some  persons  may  gradually  become  ac- 
customed to  the  presence  of  arsenic  and  afterward  expe- 
rience no  ill  effects  from  the  exposure,  since  it  is  a  well- 
established  fact  that  the  peasants  of  Styria  gradually  be- 
come accustomed  to  take  internally  quantities  of  arsenic 
which  would  be  fatal  to  those  unaccustomed  to  its 
use. 

"Workmen  who  handle  preparations  of  arsenic  fre- 
quently suffer  from  eruptions  of  various  kinds  on  the 
skin.  These  eruptions  are  sometimes  very  limited  in 
extent,  sometimes  more  diffused,  and  are  developed  espe- 
cially on  those  parts  of  the  body  with  which  the  poison 
can  come  in  direct  contact,  as  the  hands,  nose,  and  face. 
The  poison  is  sometimes  transferred  by  the  hands  to  the 
scrotum  and  penis,  and  serious  ulceration  of  these  parts 
occurs. 

Similar  eruptions  have  been  produced  by  arsenical 
paper,  by  playing-cards,  the  backs  of  which  were  colored 
■with  arsenite  of  copper,  and  by  various  articles  of  arseni- 
cal wearing  apparel,  especially  stockings,  gloves,  and  hat- 
linings.  Irritation  of  the  skin  is  sometimes  produced  by 
articles  of  wearing  appajel,  which  upon  analysis  are 
found  to  be  free  from  arsenic.  It  is  uncertain  in  such 
cases  whether  the  irritation  is  caused  by  the  color  itself 
or  by  some  impurity  in  the  color,  or  by  the  mordant  with 
which  the  color  is  fixed  upon  the  fabric.  Very  little  is 
known  with  regard  to  the  action  pf  the  pure  dye-stuffs 
upon  the  skin.  The  irritation  produced  by  aniline  colors 
is  usually  attributed  to  arsenic  or  to  free  aniline.  It  has 
been  stated  that  corallin  and  picric  acid,  when  used  as 
dyes  for  stockings,  have,  given  rise  to  eruptions  on  the 
skin.  Landrin  and  Guyot,  however,  state  that  pure  co- 
rallin is  perfectly  harmless,  and  it  is  by  no  means  certain 
that  picric  acid  has  produced  all  the  effects  which  have 
been  attributed  to  it.  It  is  not  improbable  that  many 
dyes  may  act  as  irritants  to  skins  particularly  susceptible 
to  irritation ;  but  there  are  reasons  for  believing  that  the 
eruptions,  which  have  been  attributed  to  the  non-arseni- 
cal pigments,  have  been  caused  in  many  cases  by  impuri- 
ties in  the  pigments,  or  by  the  mordants  used  to  fix  them 
upon  the  fabric. 

Treatment. — The  source  of  the  poisoning  must  be  re- 
moved, and  symptoms  trei.ted  as  they  arise. 

William  B.  EUls. 


ARSENIURETTED  HYDROGEN,  Poisoning  by.  This 
is  a  compound  of  arsenic  and  hydrogen.  It  is  a  colorless 
gas,  has  a  disagreeable  odor,  resembling  that  of  garlic, 
and  is  one  of  the  most  poisonous  substances  known.    It 


346 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Arsenic. 
Arteries. 


is  formed  in  various  ways  :  as  when  soluble  compounds 
of  arsenic  are  brought  into  contact  with  nascent  hydro- 
gen in  acid  solutions  ,  when  arsenious  acid  or  arsenites 
are  brought  into  contact  with  nascent  hydrogen  in  alka- 
line solutions  ;  or  when  metals  containing  arsenic  are  acted 
upon  with  dilute  sulphuric  or  hydrochloric  acids.  Its 
preparation  requires  great  care  on  account  of  its  poison- 
ous properties.  It  has  given  rise  to  several  cases  of  poi- 
soning among  chemists,  who  have  accidentally  inhaled 
the  gas  while  experimenting  with  it,  or  who  have  inhaled 
hydrogen  gas  which  had  been  prepared  with  arsenical 
zinc  or  acid.  Within  a  few  years  several  cases  of  poison- 
ing have  occurred  among  workmen,  who  have  inhaled 
the  gases,  evolved  in  certain  manufacturing  processes,  in 
which  arsenical  materials  were  employed. 

Symptoms. — These  generally  come  on  very  quickly  ; 
sometimes  immediately  after  Inhaling  the  gas.  If,  how- 
ever, the  gas  is  largely  diluted  with  air  or  hydi'ogen,  they 
may  be  delayed  for  many  hours.  The  first  symptoms 
are  giddiness,  headache,  nausea,  and  vomiting.  There 
are  pains  in  the  limbs  and  in  the  region  of  the  kidneys. 
The  urine  is  bloody,  contains  haemoglobin  (hsemoglobin- 
nria),  and  is  frequently  partially,  sometimes  wholly,  sup- 
pressed. There  is  sometimes  constipation,  but  more  fre- 
quently diarrhtea.  The  stools  are  bloody.  Jaundice  is 
a  prominent  symptom.  The  pulse  is  usually  small  and 
rapid,  the  temperature  increased,  the  skin  sometimes  hot 
and  dry,  sometimes  cold  and  covered  with  perspiration. 
There  is  great  restlessness  and  anxiety,  extreme  prostra- 
tion, a  tendency  to  sleep,  and  delirium.  Death  usually 
takes  place  in  from  one  to  seven  days,  but  has  been  de- 
layed for  two  or  three  weeks.  In  non-fatal  cases  recov- 
ery is  usually  slow,  requiring  from  one  to  three  weeks, 
and  in  some  cases  as  many  months. 

Fatal  Quantity. — The  quantity  required  to  destroy 
life  is  unkiown,  but  is  without  doubt  very  small.  An 
atmosphere  containing  0.35  per  cent,  is  fatal  to  animals 
(Eulenburg).  It  has  been  stated  that  the  quantity  which 
proved  fatal  to  the  chemist  Gehlen  corresponded  to  no 
more  than  0.0006  Gm.  (rf  u  gr  )  arsenic.  One-half  cubic 
inch  inhaled  in  forty  minutes  caused  serious  symptoms, 
from  which  recovery  did  not  take  place  till  the  lapse  of 
seven  days  (Schlinder). 

Appearances. — The  most  constant  have  been  the  fol- 
lowing :  a  yellow  coloration  of  the  skin  and  of  the  tissues 
of  the  body  in  general ;  injection  of  the  pia  mater ;  a 
bloody  serous  fluid  covering  the  convolutions  of  the 
brain ;  a  brownish-black  fluid  exuding  from  the  nose  and 
mouth ;  bloody  extravasations  in  the  pleural  cavities ; 
congestion  of  the  kidneys.  The  tubules  of  the  kidneys 
have  been  found  filled  with  blood-globules  (Waechter). 
In  a  case  reported  by  Coester,  the  body,  sixty  hours  after 
death,  was  so  putrid  that  the  structure  of  the  organs 
could  not  be  made  out.  The  mucous  membrane  of  the 
stomach  has  been  found  inflamed  in  one  case  ;  of  a  dark 
slate-gray  color  in  another.  Inflammation  of  the  mucous 
membrane  of  the  small  intestine  has  been  observed  in  a 
single  case. 

Absorption  .and  Elimination. — Arsenic  has  been  de- 
tected in  the  blood  and  nearly  all  the  organs  of  the  body ; 
also  in  the  urine  passed  before  death. 

Treatment.  —  This  must  be  entirely  symptomatic. 
There  is  no  known  antidote.  The  inhalation  of  dilute 
sulphuretted  hydrogen  has  been  suggested,  in  order  to 
convert  the  arseniuretted  hydrogen  mto  the  Insoluble 
sulphide  of  arsenic.  William  B.  Bills. 

ARTERIES,  ANOMALIES  OF.  Arteries  are  subject 
to  frequent  variations  of  size,  origin,  and  distribution. 
Some  of  these  are  so  common  that  it  is  diflicult  to  decide 
what  is  the  normal  condition.  Many  anomalous  arteries 
are  merely  a  persistence  of  an  early  foetal  condition,  others 
are  reversions  to  forms  of  distribution  which  are  natural 
in  the  various  species  of  the  lower  animals,  while  some 
are  due  to  an  abnormal  enlargement  or  diminution  of 
vessels  which  naturally  exist.  I  propose  in  the  present 
article  chiefly  to  describe  those  anomalies  which  are  im- 
portant surgically ;  that  is,  those  which  exist  in  parts 
liable  to  diseases  which  necessitate  a  surgical  operation 


for  their  cure  or  relief.  However  interesting  would  be  a 
consideration  of  anomalies  of  arteries  from  a  morphologi- 
cal point  of  view 
to  pure  anato- 
mists, I  fear  the 
subject  is  not  of 
sufficient  inter- 
est to  the  gener- 
al profession  to 
justify  me  in 
devoting  much 
space  to  it  here. 
Aorta. — This 
vessel  is  subject 
to  many  varia- 
tions. It  may 
vary  in  length 
and     position. 

The  summit  of  P'"-  284. — Diagrammatic  Outlines  of  Heart  and 
thp  nrnh  Tiaa  ^iret  Arterial  Vessels  of  the  Embryo,  aa  seen 
mc  a,ii,ii  iiaa  from  the  Abdominal  Surface.  4,  Aortic  bulb ; 
5,  5,  the  primitive  aortic  arches  and  their  contin- 
uation as  the  descending  aorta.  These  vessels  are 
separate  in  their  whole  extent  in  A  (36  to  38  mm. 
in  thickness),  but  at  a  later  period,  as  shown 
more  fully  in  C,  have  coalesced  into  one  tube  in 
a  part  of  the  dorsal  region.  In  B,  below  upper 
5,  the  second  aortic  arch  is  formed,  and  fai-ther 
down  the  dotted  lines  indicate  the  position  of 
the  succeeding  arches,  numbering  five  in  all. 
(Quain's  '*  Anatomy.^') 


been  seen  as 
high  as  the  top 
of  the  sternum 
and  as  low  as 
the  fifth  dorsal 
vertebra.  The 
distance  to 
which  it  reaches 


on  the  spine  be- 
fore dividing  into  the  two  common  iliacs  also  varies,  the 
point  of  division  being  occasionally  as  low  as  the  fifth, 
and  as  high  as  the  third,  or  even  the  second,  lumbar  ver- 
tebra. The  aorta  has  been  seen  consisting  of  two  closely 
united  tubes.  In  part  or  the  whole  of  its  course,  due  to  a 
persistence  of  the  original  double  aorta  of  early  foetal  life 
(Pig.  264).  The  aorta  is  sometimes  very  tortuous,  of  large 
size,  and  displaced  to  one  side,  especially  in  old  people, 
but  this  condition  is  more  due  to  pathological  changes 
than  to  congenital  malformation. 
The  main  trunks  of  the  aorta  and  pulmonary  artery  are 

(4,  Fig.  264),  both 
derived  from  the  ar- 
terial bulb  of  the 
foetal  heart,  "and 
are  liable  to  varia- 
tions which  may  be 
traced  to  deviations 
from  the  natural 
mode  of  their  septal 
division  and  of  their 
union  with  the  left 
or  right  ventricles 
of  the  heart  respec- 
tively" (Quain's 
"Anatomy").  These 
variations  are  gener- 
ally associated  with 
malformations  of 
the  heart,  and  often 
with  patency  of  the 
ductus  arteriosus. 
The  aortic  or  pul- 
monary trunk  may 
be  almost  obliterat- 
^'?-  26B,-DiaBram  of  the  Foetal  Aortic  ed,  or  the  two  trunks 
Arches,  showing  their  Transformation  into        '  .      . 

the  Permanent  Vessels  of  the  Mammal,  may  communicate 
(After  Bathke.)  The  permanent  vessels  are  freely  with  one  an- 
represented  by  the  deep  shading,  the  pul-  other  OWing  tO  the 
monary  arteries  lighter,  the  temporary  prim-  4!„,.i,,'  ^j;  ^«,„i„*,. 
itivearehes  in  outline -mly.  A,  P.  primitive  failure  of  complete 
aortic  stem,  divided  into  A,  aortic  arch,  P,  septal  division  ; 
pulmonary  artery ;  o,  right  aortic  root ;  a',  again,  their  origins 
left  aortic  root;  4',  descending  aorta ;  1,2,  °  ho  trnnsnntprl 
3,4,  5,  primitive  vascular  arches,  pn,pn\  ™ay  DC  iransposeu, 
right  and  left  pneumogastrio  nerves ;  v,  v,  the  pulmonary  ar- 
right  and  left  vertebrals ;  s,  s',  right  and  tery  may  arise  from 
left  subolavians;  ce,  external  carotids;  ci,  the  left  ventricle  and 


the  aorta  from  the 


ci',  internal  carotids.    (From  vol.  ii.,  Quain's 
"Anatomy.") 

right.  A  very  rare 
anomaly  has  been  reported  where  the  pulmonary  artery 
and  aorta  form  one  stem  which  arises  from  a  simple  heart 
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liVp  that  seen  in  flslies.  A  few  cases  are  reported  where 
the  desSng  aortiarose  from  the  pulmonary  artery  and 
gave  ofl  the  left  subclavian,  the  left  ventr  cle  only  giving 
Is  the  innominate  and  left  carotid  Most  of  these  varie- 
ties are  incompatihle  with  life,  and  are  described  fully  in 
works  on  pathological  anatomy.  , 

rllieiieaof  the  Aortio  ^rc/i.-The  vanous  anomalies 
of  the  aortic  arch  depend  on  the  mode  of  development  of 
the  fourth  and  fifth  foetal  branchial  arches.  In  man  and 
nearly  all  mammalia  the  arch  Is  a  left  one,  produced  by  the 
persistence  of  the  fourth  left  branchial  arch  (Fig  265.)  In 
birds  the  permanent  aorta  is  formed  from  the  ngl^  fourth 
branchial  arch ;  and  in  reptiles  both  the  right  and  left  fourth 
branchial  arches  are  persistent.  In  cases  where  there  is 
transposition  of  the  heart,  and  also,  of  course,  of  the  arch 
of  the  aorta,  the  aorta  is  a  right  one,  instead  of  the  usual 
left,  and  this  is  owing  to  the  persistence  of  the  right 
fourth  branchial  arch,  as  in  birds.  The  pulmonary 
artery  in  these  cases  is  also  transposed  and  is  formed  trom 
the  right  fifth  arch  in  place  of  from  the  left.  Many  ot 
these  cases  have  been  reported  and  have  been  diagnosed 
during  life,  the  direction  of  the  apex  of  the  heart  being 
toward  the  right,  the  apex-beat  being  felt  on  the  right 
side  between  the  fifth  and  sixth  ribs.  A  very  good  speci- 
men of  this  anomaly  is  to  be  seen  in  the  museum  ot  the 
Pennsylvania  Hospital  in  Philadelphia. 

Occasionally  the  aortic  arch  has  been  observed  com- 
pletely double  (Fig.  366),  as  in  reptiles,  due  to  the  per- 
sistence of  both  right 
and  left  aortic  roots 
(a,  a'.  Fig.  365)  and 
the  fourth  branchial 
arches,  of  both  sides. 
The  double  aorta 
embraces  the  trachea 
and  oesophagus,  and 
unites  below  to  form 
a  single  trunls  on  the 
left  side  of  the  spinal 
column, asinearly  foe- 
tal life  (B,  Fig.  364). 
The  aorta  may  pass 
to  the  right  of  the 
trachea  and  oesopha- 
gus instead  of  to  tlie 
left,  and  this  without 
the  transposition  of 
the  heart  mentioned 
above.     If  we  study 

Fig.  266.-Example  ot  a  Double  Ascending  j..  f„t5,i  pnnrlitinTKi 
Aorta,  from  the  Arch  ot  which  arise  Six  ^"6  iceiai  Condllions 
Branches,  Two  Subclavian  and  Four  Ca-  the  explanation  01 
rotid  Arteries.    (After  Malacarne.)  this  anomaly  is  easy. 

It  is  a  persistence  of 
the  right  fourth  branchial  arch  and  aortic  root  instead  of 
the  left  (Fig.  264).  In  these  cases  the  recurrent  laryn- 
geal nerve  of  the  left  side  hooks  round  the  subclavian, 
and  that  of  the  riglit  around  the  arch  of  the  aorta.  .  In 
some  of  the  cases  of  right  arch  that  have  been  observed 
the  left  subclavian  arose  from  the  back  part  of  the  de- 
scending aorta,  passed  behind  the  trachea,  and  reached 
its  usual  position  in  the  neck  between  the  scalene  mus- 
cles. In  cases  of  this  kind  the  first  part  of  the  subclavian 
being  absent,  owing  to  tire  non-development,  or  rather 
obliteration,  of  the  fourth  left  vascular  arch,  the  inferior 
laryngeal  nerve  does  not  hook  around  it,  but  goes  directly 
to  the  larynx,  and  the  vertebral  artery  may  arise  directly 
from  the  arch. 

Variations  in  Number  and  Position  of  tlm  Branches  of 
the  Arch  of  the  Aorta. — These  variations  are  very  numer- 
ous ;  I  shall  only  mention  the  most  common  and  impor- 
tant, The  branches  of  the  aortic  arch  may  be  given  ofE 
from  a  single  trunk,  which  forms  what  is  called  tlie  an- 
terior aorta.  This  arrangement  is  seen  in  the  horse.  The 
commonest  abnormal  arrangement  of  the  branches  is  that 
where  the  left  carotid  arises  from  the  innominate  ;  thus 
only  two  branches  are  given  off  from  the  arch,  the  left 
subclavian  and  innominate.  This  is  the  usual  distribution 
in  most  of  the  carnivora.  There  may  be  two  innomi- 
nates  given  ofE  from  the  arch,  each  dividing  into  a  caro- 


tid and  subclavian,  as  in  the  bat.     Three  branches  is  the 
normal  number  arising  from  the  arch  in  man,  apes, 
and  a  few  other   animals.     Occasionally  we  see  three 
branches  arising  from  the  arch  in  a  different  way  from 
the  normal.     We  may  have  the  two  subclavians  aris 
ing  separately,  and   the  two   carotids  arising  from  a 
common  stem  between  them.     This  is  the  normal  dispo- 
sition in  some  cetacea.     Sometimes  all  four  vessels  arise 
separately  from  the  arch.     Again,  the  left  vertebral  may 
arise  from  the  arch,  while  the  other 
branches    preserve    the   normal  ar- 
rangement,  or   there   may  be  five 
branches  given  ofE  separately,  viz., 
the  two  subclavians,  two  carotids, 
and  left  vertebral.     As  many  as  six 
branches  have  been  seen  to  come  off 
from  the  aortic  arch.    This  occurs 
when,  in  addition  to  the  above-men- 
tioned five  branches,  the  right  verte- 
bral  is   also  given  oS.    A  curious 
anomaly,  and  one  which  is  interesting 
from  its  rarity  and  manner  of  devel- 
opment, is  that  form  of  arch  where 
Fio.   367.— The   Bight  the  right  and  left  carotids  and  left 
Subclavian  ^^^^  subclavian  arise  separately  from  the 
from  the'^Eiglrt  Aortic  arch,  and  the  right  subclavian  arises 
Boot.    A,  A',  ascend-  from  the  back  part  of  the  descending 
ing   and   descending  aorta,  passes  behind  the  trachea  and 
SortLTt  right""™  oesophagus  and  ascending  portion  of 
tic  root  persiBting  as  the  arch,  and  reaches  its  normal  place 
the  subclavian  artery ;  between  the    scalene   muscles  (Fig. 
t:  pSLrrf  ax"^:  267).     In  this  case  the  right  inferior 
(Quain's  "Anatomy.")  laryngeal  ncrve,  instead  ot  hooking 
round  the  subclavian,  passes  directly 
to  the  larynx.    Tlie  subclavian  here  represents  the  persist- 
ent right  aortic  root,  and  the  right  fourth  branchial  arch 
is  obliterated  (see  Fig.  265).     Some  years  ago  I  met  with 
a  curious  anomaly  having  somewhat  this  character.    I 
looked  upon  it  as  a  double  subclavian.     The  right  sub- 
clavian was  given  off  as  usual  from  the  innominate,  hut 
was  joined  in  the  second  part  of  its  course,  between  the 
scalene  muscles,  by  a  small  branch  which  arose  from  the 
back  part  of  the  'descending  aorta.     I  considered  this  a 
case  of  persistence  of  the  fourth  right  vascular  arch,  and 
also  of  the  right  aortic  root  (Fig.  268).    (For  a  complete 
description  of  the  very  many 
varieties  of  the  arch    of   the 
aorta,  see  Turner  on  "  Varieties 
of  the  Arch  of  the  Aorta,"  in 
Brit,  and  For.  Med.-Ohir.  Bev., 
1863;     Henle's    "Anatomy," 
vol.  iii.;  Hyrtl  and  Professor 
Struthers.) 

Innominate,  oe  Brachio- 
cephalic.— This  artery  occa- 
sionally varies  as  to  the  point 
of  its  division.  In  some  cases 
it  divides  above  the  sterno-cla- 
vicular  articulation,  and  in 
others  considerably  below  it. 
"When  there  is  a  high  division, 
there  is  danger  of  its  being 
wounded  in  tracheotomy,  es- 
pecially in  those  cases  where 
the  artery  inclines  to  the  me- 
dian line.  In  cases  of  ligature, 
however,  the  operation  would  be  much  facilitated  by  a 
high  division,  and  rendered  much  more  diiflcult  by  a  low 
one. 

The  thyroidea  ima  or  middle  thyroid  (Fig.  269)  is  not 
infrequently  given  ofl  from  the  innominate,  and  ascends 
to  its  destination  in  front  of  the  trachea.  When  present 
it  would  complicate  the  operations  of  tracheotomy  and 
excision  of  the  thyroid  gland.  In  observations  made  by 
myself  on  two  hundred  and  fifty  subjects,  I  found  that 
this  artery  occurred  twelve  times,  or  once  in  30.83  cases. 
Bichard  Quain,  in  his  valuable  work  on  the  arteries, 
found  it  nine  times  in  two  hundred  and  ninety-one  sub- 
jects, or  once,  in  33,33.    It  is  sometimes  of  large  size, 


Fio.  808.— Bight  Aortic  Boot 
peTBlsting  as  a  Small  Branch 
■  which  connects  the  Descend- 
ing Aorta  with  the  Subclavian. 
May  be  regarded  as  an  exam- 
ple of  double  subclavian. 
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dividing  into  two  branches,  one  of  which  goes  to  each 
lobe  of  the  thyroid  ^land. 

This  artery  sometimes  arises  from  the  right  common 
carotid,  and  rarely  from  the  arch  of  the  aorta  between  the 
left  carotid  and  innominate. 

CoMMOK  Cakotid  Akteribb. — These  vessels  may  vary 
in  their  origin  and  place  of  division.  The  nght  ea/roiid 
occasionally  arises  directly  from  the  arch  of  the  aorta 
cither  alone  or  with  the  left  carotid.  In  the  latter  case 
the  artery,  to  reach  its  usual  position  on  the  right  side, 
crosses  the  trachea  above  the  upper  border  of  the  sternum, 
a  fact  worth  remembering  in  connection  with  the  opera- 
tion of  tracheotomy.  It  may  arise  above  or  below  the 
sterno-clavicular  articulation,  according  as  the  innominate 
is  longer  or  shorter  than, usual.  The  left  ca/rotid  varies 
more  frequently  in  origin  than  the  right,  as  it  is  derived 
from  the  innominate  in  about  one  case  in  nine.  It  may 
also  arise  from  the  arch  in  common  with  the  right  carotid. 

PloLce  of  Division. — The  common  carotid  often  varies  as 
to  its  place  of  division.  The  normal  dividing  point  is 
opposite  the  upper  border  of  the  thyroid  cartilage,  but  it 
sometimes  divides  as  high  up  as  the  hyoid  bone,  and  as 
low  down  as  the  cricoid  cartilage.  Morgagni  reports  a 
case  where  it  divided  at  the  root  of  the  neck.  Cases  are 
recorded  where  it  did 
not  divide  at  all,  one 
or  other  of  its  main 
branches  being  absent. 
I  have  occasionally  seen 
this  artery  give  off  the 
superior  thyroid  and 
ascending  pharyngeal 
before  its  division,  and 
also  a  small  laryngeal. 
I  also  once  saw  the  left 
carotid  giving  ofE  the 
left  vertebral.  77 J. 

External  Cakotid 

AND  ITS    BbANCHES. — 

As  mentioned  above, 
the  origin  of  the  exter- 
nal carotid  varies  con- 
siderably. It  has  in  Fio.  269.  —  Showing  a  Uiddle  Thyroid 
rare  cases  been  noticed  -^^e^  ariBirg  from  tho  innominate  and 
J,  .,_     .  running  up  the  Front  of  the  Trachea 

ansmg  from  the  mnom-  to  supply  the  Thyroid  Gland.  (From 
inate    and    even    from      E.  Quain,  slightly  altered.) 

the  arch  of  the  aorta 

itself.  Absence  of  this  artery  has  been  met  with,  the 
branches  arising  at  varying  Intervals  from  a  common 
trunk,  representing  both  internal  and  external  carotids. 
The  artery  sometimes  passes  between  the  digastric  mus- 
cle and  stylohyoid.  I  have  in  one  case  seen  it  pass  up 
to  the  parotid  gland  superficial  to  both  the  posterior 
belly  of  the  digastric  and  the  stylohyoid,  instead  of  be- 
hind them. 

The  origin  of  the  branches  varies  considerably ;  they 
may  be  crowded  together  at  the  commencement  of  the 
vessel,  or  at  a  point  higher  up.  Sometimes  they  arise 
from  the  main  trunk  at  nearly  regular  intervals,  and  oc- 
casionally we  find  several  branches  arising  from  a  single 
stem.  Accessory  arteries  may  arise  from  the  external 
carotid,  such  as  the  accessory  superior  thyroid  and  ac- 
cessory ascending  pharyngeal.  The  sterno-mastoid,  which 
usually  arises  from  the  occipital,  occasionally  arises  from 
the  main  trunk,  and  when  this  occurs  the  hypoglossal 
nerve  hooks  arcmnd  this  small  branch  instead  of  around 
the  occipital.  In  consequence  of  the  lower  origin  of  the 
sterno-mastoid,  the  nerve  in  such  cases  passes  lower  down 
the  neck  before  crossing  the  vessels  to  reach  the  hyo- 
glossus  muscle. 

Superior  Thyroid. — This  vessel  may  be  very  small  or  ab- 
sent, its  place  being  taken  by  the  artery  of  the  opposite  side 
and  the  inferior  thyroid  of  the  same  side.  It  sometimes 
arises  from  the  common  carotid.  The  crieo-thyroid  may 
be  of  considerable  size,  and  its  superior  la/ryngeal  branch 
may  arise  from  the  main  trunk,  or  pierce  the  thyroid 
cartilage  instead  of  the  thyrohyoid  membrane,  as  is  the 
case  in  many  mammals.  Mr,  Walsham  ("St.  Barthol- 
omew's Hosp.  Rep.,"  1880)  has  several  times  met  with 


a  large  branch  from  the  superior  thyroid  crossing  the 
trachea  between  the  cricoid  cartilage  and  isthmus  of  the 
thyroid.  He  once  wounded  it  in  performing  trache- 
otomy. 

Lingual. — This  artery  often  arises  in  common  with  the 
facial,  and  occasionally  with  the  superior  thyroid.  In- 
stead of  passing  beneath  the  hyoglossus  muscle  it  has 
been  seen  to  pierce  it. 

In  some  rare  cases  it  has  been  absent,  and  its  place  has 
been  taken  by  a  branch  from  the  internal  maxillary.  Its 
place  has  been  taken  also  by  a  branch  from  the  facial,  the 
submental.  Its  sublingual  branch  is  occasionally  derived 
from  the  facial.  The  hyoid  branch  is  often  wanting,  and 
in  such  cases  the  hyoid  branch  of  the  superior  thyroid 
takes  its  place.  The  lingual  sometimes  gives  off  the  sub- 
mental and  ascending  palatine  artery. 

Foieial. — This  artery  is  very  variable  in  size  and  also  in 
extent.  When  the  facial  is  deficient  its  place  is  takSn  by 
the  transverse  facial,  internal  maxillary,  or  ophthalmic, 
most  frequently  the  first-mentioned. 

Occipital. — This  artery  usually  arises  opposite  the  facial, 
but  its  place  of  origin  may  be  above  or  below  this  point. 
Sometimes  it  is  derived  from  the  internal  carotid  or  the 
ascending  cervical  branch  of  the  inferior  thyroid.  It  oc- 
casionally passes  to  its  destination  superficial  to  the 
trachelo-mastoid  muscle,  or  it  may  pierce  the  sterno- 
mastoid  and  splenius  capitis  muscles.  R.  Quain  men- 
tions a  case  where  it  passed  superficial  to  the  sterno- 
mastoid  muscle.  It  not  infrequently  gives  off  the  posterior 
auricular  and  ascending  pharyngeal. 

Posterior  Auricular. — Often  a  branch  of  the  occipital ; 
sometimes  of  small  size,  ending  in  the  sterno-mastoid 
muscle. 

Ascending  Pharyngeal. — Varies  greatljr  in  its  place  of 
origin  ;  may  arise  from  the  internal  carotid,  occipital,  or 
a  linguo-facial  branch.     It  is  occasionally  double. 

Superficial  Tempm-al. — This  vessel  is  very  often  tortu- 
ous, especially  in  the  aged. 

The  transverse  facial  is  occasionally  of  large  size,  and 
takes  the  place  of  the  facial.     It  is  sometimes  double. 

Internal  Maxilla/ry. — This  artery  frequently  arises  in 
common  with  the  temporal.  R.  Quain  has  observed  it 
in  two  instances  arising  from  the  facial,  "  from  which  it 
coursed  upward,  to  pass  beneath  the  ramus  of  the  maxil- 
lary bone  in  the  usual  situation." 

It  very  frequently  is  covered  by  the  external  ptery- 
goid muscle,  instead  of  lying  superficially  to  that 
muscle.'  It  sometimes  perforates  the  external  ptery- 
goid, and  rarely  the  internal.  It  may  replace  the  facial 
by  a-branch  from  the  posterior  dental,  buccal,  or  infra- 
orbital artery. 

Internal  Carotid  and  its  Branches. — This  artery 
in  the  neck  is  occasionally  very  tortuous.  It  has  been 
known  to  be  absent,  its  place  being  taken  by  the  artery  of 
the  opposite  side  or  by  a  branch  from  the  internal  maxil- 
lary. It  is  sometimes  very  small,  smaller  than  the  verte- 
bral (Hyrtl).  The  ascending  pharyngeal,  occipital, 
lingual,  or  transverse  facial  may  arise  from  the  internal 
carotid. 

A  large  communicating  branch  has  been  seen  going 
from  this  artery,  while  in  the  cavernous  sinus,  to  the 
basilar  artery ;  in  such  a  case  the  posterior  communicating 
branch  is  wanting.  The  posterior  cerebral  not  infre- 
quently comes  ofl:  from  one  of  its  branches,  the  posterior 
communicating. 

Ophthalmic  Branch.— This  has  been  seen  to  come  off 
from  the  middle  meningeal  artery.  Occasionally  the 
middle  meningeal  comes  oflE  from  the  ophthalmic.  The 
ophthalmic  may,  by  its  nasal  branch,  supply  a  deficiency 
in  the  facial.  .       . 

Cerebral  Arteries.— The  anterior  cerebral  of  one  side  is 
often  much  larger  than  that  of  the  other.  In  some  rare 
cases  the  two  anterior  cerebral  arteries  are  united  into  a 
common  trunk,  like  the  basilar.  The  anterior  commummt- 
I'/M  artery  is  sometimes  double ;  I  have  once  seen  it  treble. 
It  is  often  very  short.  The  posterim-  cerebral  may  arise 
from  the  internal  carotid  by  a  large  posterior  communi- 
cating. It  has  been  seen  by  Hyrtl  to  give  ofE  the  middle 
cerebral. 
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The  posterior  communicating  artery  occasionally  comes 
ofE  from  the  middle  cerebral  instead  of  from  the  mternal 

''^Subclavian.— The  varieties  of  origin  of  this  artery  have 
already  been  mentioned  in  the  account  of  the  anomalies 
of  the  arch  of  the  aorta  and  innominate  artery.  It  is  gen- 
erally given  off  from  the  innominate  on  the  right  side, 
opposite  the  sterno-clavicular  articulation,  but  occasion- 
ally the  innominate  reaches  nearly  as  high  up  as  the 
cricoid  cartilage  before  it  divides,  and  in  these  cases  the 
artei-y  would  be  at  an  unusually  high  level.  The  highest 
part  of  the  artery  is  the  second  portion,  and  it  is  normally 
about  1. 2  to  3. 7  centimetres  (one-half  to  three-quarters  of  an 
inch)  above  the  clavicle,  with  the  shoulder  depressed,  but 
not  infrequently  it  may  be  below,  or  on  a  level  with,  the 
clavicle,  and  sometimes,  especially  on  the  right  side,  it 
may  be  placed  as  high  as  3.7  centimetres  (one  and  a  half 
inch)' above  the  level  of  the  clavicle.  It  may,  in  those 
rare  cases  where  a  cervical  rib  is  attached  to  the  seventh 
cervical  vertebra,  pass  over  this  rib  in  place  of  the  first 
dorsal,  and  be  raised  fully  two  inches  above  the  clavicle. 
I  have  seen  this  occur  once  in  two  hundred  and  fifty  sub- 
jects examined.  In  the  living,  when  this  condition  ex- 
ists, it  may  be,  and  has  been,  mistaken  for  aneurism. 
Sir  James  Paget  has  diagnosed  this  anomaly  four  times 
during  life.  It  is  obvious  that  the  height  to  which  the 
artery  reaches  is  important  in  cases  where  ligature  is 
necessary.  The  cases  for  which  ligature  is  undertaken 
are  chiefly  those  of  aneurism  of  the  axillary  artery,  where, 
in  consequence  of  the  condition  of  parts,  the  shoulder  is 
elevated.  If  the  artery  should  be  at  an  unusually  low  level, 
or  even  just  behind  the  clavicle,  the  operation,  as  may  be 
conceived,  would  be  rendered  extremely  dilBcult. 

The  third  part  of  the  artery,  in  thin  people  with  small 
muscles,  is  very  superficial,  but  in  stout,  muscular  indi- 
viduals is  very  deeply  placed.  Dupuytren  says,  "  The 
third  part  of  the  subclavian  lies  near  the  skin  in  those  who 
are  thin  and  have  slender  and  long  necks,  with  lean  and 
pendent  shoulders  ;  it  is,  on  the  contrary,  deeply  hidden 
in  persons  who  have  short,  thick  necks  and  muscular 
'  shoulders." 

Occasionally  the  subclavian  artery  pierces  the  scalenus 
anticus  instead  of  going  behind  it,  and  more  rarely  passes 
entirely  in  front  of  the  muscle  ;  of  the  first  variety  I  have 
seen  five  cases  in  two  hundred  and  fifty  subjects  (three 
on  the  left  and  two  on  the  right  side)  ;  of  the  second,  in 
the  same  number  of  subjects  examined,  I  have  seen  only 
one  example. 

The  vein  may  pass  with  the  artery  behind  the  anterior 
scalenus,  and  in  very  rare  cases  their  normal  positions 
may  be  reversed.  The  trapezius  may  cover  the  third 
part  of  the  subclavian,  or  it  may  have  in  front  of  it  the 
omohyoid  muscle.  These  conditions,  however,  will  be 
more  fully  described  under  Anomalies  of  Muscles. 

Va/riations  of  Branches.  —  It  is  important,  surgically 
speaking,  that  the  position  of  the  various  branches  given 
off  from  the  subclavian  should  be  considered. 

The  branches  §iven  off  from  the  first  part  do  not,  as  a 
rule,  vary  much  m  their  arrangement,  but  several  may  be 
transferred  to  the  second  or  third  portions.  The  left 
vertebral  may  arise  from  the  arch  of  the  aorta  instead  of 
from  the  first  part  of  the  left  subclavian,  and  the  branches 
of  the  thyroid  axis  may  be  given  off  separately. 

The  first  part  of  the  right  subclavian,  having  been  oc- 
casionally ligated,  it  is  necessary  to  know  at  what  dis- 
tance from  the  innominate  the  branches  arise.  In  the 
majority  of  cases  this  is  from  1.25  cm.  (half  an  inch)  to 
2.4  cm.  (one  inch)  (R.  Qualn) ;  but  it  often  exceeds  this, 
and  is  frequently  3.4  cm.  (one  inch)  to  3.8  cm.  (one  and 
three-fourths  inch).  In  a  small  minority  of  cases  the 
distance  is  under  1.3  cm.  (half  an  inch). 
_  In  the  second  portion  of  the  artery,  one  branch,  as  a  rule, 
is  given  off,  the  superior  intercostal;  occasionally  no 
branches  are  seen  here,  and  again,  not  infrequentlv,  two 
or  three. 

The  third  pwtion,  in  a  little  more  than  half  the  cases, 
gives  off  no  branch,  in  a  little  less  than  half,  one  branch, 
occasionally  two,  and  in  very  rare  cases  three  and  four 

Verteb^ral  Artery. —Oiigin:  The  right  vertebral,  in  those 
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rare  cases  where  the  right  subclavian  arises  from  the 
arch  of  the  aorta,  is  given  off  from  the  common  carotid 
of  the  right  side.  The  right  vertebral  has  been  seen  com- 
ing from  the  arch.  *  The  left  vertebral  not  infrequently  is 
given  off  from  the  arch  of  the  aorta,  generally  between 
the  left  carotid  and  left  subclavian.  I  have  seen  this  ar- 
rangement twelve  times  in  two  hundred  and  fifty  sub- 
jects. I  have  once  seen  it  come  off  from  the  left  commoa 
carotid.  The  vertebral  has  been  seen  with  two,  and  even 
three  roots  (R.  Quain). 

Course  :  This  vessel  may  fail  to  enter  the  transverse 
process  of  the  sixth  cervical  vertebra,  but  continue  up 
the  neck  between  the  inferior  thyroid  artery  and  vein 
to  enter  the  transverse  process  of  any  of  the  vertebra 
from  the  fifth  to  the  second.  It  is  not  uncommon  for  it 
to  enter  the  transverse  process  of  the  fourth  or  fifth  ver- 
tebra, but  it  is  only  very  occasionally  that  it  passes  up  as 
high  as  the  third  and  second  before  entering  the  fora- 
men. Again,  it  may  enter  the  transverse  process  of  the 
seventh  cervical  vertebra,  instead  of  the  sixth. 

Size  :  The  left  vertebral  is  frequently  much  larger  than 
the  right,  especially  in  those  cases  where  it  is  given  off 
directly  from  the  arch  of  the  aorta.  Sometimes  the  ver- 
tebral is  nearly  as  large  as  the  common  carotid,  at  other 
times  as  small  as  the  ascending  cervical  branch  of  the  in- 
ferior thyroid. 

Branches :  The  vertebral  may,  as  a  very  rare  occur- 
rence, give  off  the  inferior  thyroid  or  superior  intercostal 
artery.  I  have  seen  two  examples  of  the  first  variety  oc- 
curring on  both  sides  of  same  subject.  Its  inferior  cere- 
bellar branch  is  frequently  absent  on  one  side. 

The  thyroidea  ima  has  been  observed  in  rare  cases  to 
come  off  from  the  right  subclavian. 

The  upper  end  of  the  vertebral  artery  occasionally  di- 
vides into  two  branches,  which  unite  a  little  higher  up, 
thus  forming  a  loop  through  which  pass  filaments  of  the 
hypoglossal  nerve.  I  have  seen  this  anomaly  in  two  in- 
stances. 

Thyroid  Axis. — This  trunk  occasionally  arises  beyond 
the  scalenus  anticus  muscle  (according  to  R.  Quain  twice 
in  two  hundred  and  seventy-three  cases).  It  not  infre- 
quently gives  origin  to  the  Internal  mammary.  It  is 
sometimes  absent,  its  branches  being  given  off  separately 
from  the  subclavian. 

Inferior  Thyroid. — This  artery  frequently  arises  as  an 
independent  branch  from  the  subclavian.  It  has  been 
seen  to  arise  from  the  common  carotid,  and  not  unfre- 
quently  from  the  vertebral.  It  varies  considerably  in  size, 
and  when  small  its  place  is  taken  by  the  superior  thy- 
roid. In  cases  of  enlarged  thyroid  gland  (bronchocele) 
It  is  often  nearly  as  large  as  the  carotid.  Two  inferior 
thyroids  have  been  found  on  the  same  side,  one  having 
the  normal  course  beneath  the  carotid  artery,  and  the 
other  reaching  its  destination  by  passing  superficially  to 
that  vessel  (Fig.  270).  Its  branches  of  division  are  closely 
connected  with  the  recurrent  laryngeal  nerve,  which  may 
pass  beneath  or  above  them,  a  point  to  be  borne  in  mind 
m  extirpation  of  the  thyroid  gland.  The  inferior  thyroid 
may  be  wanting  altogether,  its  place  being  supplied  by  an 
enlarged  superior  thyroid  of  the  same  side. 

The  ascending  cervical  branch  of  the  inferior  thyroid 
may  be  derived  directly  from  the  subclavian  or  one  of  its 
branches.  It  is  occasionally  of  large  size,  and  may  take 
the  place  of  the  occipital. 

Supra-scapular. — This  artery  is  usually  derived  from 
the  thyroid  axis,  but  not  unfrequently  has  a  different  ori- 
gin. It  is  often  given  off  directly  from  the  subclavian. 
It  may  be  given  off  from  the  internal  mammary.  I  have 
several  times  seen  it  derived  from  the  subscapular  and 
also  from  the  axillary.     It  is  often  very  small. 

Transverse  Cervical. — This  artery  when  given  off  from 
the  thyroid  axis  divides  into  two  terminal  branches,  viz., 

•  Mr.  A.  M.  Paterson  (Jour.  Arab,  nnd  Phys.,  April,  1884)  records  a 
case  of  right  vertebral  arising  from  the  aortio  arch  beyond  the  left  sub- 
clavian, and  reaching  the  vertpbro-ai-terial  canal  by  passing  behind  the 
trachea  and  oesophagus  ;  in  fact,  following  exactly  the  course  of  the 
subclavian  when  it  arises  from  the  back  part  of  the  aroh,  as  figiued 
above.  Mr.  Paterson  regards  this  anomaly  as  a  persistence  of  the  right 
aortic  root,  with  obliteration  of  the  connectioa  between  the  subclaviaa 
and  vertebral  arteries  where  they  cross. 
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the  superficial  cervical  and  posterior  scapular.  Very 
often  the  superficial  cervical,  only,  is  given  off  from  the 
thyroid  axis,  the  posterior  scapular  coming  off  as  a  sep- 
arate branch  from  the  second  or  third  part  of  the  subcla- 
vian, rarely  from  the  first  part.  It  is  well,  when  ligatur- 
ing the  third  part  of  the  subclavian,  to  remember  that  the 
posterior  scapular  comes  off  from  it,  about  once  in  every 
three  cases.  When  the  posterior  scapular  artery  is  given 
off  from  the  third  part  of  the  subclavian  I  have  not  in- 
frequently seen  it  pierce  the  fibres  of  the  scalenus  medius 
muscle,  and  occasionally  go  between  the  cords  of  the 
brachial  plexus.  The  posterior  scapular  artery  may  be 
given  off  from  the  axillary,  or  it  may  end  near  the  scapu- 
la in  a  small  branch,  its  place  being  supplied  by  branches 
from  the  suprascapular.  The  superficial  cervical  may 
come  off  from  the  subclavian  as  a  separate  branch,  the 
posterior  scapular  alone  being  derived  from  the  thyroid 
axis.  When  the  posterior  scapular  is  a  branch  of  the 
third  part  of  the  subclavian  it  often  gives  off  a  large 
branch  to  supply  the  trapezius,  which  represents  the 


Fl8.  870.— Inferior  Thyroid  Artery  dividing  into  Two  Branches,  one  of 
which  (a)  paBsea  in  front  of  the  carotid  sheath,  the  other  (b)  behind  it. 
(Anderson :  Jowr,  Atiat.  and  Fhys.,  vol.  xiv.) 

greater  part  of  the  superficial  cervical,  the  latter  artery 
m  such  cases  being  very  small  or  absent. 

The  transverse  cervical  artery  is  occasionally  given  off 
from  the  subclavian  as  a  separate  branch. 

Internal  Mammary. — This  is  a  large  and  very  regular 
branch  of  the  subclavian,  generally  arising  from  the 
lower  part  opposite  the  vertebral.  It  may  arise  from  the 
thyroid  axis  or  innominate,  or  even  from  the  arch  of  the 
aorta.  It  may  also  form  a  common  trunk  with  either  of 
the  scapular  arteries,  and  be  given  off  from  the  second  or 
third  part  of  the  subclavian.  Hyrtl  describes  a  case 
where  the  trunk  of  this  artery  crossed  in  front  of  wthe 
fifth  right  costal  cartilage,  coming  out  of  the  thorax 
through  the  fourth  interspace  and  re-entering  it  by  the 

A  branch  is  sometimes  given  off  from  the  upper  part 
of  the  internal  mammary,  called  by  Henle  the  A.  mam- 
maria  interna  lateralis,  which  crosses  the  inner  surface 
of  the  upper  four  to  six  ribs  and  intercostal  spaces  at 
right  angles,  about  midway  between  the  spine  and  ster- 
num, anastomosing  in  its  course  downward  and  outwt.i  J 
with  the  intercostal  arteries.  In  penetrating  wounds  of 
the  thorax,  fractured  ribs  and  other  injuries,  this  lateral 
branch  might  be  wounded  and  give  rise  to  dangerous 


hsBmorrhage.     It  might  also  be  wounded  in  the  operation 
for  evacuating  an  empyema. 

Superior  IniercoBtai. — Sometimes  arises  from  the  thy- 
roid axis  or  vertebral.  May  be  of  considerable  size,  and 
supply  three  or  four  intercostal  spaces.  It  in  some  cases 
passes  between  the  neck  of  the  first  or  second  rib  and  the 
corresponding  transverse  process  of  the  dorsal  vertebra. 
It  is  very  rarely  absent. 

Deep  Oermeal.—T'iAs,  artery  is  generally  a  branch  of  the 
preceding  but  occasionally  is  derived  directly  from  the 
subclavian,  in  the  proportion  of  1  in  20  subjects  (R. 
Quain).  In  rare  cases  it  arises  from  the  posterior  scap- 
ular and  Internal  mammary.  It  is  not  infrequently  of 
small  size,  its  place  being  taken  by  the  deep  cervical 
branch  of  the  occipital,  a  branch  of  the  inferior  thyroid, 
ascending  cervical  or  a  posterior  cervical  branch  of  the 
transverse  cervical  (Henle). 

It  may  pass  between  the  transverse  processes  of  the 
fifth  and  sixth  cervical,  first  and  second  dorsal,  or 
second  and  third  dorsal 
instead  of  between  the 
seventh  cervical  trans- 
verse process  and  first 
rib. 

There  is  sometimes  an 
accessory  branch  accom- 
panying it. 

Axillary  Abtebt. 
— The  most  important 
anomaly  of  this  vessel  is 
its  early  division  into 
two  trunks,  one  of 
which  may  give  off  all 
or  most  of  the  branches, 
or  may  be  a  high  origin 
of  the  radial,  ulnar,  or 
even  the  interosseous  ar- 
tery (Fig.  271).  When 
one  of  the  trunks  gives 
off  all  or  most  of  the 
branches  it  is  nearly 
always  surrounded  by 
the  brachial  plexus  of 
nerves  and  embraced  by 
the  two  heads  of  the 
median.  The  branches 
given  off  from  this  com- 
mon stem  may  vary.  I 
have  seen  it  give  origin 
to  the  acromial  thoracic, 
long  thoracic,  anterior 
and  posterior  circum- 
fiex,  subscapular,  and  ^"''  ^^■ 
one  or  both  of  the  pro- 
funda arteries  of  the  arm  ;  the  anterior  and  posterior 
scapular  with  the  subscapular  arteries  not  infrequently 
come  from  a  common  stem.  This  arrangement  of  the 
branches  of  the  axillary-  occurs  normally  in  many  animals, 
e.g.,  the  lemur,  tapir,  peccary,  dolphin,  etc.,  and  much 
resembles  that  which  takes  place  in  the  lower  extremity, 
viz.  :  the  common  femoral  dividing  into  a  superficial  and 
deep  branch,  and  the  deep  giving  off  all  the  branches, 
and  the  superficial  going  down  the  extremity  branchless. 
According  to  Richard  Quain,  this  variation  occurred 
twenty-eight  times  in  five  hundred  and  six  arms  exam- 
ined. I  have  only  met  with  it  fifteen  times  in  five  hun- 
dred arms  in  which  the  arrangement  of  the  axillary  \yas 
observed.  Quain  gives  the  proportion  of  cases  in  which 
one  of  the  arteries  of  the  forearm  is  derived  from  the 
axillary  as  23  in  506  ;  Gruber,  21  in  1,200.  I  have  found 
this  condition  to  exist  12  times  in  500  arms  examined. 

The  radial  is  the  branch  most  frequently  given  off  in 
these  caises,  next  the  ulnar,  and,  very  rarely,  the  interos- 
seous. I  have  only  once  seen  the  interosseous  arise  from 
the  axillary. 

An  aberrant  artery  is  occasionally  found  arising  from 
the  axillary ;  it  generally  courses  down  the  arm  alongside 
the  brachial,  which  it  joins  near  the  elbow.  Sometimes 
this  aberrant  ve,ssel  joins  the  radial,  ulnar,  or  interosseous 


■Origin  of  Badial  (R)  from  the 
Axillary.    (After  Reeves. ) 
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artery  near  the  wrist.  One  remarkable  case  came  under 
my  observation  some  years  ago  in  whicli  this  aberrant 
artery  passed  down  the  arm  superficial  to  the  fascia,  in 
the  forearm  followed  the  course  of  the  median  nerve, 
communicated  with  the  radial  by  several  transverse 
branches,  and  finally  ended  by  taking  the  place  of  the 
superficial  volar,  completing  the  superficial  palmar  arch 
(Fi^.  272). 

The  most  constant  branch  of  the  axillary  is  the  long  tho- 
racic or  external  mammary  ;  this,  or  a  representative  of  it, 
is  seen  nearly  always  running  along  the  lower  border  of 
the  pectoralis  minor  muscle  ;  it,  however,  not  infrequently 
arises  from  the  thoracic  axis  and  occasionally  from  the 
subscapular.    The  subscapular  and  circumflex  branches 
frequently  arise  together.     The  dorsalis  scapiilse,  instead 
of  being  derived  from  the  subscapular,  may  arise  directly 
from  the  axillary. 
The  posterior  circumflex  occasionally  fails  to  enter  the 
quadrilateral  space  (formed  by 
the    humerus,     sulDscapularis 
muscle,  long  head  of  triceps, 
and  teres  major),  but  reaches 
the  deltoid  muscle  by  winding  round 
the  lower  border  of  the  tendons  of  the 
latissimus  dorsi  and  teres  major  mus- 
cles. 

Bkachial  Artery. — The  variations 
in  the  course,  relations,  and  distribu- 
tion of  this  artery  are  very  numerous 
and  of  special  surgical  interest. 

Course. — The  brachial  artery  some- 
times, accompanied  by  the  median 
nerve,  courses  down  the  arm  to  the  in- 
ternal condyle  of  the  humerus,  and 
thence  regains  its  normal  position 
at  the  bend  of  the  elbow,  by  passing 
forward  under  a  fibrous  or  bony  arch. 
This  arch  is  formed,  usually,  partly  by 
bone  and  partly  by  ligament ;  the  bony 
process  is  called  the  supra-condyloid 
and  the  foramen,  which  is  completed 
by  a  ligament  from  the  tip  of  the  pro- 
cess to  the  internal  condyle,  the  supra- 
condyloid  foramen.  In  these  cases  it 
is  usual  to  have  a  high  origin  of  the 
pronator  radii  teres 
muscle  from  the  su- 
pra -  condyloid  pro- 
cess. This  arrange- 
ment is  said  to  be 
more  common  in  dark 
races,  and  is  the  nor- 
mal one  in  all  the  cat 
tribe  and  in  monkeys, 
lemurs,  and  sloths. 
In  these  animals  the 
foramen  is  nearly  al- 
ways completed  by 
bone,  and  affords  pro- 
tection to  the  median 
nerve  and  artery  dur- 
ing flexion  of  the  fore- 
Fio.  272.-Exaffiple  of  an  Aberrant  Artery  }j™^'  and  also  affords 
from  Axillary,  going  to  complete  the  Su-  tfiem  a  more  direct 
perfloial  Palmar  Arch,  taking  the  Place  in  COUrse  tO  the  f  ore- 
the  Hand  ot  the  Snperflcial  Volar.  Hmb.      In  man  the  ai"- 

take  this  course  without  there  being  preMntafuZrcon^ 
teres'musXf '  ™^^  ^^  °°'^  ^  ^'^^  °"S'"  °^  tl^e 

Divmon.-lhme  once  seen  the  artery  divide  near  its 
commencement  mto  two  branches  which  unite  to  form 
one  trunk  near  the  bend  of  the  elbow,  from  whichX 
TF^^'Ira?.  ^'*'"''  ""'^  ^'^^"^  °*  ''^  '^^  usual  place 

tound  64  tunes,  a  low  division  that  is  below  usual  place) 
only  once.  Gruber,  in  1,200  arms  examined,  found  a  S 
division  m  83.    In  500  arms  examined  by  iyseW?  I  on!y 


found  a  high  division  in  37,  and  in  one  case  the  btaeliial 
divided  below  the  pronator  teres.  ' 

Adding  to  these  the  cases  where  the  division  take^ 
place  in  the  axilla,  in  481  arms  examined  by  Quain  3  ar 
teries  existed  in  the  arm  in  94  cases,  or  1  in  about  5J-'  Wv 
statistics  are  quite  different  from  the  above,  and  I  cannot 
account  for  the  great  diversity.  The  same  class  of  peonle 
were  examined,  and  they  were  of  the  same  race.  In  500 
arms  I  found  that  3  arteries  existed  in  only  43  cases  This 
is  made  up  as  follows  :  division  of  axillary,  13 ;  divisioD 
of  brachial,  27 :  aberrant  arteries,  4,  total,  43,  or  1  in  11 « 
cases.  W.  t 
Gruber,  in  '*"' 
1,200    arms, 

found  a  high 

division  in 

103,  or  one  in  11.6,  the  same  propor- 
tion exactly  as  in  my  own  cases. 
The  point  of  division  is  in  most 

cases  in  the  upper  third  of  the  arm. 

It  is  also  seen  in  the  middle  and  lower 

thirds,   but    much    less    frequently. 

The  artery  which  is  given  off  thus 

prematurely  is  generally  (three  cases 

out  of  four)  the  radial ;  this  vessel  is 

most  frequently  to  the  ulnar  side,  and 

subsequently  crosses  to  the   radial. 


Ai 


,— R 


Fio.  273.— Brachial  dividing  high  np, 
reuniting  at  Elbow  and  then  almost 
immediately  dividing  Into  the  Ra- 
dial and  Ulnar.  V,  vas  aberrana. 
(After  BeeveB.) 


Fig.  274.— High  Origin  of 
the  Ulnar  Artery  (U). 
Ab^  aberrant  artery; 
B,  radial,  giving  off  the 
interosBeous  arteries, 


Next  in  frequency  comes  the  ulnar,  which  often,  in  these 
cases,  passes  superficially  down  the  forearm  and  gives  off 
no  branches,  the  interosseous  coming  from  the  radial  (Fig. 
274).  In  rare  cases  the  interosseous  is  the  branch  having 
the  high  origin  (Fig.  275),  and  still  more  rarely  it  is  a  vaa 
aberrans. 

TJhree  branches  have  been  seen  in  the  arm,  viz.,  the 
radial,  ulnar,  and  a  vas  aberrans. 

The  position  of  the  two  branches  in  the  arm  when  a 
high  division  occurs  is  of  surgical  importance.  They  are 
usually  in  the  ordinary  position  of  the  brachial  trunk  and 
lie  close  together,  but.  the  radial,  as  mentioned  above, 
often  arises  from  the  inner  side,  and,  after  accompanying 
the  large  vessel  for  some  distance,  crosses  over  it  at  the 
bend  of  the  elbow. 

The  ulnar  artery,  when  having  a  high  origin,  may  in- 
cline toward  the  internal  condyle ;  this,  however,  only 
occurs  when  it  nears  the  elbow".  When  there  is  a  high 
division  of  the  brachial  the  ulnar-interosseous  branch  may 
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pass  through  the  supra-condyloid   foramen  mentioned 
above,  and  under  a  high  origin  of  the  pronator  teres. 

The  aberrant  a/rteries 
which  are  given  off  occa- 
sionally, are  long,  slender 
arteries,  which  are  derived 
from  the  brachial  or  axil- 
lanf,  and  end  by  joining  the 
radial  most  frequently  and 
sometimes  the  ulnar  and 
interosseous.  They  are  loop 
lines,  so  to  speak,  and  in 
cases  of  ligature  of  the  bra- 
chial, their  occasional  oc- 
currence must  he  borne  in 
mind  by  the  surgeon  (Fig. 
276).  The  two  arteries  in 
the  arm  are  in  some  in- 
stances connected  together 
by  anastomosing  transverse 
branches.  These  branches 
may  number  two  or  three, 
or  even  four. 

A  median  oHery  has  been 
described  as  arising  from 
the  brachial  and  passing 
down  over  the  muscles  of 
the  forearm  and  supplying 
the  fingers  to  which  is  dis- 
tributed the  median  nerve. 

The  brachial  artery  may 
in  some  part  of  its  course 
(more  frequently  near  the 
elbow)  be   covered  by    a 

miispiilnr   slin        Thp    tnp-^"*-  275.— Anterior  Interosseous  (1) 
muscmar  sup.       ine    me      giyenofHrom  the  Brachial  high  up. 
Qian  nerve  sometimes  pass-    (After  Reeves.) 
es  behind  instead  of  in  front 

of  the  artery,  especially  in  those  cases  where  the  two 
heads  embrace  a  common  trunk 
from  which  the  axillary  branches 
are  given  off. 

Superior  Profunda. — This  is  oc- 
casionally derived  from  a  trunk 
common  to  it  and  several  of  the 
axillary  branches,  as  mentioned 
above^  It  not  uncommonly  arises 
with  tha  circumflex,  and  occasion- 
ally gives  off  the  inferior  pro- 
funda. 

Inferior  Profunda. — This  is  of- 
ten absent.  It  is  frequently  united 
with  the  superior  profunda. 

AiMtitomoiiea  Mag na.  —  Fre- 
quently of  small  size  ;  its  place  is 
sometimes  taken  by  the  inferior 
profunda. 

Radial  Aktbkt.  —  Origin:  I 
have  found  that  the  radial  has  a 
high  origin  (Fig.  377)  in  1  case  in 
81,  but  Quain  reports  the  high 
origin  to  occur  as  often  as  1  in  8. 
Gruber  in  440  arms  examined 
found  the  radial  had  a  high  origin 
in  36,  or  about  1  in  17  cases. 

Course. — The  radial  only  very 
occasionally  deviates  from  its 
usual  course  in  the  forearm.  It 
has  been  found  lying  superficial 
to  the  fascia  of  the  forearm,  and 
the  semilunar  fascia  of  the  biceps. 
It,  in  rare  cases,  courses  down  the 
forearm  on  tjie  surface  of  the  su- 
^  «\  *^^  — ^^berrant  Artery  pinator  longus  instead  of  along  its 
SLT(r)'a?th'S°Si<id1e°  inner  border  It  not  infrequently 
of  the  arm,  passing  with  ^^  superficial  to  the  tendons  of  the 
the  median  nerve  (d)  extensor  muscles  of  the  thumb. 
J.™'*''  i"'®  Internal  in-  It  is  occasionally  joined  by  a  vas 
lSiSS??h"re'S;ruinar  aberrans.  It  may  leave  the  front 
(4)  lower  down.  (Qaain.)  of  the  forearm  near  its  middle,  its 
Vol.  I.— 33 


.f 


■\ 


place  being  taken  by  an  enlarged  superficial  volar.    This 
would  cause  a  weak  wrist-pulse. 

Size. — It  does  not  vary  often  in  size.  It  is,  however, 
sometimes  much  smaller  than  usual,  its  place  being,  to  a 
considerable  extent,  taken  by  some  other  vessel,  as  the 
ulnar  and  anterior  interosseous. 

The  radial  has  been  described  as  absent  by  some  anato- 
mists. Quain  never  saw  a  case  of  absence  of  this  artery, 
but  such  a  case  is  described  by  Professor  Otto. 

Branohea. — Badial  recurrent :  This  vessel  is  sometimes 
of  large  size,  or  it  may  consist  of  several  small  branches. 
When  the  radial  has  a  high  origin 
the  recurrent  branch  is  given  ofE 
from  the  ulnar-interosseous  trunk. 
Superficial  wlar :  Very  often  of 
small  size,  so  small  that  it  termi- 
nates in  the  muscles  of  the  thumb, 
and  does  not  complete  the  super, 
flcial  palmar  arch.  It  is  occasion- 
ally entirely  absent.  It  may  be  of 
large  size  and  furnish  several  digi 
tal  branches  (Fig.  378),  and  it  may 
arise  much  higher  than  usual. 

I  once  saw  it  arise  as  high  as  the 
middle  of  the  forearm,  and  it  was 
quite  as  large  as  the  radial,  from 
which  it  was  derived  ;  this  is  the 
normal  arrangement  in  some  mon- 
keys. 

T?ie  first  dorsal  interosseous  is, 
in  some  cases,  of  large  size,  and 
may  supply  several  digits  and  end 
by  completing  the  superficial  arch. 
[  •)  The  ca/rpal  and  dorsal  interosse- 
■ii|  ous  branches  are  often  of  very 
small  size,  their  place  being  taken 
by  the  perforating  arteries. 

Ulnar  Artery.  —  Origin: 
Quain  found  that  this  artery  de- 
viated from  the  usual  origin  in  1 
case  in  13,  Gruber  1  in  39,  myself 
1  in  37. 

"Where  the  origin  of  the  ulnar  is 
unusual,  it  most  commonly  arises 


U—. 


Pio.  277.— Dissection  of  Right  Fio-  278.— No  Distinct  Su- 

Arm.    Showing  an  example  perflcial  Arch.   Large  su- 

of  high  separation  of  the  perflcial  volar  supplying 

radial  artery  (3)  from  the  thumb  and  index-flnger 

brachial  (2) ;  a  large  median  with  half  middle-finger, 

artery  (10)  is  seen  in  fore-  and  rest  supplied  by  ul- 

arm.  (From  Quain's  "  Anat-  nar.    (Reeves.) 
omy,"  after  Tiedemann.) 

from  the  brachial  in  the  arm,  and  less  commonly  from 
the  axillary.  In  one  case  out  of  five  hundred  I  found  it 
coming  ofE  from  the  brachial  below  the  pronator  radii 
teres.  In  this  case  there  was,  of  course,  a  low  division  of 
the  brachial.  .  , 

Course.— \d.  the  forearm  this  artery  is  much  more  sub- 
ject to  variation  than  the  radial.  When  it  has  a  high  ori- 
gin it  nearly  always  courses  down  the  forearm  super- 
ficial to  the  muscles,  but  beneath  the  fascia ;  but  cases 
occasionally  occur  where  it  is  immediately  beneath  the 
skin  and  superficial  to  the  fascia  (Fig.  279).    When  the 
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ulnar  is  superficial,  it,  as  a  rule,  gives  off  no  branches  m 
the  forearm,  these  being  given  off  from  the  radial— inter- 
osseous trunk— or  the  Interosseous  itself,  which  is  inva- 
riablv  given  off  from  the  radial.  The  ulnar,  m  rare 
cases,  has  this  superficial  course  when  it  arises  in  its 
usual  situation. 

Interosseous  Art&ry.— This  artery,  in  rare  cases,  arises 
from  the  axillary  or  brachial  artery  (Fig.  375),  and  gives 
off  the  recurrent  radial  and  ulnar  arteries.  The  anterior 
and  posterior  interosseous  may  arise  separately  from  the 
ulnar. 
Median  Artery  (Fig.  280).— This  branch,  which  acconi- 
s  panies  the  median  nerve,  is  ordi- 

-^         '  narUy  of  small  size,  but  occasion- 

al '  ally  it  is  developed  into  quite  an 

ll&  \  important   vessel.     It   is    usually 

fwll'  A  \         derived,  from  the  anterior  interos- 
t  'w    %  \        seous,  "but   sometimes   from   the 


Fis.  279. — Abnormal  Super, 
flcial  trinar  Artery  (3,  y), 
rising  higher  than  nsual 
from  the  Brachial.  (Quain^s 
"  Anatomy,"  after  E. 
Quain. ) 


Fio.  280.— Dissection  of  Left 
Arm.  Showing  an  enlarged 
median  artery  (5)  which  re- 
places the  radial  (2)  and  ul- 
nar (3)  arteries  in  the  supply 
of  the  palmar  digital  arteries 
to  half  the  fingera.  (From 
Quain's  ".Anatomy,"  after 
Tiedemann.) 


ulnar,  and,  in  rare  cases,  it  has  been  found  coming  from 
the  axillary  or  the  brachial.  It  accompanies  the  median 
nerve  and  reaches  the  hand  beneath  the  annular  ligament, 
but,  according  to  Tiedemann,  sometimes  passes  over  the 
ligament.  It  may  complete  the  palmar  arch,  or  be  dis- 
tributed as  digital  branches  to  certain  of  the  fingers,  gen- 
erally those  supplied  by  the  median  nerve,  which  'it  ac- 
companies. In  the  cases  I  have  observed,  the  latter  ar- 
rangement was  the  more  frequent.  I  have  occasionally 
seen  this  artery  pierce  the  median  nerve. 

Aetemes  of  the  Hand.— The  arteries  of  the  hand 
are  subject  to  many  variations. 

The  superficial  palmar  arch  is  sometimes  entirely  want- 
ing. It  has  been  occasionally  seen  double.  In  the  ma- 
jority of  cases  the  superficial  volar  branch  does  not  com- 
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Pict.  281.  —  Superficial  Arch 
formed  entirely  by  the  tJlnar 
and  joining  the  Princepa 
Pollicis  Artery.    (Reeves.) 


plete  the  arch,  but  it  is  completed  often  by  a  large  branch 
from  the  radial,  which  emerges  between  the  thumb  and 
forefinger,  and  I  have  sometimes  seen  it  completed  by  a 
large  branch  from  the  radial,  which,  after  coursing  over 
the  bacli  of  the  hand,  emerges  on  the  palm  between  the 
index-  and  middle-fingers.  The  arch  is  also  often  completed 
by  a  transverse  branch,  which  comes  from  the  muscles 
of  the  thumb  and  is  derived  from  the  princeps  pollicis  or 
radialis  indicis  branch  of  the  radial  (Fig.  381).  A  median 
artery  may  complete  the  arch  (Fig.  383),  or  it  may  go  to 
the  mgits  on  the  radial  side,  and  the  ulnar  to  the  digits 
on  the  ulnar  side,  and  no  regu- 
lar arch  be  formed.  The  super- 
ficial volar  sometimes  has  this 
arrangement  (Fig.  378). 

The  superficial  arch  maybe 
very  sma,ll  and  some  of  the  digi- 
tal branches  be  wanting,  or  it 
may  be  very  large,  supplying 
all  the  digital  branches,  both 
superficial  and  deep. 

The  deep  arch  is  occasionally 
formed  by  the  ulnar.  It  is  some- 
times so  deficient  that  the  digi- 
tal arteries  are  derived  from  the 
superficial  arch.  A  large  meta- 
carpal branch  on  the  back  of  the 
hand  may  give  off  the  digital 
branches. 

Renal  Abtbkies. — Now  that 
the  operation  of  nephrectomy 
has  become  so  common,  the  va- 
riations of  these  arteries  have  been  rendered  important 
surgically.  Professor  Macalister  has  lately  (Joum.  Anat. 
and  Phys.,  vol.  xvii.)  reported  most  of  the  anomalies  of 
the  renal  artery. 

The  renal  artery  may  be  replaced  by  two,  three,  four, 
and  even  six  branches.  The  origin  of  these  arteries  is 
very  various  ;  they  are  usually  derived  from  the  aorta, 
and  separated,  at  their  origin,  by  a  larger  or  smaller  inter- 
val ;  the  lowest  may  arise  quite  near  the  bifurcation  of 
the  aorta,  and  the  highest  just  below  the  coeliac  axis. 
In  some  rare  instances  the  renal  artery  has  been  de- 
scribed as  arising  from  the  common  iliac,  internal  iliac, 
and  middle  sacral.  The  right  and  left  renal  arteries  have 
been  found  coming  from  a  common  trunk,  they  may 
arise  from  the  anterior  or  lateral 
part  of  the  aorta.  The  suprarenal  ■V 
frequently  gives  off  an  upper  re-  j^_ 
nal,  and  it  less  frequently  is  derived 
from  the  upper  lumbar,  hepatic, 
and  right  colic. 

The  branches  of  the  renal  artery, 
instead  of  entering  the  hilum,  may 
penetrate  the  kidney  at  its  upper  or 
lower  end.  It  is  not  uncommon  to 
see  the  normal  artery  entering  the 
hilum,  and  two  or  three  supernu- 
merary branches  piercing  the  up- 
per and  lower  end  of  the  gland. 
In  two  subjects  I  found  the  kidney 
was  supplied  by  two  arteries  arising 
from  the  aorta  at  some  distance  Yia.  233.  —  Large  Meiiian 
apart,  one  going  to  the  extreme  AJtery  (if),_taidng  " 
upper  end,  and  the  other  to  the 
extreme  lower  end  of  tlie  kidney  ; 
no  artery  entered  the  hilum  (Fig. 
283).  The  vein  and  duct  were  nor- 
mal. This  variation  I  once  met  with  while  performing 
nephrectomy  on  the  dead  body.  R.  Qua,in  met  with  a 
case  of  absence  of  the  renal  artery  on  one  side.  Multiple 
renal  arteries  occur  normally  in  fishes,  lizards,  snakes, 
crocodiles,  and  birds,  and  in  man  are  due  to  a  persistent 
early  foetal  condition. 

Spermatic  Artery. — Sometimes  double,  not  inire- 
quently  derived  from  the  renal.  Three  spermatic  arte- 
ries have  been  seen. 

Common  Iliac  Arteries. — The  place  of  origin  of  tliese 
arteries  depends  on  the  place  of  division  of  the  abdominal 


Place  of  the  Eadial  in  the 
Formation  of  the  Saper- 
floial  Arch  and  giving  off 
Outer  Digitals.  (Ec8ve&) 
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Arteries- 
Arteries. 


Via.  883.— Abnormal  Bight 
Benal  Arteriea.  An  artery 
diatribnted  to  each  extrem- 
ity of  the  kidney,  but  none 
entering  the  bilnm. 


aorta.  This  may  be  as  high  as  the  upper  border  of 
the  third,  or  as  low  as  the  lower  border  of  the  fifth 
lumbar  vertebra.  lu  three  out  of  four  cases  the  aorta 
divides  opposite  the  lower  border  of  the  fourth  lumbar. 

The  common  iliac  arteries  vary  considerably  in  length. 
I  once  saw  them  only  1.8  cm.  (three-fouirths  inch) 
long  in  a  negress,  and,  in  another  case,  2.5  cm.  (one 
inch).  In  the  large  majority  of  cases,  according  to  R. 
Quain,  the  length  varies  from  3.7  cm.  (one  afid  a  half 
inch)  to  7.5  cm.  (three  inches).  The  greatest  length  is 
about  10  cm.  (four  and  a  half  inches). 

The  right  and  left  common  iliaos  diflEer  in  length  very 
often,  the  right,  owing  to  the  aorta  dividing  to  the  left 
side  of  the  spinal  column,  is  often  the  longer,  but  the 
left  may  be  the  larger,  and  in  about 
one-third  of  the  cases  they  are  of 
equal  length  (R.  Quain). 

When  the  left  is  longer  than,  or 
equal  to  the  right,  it  is  owing  to 
the  left  artery  descending  to  a 
lower  level  than  the  right.  The 
artery  has  been  seen  dividing  into 
internal  and  external  iliacs  as  low 
down  as  the  iliac  fossa. 

The  common  iliac  on  one  side 
has  been  reported  absent  by  Cru- 
veilhier  and  "Walsham.  In  this 
case  the  aorta  divided  into  three 
branches,  two  on  the  right  (exter- 
nal and  internal  iliac),  as  is  seen 
in  birds,  and  one  on  the  left 
(common  iliac).  Surgically,  these  variations  are  of  great 
interest. 

Internal  Iliac. — The  place  of  division  of  this  vessel 
varies  considerably ;  it  may  divide  as  low  as  the  margin 
of  the  sacro-sciatic  foramen  and  as  high  as  the  upper 
margin  of  the  sacrum.  The  point  of  division  is  of  im- 
portance surgically  ;  when  the  trunk  is  short  it  is  more 
deeply  placed  in  the  back  part  of  the  pelvis,  but  when  it 
is  of  some  length,  then  a  part  of  the  artery  is  .likely  to 
lie  above  the  pelvic  cavity,  and  therefore  would  be  much 
more  easily  reached  by  the  surgeon  (R.  Quain).  It  has 
been  found  as  short  as  1.2  cm.  (half  an  inch),  and  as  long 
as  8.3  cm.  (three  and  a  halt  inches). 

The  branches  are  given  off  from  this  artery  very  vari- 
ously. In  many  cases  there  Is  no  division  into  anterior 
and  posterior  trunks.  The  artery  occasionally  gives  Ofi 
one,  and  sometimes  two  branches  before  it  divides.     The 

variations  of  most  of  the 
branches  of  this  artery, 
being  of  no  surgical  im- 
portance, will  not  be  dis- 
cussed here. 

Obturator.  — Accord- 
ing to  R.  Quain,  the  ob- 
turator artery  arises  from 
the  epigastric  in  one  case 
in  three  and  a-half.  His 
conclusions  are  derived 
from  observations  in  361 
cases.  I  have  observed 
500  cases  (250  subjects), 
and  have  found  this  abnor- 
mal arrangement  much 
.  less      frequently       than 

Quain.  I  have  found  the  obturator  coming  from  the 
epigastric  in  only  one  case  in  nine  (55  in  500).  Quain 
found  the  obturator  derived  from  the  external  iliac  in  6 
cases  out  of  361.  I  found  it  only  3  times  in  500  cases. 
Quain  found  the  epigastric  giving  off  the  obturator  23 
tunes  on  both  sides.  1  found  this  arrangement  11  times. 
Whenthe  obturator  arises  from  the  epigastric  or  ex- 
ternal iliac,  it  reaches  the  thyroid  foramen  by  arching 
either  to  the  inner  or  outer  side  of  the  femoral  ring. 
It  It  arches  to  the  inner  side  of  the  femoral  ring,  along 
the  edge  of  Gimbernat's  ligament,  then,  in  case  of 
strangulated  hernia  requiring  operation,  it  would  be  in 
great  danger  of  being  wounded  (Fig.  284) ;  in  fact,  this 
.  accident  has  happened  more  than  once. 


Pio.  284.— Obturator  given  oft  from 
the  Internal  Epigastric,  and  pass- 
ing to  the  Inside  of  the  Crural  Ring 
to  reach  the  Obturator  Foramen. 
(Alter  Gray.) 


In  nine  only,  out  of  the  fifty -eight  cases  in  which  the 
obturator  proceeded  from  the  epigastric  and  external 
iliac,  did  I  see  the  artery  going  to  the  inner  side  of  the 
femoral  ring.  In  the  remaining  forty -nine  cases  it  either 
crossed  it,  in  a  few  cases,  or  held  a  position  well  to  the 
outer  side  in  the  majority  (Fig.  285),  so  that  in  only  about 
one  case  in  fifty  is  there  danger  of  wounding  the  obturator 
in  th  e  operation  for  strangulated  hernia.  The  explanation 
of  the  origin  of  the  obturator  from  the  epigastric  is  sim- 
ple enough.  Normally  we  have  the  pubic  branch  of  the 
obturator  anastomosing  with  the  pubic  branch  of  the  epi- 
gastric ;  these  vessels  become  enlarged,  and  the  proper 
obturator  branch  of  the  in- 
ternal iliac  either  remains 
undeveloped  or  becomes 
"obliterated. 

In  four  cases  I  have  seen 
the  obturator,  epigastric, 
and  internal  circumflex 
arise  together  from  the  ex- 
ternal iliac,  and  once  these 
same  arteries  were  seen  to 
arise  by  a  common  trunk 
from  the  common  femoral 

two      centimetres      below  ,j,„.  285.-The  Same,  passing  to  the 
I'oupart  S    ligament.       In     outside  of  the  Ring.    (After  Gray.) 

one  case  the  epigastric  and 

obturator  arose  together  from  the  femoral,  a  little  below 
Poupart's  ligament.  In  some  cases,  in  which  the  obturator 
arises  from  the  epigastric,  there  is  a  small  branch,  repre- 
senting the  obturator,  derived  from  the  internal  iliac. 

Internal  Pudic  Artery. — This  vessel  is  occasionally  of 
small  size,  and  fails  to  supply  all  the  usual  branches ; 
in  such  an  event  these  are  given  off  from  an  accessory 
pudic.  The  branches  furnished  by  the  accessory  artery 
are  usually  those  branches  going  to  the  cavernous  body 
and  dorsum  of  the  penis,  the  pudic  itself  ending  as  the 
artery  of  the  bulb.  In  a  few  instances  the  pudic  ends  as 
the  superficial  perineal,  the  other  branches  coming  from 
the  accessory  vessel. 

The  accessory  pudic  is,  as  a  rule,  given  off  from  the 
deep  pudic  within  the  pelvis ;  it  then  passes  alongside  the 
bladder  and  prostate,  and,  after  piercing  the  triangular  lig- 
ament, supplies  the  dorsum  of  the  penis  and  the  cavernous 
body,  and,  jperhaps,  the  bulb. 
It  may  be  given  off  from  the 
obturator  in  the  pelvis,  or  from 
the  epigastric. 

The  pudic  artery  has  been 
seen  passing  up  to  the  perineum 
midway  between  the  tuberosity 
of  the  ischium  and  the  coccyx, 
and  ending  as  the  superficial 
perineal  and  artery  of  the  bulb 
(Fig.  286). 

Artery  of  the  Bulb. — Is  some 
times  of  large  size,  placed  fur- 
ther back  than  usual,  and  as- 
cends obliquely  to  the  bulb  ; 
in  such  a  case  it  would  neces- 
sarily be  wounded  in  the  opera- 
no.  286.--Abnormal  Internal  tion  of  lithotomy.     It  may  arise 

Pudic  Artery,   which  has  a   « .-.^      A««««.,.^^,r     ^.-.Ai^  . 

course  midway  between  the  from     the      ftCCesS0ry_    pudlC  ; 
ischial  tuberosity  and  the  coc-  when    this    happens    it    WOUld 

oyx.   (After  Henie.)  \)q  placed  Well  in  front  of  the 

usual  incision  for  lithotomy. 

The  dorsal  artery  of  the  penis  has  in  some  cases  been 
seen  to  arise  from  the  obturator  artery  near  the  thyroid 
foramen,  from  the  external  pudic  of  the  femoral,  and 
from  the  deep  femoral.  In  the  first  case  it  would  be  in 
danger  of  being  wounded  in  lithotomy.  The  two  arteries 
of  the  penis  sometimes  unite  to  form  a  single  trunk,  or 
are  united  by  transverse  branches.  Mr.  Spence  has 
described  a  large  prostatic  artery  which  gained  the  peri- 
neal surface  of  the  prostate  without  dividing  into  minute 
branches.  Wounds  of  the  prostatic^  arteries  have  led  to 
fatal  haemorrhage  in  cases  of  lateral  lithotomy. 

The  sciatic  artery  is  sometimes  replaced  by  a  branch 
from  the  gluteal.     In  a  few  cases  this  artery  has  been  seen 
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of  larse  size  taking  the  place  of  the  femoral  (see  under 
VarMons^f  Femoral).  There  is  sometimes  a  large 
comes  nerviischiatici  artery.  The  gluteal  artery  has 
S  reported  as  absent  (Roherts),  its  place  being  taken 
by  a  large  branch  from  the  femoral,  passmg  outward 
and  backward  to  the  gluteal  region. 

ExTBENAL  Iliac  Aktbribs.— The  length  of  these 
arteries  varies  according  to  the  point  at  which  the  com- 
mon iliacs  bifurcate;. they  usually  measure  T  50  cm 
(three  inches)  to  10  cm.  (four  inches)  m  length.  In  those 
iare  cases  where  the  main  artery  of  the  limb  is  a  con- 
tinuation of  the  sciatic,  it  is  much  reduced  m  size. 

Epiqastric  Artery.— M.&y  arise  at  a  higher  point  than 
usual.  R.  Quain  reports  it  in  one  case  6.4  cm.  (two 
and  a  half  inches)  above  Poupart's  ligament.  It  arises 
from  the  femoral  in  about  one  case  in  twenty.  Ine 
usual  place  of  origin  is  close  to  or  opposite  Pouparts 
ligament.     It  may,  in  rare  cases,  arise  from  the  deep 

femoral.  „  ,         .      ^  •    v 

The  origin  of  the  obturator  from  the  epigastric  has 
already  been  noticed.  In  a  few  cases  the  epigastric  has 
been  seen  coming  from  the  obturator  when  that  vessel  is 
a  branch  of  the  internal  iliac. 

I  have,  in  four  instances,  seen  the  epigastric  arise  m 
common  with  the  internal  circumflex  artery  of  the  deep 
femoral.  In  three  of  the  caSes  the  common  stem  arose 
from  the  femoral  2  cm.  below  Poupart's  ligament ;  in 
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Fio.  287. — Abnormal  Origin  of  the  Internal  Circumflex  Artery  (I) ;  E, 
epigastric  artery ;  FF,  profunda  f  emoris. 

the  fourth,  2  cm.  above  the  ligament.  In  the  last-named 
case  the  internal  circumflex  passed  beneath  Poupart's 
ligament  in  the  same  compartment  of  the  femoral  sheath 
as  the  artery,  and  continued  down  the  thigh  about  5 
cm.,  lying  between  the  artery  and  vein  ;  it  ended,  after 
giving  oil  a  large  branch  to  the  adductor  muscles,  as  the 
internal  circumflex  proper  (Fig.  387).  A  similar  anomaly 
has  been  observed  by  Mr.  A.  Thompson  {Journal  Anat. 
and  Phys.,  April,1883),  but  in  the  cases  described  by  him 
the  artery  passed  internal  to  the  femoral  vein,  and  would, 
he  thinks,  have  been  wounded  in  the  operation  for  reliev- 
ing strangulated  femoral  hernia.  A  similar  arrangement 
of  vessels  exists  normally  in  the  American  black  bear. 
I  have  met  with  three  cases  in  which  the  obturator,  epi- 
gastric, and  internal  circumflex  arose  by  a  common  stem, 
two  below  Poupart's  ligament  and  one  above. 

Ciireumflex  Iliac  Artery.— The  origin  of  this  artery 
is  sometimes  from  the  femoral.     It  is  occasionally  double. 

Femoral  Abtbry. — The  femoral  artery  has,  in  some 
rare  cases,  been  found  of  small  size,  and  terminating  near 
the  knee-joint.  When  such  a  condition  exists,  the  main 
artery  of  the  limb  is  furnished  by  a  branch  from  the  inter- 
nal iliac,  generally  the  sciatic  (Pig.  388),  which  is  much 
enlarged,  and  accompanies  the  sciatic  nerve  to  the  pop- 
liteal space,  whence  the  course  of  the  artery  is  the  same 


as  if  the  distribution  had  been  normal.    This  is  the  usual 
arrangement  in  birds. 
Cases  have  been  reported  in  which  the  femoral  divided 

into     two     portions, 
which  united  below  to 
form  again   a  single 
vessel.      Sir   Charles 
Bell,  when  ligaturing 
the  femoral  for  pop- 
liteal  aneurism,  met 
with    this    anomaly. 
Though  the  ligation  of 
the  femoral   did  not 
arrest  the  pulsation  in 
the  aneurism,  thecause 
was  not  recognized  till 
after  the  death  of  the 
patient,  when  it  was 
found  that  the  femoral 
was  double,  and  only 
one  of  its  divisions  had 
been  ligatured  {Lon- 
don Med.  and  Phys. 
Jour.,  vol.  Ivi.,  1886). 
(See  Fig.  389.)  Tiede- 
mann,  Houston,  Dn- 
breuil,    Tyrrell,    and 
Quain    also    report 
cases.  Mr. H.A.Kelly 
(American  Journal  of 
the   Medical  Sciences,  January, 
1883)  reports  three  cases  (one  of 
which    is  doubt- 
ful), met  with  in 
the  dissecting- 
rooms  in    Phila- 
delphia.    In  two 
of  these  cases  the 
artery  divided  be- 
low the  profunda, 
and  reunited  just 
Fig.  S88.— Posterior  Tiew  ol  above  the  opening 

the  Bight  Thigh.  The  is-  jq  the  adductor 
chiatic  artery  much  en-  „„„.„,,.  Thp  rli. 
larged,  accompanying  the  HiagnuS.  ineai- 
eciaticnerve,  and  taking  the  Vision  haS  been 
place  of  the  femoral  artery,  seen  above  the 
(Alter  DubreuU.)  ^^^^^  ^f  tie  pro- 

funda. 
The  two  femorals,  when  this  arrange- 
ment occurs,  run  down  the  thigh,  side  by 
side,  in  separate  fibrous  sheaths,  so  that 
in  cutting  down  on  one  the  other  would 
not  be  seen. 

I  have  occasionally  seen,  in  cases  of 
high  origin  of  the  profunda,  the  latter 
artery  quite  as  large  as  the  superficial 
femoral,  and  running  down  the  thigh 
parallel  to  it,  beyond  the  apex  of  Scarpa's 
triangle.  In  such  a  case  ifwould  be  diffi- 
cult, in  the  living,  to  distinguish  between 
the  vessels,  should  ligature  of  the  femoral 
be  necessary.  As  a  rule,  the  profunda 
lies  to  the  outer  side.  The  appearance  of 
the  above-described  condition  in  Scarpa's 
triangle  is  very  similar  to  those  cases  fig- 
ured as  double  femoral,  and  I  imagine 
that  the  cases  of  double  femoral  reported 

as  seen  in  amputating  the  thigh,  are  only  p^^  ' 

cases  of  large  profunda  arteries — espe-  case~ot  DouWa 
cially  as  the  disposition  of  the  vessels  below  Femorsi  Artery, 
the  amputated  point  is  not  described.  Showing  btfUm 

The  profunda,  or  deep  femoral  artery,  trunks  and  tie 
may  be  given  off  from  the  inner  side  of  ancurismal  ta- 
the  main  trunk,  or  even  in  some  cases  »™  ''|'™'  ^ 
from  the  back  part  of  the  vessel.  It  may  j],ndm  'uedicai 
arise  above  Poupart's  ligament,  or  as  ocaeiti.) 
much  as  10  cm.  (four  inches)  below  it. 
It  not  uncommonly  arises  1.3  cm.  (half  an  inch)  below 
the  ligament,    "When  it  is  given  ofl  low  down,  one  oi 
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both  circumflex  arteries  arise  from  the  femoral.  The 
deep  femoral  has  been  occasionally  altogether  wanting,  its 
branches  arising  separately  from  the  main  artery. 

The  external  circumflex  artery  not  infrequently  arises 
directly  from  the  common  femoral.  It  may  be  repre- 
sented by  two  branches,  and  even  three,  which  arise  from 
the  femoral  or  profunda — I  have  seen  it  arise  in  com- 
mon with  the  internal  circumflex.  The  internal  cvrcum- 
flex  artery  also  frequently  arises  directly  from  the  fem- 
oral. It  occasionally  arises  in  common  with  the  deep 
epigastric,  and  passes  down  to  the  thigh  «n  the  same 
sheath  as  the  femoral  vessel.  This  variety  I  have  de- 
scribed under  the  Epigastric.  It  may  arise  with  the  epi- 
gastric from  the  femoral  artery  before  the  profunda  is 
given  ofE,  and  in  some  cases  might  be  injured  in  the 
operation  for  strangulated  femoral  hernia.  I  have  twice 
seen  it  arise  with  the  obturator  and  epigastric  from  a  com- 
mon stem. 

Unusual  branches  are,  in  rare  cases,  given  off  from  the 
femoral.  I  once  saw  the  dorsal  artery  of  the  penis  given 
off  from  the  common  femoral,  cross  the  thigh  at  right 
angles,  and  reach  the  dorsum  of  the  penis  by  piercing  the 
deeper  scrotal  tissue. 

A  large  saphenous  artery  has  been  found  which  accom- 
panied the  great  saphenous  vein.  It  may  arise  above  or 
below  the  profunda,  course  down  the  thigh  between  the 
adductor  magnus  and  internal  vastus,  and  pierce  the  deep 
fascia  of  the  thigh  on  the  inner  side  of  the  knee-joint, 
where  it  reaches  the  internal  saphenous  vein  and  accom- 
panies it  to  the  internal  malleolus.  This  arrangement  is 
the  normal  one  in  the  rabbit  and  in  some  other  mammals. 

I  once  saw  this  branch,  after  reaching  the  inner  side  of 
the  knee,  wind  round  to  the  front  of  the  joint,  below 
the  patella,  and  divide  into  a  cutaneous  branch  and  a 
branch  which  pierced  the  ligamentum  patellae  to  supply 
the  interior  of  the  joint. 

Popliteal  Aktbby. — This  artery  is  not  subject  to 
many  variations.  The  chief  deviation  from  the  normal 
disposition  consists  in  a  high  division  of  its  terminal 
branches.  I  saw  this  only  twice  in  250  subjects;  in 
both,  the  artery  divided  immediately  above  the  upper 
edge  of  the  posterior  ligament  of  the  knee-joint.  In  337 
subjects  Quain  found  a  high  division  in  10.  Portal  re- 
ports a  case  of  low  division  of  the  popliteal,  the  artery 
dividing  about  the  middle  of  the  leg  Into  anterior  and  pos- 
terior tibial.  In  some  cases  of  high  division,  the  peroneal 
artery  arises  from  the  anterior  tibial ;  this  was  the  arrange- 
ment in  one  of  my  cases.  The  artery  and  vein,  usually 
so  constant  in  their  relation,  may,  in  rare  cases,  change 
places.  When  there  is  a  third  head  to  the  gastrocnemius 
muscle  it  usually  passes  between  the  artery  and  the  vein. 

Cases  are  reported  (Otto)  of  branches  from  the  popliteal 
proceeding  upward  along  the  semi-membranosus  muscle, 
and  ending  in  one  of  the  perforating  arteries  of  the  pro- 
funda. Also  an  aberrant  artery  is  described  as  being 
given  off  above  the  knee-joint,  and  joining  the  popliteal  be- 
fore its  division  (Hyrtl).  A  small  saphenous  artery  has  been 
seen  which  accompanies  the  short  saphenous  vein  behind 
the  external  malleolus  and  anastomoses  with  one  of  the 
tarsal  branches  (Hyrtl).  The  azygos  artery  may  be  given  off 
from  one  of  the  articular  arteries.  I  once  saw  a  common 
trunk  give  off  the  two  superior  articular  arteries  and  the 
azygos.  One  or  other  of  the  articular  branches  may  be 
absent,  their  place  being  supplied  by  an  enlargement  of 
the  remaining  arteries. 

Posterior  llbial.— In  cases  of  high  division  of  the  pop- 
liteal the_  tibial  is  larger  than  usual.  It  may  be  increased 
or  diminished  in  size.  When  increased,  it  partly  takes  the 
place  of  the  peroneal  or  anterior  tibial,  and,  when  dimin- 
ished, it  may  be  reinforced  by  transverse  branches  from 
the  peroneal  near  the  ankle.  The  posterior  tibial  maybe 
of  very  small  size  and  end  near  the  middle  of  the  leg,  its 
place  being  taken  by  a  large  peroneal  artery  which  fur- 
nishes the  plantar  arteries.  In  a  lesser  degree  of  diminu- 
tion of  the  posterior  tibial,  the  anterior  tibial,  or  rather 
its  dorsalis  pedis  branch,  furnishes  the  arteries  which 
form  the  plantar  arch  and  its  branches.  In  these  cases 
the  external  plantar  artery  ends  near  the  accessorius 
muscle.    I  have  several  times  seen  a  muscular  slip,  arising 


from  the  lower  end  of  the  fibula,  or  more  commonly  from 
the  tibia,  cross  the  tibial  vessels  behind  the  internal  malleo- 
lus. The  nerve  is  occasionally  placed  to  the  inner  side 
of  the  artery,  at  the  lower  part  of  the  leg. 

Peroneal  Artery. — This  arterjr,  as  described  above,  may 
take  the  place  of  the  posterior  tibial,  or  it  may  be  of  small 
size,  and  its  place  be  supplied  by  a  branch  of  the  posterior 
tibial.  The  anterior  peroneal  branch  may  be  of  large 
size,  and  take  the  place  of  the  lower  part  of  the  anterior 
tibial,  furnishing  the  arteries  supplying  the  dorsum  of 
the  foot. 

In  cases  of  high  division  of  the  popliteal,  the  peroneal 
artery  generally  arises  from  the  anterior  tibial.  It  also 
arises  in  the  same  way,  occasionally,  when  no  high  divis- 
ion takes  place.  I  have  seen  it  furnish  a  large  Internal 
calcanean  branch  as  well  as  an  external.  An  accessory 
peroneal  sometimes  exists. 

The  internal  plantar  artery  is  sometimes  of  very  small 
size,  ending  in  the  flexor  brevis  pollicis  muscle,  or  it  may 
be  of  large  size,  and  furnish  digital  branches  to  the  great 
and  second  toe. 

The  external  planta/r  is  occasionally  very  small,  ending 
in  the  accessorius  muscle ;  when  such  a  condition  exists 
the  dorsalis  pedis  artery  furnishes  the  deep  plantar  arch 
and  digital  branches.  I  have  several  times  seen  this  anom- 
aly. The  artery  is  occasionally  of  large  size,  and  partly 
takes  the  place  of  the  dorsalis  pedis  branch  of  the  ante- 
rior tibial.  The  digital  arteries  of  two  toes,  generally  the 
second  and  third,  not  infrequently  come  from  a  common 
stem.     The  deep  arch  is,  in  rare  cases,  double. 

Anterior  Tttdal  Artery. — In  some  cases  this  artery  is 
given  off  from  the  posterior  tibial  in  the  middle  of  the  leg. 
When  there  is  a  high  division  of  the  popliteal  it  may  give 
off  the  peroneal,  and  may  pass  beneath  the  popliteus 
muscle.  In  the  leg  it  may  be  subcutaneous,  its  pulsations 
being  easily  felt  under  the  skin.  Velpeau  reports  a  case 
in  which  this  artery  did  not  pierce  the  interosseous  mem- 
brane, but  passed  tcthe  front  of  the  leg  round  the  fibula 
with  the  musculo-cutaneous  nerve.  It  may  be  altogether 
wanting,  its  place  being  supplied  by  perforating  branches 
from  the  posterior  tibial,  or  it  may  end  in  the  muscles 
about  the  middle  of  the  leg.  When  there  is  such  a  dis- 
tribution the  deficiency  is  made  up  by  an  enlarged  ante- 
rior peroneal  or  plantar  artery.  It  not  infrequently  fails 
to  furnish  digital  branches,  which,  in  this  event,  come 
from  the  plantar  arteries.  The  artery  may  be  of  larger 
size  than  usual,  and  take  the  place  of  the  peroneal  artery 
in  some  cases,  and  the  plantar  branches  of  the  posterior 
tibial  in  others ;  the  dorsalis  pedis  branch  being  of  very 
large  size,  as  mentioned  in  the  description  of  the  varieties 
of  the  posterior  tibial.  The  dorsalis  pedis  artery  some- 
times ends  in  the  neighborhood  of  the  cuneiform  bone. 
The  anterior  tibial,  in  some  rare  cases,  gives  off  an 
anterior  tibial  recurrent  to  the  knee-joint. 

Francis  J.  Sliepherd. 

ARTERIES,  COMPRESSION  OF.— Compression  of  ar- 
teries may  be  performed  either  by  the  finger,  by  means 
of  a  tourniquet,  by  a  graduated  compress  and  bandage, 
by  a  ligature  tied  tightly  around  the  limb,  or  by  a  pad 
placed  in  the  flexure  of  a  joint,  such  as  the  axilla,  elbow, 
or  knee. 

The  circumstances  under  which  an  artery  requires  com- 
pression are  frequently  of  such  a  nature  that  means  for  the 
compression  have  to  be  extemporized ;  an  efficient  tourni- 
quet can  always  be  contrived  with  the  aid  of  a  handker- 
chief, strings,  a  strip  of  the  clothing,  and  a  small  hard 
object  as  a  stone,  potato,  or  even  a  mass  of  earth  ;  the 
stone,  or  whatever  is  at  hand,  is  folded  into  the  hand- 
kerchief or  cloth  and  is  placed  directly  over  the  vessel  to 
be  compressed,  and  the  handkerchief,  cloth,  or  string  is 
made  to  tightly  encircle  the  limb ;  this  can  be  made 
more  effective  by  twisting  the  ends  of  the  cloth  with 
a  key,  umbrella,  or  stick. 

Severe  hsemorrhage,  however,  from  an  artery  always 
demands  quick  ancl  efficient  digital  compression.  In 
some  instances  the  bleeding  vessels  may  be  compressed  in 
the  wound,  when  the  coK»pression  is  made  to  check 
haemorrhage  from  a  divided  artery ;  but  ordinarily  the  ves- 
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sel  must  be  compressed  on  the  proximal  side  of  the  wound. 
(The  subjects  of  Compression  in  Aneurism  and  Compres- 
"'■""  during  Amputations,  will  be  discussed  under  those 

■linrra  ^ 


The  arterien  of  fhe  sealp  (the  supra-orbital,  the  anterior 
branch  of  the  temporal,  the  occipital,  and  the  posterior 

auricular)  may 
all  be  effectual- 
ly compressed 
against  the  bones 
over  which  they 
He  by  means  of 
digital  pressure. 
.  The  temporal 
artery  may  be 
compressed  digi- 
tally at  a  point 
Fio.  290.— Bsmarch'B  Elastic  Campreseorium.     between  the  roOt 

of  the  zygoma 
and  the  auricle,  against  the  bone  on  which  it  lies,  viz., 
the  root  of  the  zygoma. 

The  facial  artery  may  be  compressed  by  the  fingers  as  it 
passes  over  the  body  of  the  lower  jaw;  the  coronary 
arteries  may  be  compressed  by  grasping  the  lips  between 
the  thumb  and  finger. 

The  common  carotid  artery  may  be  compressed  digitally 
in  the  omo-hyoid  tri- 
angle between  the  ster- 
no-mas  told  muscle  and 
the  hyoid  cartilage, 
against  the  bodies  of 
the  cervical  vertebrae. 

The  subclavian  ar- 
tery may  usually  be 
compressed  digitally 
in  the  supra-clavicu- 
lar fossa,  the  pressure 
being  made  against  the 
first  rib  over  which 
the  artery  passes.  This 
is  a  somewhat  diffi 
cult  procedure,  espe- 
cially  in    stout   sub- 

Sfi^Vl''"*    '*    '^    fre-FK.s91.-The  same  inrtrumentin  position. 

quently  necessary  in  v       >u 

some  cases  of  injury  to  the  axilla,  in  amputation  at  the 
shoulder-jomt,  and  in  aneurism. 

The  aaillary  artery  may  be  compressed  dirftallv  when 
the  arm  is  raised  to  a  right  angle  with  the  body ;  the 
pressure  should  be  made  along  the  inner  border  of  the 
comco-brachialis  muscle  (Holden's."  Landmarks  ") 

I  he  SrfflcAMi  artery  may  be  compressed,  either  bv  the 
hThi?f"^V'"'  ^Igitalfy,  at  almost  any  point  in  its  course, 
but  best  where  it  lies  on  the  tendon  of  the  coraco-brachi- 
alis,  at  the  middle  of  the  arm. 
The  pressure  must  be  made 
outward  and  backward  di- 
rectly over  the  vessel,  as  it  lies 
internal  to  the  biceps  muscle 
and  against  the  humerus.  It 
IS  commonly  made  at  this  point 
to  check  haemorrhage  from 
wounds  of  the  arm,  forearm 
a,nd  hand,  and  during  opera- 
tions on  the  forearm  or  at  the 
elbow-joint.  Efficient  pressure 
may  be  made  on  the  brachial 
artery  as  it  divides  into  the  ra- 
dial and  ulnar  arteries  in  the 
space  m  front  of  the  elbow,  by 
Pig.  292.-skGys  Arterial  Com-  Pacing  a  pad  of  paper  lint  or 
pressor.  cloth,  or  a  small  round  object 
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The  radial  and  ulrmr  arteries  may  be  compressed  at 
the  wrist  by  the  fingers,  by  pressure  applied  around  thp 
hmb,  or  by  a  graduated  pad  placed  over  each  arterv  anH 
a  sphnt  and  roller  bandage  applied  from  the  hand  to  thp 
elbow.  Compression  of  these  arteries  may  also  be  effects? 
at  almost  any  point  in  the  forearm  by  simply  tvin?  a 
strip  of  bandage  or  other  material  tightly  around  the 

The  abdominal  aorta  maybe  compressed  by  the  fineeri 
or  by  the  abdominal  tourniquet  at  the  umbilicus  and 
against  the  lumbar  vertebrae 
The  most  common  conditions 
necessitating  this  compression 
are  abdominal  aneurisms  and 
post  -  partum  haemorrhages 
Successful  results  have  been 
obtained  in  cases  of  abdominal 
aneurism  by  compressing  the 
aorta,  the  pressure  in  some 
eases  being  kept  up  for  many 
hours,  and  the  patient  gener- 
ally being  under  the  influence 
of  an  anaesthetic.  In  this  class 
of  cases  pressure  Is  best  made 
by  an  abdominal  tourniquet. 
In  post-partum  hsemorrhage 
the  bleeding  may  be  controlled 
usually  by  compression  of  the 
abdominal  aorta  with  the  fin- 
gers. One  case  has  been  re- 
ported in  which  such  compres- 
sion was  successfully  made  bv 
passing  the  hand  into  the  fundus  of  the  uterus  and  coni- 
pressing  the  aorta  against  the  vertebral  column  (Gazette 


Fio.  293. 


The  common  iliac  artery  may  be  compressed  by  the 
hand  in  the  rectum. 

Compression  of  the  femoral  artery  is  very  frequently 
required  in  wounds  and  operations  of  the  lower  extremity. 
Very  eflJcient  pressure  may  be  made  on  this  vessel  just 
below  Poupart's  ligament,  in  Scarpa's  triangle ;  digital 
compression,  the  tourniquet,  and  the  various  apparatus, 
as  weights,  shot-bags,  etc.,  which  are  used  to  check  or  di- 
minish the  force  of  the  circulation  in  this  vessel,  are  best 
applied  here.  The  direction  of 
the  pressure  should  be  back- 
ward and  upward  against  the 
pubes  ;  the  pad  of  the  tourni- 
quet, when  that  instrument  is 
used,  should  be  placed  in  the 
apex  of  Scarpa's  triangle.  In 
emergencies,  an  improvised 
tourniquet  may  be  applied  on 
the  inner  aspect  of  the  middle 
third  of  the  thigh,  the  pad,  or 
whatever  takes  the  place  of 
the  pad,  being  placed  over  the 
sartorius  muscle.  ' '  In  making 
digital  pressure  in  Scarpa's  tri- 
angle, it  is  easy,  generally,  to 
control  the  vessel  by  slight 
pressure  with  the  thumb,  pro- 
vided the  fingers  have  a  firm 
hold  on  the  great  trochanter  " 
(Gross). 

The  popliteal  artery  may  be 
compressed  by  the  graduated 
compress,  tourniquet,  or  fin- 
gers in  the  popliteal  space ;  the  pressure  should  be  directed 
against  the  femur  and  nearer  the  inner  than  the  outer 
border  of  the  space.  Hasmorrhage  occurring  below  the 
knee  may  sometimes  be  controlled  by  placing  a  compact 
pad  in  the  popliteal  space  and  strongly  flexing  the  lee  on 
the  thigh.  ''  ^ 

The  anterior  tibial  artery  may  be  compressed  as  it 
crosses  the  anterior  surface  of  the  tibia  at  the  ankle,  where 
Its  pulsations  may  be  felt. 

The  posterior  tibial  artery  may  be  compressed  by  the 
lingers  as  it  passes  behind  the  internal  malleolus.    Its 
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pulsations  are  distinctly  felt  at  this  point.  The  compres- 
sion would  always  have  to  be  digital,  as  it  would  not  be 
practicable  to  apply  a  tourniquet  of  any  kind  here. 

The  dorsaUs  pedis  artery  may  be  compressed  over  the 
instep,  as  it  lies  along  the  outer  border  of  the  extensor 
longus  pollicis  muscle,  either  digitally  or  with  a  pad  and 


In  the  two  latter  instances  compression  would  only  be 
made  in  cases  of  wounds  about  the  foot.* 

The  vessels  of  the  limbs  may  be  partially  compressed 
and  the  Wood-pressure  reduced  by  what  is  known  as 
"forced  flexion."  In  the  upper  extremity,  this  is  accom-, 
plished  by  forcibly  flexing  the  hand  in  the  prone  position 
at  the  wrist-joint  and  flexing  the  forearm  on  the  arm.  In 
the  lower  extremity,  the  leg  is  flexed  on  the  thigh  and  the 
thigh  on  the  pelvis.  Hsemorrhage  from  wounds  of  the 
extremities  may  be  more  or  less  completely  checked  by 
this  method. 

HaBmorrhage  from  wounds  of  the  limbs  may  be  checked 
by  applying  fismarch's  elastic  bandage  from  the  extrem- 
ity of  the  limb  to  a  point  above  the  wound,  and  then 
tying  a  section  of  rubber  tubing  tightly  around  the  limb, 
after  which  the  elastic  bandage  may  be  removed. 

William  H. 


ARTERIES,  HEALING  OF,  after  Liqatubb,  Acu- 
PBESSDEB,  AND  ToKSiON.  Although  the  introduction  of 
the  ligature  is  commonly  ascribed  to  Par6,  there  Is  suffi- 
cient evidence  to  show  that  it  was  employed  by  surgeons  in 
the  earliest  historic  times.  No  mention  is  made  of  the  liga- 
ture by  Hippocrates,  but  the  ancients  not  only  used  styptics 
*  and  the  actual  cautery,  but  also  ligature  and  torsion.  It 
is  highly  probable  that  the  Alexandrians  were  familiar 
with  the  use  of  the  ligature  three  centuries  before  the 
Christian  era,  for  Celsus  (born  30  B.C.)  speaks  of  it  a,s 
a  well-known  fact  and  recommends  its  use.  Rufus  of 
Ephesus,  a  century  later,  makes  the  following  mention 
of  torsion :  "  Vas  immissa  volsella  extendemus  et  mo- 
derate circumflectemus ;  at  ubi  ne  sic  quidem  cessave- 
rit  [hsemorrhagia]  vinculo  constringemus."  Arohigenes 
and  Galen  both  mention  tying  vessels  for  the  purpose 
of  stopping  hsemorrhage ;  the  name  of  Antyllus  also 
hears  testimony  to  the  skill  of  Roman  surgeons,  and 
in  the  Museum  at  Naples  there  may  be  seen  a  forceps, 
with  sliding  attachment,  evidently  Intended  to  use  with 
the  ligature.  We  find  the  ligature  of  arteries  mentioned 
again  in  the  seventh  century  by  Paulus  of  .^gina,  whose 
teachings  were  still  preserved  by  the  Italians  in  the  six- 
teenth century. '  In  Lanf ranchi's ' '  Surgery  "  (1295)  occurs 
the  following  passage  :  "  Oportette  nunc  aut  venam  ligare 
et  ipsam  de  loco  extrahere,  et  caput  veuK  vel  arterise  con- 
torquere,  aut  ferro  candente  sanguinem  sistere." 

It  is  uncertain,  however,  whether  ligatures  were  em- 
ployed on  large  vessels  before  Park's  time.  To  this  gi-eat 
surgeon  is  due  the  credit,  not  only  of  fully  appreciating  the 
value  of  this  mode  of  haemostasis,  but  of  making  it  a  uni- 
versally applicable  method.  At  this  period,  the  middle 
of  the  sixteenth  century,  the  imperfect  knowledge  of  the 
anatomy  and  physiology  of  the  circulation  prevented  a 
due  appreciation  of  the  advantages  of  the  ligature,  and 
even  (Juillemeau,  who  was  the  champion  of  his  friend  and 
teacher,  confined  the  use  of  the  ligature  to  primary  am- 
putations. _  Although  Wiseman  in  England,  Pabricius 
Hildanus  in  Germany,  Pallopio,  and  others  favored  the 
ligature,  these  were  but  isolated  examples,  and  at  the 
opening  of  the  eighteenth  century  the  actual  cautery  was 
still  the  customary  method  of  arresting  haemorrhage  at 
the  Hotel-Dieu. 

.The  contrast  between  the  two  methods  at  that  time  was 
not  indeed  as  great  as  it  would  seem  to-day.  A  glance  at 
Park's  plates  shows  the  forceps  as  an  instrument  of  rude 
pattern  and  clumsy  make ;  no  attempt  was  made  to  isolate 
the  vessel ;  veins,  nerves,  and  arteries  being  included  in 
one  knot.  No  wonder  that  surgeons  had  a  "horrid  ap- 
prehension of  compressing  the  nerves,"  and  that  Petit,'-* 
with  whom  modern  investigation  on  the  healing  of  arte- 
ries may  be  said  to  have  begun,  actually  proposed  com- 
pression as  a  substitute  for  the  ligature.  It  was  he  who 
first  called  attention  to  the  agency  of  the  thrombus  in 


checking  bleeding,  the  blood  around  the  end  of  the  ves- 
sel being  termed  the  couvercle,  and  that  found  within  the 
lumen  the  boueJion.  The  retraction  and  contraction  of 
the  vessel  were  soon  recognized  by  Morand,  who  also 
called  attention  to  the  rupture  of  the  inner  walls  by  the 
ligature.  Pouteau,  of  Lyons,  thought  that  the  swelling 
of  the  tissues  surrounding  the  mouth  of  the  vessel  was  as 
important  a  factor  as  any  other  in  bringing  about  the 
arrest  of  haemorrhage,  and  he  devised  what  has  since 
been  called  the  mediate  ligature.  This  was,  however,  a 
return  to  obsolete  methods,  and  a  protest  was  soon  raised 
against  its  brutality.  In  England,  Gooch  and  Kirkland* 
dwelt  strongly  upon  the  action  of  the  vessel- wall,  and  the- 
former  showed  that  the  sides  even  became  adherent  for 
some  distance,  the  vessel  shrinking  into  a  cord.  White 
even  thought  that  the  clot  was  injurious  and  should  be 
removed ;  John  Bell,  on  the  other  hand,  thought  that 
the  extravasated  blood  in  the  tissues  compressed  the  ves- 
sel, which  subsequently  receded  by  adhesive  inflamma- 
tion. Hunter  gave  a  great  impetus  to  the  study  of  the 
process  of  repair  in  arteries,  through  his  views  on  heal- 
ing by  first  intention.  He  first  enunciated  a  theory,  which 
has  since  led  to  much  discussion,  concerning  the  organizar 
tion  of  the  thrombus  and  its  vascularization,  which  he 
likened  to  the  changes  seen  in  the  embryo  of  the  chick ; 
but  he  also  believed  in  a  direct  adhesion  of  the  arterial  wills. 
It  was  due  to  him,  also,  that  the  subsequent  establishment 
of  a  collateral  circulation  was  recognized.  To  Jones,* 
however,  has  been  pretty  generally  accorded  the  credit  of 
producing  the  classical  work  upon  this  subject.  By  a 
large  and  varied  series  of  experiments  on  animals  he  was 
able  to  give  a  complete  account  of  the  macroscopical 
appearances  showing  injuries  to  arteries,  which,  in  the 
main,  holds  good  to-day.  He  found  that  when  a  large 
artery  was  divided  it  retracted  into  its  sheath,  and  con- 
tracted slightly  at  its  extremity,  a  coagulum  forming 
within  the  sheath  and  external  to  the  vessel,  and  appearing 
like  a  continuation  of  the  artery  ;  and  that,  later,  a  slender 
and  conical  coagulum  formed  within  the  vessel,  being  only 
partially  adherent  to  its  walls.  Permanent  occlusion,  he 
says,  is  effected  by  the  inflammation  of  the  wall,  the  vasa 
vasorum  pouring'  out  lymph  which,  according  to  the 
theory  of  that  day,  became  organized,  that  is,  was  en- 
dowed with  an  independent  power  of  forming  tissue.  As 
the  external  clot  was  absorbed  it  was  replaced  by  this 
coagulated  lymph,  the  vessel  in  the  meantime  contracting 
up  to  the  first  branch,  a  delicate  ligament  being  eventually 
all  that  remained.  In  partial  division  of  the  vessel, 
this  writer  tells  us,  a  coagulum  forms  between  the  vessel 
and  its  sheath  at  the  point  of  injury,  and  the  wound  in 
the  wall  is  closed  with  coagulated  lymph,  which  subse- 
quently forms  outside  as  well.  Wounds  less  than  one- 
fourth  the  circumference  of  the  vessel  in  animals  are  ca- 
pable of  healing  so  as  to  occasion  little  or  no  obstruction 
in  the  canal,  and  rarely  do  such  injuries  lead  to  aneurism 
— a  curious  fact  noticed  by  all  subsequent  experimenters. 
If  the  artery  be  surrounded  by  a  tight  ligature  the  middle 
and  internal  coats  will  be  completely  divided  as  if  by  a 
knife,  the  external  coat  remaining  entire,  upon  the 
strength  of  which  coat  very  much  depends.  He  speaks 
of  the  "ulceration  of  the  ligature,"  which  expression 
at  the  present  time,  when  both  ends  of  the  knot  are  cut 
short  and  it  is  allowed  to  heal  in,  conveys  a  false  impression 
of  the  nature  of  the  subsequent  changes.  The  process  of 
repair  is  essentially  the  same  as  that  already  described.  He 
was  inclined  to  attach  too  little  Importance  to  thethrorn- 
bus,  or  internal  coagulum,  as  he  called  it ;  and  in  ordi- 
nary accidents  he  thought  it  contributed  nothing  to  the 
suppression  of  hsemorrhage.  Jones's  views  were  generally 
accepted,  but,  since  he  differed  essentially  from  Hunter 
respecting  the  role  played  by  the  internal  thrombus,  this 
question  now  became  the  chief  subject  of  discussion,  one 
party  maintaining  that  the  thrombus  was  organized  and 
formed  the  cicatricial  tissue  ;  the  other  believing  that  this 
function  was  performed  by  the  walls  of  the  vessel,  which 
were  supposed  to  be  united  by  an  adhesive  inflammation. 
In  Prance  the  majority  favored  Hunter's  views,  though 
Andral  believed  with  Cruveilhier  in  the  correctness  of 
the  latter  theory,  as  did  also  Guthrie  in  England.     In 


359 


Arteries 
Arteries. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Germany  opinions  were  about  equally  divided  until  StiU- 
ine  by  an  elaborate  series  of  researches,  the  most  exten- 
sive  since  those  of  Jones,  seems  to  have  definitely  settled 
the  question  that  the  thrombus  did  become  organized. 
Guthrie  also  established  the  fact  that  a  longitudinal  slit 
in  human  arteries  of  medium  size,  as  the  temporal,  may 
heal  without  obliteration  of  the  vessel,  and  that  m  vessels 
of  considerable  size  haemorrhage  may  be  arrested  vrith- 
out  aid  the  power  and  influence  of  the  heart  over  the 
circulation  through  the  arteries  being  greatly  over-rated  ; 
a  fact  also  observed  by  Velpeau. 

With  the  rise  and  progress  of  histological  research  the 
question  of  the  organization  of  the  thrombus  was  subjected 
to  new  tests.  Schwann,  in  1838,  had  developed  his  "  cell 
theory,"  that  it  was  only  through  the  intervention  of  cells 
that  further  development  could  take  place,  and  not,  as 
Henle  still  maintained,  through  an  amorphous  blastema 
formed  from  coagulated  lymph,  which  could  be  directly 
changed  into  new  tissue.  It  was  now  through  the  lymph 
jhat  the  organization  of  the  thrombus  was  supposed  to  be 
effected,  and  Zwicky,  a  pupil  of  Henle;  who  first  investi- 
gated with  high  power,  describes  minutely  the  absorption 
of  the  red  corpuscles  and  the  gradual  metamorphosis  of 
the  homogeneous  structureless  cytoblastema  into  organ- 
ized tissue. 

Rokitansky'  called  attention  to  the  changes  taking 
place  in  vessels  which  had  been  excluded  from  the  circu- 
lation owing  to  a  change  in  the  current  of  the  blood,  as  the 
umbilical  arteries  and  the  ductus  BotalU,  and  he  pointed 
out  that  the  process  was  the  same  in  ligatured  vessels. 
It  was  not,  in  the  opinion  of  this  writer,  through  the 
intervention  of  a  thrombus,  but  through  a  collapse  in 
the  walls  and  their  subsequent  fusion  by  the  deposition 
of  a  new  layer,  that  obliteration  took  place.  The 
labors  of  Porta'  contributed  much  about  this  time  to 
our  knowledge  of  the  development  of  the  collateral 
circulation.  Virchow,'  who  was  at  first  more  or  less 
influenced  by  the  views  of  Hunter,  as  he  became  con- 
vinced of  the  power  of  cell-action  and  inaugurated  the 
theory  of  "omnis  cellula  e  eellula,"  discarded  the  views 
of  Schwann  and  Henle,  and  saw  in  the  white  cor- 
puscles of  the  thrombus  the  organizing  elements.  Al- 
though he  conceded  that  the  vessels  in  the  thrombus 
might  be  developed  from  the  vasa  vasorum,  still  he  did 
not  think  that  the  presence  of  the  cellular  elements  of  the 
new  tissue  could  be  explained  by  a  priman'^  growth  in- 
ward of  the  cells  from  the  vessel-wall.  Both  he  and 
Rokitansky  recognized  that  the  spaces  filled  with  fresh 
blood  were  not  new-formed  vessels,  but  channels  hollowed 
out  by  the  blood-current  which  are  to  be  distinguished 
carefully  from  the  vascularization  of  the  thrombus.  This 
process  was  termed  by  Virchow  the  "  sinus-like  degenera- 
tion;" the  term  "cavernous  metamorphosis"  has  also 
since  been  applied  to  it  by  Rindfleisch.  The  latter 
likened  the  thrombus  to  a  tissue,  of  which  the  white 
corpuscles  were  the  cells  and  the  red  corpuscles  and 
fibrin  were  the  matrix  ;  and  the  gradual  series  of  changes 
of  the  white  corpuscles  into  connective-tissue  cells  were 
described  both  by  him  and  O.  Weber,  who  also  thought 
that  new  blood-vessels  were  formed  by  them  which  sub- 
sequently united  with  the  vasa  vasorum.  It  was  by 
these  observers  that  the  theory  of  the  organization  of  the 
thrombus  received  its  fullest  elaboration. 

Attention  had,  however,  already  been  called,  both  in 
France  and  Germany,  to  the  action  of  the  lining  mem- 
brane of  the  vessel,  and  the  views  of  the  above-mentioned 
writers  were  farther  strengthened  by  an  important  com- 
munication from  His,"  who  showed  that  the  endothelium 
was  of  an  essentially  different  origin  from  the  epithelium 
of  the  skin  and  mucous  membranes,  and  belonged  rather 
to  the  group  of  connective  substances.  (The  term  en- 
dothelium is  used  for  the  first  time  in  the  writings  of  this 
author.) 

Waldeyer » thereupon  concluded  that  the  endothelium 
was  capable  of  producing  a  young  connective  tissue  with- 
in the  vessel,  which  tissue  was  subsequently  vascularized 
by  vessels  springing  from  the  vasa  vasorum,  and  that 
the  thrombus  was  absorbed  as  this  tissue  grew  into  it. 
The  same  thing,  he  thought,  occurred  in  the  blood-clot 
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in  extravasation,  the  process  of  organization  always  tak- 
ing place  at  the  edges  only.  A  series  of  observations  to 
the  same  effect  were  made  by  Thiersch '"  on  the  corpus 
luteum. 

The  Investigations  of  Recklinghausen  on  the  wander- , 
ing  cells,  and  of  Cohnheim  "  on  the  passage  of  the  white' 
corpuscles  through  the  walls  of  blood-vessels,  turned  the 
discussion  into  a  new  channel.  The  theory  of  the  organ, 
ization  of  the  thrombus  was  now  virtually  abandoned, 
and  the  dispute,  as  to  the  origin  of  the  cells  found  in  the 
thrombus,  now  lay  between  those  who  derived  such  cells 
from  the  endothelium  and  those  who  assumed  that  they 
had  wandered  in  through  the  walls  of  the  vessels.  The 
views  of  the  latter  were  strengthened  by  the  experiments 
of  Bubnoff,'"  who,  after  applying  ligatures  to  veins, 
rubbed  vermilion  granules  on  the  outside  of  the  ligatured 
vessels.  These  granules  were  afterward  discovered  in 
cells  found  within  the  thrombus,  and  he  concluded  as 
follows:  "that  the  white  corpuscles  of  the  thrombus 
lose  their  power  of  wandering  and  take  no  part  in  the 
cell-formation  of  the  organizing  tissue.  Cells  take  part 
in  the  organization  of  the  thrombus  which  creep  in 
large  numbers  into  the  vein.  The  mass  of  the  cells  are 
probably  derived  from  the  layers  of  the  vessel  walls  and 
from  the  surrounding  tissues."  Billroth  adopted  this 
view,  but  still  maintained  that  the  white  corpuscles  of 
the  thrombus  did  take  part  in  the  process. 

While  the  views  of  Cohnheim,  as  to  the  origin  of  the  new 
cells  in  inflamed  tissues,  were  adopted  by  a  lar^e  number 
of  pathologists,  there  were  still  many  who  believed  that 
the  pre-existing  cells  of  a  part  were  capable  of  prolifera- 
tion. The  most  prominent  exponent  of  the  latter  school 
was  Strieker,  who  believed  not  only  in  a  subdivision  of 
the  cells,  but  of  the  intercellular  substance  also,  and  in 
the  conversion  of  the  latter  into  an  amoeboid  material." 
Were  the  views  of  the  former  school  correct,  endothelium 
could  undergo  no  proliferation ;  if,  on  the  other  hand, 
the  old  view  of  cell  multiplication  still  held  good,  there 
was  no  need  to  fall  back  upon  the  emigrant  cells  with 
which  to  people  the  thrombus. 

Bubnoll's  experiments  were  explained  by  Thiersch,  who 
assumed  that  the  granules  were  not  carried  in  by  the  cells, 
but  that  they  floated  in  the  plasmatic  current  which 
flowed  through  the  intercellular  spaces  of  a  network 
which  formed  around  wounded  vessels,  and  were  thus 
carried  into  the  interior  of  the  latter,  Baumgarten" 
also  showed  that,  after  a  certain  period,  granulation  tis- 
sue forced  its  way  through  the  various  ruptures  near 
the  ligature,  and  carried  with  it  the  pigment  granules. 

A  convenient  mode  of  studying  the  endothelium  was 
devised  by  placing  a  double  ligature  upon  a  vessel,  first 
having  gently  pressed  out  the  fluid  blood  between  the  two 
points.  This  was  tried  by  Kocher,  who  found  no  change 
in  the  endothelium  ;  but  Durante  showed  that  the  isola- 
tion of  a  fragment  of  vessel  in  this  way  caused  a  necrosis, 
which  accounted  for  the  non-action  of  the  endothelium. 
Raab  "  found  that  if  the  connection  between  the  vessel 
and  its  sheath  was  not  disturbed,  the  isolated  portion 
could  still  be  nourished  by  the  vasa  vasomm,  and  that  pro- 
liferation of  the  endothelium  could  then  be  readiljr  ob- 
served ;  and  Baumgarten  saw  cell  proliferation  within 
such  a  section  of  artery,  although  it  had  been  carefully 
isolated  from  its  sheath — which  proves,  at  least,  that  a 
considerable  portion  of  a  vessel  can  be  excluded  tem- 
porarily from  the  circulation  by  the  ligature  without 
sloughing,  the  vascular  connection  in  thoroughly  aseptic 
wounds,  as  in  his  experiments,  being  rapidly  re-established. 
Raab  went  so  far  as  to  assert  that  "  the  growth  of  endo- 
thelium and  granulations "  (see  Baumgarten,  page 9)  "are 
as  easily  demonstrated  as  any  fact  in  pathological  his- 
tology, but  the  question  of  the  action  of  white  corpuscles 
and  wandering  cells  is  founded  on  the  doubtful  basis  of 
hypothesis."  This  challenge,  as  it  were,  was  taken  up  by 
Senftleben,"  who  repeated  Raab's  experiments,  and  was 
unable  to  find  any  cell-growth  except  close  to  the  ligature, 
where  It  might  be  accounted  for  by  a  growth,  through  the 
rupture  in  the  wall,  of  tells  coming  from  without ;  the 
same  appearances  being  noted  even  in  cases  where  alco- 
hol had  been  previously  injected  into  the  segment  to  kill 
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the  endothelium.  Such  segments  were  also  removed  and 
placed  in  the  peritoneal  cavity  of  rabbits,  after  having  been 
first  soaked  for  two  days  in  alcohol.  There  action  of  the 
endothelium  was  out  of  the  question ;  and  yet  the  same 
growths  that  Raab  and  Baumgarten  had  seen  were  still 
found.  Here  then  was  a  vindication  of  the  activity  of 
the  wandering  cells.  Even  the  swollen  endothelium, 
which  Raab  saw  in  cross-section  of  small  vessels  in  in- 
flamed parts,  was  declared  by  him  to  be  composed  of 
white  corpuscles  attached  to  the  wall.  He  says,  cer- 
tainly with  justice,  that  if  such  growths  take  place,  we 
should  have  all  small  vessels  in  an  inflamed  part  com- 
pletely obliterated. 

Experiments  by  Lee,  Beale,"and  Schultz,"  concerning 
the  repair  which  follows  a  small  injury  to  the  wall  of  a 
vessel,  together  with  Zahn's  account  of  the  formation  of 
a  "  white  thrombus,"  all  show  that  the  wound  is  filled 
by  a  clump  of  white  corpuscles,  which  afterward  lose 
their  contours  and  become  fused  into  a  more  or  less 
homogeneous  or  striated  mass.  The  breaking  down  of 
these  corpuscles,  according  to  Zahn,  sets  free  fibrin  fer- 
ment and  paraglobulin  to  act  upon  the  fibrinogen  con- 
tained in  the  plasma,  and  coagulation  consequently  takes 
place.  Beale  and  Lee  inferred,  and  Schultz  thought  to 
show  by  observations  made  at  a  later  stage,  that  the 
subsequent  closure  of  the  wound  was  effected  solely 
by  the  further  deposit  of  white  corpuscles  from  the 
blood,  the  endothelium  taking  no  part  in  the  process. 
Pfltzer,"  however,  repeated  Schultz's  experiments  ;  and, 
while  admitting  the  formation  of  the  white  thrombus 
in  the  way  indicated,  he  showed  that  repair  really  took 
place  by  the  formation  of  a  granulation  tissue  on  the 
outside  and  by  a  corresponding  growth  of  the  endothelium 
on  the  inside.  Zahn'"  also  observed  a  similar  growth  of 
endothelium  in  vessels  whose  inner  walls  had  been  rup- 
tured by  a  ligature  temporarily  placed  upon  the  vessel, 
allowing  the  circulation  to  re-establish  itself  immediately. 

The  study  of  endarteritis  appears  to  have  convinced 
most  observers  that  the  growths  which  eventually  oblit- 
erate the  smaller  vessels  arise  from  the  internal  tunic. 
A  gi'owth  of  mucus-like  tissue  is  sometimes  seen  under 
the  endothelium ;  at  other  times  its  upper  layer  also 
appears  to  be  involved ;  and,  if  coagulation  of  the  blood 
occurs,  the  cells  may  grow  into  the  clot  so  formed. 
According  to  Cornil  and  Ranvier,  a  further  growth  of  such 
tissue  in  larger  vessels  will  lead  to  a  breaking  down 
of  the  media,  and  to  a  gi'owth  of  cells  outward  into  the 
adventitia.  A  number  of  observers  have  found  a  new 
formation  of  vessels  in  the  obliterated  artery  produced 
by  the  force  of  the  blood-current  forming  a  channel.^' 
Around  such  spaces  may  be  seen  newly-formed  elastic 
laminaj,  constituting  a  newly-developed  wall  for  the  new 
vessel,  which  thus  does  the  work  of  a  collateral  branch. 
Analogy  would  suggest  a  growth  also  of  the  internal 
tunic  in  vessels  after  ligature,  and  Cornil  and  Ranvier, 
indeed,  consider  the  two  processes  identical. 

The  weight  of  opinion  latterly  has  been  decidedly  in 
favor  of  the  activity  of  the  inner  tunic  of  the  vessel  in  the 
healing  process  after  ligature.  Such  is  the  view  of  those 
who  have  studied  the  subject  in  this  country  during  recent 
years.  Shakespeare  ^  derives  the  new  formation  from  the 
endothelium  and  subjacent  cells  of  the  intima.  A  collec- 
tion of  these  cells  is  to  be  found  at  the  point  of  ligature  by 
the  end  of  the  first  twenty-four  hours,  forming  a  cushion 
upon  which  the  clot  is  seen  to  be  resting.  To  this  new 
growth  Shakespeare  gives  the  name  "plastic  clot."  The 
thrombus,  or  "  fibrinous  clot,"  takes  no  part  in  the  pro- 
cess, but  is  pushed  up  by  the  plastic  clot,  in  which  latter 
signs  of  vascularization  begin  to  show  themselves  as 
early  as  the  sixth  day,  communication  being  effected 
with  the  vasa  vasorum  between  the  fifteenth  and  thirtieth 
day.  A  growth  similar  to  that  just  described  ma^  be 
produced  by  pressing  together,  with  forceps,  the  inner 
walls  of  the  vessel  just  above  the  ligature,  in  applying 
what  the  author  styles  the  "  modified  ligature."  He  has 
been  able  to  observe  the  activity  of  the  endothelium  ac- 
tually under  the  microscope,  a  cell  being  detached  and 
floated  off  as  a  white  corpuscle,  thus  confirming  Klein's 
Views  on  the  origin  of  white  corpuscles. 


Sennas  fl^^g  that  the  cicatrix  is  the  exclusive  product 
of  connective  tissue  and  of  endothelial  proliferation,  and 
that  permanent  obliteration  takes  place  in  an  artery  in  from 
four  to  seven  days.  This  would  imply  a  reliance  chiefly 
upon  the  intima  for  the  production  of  the  new  tissue. 
Wyeth,'^  though  he  thinks  that  permanent  closure  is  ef- 
fected by  cells  of  the  intima,  does  not  consider  a  division 
of  the  inner  coats  necessary.  In  his  investigation  of  en- 
darteritis he  thinks  that  the  connective  tissue  cells  of  the 
adventitia,  the  white  corpuscles,  and  the  endothelium,  all 
respond  to  the  inflammatory  action. 

Thoma  has  recently  elaborated  the  views  of  Rokitansky 
on  the  analogy  with  the  closure  of  the  umbilical  arteries  and 
the  ductus  Botalli;  and  he  has  described  the  formation  of  a 
hyaline  and  flbrillated  connective  tissue  in  the  deeper  lay- 
ers of  the  intima,  as  a  compensatory  endarteritis  occurring 
at  birth  in  that  part  of  the  arterial  system  specially  con- 
cerned in  the  foetal  circulation,  in  the  arterioles  of  the  kid- 
neys in  chronic  nephritis,  and  in  the  stumps  of  arteries 
after  ligaturs.  The  closure  of  an  artery,  he  says,  whether 
physiologically,  or  as  the  result  of  an  operation,  depends 
upon  the  slowing  of  the  current.  It  begins  with  a  con- 
traction of  the  media ;  if  this  contraction  be  enough  to 
restore  the  normal  rapidity  of  the  circulation,  further 
changes  are  confined  to  an  atrophy  of  the  muscular  wall 
sufficient  to  correspond  with  the  diminished  calibre  and 
diminished  tension.  If  this  change  does  not  suffice,  it  is 
supplemented  by  a  compensatory  thickening  of  the  intima. 
The  observations  of  Schultz  respecting  the  shape  of  the 
cicatrix  in  an  arterial  stump,  on  its  elongation  or  thick- 
ening upon  one  side  of  the  vessel  according  to  the  prox- 
imity of  a  branch,  are  in  this  way  explained. 

The  appearance  of  the  thrombus  has  been  carefully 
studied  by  Shakespeare,  who  finds  that  it  forms  gradually 
and  that  it  presents  a  stratified  aspect,  looking  like  a 
column  of  red  blood-corpuscles  suiTounded  by  fibrin  and 
white  corpuscles,  which  lies  coiled  up  in  the  vesseL 
The  tendency  of  a  slowly -moving  blood  column  to  re- 
tain a  shape  impressed  upon  it,  can  be  demonstrated 
under  the  mici'oscope  in  the  tongue  of  a  frog.  The  blood 
is  deposited  in  this  way  in  successive  layers  or  coils. 
The  apex  is  composed  of  a  homogeneous  clot  containing 
some  large  ovoid  cells.  As  to  its  size,  Raab  says  the  old 
view  that  a  thrombus  must  reach  as  far  as  the  first  col- 
lateral branch,  is  exploded,  both  by  experiments  on  ani- 
mals and  observation  on  man. 

As  to  the  cause  of  its  formation,  Cohnheim  takes  the 
ground  that  it  is  due  to  an  injury  to  the  endothelium  ;  the 
old  view  that  it  might  be  produced  merely  by  a  slowing 
of  the  current  not  holding  good,  for  even  in  marasmic 
thrombi  we  find  slight  injuries  to  the  internal  membrane ; 
moreover,  a  ligature  may  be  put  around  the  vessel  with- 
out producing  coagulation,  provided  the  endothelium  be 
not  injured.  Wyeth,  however,  who,  in  ligaturing  an 
artery,  prefers  to  avoid  a  rupture  of  the  inner  coats, 
does  not  confirm  this  view."  Kocher  also  says  that  the 
clefts  in  the  walls  are  not  of  themselves  sufficient  to 
check  the  blood-current ;  for,  if  the  ligature  is  immedi- 
ately removed,  the  circulation  is  restored.  Baumgarten 
thought  to  avoid  formation  of  a  thrombus  by  keeping 
the  wound  aseptic,  but  we  find  no  other  such  observa- 
tions recorded. 

The  shape  of  the  thrombus  is  usually  represented  as 
ovoid,  the  apex,  which  is  unattached,  being  directed 
toward  the  lumen  of  the  vessel ;  the  proximal  thrombus 
is  usually  longer  and  always  broader  than  the  distal 
thrombus.  Bryant  explains  the  ampulla-like  dilatation 
of  the  proximal  end  by  the  more  rapid  coagulation  of 
blood  here,  which  coagulation  is  attributed  by  Lister  and 
Callendar  to  the  greater  turmoil  into  which  the  blood  is 
thrown  on  the  cardiac  side  by  impinging  against  the  ob- 
struction, the  churning  process  leading  to  the  deposit 
of  fibrin  more  or  less  pure  ;  but  they  also  agree  that  the 
deposit  of  blood-clot  is  favored  by  slowness  of  move- 
ment, as  on  the  distal  side  in  the  lower  extremity  when 
the  anastomosis  is  not  free.  Were  such  conditions  as 
these  the  controlling  element,  one  would  expect  to  find 
the  proximal  thrombus  "white "(see  Zahn  above)  and 
the  distal  thrombus ' '  red." 
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It  will  be  observed  that  those  histologists  who  have 
interested  themselves  in  the  repair  of  arteries  have  con- 
sidered the  question  usually  from  some  special  stand- 
point, such  as  the  "  organization  of  the  thrombus,"  the 
r61e  of  the  white  corpuscles,  of  the  wandering  cells,  or 
of  the  endothelium.  We  shall  now  undertake  to  follow 
the  various  pathological  changes  which  occur,  in  and 
around  the  vessel,  from  the  time  the  ligature  has  been 
applied  until  the  process  of  cicatrization  has  been  fully- 
completed."  These  changes  may  be  compared  not 
inaptly  to  those  which  occur  in  long  bones  after  fracture. 
In  both  we  find  an  external  and  an  internal  callus,  in 
both  there  is  a  growth  of  tissue  which  has  only  a  pro- 
visional existence,  and  in  both  the  dense  walls  subse- 
quently undergo  certain  changes  which  enable  theni  to 
take  a  tardy  but  important  part  in  the  final  cicatrization. 
In  arteries,  however,  the  external  callus  produces  a  liga- 
mentous union  only  between  the  two  fragments. 

When  a  large  artery  is  tied  in  its  continuity,  the  intima 
and  a  variable  portion  of  the  media  are  usuafly  ruptured, 
and  the  adventitia  is  gathered  into  a  dense  tendinous 
sheath  around  the  constricted  ends.  The  first  noticeable 
change  is  the  formation  of  the  thrombi,  which  are  usu- 
ally developed  within  the  first  twenty-four  hours,  and  the 
accumulation  of  a  granulation-like  mass  of  cells  about 
the  ligature,  which,  if  it  has  been  cut  short,  is  completely 
enveloped  by  them.     This  growth  appears  to  proceed 
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from  the  periadventitial  tissue,  and  varies  according  to 
the  amount  of  injury  done  by  the  ligature  to  the  vessel 
walls,  or  to  the  irritation  which  it  produces.  If  the  coats 
of  the  vessel  have  been  unnecessarily  bruised  and  a  cer- 
tain amount  of  extravasation  has  taken  place  in  conse- 
quence, or  if  the  ligature  itself,  for  some  cause,  has  created 
irritation,  the  surrounding  inflammatory  tissue  will  form 
a  well-marked  callus.  If  an  excessive  irritation  has  been 
produced,  the  growth  of  this  protective  tissue  may  be 
retarded,  or  it  may  be  destroyed  and  the  danger  of 
hemorrhage  correspondingly  increased.  Following  the 
development  of  this  external  growth,  we  find  that  it  ex- 
tends some  distance  up  and  down  the  sides  of  the  vessel 
in  the  periadventitial  tissue,  the  round  cells  of  which  it 
is  composed  invading  only  the  superficial  layers  of  the 
adventitia:  the  breadth  of  the  growth  is,  of  course 
greatest  at  the  point  of  ligature ;  in  length  it  reaches 
usually  to  a  point  on  a  level  with  the  ends  of  the  two 
thrombi ;  when  fully  developed  it  is  consequently  spin- 
ffle-shaped  (Fig.  396).  At  the  point  of  ligature,  where 
the  tibres  of  the  outer  wall  are  densely  packed  (Fig  395) 
the  wandering  cells  do  not  penetrate  during  the  first  few 
days ;  but  just  above  and  below  the  ligature  they  may 
be  found  already  invading  the  media  as  early  as  the  sec- 
ond day ;  occasionally  the  apex  of  a  pyramidal-shaped 
mass  of  such  cells  will  have  reached  the  thrombus. 
Ihese  cells  appear  to  exert  a  solvent  action  on  the  bunch 
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of  fibres  projecting  from  the  ring  of  the  ligature,  which 
thus  becomes  gradually  liberated  from  all  connection 
with  the  vessel,  the  two  ends  of  which  now  retract  and 
leave  the  knot  imbedded  in  the  centre  of  the  callus.  The 
fibres  of  the  ligature  itself  soon  become  infiltrated  with 
cells,  and  by  the  tenth  day  they  may  have  already  disap- 
peared, or,  if  its  resisting  powers  are  greater,  may  remain 
encysted  for  some  time.  The  period  which  the  ligature 
requires  for  this  separation  varies  greatly  according  to 
the  size  of  the  vessel  and  character  of  the  ligature,  and  is 
longer  in  man  than  in  animals.  If  the  artery  has  been 
properly  dissected  out,  this  external  growth  will  be  ob- 
served forming  a  callus-like  ring,  in  which  the  two  ends 
of  the  vessel  are  imbedded,  in  size  about  twice  the  thick- 
ness of  the  vessel,  and  it  can  still  be  seen  well  developed  at 
the  end  of  two  months  (Fig.  396).  In  the  specimen  from 
which  the  accompanying  drawing  was  taken  the  ligature 
had  caused  suppuration  about  it,  and  had  foi-med  a  flstu- 
lous  track  at  the  fundus  of  which  some  fibres  were  found 
still  remaining.  By  the  end  of  three  months  the  external 
callus  has  disappeared,  and  only  a  slender  cord  unites  the 
peripheral  to  the  proximal  end. 

Already  by  the  fourth  day  changes  are  noticed  within 
the  vessel.  Observing  the  proximal  thrombus  we  find  an 
increase  in  the  number  of  white  corpuscles,  particularly 
near  the  point  of  ligature,  not  in  an  isolated  mass,  but 
mingled  with  red  corpuscles.     Masses  of  coagulated  fibrin 

with  young  cells  (white 
corpuscles  of  clot,  wander- 
ing cells  from  arterial  coats, 
and  rarely  also  periarterial 
tissues)  are  attached  to  the 
frayed  ends  of  the  media 
which  have  been  cut  by  the 
ligature,  and  are  more  or 
less  inverted.  The  endoj 
thelial  cells,  when  not  firm. 
ly  compressed  by  the 
thrombus,  as  in  the  distal 
end,  are  in  a  state  of  activ- 
ity, undergoing  prolifera- 
tion to  a  moderate  extent. 
Occasionally,  loop-like 
masses  of  cells  may  be  seen 
projecting  into  the  clot,  or 
a  delicate  anastomosing 
network  of  stellate  or  spia- 
dle-shaped  cells ;  but  the 
total  amount  of  this  cell- 
growth  is  small  as  com- 
pared with  the  size  of  the 
thrombus."'  In  the  mean- 
time,  in  the  second  week, 
masses  of  granulation  cells 
are  seen  infiltrating  that 
part  of  the  wall  which  is 
separating  or  has  already 
separated  from  the  ligature.  Even  at  this  period,  with  the 
external  growth  carefully  dissected  away,  as  is  the  custom 
in  museum  specimens,  the  vessel  appears  to  have  united 
by  first  intention,  that  is,  by  a  direct  union  of  the  media 
and  intima  side  to  side.  But  the  infiltration  and  soften- 
ing continues  until  the  walls  are  separated  and  expand, 
like  the  petals  of  a  rose,  yielding  before  the  advancing 
growth  of  granulation  tissue.  The  deeper  portions  of 
the  clot  are  now  infiltrated  with  two  growtlis  ;  the  more 
superficial  (that  is  the  portion  nearest  the  open  lumen  of 
the  vessel)  is  composed  of  tissue  grown  from  the  intima 
and  media  and  wandering  cells,  and  the  deeper  is  com- 
posed of  vascular  granulation  tissue  which  has  pushed 
its  way  in  from  without.  Viewed  at  the  third  yeek,  the 
ends  of  the  vessel  will  be  found  expanded  and  the  space 
between  them  filled  with  well-formed  granulations,  such 
as  are  seen  on  the  surface  of  a  healthy  wound.  A  por- 
tion of  the  thrombus,  sometimes  a  large  portion,  has  not 
been  infiltrated,  but  is  attached  firmly  to  the  top.  A 
longitudinal  section  of  such  a  specimen  gives  a  striking 
illustration  of  what  is  understood  as  "healing  by  scab- 
bing."   As  the  clot  shrinks  the  spaces  left  between  tha 


Fig.  296.— Arterj-  two  Months  after 
Ligature,  showing  External  Oallus. 
^  Bin  us  at  site  of  ligature ;  2,  re- 
mains of  tlirombus. 
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granulations,  which  have  now  rolled  over  one  another  in 
cloud-like  masses,  become  continuous  with  the  open  lu- 
men of  the  vessel,  and  the  so-called  "  canalization  "  of  the 
thrombus  is  thus  effected.  An  injection  mass  can  be 
forced  from  the  vessel  for  some  distance  into  these  spaces, 
but  as  yet  they  do  not  communicate  with  the  vessels  of 
the  granulation  tissue.  This  communication,  usually, 
does  not  occur  until  the  second  month,  that  is,  until  the 
provisional  growth  has  reached  its  period  of  highest 
development.  The  vessel  walls  have  in  the  meantime 
been  undergoing  certain  changes.  A  proliferation  of  the 
cells  of  the  intima,  as  has  been  noticed  by  so  many  ob- 
servers, unquestionably  takes  place ;  but  the  amount 
developed  is  not  sufficient  to  supply  more  than  a  very 
small  part  of  the  provisional  tissue.  The  cells,  how- 
ever, have  begun  to  grow  before  the  other  tissue  has 
made  its  way  into  the  vessel,  and  at  this  period  serve  the 
purpose  of  attaching  the  thrombus  to  the  walls  of  the 
vessel,  but  even  in  this  work  they  are  aided  by  other  cells 
from  the  media.  They  also  furnish  a  new  endothelial  cov- 
ering to  the  permanent  cicatrix,  and  a  lining  to  the  new 
vascular  spaces  that  have  been  formed.  When  the  elastic 
lamina  has  been  ruptured  (and  this  is  frequently  seen  on 
the  sides  of  the  vessel  near  the  ligature,  and  also  here  and 
there  higher  up  as  far  as  the  thrombus  extends),  we  find 
an  intimate  connection  at  such  points  of  the  media  vrith 
new  growing  tissue  within  the  vessel.  In  the  second 
week,  cells  may  be  seen  springing  from  the  media  and 
growing  into  either  the  clot  or  a  clump  of  cells  attached 
to  the  inner  wall.  The  cells  are  round  and  spindle- 
shaped,  frequently  in  bundles.  Evidences  of  cell  activity 
in  the  media  are  abundant,  and  in  some  specimens  in 
animals  a  proliferation  of  the  muscular  cells  through  the 
whole  thickness  of  the  media  Is  observed,  giving  a  con- 
siderable increase  to  the  width  of  this  layer.  The  elastic 
lamina  is  frayed  out  at  its  divided  end,  and  glistening 
elastic  fibres  are  seen  extending  downward  into  the  ex- 


Fio.  997. — Human  Carotid  Artery  Four  Years  after  Ligature,  showing 
nearly  complete  obliteration  from  aorta  to  bifurcation. 

ternal  growth  as  the  two  ends  of  the  vessels  gradually 
retract  from  one  another.  At  the  end  of  three  months 
the  provisional  tissue  has  been  absorbed,  and  we  find  the 
walls  united  by  a  permanent  cicatrix  which  joins  the  sides 
of  the  vessel,  still  somewhat  separated  from  one  another. 
It  consists,  in  medium-sized  arteries,  of  a  crescent-shaped 
mass  of  tissue,  the  concavity  presenting  to  the  lumen, 
the  horns  running  up  on  either  side  of  the  vessel.  One 
horn  may  be  long  and  the  other  short,  the  crescent  being 
placed  somewhat  excentrically.  The  longer  horn  may 
be  sometimes  thickened  (see  Schultz  and  Thoma),  as  in 
Fig.  297,  if  a  branch  lies  opposite  to  it.  In  the  largest  ves- 
sels the  cicatricial  tissue  occupies  a  considerable  portion 
of  the  calibre  of  the  vessel. 

On  the  surface  of  the  cicatrix  is  seen  a  thin  layer  of 
endothelium  ;  beneath  this,  in  medium-sized  vessels,  there 
can  be  seen  a  layer  of  delicate  tapering  spindle  cells  with 
staff-shaped  nuclei,  forming  a  continuous  layer  from  one 
horn  to  the  other.  They  run  parallel  to  one  another  and 
to  the  arc  of  the  circle  made  by  the  crescent,  and  resem- 
ble in  all  respects  muscular  cells ;  in  short,  a  genuine 
muscular  layer  is  found  here.  Beneath  this  layer  is  a 
mass  of  cicatricial  connective  tissue  which  plugs  the  space 
lying  directly  between  the  ends  of  the  retracted  walls. 
(Fig.  298.)  The  cicatrix  is  pierced  by  a  vessel  of  consid- 
erable size  which  rapidly  tapers  to  a  point  and  anasto- 
moses with  a  capillary  network,  ramifying  both  in  the 
cicatrix  itself  and  in  the  ligamentous  band  outside.  This 
central  vessel,  which  in  larger  cicatrices  becomes  tortuous 
and  gives  to  the  cicatricial  tissue  a  "  cavernous  "  appear- 
ance, may  be  regarded  as  the  unobliterated  residuum  of 
the  lumen.  In  such  a  specimen  as  Fig.  397  represents,  the 
crescent-shaped  muscle  is  not  apparent  as  a  separate  layer, 
but  its  equivalent  may  be  traced  with  the  microscope  as 


bearing  a  similar  relation  to  the  vascular  spaces  sur- 
rounded by  the  cicatrix.  The  minute  vessels  of  the  cica- 
trix resemble  in  all  respects  those  usually  found  in  cica- 
tricial tissue. 

We  find  in  this  anatomical  peculiarity  of  the  cicatrix 
an  explanation  of  its  immunity  from  aneurismal  dilata- 
tion. The  protective  influence  of  the  thrombus  enables 
the  process  of  cicatrization  to  complete  itself  before  the 
cicatrix  is  called  upon  to  withstand  blood-pressure,  and  it 
is  then  armed  with  a  muscular  coat,  (as  is  the  normal  ves- 
sel wall),  which  acts  not  unlike  a  levator  ani  muscle  in 
sustaining  and  modulating  the  force  of  the  blood-column. 

The  ligament  which  unites  the  two  ends  of  the  vessel 
represents,  in  part,  the  residue  of  the  external  callus  ;  it  has 
become  much  elongated  by  the  retraction  of  the  two  ends. 
During  the  healing  process,  a  small  portion  of  the  vessel 
walls  have  become  disintegrated  by  the  new  growth,  and 
a  portion  has  atrophied  and  has  been  absorbed,  the  remain- 
ing walls  have  shrunk  greatly,  by  retraction,  and  their  cali- 
bre has  been  filled  to  a  greater  or  less  extent  by  a  cicatiicial 
tissue ;  so  that  the  vessel  has  become  practically  obliterated 
up  to  the  first  branches  of  the  collateral  circulation. 

When  a  double  ligature  is  placed  upon  a  vessel,  and 
the  intervening  portion  allowed  to  remain  intact,  it  is  grad 


FlQ.  298.— Femoral  Artery  of  a  Dog  Three  Months  after  Ligature,  a, 
new  muscular  layer ;  6,  media  ;  c,  adventitia ;  d,  cicatricial  connectiTe 
tissue. 

ually  absorbed  by  the  process  above  described,  granu- 
lation tissue  growing  in  at  both  ends  as  the  fragment  is 
separated  from  the  ligature,  and  finally  infiltrating  the 
whole  mass.  It  may  be  possible  at  the  beginning  of  this 
process  (».«.  during  the  first  forty-eight  hours),  to  demon- 
strate the  passage  of  a  few  wandering  cells  through  some 
injured  spot,  or  to  verify  the  proliferation  of  certain  endo- 
thelial cells  within  the  segment ;  but  they,  like  the  other 
elements  of  this  isolated  mass,  have  no  further  function 
to  perform,  and  are  eventually  destroyed. 

The  thrombus  is  a  mere  passive  structure,  and  takes  no 
part  in  the  growth,  but  is  protective  and  affords  an  excel- 
lent medium  for  the  germination  of  the  new  tissue.  Its 
upper  portion  is  not  penetrated  by  the  new  growth,  but 
rests  upon  it  and  forms  a  sort  of  protecting  scab.  It  is  de- 
posited gradually,  and  has  a  stratified  appearance.  Its 
size  appears  to  be  dependent  upon  the  amount  of  injury 
done  to  the  vessel  and  the  resulting  inflammation,  it  the 
intima  or  the  elastic  lamina  have  been  ruptured  in  hand- 
ling the  vessel,  as  can  frequently  be  demonstrated  by  the 
microscope,  some  distance  from  the  point  of  ligature, 
clots  will  form  at  these  points,  and  the  thrombus  thus  be- 
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come  elongated.  Occasionally  the  apex  is  formed  of 
white  corpuscles  only,  and  may  be  free  or  lightljr  at- 
tached to  the  wall  by  a  cell-growth  from  the  intima. 
The  distal  thrombus  is  shorter  than  the  proximal,  and 
much  narrower,  so  that  there  is  but  little  difficulty  in 
distinguishing  them  from  one  another. 

It  was,  at  one  time,  the  custom  to  place  a  double  ligature 
upon  large  vessels,  in  place  of  a  single  ligature,  and  to 
divide  the  vessel  between  them.  This  procediu-e  was 
advocated  by  Jones,  who  says  :  "  In  the  single  ligature, 
although  the  knot  is  goon  covered  up  and  protected  by 
an  effusion  of  lymph,  it  is  placed  in  the  centre  of  a  por- 
tion detached  from  the  surrounding  cellular  membrane, 
and  the  process  of  repair  cannot  go  on  so  well,  as  the  nu- 
tritive vessels  are  cut  off.  In  the  double  ligature,  the 
knots  are  placed  where  the  connection  of  the  vessel  with 
the  surrounding  tissues  is  complete." 

This  theory  has  recently  been  revived  by  Walsham,  who 
considers  the  separation  of  the  artery  from  its  sheath  as 
important  a  factor  in  iniiuenoing  the  result  as  tightness 
of  the  ligature  or  division  of  the  coats,  inasmuch  as  the 
vitality  of  the  artery  depends  in  a  great  measure,  he 
thinks,  upon  the  blood-supply  received  from  the  sheath. 
But  Holmes  objects  to  this  method  on  account  of  the  free 
dissection  and  exposure  of  adjacent  vessels  rendered 
necessary  :  if  the  knot  "  will  keep  its  hold  on  the  vessel 
until  the  seat  of  the  ligature  is  buried  in  a  mass  of  new 
fibroid  material,  secondary  haemorrhage,  if  not  impos- 
sible, is,  at  least,  very  improbable."  The  method,  he 
says,  has  passed  out  of  use  when  secondary  hsemorrhage 
was  common,  to  be  brought  back  when  it  is  rare. 

The  supposed  danger  to  the  vessel  wall,  incurred  in 
applying  the  single  ligature,  is  based  upon  anatomical 
rather  than  upon  pathological  conditions,  and,  in  the 
light  of  present  knowledge,  is  a  theoretical  rather  than 
a  practical  objection. 

Ligatures. — It  was  chiefly  due  to  Jones's  investigations 
that  the  modern  single  thread  found,  at  one  time,  almost 
universal  adoption.  Cutting  short  both  ends  of  the  knot 
was  adopted  as  long  ago  as  1798  by  an  American  naval 
surgeon.  The  disadvantages  of  a  silk  or  hempen  ligature 
were  supposed  to  be  due  to  its  non-absorption  and  the 
liability  to  produce  suppuration.  An  illustrative  case  is 
quoted  by  Lister.'*  Six  hempen  ligatures  were  placed 
upon  the  thyroid  vessels  in  an  operation  for  goitre,  and, 
although  perfect  asepsis  had  been  preserved,  they  all 
came  away  at  the  end  of  one  to  eight  months,  having 
caused  the  formation  of  a  slight  amount  of  pus  about  the 
knots.  The  interstices  of  the  threads  were  loaded  with  a 
form  of  micrococcus,  occurring  in  groups  of  two  or  three 
instead  of  chains,  to  which  Lister  has  given  the  name 
"granuligera,"  a  form  of  microbe  frequently  found  in 
wounds  that  are  perfectly  aseptic,  producing  an  acid 
fermentation  in  the  serum  which  thus  becomes  a  source 
of  irritation. 

The  ordinary  silk  or  hempen  ligature,  if  cut  short, 
may  be  absorbed ;  if  a  coarse  thread  is  used,  the  knot 
will  form  a  foreign  body  of  considerable  size,  which  will 
be  more  likely  to  produce  local  suppuration  than  if  the 
thread  be  a  fine  one,  in  which  latter  case,  in  wounds 
treated  antiseptically,  absorption  may  reasonably  be  ex- 
pected. When  it  is  necessary  to  apply  a  ' '  mediate  "  liga- 
ture, as  on  the  pedicle  in  ovariotomy,  the  greater  hold- 
ing power  of  hemp  renders  it  superior  to  the  animal 
ligature,  and  the  testimony  of  ovariotomists  as  to  their 
influence  upon  the  healing  process  is  not  unfavorable. 

The  introduction  of  the  animal  ligature  is  generally 
ascribed  to  Physick,  whose  ligatures  were  made  of 
chamois  leather  rolled  on  a  slab,  to  render  them  hard  and 
round.  Sir  Astley  Cooper  tried  them,  and  they  were 
used  m  this  country  on  all  the  large  vessels  by  Jamieson 
of  Washington,  who  advised  using  the  buckskin  soft  and 
w' u  ''^^^^^  ^^^^  tlie  ordinary  thickness  of  the  skin. 
With  the  introduction  of  antiseptic  surgery  animal  liga- 
tures have  largely  superseded  other  means  of  securine 
vessels.  ° 

The  most  common  form  is  the  catgut  ligature.  It  is 
prepared  from  the  small  intestine  of  the  sheep  by  scrap- 
ing away  the  muscular  and  mucous  coats,  all  that  remains 
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being  the  submucous  cellular  coat  and  a  narrow  strip  of 
peritoneum.  The  translucent  membranous  tube  which 
remains  can  be  twisted,  entire,  for  the  coarser  forms  of 
catgut,  and  is  then  dried.  For  the  finer  kinds,  tlie  sub- 
mucous coat  is  split  by  means  of  razor  blades,  more  or 
less  numerous,  according  to  the  degree  of  splitting  re- 
quired, connected  with  a  conical  piece  of  wood  which  is 
pushed  along  the  tube.  The  "  chromicized  gut "  is  pre- 
pared by  dissolving  one  part  of  chromic  acid  in  four  thou- 
sand of  distilled  water,  adding  to  the  solution  two  hun- 
dred parts  of  pure  carbolic  acid — in  other  words,  a  one  to 
twenty  solution  of  carbolic  acid  in  an  exceedingly  dilute 
solution  of  chromic  acid.  The  solution  should  be  used 
immediately,  and  an  amount  of  the  gut  equal  in  weight  to 
the  carbolic  acid  should  be  placed  in  it,  and  allowed  to  re- 
main forty-eight  hours.  The  catgut  is  then  taken  out  of  the 
solution  and  dried ;  when  dry  it  is  placed  in  a  one  to  five 
solution  of  carbolic  oil,  and  is  then  fit  for  use.  If  it  has 
not  been  properly  prepared,  the  substance  of  the  catgut 
becomes  converted  in  the  course  of  a  very  few  days  into 
a  soft,  pultaceous  mass,  which,  when  we  examine  it  by  a 
microscope,  we  find  to  consist  of  remains  of  the  old  cellular 
tissue  of  the  submucous  coat,  the  interstices  among  the 
fibres  being  filled  with  cells  of  new  formation.  The  catgut 
tissue  is  infiltrated  with  young  growing  cells,  and  it  is 
obvious  it  is  this  infiltration  which  is  the  cause  of  the 
softening ;  but,  on  the  other  hand,  if  the  catgut  is  prop- 
erly prepared,  instead  of  being  infiltrated  by  the  cells  of 
new  formation  it  is  only  superficially  eroded.  Until 
nearly  a  fortnight  has  elapsed,  erosion  does  not  begin.  It 
then  proceeds  gradually,  and,  therefore,  the  thicker  the 
catgut  the  longer  is  the  time  required  for  its  complete  re- 
moval. We  may  fairly  consider  that  from  a  fortnight  to 
three  weeks  is  long  enough  for  the  persistence  of  a  liga- 
ture upon  an  artery  in  its  continuity.  If  over-prepared— 
that  is,  rendered  too  hard  by  the  chromic  acid— it  may  he 
discharged  whole,  as  in  the  case  of  the  hempen  hgature 
quoted."  Many  of  the  failures  with  catgut  can  be  re- 
ferred to  improper  modes  of  preparation  ;  and,  although 
the  danger  of  obtaining  a  material  that  is  too  readily  dis- 
solved is  not  so  great  since  the  introduction  of  the  chromi- 
cized gut,  the  necessity  of  being  so  dependent  upon  the 
care  of  the  manufacturer  constitutes  a  certain  objection 
to  its  use. 

Other  forms  of  ligature,  recently  introduced,  are  those 
prepared  from  the  kangaroo  and  whale  tendons. 

BarwelP"  has  proposed,  in  the  treatment  of  aneurism, 
the  use  of  the  ox-aorta  ligature,  which  can  be  applied  so  as 
not  to  divide  the  internal  coats,  and  need  not  ulcerate 
through  the  artery.  He  thinks  it  becomes  organized, 
having  seen  remains  inseparably  mixed  with  the  sur- 
rounding tissues  fifteen  months  after  it  had  been  applied. 
In  other  cases  it  is  absorbed.  It  is  prepared  by  cutting 
spiral  strips  from  the  aorta.  A  weight  is  attached  to  the 
end  of  each  flat  band  thus  produced,  and  the  band  is 
hung  up  and  dried.  Just  before  use  it  may  be  moist- 
ened in  a  solution  of  carbolic  acid. 

Dent "'  reports  a  case  of  the  application  of  the  tendon 
ligature  to  the  carotid  and  subclavian  arteries  followed 
by  death  at  the  end  of  ten  days.  In  an  examination  of 
the  carotid,  the  knot  of  the  ligature  was  found  in  close 
contact  with  the  artery,  encysted  in  a  small  cavity  in  the 
effused  lymph.  The  knot  was  almost  gelatinous  in  ap- 
pearance. Transverse  sections  showed  that  the  external 
coat  of  the  artery  "  was  not  ulcerated,"  and  this  condi- 
tion is  considered  due  to  the  slight  swelling  and  softening 
which  such  a  ligature  undergoes.  New  blood-vessels 
were  found  developed  in  those  parts  of  the  tendon  which 
lie  close  to  the  artery,  that  is,  rows  of  spindle-shaped 
cells,  with  spaces  between,  were  seen  branching  in  the 
tendon  tissue,  and  blood-vessels  were  seen  passing  into 
both  the  artery  and  tendon ;  the  tendon  was  also  infil- 
trated in  other  portions  with  granulation  cells ;  some  of 
the  adjacent  muscular  coat  was  being  attacked  and  eaten 
away.  This  question  of  the  organization  of  the  ligature 
was  first  raised  by  Lister,  who  now  explains  that  he  does 
not  mean  that  the  catgut  comes  to  life  again,  but  "  new  tis- 
sue forms  at  the  expense  of  the  old,  that  the  old  tissue  is 
absorbed  by  the  new,  and  that  as  the  old  is  absorbed  new  is 
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put  down  in  its  place."  Evidently  he  is  here  describing 
the  formation  of  the  provisional  tissue,  or  external  callus, 
and  the  gradual  absorption  of  the  ligature.  The  obser- 
vations of  Dent  may  be  interpreted  in  the  same  sense,  the 
granulation  tissue  pushing  its  way  into  the  interstices  of 
the  knot  preparatory  to  ' '  eating  it  away, "  as  it  already  has 
done  portions  of  the  muscular  coat.  In  Barwell's  case 
the  preservation  of  a  distinct  band,  fifteen  months  after 
ligature,  may  be  accounted  for  by  supposing  that  the  liga- 
ture had  not  been  wholly  absorbed.  Much  misconception 
has  arisen  from  an  improper  preparation  of  such  speci- 
mens. In  order  properly  to  appreciate  existing  condi- 
tions, the  vessel  should  be  removed  with  the  surrounding 
inflammatory  tissue  attached  to  it,  should  then  be  placed 
in  some  hardening  fluid  for  a  few  days,  and,  finally,  a 
longitudinal  section,  with  a  sharp  razor,  should  divide  it 
into  equal  halves  (Fig.  296). 

Metallic  ligatures  have  not  been  favorably  received, 
though  satisfactory  results  have  been  reported,  a  number 
of  such  ligatures  not  interfering  with  union  by  first  inten- 
tion. The  difllculty  of  regulating  the  tension  of  the  liga- 
ture, and  the  amount  of  consequent  injury  to  the  vessel, 
appear  to  be  the  chief  objections  to  them  for  ligature  in 
the  continuity.  To  smaller  vessels  they  are  not  so  easily 
applied  as  are  pliable  ligatures. 

ToBSiON  was  not  unknown  to  the  ancients,  as  has  al- 
ready been  shown,  and  was  employed  by  certain  surgeons 
in  the  middle  ages  ;  but  in  more  modern  times,  surgeons 
were  not  familiar  with  it  until  it  was  brought  to  the  notice 
of  French  surgeons  by  certain  statements  of  a  visitor  from 
Gennany.  Both  Velpeau''^  and  Amussat  apparently 
claimed  the  credit  of  introducing  it,  the  former,  in  conse- 
quence of  his  experience,  when  a  student  with  a  veterinary 
surgeon,  in  the  twisting  of  the  pedicle  in  spaying  and 
castration,  and  both,  as  the  result  of  their  observations  on 
the  immunity  from  ha;morrhage  in  lacerated  arteries. 
The  method  employed  by  Velpeau  is  thus  described  : 
"  After  having  seized  the  vessel  by  its  extremity,  I  separ- 
ate it  from  the  surrounding  tissue,  and  grasp  it,  at  its 
deepest  point  in  the  wound,  with  another  forceps,  to  hold  it 
firmly  while  it  is  turned  on  its  axis,  three  to  eight  times,  by 
the  first  pair  of  forceps."  He  appears  to  have  employed 
the  method  in  several  amputations.  Its  supposed  advan- 
tage was  the  avoidance  of  a  foreign  body  in  the  wound. 
He  recognized  the  fact  that  animal  ligatures  would  be 
equally  good  for  this  purpose,  and  also  the  disadvantage 
of  torsion  in  diseased  vessels,  and  that  small  vessels  were 
not  easily  isolated.  It  was,  perhaps,  for  these  reasons, 
that,  althou^  tried  thoroughly  by  some  of  the  leading 
surgeons  in  France  and  Germany,  it  fell  into  disuse  until 
revived  by  Bryant,''  in  England.  The  effect  of  torsion, 
according  to  the  latter,  is  a  twisting  of  the  elastic  fibres 
of  the  adventitia  above  the  end  of  the  vessel,  and  a  re- 
traction and  incurvation  of  the  middle  and  inner  coats ;  the 
twist  in  the  outer  coat  is  permanent  and  cannot  be  un- 
folded by  any  legitimate  force  ;  the  middle  and  inner  coats 
are  retracted  in  the  direction  opposed  to  the  blood  stream, 
approximated  and  overlapped.  They  sometimes  assume 
a  nipple-shaped  projection,  at  others,  a  valvular  foi-m, 
being  not  unlike  the  semilunar  valves  of  the  heart,  and 
closing  as  perfectly  ;  in  some  cases,  again,  they  appear  to 
split ;  in  all,  the  coagulation  of  the  blood  is  favored.  The 
safety  from  haemorrhage,  according  to  Bryant,  rests  upon 
the  twist  of  the  external,  the  retraction  of  the  internal  coats, 
and  the  coagulation  down  to  the  first  branch,  while,  in 
acupressure,  the  permanent  safety  depends  upon  the  last 
alone,  temporary  protection  being  afforded  by  the  needle. 

Kocher  found  numerous  and  irregular  lacerations  of  the 
inner  coats,  over  a  considerable  distance  of  the  wall,  and 
independent  of  one  another,  while,  in  ligature,  the  rup- 
tures were  circular  and  only  close  to  the  point  of  liga- 
tion. In  unlimited  torsion  there  is  considerable  narrow- 
ing of  the  lumen.  Owing  to  these  peculiarities,  it  has  the 
advantage  of  favoring  a  rapid  coagulation. 

The  effect  of  the  limiting  forceps  in  bruising  the  inner 
wall  of  the  vessel,  and  thus  favoring  both  coagulation 
and  repair  at  the  bruised  spot,  is  noticed  by  Shakespeare, 
who  recommends  a  similar  bruising  in  ligature  (the 
"  modified  ligature  ").    The  process  of  healing  is,  accord- 


ing to  the  latter  observer,  the  same,  in  its  essentials,  as 
that  which  occurs  after  ligature. 

AcuPBESSURB. — The  introduction  of  this  method  of 
hajmostasis  is  to  be  accredited  to  Sir  James  Simpson'* 
(unless  an  obscure  passage  in  John  de  Vigo's  writings 
be  interpreted  otherwise  than  as  a  description  of  the  or- 
dinary ligature).  He  saw,  in  the  ligature,  a  foreign  body 
in  the  wound  which  cut  through  the  two  coats  at  the 
time  of  its  application,  ar^d  ate  through  the  outer  coat 
by  a  process  of  ulceration,  mortification,  and  gangrene. 
V  ariations  in  the  shape  or  material  of  the  ligature  did  not 
overcome  these  disadvantages.  It  was  for  this  reason, 
principally,  that  amputation: stumps  healed  with  so  much 
greater  difficulty  than  wounds  in  the  operation  for  vesico- 
vaginal fistula,  although  the  latter  were  constantly  bathed 
in  leucorrhoeal  discharges  and  urine.  The  application  of 
the  ligature  isolated  a  portion  of  the  end  of  the  vessel, 
which  remained  in  the  wound  as  a  piece  of  dead  flesh  until 
it  came  away  with  the  ligature.  The  needle,  on  the  other 
hand,  did  no  injury  to  the  vessel  and  caused  no  irrita- 
tion, its  use  being  based  upon  "  the  great  pathological  law 
of  the  tolerance  of  living  tissues  for  the  contact  of  metal- 
lic bodies  embedded  in  their  substance."  Bryant  showed, 
however,  that  the  ligatured  portion  did  not  slough,  but 
became  adherent  and  vascularized."  Even  though  the 
vitality  of  such  a  fragment  be  completely  destroyed,  it 
need  not  become  a  slough  unless  another  element,  that  of 
decomposition,  be  introduced,  and  may,  therefore,  be  sur- 
rounded by  healthy  granulating  tissue  and  become  disin- 
tegrated and  absorbed  by  a  process  already  described. 

Although  English  surgeons  supposed  that  no  injury 
was  done  to  the  vessel  by  the  needle,  Hewsen  "  expressly 
states  that  no  laceration  of  the  internal  coat  takes  place, 
and  Shakespeare  does  not  mention  any  alteration  of 
the  tunics,  Kocher  and  other  German  writers  have  de- 
monstrated longitudinal  slits  in  the  intima,  but  not  so  ex- 
tensive as  those  occurring  in  torsion.  The  vessel  is  thrown 
into  longitudinal  folds,  which  become  sufficiently  firmly 
glued  together  to  retain  this  shape  long  enough,  after  the 
removal  of  the  needle,  for  the  thrombus  to  f oi-m  and  be- 
come firmly  attached  to  the  walls.  A  specimen  examined 
by  Kocher  at  the  end  of  twenty-two  hours  showed  no  throm- 
bus, the  walls  being  compressed  and  somewhat  thickened, 
but  a  fine  probe  could  be  introduced  between  them.  At 
thirty-six  hours  a  well-formed  egg-shaped  thrombus  is  rep- 
resented by  Shakespeare.  A  drawing  by  Kocher  shows 
a  specimen  fourteen  days  old,  when  the  walls  have  already 
separated  from  one  another,  and  the  thrombus  is  short 
and  wide,  having  a  concave  surface  presenting  toward 
the  lumen,  and  a  convex  surface  at  the  other  end  :  the  re- 
lation the  thrombus  bears  to  the  vessel  is  that  of  a  cork  to 
a  bottle,  beyond  the  neck  of  which  it  does  not  project.  It 
is  probable  that  the  apex  had  been  detached.  Hewsen 
also  mentions  that  the  thrombus  is  confined  to  the  com- 
pressed spot.  The  final  cicatrix  has  a  shape  similar  to 
that  described  as  following  ligature,  and  is  developed  by  a 
similar  process  of  repair.  In  acutorsion,  the  lumen  of  the 
vessel  is  narrowed  for  some  distance  from  its  extremity. 

In  acupressure,  in  the  continuity,  the  proximal  and  pe- 
ripheral ends  of  the  thrombus  are  continuous,  as  are  also 
the  walls  of  the  vessel,  which  at  first  are  thickened  by  a 
connective-tissue  growth  ;  the  subsequent  changes  differ 
in  no  way  from  those  already  described. 

Ogston  has  tested  mechanically  the  comparative  strength 
of  arteries  secured  by  ligature,  acupressure,  and  torsion, 
by  subjecting  them  to  the  pressure  of  a  column  of  mer- 
cury. It  was  found  that  a  column  one  hundred  and 
fourteen  inches  in  height  was  insufficient  to  rupture  the 
ligatured  artery.  Twisted  vessels  unfolded  at  an  average 
height  of  thirteen  inches  (or  6.5  pounds  to  the  square 
inch  pressure).  Estimating  the  internal  blood-pressure  at 
from  two  to  eight  pounds  co  the  square  inch,  he  con- 
cludes that  it  would  appear  likely  that  vessels  secured  by 
torsion  are  very  liable  to  secondary  haemorrhage,  especi- 
ally when  the  heart,  recovering  from  the  immediate  shock 
of  an  operation,  begins  to  beat  more  firmly.  In?  acupress- 
ure, the  column  of  mercury  showed  an  average  height  of 
33.5  inches.  It  would,  therefore,  seem  a  more  reliable 
method,  he  says,  than  torsion,  and  less  reliable  than  liga- 
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ture.     According  to  Shakespeare,  the  healing  process  is 
slower,  both  in  acupressure  and  torsion  than  in  ligature. 

A  procedure  somewhat  similar  to  acupressure  has  been 
described  by  Pollock,*'  which  consists  in  substituting  a 
silver  wire  for  the  ligature,  the  ends  being  brought  out 
through  the  skin  covering  the  lips  of  the  wound  and 
twisted  together.  They  are  allowed  to  remain,  on  an 
average,  five  and  a  half  days,  with  satisfactory  results. 

J.  Collins  Wa/rren. 
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ARTEflN.  A  saline  spring  in  the  vicinity  of  Merse- 
burg,  Prussian  Saxony,  situated  at  the  confluence  of  the 
Unstrut  and  the  Helme  (Lat.  53°  7'  N.,  Long.  11°  58'  E  ) 
Arteru  has  been  a  resort  for  the  invalids  of  Thuringia 
since  early  medise  val  times.  During  the  Thirty  Years'  War 
the  spring  fell  into  disuse  and  Its  existence  was  finally  for- 
gotten It  was  rediscovered  in  1723,  and  its  reputation 
trom  that  time  onward,  has  been  steadily  increasing  The 
water  of  the  single  spring  in  Artern  is  a  simple  saline,  used 
tor  bathing  purposes,  but  not  as  a  beverage.  The  method 
ot  Its  application  is  of  the  simplest  kind.  The  bath  is  taken 
at  a  temperature  varying  from  36.5°  to  39°  C,  with  con- 
stant friction.  The  cases  sent  for  treatment  to  Artern  are 
the  anaemic  (although  there  is  no  iron  in  the  water)  and 
persons  suffering  from  languid  inflammation,  from  stru- 
mous, carcinomatous,  and  various  dermatological  affec- 
tions, particularly  old  papular  eczema  and  psoriasis. 
Like  all  saline  waters,  that  of  Artern  promotes  tissue  met- 
amorphosis, but  it  is  extremely  doubtful  whether  it  has 
any  eliect  on  the  resorption  of  neoplastic  elements  The 
ocation  of  Artern  is  in  the  heart  of  the  Thuringian  moui 
if  f,^'„  J  chmatc  IS  equable  and  mild,  and  its  atmosphere 
renX?fnf  r*^  with  sahne  and  terebinthine  vapors,  thus 
[s  nf  ™rf  *"  yaluable  resort;  for  those  to  whom  climate 
Jinn  Pf  *™?™'^  importance  in  their  retreat.  The  propor- 
tion of  sodium  chloride  in  the  water  is  2.4  per  cent 
There  are  barely  traces  of  other  constituents,  and  it  is 

for  thJ,^nn  ^oV'^'^^^*;"."!.'     '^'^'^  1«"S* °f  t™e  --equisite 
lor  the  manifestation  of  therapeutic  results  is  about  six 


weeks.  One  of  the  most  striking  effects  of  Artern  watel 
is  the  vigor  and  elasticity  which  is  produced  in  the  bathei 
after  a  very  brief  course  of  treatment.  i?.  jj" 

ARTHRITIS  DEFORMANS.  Arthritis  deformans  is  a 
subacute  form  of  inflammation  of  the  joints,  progressive 
in  character,  accompanied  with  but  little  fever,  and  dis- 
tinguished from  gout  and  rheumatism  by  the  peculiar 
morbid  changes  it  produces  in  the  articular  tissues,  and 
by  the  absence  of  any  known  abnormal  state  of  the  blood. 
The  name  "  rheumatic  gout,"  which  has  been  given  to  it 
is  evidently  a  misnomer,  as  it  is  neither  gout  nor  rheuma- 
tism. Dr.  A.  B.  Gari-od  calls  it  "rheumatoid  arthritis," 
Cruveilhier,  "  usure  des  cartilages  articulaires,"  Trousseau 
and  other  French  writers,  "  rhumatisme  noueux."  Affec- 
tions of  the  joints  described  as  ' '  arthritis  sicca  "  and  ' '  ma- 
lum coxse  senile "  must  be  classed  with  arthritis  defor- 
mans. 

Dbsckiption. — Arthritis  deformans  was  not  recog- 
nized as  an  affection  sui  generis,  until  modern  pathologists 
succeeded  in  establishing  the  identity  of  the  local  morbid 
changes  in  the  diseases  described  as  rheumatic  gout,  ar- 
thritis nodosa,  malum  senile  articulorum,  etc. 

The  disease  occurs  either  in  the  acute  or  in  the  chronic 
form,  although  the  latter  is  much  more  frequent  than  the 
former ;  it  also  occurs  at  almost  any  age,  and  attacks 
both  sexes,  although  women  are  more  liable  to  the  pro- 
gressive polyarticular  form  than  men,  according  to  my 
experience. 

The  following  typical  case  may  serve  as  an  illustration 
of  the  acute  lorm. 

A  lady,  aged  forty-five,  multipara,  with  no  syphilitic  or 
hereditary  taint,  married  early  in  life,  went  on  the  stage, 
and,  as  an  actress  of  some  prominence,  led  an  active  and 
varied  life,  experienced  many  changes  of  fortune,  travelled 
a  good  deal,  never  hesitated  to  expose  herself  to  wind  and 
weather,  yet  always  enjoyed  good  health,  until  she  was 
about  forty-three.  At  this  time  she  experienced  a  great 
deal  of  anxiety  and  depression  of  spirits  by  the  loss  of  the 
last  piece  of  property  she  owned,  and  was  soon  after 
taken  with  pain  and  swelling  in  both  wrists  and  elbow- 
joints  ;  the  joints  of  hands,  feet,  and  knees  became  af- 
fected soon  after,  and  when  I  saw  her,  at  the  end  of  the 
first  year  of  her  affliction,  there  was  scarcely  a  joint 
which  did  not  crepitate  on  palpation,  or  at  any  attempt 
at  passive  motion,  except  those  of  the  clavicles  and  man- 
dibulse.  The  knees  and  spinal  vertebrae  were  in  the 
worst  condition,  and  hands  and  feet  were  crippled  and 
distorted.  She  had  some  febrile  disturbances  during  the 
first  six  months  of  the  disease,  and  suffered  much  in  con- 
sequence of  pain  and  want  of  sleep.  Her  urine  contained 
an  excess  of  phosphates,  no  albumen  or  sugar. 

The  disease  had,  thus  far,  not  been  recognized,  and  vari- 
ous antirheumatic  remedies  had  been  tried  in  vain.  The 
patient  was  now  ordered  small  doses  of  propylamin  be- 
fore, and  pil.  ferr.  sulph.  and  potass,  carbon,  after  meals ; 
good  food  and  as  much  cod-liver  oil  as  she  could  digest. 
Being  a  believer  in  the  theory  of  a  tropho-neurotic  origin 
of  naany  cases  of  arthritis  deformans,  and  of  this  one  in 
particular,  I  applied  the  galvanic  current  to  the  spine  and 
upper  cervical  ganglia  every  alternate  day. 

By  this  combined  mode  of  treatment,  the  disease  be- 
came arrested  and  retrogressive  within  three  months. 
The  patient  was  then  removed  into  the  country,  the  same 
treatment  was  continued,  and  at  the  end  of  a  year  she  had 
comparatively  good  use  of  her  limbs,  looked  weU  and 
hearty,  and  was  able  to  attend  to  her  household  duties. 
She  has  suffered  no  relapse  during  the  past  two  years. 
_  Such  cases  may,  at  first,  closely  resemble  acute  rheuma- 
tism, the  more  so,  as  slight  elevation  of  temperature,  rapid 
pulse,  loss  of  appetite,  and  other  evidences  of  constitu- 
tional disturbance  are  present ;  furthermore,  several  joints 
are  attacked,  the  swelling  is  considerable,  and  there  is  dis- 
tinct increase  in  the  surface  temperature  of  affected  parts, 
with  pain,  tenderness,  and  redness.  There  are,  however, 
wanting  some  of  the  characteristics  of  rheumatic  fever- 
namely,  the  profuse  sweating,  endo-  and  peri-carditis, 
and  the  disposition  of  the  inflammation  to  fly  from  joint 
to  joint, 
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Of  the  more  frequent  chronic  form,  the  following  case 
will  furnish  a  good  example  : 

A  woman,  aged  thirty-four,  with  no  hereditary  taint, 
as  far  as  can  be  made  out ;  married  twice  ;  two  abortions, 
two  births  at  full  term.  She  nursed  her  last  child,  four 
years  ago,  for  eight  months,  and  suffered  from  galaotor- 
rhoea  for  some  months  after  discontinuing  lactation. 
This  was  accompanied  by  frequent  headaches  and  the 
sensation  of  weakness,  and  a  certain  degree  of  general 
ill-health.  Pretty  soon  she  noticed  painful  swellings  of 
some  knuckles  and  of  one  wrist.  By  rest  and  proper  hy- 
giene and  tonics  these  swellings  subsided. 

A  few  months  later  a  relapse  occurred,  and  both  knees 
also  became  involved.  At  the  same  time  several  small, 
hard,  movable  nodules  were  observed  in  the  subcutaneous 
tissue  of  her  arms,  while  some  of  the  joints  crepitated  on 
motion,  and  on  digital  pressure  presented  the  feeling  as  if 
some  gelatinous  substance  were  present.  During  those 
attacks  there  was  hardly  any  fever,  but  a  variety  of  dys- 
peptic and  neurasthenic  sjTnptoms  were  present.  No 
perceptible  effusion  in  the  joints. 

The  patient  has  thus  far — two  years  have  elapsed — ^had 
at  least  half  a  dozen  relapses,  but  they  have  been  growing 
milder,  and  there  is  hope  that  the  disease  may  be  ar- 
rested. 

Symptomatology.  —  In  the  chronic  (polyarticular) 
form,  the  first  symptoms  are  generally  pain  in  one  or 
more  joints,  which  come  and  go,  either  spontaneously  or 
after  exertion,  combined  with  an  unusually  tired  feeling 
about  and  in  the  same.  The  pains  are  neuralgic  in 
character,  fixed  or  diffused  through  the  limb.  In  the 
course  of  time,  a  good  deal  of  stiffness  and  discomfort  is 
experienced,  the  joints  enlarge  and  become  unshapely  by 
the  proliferation  of  protuberances  on  the  outer  surface  of 
the  swollen  epiphyses,  and  crepitation  in  moving  or  pal- 
pating the  joints,  is  distinctly  perceptible.  There  is  gen- 
erally but  little  effusion  in  the  capsular  ligament. 

The  adjacent  soft  parts,  particularly  the  muscles,  in  a 
comparatively  early  stage  of  the  disease,  show  a  degree  of 
atrophy,  not  at  all  commensurate  with  their  inactivity 
alone ;  it  seems  rather  to  be  due  to  peculiar  nutritive 
changes  in  the  tissues  themselves.  I  have  observed,  in 
some  cases  of  arthritis  deformans,  small,  hard,  mova- 
ble, and  somewhat  tender  nodules  in  the  subcutaneous 
and  muscular  tissues  of  the  arm  and  elbow.  I  believe 
them  to  be  mainly  made  up  of  connective-tissue.  They 
certainly  did  not  appear  to  me  like  "  neurotic  nodules," 
as  Remak  would  have  us  believe,  from  his  description  of 
those  which  he  had  seen  in  arthritis  deformans. 

The  disease  has  a  decided  tendency  to  affect  the  joints 
of  the  left  and  right  sides  symmetrically.  This  is  often 
seen  in  the  general  progressive  form,  in  which  the  clisease 
appears  to  have  a  predilection  for  the  distal  joints,  while 
in  the  rather  stationary  monarticular  form,  the  malum 
coxae  senile,  the  advance,  if  any  take  place,  is  irregular. 
I  have  a  case  under  observation  in  which  the  disease, 
after  remaining  fixed  in  one  hip-joint  for  many  years, 
leading  to  much  distortion  and  shortening,  at  last  attacked 
the  fingers  and  toes. 

The  disease,  if  unchecked,  travels  over  the  whole  body, 
affecting  nearly  all  the  articulations,  and  causing  much 
deformity  and  distortion  from  the  enlargement  and  con- 
tractions it  produces.  The  (cervical)  vertebrae  may  also 
become  affected,  in  which  event  the  patient  may  ulti- 
mately be  rendered  helpless  for  the  remainder  of  his  life. 
Fortunately  the  disease  does  not  always  proceed  to  this 
length,  but  is  arrested  at  some  stage  or  other  of  its  prog- 
ress, and  then  only  a  limited  amount  of  distortion  is  in- 
duced. 

The  deformities  produced  by  arthritis  deformans  are 
not  altogether  characteristic  of  this  disease,  for  they  are 
produced  likewise  by  chronic  gout ;  but  in  their  advanced 
conditions  the  separation  of  the  one  disease  from  the  other 
is  usually  not  difficult. 

The  changes  in  the  limbs,  when  severely  affected,  are 
of  the  following  kind :  The  hands  are  usually  thin  from 
the  absorption  of  fat  and  wasting  of  the  soft  tissues,  the 
extremities  of  the  phalanges  and  heads  of  metacarpal 
bones  being  enlarged  and  nodular.   The  fingers  are  usually 


turned  outward,  and  their  joints  are  rigid,  often  flexed. 
As  a  rule,  the  metacarpo-phalangeal  articulations  of  the 
fingers  are  flexed  and  the  first  phalangeal  are  extended, 
causing  the  second  phalanx  to  be  thrown  backward ;  the 
second  phalangeal  joint  is  also  flexed.  One  or  more,  or  all 
fingers  in  a  hand  may  be  thus  altered.  The  phalangeal 
joint  of  the  thumb  is  usually  extended  or  bent  backward. 
Sometimes  the  nodose  condition  is  well  marked,  and, 
again,  it  is  but  slightly  developed  ;  complete  dislocation  of 
some  joints  is  occasionally  met  with.  The  wrists  are  stiff 
and  enlarged,  and  admit  of  but  little  motion.  The  elbow 
is  more  or  less  flexed,  and  the  joint  enlarged,  rounded, 
and  misshapen  from  the  alterations  and  hypertrophy  of 
the  heads  of  bones,  cartilage,  and  soft  tissues.  The  knees 
are  generally  flexed,  much  enlarged,  and  rounded  from 
the  same  causes,  and  it  is  here  where  a  limited  amount 
of  effusion  often  occurs,  although  it  generally  disappears 
again  in  the  later  stages.  When  the  hip  becomes  affected, 
the  thigh  becomes  flexed,  with  abduction  or  adduction 
of  the  lower  extremity.  As  a  rule,  the  hands  become 
distorted  and  crippled  at  an  earlier  period  than  the  feet. 
The  jaw  and  the  spinal  vertebrae  are  frequently  attacked, 
but  they  seldom  become  much  distorted. 

Pathology  and  Morbid  Anatomy. — The  blood  has 
not  often  been  analyzed  in  arthritis  deformans.  Garrod 
says  he  has  failed  to  discover  any  pathognomonic  changes, 
but  it  is  a  fact  that  uric  acid  has  not  been  found,  and  thus 
we  are  able  to  distinguish  the  blood  in  this  disease  from 
that  of  true  gout.  The  serum  has  the  ordinary  properties 
of  that  of  healthy  blood.  The  analysis  of  the  urine  has 
likewise  given  negative  results. 

Pathological  anatomy  has  also  enabled  us  to  distinguish 
arthritis  deformans  from  gout,  on  the  one  hand,  by  demon- 
strating the  absence  in  the  affected  joints  of  deposits  of 
urates  of  soda,  which  are  constant  in  gout,  and  from 
rheumatism  on  the  other,  by  showing  the  presence  of  ul- 
ceration of  the  cartilages,  and  of  other  structural  altera- 
tions, which  are  not  found  in  simple  rheumatism,  even 
after  repeated  attacks. 

The  morbid  anatomy  of  this  disease  has  been  carefully 
studied  by  R.  Volkmann  and  Adams.  From  the  very 
commencement  of  the  inflammatory  action,-  the  articular 
cartilage  begins  to  suffer,  and  Volkmann  is  very  proba- 
bly, correct  when  he  recognizes  the  rapid  proliferation  of 
its  elements,  particularly  on  the  free  surface  of  the  car- 
tilage, as  the  essential  factor  of  the  disease.  A  slow  pro- 
cess of  absorption  seems  to  take  place,  the  cartilage  splits 
up  into  fibres,  vertical  to  the  surface  of  the  bone  ;  little 
depressions  are  observed,  which  at  length  coalesce, 
and  the  bone  is  left  in  part  uncovered.  As  the  disease 
proceeds  the  whole  surface  may  be  thus  denuded,  the 
osseous  surfaces  brought  in  contact  with  each  other,  and, 
in  the  movements  of  the  articulations,  they  become  pol- 
ished in  a  remarkable  degree  by  friction,  and  an  ivory- 
like condition,  termed  eburnation,  is  produced. 

More  rarely,  the  spongy  structure  of  the  heads  of  bones 
is  exposed  by  absorption  of  the  denser  matter  of  their 
extremities,  and  the  ends  of  the  bones  become  enlarged 
and  misshapen  by  the  formation  of  osseous  protuberances. 

Within  the  joints  vegetations  and  bands  are  frequently- 
seen,  also  foreign  bodies  of  various  size,  some  cartilagi- 
nous in  structure,  others  having  the  consistence  and  text- 
ure of  bone ;  and  these  are  usually  adherent  to  the  inter- 
nal surface  by  ligamentous  bands. 

In  the  tissues  surrounding  the  joints  we  notice  frequent 
lesions  of  the  tendons  and  their  sheaths,  and  tlie  muscles 
more  or  less  atrophic  and,  in  old  cases,  in  a  state  of 
fatty  or  connectim-tissue  degeneration. 

It  is  a  much  easier  task  to  prove  that  arthritis  defor- 
mans is  neither  gout  nor  rheumatism  than  to  stale  what 
it  is.  A  tropho-neurotic  origin  has  been  suggested  by 
modern  writers.  Remak  and  Benedict  were  the  first,  1 
believe,  who  tried  to  connect  diseases  of  the  joints  with 
irritative  conditions  of  the  spinal  cord  and  the  sympa- 
thetic. Later  on  Charcot  and  his  pupils  brought  out  the 
important  fact  that  disease  of  the  posterior  columns  of  the 
cord  frequently  excites  a  morbid  affection  of  one  or  more 
joints.  True,  the  lesion  in  cases  of  tabes  consists  more 
often  in  a  large  effusion  within  the  capsular  ligament,  but 
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in  other  cases  structural  changes  are  produced  quite  sim- 
ilar to  those  made  by  arthritis  deformans. 

ThouKh  we  may  be  obliged  to  take  into  account  trau- 
matic alencies  acting  upon  the  joint  of  a  hmb  already 
mretic  the  frequent  coincidence  of  joint-disease  and 
En  of  nerve-centres  is  more  than  a  mere  coincidence, 
and  deserves  our  attention.  „,,.,.    j  j; 

Amoiiff  the  number  of  cases  of  arthritis  deformans 
which  I  have  seen  in  the  course  of  the  last  twenty  years 
I  have  been  forced  to  recognize  the  influence  of  general 
causes  productive  of  irritation  and  exhaustion  of  nerve- 
centres;  as  much  more  potent  m  inducing  an  attack 
of  the  disease  than  the  so-called  rheumatic  influences. 
Again  the  symmetrical  appearance  and  progress  ot  the 
disease,  in  most  cases,  can  be  fairly  explained  by  the  sup- 
position of  causes  located  in  the  central  nervous  system. 

The  neuralgic  symptoms  and  trophic  changes  around 
the  joints,  and  finally  the  negative  results  following  the 
antirheumatic  mode  of  treatment  in  this  disease,  and,  on 
the  other  hand,  the  positive  results  frequently  obtained 
by  proper  hygiene,  good  food,  tonics,  cod-liver  oil,  etc., 
and  the  application  of  the  galvanic  current  to  the  spine 
and  sympathetic  also  support  this  view.  Thus  far, 
however,  no  autopsies  have  been  made  .with  reference 
to  the  condition  of  the  cord  in  this  disease,  and  we  are 
only  able  to  say  this  much  with  regard  to  it :  it  usually 
occurs  in  weakened  subjects,  and  exposure  to  cold  is  in 
many  cases  the  exciting  cause  of  its  development. 

Etiology. — The  disease  is  more  frequent  in  women 
than  in  men,  and  is  not  often  met  with  in  early  life,  but 
many  cases  occur  in  women  between  twenty-five  and 
forty-five  years  of  age. 

Hereditary  disposition  does  not  appear  to  exert  any 
special  influence,  and  is  certainly  much  less  powerful 
here  than  in  gout.  It  is  not  uncommon  to  find  one  mem- 
ber of  a  large  family  suffering  severely  from  the  disease 
and  the  rest  entirely  free  from  it. 

Individuals  of  weak  frame  are  more  liable  to  it  than 
others,  and  it  should  be  mentioned  that  patients  having 
a  phthisical  diathesis  are  often  the  subjects  of  arthritis 
deformans.  Everything  which  causes  debility  and  loss  of 
tone  (in  the  circulation),  such  as  poor  food,  haemorrhages, 
frequent  child-bearing,  long-continued  lactation,  galac- 
torrhoea,  exhaustion  by  sexual  over-indulgence  and  disso- 
lute living,  deep  and  prolonged  grief,  and  severe  and  pro- 
tiacted  mental  anxiety,  act  as  predisposing  causes  of  the 
disease.  In  two  instances  I  have  seen  it  occur  in  the  course 
of  diabetes ;  Dr.  Garrod  has  made  a  similar  observation. 

Cold  is  frequently  an  exciting  cause  of  the  disease,  es- 
pecially if  it  has  been  prolonged  and  has  caused  severe 
depression  of  the  functions  of  the  nervous  system.  In 
some  cases  injuries  or  shocks  appear  to  have  acted  as 
exciting  causes. 

DiAauosis. — Oarrod  is  right  when  he  says  :  "Perhaps 
there  is  scarcely  a  subject  of  greater  importance  in  the 
whole  range  of  joint  affections  than  the  diagnosis  of 
rheumatoid  arthritis  ;  for  upon  a  correct  understanding 
of  it,  depends  the  future  comfort  and  physical  well-being 
of  a  large  class  of  persons."  The  affections  with  which 
it  is  apt  to  be  confounded  are  gout  and  rheumatism. 
The  nodes  a()pear  most  to  resemble  gout ;  both  of  them 
are  attended  with  pain  and  swelling,  but  in  gout  the  in- 
teguments are  generally  inflamed,  red,  painful,  and  very 
tender,  but  they  are  never  of  bony  hardness,  like  those 
of  arthritis  deformans.  The  gout  attacks  the  patient  in 
paroxysms  of  a  few  days,  or  weeks,  and  has  complete 
intermissions,  lasting  at  first  for  years,  but  afterward 
for  shorter  periods  ;  it  attacks  men  much  more  frequently 
than  women.  Arthritis  deformans  has  no  intermissions, 
and  but  slight  remissions,  for  the  nodes  gradually  en- 
large, and  the  deformity  and  disorganization  of  the  joint 
increase,  impeding  more  and  more  the  motion  of  the 
limb ;  the  disease  spreads  to  other  joints,  but  does  not 
leave  those  which  had  been  previously  attacked.  Gout 
is  generally  inherited,  while  such  is  rarely  the  case  in  ar- 
thritis deformans  ;  it  is,  however,  generally  preceded  by 
a  period  of  ill  health,  characterized  by  bad  nutrition  and 
exhaustion  of  the  nervous  system.  Arthritis  deformans 
generally  begins  as  a  subacute  disease  and  the  joint  af- 


fection gradually  increases  ;  but  occasionally  it  runs  aa 
acute  course.  When  it  does  so,  it  is  rapidly  progres. 
sive,  polyarticular,  the  large  and  small  joints  being 
equally  attacked,  and  the  great  toes  not  being  specially 
involved,  as  in  gout. 

From  acute  inflammatory  rheumatism  it  is  distin- 
guished by  the  comparative  freedom  from  constitutional 
disturbance,  the  longer  duration  of  the  paroxysms,  and 
the  absence  of  endo-  and  peri-carditis. 

In  chronic  rheumatism  we  do  not  observe  such  structural 
alterations  as  in  arthritis  deformans.  The  most  frequent 
difficulty  which  occurs  is  to  separate  chronic  arthritis 
deformans  from  chronic  gout.  Careful  search  should  he 
made  in  such  cases  for  evidence  of  urate  deposits  on  the 
ear  and  tips  of  Angers,  and  in  the  bursse  over  the  olecranon 
process  of  the  elbow.  An  examination  of  the  blood  will 
eventually  clear  up  the  diagnosis  ;  for  in  arthritis  de- 
formans  there  is  no  uric  acid  present. 

Pkognosis. — Arthritis  deformans  is  a  rather  intractable 
disease  ;  for  its  most  common  predisposing  cause  is  a 
thoroughly  impaired  condition  of  the  system,  and  this  in 
many  instances  has  arisen  from  influences  which  have 
been  in  operation  for  years.  It  is,  therefore,  not  to  be 
expected  that  an  affection  occurring  under  such  circum- 
stances can  be  rapidly  cured  ;  it  is  often  a  great  achieve- 
ment to  arrest  its  further  progress. 

If  the  disease  is  far  advanced  and  the  joints  are  severely 
injured,  it  is  impossible  to  restore  the  latter  to  their  normal 
state,  even  if  the  constitutional  tendency  to  the  disease  be 
arrested.  When  the  disease  is  less  advanced,  and  there  is  no 
insurmountable  dyscrasia  present  that  stands  in  the  way 
of  improvement  of  the  general  health  ;  when  few  joints 
are  affected  and  the  progress  of  the  disease  has  not  been 
rapid,  more  or  less  complete  recovery  may  be  hoped  for. 
When  the  affection  is  at  its  commencement,  or  at  leaat 
no  actual  damage  has  been  done  to  the  bone  and  cartilage 
of  the  articulation,  then  a  complete  recovery  will  take 
place  if  the  patient  be  properly  treated. 

Treatment. — From  a  consideration  of  the  etiology 
and  pathology  of  arthritis  deformans  the  inference  is  but 
natural,  that  a  supporting  plan  of  treatment  is  what  the 
patient  stands  most  in  need  of,  and  that  all  debilitating 
measures  must  tend  materialtyto  increase  the  rapidity 
and  severity  of  the  disease.  We  must  look  to  it  that  the 
patient  have  healthy  surroundings,  the  necessary  comforts 
and  freedom  from  anxiety  and  care,  good  and  nutritious 
food  and  plenty  of  it. 

Gentle  and  general  massage,  applied  by  experienced 
hands,  will  improve  the  circulation,  stimulate  the  nervous 
system,  and  thereby  improve  the  patient's  general  nu- 
trition, and  help  to  arrest  the  tendency  to  further  progress 
of  the  disease.  For  the  same  and  other  reasons,  given 
above,  I  have  applied  the  galvanic  current  to  the  spine 
and  upper  cervical  ganglia  in  short  daily  or  tri-weekly 
sittings,  and  have  found  it  to  improve  the  functional 
activity  of  the  nervous  system  and  the  circulation  by  its 
stimulating  effect  upon  the  vasomotor  nerves. 

Frequent  change  of  air  and  scenery  should  be  advo- 
cated, and  all  prolonged  mental  exertion  and  physical 
fatigue  should  be  avoided.  A  residence  in  a  moderately 
warm  climate  during  the  winter  months  is  desirable, 
but  the  air  of  the  place  should  be  dry  and  bracing. 

Tepid  baths  are  indicated,  especially  when  the  func- 
tions of  the  skin  are  defective,  but  baths  are  not  curative 
in  this  disease,  and  care  must  be  taken  that  debility  Is  not 
induced  by  them. 

As  to  medicines,  colchicum  is  always  worse  than  useless, 
neither  are  the  alkalies  of  any  value.  However,  if  the 
first  attack  be  ushered  in  by  exposure  to  cold,  I  have  been 
in  the  habit  of  prescribing  :  Propylamin,  3  ss.  to  31.; 
aqufE,  1  viij.;  syrup,  simpl.,  I  ss.  M.  A  tablespoonf ul  be- 
fore each  meal,  to  be  continued  for  some  days  or  weeka, 
as  the  symptoms  of  the  case  may  indicate. 

If  anaemia  exists,  iron  is  called  for.  I  give  it  in  the 
form  of  pil.  ferr.  sulph.,  potass,  carbon.,  aagr.  ij. — ^two  oi 
three  such  pills  after  meals  ;  or  as  f errum  redactum  with 
extr.  cinchon.  and  rhubarb,  or  as  ferr.  albuminat.  In 
more  acute  cases  I  found  the  syrup;  ferr.  iod.,  gtt.  xx.  to 
XXX. ,  three  times  daily,  more  serviceable. 
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Cod-liver  oil,  the  hypophosphites,  and  quinine,  are  par- 
ticularly indicated  when  the  disease  has  been  attended  with 
wasting  of  the  body,  or  when  the  nervous  system  has 
been  seriously  implicated  by  depressing  causes. 

Arsenic  has  also  been  found  useful  in  the  latter  variety 
of  cases.  I  prefer  the  arsenious  acid,  gr.  j. ;  piper,  3  ss. ; 
extr.  gentian,  q.  s.  f.  pil.  xxx. — a  pill  t.  i.  d.  after  meals. 
Cod-liver  oil  and  iron  may  be  administered  at  the  same  time. 

The  springs  most  adapted  for  the  subjects  of  arthritis 
deformans  are  the  chalybeate ;  the  stronger  saline  and 
alkaline  waters  are  apt  to  aggravate  the  disease.  In 
some  very  chronic  cases  the  natural  warm  springs  have 
proved  of  much  service. 
'  As  to  local  treatment,  relief  is  frequently  experienced,  in 
the  early  stages  of  tenderness  and  swelling  of  the  joint,  from 
the  application  of  blisters.  Under  this  treatment  the 
effusion  will  often  quickly  subside,  and  the  tBnderness  will 
become  much  lessenedj  or  even  removed.  Similar  results 
I  have  had  after  the  superiicial  but  extensive  application 
of  the  Paquelin  cautery. 

In  the  acute  stage,  the  joint  should  be  kept  at  complete 
rest ;  on  the  other  hapd,  those  articulations  in  which  the 
disease  has  become  chronic  should  be  moved  to  such  an 
extent  as  to  stay  the  wasting  of  the  muscles  of  the  limb, 
and  to  prevent  the  stiffening  of  the  joints. 

Leona/rd  Weber. 

ARTHROLOGY.  That  part  of  anatomy  which  treats 
of  the  joints  or  connections  between  the  denser  parts  of 
the  skeleton.  By  means  of  these  joints,  or  articulations, 
the  skeleton,  originally  an  apparatus  for  support,  becomes 
an  apparatus  for  locomotion.  In  its  primitive  condition 
the  human  skeleton  is  without  joints,  being  represented, 
in  the  human  foetus  before  the  fifteenth  day,  by  a  simple 
non-jointed  rod  of  condensed  embryonic  tissue  called  the 
notochord,  a  form  permanent  in  the  lowest  vertebrate 
(Amphioxus).  This  becomes  ensheathed  with  tissue, 
which  is  the  matrix  of  the  more  complex  skeleton  (Fig. 
899).  The  substance  of  this  sheath  changes  to^cartilage 
at  regular  intervals,  thus  becoming  segmented  (Fig.  300). 

Fios.  299  and  300.— Formation  of  Frimitire  Joints. 


Notochord.. 


OUB  layer,    ) 


PiG.a99.— Notochord  without  Joints.    Fro.  300.— Joints  derived  from  it. 
(PoBtus  fifteen  days.)  (Child  at  birth.) 

Vestiges  of  the  notochord  are  found  in  the  adult  as  pulpy 
masses  within  the  disks  which  unite  the  vertebrae.  Else- 
where in  the  human  body  joints  are  formed  in  a  similar 
WOT-.  Rods  are  laid  down  and  then  segmented  by  the 
differentiation  of  certain  portions  into  cartilage,  which 
may  afterward  ossify.  The  structures  by  which  union  is 
effected  at  the  joints  may,  therefore,  be  considered  as  the 
altered  remains  of  the  original  skeletal  matrix.  Around 
the  segments  this  matrix  remains  as  fibrous  tissue,  termed 
the  perichondrium,  becoming  periosteum  when  ossifica- 
tion ensues,  and  between  the  segments  it  occurs  as  simi- 
lar fibrous  tissue,  changing  to  fibro-cartJlage  in  certain 
cases.  When  in  the  form  of  bands,  straps,  or  membran- 
ous sheets,  these  transegmental  structures  are  termed 
hgaments.  They  may  unite  not  only  the  apposed  ends 
of  segments,  but  also  the  related  sides.  Sheets  of  this 
sort  passing  laterally  from,  one  bone  to  another  in  the 
same  plane  are  known  as  interosseous  membranes.  Ex- 
amples are  seen  between  the  radius  and  ulna,  and  be- 
VoL.  L-24 


tween  the  tibia  and  fibula.  The  entire  ligamentous  sys- 
tem is  closely  connected  with  the  fasciae,  of  which  it  may 
be  considered  a  specialization.     (See  Fascia.) 

The  prime  characteristic  of  joints  is,  therefore,  the 
movements  which  become  possible  by  reason  of  segmen- 
tation. These  movements  vaiy  according  to  the  varying 
functions  of  the  segmented  members,  and  thus  produce 
corresponding  modifications  of  structure  in  the  parts  com- 
posing the  joint.  Upon  these  modifications  the  classifi- 
cation of  joints  depends.  In  all  joints  there 'is  originally 
sufiBcient  intersegmental  tissue  to  permit  slight  and  lim- 
ited motion.  Such  are  called  primitive  or  amphiarthro- 
dial  joints.  Examples  occur  in  the  adult  between  the 
bodies  of  the  vertebrse  (Fig.  300).    In  the  course  of  de- 


FiGS.  aOl  and  302.— Synarthrodia!  Joints. 
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Fig.  301.— Suture. 


Cartilage 


I.— Synchondrosis. 


velopment  the  osseous  or  cartilaginous  tissue  of  the  seg- 
ments usually  tends  to  encroach  more  and  more  upon  the 
intersegmental  structure.  If  no  alteration  occurs  in  this, 
the  joint  becomes  less  and  less  movable  until  complete 
fixation  ensues.  It  is  then  termed  synarthrodial  or  im- 
movable. Examples  are  seen  in  the  adult  skull.  The 
process  may  be  carried  so  far  as  to  wholly  obliterate  the 
joint.  When  the  connecting  substance  is  fibrous,  the 
joint  is  termed  a  suture  (Fig.  301) ;  when  cartilaginous,  a 
synchondrosis  (Fig.  303).  Strictly  speaking,  the  union  of 
the  shaft  of  a  long  bone  with  its  epiphysis  is  a  synchondro- 
sis. There  oeing  no  strain  caused  by  movement  in  this  class 
of  joints,  the  periosteum  passes  over  the  intersegmental 
tissue  without  thickening  into  ligamentous  structures. 

In  by  far  the  greater  numbei  of  cases  the  interseg- 
mental tissue  becomes  altered.  Between  certain  of  the 
cells,  vacuoles  or  small  cavities  form  (probably  by  the  en- 
largement of  the  lymph  lacunas  of  the  connective-tissue), 
and  these  join  together,  making  a  larger  cavity  or  cleft. 
The  cells  immediately  around  the  cavity  form  a  secreting 
surface,  the  synovial  membrane,  the  product  of  secretion 
being  a  glairy  fluid  called  synovia.  The  membrane  resem- 
bles the  similarly  formed  serous  membranes  of  the  body, 
as  well  in  structure  as  in  great  vascularity,  and  in  liability^ 
to  sudden  and  dangerous  inflammations.  Synovial  cavi- 
ties are  formed  not 


only  between  the 
apposed  segments  of 
a  joint  (Fig.  803), 
but  also  where  ten- 
dons rub  over  hard 
surfaces,  or  where 
the  skin  is  closely 
applied  to  such  sur- 
faces and  friction 
is  frequent.  (See 
BurssB.)  Small  and 
imperfect  synovial 
cavities  exist,  in  a 
few  amphiarthro- 
dial  joints,  but  usu- 
ally the  jointswhere 
they  occur  are  free- 


.  Segment, 


.  Segment. 


Fio.  303.— Formation  of  a  Synovial  Cavity. 


ly  movable  throughout  their  extent,  and  are,  therefore, 
called  diarthrodial.    The  intersegmental  tissue  may  not 
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Synovial  1  /^ 
cavities. ) 

Fig.  304.— Costo-vertebral  Joint. 


be  Wholly  obliterated  by  the  cavity.  When  the  move- 
ment of  the  segments  is  perfectly  regular  and  small  m 

amount,  it  may 

P'l  ,  ^  ^  remain  as  a  cen- 

,[  Vertebra.  tral  band  with  a 

cavity  on  each 
side  and  liga- 
mentous struct- 
ures surround- 
ing the  whole, 
forming  a  cap- 
sule or  enve- 
lope. This  is  a 
peculiarity  of 
the  articulation 
of  the  heads  of  the  ribs  with  the  spine  (Fig.  304).  When 
the  movement  is  such  that  the  articular  surfaces  do  not 
con-espond,  a  synovial  cavity  is  sometimes  formed  along 
the  surface  of  each  segment,  leaving  an  intervening  disk 
of  fibrous  tissue,  which  becomes  partly  cartilaginous  and 
is  then  known  as  an  interarticular  fibro-cartilage  (Fig. 
305).  Example,  lower-jaw  joint.  The  disk  may  become 
thinned  and  disappear  in  the  centre,  leaving  a  ring  (Fig. 
306  shows  this 

in  vertical  sec-  Synovial  cavities, 

tion).  This  oc- 
curs in  the 
knee-joint.  Its 
complete  dis- 
appearance is 
shown  in  Fig. 
307. 

Joints  may 
be  formed  un- 
der pathologi- 
cal conditions, 
the  process  be- 
ing similar  to 
that  just  de- 
scribed. After 
fracture  the 

ends      of      the  Fias.  305  and  306.- 
bone    are   first 

united  by  fibrous  tissue,  constituting  an  amphiarthrodial 
joint,  which  may  remain  permanently,  or  by  process  of 
repair  be  converted  into  synarthrodia!  and  finally  disap- 
pear ;  or,  if  mobility  of  the  apposed  ends  be  not  restrained, 
there  may  be  developed  a  false  arthrodial  joint  with  syno- 
vial membrane  and  ligaments  formed  from  the  surround- 
ing connective-tissue. 

The  action  and  relations  of  muscles  are  important  fac- 
tors in  shaping  and  otherwise  modifying  joints.  By  sur- 
rounding tliey  afford  protection,  and  also  actively  assist 

the     ligaments     in 


Interarticular  cartilagef). 

-Formation  of  Arthrodial  Joints. 


Bone. 


Cartilage. 
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FiQ.  307.— Fully  Developed  Arthroaial  Joint. 


holding  together  the 
apposed  ends  of  the 
segments ;  differing 
in  this,  that  their 
tension  can  be  ad- 
justed to  the  stress 
placed  on  the  seg- 
ments. They  are  in- 
variably attached  so 
as  to  support  the  ar- 
ticular surfaces  with 
reference  to  each 
other,  never  pulling 
them  apart.  Dislo- 
cations are  therefore 
more  likely  to  occur 
if  the  force  is  ap- 
plied suddenly,  be- 
fore the  muscles  can 


be  put  in  action,  and  are  rare  among  professional  athletes. 
Advantage  is  taken  of  this  peculiarity  of  the  muscles  in 
reducing  a  dislocation,  this  being  much  more  easily  done 
when  the  patient  is  taken  off  his  guard,  or  when  resolution 
of  muscular  force  is  produced  by  an  anaesthetic.  Expan- 
sions from  the  tendons  of  muscles  strengthen  and  sup- 


port the  joints,  uniting  with  the  joint-capsule.  When  the 
strain  put  upon  these  expansions  is  habitually  great,  as  iq 
case  a  tendon  passes  over  the  angle  made  by  the  two  seg- 
ments, the  connective- tissue  of  the  tendinous  expansion  is 
liable  to  take  on  some  denser  form,  as  cartilage  or  bone. 
These  appear  as  small  nodular  bodies  known  as  sesamoids, 


Extensor  ( 


Inser-  )\\\ 
,tion  of 
muscle. 


Fia.  308.— A  Sesamoid  (Knee-joint). 


Fig.  309.- Planiform  or  Gliding 
Joint  (Fatello-femoral),  Slid- 
ing and  coaptative  motion  only. 


and  possess  true  articular  surfaces.  The  patella  is  the 
largest  and  most  notable  example  of  these  (Figs.  308  and 
809).  The  shapes  of  articular  surfaces  depend  mainly 
upon  the  direction  and  preponderance  of  the  muscular 
force  applied  to  the  segments.  The  simplest  movement 
possible  is  the  sliding  of  one  nearly  plane  surface  upon 
another.     This  is  the  ordinary  movement  of  the  sesar 

FiGB.  310  and  311, — Fivot-joint  (Atlp-axoid).    Botation  only. 
Transv.  ligt. 


Syn.  cavities. 
Fig.  310.— Top  view. 


Fig.  311.— Front  view. 


molds.  Joints  where  this  is  the  prevailing  movement  are 
called  planiform  or  arthrodial  (Fig.  809).  There  are, 
however,  no  articular  surfaces  that  are  perfectly  plane, 
there  being  no  situation  where  a  pulling  force  is  applied 
in  a  continuous  straight  line  throughout  tl\e  extent  of  tha 
movement.    For  this  reason  there  is  also  found  in  plani- 


Capsule. 


cavity. 


Fig.  812.— Hinge-joint  (Elbow). 
Angular  motion  in  one  plane. 


Pig.  813.— Saaaie-joint(Thumb).  in- 
gular  motion  freest  in  two  planei 


form  joints  a  Might  rolling  of  convex  surfaces  on  each 
other.  This  is  called  coaptation.  When  the  surfaces  are 
markedly  curved  a  variety  of  movements  may  take  place. 
Motion  around  an  axis  passing  longitudinally  through 
one  of  the  segments  is  called  rotation.    Pivot- joints  (Iro- 
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choides)  possess  only  this  movement,  and  are  exemplified 
in  the'  atlo-axoid  and  superior  radio-ulnar  articulations 
(Figs.  310  and  311).  Bending  the  segments  so  as  to  alter 
the  angle  they  make  with  each  other  is  called  angular 
movement.  When 
lateral,  to  or  from  the 
axis'  of  the  body  or 
limb,  it  is  further  dis- 
tinguished as  adduction 
and  abduction ;  when 
foiTvard  or  backward, 
folding  or  unfolding  the 
segments,  as  flexion  and 
extension.  A  hinge- 
joint  (ginglymus)  is  one 
in  which  such  motion 
is  allowed  in  a  single 
plane  only.  The  elbow 
is  the  best  example 
(Fig.  312).  The  shape 
of  the  surfaces  may  al- 
low free  angular  move- 
ment in  some  directions 
while  limiting  it  to 
some  extent  in  others. 


Thumb. 


Fio.  314.— Pommel-joint  (Wrist), 
lar  motion  in  all  planesi 


Angu- 


In  the  saddle-joint  (Pig.  813), 
and  the  pommel-joint  (Fig.  314),  the  motion  is  freest  in 
two  planes  at  right  angles  to  each  other.  In  the  former, 
each  surface  is  convex  in  one  plane  and  concave  in  the 


Capsule. 
Sjn.  cav. 


other  ;  in  the  latter,  the  surfaces  are  reciprocally  ellipsoid- 
al. These  two  classes  of  joints  allow  all  movements  ex- 
cept rotation, 
it  being  possi-         ( 

ble  to  perform  /         /^SSI'^'p-'"''^ 

circumduction 
or  such  swing- 
ing of  the  dis- 
tal segment 
through  a  se- 
ries of  angular 
positions  as  to 
make  it  gene- 
rate a  conical 
surface.  When 
the  joint  con- 
sists of  a  head 
nearly  spheri- 
cal received  in- 
to a  closely -fit- 
ting cavity,  it  .   .     _^ 

is  known  as  a  pj^   aiB.-BaU-and-socket-joint  (Hip).     All 

ball-and  -  sock-  ments. 

et  -  joint  (Fig. 

815),,  in  which  great  freedom  of  motion  is  allowed,  all 

movements  being  possible. 

The  following  table  shows  how  joints  may  be  classified 
according  to  a  genetic  system : 


CLAi^SIPICATION  OF  JOINTS. 

Fbiuxtite  Joihtb  (Amfhiabthbobes). 


Without  Synovial  Cavity. 


lUMOVABLB   JOIKIB  (STNABTHROSEs). 

,— . ^ 

United  United  by 

by  cartilage.         Connective-tissue. 

SnTCBONDBOSES.  SlJTUR^. 


With  Synovial  Cavity. 


Fbeely  Motabue  Joints  (Diabthbobss). 


Motion  sliding  or  coaptative, 
surfaces  nearly  flat. 

PliAHIFOBM. 


Motion  curvilinear, 
surfaces  curved. 

NON-PLANIFOBM. 


Rotation  Angular  motion 

only.  one  plane. 

PlVOT-JOINTS.         HlHGE-JOlHTS. 


Angular  motion 

freest  in  two  planes. 

Saddle-joints. 


Angular  motion      All  movements, 
all  planes.         Ball-anz>-soceet- 

POMMEL-JOINTS.  JOINTS. 


The  following  is  a  list  of  the  joints  of  the  human  body 
arranged  upon  the  foregoing  principles  of  classification. 
As  in  all  natural  classification,  perfectly  clear  and  sharp 
distinctions  do  not  exist,  many  joints  being  somewhat 
mixed,  blending  the  characters  of  two  or  more  classes. 

TABLE  OP  THE  JOINTS. 
Order  I. — Pbimitivb  Joints,  ok  Amphiarthrosbs. 
Class  1. — Without  a  Synovial  (Jamity. 
Intervertebral— of  bodies. 
Lumbo-sacral. 
Sacro-coccygeal. 
Sternal. 
Class  3. — With  an  Imperfect  Bynovial  Camty. 
Sacro-iliac. 
Interpubic  (symphysis  pubis). 

Obber  II, — Immovable  Joints,  or  Synarthroses. 
Glass  I.— Sutures. 

Joints  between  the  bones  of  the  skull,  except 
occipito-sphenoid  and  ethmo- vomerine. 
Class  2. — Synchondroses. 
Occipito-sphenoid. 
Ethmo-vomerine. 
Chondro-sternal  of  first  rib. 
Costo-chondral. 


Order  III. — Movable  Joints,  or  DiaRthroses. 

Glass  1. — Planiform  Joints,  or  Arthrodia. 
Intervertebral,  of  articular  processes. 
Lumbo-sacral,  of  articular  processes. 
Costo-vertebral  (costo-central). 
Costo- vertebral  (costo-transverse) . 
Chondro-sternal,  second  to  seventh  ribs. 
Interchondral,  sixth  to  ninth  costal  cartilages. 
Sterno-clavicular. 
Acromio-clavicular. 
Radio-ulnar,  inferior. 
Carpal — between  single  bones. 
Carpo-metacarpal,  except  thumb. 
Intermetacarpal. 
Patello-femoral. 

Tibio-fibular,  superior  and  inferior. 
Tarsal,  except  astragalo-scaphoid  and  calcaneo- 
cuboid. 
Tarso-metatarsal. 
Intermetatarsal. 

Class  2. — Pwot-joints,  or  Trochoidea. 
Atlanto-axial. 
Radio-ulnar,  superior. 

Class  3. — Hinge-joints,  or  Oinglymi. 
Elbow- joint  (humero-cubital). 
Phalangeal,  of  hand. 
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Knee-joint  (femoro-tibial). 

Ankle-joint  (tibia  and  fibula  with  astragalus). 

Phalangeal,  of  foot. 
Class  A:.— Saddle-joints. 

Carpo-metacarpal,  of  thumb. 

Calcaneo-cuboid,  of  ankle. 
Class  ^.—Pommel-joints  {Condyloid). 

Temporo-maxillary. 

Occipito-atlantal. 

Radio-carpal. 

Intracarpal  (os  Inagnum   with  semilunar  and 
scaphoid). 
Class  ^.—Ball-andrSocket-jmnU  {SnwrtTirodia\ 

Shoulder-joint  (scapulo-hymeral). 

Metacarpo-phalangeal. 

Hip-joint  (coxo-femoral). 

Tarsal,  astragalo-scaphoid. 

Metatarso-phalangeal. 

An  examination  of  the  intimate  structure  of  adult 
joints  involves,  1st,  the  ends  of  the  segments  (usually 
bones) ;  2d,  the  articular  cartilages  which  protect  them  ; 
3d,  the  fibro-cartilages  which,  when  present,  adapt  the 
surfaces  to  each  other  ;  4th,  the  ligaments  which  prevent 
their  separation  ;  5th,  the  synovial  membranes  which  by 
their  secretion  lubricate  the  joints. 

At  joint-surfaces  pressure  and  movement  occasion  a 
modification  in  the  ordinary  structure  of  bone.   The  ends 
.  ....-r-5  — ~~«.    ,=-»    ^.^    j^^m  are    enlarged 
'S^L^^%^^®  and    the    Sir- 
^'#!^^W*-?'  .-^^  faces  are  of  ex- 
""  <3#t.^  tremely    com- 
V_/3     <^W^  pact    tissue, 
"SJ^,  "^^j     i:g>\,  protected  by  a 
■*    ^S*  J^  ^H  layer  of   hya- 
^  »    v»^  line   cartilage, 
<S>  <gr  SE*,..  t^  the  remains  of 
,  ^       ■^  %  "^  tlie  original 
■^  1%^  *  ^^ij  cartilage*' from 
%       J  ^  §)?%  ^  which  the  bone 
~  'was    formed. 

Acting  as  a 
buffer  to  break 
shocks  and  to 
prevent  wear, 
it  IS  invariably 
thickest  where 
the  pressure  is 
P  greatest  (see 
^';  Fig.  307).  Un- 
der normal 
conditions  it 
never  ossifies, 
although  inold 
age  and  in  per- 
sons of  inac- 
tive life  it  be- 
comes thinned 
and  infiltrated 
with  lime  salts. 
Should  it 
slough,     the 

Fig  316  —Articular  Cartilage     (After  Sappey  )    A  •  ji  ''CCOmeS 

flattened  cells;  B,  cells  in  columns;  0,  region  in-  rapittly     Worn 
filtrated  with  lime  ;  D,  bone.  Smooth    (ebur- 

nated)  and  the 
joint  is  disabled.  The  superficial  cells  of  the  cartilage  are 
fiattened,  but  in  the  deeper  parts  they  multiply  in  the  line 
of .  the  greatest  stress,  and  are  therefore  arranged  in  col- 
umns perpendicular  to  the  articular  surface  (Pig.  316),  in 
which  direction  a  sudden  shock  may  cause  the  cartilage 
to  split.  The  fibro-cartilages  found  in  joints  are  com- 
posed of  white  fibrous  tissue,  with  sparse  elastic  fibres  to 
impart  the  necessary  resiliency.  Their  usual  form  is  that 
of  disks  or  rings  attached  mainly  to  the  more  movable  seg- 
ment, either  by  their  edges  (knee,  jaw)  or  by  the  edge  and 
one  surface  (hip,  shoulder).  The  rings  may  be  incom- 
plete, enlarging  the  cavity  on  one  side  only  (phalanges). 
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The  original  capsular  arrangement  of  the  ligaments 
remains  in  cases  where  the  joint  is  well  protected  by 
muscles  and  the  strain  is  evenly  distributed.  In  most 
joints,  however,  the  stress  being  much  greater  in  some 
directions  than  in  others,  the  capsule  becomes  thickened 
to  counteract  it,  forming  bands  which  have  received 
special  names.  Atmospheric  pressure,  acting  against  Ihe 
force  of  gravity,  assists  in  keeping  the  articular  surfaces 
applied  to  each  other,  thus  preventing  a  constant  strain 
upon  the  ligaments.  An  important  office  of  the  liga- 
ments is  to  limit  the  motion  of  the  segments  and  prevent 
the  shocks  which  would  otherwise  occur  from  the  sud- 
den contact  of  bony  surfaces.  In  some  cases  they  greatly 
economize  muscular  force  by  holding  the  joint  in  a  set 
position.  Thus,  but  little  force  is  required  to  maintain 
the  body  erect,  as  it  is  supported  mainly  by  the  tension 
of  the  ligaments  of  the  spinal  column,  by  the  ilio-femoral 
ligament  at  the  hip,  and  by  the  posterior,  lateral,  and 
crucial  ligaments  at  the  Imee; 
these  lying  always  on  the  con- 
vex side  of  arcs  subtended  by 
the  line  of  the  centre  of  gravity 
(Fig.  317).  Owing  to  their  func- 
tion as  limlters  of  motion,  it  fol- 
lows that  the  position  of  greatest 
relaxation  for  all  the  ligaments 
of  a  joint  is  one  midway  between 
flexion  and  extension.  In  case 
of  the  distention  of  a  joint-cavity 
by  a  morbid  effuyon,  the  patient 
B  involuntarily  places  the  joint  in 
such  a  position. 

Synovial  membranes  originate 
as  continuous  and  closed  sacs,  but 
over  the  articular  surfaces,  where 
pressure  occurs,  portions  of  them 
disappear ;  so  that,  at  the  latter 
part  of  foetal  life,  they  merely  line 
the  capsule  and  extend  but  a 
short  distance  upon  the  cartilages 
of  the  joint.  In  adult  age  they 
frequently  are  further  extended 
by  communication  with  the  syno- 
vial cavities  of  neighboring  bur- 
sse,  and  such  communications  be- 
come more  frequent  and  exten- 
sive as  age  advances.  They  are 
more  lax  than  the  surrounding 
ligaments,  being  thrown  into 
folds  to  increase  the  blood-sup- 
Fio.  317. -Ligaments  Sup-  ply  and  to  pad  out  intervals,  be- 
ZS&?X  BT'^o'Seriti  ing  assisted  in  this  by  interstitiaJ 
set.  deposits  of  fat.    Along  the  inter- 

articular  lines  they  possess  villous 
processes,  or  fringes,  some  of  which  contain  cartilaginous 
nodules  (Fig.  318). 

It  is  at  or  near  the  joints  that  the  great  vascular  trunks 
divide,  an  arrangement  which  is  probably  connected  with 
the  centripetal  development  of  blood-vessels  and  the  bud- 
like formation  of  limbs  in  the  embryo.  The  immediate 
supply  of  the  joint  is  obtained  from  small  vessels  that 
anastomose  freely  with  each  other.  By  them  the  collat- 
eral circulation  is  established  when  the  main  trunk  Is  oc- 
cluded. From  these  vessels  a  rich  arterial  network  pene- 
trates the  capsule  to  supply  the  synovial  membrane. 
Abundant  capillaries  lie  in  loops  along  the  synovial  folds, 
and  by  exudation  from  them  the  synovia  is  formed. 
The  articular  cartilages  and  the  compact  layer  of  bone 
immediately  contiguous  are  normally  destitute  of  vessels, 
but  capillaries  rapidly  extend  into  them  during  inflamma- 
tion. The  fibro-cartilages  are  stated  by  Sappey  to  con- 
tain vessels,  and  may  therefore  take  an  active  part  in 
inflammatory  processes.  Lymphatics  are  numerous  near 
joints,  Klein  considers  the  joint-cavity  itself  as  a  lymph- 
space  communicating  directly  with  the  lymphatics,  ana 
Arnold  and  Heitzmann  claim  to  have  demonstrated  a 
system  of  lymph-canaliculi  even  in  articular  cartilage. 

The  nerves  of  joints  are  distributed  mainly  to  the 
synovial  membrane  and  the  ligamentous  structures.   Ji 
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is  probable  that  in  these  situations  special  nerve-endings 
exist,  as  described  by  Krause  and  Nicoladoni,  for  it  is 
difficult  to  otherwise  account  for  the  peculiar  sensibility 
of  the  structures.  A  ligament  or  a  synovial  membrane 
may  be  touched,  cut,  or  pinched  without  giving  much 
pain,  but  if  it  be  stretched  beyond  its  physiological  limit, 
threatening  the  integrity  of  the  joint,  the  suffering  is  ex- 
cruciating, as  is  well  known  to  those  who  have  suffered 
from  a  sprain  or  a  dislocation.  Articular  cartilage  has  no 
nerves,  and  the  gnawing  pain  which  occurs  during  its 
ulceration  is  probably  caused  by  inflammatory  products 
affecting  the  nerves  of  contiguous  tissues.  A  remarkable 
law  of    correla-    _  ™..™™~«ii 

tion  has  been  7fHli)HWM8IW>irafiaHW^^ 
noted  by  Hilton 
with  reference  to 
the  nerves  of 
joints,  viz.:  that 
they  also  supply 
the  muscles 
which  move  the 
joint  and  the 
skin  over  the  in- 
sertion of  such 
m.uscles ;  the 
whole  apparatus 
being  thus  under 
the  control  of  as- 
sociated central 
influ  e  n  c  e  s. 
There  is  besides 
strong  clinical 
evidence  of  this. 
Remak  and  Ben- 
edikt  have  point- 
ed out  the  strong 
probability  that 

manjr  diseased  pio_  3i8__gynoyij,  p,ingeg_  (x  200.)  (Modifled 
conditions  of  the  from  Henle.) 

joints    originate 

in  irritable  states  of  the  spinal  cord  and  of  the  sympathetic, 
and  Charcot  has  published  some  cases  showing  remarka- 
ble atrophy  of  the  muscles  of  a  joint  after  an  injury  to 
the  articular  surfaces  comparatively  slight  and  inadequate 
to  such  a  result.  Locomotor  ataxia  is  usually  accom- 
panied by  joint-lesions.  Quite  recently  (Ord,  Belfast  Ad- 
dress, July,  1884)  it  has  been  shown  that  many  cases  of 
joint  disease  (rheumatoid  arthritis,  gonorrhoeal  rheuma- 
tism) are  so  associated  ■with  disturbances  of  the  genito- 
urinary tract  as  to  make  it  probable  that  there  is  a  reflex 
element  of  causation  in  these  disorders. 

For  the  anatomy  of  special  joints  see  the  following 
heads :  Ankle-joint ;  Clavicle,  Joints  of  ;  Elbow- joint ; 
Foot,  Joints  of  ;  Hand,  Joints  of ;  Hip- joint ;  Knee-joint ; 
Pelvis,  Joints  of ;  Shoulder- joint ;  Skull,  Joints  of  ;  Spine, 
Joints  of  ;  Thorax,  Joints  of  ;  Wrist,  Joints  of. 

Besides  the  systematic  works  on  anatomy  by  Quain, 
Gray,  Allen,  Sappey,  Cruveilhier,  Henle,  Hyrtl,  and 
Gegenbaur,  the  following  authorities  have  been  consulted 
in  preparing  this  article  : 

Morris,  William :  The  Anatomy  of  the  Joints.    London,  1879. 

Turner :  An  Introduction  to  Human  Anatomy.    Edinburgh,  1867. 

Marshall :  Anatomy  for  Artists.    London,  1883. 

Humphry  :  The. Human  Skeleton,  Including  the  Joints.    London,  1858. 

Henke  und  Eeyher  :  tJber  die  Entwickelung  der  Gelenke,  Sitzungsber. 
der  Wiener  Acad,  der  Wissensoh.,  Bd.  Ixx. 

Aeby  :  Der  Bau  des  Menschliohen  Korpers.    Leipzig,  1871. 

Martin  ;  Uber  die  Gelenkmnskeln  beim  Menschen.    Erlangen,  1874. 

Meyer ;  Die  Statik  und  Mechanik  des  menschl.  Knochengeriistes.  Leip- 
zig, 1873. 

Frank  Baker. 

ARTHROPATHIES  OF  NEUROTIC  ORIGIN.    As  far 

back  as  1831  the  elder  Mitchell '  first  described  peculiar 
joint  troubles  that  affected  individuals  who  had  suffered 
worn  cerebral  disease  ;  and  in  1846  Scott  Alison,'  of  Lon- 
don, more  fully  described  these  sequelae,  presenting  sev- 
eral cases  in  which  the  joints  of  the  paralyzed  side  only 
were  affected.  This  arthritis  he  believed  to  be  due  to  a 
condition  of  the  articular  surface  resulting  from  the  di- 


minished vitality  of  the  paralyzed  parts  and  the  presence 
of  uric  acid,  which  under  such  circumstances  acted  as 
an  iiTitative  agent. 

In  1873,  and  even  before  this  time,  Brown-S6quard,' 
and  Charcot  *  directed  attention  to  the  really  Important 
nature  of  such  complications  of  organic  paralysis,  and 
the  early  researches  of  Alison,  Durand-Fardel,  Valleix, 
Grisolle  and  others,  have  been  collected  and  carefully 
considered  by  them  during  the  past  three  or  four  years. 
Buzzard,  of  London,  has,  m  his  book,  excited  fresh  inter- 
est in  the  study  of  these  arthropathies,  especially  when 
they  are  connected  with  locomotor  ataxia. 

It  would  appear  that  these  morbid  changes  arc  usually 
associated  with  those  forms  of  cerebral  and  spinal  disease 
in  which  the  sensory  tracts  are  most  extensively  invaded, 
though  this  is  by  no  means  the  invariable  rule.  They  are 
common  in  posterior  spinal  sclerosis  and  rare  in  essen- 
tial spinal  paralysis,  an  affection  in  which  disorders  of 
sensibility  are  the  exception.  They  are  rare  in  cerebral 
disease  vdthout  some  ascending  degeneration  symptom- 
atized  by  pain,  and  the  observations  of  Charcot  regarding 
the  central  lesion  would  bear  this  out.  Arthropathies  may 
be  either  cerebral  or  spinal,  and  the  former  are  much 
more  rare  than  the  latter.  They  have  been  observed  in 
connection  with  coarse  brain  disease,  such  as  softening, 
with  haemorrhage,  tumor,  or  sclerosis ;  and  are  usually 
early  symptoms  of  established  cerebral  mischief  ;  especi- 
ally is  this  true  in  the  matter  of  haemorrhage.  After 
a  period  of  from  fifteen  days  to  several  months  after 
the  acute  central  trouble  we  find 
that  the  joints  of  the  paralyzed  hand 
or  foot  become  affected — the  former 
more  often  (Charcot)  —  coincident 
with  the  contractions  which  mark 
the  advent  of  rimdity  and  secondary 
degeneration.  In  Alison's  cases  the 
knee  and  ankle  were  affected. 

The  joint  disturbances,  according 
to  my  own  observation,  begin  in 
one  of  two  ways  :  1,  Suddenly,  the 
large  joints  being  affected  ;  2,  slow- 
ly, the  joints  of  the  hand  and  foot 
being  the  parts  attacked.  In  the 
first  form  there  is  within  a  few 
weeks  a  rather  suddenly-developed 
swelling,  which  is  unattended  by 
any  marked  rise  of  temperature-  p,^.  3ia._Arthropathy  of 
at  least  by  any  such  rise  as  we  would  ajg^t  Knee-joint.  (Buz- 
expect  to  find  in  an  acute  arthritis  zard.) 
of  purely  rheumatic  origin.  There 
is  but  little  local  heat  and  pain,  but  a  great  deal  of 
soreness  when  the  limb  is  moved.  Jarring  produces  only 
inconsiderable  suffering.  I  have  never  met  with  the  de- 
gree of  pain  described  by  Brown-Sfiquard.  There  is  more 
or  less  pain  produced  by  pressure  over  the  tendons, 
the  sheaths  of  which  seem  to  be  involved.  The  joint 
is  greatly  swollen,  the  enlargement  being  made  much 
more  prominent  in  old  cases  by  reagon  of  the  atrophy  of 
muscular  masses  in  the  vicinity.  There  seems  to  be  a 
deep  Involvement  of  the  joints  and  of  adjacent  parts,  and 
though  there  may  be  a  synovitis.  It  is  of  a  low  grade, 
and,  as  Buzzard '  has  pointed  out,  there  is  really  great 
tumefaction,  which  characterizes  the  familiar  form  of 
chronic  synovitis,  in  which  there  are  three  points  of 
swelling,  viz.  :  above  the  patella,  and  on  either  side  of 
the  ligamentum  patellae. 

The  appearance  of  the  affected  joint  is  peculiar.  There 
is  a  duskiness  and  hardness  in  the  beginning,  and  a  cold, 
"  white  hardness  "  of  the  swollen  limb  in  the  old  cases. 

In  some  cases  there  is,  after  a  few  days  or  weeks,  a 
subsidence  of  the  swelling,  and  the  development  of  osse- 
ous changes  to  be  presently  described. 

The  occurrence  of  spinnl  a/rthropathy  may  follow  a  vari- 
ety of  conditions.  As  has  been  pointed  out  by  Mitchell, 
it  may  be  connected  with  Pott's  disease,  with  myelitis 
(Gull),  with  tumors  of  the  gray  substance  of  the  cord 
(Buzzard),  with  posterior  spinal  sclerosis  (Charcot),  and 
with  traumatic  injury  of  the  cord  (Vignes  and  Jofiroy). 

According  to  Charcot  the  condition  is  an  early  compli- 
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cation,  especially  of  posterior  spinal  sclerosis.  So  far  as 
my  own  experience  (and  I  thinls  that  of  Buzzard)  is  con- 
cerned, the  condition  is  one  that  belongs  to  the  late  stages 
of  the'  disease.  It  is  quite  true  that  in  acute  myelitis  we 
may  have  a  rapidly-developing  arthropathy,  but  with  tu- 
mor or  locomotor  ataxia  the  affection  is  a  much  more  slow 
affair.  Charcot  believes  that  those  arthropathies  whicll 
affect  the  upper  extremities  in  the  disease  under  consider- 
ation are  always  secondary  to  others  involving  the  lower 
extremities,  and  come  only  late  in  the  disease,  as  a  re- 
sult of  extension  of  the  morbid  process.  Buzzard  reports 
a  case  which  contradicts  this.  I  have  myself  seen  one 
case  of  the  kind. 

The  enlargement  in  the  chronic  variety  is  slow,  and  a 
point  is  finally  reached  when  deep  destructive  processes 
begin,  the  articular  surface  of  the  bones  being  worn 
away  or  absorbed,  so  that  movement  of  the  joint  on 
manipulation  will  produce  a  peculiar  creaking  or  crack- 
ing sound ;  and  when  the  joint  has  for  some  time  been 
the  seat  of  the  trouble  it  is  common  for  luxation  to  occur. 
The  position  of  the  extremity  as  it  lies  upon  the  bed  is 
peculiar,  and  the  patient  often  presents  a  most  strange  de- 
formity._  Happily  the  arthropathy  need  not  always  go 
on  to  this  stage,  and  it  occasionally  happens  that  cures 
are  made.  On  the  other  hand  the  erosion  and  destruction 
may  be  very  rapid.  Charcot  says  :  "  Even  within  two 
weeks,  or  sooner,  the  '  craquements '  may  be  detected, 
which  indicate  a  profound  alteration  in  the  articular  sur- 
faces."_  At  the  end  of  three  months  the  head  of  the  hu- 
merus in  one  of  his  cases  was  found  to  be  almost  completely 
destroyed. 

Pbooressive  Arthbopatht. — There  is  a  form  of  ar- 
thropathy of  a  progressive  nature  of  which  I  have  seen  but 


Fis.  330. 

Znl^Pd  °Tn  ^f  ^  ^P  "?'  H.™^  ^^"^  *"y  other  has  been 
repoited.    In  the  patient  who  came  under  my  notice  a 

pam,  and  m  less  than  one  year  both  thumbs  and  ring 
fingers  became  m  turn  affected,  and  ultimately  both  littll 
fingers.  The  metacarpal  joints  were  the  seat  of  a  hard 
and  quite  extensive  swelling  with  some  general  cedema 
CnXrlhrth'^'  palmar  surface.  T^e  patienT  could 
nex  neither  the  thumb  nor  the  other  affected  fingers  but 

Is  theT^nVi  ^  '^'"^  ^''^'''  """^'^  t°  ^^  unimpahfd  so  f  ar 
as  their  mob  hty  was  concerned.  The  ankle-joints  were  lax 
and  some  absorption  of  bone  had  evidently  taken  place 
There  was  no  history  of  gout  in  this  case.  The  mtient^; 
mine  was  clear  and  palsed  in  large  quantities  and  I 
had  no  reason  to  suspect  the  uric  acid  dfaSs     The 

b^en'the^sea^'i*'''   "'^r  *^^.  ^PP^arance  of  swelling! 
oeen  the  seat  of  neuralgic  pains.     The  rio-ht  nnnii  •»,?= 

sSn  chanr  *''^^''  '""fy'^'  were  inter'es^^^gPZrir 
Bkm  changes,  and  a  peculiar  slowness  of  gait 

Ihe  history  of  arthropathies  in  general  furnishes  us 
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with  points  which  enable  us  to  make  a  comparatively  olpai 
diagnosis.  The  antecedent  cerebral  or  spinal  disease  is  a 
determining  factor,  and  the  peculiar  nature  of  the  ioint 
affection  itself  is  conclusive.  What  I  have  already  saW 
about  the  possibility  of  confusing  the  condition  in  nues. 
tion  with  ordinary  chronic  synovitis  it  is  unpecessarv  to 
repeat.  I  may,  however,  remind  the  reader  that  the  effu 
sion  is  always  beneath  the  muscles,  the  skin  has  a  polislied 
appearance  and  presents  no  appearance  suggestive  of 
inflammation.  There  Is  often  great  embarrassment  in 
flexion,  though,  as  in  Buzzard's  case,  extension  is  not  in. 
terfered  with.  There  is  no  pitting  at  the  joint.  In  the 
case  alluded  to.  he  made  an  application  of  the  electrodes 
of  an  induction  battery  over  the  quadriceps  muscle  iust 
above  the  patella.  "When  the  swelling  was  very  great  he 
obtained  a  powerful  contraction;  which  proved  the  fact 
that  the  muscle  was  superficial  to  the  fluid.  The  affec- 
tion resembles  sometimes  arthritis  deformans,  but  it  rarely 
involves  the  hip- joint.  It  is  of  sudden  appearance  is 
often  cured,  the  effusion  is  greater  and  the  swelling  more 
general  than  in  the  latter  disease,  and  there  are  luxations 
as  the  result  of  erosion,  which  is  not  the  case  in  rheuma- 
toid arthritis. 

Charcot  has  found  evidences  of  a  true  synovitis— multi- 
plication of  nuclear  elements,  and  thickening  of  flbijons 
tissue— increase  in  size  and  number  of  capillary  vessels 
and  an  increased  amount  of  exudation  containing  leuco- 
cytes. In  this  case  he  found  macroscopic  lesions  of  the 
cartilages  or  of  the  ligamentous  parts. 

In  the  cases  of  cerebral  origin  a  variety  of  interestine 
changes  were  found  by  Alison,  but  none  threw  much  light 
upon  the  pathology  of  the  condition,  and  the  same  thing 
may  be  said  of  the  autopsies  presented  by  other  observers 
Charcot,  however,  found  that  in  locomotor  ataxia  there 
was  a  disappearance  upon  the  same  side  of  the  body  of 
the  posterior  lateral  group  of  large  cells  in  the  ante- 
rior cornu.    A  case  presented  by  Jeffrey  and  himself 


Pio.  Sai.  (Charcot.)  A,  A',  right  and  left  anterior  horns ;  B,  posterior 
pay  commissure  and  oenb-al  canal ;  C,  anterior  Assure ;  6,  V,  anterior 
internal  group  of  great  cells ;  a,  a/,  anterior  external  group  of  gnat 
cells ;  C,  posterior  external  group  of  great  cells  on  right  side ;  c,  local- 
ity where  corresponding  cells  have  disappeared  on  left  side. 

was  carefully  studied,  and  it  was  found  that  the  ante- 
rior gr&j  horns  were  "remarkably  atrophied  and  de- 
formed. _  Fig.  331  represents  a  section  made  through 
the  anterior  horns  in  the  cervical  cord  of  a  patient  who 
presented  an  arthropathy  of  the  shoulder- joint.  In  a 
second  case  examined  by  these  investigators,  in  which  the 
knee-joint  was  affected,  it  was  found  that  the  anterior 
gray  substance  in  the  lumbar  region  had  undergone  a 
conspicuous  alteration.  Charcot  does  not  believe  that  this 
degeneration  is  a  result  of  functional  inertia,  because  in 
his  cases  there  was  considerable  freedom  of  movement, 
and  the  central  appearances  did  not  resemble  in  the  least 
those  found  after  amputation. 

The  prognosis  of  arthropathy  is  by  no  means  good, 
although  it  has  been  claimed  that  cures  have  been  ef- 
fected. The  benefit  of  therapeutic  measures  must  he 
shown  at  an  early  period,  and  if  the  morbid  process  has 
gone  so  far  as  to  result  in  destruction  of  the  articular  sur- 
faces, little  or  nothing  can  be  gained  by  any  treatment.  B 
must  be  admitted  that  in  spinal  disease,  especially  when  the 
arthropathy  is  associated  with  gastric  crises,  and  other 
symptoms  suggestive  of  advanced  cord  destruction,  the 
prognosis  is  well-nigh  hopeless. 

The  treatment  of  these  joint  affections  consists  in  tha 
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exhibition  of  the  iodide  of  potassium  in  very  large  doses 
— even  one-half,  or  in  some  cases  two -thirds,  of  an  ounce 
daily  in  Vichy  water — and  the  free  application  of  the  ac- 
tual cautery  to  both  the  spine  and  the  affected  joints. 
Careful  bandaging  and  the  application  of  straps  of  the 
ammoniated-mercury  plaster  are  of  use,  while  perfect 
rest  is  indispensable.  Allan  McLane  Ha/milton. 

1  American  Journal  of  the  Medical  Sciences,  vol.  viii.,  1831,  p.  55. 

'  London  Lancet,  1846,  vol.  i,,  p.  277. 

3  London  Lancet,  July,  1861. 

*  Lefona  snr  les  Maladies  du  Syst.  N.,  1873-73,  p.  100  et  Beq. 

fi  Diseases  of  the  Nervous  System,  p.  214  et  seq. 

ARTIFICIAL  EYES  (Pr.,  (Ml  artijkiel ;   Ger.,  Kiinst- 

licAe  Auge). 

HiSTOET. — Since  very  early  times  artificial  eyes  have 
been  known  and  used,  yet  no  connected  history  of  their 
use  can  be  distinctly  traced.  They  were  first  made  out 
of  metal ;  copper,  silver,  and  gold  being  the  materials 
most  commonly  employed ;  these  metallic  disks  wore 
painted  to  represent  the  natural  organ.  A  painted  imita- 
tion of  the  eye  and  eyelids  was  sometimes  applied  over 
the  front  of  the  orbit,  being  kept  in  its  place  by  means 
of  a  steel  spring  passing  around  the  temple  to  the  oppo- 
site side  of  the  head.  This  exceedingly  crude  and  incon- 
venient device  was  adopted  in  the  days  of  Ambroise  Pare. ' 

It  is  thought  by  some  that  artificial  eyes  were  first 
made  during  the  reign  of  Ptolemy  II.,  surnamed  Phila- 
delphus  (309  B.C.  to  247  B.C.).  The  Egyptians  were  the 
first  to  make  use  of  them,  and  mummies  are  occasionally 
discovered  in  whose  orbital  cavities  such  eyes  are  still 
to  be  found.  At  one  time  balls  of  glass  were  used  in- 
stead of  the  present  shell-shaped  eyes.  These  glass  eyes 
were  not  only  made  for  the  human  being,  but  were  used 
in  statues,  for  Pliny  ^  tells  us  that  on  the  tomb  of  Her- 
mias,  a  prince  of  the  island  of  Cyprus,  there  was  a  marble 
figure  of  a  lion  having  eyes  of  emerald.  In  the  great 
marble  lion  discovered  by  Mr.  Newton  near  Cnidus,  and 
now  in  the  British  Museum,  there  are  in  the  place  of  the 
eyes  deep  sockets,  which  probably,  like  those  of  the 
Cypriote  lion,  were  filled  with  colored  glass.  It  was  not 
until  the  introduction  of  porcelain,  in  the  sixteenth  cen- 
tury, that  any  great  stride  in  the  making  of  eyes  took 
place,  and  from  this  time  to  the  nineteenth  century  the 
methods  of  manufacture  were  kept  secret  by  the  makers. 
Even  at  the  present  time  each  manufacturer  has  a  spe- 
cial method  of  preparing  his  glass  or  "  crystal,"  as  he  terms 
it,  which  is  known  only  to  himself.  The  Parisian  eyes 
were  for  a  long  time  considered  the  best,  and  were  made 
by  the  family  of  Hazard-Mlrault  and  by  Desjardins,  and 
their  manufacture  was  so  perfect  in  1820  that,  in  the 
"  Dlctlonnaire  Medical,"  the  following  statement  occurs  : 
"L'art  de  fabriquer  des  yeux  artificiels  est  arrive  a  un 
tel  point  de  perfection,  qu'il  paralt  impossible  d'aller 
auiom-d'hui  au  delS." 

To  Boissonneau,  however,  is  due  the  credit  of  placing 
this  industry  on  a  proper  basis,  and  of  perfecting  many  im- 
provements between  the  years  1840  and  1866.  At  one 
time  the  name  of  the  maker  was  painted  upon  the  eye,  so 
that  it  might  act  as  an  advertisement ;  again,  a  small  hole 
was  made  in  the  edge  through  which  a  string  was  put  to 
catch  hold  of  in  removing  the  eye  from  the  eyelids.  Ar- 
tifleial  eyes  have  been  made  out  of  wax,  celluloid,'  and 
vulcanite ;  *  and  not  long  since  the  writer  saw  a  horse  with 
an  eye  made  of  horn.     At  the  present  day,  however, 

flass  is  the  only  material  employed  in  their  manufacture, 
nakespeare  makes  King  Lear,  in  his  adjuration  to  the 
unfortunate  Oloster,  say : 

"  Qet  thee  glass  eyes  ; 
And,  like  a  scurvy  politician,  seem 
To  see  the  things  thou  dost  not." 

It  is  related  that,  at  a  period  of  general  distress,  two  citi- 
zens of  Latium  carried  their  artificial  eyes  to  the  public 
treasury  in  the  same  manner  that  the  French  women  of- 
lered  their  trinkets  as  patriotic  gifts  during  the  first  Revo- 
lution. It  is  to  be  presumed  that  these  offered  eyes  were 
made  of  gold.  A  Haytian  general,  having  lost  his  eye  in 
battle,  sent  to  Paris  for  an  artificial  one.  The  maker  sent 
in  return  one  of  his  best.    Shortly  after  the  general  re- 


turned It,  with  the  remark  that  the  eye  was  too  yellow,  and 
recalled  to  his  mind  the  Spanish  flag,  adding  at  the  same 
time  that  he  would  wear  only  an  eye  having  the  colors 
of  his  country.  The  maker  thereupon  made  one  with  red 
and  gi-een  predominating  (these  being  the  Hay tlen  colors). 
This  so  pleased  the  general  that  instead  of  wearing  the 
eye  as  intended,  he  added  it  to  his  collection  of  medals. 
Similar  cases  are  recorded  where  such  eyes  have  been 
worn  as  jewels. 

Seventy  thousand  persons  in  the  United  States  are  said 
to  wear  artificial  eyes. 

Manufacttjkb. — The  first  glass  eyes  were  made  in 
Paris,  but  just  as  good  eyes  can  be  now  obtained  in  Eng- 
land and  in  this  country.  In  this  city  are  at  least  two  mak- 
ers, to  one  ^  of  whom  I  am  indebted  for  some  facts  in  regard 
to  their  manufacture.  The  art  in  manufacturing  false 
eyes  consists  not  so  much  in  the  shaping,  coloring,  etc. , 
as  in  the  preparation  of  the  material  from  which  the 
shell  is  made.  It  is  necessary  to  guard  against  brittle- 
ness,  and  at  the  same  time  to  procure  a  substance  that 
will  resist  the  action  of  the  conjunctival  secretions. 

The  French  makers  use  butter  of  antimony,  chalk, 
borax,  and  uranium  ;  others  use  manganese,  oxide  of 
tin,  arsenic,  and  fine  flint.  A  London  maker  uses  a  spar, 
avoiding  metallic  oxides  ;  this,  in  order  to  be  made  duc- 
tile, needs  to  be  subjected  to  an  intense  heat  for  thirty -six 
hours.  It  is  In  the  preparation  of  the  glass  and  in  im- 
parting proper  consistency  to  it  that  all  the  dilHculty 
lies.  The  artist  is  seated  before  a  table  with  a  blow- 
pipe attached,  the  flame  being  regulated  by  means  of 
hydraulic  pressure,  so  that  It  is  strong  and  steady. 
To  this  heat  the  tubing,  closed  at  one  end,  is  subjected  ; 
as  soon  as  it  is  at  a  white  heat  the  maker  blows  the  ball 
and  shapes  it,  then  at  the  proper  moment  he  takes  a 
stick  of  pigmented  glass  and  places  a  drop  on  the  sum- 
mit of  the  ball ;  it  is  then  heated  again  and  at  the  same 
time  he  flattens  it.  This  colored  glass  represents  the 
Iris.  By  a  process  of  teasing  the  iris  is  made  to  have 
a  blending  of  colors — this  part  of  the  work  is  really  ar- 
tistic :  then  a  darker  stick  of  glass  is  taken  and  fused  to 
the  centre  of  the  iris,  making  the  pupil :  after  this  the 
cornea  is  formed  of  transparent  crystal.  The  colored 
tubing  is  now  drawn  out  until  it  has  only  the  diameter 
of  the  finest  silk  thread,  and,  by  using  its  melted  tip  as  a 
brush  or  pencil,  the  delicate  shadings  and  vein  tracery 
are  produced.  After  this  the  ball  is  heated,  is  cut 
from  the  stem  on  which  it  was  previously  held,  and  its 
sharp  edges  are  rounded  off.  When  completed  the  shell 
has  an  ovoid  form,  one  surface  being  convex  and  the  other 
concave,  and  its  surface  Is  smooth  and  enamelled.  Such 
eyes  wear  well,  whereas  the  cheaper  ones  do  not.  The 
pupil  in  the  artificial  eye  is  made  of  the  average  normal 
size,  or,  when  made  to  order,  of  the  size  of  the  pupil  of 
the  patient's  eye  in  daylight.  Glass  eyes  are  made  in  a 
great  variety  of  forms,  to  suit  the  peculiarities  of  special 
cases.  One  well  made  and  matched  Is  very  difficult  to 
detect  and  will  last  from  one  to  two  years,  at  the  end  of 
which  time,  the  surface  becoming  rough  from  the  action 
of  the  secretions  on  the  enamel,  it  becomes  necessary  to 
procure  a  new  one.  The  only  sure  way  to  obtain  an  eye 
perfect  in  shape  and  color  is  to  come  personally  before 
the  maker,  and  to  sit  as  for  a  painting. 

In  order  to  fit  a  person  without  making  a  special  eye. 
It  is  necessary  to  have  on  hand  a  collection  of  several 
hundred  eyes,  as  the  variations  in  point  of  color  and  of 
shape  are  many.  Artificial  eyes  are  also  made  in ' '  rights  " 
and  "lefts."  Some  makers  have  a  very  large  assort- 
ment from  which  they  fit  their  poorer  patients,  or  at 
times  they  hire  out  an  eye  to  be  worn  on  a  special  occa- 
sion, the  wearer  not  usually  caring  for  his  blemish.  The 
actual  cost  of  material  used  in  making  an  eye  Is  fifty 
cents ;  the  skill,  however,  requires  many  years'  practice. 
The  cost  of  artificial  eyes  varies  from  two  to  fifteen  dol- 
lars, depending  largely  on  the  wealth  of  the  purchaser. 
In  old  times  they  were  very  expensive  and  were  attain- 
able only  by  persons  of  means. 

The  Application  of  Artificial  Eyes  {Protliem 
Oculi,  from  -^^6,  "before,"  and  T^Siifii,  "I  put").— Arti- 
ficial eyes  are  worn  by  two  classes  of  patients  ;  those  in 
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whom  the  eyeball  still  exists  in  the  orbit,  but  is  shrunken, 
and  those  in  whom  the  eyeball  has  been  enucleated. 

Very  few,  however,  now  wear  the  shell  over  the 
shrunken  globe,  as  it  is  considered  bad  practice,  cases  of 
sympathetic  inflammation  of  the  fellow  eye  having  been 
known  to  follow  such  a  procedure.  In  any  case  where  it 
is  purposed  to  wear  an  artificial  eye,  the  rule  to-day  is, 
first  the  removal  of  the  blind  eye  and  then  the  apphca- 
tion  of  the  false  one.  This  practice  should  be  invariably 
followed.  . 

The  use  of  an  artificial  eye  should  not  be  allowed  until 
two  or  three  weeks  after  the  enucleation,  when  the  cica- 
trix has  become  firmly  united.  If  an  eye  has  been  re- 
moved on  account  of  the  supervention  of  sympathetic  in- 
flammation in  its  fellow,  care  should  be  taken  not  to 
insert  the  artificial  eye  until  all  evidences  of  such  trouble 

Mode  of  Introducing.— Vlaat  the  left  hand  flat  upon  the 
forehead,  with  the  fingers  down,  and  with  the  two  middle 
fingers  raise  the  upper  lid  toward  the  eyebrow  ;  then, 
with  the  right  hand,  push  the  upper  edge  of  the  artificial 
eye  beneath  the  upper  lid,  which  may  be  dropped  upon 
it ;  the  lower  lid  is  now  raised  over  the  lower  edge 
of  the  eye  with  the  right  hand.  The  prominent  part  of 
the  eye  should  be  turned  toward  the  outer  canthus,  and 
it  is  best  to  dip  the  eye  in  water  previous  to  its  insertion. 
For  some  days  the  artificial  eye  is  to  be  worn  only  dur- 
ing a  few  hours,  but  by  degrees  the  length  of  time  during 
which  it  is  worn  may  be  increased,  untjl  the  patient  can 
bear  its  continued  presence  throughout  the  entire  day. 
It  should,  however,  in  all  instances  be  removed  at 
night. 

To  Take  the  Eye  Out. — Draw  the  lower  lid  down  with  the 
middle-finger  of  the  left  hand  :  then,  with  the  right  hand, 
insert  the  tip  of  a  bodkin  or  of  a  glass-headed  pin  beneath 
the  lower  margin  of  the  artificial  eye  and  gently  raise  the 
margin  over  the  lower  lid,  when  the  eye  will  be  ready  to 
drop  out.  At  first  most  patients  hold  their  heads  over  a 
bed,  so  that,  if  the  eye  should  fall,  it  would  escape  being 
broken.  After  a  little  practice  no  difficulty  is  experienced 
either  in  the  insertion  or  in  the  removal  of  an  artificial  eye. 

The  first  eye  should  be  smaller  than  the  subsequent 
ones.  A  properly  adapted  eye  performs  the  same  motions 
as  the  sound  eye.  In  the  use  of  an  artificial  eye  the 
strictest  regard  to  cleanliness  must  be  observed  ;  every 
twelve  hours  the  eye  must  be  taken  out  and  freed  from  the 
mucus  which  adheres  to  it  and  accumulates  in  its  cavity. 
The  conjunctival  sac  should  be  bathed  with  tepid  salt 
water,  and  if  there  is  any  tendency  to  conjunctivitis,  a 
lotion  of  five  grains  of  alum  to  the  ounce  of  water  may  be 
used  with  good  effect.  If  there  are  any  conjunctival 
bridles  in  the  orbital  space  a  specially  made  eye  should 
be  worn. 

A  case « is  on  record  in  which  the  wearing  of  an  artificial 
eye  produced  sympathetic  infiammation  of  its  fellow,  al- 
though the  shrunken  globe  had  been  removed.  On  the 
other  hand,  Dr.  Chisolm,  of  Baltimore,  has  reported  a 
case  in  which  an  artificial  eye  had  been  worn  for  twelve 
years  without  ever  being  removed,  and  with  no  dilEculty. 
Vulcanite  and  celluloid  eyes  being  less  liable  to  break 
have  been  made  for  the  use  of  children.  Artificial 
eyes  may  be  obtained  from  instrument-makers  and  opti- 
cians in  any  city,  and  in  large  cities  from  the  manfactur- 
ers  direct.  This  latter  plan  is  the  best  and  most  satis- 
factory. 
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ARTIFICIAL  LIMBS.  These  are  appliances  designed  to 
supply  the  place  and  to  perform  the  functions  of  members 
which  are  wanting,  either  from  congenital  defect  or  as  tho 
result  of  injury  or  surgical  operation.  That  branch  of 
mechanical  surgery  which  has  for  its  object  the  supplying 
of  these  parts  is  known  as  prosthesis  or  prothesis,  and  the 
parts  supplied  are  called  prothetic  apparatus.  It  is  pro- 
posed in  this  article  to  treat  of  prosthesis  as  related  to 
the  upper  and  lower  extremities  only,  leaving  out  of  con- 
sideration other  parts,  the  eyes,  the  nose,  teeth,  etc., 
deficiencies  of  which  may  be  more  or  less  effectively  com- 
pensated for  by  artificial  means. 

Substitutes  for  amputated  legs  have  apparently  been 
used  from  remote  antiquity,  but  up  to  within  compara- 
tively recent  times  they  were  of  the  rudest  sort,  consisting 
simply  of  a  crutch  or  of  a  wooden  stump,  in  which  no 
attempt  was  made  to  conceal  the  absence  of  the  member, 
or  to  render  locomotion  in  any  way  graceful  by  means  of 
joints  In  the  support.  The  first  mention  of  an  improve- 
ment of  this  sort  is  by  Ambroise  ParS,  in  the  sixteenth 
century,  who  speaks  of  an  artificial  leg  provided  with 
joints  at  the  knee  and  ankle.  Verduyn,  a  Dutch  surgeon, 
in  the  latter  part  of  the  seventeenth  century,  was  appar- 
ently the  first  to  construct  an  artificial  leg  in  which  the 
weight  of  the  body  was  supported  by  lateral  pressure  on 
the  stump  rather  than  on  the  flexed  knee.  He  made  a 
wooden  foot,  to  which  was  attached  a  copper  case,  lined 
with  chamois.  This  received  the  stump,  passed  up  over 
the  knee,  where  it  was  jointed,  and  embraced  the  thigh 
with  a  broad  belt. 

But  little  progress  was  made  from  this  time  until 
the  beginning  of  the  present  century.  Heine,  of  Wfirtz- 
burg,  constructed  in  1810  a  very  eflScient  support,  which 
was,  however,  exceedingly  complicated.  The  most  note- 
worthy improvements  which  his  apparatus  showed  were 
a  ball  joint  for  the  ankle,  and  an  attachment  to  the  trunk 
by  means  of  a  corset  with  pelvic  straps.  In  1816  Pott, 
of  Chelsea,  constructed  a  prothetic  apparatus,  since 
known  as  the  Anglesey  leg,  so  called  after  the  Mar- 
quis of  Anglesey,  for  whose  benefit  it  was  devised.  It 
was  formed  out  of  a  solid  piece  of  wood,  hollowed 
out  to  receive  the  stump,  and  provided  with  a  steel  joint 
at  the  knee.  The  ankle-joint  was  made  of  wood,  to 
which  motion  was  communicated  by  strong  catgut 
strings  posteriorly  and  a  spiral  spring  anteriorly.  He 
also  made  a  "  riding"  leg  for  the  same  person,  in  which 
the  part  resting  against  the  horse  was  made  of  thick  but 
yielding  leather.  F.  Martin  and  Charri^re  about  1840  de- 
vised the  self -locking  knee-joint,  in  which  the  joint  is 
placed  posteriorly  to  the  axis  of  the  limb,  so  that  the  knee 
cannot  bend  when  the  weight  of  the  body  is  thrown  on  it 
in  extension. 

It  is  to  the  ingenuity  of  American  manufacturers  that 
som.e  of  the  greatest  improvements  in  recent  years  are 
due.  The  writer  has  been  unable  to  acquaint  himself 
with  the  peculiarities  of  all  the  different  styles  of  artifi- 
cial logs  made  by  the  twenty  or  thirty  Government  man- 
ufacturers in  this  country,  and  their  enumeration  would 
be  of  no  practical  utility.  While  not  desiring  to  insti- 
tute any  comparisons  or  to  recommend  any  one  ma- 
ker's apparatus  to  the  prejudice  of  others,  the  writer 
wishes  to  mention  the  characteristic  features  of  only 
a  few,  not  necessarily  the  best,  but  those  with  which  he 
is  most  familiar.  The  Selpho  leg  is  a  modification  of 
the  old  Anglesey  apparatus.  It  is  made  of  wood,  and 
the  knee-joint  is  formed  of  a  broad  convex  steel  plate 
fitted  into  a  lower  concave  surface  covered  with  smooth 
leather.  In  the  ankle-joint  the  effects  of  concussion 
in  walking  are  obviated  by  means  of  India-rubber  buf- 
fers, and  the  sole  of  the  foot  is  also  covered  with  rubber. 
The  leg  made  by  A.  A.  Marks  has  no  joint  at  the  ankle, 
but  the  foot  is  made  of  solid  rubber,  witli  a  small  core 
of  wood.  It  is  claimed  that  the  elasticity  of  the  rubber 
obviates  the  necessity  of  any  joint  at  the  ankle,  while  the 
rubber  is  sufficiently  yielding  to  permit  the  foot  to  ac- 
commodate itself  to  any  little  inequalities  of  the  ground 
The  Palmer  leg  is  constructed  of  wood,  with  wooden 
joints,  provided  with  spiral  springs,  to  straighten  them 
after  flexion.  At  the  knee  is  an  excentric  hinge,  to  preven' 
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sudden  flexion  when  the  individual  stands.  The  Bly  sup- 
port has  a  ball  in  the  ankle-joint,  by  which  lateral  as  well 
as  antero-posterior  motion  is  effected.  It  is  claimed  that 
a  person  wearing  an  artificial  limb  of  this  construction  is 
enabled  to  stand  and  walk  on  any  inclined  surface  with 
almost  as  much  facility  as  one  provided  with  his  natural 
members.  The  Hudson  leg  is  constructed  with  excellent 
and  firm  joints,  having  springs  of  elastic  webbing  instead 
of  steel.  The  elastic  cords  are  so  arranged  that  as  the 
knee  is  flexed  the  anterior  portion  of  the  foot  is  elevated, 
thus  raising  the  toes  well  from  the  ground  during  the  for- 
ward swing  of  the  leg.  There  is  no  lateral  ankle  motion 
in  this  apparatus.  The  leg  invented  by  C.  A.  Frees  is 
provided  with  an  ingenious  arrangement  for  securing 
lateral  ankle  motion.  This  consists  of  a  double  joint,  an 
upper  one  with  antero-posterior  motion,  and  a  lower 
one  with  side  movement.  A  very  strong  elastic  cord  is 
attached  to  the  heel  to  serve  as  an  artificial  tendo  Achillis. 
This  lateral  motion  at  the  ankle,  provided  for  by  several 
of  the  makers  mentioned,  would  seem  to  be  a  valuable 
improvement  in  the  construction  of  artificial  legs,  allow- 
ing as  it  does  the  sole  of  the  foot  to  rest  squarely  on  the 
ground,  whether  it  be  on  a  plane  surface  or  on  the  side  of 
a  hill  or  other  inclined  plane,  and  thus  preventing  a  strain 
upon  the  instrument.  But  in  practice,  those  who  use 
a  leg  without  lateral  ankle  motion  appear  to  experience 
little  or  no  inconvenience  from  its  absence. 

Any  degree  of  loss  may  be  compensated  for  by  an  arti- 
ficial limb,  from  the  portion  of  the  foot  in  Chopart's  am- 
putation to  the  entire  limb  in  amputation  at  the  hip- joint. 
For  the  latter,  the  late  Dr.  E.  D.  Hudson  devised  an  arti- 
ficial stump  a  few  inches  in  length  which  was  used  to 
steady  the  apparatus.  Two  artificial  legs  may  be  worn 
with  almost  as  much  ease  as  one.  The  prothetic  support 
is  not  usually  applied  so  as  to  receive  the  entire  weight  on 
the  end  of  the  stump,  as  it  is  found  that  such  continued 
pressure  can  seldom  be  borne,  but  the  upper  portion  of 
the  support  is  so  fashioned  as  to  fit  smoothly  and  accu- 
rately over  the  limb,  embracing  it  snugly  on  the  lateral 
surfaces,  thus  distributing  the  weight  over  the  entire  sur- 
face and  end  of  the  stump.  A  leg  is  usually  retained  in 
position  by  a  strap  passing  up  over  the  opposite  shoulder. 
In  applying  a  support  below  the  knee,  however,  it  is  'jsu- 
ally  sufficient  to  prolong  it  above  the  joint  by  means  of 
two  hinged  lateral  bars  attached  to  leather  flaps  lacing 
securely  about  the  thigh.  In  the  case  of  children  it  is  not 
necessary  to  wait  until  they  have  attained  their  growth 
before  providing  them  with  apparatus,  since  most  makers 
supply  an  extensible  support  for  growing  persons,  which 
can  be  lengthened  from  time  to  time  in  order  to  keep  pace 
with  the  growth  of  the  opposite  limb.  Such  an  appa- 
ratus will  usually  require  to  be  renewed  about  once  in 
three  years.  In  adult  life,  the  period  of  use  for  an  artifi- 
cial leg  is  from  five  to  ten  years.  The  United  States  Gov- 
ernment gives  the  soldiers  and  sailors  who  lost  limbs  in 
the  late  war,  a  new  support  once  in  five  years.  Artificial 
feet  are  not  infrequently  used  when  a  limb  is  shortened, 
as  a  result  of  hip-disease  or  from  any  other  cause,  in  order 
to  conceal  the  deformity  and  make  up  the  deficiency  in  the 
length  of  the  member.  The  apparatus  is  so  applied,  that 
the  weight  of  the  body  is  borne  on  the  sole  of  the  nat- 
ural foot  and  thus  no  inconvenience  is  felt  from  its  use. 
A  support  of  this  kind  is  in  many  respects  preferable  to 
the  high-soled  shoe  or  patten  usually  employed. 

We  find  little  mention  of  artificial  arms  or  hands  before 
the  beginning  of  the  present  century.  There  is  in  exist- 
ence an  iron  hand,  weighing  about  three  pounds,  which 
was  constructed  for  a  knight  in  the  early  part  of  the  six- 
teenth century.  The  fingers  could  be  flexed  to  any  de- 
sired extent  by  the  other  hand  and  would  remain  in  this 
position  until  released  by  pressing  a  knob  on  the  ulnar 
side  of  the  hand  ;  extension  of  the  thumb  was  effected  by 
pressure  on  a  similar  knob  on  the  radial  side.  A  century 
later  we  find  hands,  resembling  in  shape  the  natural  mem- 
ber but  without  motion,  were  made  of  leather.  In  1812, 
Pierre  Ballif  devised  a  hand  in  which  the  fingers  were  main- 
tained in  a  state  of  flexion  by  means  of  springs,  but  were 
extended  by  oords  when  the  arm  was  raised  or  carried 
backwards.    Mnst  of  the  artificial  hands  of  the  present 


day  are  simply_  modifications  and  improvements  of  Bal- 
lif's  hand,  motion  at  the  wrist  and  fingers  being  obtained 
by  cords  which  are  tightened  or  relaxed  by  motions  of  the 
elbow  or  shoulder.  The  Marks  hand,  like  the  foot  of  the 
same  manufacture,  is  made  of  rubber  without  joints.  A 
patient  with  a  good  artificial  hand  can  perform  many  little 
acts,  such  as  writing,  picking  up  small  articles,  and  the 
like,  in  which  not  much  stren^h  is  required ;  but  for 
heavy  work  an  apparatus  of  this  kind  is,  of  course,  en- 
tirely unsuited.  This  diflSculty  is  overcome,  however,  by 
making  the  hand  so  that  it  can  be  detached,  and  so  that 
a  hook  or  ring,  knife,  fork,  brush,  etc.,  can  be  inserted 
into  the  arm  attachment.  The  special  tools  needed  for 
various  trades  may  in  like  manner  be  fastened  to  the 
arm,  so  that  a  mechanic  or  a  laborer  may,  with  a  little 
practice,  do  all  but  the  finest  work  with  nearly  as  much 
ease  as  with  the  tools  held  in  his  natural  hand. 

It  is  best,  when  practicable,  that  the  measurements 
necessary  for  making  and  fitting  an  artificial  limb  be 
taken  by  the  manufacturer  ;  but  when  this  is  for  any 
reason  Impossible,  accurate  plaster  casts  should  be  taken 
of  both  the  stump  aijd  the  opposite  sound  limb  and  sent 
to  the  maker.  Most  manufacturers  .  will  also  send  a 
chart  with  directions  for  measurement  on  application. 
It  is  not  necessary  to  wait  for  any  length  of  time  after 
amputation  before  securing  an  artificial  support ;  in- 
deed, the  sooner  this  is  obtained  after  the  wound  is 
thoroughly  healed  the  better  it  is  in  many  respects.  The 
cost  of  an  artificial  leg  and  foot  varies,  according  to  the 
length  and  the  maker,  from  $50  to  $125,  and  of  an  arm 
and  hand  from  $40  to  $75.  A  single  arm-stump  with  a 
socket  at  the  wrist  for  the  insertion  of  various  tools  and 
small  instruments  may  be  obtained  for  $15  ;  and  the  im- 
plements accompanying  it  cost  each  from  $1.50  upward. 
More  detailed  descriptions  of  the  different  kinds  of  appa- 
ratus and  of  their  cost  may  be  obtained  by  writing  to  the 
individual  manufacturers. 

The  following  list  is  given  with  some  hesitation  as  it  is 
of  course  only  a  partial  one,  and  the  writer  does  not  wish 
to  imply  that  there  may  not  be  better  manufacturers 
in  the  country  than  these.  But  general  practitioners  have 
usually  so  slight  a  knowledge  of  this  branch  of  industry, 
that  the  following  names  of  well-known  and  reputable 
manufacturers  are  given  for  their  convenience :  C.  A. 
Frees,  737  Broadway ;  A.  A.  Marks,  691  Broadway ;  H. 
W.  Shaw  (successor  to  Dr,  E.  D.  Hudson),  1380  Broad- 
way, New  York  City ;  George  R.  Fuller  (successor  to 
Dr.  D.  Bly),  42  State  Street,  Rochester,  N.  Y.  ;  Marvin 
Lincoln  (artificial  arms,  hands,  and  fingers  only),  8  Ham- 
ilton Place,  Boston,  Mass. 

(For  many  of  the  historical  facts  contained  in  this 
article  the  writer  is  indebted  to  the  excellent  paper  on 
"  Kiinstliche  Glieder,"  by  E.  Gurlt  in  Eulenburg's  "  Real 
Encyclopadie,"  vol.  vii.)  Thomas  L.  Btedman. 

ARTIFICIAL  RESPIRATION.  The  term  artificial  res- 
piration is  now  used  to  indicate  certain  methods  of  setting 
up  respiratory  action  after  it  has  been  suspended  through 
some  failure  of  the  respiratory  or  circulatory  apparatus. 
Thus  the  lungs  may  have  been  suddenly  deprived  of  air, 
as  in  drowning,  strangulation,  or  occlusion  of  the  air- 
passages  by  an  external  or  internal  cause.  Possibly  the 
individual  has  inhaled  something  that  retarded  or  arrested 
oxidization  (poisoning  by  carbonic  acid  gas,  chloroform, 
ether,  or  some  volatile  gas) ;  or  the  poison  may  have  in- 
fluenced more  directly  the  respiratory  or  cardiac  action 
(poisoning  by  opium  or  its  alkaloids,  hydrocyanic  acid, 
strychnia,  woorara,  snake-bite) ;  again,  haemorrhage  may 
have  reduced  the  vital  power  to  a  minimum ;  or  finally  a  ner- 
vous shock  may  have  been  sustained,  as  by  a  blow  or  f  aU. 

In  most  of  these  instances  artificial  respiration  is  the 
method  that  is  most  successful  in  its  results ;  in  some  of 
them  it  is  not  of  primary  value,  but  in  all  it  is  of  material 
service.  Thus  in  cases  of  strychnia  poisoning,  Rosenthal, 
Langley,  and  others  have  shown  that  it  may  be  relied 
upon  for  prompt  results  (Lancet,  ii.,  1880,  p.  543),  and 
Clarke  {Rankin's  Absi.,  ii.,  1863,  p.  63)  has  used  it  effectu- 
ally on  several  occasions  in  heat-stroke,  though  conjointly 
with  other  remedies.     Schiff  found  it  satisfactory  in  cere- 
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bral  haemorrliage,  where  consciousness  had  been  lost  for 
twenty  minutes  {Lanoei,  ii.,  1875,  p.  500).  (See  articles 
Heatstroke  and  Cerebral  Haemorrhage.) 

Artificial  respiration  is  a  useless  resort,  however,  after 
the  heart  has  ceased  to  beat.  But  when  there  is  the 
faintest  flutter  in  the  prtecordial  region  we  should  ap- 
ply it  and  hope  for  success.  Even  in  such  desperate 
cases  electricity  has  been  found  less  useful,  and  even 
sometimes  harmful,  since  a  too  powerful  electrical  cur 
rent  may  induce  cardiac  paralysis.  If  electricity  be 
used,  there  is  greater  probability  of  success  from  lara- 
dizing  the  diaphragm  by  applying  one  pole  at  the  base 
of  the  neck  over  the  phrenic,  and  the  other  over  the 
seventh  intercostal  space  (see  article  on  Electricity).  Nor 
can  transfusion  be  compared  with  artificial  respiration  in 
efficacy.  Its  advantages  appear  to  have  been  only  tern 
porary  (Richardson:  British  and  Foi:  Med.-Ghir.  Sev., 
l,  1863,  p.  478).     (See  article  Transfusion.) 

There  may  be  instances,  but  they  are  probably  rare,  in 
which  blood-letting  is  of  primary  value,  as  in  cardiac  pa- 
ralysis, dependent  on  a  dilated  right  ventricle.  This  is 
recommended  by  Kidd  {Med.  Times  and  Gazette,  ii.,  1861, 
p.  362).  It  is  also  possible  that  tracheotomy  will  occasion- 
ally take  precedence  over  other  measures,  for  House  has 
recorded  two  cases  of  chloroform-poisoning  where  lar- 
yngotomy  restored  respiratory  action  after  Sylvester's 
method  had  been  ineffectually  applied.  If  we  were  al- 
ways able  to  distinguish  between  respiratory  and  cardiac 
failure  we  should  be  able  to  proceed  with  better  chances 
of  success.  In  doubtful  cases  it  is  well  to  remember  that 
our  attempts  should  be  primarily  devoted  to  the  syn- 
cope, rather  than  to  'the  apnoea.  Apply  the  hot  and 
cold  douche  alternately  and  rapidly  to  the  chest.  Titil- 
late the  prsBcordial  region,  drop  irritating  substances, 
such  as  croton  oil  (two  minims),  on  the  root  of  the 
tongue,  and  lastly,  tickle  the  nostrils  with  a  feather, 
straw,  or  anything  of  the  sort  that  is  at  hand.  Theoret- 
ically this  last  procedure  affords  us  the  best  opportunity  of 
arousing  the  dormant  nervous  system,  since,  according  to 
Schirmer  (Oentmlblaii,  February,  1881),  the  fifth  nerve  is 
most  likely  in  such  accidents  to  yield  a  reaction  under 
electrical  stimulus,  because  it  retains  its  sensibility  longer 
than  any  other  nerve.  The  various  methods  of  perform- 
ing artificial  respiration  will  be  described  in  the  section 
upon_  Drowning,  for  with  slight  modifications  any  single 
plan  is  applicable  to  all  cases,  whether  of  poisoning,  heat- 
stroke, hsemorrhage,  or  of  suspended  respiration  or  cir- 
culation from  any  other  cause. 

Resuscitation  of  Persons  Appaebntly  Drowned. 
—There  is  a  general  understanding  among  the  best  author- 
ities, that  when  persons  are  drowned  the  term  drowning 
is  apt  to  cover  a  good  many  conditions  that  separately  or 
together  determine  the  fatal  issue.  In  the  first  place,  the 
element  of  fear  is  a  factor  of  prime  importance  and  robs 
the.  individual  of  much  hope  when  in  danger.  For,  so 
soon  as  presence  of  mind  is  lost  violent  struggles  for'  air 
will  inevitably  ensue  and  large  quantities  of  fluid  will  be 
swallowed,  a  considerable  portion  finding  its  way  into  the 
pulmonary  air-passages.     Suffocation  naturally  follows. 

Or  it  may  be  that  the  unfortunate  individual  makes 
little  or  no  effort  to  save  himself,  as  when  a  person  who  is 
profoundly  intoxicated  falls  into  the  water,  for  then  he  is 
apt  to  go  straight  to  the  bottom,  never  to  rise  until  life  is 
extinct.  In  a  similar  way,  the  same  result  may  follow,  in 
a  certain  number  of  cases,  when  the  victim  of  sunstroke 
apoplexy,  epilepsy,  or  of  any  sudden  attack  of  unconscious- 
ness falls  into  the  water,  or  has  his  attack  while  bathing 
In  this  way  the  occasional  instances  of  good  swimmers  be- 
ing drowned  in  shallow  water  admit  of  a  ready  explanation 
bometimes  the  fatal  result  may  be  brought  about  directly 
by  another  sort  of  a  complication,  as  when  a  person  falls 
is  thrown  or  dives  from  a  height  into  the  water  and  strikes 
some  solid  object  beneath  the  surface.  In  corroboration 
M  tnis  statement  almost  any  one  will  remember  to  have 
Known  ot  some  person  meeting  with  a  severe  iniury  bv 
striking  an  unseen  object,  when  diving  into  deep  water 

Attacks  of  fainting  or  vertigo  will  also,  for  like  reasons, 
Hasten  death,  and  so  it  happens  that  from  a  variety  of 
separate  causes,  or  from  a  combination  of  two  or  more, 
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life  may  become  extinct  in  a  comparatively  short  space  of 
time — in  less  than  a  minute,  or  in  a  very  few  seconi 
Yet  it  must  be  remembered  that  these  facts  do  not  mili' 
tate  against  others  which  are  supported  by  the  best  of 
evidence.  For  it  is  a  matter  of  observation,  having  been 
attested  by  thousands  of  competent  observers,  that  there 
are  men  and  women  who  in  the  calm  and  full  exercise  of 
their  faculties  and  health  may  fill  their  lungs  with  air, 
submerge  themselves,  and  remain  under  water  several 
minutes,  long  enough,  certainly,  to  kill  an  ordinary  person 
not  accustomed  to  perform  such  a  feat.  Such  experts  mayj 
we  know,  repeat  the  experiment  frequently,  remaining 
under  water  from  two  to  three  minutes,  or  perhaps  more, 
at  each  submersion,  and  yet  retain  unimpaired  health. 

In  order  to  fully  realize  the  nature  of  this  distressing 
accident,  drowning,  and  the  plan  of  treatment  for  restoring 
suspended  nnimation,  we  must  refer  to  the  teachings  of 
experiment  and  to  multiplied  observations.  These  point 
directly  to  the  one  conclusion,  that  water  enters  the  lungs  of 
drowning  persons  and  thereby  causes  suffocation.  In  the 
first  place,  water  combined  with  mud,  sand,  and  gravel, 
has  been  found  in  the  air-passages.  Further,  it  has  been 
shown  that  such  matters  entered  the  system  before  life 
was  extinct,  by  experiments  in  the  lower  animals,  in 
which  it  was  demonstrated  that  when  death  took  place 
slowly,  and  under  conditions  favoring  the  entrance  into 
the  air-passages  of  foreign  matters,  these  bodies  were  actu- 
ally found  there  after  death ;  while,  on  the  other  hand, 
most  experimenters  failed  to  find  such  substances  in  the 
lungs  when  the  animals  had  been  thrown  dead  into  the 
water,  unless  they  had  fallen  into  positions  specially 
adapted  to  facilitate  the  ingress  of  water. 

The  importance  of  realizing  the  value  of  these  ex- 
periments is  very  great,  as  they  plainly  point  to  certain 
measures  that  we  shall  emphasize  in  the  matter  of  treat 
ment.  _  For  if  death  can  be  caused  by  the  inhalation  of 
water  into  the  lungs,  as  is  the  common  opinion,  backed  by 
good  evidence,  then  it  should  be  a  prime  object  to  empty 
the  lungs  as  expeditiously  as  possible ;  and  this  principle 
has  been  accepted  by  most  of  those  who  have  devised 
special  methods  for  resuscitating  the  drowned.  Of  these 
there  are  many  in  vogue.  It  is  a  matter  of  regret  that  the 
best  of  them  are  not  generally  known  to  members  of  tha 
laity,  as  these  persons  are  the  ones  whose  lot  it  usually  is  to 
attempt  resuscitation.  Though  hanging  by  the  heels, 
which  is  a  popular  plan  for  getting  rid  of  the  water,  is  nol 
extensively  practised  in  civilized  communities,  it  is  prob 
ably  not  out  of  date  among  the  ignorant,  and  will  still  be 
resorted  to,  even  though  it  may  cause  apoplexy.  Rollins 
on  a  barrel,  also,  is  still  recognized  as  a  ready  method  of 
inducing  artificial  respiration,  though  it  has  caused  rup- 
ture of  the  liver  and  probably  harm  to  other  internal  or- 
gans. It  is  to  be  hoped  that  these  inappropriate,  hazard- 
ous, and  barbarous  methods  will,  before  long,  be  perma- 
nently abandoned,  and  a  systematic  effort  be  made  in  oui' 
public  institutions  to  teach  some  one  of  the  good  method.s 
that  can  be  intelligently  applied  by  non-professional  per- 
sons. The  best  of  these  are  often  associated  with  the 
names  of  those  who  introduced  them  to  general  notice. 
Accordingly  there  is  Marshall  Hall's  method,  Sylvester's 
method,  that  of  Howard,  etc.  ;  others,  again,  are  known 
as  the  Michigan  method,  the  Hot-water  method,  etc. 

Marshall  Hall's  plan  is  as  follows :  The  body  is  placed  on 
one  side  and  alternatelly  rolled  on  its  face  to  compress  the 
chest,  and  then  on  its  back,  to  allow  the  elastic  walls  of  the 
chest  to  return  to  their  normal  position,  and  thus  to  permit 
the  entrance  of  air  into  the  lungs  (Figs.  323  and  323), 
This  method  is  unsatisfactory,  because  it  is  incomplete. 
Under  any  circumstances  it  is  far  inferior  to  any  of  those 
about  to  be  described. 

Sylvester's  plan  is  as  follows  ;  The  ai-ms  are  grasped  at 
the  elbows,  drawn  above  the  head,  and  kept  there  for  two 
or  three  seconds  (Fig.  334).  Then  this  manoeuvre  is  re- 
versed for  the  same  length  of  time,  and  the  arms  are 
pressed  against  the  sides  of  the  chest  (Fig.  325). 

This  to-and-fro  movement  is  to  be  repeated  about  fifteen 
or  sixteen. times  a  minute,  until  the  individual  begins  to 
breathe  naturally 

Appropriate  as  this  method  may  be,  it  will  be  shown  that 
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it  is  far  from  complete,  and  alone  will  accomplisli  little, 
for  the  mouth  should,  if  possible,  be  kept  open  and  the 
tongue  be  puUed  out,  so  that  the  air  can  pass  readily  in 
and  out  through  the  mouth  rather  than  through  the  nostrils, 
which  latter  cannot  safely  be  depended  on.  According 
to  Sylvester's  experiments  (Rankin's  Abstraet,  1858,  ii., 
p.  356),  ten  times  more  air  is  admitted  to  the  chest  by 


Fig.  322.— Author'8  Method  (First  Position,  Patient  lying  Prone).  Eight 
forefinger  depressing  the  tongue ;  left  hand  pressing  the  diaphragm 
upward. 

this  method  than  in  Marshall  Hall's.  It  is  best  during 
the  operation  to  raise  the  shoulders  slightly,  because  this 
movement  raises  the  vital  capacity  of  the  chest  to  its  maxi- 
mum. When  the  hands  are  bemg  carried  up,  mouth  to 
mouth  insufflation  may  be  resorted  to.  But  the  diaphragm 
alone  is  competent  to  carry  on  respiration  in  ordinaiy  life. 
With  this  principle  in  view  Dr.  Benjamin  Howard  has 
advocated  a  better  plan.    It  is  as  follows :  The  individ- 


Pia.  Saa.— Author's  Method  (Second  Position.  Patient  on  the  Back). 
Right  forefinger  still  depressing  the  tongue  ;  left  hand  still  pressing  the 
diaphragm  upward. 

ual  is  fir.st  turned  on  his  face,  while  at  the  same  time  a 
large  bundle  of  clothing  (which  naturally  is  apt  to  be  at 
hand)  is  placed  beneath  the  stomach.  Pressure  is  then 
brought  to  bear  upon  the  spine  as  long  as  fluid  escapes 
from  the  mouth.  Then  the  individual  is  rolled  over 
again  on  his  back,  and  the  bundle  of  clothing  is  placed 
beneath  his  back,  so  as  to  raise  the  pit  of  the  stomach  above 
■.he  level  of  any  other  part  of  the  body. 


PlQ.  8^.— 8ylvester*s  Method  (First  Position).    Patient's  arms  extended 
to  allow  the  entrance  of  air  into  the  chest. 

The  mouth  should  then  be  opened  and  the  tip  of  the 
tongue  drawn  out  of  the  corner  of  the  mouth.  The  arms 
should  also  be  raised  above  the  head.  The  operator  then 
kneels  beside  the  individual's  hips,  or  astride  of  them,  and 
with  the  balls  of  his  thumb  resting  on  either  side  of  the 
pit  of  the  stomach,  he  lets  his  fingers  fall  into  the  grooves 
between  the  short  ribs,  so  as  to  allow  him  to  firmly 
trasp  the  waist.    Now,  using  the  knees  as  a  pivot,  he 


throws  all  his  weight  forward  on  his  hands,  at  the  same 
time  squeezing  the  waist  between  them  as  if  "to  force 
everything  in  the  chest  upward  out  of  the  mouth." 
Then  he  lets  go  suddenly  with  a  final  push  that  sends 
him  back  to  the  first  kneeling  position. 

Then  he  rests  a  few  seconds  and  repeats  the  procedure,  at 
first  making  four  or  five  movements  to  the  minute,  and  then 
as  many  as  fifteen.  Though  this  method  accomplishes  much 


Fia.  3S5. — Sylvester's  Method  (Second  Position).    Patient's  arms  pressed 
against  the  sides  of  the  chest,  to  expel  the  air. 

more  than  its  predecessor,  it  requires  two  operators,  and 
it  may  be  a  question  whether  the  kind  of  ' '  squeezing  "  that 
is  spoken  of  be  an  altogether  safe  procedure.  An  objec- 
tion has  been  made  on  several  occasions  against  the  pull- 
ing forward  of  the  tongue  (Howard)  on  the  ground  that  it 
does  not  open  the  larynx,  by  pulling  the  epiglottis  for- 
ward. Practically  speaking,  however,  it  will  be  found 
of  great  use,  for  even  if  it  does  not  move  the  epiglottis,  it 
flattens  the  tongue  and  thereby  ihaterially  facilitates  the 
ingress  and  egress  of  air.  Often  it  will  be  noticed,  es- 
pecially in  nar- 
cosis from  ether, 
that  the  tongue 
will  settle  back 
in  the  cavity  of 
the  mouth,  so 
that  little  or  no 
air  can  enter  the 
larynx  except 
through  the  nos- 
trils. After  the 
tongue  has  been 
seized  by  the  for- 
ceps and  drawn 
out,  natural 
breathing  will 
be  in  a  great 
measure  re- 
stored. 

The  Michigan 
method  resem- 
bles the  preced- 
ing in  many  re- 
spects. The  in- 
dividual to  be 
resuscitated  is 
turned   on     his 

fapp  nnH  tVipn  Flo.  326.— This  figure  indicates  how  the  lungs  are 
iace,  auu  iiieu  compressed  by  the  action  of  the  diaphragm.  The 
tne  operator  gets  lower  curved  and  punctate  line  represents  the 
diaphragm  in  a  state  of  active  contraction ; 
the  middle  curved  line  shows  how  it  appears 
during  moderate  contraction  ;  the  upper  curved 
line  demonstrates  how  far  upward  the  dia- 
phragm may  extend  in  complete  relaxation. 
Toward  this  upper  limit  the  diaphragm  can  be 
forced  by  the  hand  pressure  advocated  in  this 
method  of  resuscitating  the  drowned.  (After 
Rosenthal.) 


astride  of  the 
body.  The 
clothing  over 
the  shoulders  is 
seized  in  both 
hands,  or  (if  the 
body  be  uncov- 
ered), the  hands 
are  placed  in  the  arm-pits,  and  the  shoulders  are  raised  as 
high  as  they  can  go,  without  the  head  leaving  the  floor. 
"This  position  is  maintained  while  the  operator-  counts 
one,  two,  three.  Then  the  body  is  allowed  to  return  to 
the  ground.  Next,  without  changing  the  position  of  his 
feet,  he  carries  his  elbows  inside  of  his  knees  and  places 
.his  hands  on  the  lower  ribs.  Then  he  presses  downward 
and  inward  with  a  force  that  gradually  increases,  while 
he  counts  one,  two.     Then  he  suddenly  lets  go  and  repeats 
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the  first  series  of  motions.  These  manoeuvres  should  be 
continued  ten  or  fifteen  times  a  minute  until  natural 
breathing  begins.  This  plan  calls  for  but  one  operator 
but  it  requires  much  muscular  strength,  especially  if 
the  person  to  be  resuscitated  be  large  and  heavy,  and 
the  operator  chance  to  be  of  delicate  physique.  Again, 
an  important  and  necessary  point  is  neglected.  The 
tongue  should  be  drawn  out  or  depressed  or  some  means  be 
devised  for  letting  the  air  pass  in  and  out  of  the  mouth 
easily,  a  point  to  -which  allusion  has  already  been  made._ 

A  plan  is  now  submitted  that  was  first  made  public  in 
1878,  and  has  been  officially  recommended  for  use  along 
the  coast  line  in  one  of  our  seaboard  States.  It  has  the 
merit  of  simplicity,  calls  for  but  one  operator,  though 
more  may  be  advantageously  employed,  requires  little 
muscular  force,  and  subjects  the  individual  for  whom  it  is 
carried  out  to  no  danger.    It  is  as  follows : 

1.  If  possible,  try  to  get  some  warm  and  dry  cover- 
ings in  exchange  for  the  wet  clothing  (send  for  hot 
water,  or  if  it  be  not  at  hand  have  a  fire  built,  into  which 
bits  of  metal  or  stones  may  be  thrown  and  heated,  and 
where  you  may  warm  blankets  or  clothing  of  any  kind, 
that  may  be  applied  to  the  drowned  person).  These  mat- 
ters should  be  attended  to  only  when  two  or  more  assist- 
ants are  available. 

3.  It  is  of  very  great  importance  to  first  get  rid  of  the 
water  that  is  in  the  body.  To  do  this  effectively  roll  the 
person  over  on  the  face,  which  should  be  a  little  lower 
than  the  body ;  if  the  bank  be  shelving  let  the  heels  be 
higher  than  the  head  (see  Pig.  333) ;  then  wedge  open  the 
mouth  and  keep  it  open  by  a  bit  of  wood,  or  by  a  knot  in 
a  handkerchief.  The  tongue  should  also  be  depressed. 
Then  getting  astride  of  the  person  press  with  the  flat 
of  the  hand  upon  the  abdomen,  so  as  to  push  up  the  dia- 
phragm. In  half  a  minute,  or  probably  less,  the  water 
will  be  driven  out  sufficiently  to  allow  efforts  at  artificial 
respiration  to  be  made. 

3.  Then  turn  the  person  onto  the  back,  place  him  in 
a  horizontal  position,  keeping  the  mouth  wedged  open  as 
before,  and  the  finger  on  the  back  of  the  tongue,  and  make 
pressure  again  with  the  hand  upon  the  abdomen,  so  as 
to  press  the  diaphragm  upward  (Fig.  833).  Make  the 
pressure  slowly  at  first,  and  then  force  the  air  out.  Then 
withdraw  the  hand,  that  the  diaphragm  may  fall  and  the 
lungs  inflate  with  air.  This  method  permits  the  entrance 
of  more  air  than  when  the  chest- walls  are  compressed  (see 
Fig.  326).  At  first  make  three  or  four  movements  in  a 
minute,  then  increase  to  ten  to  fifteen,  and  persevere  at 
that  rate  until  there  are  evidences  of  returning  respiration, 
or  it  is  plain  that  life  is  extinct.  If  the  operator  is  not 
alone,  Sylvester's  plan  may  be  employed  in  addition.  The 
arms  are  gi-asped  at  the  elbows,  and  at  each  upward  move- 
ment that  is  made  with  the  hand  upon  the  abdomen,  the 
elbows  should  be  carried  downward,  and  pressed  against 
the  body  ;  when  the  hand  is  withdrawn,  the  elbows  should 
be  raised  and  carried  up  alongside  of  the  head.  If  others 
are  at  hand  to  assist,  the  body  may  be  rubbed  beneath 
the  warm  clothing,  and  ammonia  may  be  occasionally  ap- 
plied to  the  nostrils.  Some  most  extraordinary  accounts 
have  been  published  of  resuscitation  by  the  use  of  hot 
water  externally,  and  this  method  therefore  deserves  a 
trial,  in  conjunction  with,  but  not  to  the  exclusion  of 
some  one  of  the  plans  that  have  been  recommended  In 
carrying  out  the  hot-water  plan,  the  clothes  should  be 
saturated  with  water,  heated  to  140°  F.,  or  as  hot  as  the 
hand  can  bear. 

When  the  pulse  has  been  re-established,  the  patient 
should  be  removed  to  a  quiet  spot,  and  thin  broths  beef- 
tea,  or  alcoholics  cautiously  given.  The  use  of  electricity 
has  not  been  insisted  upon,  because  it  is  of  doubtful 
value.  It  should  only  be  used  in  conjunction  with  other 
P.''°'^'Su''®J'  i^^  "^^^'^  ^  reaction  has  been  obtained  the 
T™i^V*  '?^  current  should  not  be  increased.  One  pole 
should  be  placed  over  the  spine  and  the  other  over  the 
prsEcordial  region,  if  the  heart  is  to  be  stimulated  ;  if  the 
diaphragm  is  to  be  stimulated,  one  pole  should  be  placed 
over  the  pneumogas  no,  at  the  base  of  the  neck,  and  the 
other  in  the  seventh  intercostal  space  of  either  side 
Ihepenod  of  suspended  animation  is  a  variable  one, 
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and  some  remarkable  instances  are  on  record.  Thus  in 
the  Lancet  (1840-41,  p.  607)  a  case  is  reported  in  which  an 
infant  was  resuscitated  in  two  hours,  after  ten  minutes' 
submersion  in  two  feet  of  water.  In  this  instance  the 
child  was  put  into  a  bath  at  75°  F.  and  the  water  was 
gradually  heated  to  110°  F.  Friction  and  (probably  most 
important)  artificial  respiration  were  made  use  of.  In 
another  case  (London  Medical  Gazette,  1843-48,  p.  448) 
a  man  had  been  immersed  from  twelve  to  fourteen  minutes' 
but  was  finally  resuscitated.  The  most  remarkable  casei 
however,  that  is  a  matter  of  scientific  record,  occurred  at 
the  French  port  of  Oleron,  in  1774  (Annates  d'SygUm 
PuUique,  vol.  xliv.,  1850,  p.  306).  It  is  narrated  in  the 
above  journal  that  a  lad  of  fifteen  had  been  submerged  for 
nearly  an  hour.  He  was  rescued,  rubbed,  bled,  and  treated 
with  laxative  enemata,  and  recovered  entirely,  though  not 
for  several  days.  Though  these  accounts  are  so  astonish- 
ing that  they  excite  our  incredulity,  it  should  be  remem- 
bered that  animals  may  be  deprived  of  air  from  eight  to 
nine  minutes  (Woodman  and  Tidy)  and  then  resuscitated. 
It  is  not  impossible,  therefore,  that  the  human  being 
may  endure  deprivation  of  air  in  a  similar  way  and  to 
even  a  greater  degree.  At  any  rate,  unless  an  individual 
has  been  immersed  for  more  than  an  hour,  his  life  should 
not  be  utterly  despaired  of,  and  one  or  other  of  the  above 
methods  should  be  faithfully  and  systematically  tried, 
until  success  crowns  the  effort,  or  it  is  plain  that  life  is 
extinct.  Thomas  E.  Satterihwaite. 

ASAFETIDA  (Asafasiida,  U.  S.  Ph.,  Br.  Ph. ;  Asa- 
fmtida,  Ph.  G.,  Codex  Med.).  There  is  still  some  uncer- 
tainty about  the  exact  source  of  this  odorous  gum-resin, 
although  it  has  been  long  known  to  be  the  product  of  one 
or  more  large  umbelliferous  plants  of  Central  and  Eastern 
Asia.     The  plants  have  been  seen  growing,  and  the  process 


PiQ.  Si^.— Ferula  Scoroaosma,  Benth.  and  Hook.,  one  of  the  plants 
yielding  aE^afetida  (Baillon). 

of  collecting  and  preparing  the  liquid  juice  has  been  care- 
fully described  by  at  least  two  European  travellers,  and 
others  have  brought  home  plants  or  seeds,  which  they  be- 
lieved to  be  the  source  of  the  drug,  from  the  countries  pro- 
ducing it,  but  an  undeniable  connection  between  these  two 
sets  of  observations  has  not  yet  been  traced.    There  is, 
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Artificial  Respiration. 
Asafetlda. 


however,  strong  reason  to  believe  that  asaf etida  is,  at  least 
in  part,  derived  from  the  following  plants,  while  a  proba- 
hillty  exists  that  several  plants  furnish  it. 

1.  Ferula  Narihex,  Boiss.  (Narihex  Aamfatida  Fal- 
coner ;  Peueedanum  Narthex  H.  Bn.),  was  discovered  in 
West  Thibet,  near  Kashmir,  by  Falconer,  in  1838.  It  has 
since  been  cultivated  in  several  botanical  gardens,  and  has 
flowered  in  that  of  Edinburgh.  It  is  an  immense  peren- 
nial herb,  with  a  fleshy  root,  attaining  a  diameter  of  eight 
or  ten  centimetres  (three  or  four  inches),  and  with  large, 
two-  or  three-times-divided  leaves,  arising  from  inflated 
sheaths  and  having  lanceolate,  linear,  often  wavy,  ser- 
rated, decurrent  leaflets.  It  does  not  blossom  until  it  is 
several  years  old,  when  it  sends  up  a  stout,  branched, 
flowering  stem,  two  or  more  metres  in  height.  The  stem- 
leaves  diminish  rapidly  in  size,  and  after  the  flrst  two  or 
three,  consist  of  little  more  than  the  conspicuous  sheaths 
above  mentioned,  from  the  axes  of  which  the  branches  of 
the  inflorescence  grow. 

The  flowers  are  in  compound  umbels  on  the  ends  of 
these  branches,  and  altogether  form  a  gigantic  mixed 
panicle,  reaching  from  near  the  base  of  the  stem  to  its  apex. 
The  plant  contains  an  abundance  of  milky  juice,  having  a 
strong  asafetida-like  odor,  and  becoming  yellowish-gray, 
and  finally  reddish  and  brown,  upon  exposure  to  the  air. 

3.  Ferula  Seorodosma  Benth.  and  Hooker  ;  Ferula 
Amfatida  Linn. ;  Scorodosma  fcetidum  Bunge :  Peuee- 
danum Aaafmtida  H.  Bn.,  was  discovered  by  Lehman 
in  1841,  and  has  been  seen  by  other  Europeans  in  differ- 
ent parts  of  the  great  wastes  and  deserts  around  the  Cas- 
pian and  Aral  seas.  It  is  also  to  be  found  now  in  botanical 
fardens.  BalUon  considers  it  to  be  the  plant  which 
i^aempfer  found  yielding  asaf  etida  in  Persia.  Pluckiger 
and  Hanbuiy,  however,  regard  this  as  "  not  proven."  It  is, 
like  the  preceding,  a  very  large  perennial  herb,  with  sim- 
ilar general  characters,  with  thrice  compound  (primarily 
ternate,  and  then  bipinnate)  leaves ;  habit  and  inflores- 
cence the  same  as  the  preceding,, from  which  it  differs 
principally  by  its  very  inconspicuous  vittce  or  oil-ducts, 
and  in  the  less  conspicuous,  not  inflated  sheaths. 

3.  Ferula  alliacea  Boiss.  (Peueedanum  alUaceum  H. 
Bn.),  a  Persian  plant,  exhaling  a  strong  alliaceous  odor. 
Baillon  says  that  its  seeds  have  always  been  included  in 
parcels  of  seeds  sent  him  from  that  country,  as  those  of 
asafetida  plants.  It  grows,  but  has  not  blossomed  in 
European  gardens. 

The  history  of  asafetida  in  Europe  before  the  twelfth 
century  is  not  clear,  although  it  has  been  held  to  have 
been  an  article  of  commerce  from  near  the  beginning  of 
the  Christian  era ;  but,  from  the  twelfth  century  down, 
there  is  no  doubt  of  its  presence  in  European  drug  lists. 
On  the  other  hand,  of  its  use  in  Asia  there  is  evidence  in 
Arabian  and  Sanskrit  writings  of  great  antiquity. 

The  principal  supply  of  this  drug  is  collected  in  Af- 
ghanistan, and  exported  tO'  India  (Bombay),  whence  it 
comes  to  Europe  or  America.  It  is  usually  packed  in 
large  cases,  but  sometimes  in  bags  or  "mats."  Asafe- 
tida, when  the  cases  are  flrst  opened,  is  a  moderately  soft, 
yellowish-gray,  rather  tenaceous  rnass,  of  a  not  very 
homogeneous  texture  ;  sometimes  lighter,  whitish  or  yel- 
lowish tears  are  common  in  the  mass  ;  of  tener  coarse  im- 
purities are  the  cause  of  its  unevenness.  Upon  exposure, 
this  light-colored  asafetida  turns  flrst  pink,  or  reddish 
plum  or  violet  pink,  and  then  gradually  becomes  brown. 
Its  odor  is  characteristic ;  strongly  alliaceous,  penetrating 
and  persistent.  It  is  exhaled,  like  that  of  onions,  in  the 
breath  of  persons  taking  it.  Taste  bitter  and  acrid,  nau- 
seous. When  in  lumps,  even  if  long  kept,  asafetida  is 
usually  not  quite  brittle,  but  if  flnely  broken  and  dried, 
it  can  be  ground  to  powder,  in  the  cold. 

Our  knowledge  of  the  collection  of  asafetida  rests  prin- 
cipally upon  the  evidence  of  two  travellers,  who  had  the 
fortune  to  see  it  at  an  interval  of  nearly  two  hundred 
years  from  each  other.  The  flrst  of  these  was  the  cele- 
brated Kaempfer,  who  observed  it  in  the  Persian  province 
of  Laristan.  His  description  has  been  repeatedly  quoted, 
Mid  is,  in  the  main,  as  follows  :  "About  the  middle  of 
April,  when  the  leaves  have  done  growing,  the  fields  are 
visited  by  the  peasants,  who  dig  away  the  ground  around 


the  older  roots,  tear  off  the  leaves  from  the  crown,  and 
then  carefully  cover  it  up  with  earth  and  leaves,  to  pro- 
tect it  from  the  rays  of  the  sun.  After  leaving  the  plant 
in  this  way  for  several  weeks,  they  again  uncover  them, 
remove  a  portion  of  the  top  and  cover  them  again,  being 
careful  that  nothing  touches  the  newly  cut  surface.  In 
one  or  two  days  more  the  exuded  juice  is  scraped  off  with 
a  knife,  a  fresh  surface  is  made  by  cutting  off  a  thin  slice, 
and  the  covering  is  repeated.  This  is  continued  until  the 
root  is  exhausted,  the  product  growing  better  as  the  sea- 
son advances.  The  soft  juice  is  mixed  with  earth  to  give 
it  body." 

The  other  authority  is  Staff-  Surgeon  Bellow,  who  saw  asa- 
fetida collected  during  a  visit  to  Afghanistan  in  1857.  The 
process  was  something  like  that  observed  by  Kaempfer,  but 
it  was  done  at  a  season  when  the  young  leaves  were  sprout 
ing,  and  instead  of  cutting  off  the  top  of  the  root  they 
cut  or  gashed  it  in  several  places ;  the  digging  away  the 
earth,  and  the  covering  of  the  roots  to  keep  off  the  heat 
of  the  sun,  were  the  same  in  both  cases.  Mr.  Bellew 
states  that  the  juice  is  mixed  with  gypsum  or  flour,  al- 
though some  very  fine  juice,  obtained  from  the  bud,  is 
usually  sold  pure.  This  latter,  like  the  fine  juice  of 
Kaempfer's  later  cuttings,  probably  never  reaches  the 
European  markets. 

The  quality  is  considered  flne  according  to  the  abun- 
dance of  clear,  whitish  tears  which  it  contains,  and  the 
absence  of  impurities  and  insoluble  residue.  Occasion- 
ally specimens  are  met  with,  consisting  wholly  of  tears, 
but  these  are  rare.  The  United  States  Pharmacopoeia  re- 
quires that  it  should  dissolve  at  least  to  the  extent  of  sixty 
per  cent,  in  alcohol.  The  proportion  of  earth,  gypsum, 
etc. ,  named  by  Kaempfer  and  Bellew  is  not  often  seen  in 
good  medical  grades,  although  they  are  apt  to  be  dirty. 

Asafetida  consists,  roughly,  of  oil,  resin,  and  gum, 
but  neither  of  these  constituents  is  simple.  The  oil  is 
present,  according  to  Fliickiger,  to  the  extent  of  from 
six  to  nine  per  cent.  "  It  is  light  yellow,  has  a  repulsive, 
very  pungent  odor  of  asafetida,  tastes  at  flrst  mild  and 
then  irritating,  but  does  not  stimulate  like  oil  of  mus- 
tard when  applied  to  the  skin."  It  contains  twenty  or 
twenty-five  per  cent,  of  sulphur,  and  evolves  sulphuretted 
hydrogen  upon  standing,  and  becomes  acid  upon  exposure 
to  the  air.  Speciflc  gravity,  0. 951 :  solubility ;  water,  -^ss ; 
alcohol  and  ether  free.  By  (destructive)  distillation  at  a 
high  temperature  it  yields  a  beautiful  blue  oil  (ibid.). 

The  resin  is  variable  in  quantity,  but  usually  amounts 
to  more  than  flfty  per  cent.  (50,  Hager  ;  71.4,  Flackiger). 
It  contains  a  small  amount  of  crystallizable  f  erulaic  acid 
and.  a  large  proportion  of  amorphous  resin,  yielding 
resorcin  by  treatment  with  potash,  and  blue  and  green 
oils,  and  umbellif  erone  by  destructive  distillation. 

The  mucilaginous  matter  is  partly  soluble,  but  princi- 
pally of  a  kind  insoluble  in  water.  Impurities  and  ash 
variable ;  should  not  amount  to  more  than  ten  to  fifteen 
per  cent. 

Asafetida  has  no  very  marked  physiological  action, 
and  does  not  appear  to  be  poisonous  in  any  dose,  or  to 
produce  any  more  pressing  symptoms  than  offensive 
flatus,  eructations,  perspirations,  and  urine  (due  to  the 
elimination  of  its  sulphur  distention),  and  burning  in  the 
stomach,  diarrhoea,  dizziness,  etc.  In  medical  doses  it  is 
slightly  laxative,  decidedly  carminative  and  antispas- 
modic, to  a  moderate  degree  tonic.  It  is  a  useful 
ingredient  of  "digestive"  and  "after-dinner"  pills,  in 
cases  of  slow  digestion  accompanied  with  flatus  and  con- 
stipation. It  is,  however,  in  the  quieting  effect  that  it 
has  over  the  emotional  "  convulsive"  colic-like  and  other 
dramatic  functional  disturbances  of  hysteria  that  the 
principal  value  of  asafetida  lies.  In  these  cases  it  is 
almost  always  beneficial,  and  especially  so  when  the 
above-named  digestive  derangements  are  also  present.  In 
chronic  bronchitis,  whooping-cough,  asthma,  etc.,  its 
value  is  less.  It  is  not  a  hypnotic,  but  sometimes,  by 
allaying  irritability  and  so-called  "  nervousness,"  it  often 
allows  sleep  to  follow  ;  for  ordinary  colic  it  does  not  com 
pare  with  morphine  or  ether. 

Asafetida  is  a  rather  popular  veterinary  remedy.  It 
is  also  used  as  a  relish,  and  the  young  leaves  on  one  of  the 
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above-described  Ferulm  is  used  as  a  pot-herb  in  Asia  by 
some  of  the  Indians.     Certain  animals  are  also  very  tond 

of  it.  .         .        I,  i  1 

Administration.— It  may  be  given  m  substance  Dv 
rolling  the  softish  mass  into  extemporaneous  pills  and 
covering  vrith  gelatin,  or  by  enclosing  it  in  the  common 
gelatine  capsules,  or  "cachets  de  pain."  Dose  from  one- 
half  to  one  gram  (0.5  to  1  Gm.  =  gr.  viij.  ad  xvj.) ; 
or  the  officinal  pills  of  asafetida  {IHlulm  Asafatida 
V.  S.  Ph.),  consisting  of  three  grains  of  asafetida  and 
one  of  soap,  may  be  used.  Dose,  two  to  four  pills,  or,  if 
given  several  times  a  day,  one  or  two.  For  the  prompt 
and  certain  action  of  single  doses,  hovi-ever,  a  liquid 
preparation  is  better.  The  asafetida  mixture  (Mistura 
AsafcstidtB,  U.  S.  Ph.),  made  with  water,  strength  jin,  is 
the  best,  but  it  does  not  keep  long.  It  may  be  given  either 
by  mouth  or  rectum  (in  either  case  the  moral  effect  is 
considerable).  Dose,  by  mouth,  from  ten  to  twenty 
grams  (10  to  20  Gm.  =  3  ijss.  ad  3  v.) ;  by  the  rectum, 
four  or  five  times  as  much,  diluted  with  hot  water.  The 
tincture  (TincUira  Asafmtidm,  U.  S.  Ph.),  strength  i,  is 
seldom  given,  but  is  used  in  making  the  mixture  of  mag- 
nesia and  asafetida  (Mistura  Magnesim  et  Asafmtidm, 
V.  S.  Ph.),  which  contains  laudanum  as  its  principal  in- 
gredient (see  Opium).  Asafetida  Plaster  [Emplastrum 
Asafmtidm,  IJ.  S.  Ph.  : — Asafetida,  35  ;  Lead  Plaster,  35 ; 
Galbanum,  15  ;  Yellow  Wax,  15  ;  alcohol),  and  Com- 
pound Pills  of  Galbanum  (Pilulm  Galbani  Compositm, 
V.  S.  Ph.  : — Galbanum,  Myrrh,  of  each  one  and  a  half 
grain ;  of  Asafetida,  half  a  grain ;  syrup),  are  of  lim- 
ited usefulness.  For  the  Pills  of  Aloes  and  Asafetida 
(Pilulm  Aloes  et  Asafmtidm,  U.  S.  Ph.  : — Aloes  and  Asa- 
fetida, of  each  one  and  one-third  grain  ;  of  soap  the  same) 
the  asafetida  is  a  useful  corrigent  to  the  aloes.  Useful  in 
chronic  constipation. 

Allied  Plants. — The  genus  Ferula,  as  limited  by  Ben- 
tham  and  Hooker,  comprises  sixty  species  of  Old  "World 
Umbellifers,  of  which  about  a  dozen  are  reputed  sources 
of  mostly  long-used  gum-resins  ;  besides  those  mentioned 
at  the  beginning  of  this  article,  the  most  important  are  : 

Ferula  galbaniflora  Boiss.  et  Buhse.  ) 

Ferula  rubricaulis  Boiss.  and  per-  [■  Furnish  Galbanum. 

haps  others ) 

Ferula  Sumbul  Hook  fil Yields  Sumbul. 

Ferula  tingitana  Linn African  Ammoniac. 

Closely  related  to  this  genus  are  i 

Dorema  Ammoniacum  Don )  „  i;    » 

Dorema  Aueheri  Boiss \  Sources  of  Ammomac. 

Also : 

Peucedanum  graveolens  Hirn Dill. 

Peucedanum  sativum Parsnip. 

All  the  above  are  included  by  Baillon  in  the  large 
genus  Peucedanum. 

For  a  notice  of  the  order,  see  Anise. 

Allied  Drugs. — Asafetida  and  valerian  are  often 
mentioned  together  as  duplicate  medicines,  but  the  latter 
has  not  the  soothing  carminative  action  of  the  former  ;  as  a 
simple  antispasmodic  it  is  fully  as  good.  Musk  resembles 
asafetida  rather  more  than  valerian.  Ambergris  belongs 
in  the  same  list,  but  both  are  much  inferior,  and  exces- 
sively costly ;  castor  is  cheaper,  but  still  poorer  and  more 
offensive. 

_  All  these  animal  secretions  are  disgusting  in  their  ori- 
gin, and  should  be  dropped  from  medical  practice  ;  largely 
diluted,  their  odor  is  not  disagreeable.  The  essential  oils 
and  drugs  containing  them  have  in  general  some  of  the 
qualities  of  asafetida,  and  are  frequently  used  for  the 
same  purposes.  Camphor,  the  chamomiles,  many  mints 
hops,  as  well  as  the  bromides  and  other  nervous  sedatives] 
are  instances.  Sagapenum  and  opopanax  are  allied  obso- 
lete gum-resins,  probably  obtained  from  nearly  related 
plants  ;  their  sources  are  not  known.  Plants  in  the  genus 
Allium  (onion,  garlic,  leek,  etc.),  and  of  the  order  Cra- 
aferm  (mustard,  horseradish,  radish,  etc.),  furnish  sulphu- 
retted oils. 

Other  resins  in  this  order,  by  destructive  distillation,  and 
trerman  chamomile,  by  simple  distillation,  yield  blue  oils 

a  or  other  gum-resins,  see  Mykrh.  W.  P.  Bolles. 
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ASARABACCA  (Asarum  ou  Corbaret,  Codex  Med.). 
Asarum  Europmum  Linn.  ;  Order,  Aristolochiacex,  is  very 
similar  to  our  Canada  snakeroot,  Asarum  eanadensit 
Linn.  It  is  a  small,  stemless  perennial,  with  a  creeping, 
scaly  root-stock,  from  which  arise  two  long-petioled  kid'- 
ney-shaped  leaves,  with  a  solitary  short-stemmed,  purplish- 
brown,  nodding  flower.  It  grows  in  woods  and  shady 
places,  especially  under  hazel  bushes,  in  many  parts  of 
Europe,  Siberia,  and  Central  Asia ;  and  has  long  been 
used  in  these  places  as  a  stomachic  and  emetic.  It  is  still 
said  to  be  esteemed  in  Russia,  although  dropped  from 
modern  medical  practice  in  the  rest  of  Europe. 

The  dried  rhizome  is  usually  once  forked,  irregularly 
bent  and  knotted,  sparsely  scaly,  and  of  a  grayish-brown 
color.  It  is  obscurely  four-sided,  and  bears  numerous 
fine  rootlets  beneath.  The  leaves  and  flower  are  usually 
attached,  although  less  valuable  than  the  subterranean 
portion.  The  bark  is  thick  and  woody,  cylinder  small,  ■ 
the  paienchyme  loaded  with  starch.  Oil-drops  are  also 
visible  under  the  microscope  in  the  pith  and  bark.  The 
taste  is  bitter,  nauseating,  and  peppery.  The  principal 
constituents  are  an  essential  oil  and  a  crystalline  camphor, 
asarin,  which  is  said  to  be  emetic.  The  above  substances 
dissolve  sparingly  in  water,  but  freely  in  alcohol,  oils,  etc. 

In  small  doses  asarabacca  is  stomachic  and  tonic,  and 
has  been  considered  good  for  the  dyspepsia  following 
alcoholic  excess ;  in  large  doses  it  is  emetic  and  purga- 
tive ;  by  boiling,  the  emetic  property,  asarin,  is  said  to  bo 
dissipated  and  the  cathartic  to  remain.  Dose,  as  an 
emetic,  one  to  two  grammes  ;  as  a  stomachic,  one  or  two 
decigrammes  (gr.  jss.  to  gr.  iij.). 

Allied  Plants.  —  Aristolochiacem  is  a  small  order 
with  no  near  affinities  and  little  medical  interest  (see 
Snakeroot). 

Allied  Drugs. — For  emetics,  see  Ipecac  ;  for  spices, 
see  Pepper.  W.  P. 


ASCITES.  The  full  term  is  Hydrops  Ascites,  but  the 
latter  word  is  commonly  used  alone.  Synonym,  Hydro- 
peritoneum.  (Ascites,  from  Greek,  cutkItyis,  from  lurxh,  a 
bag  ;  French,  Asaite,  Hydropiritonie ;  German,  Batich- 
wassersueht.  Ascites.)  By  the  term  ascites  is  meant  the 
collection  of  a  thin  fluid  in  the  peritoneal  cavity,  not  as- 
sociated, however,  with  any  inflammatory  process  in  the 
peritoneum.  It  is  a  dropsy,  and  may  occur  either  alone 
or  in  combination  with  dropsy  of  the  pericardium  and 
pleura  and  oedema  of  the  subcutaneous  connective-tissue. 

The  general  causes  of  dropsy  are  like  those  of  oedema, 
and  have  been  considered  in  connection  with  anasarca,  to 
which  the  reader  is  referred. 

Ascites,  when  associated  with  dropsy  of  the  other  se- 
rous cavities  and  oedema  of  the  skin,  is  dependent  either 
upon  obstructive  valvular  disease  of  the  heart  or  disease 
of  the  lungs  hindering  the  free  passage  of  blood  through 
them,  thus  giving  rise  to  venous  engorgement,  and  so  to 
a  transudation  of  fluid  into  the  peritoneal  cavity  ;  or  else 
it  is  dependent  upon  chronic  diffuse  nephritis,  which 
leads  to  hydraemia.  In  the  latter  case,  however,  it  may 
be  said  that  the  dropsy  of  the  serous  cavities  is  usually 
much  less  marked  than  is  the  anasarca. 

Far  more  frequently  the  ascites  is  due  to  local  circula- 
tory disturbances,  either  in  blood-  or  lymph-vessels,  with- 
in the  abdominal  cavity.  Thus  in  chronic  interstitial 
hepatitis  (so-called  cirrhosis)  the  abundant  growth  of  con- 
nective-tissue around  the  branches  of  the  portal  vein 
within  the  liver  compresses  these  to  such  an  extent  as  to 
lead  to  a  venous  engorgement  of  the  radicals  of  the 
portal  vein,  and  thus  to  a  transudation  of  fluid.  Again, 
tumors  within  the  liver  may  cause  a  like  obstmction,  or  a 
tumor  may  be  so  situated  at  the  porta  hepatis  as  to  par- 
tially compress  the  main  trunk  of  the  portal  vein,  with  a 
like  result.  Further,  it  is  not  uncommon  to  have  an 
ascites  in  cases  of  malignant  new-growths  of  the  peri- 
toneum, the  probable  explanation  being  that  the  tumors 
interfere  with  the  absorption  by  the  lymphatics  of  the  fluid 
normally  transuded  from  the  blood-vessels. 

The  fluid  in  ascites  is  thin,  clear,  colorless,  or  else  of  a 
pale  yellow  tint,  of  a  specific  gravity  varying  from  1.010 
to  1.030,  containing  considerable  albumen,  though  always 
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less  than  the  blood-serum.  It  frequently  coagulates  on 
exposure  to  the  air,  forming  a  jellj-Jike  mass.  Micro- 
scopically one  finds  a  few  endothelial  cells,  a  few  leuco- 
cytes, and  sometimes  a  few  fatty  granular  cells,  which 
are  probably  fatty  degenerated  endothelial  cells.  Occa- 
sionally, in  long-standing  ascites,  the  fluid  may  be  slightly 
cloudy  from  the  presence  of  such  fatty  cells.  Fibrin, 
when  present,  presents  the  characteristic  microscopic 
appearances.  It  is,  of  course,  understood,  that  coagula- 
tion, when  it  occurs,  is  dependent  upon  the  formation  of 
fibrin.  In  rare  cases  the  fluid  has  a  milky  opacity,  and 
■when  examined  with  even  the  highest  powers  of  the 
microscope,  one  can  make  out  the  presence  only  of  in- 
numerable fine  granules.  Chemically  it  can  be  shown 
that  these  are  fat.  Their  presence  is  doubtless  due  to  a 
rupture  of  absorbent  lymph-vessels  of  the  intestinal  tract 
or  its  neighborhood.  To  this  form  the  name  of  chylous 
ascites  (ascites  chylosa)  has  been  given. 

The  anatomical  changes  in  the  peritoneum  in  cases  of 
ascites  are  often  very  slight.  Frequently  npthing  more 
than  a  slight  oedematous  condition  of  the  serous  and  sub- 
serous layers  is  to  be  seen.  Sometimes  the  peritoneum, 
especially  in  ascites  of  long  standing,  becomes  thickened 
and  opaque,  with  here  and  there  small  papillary  ex- 
crescences of  connective-tissue. 

Occasionally,  by  adhesion  of  opposing  peritoneal  sur- 
faces, a  sac  containing  .fluid  may  be  formed,  which  is 
thus  shut  off  from  the  rest  of  the  peritoneal  cavity.  To 
this  condition  the  name  of  saccular  or  encapsulated  as- 
cites has  been  given. 

If  the  fluid  of  ascites  be  bloody,  the  chances  are  strongly 
in  favor  of  the  existence  of  cancer  or  tuberculosis  of  the 
peritoneum. 

The  points  in  the  diagnosis  of  ascites  are  the  uniform 
enlargement  of  the  abdomen,  proportionate  to  the  amount 
of  fluid,  and,  when  the  efllusion  is  abundant,  the  hernial 
protrusion  of  the  umbilicus ;  the  flatness  on  percussion, 
with  change  of  level  of  flatness  in  varying  positions  of 
the  patient ;  the  impulse  or  wave  ^transmitted  from  one 
side  to  the  other  when  the  abdomen  is  gently  tapped  ; 
finally  the  finding,  on  puncture,  of  a  fluid  presenting 
characteristics  like  those  described  above. 

Ascites,  when  associated  with  anasarca  and  a  very  pale 
sldn,  is  in  most  cases  dependent  upon  chronic  diHuse  ne- 
phritis; associated  with  anasarca,  and  a  dusky  or  cyanosed 
sldn,  it  is  more  likely  to  be  the  result  of  obstructive  disease 
of  the  heart  or  lungs.  Occurring  alone,  that  is  without 
dropsy  of  the  other  serous  cavities  or  anasarca,  it  is  de- 
pendent upon  one  or  the  other  of  the  local  causes  previ- 
ously mentioned,  a  differential  diagnosis  between  which 
is  hardly  in  place  here.  In  certain  of  the  cases  of  local 
origin  an  extensive  dilatation  of  the  superficial  veins  of 
the  abdomen  occurs,  forming  the  so-called  caput  Medusae. 

Ascites  calls  for  treatment  only  when  the  amount  of 
fluid  is  so  large  as  to  press  upon  the  diaphragm,  thus  in- 
terfering with  its  movements  and  embarrassing  respira- 
tion. The  object  of  treatment  is,  then,  the  removal  of 
the  fluid.  If  the  ascites  be  complicated  with  anasarca, 
the  treatment  given  in  detail  in  the  article  Anasarca  should 
he  employed.  It  is,  however,  in  the  localized  form  that 
the  fluid  is  present  in  the  gi-eatest  quantity,  and  in  these 
cases  general  experience  has  taught  that  diaphoretics, 
diuretics,  and  hydragogue  cathartics  have  but  little  effect. 
Resort  must  therefore  be  had  to  tapping,  either  by  the 
trocar  and  canula,  or  by  the  aspirator,  and  liie  whole  or 
greater  part  of  the  fluid  drawn  ofE.  As  a  rule  the  fluid 
rapidly  collects  again  after  such  removal,  and  repeated 
tappings  are  often  required; 

Death  is  the  common  result  in  cases  of  ascites. 

W.  W.  Gannett. 

ASH,  EUROPEAN  IFrSne,  Codex  Med.);  FraxiTiMS 
excelsior  Linn.  ;  Order,  Oleacece,  Fraxinm.  Tree,  a  good 
deal  like  our  own  ash,  and  having,  probably,  similar 
qualities.  Both  the  bark  and  leaves  have  been  employed 
in  medicine,  and  appear  to  have  somewhat  different  prop- 
erties. The  pinnate  leaves  contain  malic  acid  and  salts, 
iantm  acid,  mannit,  inosit,  and  glucose,  but  nothing  of 
physiological  significance.      They   have   some   reputa- 


tion in  the  treatment  of  gout  and  rheumatism.  The  bark 
is  bitter,  and  contains  the  glucoside/i-awm.  It  has  been 
used  as  a  tonic  and  antiperiodic,  but  ranks  very  low  as 
either.  Fraxin  forms  fine,  shining,  nearly  white,  four- 
sided  prisms,  of  bitter  taste.  It  is  scarcely  soluble  in 
cold,  but  dissolves  easily  in  boiling  water.  Its  solutions 
have  a  blue  fluorescence. 

The  leaves  may  be  given  in  infusion  to  the  extent  of 
thirty  grammes  a  day. 

Allied  Plants. — Fraxinus  American-a  L.,  the  Amer- 
ican ash,  has  probably  similar  qualities.  F.  ornus  and 
others  also  contain  Fraxin.  For  an  enumeration  of  the 
Oleacese,  see  Olive  Oil. 

Allied  Drugs. — The  medicinal  properties  are  too  in- 
definite for  close  comparison.  Besides  the  ashes,  a  num- 
ber of  trees  in  the  order  Bapindacem  contain  Frajxin.  For 
a  list  of  bitter  glucosides,  see  Salicin.  Shua  glabra  L. , 
contains  abundance  of  malic  acid  and  compounds,  as  well 
as  tannic  acid.  W.  P.  Bolles. 

ASH,  PRICKLY  (^XantJwxylum,,  U.  S.  Ph.).  Although 
commonly  called  by  the  above  title,  the  trees  producing 
this  drug  have  no  relation  to  the  true  ash,  as  they  neither 
belong,  to  the  same  genus  nor  order.  There  is  a  superficial 
resemblance,  however,  when  they  are  in  blossom.  Prickly 
ash  bark  is  furnished  by  two  species  of  Zanthoxylwm  (or 
Xanthoxylum)  growing  in  the  United  States  ;  Z.  frax- 
inewm  Willd.,  and  Z.  earolinianum  Lambert ;  Order, 
Rutaeem  (Zanthoxylem).  They  are  shrubs,  or  small,  grace- 
ful trees,  with  slender  branches  and  pinnate  leaves.  The 
flowers  are  polygamo-dioecious,  small,  greenish,  and 
clustered  in  close  cymes,  near  the  ends  of  the  branches. 
The  greenish-red  fruits  have  from  two  to  five  separate, 
one-seeded,  dehiscent  carpels.  All  parts  of  the  tree  are 
moderately  fragrant  and  bitter,  the  fruit  and  leaves  more 
fragrant  than  the  bark. 

The  description  of  the  dried  bark,  given  by  the  Phar- 
macopoeia, is  as  follows :  "Xanthoxylum  fraxinemm  is  in 
curved  or  quilled  fragments,  about  one-twenty-fifth  of  an 
inch  (1  millimeter)  thick  ;  outer  surface  brownish-gray, 
with  whitish  patches,  and  minute,  black  dots,  faintly  fur- 
rowed, with  some  brown,  glossy,  straight,  two-edged 
spines,  linear  at  the  base,  and  about  a  quarter  of  an  inch  (6 
millimeters)  long ;  inner  surface  whitish,  smooth  ;  fracture 
short,  non-fibrous,  green  in  the  outer,  and  yellowish  in 
the  inner  layer  ;  inodorous  ;  bitterish,  very  pungent. 

"  Xantlwxylum  earolinianum  resembles  the  preceding, 
but  is  about  one-twelfth  of  an  inch  (3  millimeters)  thick, 
and  is  marked  by  many  conical,  corky  projections,  some- 
times four-fifths  of  an  inch  (2  centimeters)  high,  and 
by  stout,  brown  spines,  rising  from  a  corky  base." 

The  analyses  of  prickly  ash  bark  have  been  somewhat 
confusing.  It  appears  to  have  a  little  essential  oil,  but 
not  much,  and  some  redn.  Witte,  quoted  by  Huseman, 
found  in  the  bark  of  Z.  fraxineum  a  colorless  neutral 
crystalline  substance,  which  he  has  named  Zanthoxylloin. 
It  is  insoluble  in  water,  but  freely  so  in  ether  and  boiling 
alcohol ;  moderately  so  (one-eighth)  in  cold  alcohol.  In 
Z.  earolinianum,  G.  H.  Cotton  found  oil,  a  crystallizable 
resin,  and  a  doubtful  yellow  alkaloid.  The  IT.  S.  Dis- 
pensatory suggests  the  presence  of  berberine  as  probable. 
Probably  some  of  the  differences  in  various  analyses  have 
been  due  to  not  discriminating  between  the  barks  of  the 
two  species. 

The  use  of  Xanthoxylon  has  been  entirely  empiri- 
cal, and  but  little  idea  of  its  qualities  can  be  formed 
from  the  diseases  for  which  it  has  been  given.  It  is  re- 
ported to  be  diuretic,  diaphoretic,  etc.,  but  its  chief  repu 
tation  has.  been  in  the  treatment  of  chronic  rheumatism, 
for  which  it  has  been  compared  to  guaiac.  That  it  pro- 
duces heat  and  warmth  in  the  stomach  is  a  natural  result 
of  its  spiciness ;  to  this  quality  it  owes,  too,  its  popular  use 
as  a  counter-irritant  in  toothache,  for  which  it  may  be 
compared  to  oil-of -cloves  or  pellitory. 

Dose,  from  half  a  gram  to  two  grams  (gr.  vij.  ad  gr. 
XXX.).  A  fluid  extract  {Extractum  Xanfhoxyli)  is  offi- 
cinal, strength  {  ;  dose,  same  as  above. 

Allied  Plants. — The  genus  Zantkoxylum  {Xanthoxy- 
lum) comprises  about  eighty  species  of  shrubs  or  trees. 
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inhabiting  the  warmer  parts  of  the  earth  and  gives  its 
name  to  one  of  the  tribes  of  Butacm.  Most  of  them  are 
spicy  and  bitter  shrubs  or  trees.  A  number  ot  boutii 
American  and  Asiatic  species  are  used  m  the  places  where 
they  erow  as  tonics  and  antiperiodics,  while  others,  more 
aromttic  and  less  bitter,  furnish  spices  "Japanese  pep- 
per "  so  called,  is  the  fruit  of  Zanihoxylum  pipentum 
I)  C  and  other  Chinese  and  Indian  species.  It  contains 
an  essential  oil,  and  a  spicy-tasting  volatile  crystaUrne 
substance  (stearoptene  ? )  called  Zanihroxyhn.  Some 
species  are  cultivated  as  ornamental  trees. 

Pilocarpus  (Jaborandi)  belongs  to  the  same  group.  i<  or 
a  notice  of  the  order,  see  Rub.  -  .,,    at- 

Allibd  Dbtjgs.— The  medical  character  ot  the  /lan- 
fhoxyla  is  of  the  stimulant,  tonic  type,  like  Angustura, 
Cascarilla,  Magnolia,  and  numerous  others.  (Bee  Mag- 
nolia )  In  its  usefulness  in  rheumatism  it  has  been  com- 
pared to  Guiac.  For  a  list  of  spices,  see  'Pm'VWB.. 
"  W.  P.  Solles. 

ASHBY-DE-LA-ZOUCH,  a  city  in  Leicestershire,  Eng- 
land, in  close  proximity  to  the  mines  of  this  region,  noted 
for  its  single  saline  spring  and  numerous  baths.  These 
baths,  called  the  Ivanhoe  baths,  are  frequented  by  rheu- 
matic patients  chiefly.  The  water  contains  a  considerable 
proportion  of  bromine.    Total  solids  per  1,000  parts,  66.0. 

ASHEVILLE.  The  town  of  Asheville,  North  Carolina, 
is  situated  in  Buncombe  County,  one  of  the  extreme 
western  counties  of  that  State,  lying  on  an  elevated  pla- 
teau which  is  hemmed  in  by  the  Blue  Ridge  Mountains 
on  the  east,  and  by  the  Great  Smoky  Mountains  on  the 
west.  Transverse  ridges,  extending  as  offshoots  of  these 
two  great  chains  of  mountains,  intersect  this  plateau  at 
frequent  intervals,  forming  a  perfect  network  of  lofty 
ranges  which,  taken  together,  constitute  the  southern  ex- 
tremity of  the  Appalachian  system  of  Eastern  North 
America.  So  packed  and  massed  together  are  the  moun- 
tains at  this  lower  end  of  the  Appalachian  system,  that 
their  arrangement  has  not  inaptly  been  compared  to  a  coil 
in  the  description  of  this  system  which  is  given  in  the 
"  Encyclopsedia  Britannica."  Here,  too,  are  to  be  found 
the  loftiest  peaks  of  the  whole  system,  which  seem,  as  it 
were,  to  crowd  together  and  form  their  rallying-point  at 
the  southern  extremity  of  the  line.  Mount  Mitchell,  or 
the  Black  Dome,  is  the  highest  of  all  these  peaks,  its  sum- 
mit rising  to  an  elevation  of  6,707  feet  above  the  sea- 
level  ;  419  feet  higher  than  the  top  of  its  rival.  Mount 
Washington,  in  New  Hampshire,  near  the  northern  ex- 
tremity of  the  Appalachian  system,  and  higher  than  any 
point  of  the  North  American  continent  east  of  the  Rocky 
Mountains.  No  less  than  eight  other  peaks  are  specified 
by  the  writer  in  the  "  Encyclopsedia  Britannica"  as  also 
exceeding  Mount  Washington  in  height,  and  flfty-one 
mountains  attaining  an  elevation  of  over  6,000  feet  are 
mentioned  by  Professor  A.  Guyot,  of  Princeton  College, 
as  existing  in  the  various  chains  and  cross-chains  of  this 
Tvonderf  ully  hilly  country.  The  great  plateau  above  al- 
luded to  contains  within  its  limits  fifteen  other  counties 
of  Western  North  Carolina  besides  the  county  of  Bun- 
combe, in  which  Asheville  lies,  and  of  which  it  is  the 
principal  town  ;  the  lines  dividing  these  sixteen  counties 
one  from  another  being  determined  either  by  the  direc- 
tion of  the  cross-raiiges  of  mountains  intersecting  the 
plateau,  or  by  the  rivers  which  take  their  rise  in  these 
mountains.  In  extent  the  plateau  is  some  one  hundred 
and  seventy-five  miles  long,  and  from  ten  or  fifteen  to 
fifty  miles  wide.  Its  average  elevation  above  the  sea- 
level  is  about  two  thousand  feet,  although  parts  of  it, 
considerably  to  the  north  of  Asheville,  lie  higher  by  some 
one  thousand  to  fifteen  hundred  feet.  Asheville  itself 
has  an  elevation  of  2,350  feet,  and  stands  350  feet  above 
the  waters  of  the  Swannanoa  River,  near  the  junction  of 
which  with  the  French  Broad  River  (in  Lat.  33°  37'  N., 
Long.  83°  29'  W.)  the  town  is  built.  According  to  the 
statistics  of  the  United  States  Census  for  1880,  the  popula- 
tion of  Asheville  township  was  5,568 ;  that  of  the  town 
itself,  3,616. 


While  surrounded  on  all  sides  by  mountain  ranges, 
Asheville  is,  nevertheless,  not  shut  in  by  them,  the  dis- 
tance of  the  town  from  any  of  the  more  lofty  ranges 
and  peaks  being  at  least  ten  miles  in  every  direction. 
This  point  is  of  no  small  importance  in  considering  the 
location  of  the  town  from  a  sanitary  point  of  view,  in- 
asmuch as  it  insures  to  it  an  abundance  of  sunshine  at 
all  hours  of  the  day— which,  together  with  the  absence 
of  the  "down-draughts"  of  cold  night-air  characteristie 
of  places  lying  In  a  deep  and  narrow  valley  at  the  foot  of 
overhanging  slopes,  contributes  not  a  little  toward  the 
production  of  the  comparative  equability  of  temperature 
and  comparative  dryness  of  atmosphere  which  charac- 
terize the  Asheville  climate.  At  the  same  time  it  must 
not  be  supposed  that  the  location  of  the  town  is  upon  a 
monotonously  level  table-land.  Such  a  "table-land" 
configuration  of  the  earth's  surface  does  not  exist  through- 
out the  whole  region  of  Western  North  Carolina ;  for  the 
floor  of  its  great  plateau  is  broken  and  intersected  by  the 
secondary  foothills,  outlying  spurs  and  buttresses  of  its 
bounding  and  ti-ansverse  mountain  chains,  in  such  man- 
ner that  the  whole  surface  of  the  country  could  not  well 
be  less  level  or  more  broken  and  uneven  than  it  is. 

Excepting,  of  course,  the  immediate  vicinity  of  its 
larger  towns,  or  rather  villages,  the  whole  of  this  region 
is  covered  with  a  dense  growth  of  primitive  forest,  the 
trees  (chiefly  of  the  deciduous  variety),  climbing  almost 
to  the  very  summits  of  the  loftiest  mountains.  Streams 
of  clear  mountain  water  abound  in  every  direction,  and 
unite  to  form  rivers  of  considerable  size,  many  of  which 
(as  notably  the  French  Broad  and  the  Swannanoa)  are 
justly  celebrated  for  their  exceptional  beauty. 

But,  without  stopping  to  mention  the  points  of  special 
interest  and  beauty  which  are  to  be  found  in  this  exten- 
sive and  wild  mountain  region  (the  detailed  considera- 
tion of  which  belongs  rather  to  a  guide-book  than  to 
a  work  of  the  present  kind),  we  shall  merely  sum  up  our 
general  description  of  the  region  by  remarking  that  with- 
out doubt  it  constitutes  one  of  the  most  beautiful  and 
picturesque  tracts  of  land — if  not  the  most  beautiful  and 
the  most  picturesque — to  be  found  within  the  whole  teni- 
to^  of  the  United  States,  east  of  the  Rocky  Mountains. 

For  many  years  past,  Asheville  and  the  whole  country 
about  it  have  been  a  favorite  summer  resort  for  the 
wealthier  inhabitants  of  the  Southern  States.  To  the 
same  class  of  persons  at  the  North,  it  was  formerly  but 
little  known  ;  a  fact  to  be  attributed  chiefly  to  the  remote- 
ness of  the  region  from  the  winter  homes  of  the  latter, 
to  its  inaccessibility,  and  to  the  very  indifferent  accom- 
modations afforded  by  its  rather  primitive  hotels.  From 
the  last-mentioned  inconvenience  the  Southern  gentry 
would  suffer  much  less  than  their  Northern  brethren,  as 
many  of  the  former  had  villas  of  their  own  scattered 
through  the  mountains,  and  were,  in  consequence,  com- 
paratively independent  of  the  hotels.  The  recent  pene- 
tration of  the  country  by  several  lines  of  railway  will,  no 
doubt,  render  the  region  better  known  to  Northern  visitors 
and  will  tend  to  vast  improvement  in,  and  extension  of,  its 
hotel  accommodations.  Over  and  above  the  desirability 
of  Asheville  and  its  surroundings,  as  a  place  of  refuge 
for  sufferers  from  hay  fever,  and  for  other  persons  desir- 
ous of  escaping  from  city  air  and  from  a  lowland  country 
during  the  hot  months  of  the  year,  the  town  itself  has  of 
late  attained  a  measure  of  well-deserved  celebrity  and 
popularity  as  a  winter  resort ;  more  particularly  for  pa- 
tients suffering  from  pulmonary  phthisis.  A  "high-al- 
titude "  health  resort  for  such  patients  Asheville  certainly 
is  not,  as  its  elevation  of  only  3,250  feet  precludes  its  being 
considered  as  belonging  strictly  within  the  category  of  such 
places.  A  "medium-altitude"  resort  it  is;  and,  short 
of  the  often  inconveniently  distant  Rocky  Mountain 
Plateau  of  Colorado,  New  Mexico,  and  Arizona;  no  bet- 
ter elevated  winter  and  summer  resort  for  phthisical  pa- 
tients exists  within  the  territory  of  the  United  States ; 
probably  none  as  good.  In  spealdng  thus  of  Asheville 
as  a  winter  resort  for  cases  of  pulmonary  phthisis,  the 
writer  would  be  understood  as  referring  chiefly  to  the 
natural  and  climatic  advantages  of  the  place.  Concern- 
ing the  degree  of  comfort  in  the  all-important  matters  of 
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food  and  lodging  possessed  by  the  hotels  and  boarding- 
houses  now  existing  at  Asheville  and  in  its  neighborhood, 
he  is  unable  to  speak  from  personal  experience,  and  Is 
not  in  possession  of  thoroughly  full  and  reliable  informa- 
tion on  this  point.  During  the  existence  at  Asheville  of 
the  American  Mountain  Sanitarium  for  Consumption, 
there  is  good  testimony  to  show  that  proper  accommo- 
dation in  these  respects  did  exist.  Before  the  establish- 
ment of  this  excellent  institution,  in  June,  1875,  it  is  cer- 
tain that  •  such  essential  facilities  for  the  treatment  of 
invalids  did  not  exist.  The  removal  to  New  York  City 
of  its  founder  and  manager.  Dr.  W.  J.  Gleitsmann, 
caused  the  abandonment  of  this  sanitarium  in  1880. 

That  proper  accommodations  exist  to-day  in  at  least  some 
of  the  hotels  and  boarding-houses,  would  seem  to  the  writer 
to  be  a  probable  thing  ;  but,  as  already  stated,  he  has  no 
definite  knowledge  upon  this  point,  and  would  therefore 
beg  to  refer  all  readers  to  guide-books,  and  to  the  personal 
experience  of  friends,  for  precise  information  of  this  kind. 
Daring  its  limitf  d  term  of  existence  the  results  obtained 
at  the  Sanitarium  of  Dr.  Gleitsmann  were  certainly  both 
encouraging  and  creditable  to  the  institution ;  and  It  would 
»eem  most  desirable  that  the  project  of  re-establishing 
such  an  institution,  modelled  upon  the  pattern  of  the  cele- 
brated sanitaria  and  "  Kurhatiser"  of  Europe,  and  under 
proper  management  (as  was  the  establishment  above  re- 
ferred to),  should  be  renewed.* 

Concerning  the  immunity  from  pulmonary  phthisis 
enjoyed  by  native  inhabitants  of  the  Western  North  Caro- 
lina district,  the  following  testimony  is  presented.  In  the 
pamphlet  numbered  (4)  m  the  appended  foot-note.  Dr. 

*  For  more  detailed  accounts  of  this  inBtitution  and  of  the  results  there- 
in attained  in  the  treatment  of  patients,  as  well  as  for  much  interesting 
information  concerning  the  climate,  etc.,  of  Asheville,  the  reader  is  re- 
ferred to  the  following  pamphlets :  (1)  **  Western  North  Carolina  as  a 
Health  Besort,"  by  W.  Gleitsmann,  M.D.,  1876.  (8)  "  The  Climatother- 
apy  of,  and  the  American  Mountain  Sanitarium  for,  Consumption,"  by 
Stanford  E.  Ohaille,  A.M.,  M.D.,  18TR.  (3)  "Biennial  Beport  of  the 
Mountain  Sanitarium  for  Pulmonary  Dia<eaBes,"  1877,  by  Dr.  G-leitsmann. 
(4)  "The  American  Mountain  Sanitarium  for  Consumption  at  Ashe- 
ville, H.  C,"  by  Dr.  Chains,  1878.  All  these  four  pamphlets  were  issued 
by  the  press  of  Sherwood  Si  Co.,  Baltimore.  Md.,  three  of  them  being  re- 
prints of  articles  which  had  appeared  in  medical  journals. 


Chains  says  (p.  6)  :  "My  direct  evidence  as  a  practising 
physician  is  limited  to  the  neighborhood  of  the  Warm 
Springs,  on  the  French  Broad  River,  and  some  nine 
hundred  feet  lower  than  Asheville  ;  though  often  consulted 
by  the  resident  population,  I  have  never  seen  but  one  case 
of  consumption — this  in  a  mulattress,  not  a  native  of  this 
section.  My  hearsay  evidence  is  more  extensive,  yet  I 
have  never  heard  of  but  two  other  deaths  by  consumption 
in  this  neighborhood ;  these  were  of  a  young  brother  and 
sister,  in  whom  the  disease  was  said  to  be  hereditary,  and 
whose  family  had  not  been  long  resident  in  this  region. 
I  have  made  repeated  mountain  excursions  in  all  airec- 
tions  from  Asheville ;  everywhere  I  was  assured  of  the 
comparative  immunity  from  consumption  of  all  this  sec- 
tion, and  in  most  places  my  informants  denied  that  the 
native  residents  ever  died  of  the  disease." 

Dr.  Chaille's  testimony  is  of  especial  value  because,  as 
he  tells  us  in  this  same  pamphlet,  he  had  passed  from 
three  to  five  months  annually  in  this  region  during  the 
four  years,  1873,  '75,  '76,  '77.  In  pamphlet  numbered 
(1)  in  the  foot-note.  Dr.  Gleitsmann  tells  us  that  "malaria 
and  its  consequences  are  unknown  here  (viz. ,  at  Asheville), 
and  a  recovery  from  its  manifold  sequelae  can  safely  be 
expected."  As  to  the  particular  class  of  consumptives  for 
whom  a  residence  in  this  high-lying  mountain  region  is 
especially  to  be  recommended,  the  reader  may  be  referred 
for  more  speciiic  information  to  the  articles  on  "  Con- 
sumption, Climatic  Relations  of,"  and  to  the  general 
articles  on  ' '  Climate  "  and  on ' '  Health  Resorts,"  etc. ,  etc. , 
to  be  found  in  this  Handbook.  Those  who  will  be 
likely  to  derive  most  benefit,  or  even  a  complete  cure  of 
their  disease,  from  a  sojourn  in  the  mountains  of  North 
Carolina,  will  be  such  patients  as  show  only  commencing 
lesions  of  phthisis,  and  those  whose  strength  will  there- 
fore admit  of  their  taking  an  abundance  of  exercise  in  the 
open  air ;  finally,  those  whose  patience  and  perseverance 
will  induce  them  to  stay  for  the  longest  period  of  time 
consecutively  in  the  pure  and  bracing  air  of  the  mountain 
countiy. 

The  two  following  tables,  lettered  respectively  A  and 
B,  will  be  found  to  contain  many  useful  and  interesting 


TABLE   A. 


Obaervatiom  of  Climate  of  Asheville,  2^.  0.,  2,250  feet  above  sea-level,  North  Lat.  35°  37',  West  Long.  82°  39', /w  a  period 
of  from  two  to  thirteen  years,  hy  Dr.  J.  W.  Gleitsmann,  New  York. 


Observations, 


Jan. 

Feb. 

Mch. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

Year. 

37.70 

39.40 

4S.50 

53.90 

61.70 

68.80 

72.60 

70.60 

ft3.70 

63.60 

44.60 

37.80 

54.10 

44.27 
27.64 
69.20 
-6 
67.13 

46.08 
29.92 
71.50 
14.00 
64.97 

60.68 
39.63 
74.50 
12.00 
59.61 

64.60 
44.78 
78,10 
23.00 
62.13 

73.37 
60.61 
85.00 
32.00 
68.67 

78.73 
67.97 
88.00 
45.00 
76.26 

84.64 
66.66 
94.00 
53.00 
78.56 

79.71 
63.29 
89.80 
60.00 
80.13 

73.72 
64.65 
83.20 
35.60 
79.96 

66.93 
61.05 
83.00 
21.00 

71.87 

64.25 
36.12 
74.00 
13.00 
66.38 

44.74 
30.79 
66.00 
4.60 
71.92 

64.30 
46.98 
94.00 
-6 
70.32 

2.63 

3.69 

4.30 

3.43 

3.50 

4.21 

4.88 

4.62 

2.32 

3.05 

2.90 

3.03 

42.55 

17 

16 

25 

20 

29 

23 

21 

20 

23 

25 

23 

18 

259 

Bemarks. 


Mean  Temperatnre 

*Mean  maximum  temperature 
*Mean  minimum  temperature. 
•Abso.  maximum  temperature 
*AbBo.  minimum  temperature 
Mean  relative  humidity 

Average  rainfall 

No.  of  fair  and  clear  days  .... 


Observations  of   13  year  ■• 

(1867-1879). 
I  Observations  of  3  yearn 
J"     (1878-1879). 
I  Observationa  ol  4  years 
i"     (1876-1879). 
Observations   of  4   year.s 

(1876-1879). 
Observations  of  11  years 

(1869-1879). 
Observations   of   2   years 
(1878  and  1879). 


*  All  maxima  and  minima  temperatures  were  taken  by  self -registering  instruments. 


TABLE    B. 

Observations  of  Climate  of  AsTtemlle,  N,  t7.,  additional  to  such  sent  Jamiary  31,  1885,  hy  Dr.  J.  W.  Gleitsmann, 


Hange  of  Temperature. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

Mean  monthly 

15.25 
50.00 
15.81 
26.50 
18.01 
68.30 
18.03 
37.00 

14.62 
41.50 
14.62 
30.00 
17.69 
50.50 
17.40 
32.50 

20.27 
43.50 
19.58 
33.60 

22.04 
45.20 
20.76 
36.00 

18.20 
42.10 
18.16 
31.20 
21.45 
53.50 

* 

* 

20.36 
46.70 
20.36 
.35  60 
25.03 
63.00 
25.03 
38.00 

20.07 
40.70 
20.17 
36.00 
21.43 
43.00 

18.90 
30.70 
18.50 
S4.70 
19.27 
41.00 

* 

* 

16.30 
27.80 
16.23 
26.10 
16.54 
36.00 

17.06 
37.20 
16.91 
28.00 
21.28 
44.50 

* 

17.00 
47.00 

* 

* 
14.76 
51.00 

« 

• 

19.00 
39.00 

* 

17.26 
58.20 

* 

8.00 
46.00 
* 
« 
19.99 
54.00 

« 

17.08 
60.00 

19.5B 

68.30 

Absolute  monthlv 

1 1878. 

MeandaUy... 

Absolute  daily . . . 

Mean  monthly. . . 

Absolute  monthly 

Mean  daily . 

AbsolatedaUy '     ;"  "....'. 

*  Calculations  not  made. 
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data  of  the  Ashcville  climate.  Table  A  was  kindly  sent 
to  me  on  January  31,  1885,  by  Dr.  Gleitsmann,  m  reply  to 
a  letter  of  inquiry  addressed  to  him  a  short  time  previ- 
ously. '  In  his  letter  accompanying  this  table.  Dr.  Gleits- 
mann apologizes  for  the  incompleteness  of  the  data  pre- 
sented, explaining  that,  owing  to  his  removal  from 
Asheville  to  this  city,  and  to  the  shortness  of  the  interval 
allowed  for  preparation  of  the  table,  the  figures  necessary 
to  render  the  latter  fuller  and  more  complete  were  not  at 
his  command. 

The  second  table  (lettered  B)  was  sent  me  by  Dr. 
Gleitsmann  on  February  15,  1885.  For  the  incomplete- 
ness of  this  table  also  the  doctor  apologizes  in  his  letter  of 
the  latter  date.  His  full  records  having  been  left  at 
Asheville,  he  was  able  to  present  only  partial  data  for 
both  tables ;  but,  incomplete  as  these  data  are,  they  are, 
nevertheless,  far  less  so  than  are  the  figures  frequently  to 
be  found  appended  to  articles  on  similar  places  of  resort, 
and  the  figures  of  the  second  table  in  particular  are  most 
valuable  as  bearing  testimony  to  the  comparative  equa- 
bility of  the  Asheville  climate.  For  the  pains  he  has 
taken  in  the  preparation  of  these  charts,  and  for  the  loan 
of  the  four  pamphlets  already  alluded  to,  as  well  as  for 
other  valuable  information  contained  in  his  letters, 
written  in  reply  to  inquiries  made  by  the  vpriter  of  the 
present  article,  the  latter  desires  to 'express  his  cordial 
thanks  to  Dr.  Gleitsmann. 

In  the  pamphlet  numbered  (3)  in  the  foot-note  of  this 
article,  the  following  statement  is  made  by  Dr.  Gleits- 
mann •  "  The  temperature  in  winter  (at  Asheville)  rises 
during  mid-day,  with  few  exceptions,  to  50°,  and  over, 
and  in  sheltered  places,  with  southern  exposure,  where 
patients  congregate,  to  70°  and  80°  in  the  sun.  The 
greater  number  of  days  in  winter  have  clear  and  bright 
sunshine,  and  insolation  being  notoriously  more  powerful 
in  the  highlands  than  in  the  lowlands,  makes  out-door 
life  all  the  more  pleasant.  The  beauty  of  these  bright, 
cloudless  days,  and  their  bracing  and  tonic  influence  on 
invalids,  can  only  be  realized  by  actual  experience." 

A  table  showing  the  diurnal  range  of  temperature  at 
Asheville  during  the  two  years,  1873  and  1874,  and  its 
comparison  with  the  same  climatic  factor,  as  existing  at 
several  of  the  Rocky  Mountain  Signal  Service  Stations, 
will  be  found  of  interest  to  the  reader.  Two  of  the  four 
Rocky  Mountain  stations  are  health  resorts  of  consider- 
able celebrity,  and,  as  might  be  expected  from  its  much 
lower  elevation,  and,  in  part,  from  its  lower  latitude,  the 
diurnal  range  at  Asheville  is  observed  to  be  very  consid- 
erably less  than  at  either  of  those  two  places.  The  fol- 
lowing statement  is  from  a  foot-note  at  the  bottom  of  page 
11  of  the  pamphlet  numbered  (2)  in  the  foot-note  accom- 
panying this  article : 

"  Mean  temperature  of  spring,  53.49° ;  summer,  70  73°  • 
autumn,  53.48°  ;  winter,  37.87  ." 

These  figures  were  taken  from  a  summary  of  observa- 
tions on  the  temperature  and  rainfall  of  Asheville,  made 
by  E.  J.  Aston,  Esq.,  and  covering  a  period  of  observa- 
tion extending  over  eight  years  (1867-1875).  The  same 
foot-note  goes  on  to  say  that  Asheville,  "  situated  at  about 
35°  80'  latitude,  has  the  summer  temperature  of  St.  Paul, 
Minn.,  45°,  and  the  winter  temperature  of  Fayetteville, 
Ark.,  36°  of  latitude."  Concerning  the  annual  rainfall 
of  Asheville,  Dr.  Gleitsmann  remarks,  in  one  of  his 
pamphlets,  that  it  is  considerably  less  than  that  of  the 
region  of  Western  North  Carolina,  taken  as  a  whole,  and 
less  than  that  of  any  other  of  the  eighteen  stations  exist- 
ing throughout  the  State,  with  the  single  exception  of 
Greensboro.  These  figures  for  the  rainfall  are  quoted  by 
Dr.  Gleitsmann  from  a  report  of  Professor  W.  C.  Kerr, 
State  Geologist  of  North  Carolina,  which  gives  the  result 
of  several  years  of  observations.  "With  reference  to  the 
prevalence  of  snow  in  the  neighborhood,  the  following 
statement  is  quoted  from  a  pamphlet  by  the  late  Dr.  H. 
P.  Gatchell,  of  Asheville:  "The  snow  seldom  remains 
many  days  at  a  time,  even  on  the  highest  mountains,  and 
Its  stay  in  the  valleys  can  generally  be  measured  bv 
hours."  =  .-  J 

The  soil  of  Asheville  is  "  mostly  red  clay,  In  some  parts 
sand,  but  m  spite  of  deep  mud,  at  times,  dries  rapidly." 
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(Letter  from  Dr.  Gleitsmann,  dated  February  15,  1885.\ 
"A  year  or  so  ago  the  town  had  water  (free-stone) 
brought  from  the  mountains,  and  pipes  laid  on  the  prin- 
cipal  streets,  which  also  are  paved  and  provided  with 
sidewalks  "  {Ibid.).  In  a  subsequent  letter  from  the  doc- 
tor, in  reply  to  an  inquiry  respecting  the  drainage  of 
Asheville,  he  says :  "I  did  not  say  anything  about 
drainage,  as  there  was  none  when  I  was  there,  and  proba- 
bly never  will  be  an  artificial  one,  the  tpwn  and  whole 
surrounding  country  being  Tiilly."  This  absence  of  arti- 
ficial drainage  is  what  might  be  expected  in  a  place  of  so 
few  inhabitants  as  Asheville  ;  and,  in  view  of  the  fact 
that  the  supply  of  drinking-water  comes  through  pipes 
and  from*  a  distance,  such  absence  is  of  course  much  less 
to  be  regretted  than  it  would  be  in  case  the  water  were  de- 
rivable only  from  wells  or  from  some  neighboring  streams. 
Finally,  it  is  worthy  of  mention  that  schools  exist  at 
Asheville  for  the  education  of  the  children  of  such  fam- 
ilies as  may  desire  to  make  the  town  a  place  of  residence 
for  any  considerable  length  of  time ;  that  good  hunting  and 
fishing  are  to  be  found  at  points  some  ten  or  fifteen  miles 
distant  from  the  town  ;  and  that,  as  might  be  expected  in 
such  a  region,  many  interesting  excursions  may  be  made 
to  places,  both  distant  and  near,  and  lying  in  every  direc- 
tion about  the  town. 

Many  other  points  of  great  beauty  exist  throughout  tho 
whole  mountain  district  of  North  Carolina,  for  accounts 
of  which  the  reader  must  be  referred  to  the  guide-books 
of  this  region.  Some  of  these  places  are,  doubtless,  quite 
as  favorably  situated  for  purposes  of  health-seeking,  as 
well  as  for  pleasure-seeking,  as  is  Asheville  itself ;  but 
their  development  under  the  former  aspect  is  as  yet  in  its 
infancy.  An  account  of  the  Warm  Springs  of  Western 
North  Carolina  will  be  found  in  its  appropriate  place  in 
the  Handbook,  and  does  not  belong  (as  neither  do  refer- 
ences to  other  less  widely  known  mineral  springs  of  this 
region)  in  an  article  dealing  exclusively  with  the  purely 
climatic  features  of  these  mountain  resorts.  In  conclu- 
sion, the  following  figures,  deduced  from  the  tables  of 
the  United  States  Census  for  1880,  may  be  of  interest  to 
the  reader,  tending  as  they  do  to  support  what  has  al- 
ready elsewhere  been  claimed  for  the  immunity  from  pul- 
monary phthisis  enjoyed  by  native  residents  of  the  west- 
ern part  of  this  State. 

In  the  Mortality  Tables  of  the  Tenth  Census  (1880),  the 
whole  State  of  North  Carolina  is  divided  into  three  groups 
of  counties.  Of  these  three  groups,  the  last,  or  Group 
3,  contains  the  twenty-four  counties  lying  among,  or  in 
close  proximity  to  the  great  mountain  chains  already  de- 
scribed ;  sixteen  of  these  twenty-four  counties  are  those 
lying  actually  within  the  limits  of  the  great  Appalachian 
plateau.  The  total  population  of  these  twenty -four  coun- 
ties in  1880  was  334,881 ;  that  of  all  the  other  counties  of 
the  State,  taken  collectively,  was  1,164,869.  The  mor- 
tality from  pulmonary  phthisis  occurring  during  the  cen- 
sus year  in  the  third  or  mountain  group  of  counties  was 
351 ;  or  10.6  for  every  10,000  of  population.  Through- 
out the  other  counties  of  the  State,  hailing,  as  just  stated, 
a  total  population  of  1,164,869  souls,  the  mortality  from 
pulmonary  phthisis  during  the  census  year  was  1,879 ;  or, 
in  other  words,  16.1  for  every  10,000  of  population;  a 
number  not  large  in  itself,  but  yet  more  than  fifty  per  cent, 
larger  than  the  coiTesponding  figure  for  the  higher-lying 
and  more  sparsely  settled  portion  of  the  State  comprised 
in  the  twenty-four  counties  constituting  Group  3. 

Huntington  Ritliards. 

A  S  K  E  R  N .  A  sulphurous  spa  near  Doncaster,  England, 
frequented  since  the  beginning  of  the  eijthteenth  century. 
Total  solids,  3.376  in  1,000  parts,  chiefly  sulphates  of 
magnesium  and  calcium,  with  chloride  of  sodium.  The 
water  used  in  the  baths  is  diluted.  The  place  is  much 
frequented  during  the  summer  months.  The  indications 
for  the  use  of  Askern  waters  are  rheumatism  and  skin 
affections.  H.  F. 

ASPARAGUS  (Asperge,  Codex  Med.).  The  common 
garden  asparagus  (A.  officinalis  Linn.) ;  Order,  Miami^l 
will  hardly  be  made  more  familiar  by  description.    It  is 
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a  native  of  Europe,  and  cultivated  everywhere.  Both 
the  underground  portion  and  stems  are  official  in  France. 

Asparagus  Root,  as  it  is  generally,  hut  not  properly, 
called,  consists  of  a  fleshy,  scaly,  much-hranched  rhizome. 
The  dried  rhizome  is  as  thick  as  the  finger,  somewhat 
compressed,  tortuous,  hrown,  with  numerous  scars  of 
stems  on  the  upper  side,  and  yellowish-white  fibrous  roots 
below.  Taste  insipid,  mucilaginous,  sweetish ;  odor, 
none.    It  should  be  gathered  in  the  autumn. 

"Asparagas  Root"  contains  resin,  glucose,  dextrin, 
bitter,  extractive,  and  other  simple  constituents,  but  no 
aspa/ragin.  The  fresh  sprouts  are  also  considered  to  be  a 
medicine,  and  have,  in  addition  to  the  simple  substances 
mentioned  as  in  the  root,  the  interesting  compound  as- 
paragin,  discovered  in  1805  by  Vauquelin  and  Robiques. 

As  a  medicine  asparagus  is  of  litftle  use.  Its  property  of 
modifying  the  odor  of  the  urine  is  known  to  every  one. 
It  may  increase  the  urine,  but  does  not  do  so  always.  It 
appears  to  make  it  slightly  irritating,  and  to  prompt  to 
more  frequent  micturition.  In  large  doses  it  has  been 
compared,  in  its  effects  upon  the  heart,  to  digitalis,  but  is 
never  now  used  with  this  in  mind.  Pure  asparagin  does 
not  appear  to  entirely  represent  asparagus,  since  the  root 
is  also  used,  which  has  none  of  the  glucoside  in  it.  Dose, 
indefinite.  The  French  Codex  gives  a  syrup,  consisting 
of  the  fresh  juice,  1,000  grams,  and  sugar,  1,800,  the  dose 
of  which  is  from  ten  to  twenty  grams  (  J  ijss.  ad  3  v.) 
and  a  tisane  (infusion)  of  the  root,  strength  -jit;. 

Allied  Plants. — Asparagus  is  the  type  genus  of  a 
tribe  of  Liliaceee  (Asparaginem),  whose  most  obvious  char- 
acteristic is  in  having  the  leaves  reduced  to  scales,  while 
from  their  axils  develop  small  filiform  branches,  taking  the 
place  of,  and  usually  regarded  as,  leaves.  The  genus 
comprises  one  hundred  species,  chiefly  European  and 
Asiatic.  One  or  two  species  of  Ruscus  have  been  used. 
For  notice  of  Liliaceee  see  Squill. 

Allied  Drugs. — See  Couch  Grass  ;  for  Asparagin 
see  Marshmallow.  '  W.  P.  Bolles. 

ASPERMATISM  is  that  condition  in  which  sexual  in- 
tercourse is'  not  accompanied  by  an  ejaculation  of  semen, 
either  because  that  fluid  does  not  enter  the  urethra,  or 
because  its  expulsion  is  prevented  by  some  obstacle  in  the 
urethra  anterior  to  the  prostate  gland.  (See  Sterility  in 
the  Male.) 

ASPHYXIA  (a,  privative,  a(pi^ts,  a  pulse).  Diminu- 
tion or  suspension  of  hsematosis  and  of  the  respiratory 
function  from  some  hindrance  to  the  entrance  of  air  into 
the  lungs. 

The  term  in  its  literal  acceptation  applied,  in  days  gone 
by,  to  every  state  of  a]^parent  or  real  death  in  which  there 
is  a  primitive  absence  of  pulse  and  cessation  of  beating 
of  the  heart.  Not  knowing  the  composition  of  atmos- 
pheric air,  and  the  chemical  phenomena  of  respiration, 
the  ancients  were  unacquainted  with  the  theory  of  respi- 
ration as  at  present  understood,  and  for  a  long  time  as- 
phyxia had  no  other  meaning  than  that  of  pulselessness. 
To  the  end  of  the  last  century  this  opinion  is  met  with  in 
the  greater  part  of  the  old  authors,  who  considered  the 
heart  as  the  promoter  and  great  regulator  of  vital  phe- 
nomena, and  naturally  attributed  their  suspension  to  ar- 
rest of  its  functions.  Since  the  action  of  the  heart  con- 
tinues in  asphyxia  after  the  cessation  of  all  other  vital 
phenomena,  it  is  evident  that  the  word  asphyxia  is  an  im- 
proper expression  for  a  chemico-vital  phenomenon  in 
which  the  animal  is  said  to  be  neither  living  nor  dead. 

To  get  a  just  idea  of  asphyxia  the  etymology  of  the 
word  must  be  completely  forgotten.  Being  now  turned 
from  its  primitive  sense  it  has,  in  medical  technology, 
and  even  in  common  language,  quite  a  different  significa- 
hon,  experiments  having  shown  that  the  physiological 
fact  qualified  summarily  under  the  name  of  asphyxia, 
■"l^y  1*6  the  consequence  of  several  pathological  states,  or 
of  distinct  functional  troubles.  Broadly  speaking,  there 
will  be  asphyxia  when  any  obstacle  whatever  hinders  air 
from  penetrating  the  pulmonary  vesicles,  or  when  the 
fluid  that  penetrates  them  is  of  any  other  nature  than  the 
medium  in  which  the  animal  is  destined  to  live.     Conse- 


quently the  name  asphyxia  is  applied  generically  to  all  ac- 
cidental conditions  in  which  life  is  threatened  by  any  in- 
terception whatever  of  the  respiration. 

Many  writers,  in  objecting  to  the  term,  have  advised 
its  abolishment  from  medicine,  and  seemingly  with  good 
reason,  since  asphyxia  may  be  confounded  with  apncea, 
suffocation,  syncope,  shock,  dyspncea,  and  other  disor- 
ders of  respiration,  and  with  suspended  animation  from 
various  causes.  On  the  other  hand,  it  is  argued  that  it  is 
preferable  to  retain  this  name  rather  than  coin  a  new  one, 
which,  in  its  turn,  may  be  inadequate  to  explain  phe- 
nomena that  may  subsequently  be  revealed  by  science. 
So  the  old  name  remains  as  one  of  those  bad  scientific  ex- 
pressions that  ancient  medicine  has  bequeathed  to  modern 
physiology,  and  under  the  title  are  grouped  many  acci- 
dents or  diseases  that  have  no  other  relations  between 
themselves  than  a  gradual  lowering  of  the  hsematosis,  of 
the  pulse,  of  the  temperature,  and  of  sensibility  and  mo- 
tion. 

By  analogy  the  tei-m  has  been  extended  to  the  withered 
condition  found  in  vegetable  life,  and  we  speak  of  flow- 
ers perishing  by  asphyxia.  Such  figurative  expressions  as 
intellectual  asphyxia  and  political  asphyxia,  are  hardly 
open  to  the  scientific  objections  that  obtain  in  a  physio- 
logical sense. 

To  get  a  clear  ilotion  of  asphyxia  it  is  necessary  to 
mention  several  conditions  that  resemble  or  complicate  it, 
but  do  not  constitute  asphyxia.  Apncea  is  physiologically 
opposite  to  asphyxia,  since  the  stoppage  of  respiration 
is  owing  to  the  saturation  of  the  blood  with  oxygep. 
Poisoning  by  toxic  vapors,  the  fumes  of  sulphuric  acid, 
chloroform,  mephitic  gases  in  general,  and  more  espe- 
cially the  gas  produced  by  burning  charcoal,  do  not  occa- 
sion asphyxia,  but  a  true  poisoning,  resembling  narcotic 
poisoning,  in  which  the  oxygenation  of  the  blood  has  no 
lecognized  part.  Of  the  toxic  gases,  the  disastrous  in- 
halation of  which  is  erroneously  attributed  to  asphyxia, 
an  exception  must  be  made  in  favor  of  oxide  of  carbon. 
It  is  demonstrated  that  this  gas  acts  by  paralyzing  the 
blood-globules,  and  by  obstructing  the  gaseous  exchanges 
of  which  they  are  the  agents.  Between  poisoning  by  the 
inhalation  of  toxic  vapors  and  asphyxia  there  is  this 
capital  difference  :  in  the  pretended  asphyxias  the  hsema- 
tosis continues,  in  real  asphyxia  hsematosis  ceases.  As- 
phyxiation by  lightning  and  by  vacuum,  being  of  no  prac- 
tical interest,  cannot  be  touched  upon ;  and  the  complex 
state  in  which  phenomena  analogous  to  asphyxia  are 
thought  to  occur  in  the  foetus,  from  impeded  circulation 
of  the  placenta,  does  not  appear  to  call  for  special  men- 
tion in  connection  with  our  subject.  Infantile  asphyxia, 
or  the  apparent  death  of  the  new-bom,  is  a  distinct  mor- 
bid condition  brought  on  by  a  cerebral  congestion,  or  by 
a  syncopal  state,  and  will  be  studied  elsewhere.  The 
term  local  asphyxia  is  rather  a  bold  innovation  that  has 
been  applied  to  certain  forms  of  symmetrical  gangrene  of 
the  extremities,  supposed  to  be  caused  by  the  privation  of 
oxygen,  but  in  reality  owing  to  embolic  arrest  of  circula- 
tion in  the  parts  affected.  Secondary  asphyxia  may  occur 
after  drowning,  or  other  cause  of  asphyxia.  The  indi- 
vidual having  recovered  from  the  primary  effects  of  the 
asphyxia,  dies  suddenly,  without  apparent  cause,  after  a 
lapse  of  a  few  minutes  or  several  days.  Such  cases  are 
explained  as  the  secondary  results  of  the  arrested  inter- 
stitial nutrition  that  took  place  during  the  period  while 
breathing  was  temporarily  arrested. 

Interruption  or  suspension  of  the  respiratory  phenom- 
ena may  be  influenced  by  diverse  circumstances.  It  is 
a  matter  of  common  experience  that  nervous  impulses 
from  without  act  upon  the  respiratory  centre  in  various 
ways.  Cold  water  dashed  on  the  skin  affects  the  breath- 
ing, and  of  all  the  apsychical  nerve-centres,  the  one  that 
controls  respiratory  events  is,  perhaps,  most  frequently 
and  deeply  affected  by  the  action  of  the  will  and  the 
emotions.  When  pulmonary  absorption  ceases,  that  is  to 
say,  when  oxygen  is  diminished,  and  carbon  dioxide  is 
stored  up  in  the  blood  and  in  the  tissues,  the  rhythm  and 
character  of  the  respiration  become  changed  by  the  ve- 
nous blood  mixture  affecting  the  inhibitory  nerves  of  the 
heart  and  the  medulla  oblongata,  labored  respiration  fol- 
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lows,  and  this,  in  turn,  gives  place  to  dyspnoea,  wliich 
merges  into  aspliyxia,  and  a  fatal  termination  ensues  un- 
less some  restorative  event  occurs. 

Many  of  the  modifications  that  occur  in  asphyxia  have 
been  noted  in  physiological  experiments.  The  blood  of 
an  asphyxiated  animal  resists  slow  combustion  and  putre- 
faction ;  when  the  venous  blood  enters  the  deep  tissues  of 
the  organs  suppression  of  the  urinary  and  other  secre- 
tions follows ;  the  glycogenic  function  of  the  liver  is 
interfered  with,  and  if  the  asphyxiation  be  sufliciently 
slow,  the  temperature  is  lowered.  An  excess  of  carbon 
dioxide  in  the  blood  excites  powerful  respiratory  move- 
ments ;  while  hyperoxygenation,  or  saturation  of  the 
blood,  with  oxygen,  checks  the  respiratory  movements. 
Hearts  of  frogs,  plunged  in  carbon  dioxide,  stop  beating 
in  about  ten  minutes,'  but  continue  to  contract  during 
more  than  three  hours  in  air,  and  at  least  an  hour  in  ni- 
trogen gas.  Hearts  of  new-born  rats  placed  in  tepid 
water,  saturated  with  carbon  dioxide,  and  others  in  or- 
dinary water  of  the  same  temperature,  show  that  those 
placed  in  the  carbonized  water  beat  much  quicker  than 
the  others.  It  is  demonstrated  that  the  contractile  power 
of  the  heart  is  preserved  much  longer  in  oxygen  than  in 
carbon  dioxide.  There  is  also  a  loss  of  muscular  con- 
tractility, notably  in  the  muscles  that  control  defecation 
and  micturition,  and  in  females  near  the  full  term  of 
pregnancy  the  foetus  is  expelled.  The  pupils,  at  first 
contracted  then  dilated  to  the  maximum,  offer  in  the 
fibres  of  the  iris  a  phenomenon  of  the  same  order  ;  the  ex- 
pansion in  this  instance  being  consequent  upon  the  irri- 
tation of  the  centre  in  the  medulla  governing  the  action 
of  the  pupil.  In  the  diminished  respiration  from  defi- 
ciency of  oxygen  lies  the  true  cause  of  dyspnoea  and 
asphyxia.  No  animal  can  maintain  the  respiratory  pro- 
cess m  an  atmosphere  devoid  of  oxygen,  or  in  one  that 
does  not  contain,  at  least,  ten  per  cent,  of  this  gas,  and 
such  quadrupeds  as  whales,  hippopotami,  and  seals,  or 
the  pygopodous  birds  would  drown  in  the  same  manner 
as  a  dog  if  kept  submerged  long  enough.  It  is  mainly  by 
virtue  of  the  arterial  plexus,  known  as  the  reie  miribilia, 
which  stores  up  a  supplementary  supply  of  oxygenated 
blood,  that  these  animals  are  enabled  to  remain  so  long 
submerged  and  resist  asphyxiation.  Absence  of  the  res- 
piratory murmur  in  the  chest,  and  abundance  of  mucous 
rales  in  the  bronchi,  always  accompany  asphyxia.  Dim- 
inution of  sensibility  also  comes  on  gradually,  and  fol- 
lowing an  ascending  and  centripetal  march,  appears  last 
in  the  cornea.  Progressive  anaesthesia  measures  the  de- 
gree of  asphyxia,  and  absolute  general  insensibility  indi- 
cates complete  asphyxia.  After  all  other  movements 
have  ceased  the  heart  continues  to  beat,  and  finally  stops 
in  a  state  of  diastole. 

Asphyxia  is  one  of  the  most  frequent  of  the  immediate 
causes  of  death.  It  may  result  from  any  of  the  causes 
that  hinder  respiration.  These  causes  may  arise  from 
circumstances  inherent  to  the  individual,  or  they  may  be 
exterior  to  him.  Asphyxia  being  brought  about  by  the 
circulation  of  non-oxygenated  blood  in  the  lungs  and  the 
respiratory  centre  in  the  medulla  oblongata,  may  be  pro- 
duced by  any  cause  that  tends  to  oxygen  starvation,  and 
the  accumulation  of  carbon  dioxide  in  the  blood.  Arrest 
of  the  thoracic  movements  and  hindrance  of  tsematosis 
may  sometimes  be  produced  by  the  thoracic  spasms  of 
epilepsy,  tetanus,  eclampsia,  hydrophobia,  convulsive 
asthma,  the  paralysis  of  the  diaphragm,  or  of  the  thoracic 
walls  in  spinal  or  diphtheritic  affections ;  by  hsemorrhage 
at  the  base  of  the  brain  or  in  the  medulla  oblongata,  or 
in  poisoning  by  woorara,  and  by  the  slow  and  gradual  fee- 
bleness which  precedes  and  leads  to  death  at  the  end  of 
all  diseases. 

Mechanical  obstacles  to  respiration  often  bring  on 
cyanosis  and  anaesthesia,  resulting  in  arrested  hamatosis. 
Special  instances  occur  in  the  case  of  arrest  of  respiration 
by  a  foreign  body  in  the  larynx,  or  by  a  polypus,  by 
oedema  of  the  glottis,  by  an  abscess  of  the  pharynx  or  of 
the  tonsils,  by  a  goitre  compressing  the  trachea,  by  an 
accumulation  of  mucus  in  the  trachea  in  capillary  bron- 
chitis, by  an  extensive  pneumonia,  by  a  considerable  hy- 
drothorax,  by   strangulation,  by  intestinal   pneumatosis 
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compressing  the  diaphragm  into  the  thoracic  cavity,  by 
pressure  on  the  chest,  not  capable  of  being  overcome  by 
respiratory  efforts,  such  as  the  falling  in  of  earth,  being 
crushed  in  a  crowd,  or  by  the  accident  of  overlying  that 
often  happens  to  young  children,  and  by  changes  in  the 
pressure  of  the  air  breathed,  no  matter  whether  this  be  a 
gradual  diminution,  a  sudden  diminution,  or  an  increase. 
Asphyxia  may  also  result  from  traumatic  cause,  as  injury 
to  the  spinal  cord  or  the  base  of  the  brain ;  a  double 
wound  of  the  chest  admitting  air,  an  opening  of  the  dia- 
phragm permitting  the  passage  of  the  abdominal  organs 
into  the  thorax,  and  from  haemorrhage. 

In  the  foregoing  instances  the  air  surrounding  the  indi- 
vidual does  not  present  any  alteration,  the  inspiratory 
efforts  produce  still  some  effect,  but  this  effect  is  insuf- 
ficient to  preserve  life. 

Submersion  in  any  liquid  medium  whatever  causes 
asphyxia,  and  it  may  be  caused  by  being  surrounded  by, 
a  medium  devoid  of  oxygen  and  improper  to  support  sul 
ficient  haematosis,  as  hydrogen,  nitrogen,  and  the  pro 
toxide  of  nitrogen,  gases  not  toxic,  properly  speaking, 
but  considered  irrespirable. 

The  three  typical  modes  of  asphyxia,  the  most  im- 
portant practically,  and  the  best  studied  in  theory,  occur 
in  strangulation,  submersion,  and  confinement. 

In  occlusion  of  the  air-passages  from  mechanical  im- 
pediment, such  as  garottin^,  throttling,  or  by  a  noose  or 
ligature,  death  results  essentially  from  asphyxia.  In  some 
cases  of  hanging  death  may  occur  from  asphyxia  in  com- 
bination with  coma,  the  conioint  causes  of  occlusion  ot 
the  air-passages  and  disturbance  of  the  cerebral  circula- 
tion giving  rise  to  the  condition  known  as  nejiro-paralysis. 
It  is  observed  in  a  general  manner  that  all  kinds  of  death 
caused  by  the  privation  of  respirable  air  have  between 
themselves  the  greatest  resemblance.  Whatever  be  the 
obstacle  that  intercepts  the  connection  of  the  lungs  with 
the  atmosphere,  the  apparent  differences  are  only  sec- 
ondary, and  the  essential  symptoms  are  identical,  because 
all  act  in  suppressing  the  functions  of  the  blood  and 
hsematosis.  In  fact,  the  phenomena  of  asphyxia  are  con- 
stant, and  related  to  disturbances  in  the  respiration,  inner- 
vation, and  circulation,  which  yary  according  as  the 
asphyxia  is  the  result  of  submersion  or  of  the  absence  of 
oxygen  in  the  surrounding  medium,  according  as  it  is 
immediate  or  slow.  The  fatal  result  of  asphyxia  is  owing 
to  the  introductory  arrest  of  the  pulmonary  circulation, 
the  capillaries  of  the  lungs  being  incapable  of  conveying 
venous  blood.  The  stagnation  of  the  blood  in  the  lungs 
is  followed  by  paresis  of  the  respiratory  centre  and  stop- 
page of  the  heart. 

It  is  doubtful  whether  life  be  ever  recalled  in  any  case 
after  stoppage  of  the  heart  following  on  asphyxia,  yet  the 
facts  of  suspended  animation  prevent  the  formulation  of 
precise  statements  in  this  regard.  Pigeons  apparently 
dead  from  the  effects  of  chloral  hydrate  recover,  and  fish 
frozen  for  a  considerable  time  can  be  resuscitated  by  im- 
mersion in  cold  water.  The  writer  has  seen  frozen  ter- 
rapins resuscitated  in  the  same  manner. 

Asphyxia,  though  not  always  the  mode  of  death  in 
those  submerged,  is  cominonly  present  in  a  certain  num- 
ber of  cases.  The  resistance  of  new  born  animals  to  this 
mode  of  asphyxiation  is  especially  noted  in  the  greater 
time  required  to  drown  ^  new-born  pup  than  an  adult 
dog.  One  minute  and  a  half  usually  suffices  to  drown  a 
dog,  while  a  new-born  pup  often  requires  as  much  as  fifty 
minutes.  This  great  difference  is  owing  to  the  less  active 
change  of  tissues,  and  the  smaller  consumption  of  oxygen 
in  the  young  animal,  The  more  active  the  vital  combus- 
tion, and  the  greater  the  demand  upon  the  general  store 
of  oxygen  in  the  blood,  the  quicker  the  young  animal 
perishes  when  the  respiration  is  obstructed. 

Accidents  owing  to  the  absence  of  respirable  air,  or  to 
confinement  in  places  where  the  air  is  not  renewed,  are  of 
common  occurrence.  Asphyxia  from  this  cause  is  less 
prompt  than  that  by  strangulation.  The  phenomena 
connect  and  follow  one  another.  Efforts  to  execute  the 
respiratory  function  are  soon  followed  by  head  troubles, 
with  nausea,  loss  of,  consciousness,  diminution  of  th« 
pulse,  and  insensibility  of  the  skin. 
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Although  no  warm-blooded  animal  can  live  in  any 
medium  not  containing  a  sufficient  mixture  of  oxygen, 
yet  animals  may  become  habituated  to  deteriorated  air, 
and  in  certain  conditions  of  suspended  animation  may 
live  with  impunity  In  a  vacuum,  and  even  in  a  medium 
charged  with  carbon  dioxide.  Rats  and  mice  live  in  air 
containing  but  one,  and  even  0;5  per  cent,  of  oxygen,  and 
carnivoni  and  birds  resist  death  in  an  atmosphere  where 
the  proportion  of  oxygen  will  barely  support  the  combus- 
tion of  a  candle.  There  is  also  a  tendency  in  the  new- 
horn  to  resist  asphyxia  from  confined  air.  Young  spar- 
rows without  feathers  have  been  known  to  live  twenty-four 
hours  in  a  space  where  the  adult  sparrow  died  in  two 
hours.  Marmots  in  a  state  of  hibernation  live  under  an 
exhausted  receiver,  but  die  when  awakened.  Cold- 
blooded animals  resist  longer  the  privation  of  atmospheric 
air,  as  can  be  fully  seen  in  the  case  of  frogs. 

It  is  sufficiently  demonstrated  that  death  in  confined  air 
is,  as  death  in  nitrogen,  by  simple  privation  of  oxygen. 
Death  from  asphyxia  may  also  occur  in  atmospheres  still 
rich  in  oxygen,  but  where  the  figure  of  carbon  dioxide  is 
too  high,  as  in  caves,  cellars,  and  the  like. 

The  important  facts  relating  to  the  cadaveric  lesion,  the 
treatment,  and  the  medico-legal  questions  likely  to  arise 
in  connection  with  asphyxia  will  be  found  under  other 
headings  with  their  proper  developments. 

Irving  C.  Basse. 

ASPIRATION.  In  a  paper  presented  to  the  French 
Academy  of  Medicine,  November  2,  1869,  Dr.  Georges 
Dieulafoy  brought  to  the  notice  of  the  profession  a  valu- 
able method  of  detecting  the  presence  of  fluids  in,  as  well 
as  of  removing  them  from,  various  parts  of  the  body. 
The  process  is  called  Pneumatic  Aspiration,  or  simply 
Aspiration.  Briefly  stated,  it  is  a  method  of  exploring 
diseased  parts  with  a  hollow  needle,  connected  with  a 
vacuum,  or,  as  it  is  called  by  the  inventor,  a  "  previous 
vacuum." 

Instruments. — While  several  different  patterns  of  as- 
pirator have  been  devised  and  recommended,  only  two 
require  notice  here,  as  they  com- 
prise the  principal  advantages  of 
each  of  the  others. 

The  Dieulafoy  Aspirator  (Fig. 
328*)  consists  of  a  glass  syringe 
holding  three  or  four  ounces,  and 
having  two  outlets  at  its  lower 
end,  each  of  which  has  a  stop- 
cock, B  B  ;  a  rubber  tube,  into 
which  is  let  a  glass  index,  E  ; 
and  four  needles  of  various  sizes. 
The  apparatus  is  used  as  follows : 
The  needle  having  been  con- 
nected with  the  syringe  by  means 
of  the  tube,  and  the  outlets  closed, 
the  piston  is  withdrawn  to  its  full 
extent,  and  secured  by  a  quarter 
turn.  The  needle  is  now  to  be 
introduced  at  the  proper  place, 
and  as  soon  as  its  point  is  buried 
in  the  tissues,  the  corresponding 
cock  is  to  be  opened,  thereby  ex- 
tending the  vacuum  to  the  ex- 
tremity of  the  instrument.  The 
needle  is  carefully  pushed  for- 
Jvard  as  far  as  is  desirable,  or  un- 
til fluid  is  found,  which  will  be 
Indicated  by  its  appearance  in  the 
Index,  if  not  in  the  syringe.  The  latter  may  be  emptied 
by  closing  its  outlet  leading  to  the  tube,  opening  the  other, 
and  unlocking  and  driving  the  piston  home.  Another 
vacuum  is  to  be  made  as  before,  and  the  process  may  be 
repeated  indefinitely  without  removing  the  needle  or  dis- 
connecting the  syringe. 

Should  the  needle  become  stopped  up  during  the  opera- 
tion efforts  may  be  made  to  clear  it  by  reversing  the  ac- 
tion  of  the  syringe,  and  forcing  a  little  fluid  back,  or  it 
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may  be  partially  withdrawn,  or  carried  a  little  deeper,  or 
its  direction  may  be  changed.  These  manoeuvres  failing, 
it  must  be  taken  out,  cleared,  and  introduced  in  another 
place. 

"With  this  instrument,  stimulating  or  other  liquids  may 
be  Injected  into  a  cavity  by  filling  the  syringe  with  the 
fluid,  instead  of  exhausting  the  air. 

Potain's  Aspira.tor  (Fig.  339  *)  comprises  an  air-pump, 
A,  having  two  openings,  G  B,  each  of  which  is  supplied 
with  a,  metallic  valve,  working  in  opposite  directions,  the 
former  allowing  an  exit,  and  the  latter  an  entrance,  of 
air  to  the  pump ;  a  bottle,  with  a  capacity  of  a  pint  or 
more,  fltted  with  a  rubber  stopper,  B,  which  is  perforated 
by  a  doul)le  metallic  tube,  whose  outer  portion  terminates 
in  two  branches,  each  having  a  stop-cock,  .BTZ/  two 
rubber  tubes,  with  the  necessary  needles,  complete  the  ap- 
paratus. 

It  is  made  ready  for  use  b}"^  connecting  the  bottle  with  the 
needle  by  the  indexed  tube,  B,  and  with  the  pump  by 
the  tube,  O.  The  cock,  K,  nearest  the  pump,  is  opened ; 
the  other  is  closed.  The  air  is  exhausted  from  the  bottle  by 
a  few  sharp  strokes  of  the  piston,  and  the  cock,  K,  is 
closed.  The  puncture  is  now  made,  and  as  soon, as  the 
point  of  the  needle  is  under  the  skin  the  corresponding 
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cock,  L,  is  to  be  opened,  and  the  exploration  carried  to 
completion.  Another  vacuum  is  readily  established  with- 
out disturbing  the  needle  or  its  connections. 

By  attaching  a  rubber  tube  to  the  inner  end  of  the 
metallic  one,  long  enough  to  reach  to  the  bottom  of  the 
bottle,  and  by  changing  "the  tube  G  from  I)  to  C,  so  as  to 
force  air  into  the  bottle,  instead  of  exhausting  it,  the  ap- 
paratus may  be  used  for  injection  or  irrigation,  or  the 
bottle  may  be  emptied  of  its  contents  by  simply  working 
the  jjump.  This  action  is  due  to  the  fact  that  the  inner  ori- 
fice of  the  tube  K  is  on  the  side  just  below  the  stopper, 
and  hence  independent  of  the  tube  in  the  bottle. 

As  a  more  perfect  vacuum  can  be  obtained  with  Dieu- 
lafoy's  instrument,  it  is  the  best  one  for  diagnostic  pur- 
poses. It  is  also  well  suited  for  evacuating  or  injecting 
small  quantities  of  fluid,  especially  when  it  is  desirable  to 
be  exact  as  to  the  amount.  But  for  drawing  off  large 
effusions,  or  for  irrigating  large  cavities,  Potain's  appara- 
tus saves  time  and  labor.  And  it  may  be  said  that  for 
general  use  the  latter  instrument  is  the  more  serviceable  of 
the  two,  as  it  can  be  made  to  do  the  work  satisfactorily  in 
most  of  the  cases  requiring  this  operation. 

The  peculiar  feature  of  the  aspirator,  which  distin- 
guishes it  from  the  suction  trocar,  and  which  makes  it  so 
much  more  valuable,  lies  in  what  Dieulafoy  calls  the 
"previous  vacuum."  Extending  to  the  point  of  the 
needle  the  operator  is  notified  of  the  presence  of  fluid  the 
instant  it  is  reached,  and  therefore  there  is  little  danger 
of  passing  through  a  small  collection  of  fluid  without 
knowing  it,  or  of  wounding  deeper  structures  unneces- 
sarily, a  matter  of  much  importance  in  tapping  joints  and 
other  cavities.  The  strong  suction  power  of  this  instru- 
ment enables  one  to  use  smaller  needles,  as  well  as  to 
evacuate  fluids  which  are  too  thick  to  be  withdrawn  with 
an  ordinary  trocar. 
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The  aspirator  should  always  be  tested  just  before  it  is 
used  upon  a  patient,  because,  from  its  peculiar  construc- 
tion, it  is  very  liable  to  get  out  of  order,  The  piston  gets 
loose  the  needles  are  easily  plugged  with  rust  or  dirt,  the 
tubes  crack  and  break,  the  cocks  stick,  the  stopper  may 
not  fit  the  bottle.  All  of  these  points  require  attention  m 
order  to  avoid  embarrassment  and  delay. 

It  would  be  well  if  all  aspirator  needles  were  made 
after  the  pattern  recommended  by  Dieulafoy,  namely, 
Nos  13  3,  and  4,  having  the  respective  diameters  ot  i, 
1  n,  and  2  millimetres  (j-St,  is,  A,  tV  inch).  After 
having  been  used,  the  needles  should  be  thoroughly 
cleansed  with  hot  water  (carbolized),  dried,  and  threaded 
with  a  vpire  to  keep  them  patent.  _ 

Small  trocars  can  be  used  with  the  aspirator  m  place  ot 
the  needles  for  purposes  of  evacuation  and  irrigation. 
For  diagnostic  explorations  they  are  inferior  tp  the 
needles,  from  the  fact,  that  with  the  former  it  is  impossi- 
ble to  make  use  of  the  previous  vacuum.  The  trocars  are 
of  special  value  in  tapping  the  chest,  or  any  other  cavity, 
in  which  there  is  danger  of  doing  harm  by  the  point  of 
the  needle.  . 

In  aspirating  the  cranium,  pericardium,  spina  bifida, 
and  intestine  the  smallest  needle.  No.  1,  should  be  used. 
For  the  bladder,  joints,  strangulated  hernia,  and  tumors 
No.  2  is  suitable  ;  while  for  abscesses,  thoracic  and  peri- 
toneal effusions,  the  larger  sizes  are  appropriate. 

Owing  to  the  fineness  of  the  needle,  and  to  the  elasticity 
of  the  tissues,  almost  any  organ  or  part  of  the  body  may 
be  safely  explored  with  the  aspirator.  For  example,  the 
head,  chest,  stomach,  liver,  gall-bladder,  spleen,  intes- 
tines, uterus,  tumors  of  various  descriptions,  and  aneu- 
risms have  been  punctured  without  untoward  results. 
The  principal  diseases,  however,  in  which  the  aspirator 
has  been  proved  by  experience  to  be  of  especial  value  are 
the  following : 

Retention  of  Urine. — In  the  severer  stages  of  this  affec- 
tion aspiration,  as  a  temporary  resource,  is  often  of  great 
service.  It  is  safe,  speedy,  and  effectual.  So  little  pain 
attends  the  operation,  that,  as  a  rule,  ansesthetics  are  not 
required.  If  relief  is  not  obtained  in  these  cases  from 
milder  measures,  together  with  a  moderate  trial  of  the 
catheter,  it  is  far  better  to  aspirate  the  bladder  above  the 
pubes  than  to  irritate  and  perhaps  lacerate  the  urethra  by 
prolonged  and  often  fruitless  efforts  at  catheterization. 
The  operation  is  best  performed  with  Potain's  apparatus. 
It  being  in  readiness,  the  needle  is  entered  on  the  me- 
dian line  just  above  the  symphysis,  and  carried  backwards 
and  downwards  toward  the  hollow  of  the  sacrum,  to  such 
a  depth  that  the  point  will  not  escape  as  the  bladder  con- 
tracts. When  the  viscus  is  nearly  emptied  the  patient  is 
apt  to  experience  a  pricking  sensation,  which  is  due  to 
the  needle's  impinging  on  the  posterior  wall.  It  should 
be  withdrawn  a  short  distance,  and  the  urine  allowed  to 
escape  as  long  as  it  will  without  producing  too  much 
pain.  The  puncture  in  the  skin  may  be  covered  with  a 
bit  of  adhesive  plaster.  This  operation  can  be  safely  re- 
peated as  often  as  may  be  necessary  for  two  or  three  days, 
by  which  time  the  urethral  irritation  is  generally  so  far 
subdued  by  appropriate  measures  that  the  power  of  vol- 
untary micturition  is  restored,  and  the  primary  obstruc- 
tion can  receive  the  required  attention. 

Aspirating  the  bladder  is  preferable  to  the  operation  of 
tapping  by  the  rectum,  because  it  is  safer,  it  is  more 
easily  performed,  there  is  less  liability  to  mistakes,  and 
it  is  not  followed  by  recto-vesical  or  other  fistulas,  by  ex- 
travasation of  urine,  or  by  pelvic  or  prostatic  inflamma- 
tion and  suppuration,  accidents  which  have  occasionally 
supervened  upon  the  rectal  operation. 

Affections  of  the  Joints. — While  almost  any  large  joint 
containing  a  considerable  quantity  of  fluid  may  be  aspi- 
rated, the  operation  is  chiefly  confined  to  the  knee.  Large 
efEusions  in  that  articulation,  whether  of  serum,  blood,  or 
pus,  can  be  safely  and  quickly  removed  by  this  method. 
The  needle  is  to  be  inserted  wherever  the  swelling  is  most 
prominent,  which  is  usually  above  or  to  the  inside  of  the 
patella.  Care  should  be  taken  not  to  wound  the  carti- 
lages with  the  point  of  the  instrument,  as  serious  results 
have  been  known  to  ensue.     After  the  operation  the  pa- 


tient should  be  kept  in  bed,  the  limb  should  be  placed 
upon  a  posterior  splint,  and  firm  pressure  should  be  applied 
by  means  of  flannel  or  rubber  bandages.  Should  the  fluid 
reaccumulate  the  operation  may  be  safely  repeated  as 
often  as  is  necessary.  Anaesthetics  are  required  only  in 
children,  and  in  nervous  or  timid  subjects. 

Strangulated  Hernia. — It  was  thought  ijt  one  time  that 
aspiration  might  prove  to  be  very  beneficial  in  the  treat- 
ment of  this  affection,  but  it  has  not  stood  the  test  of  ex- 
perience. The  needle  is  apt  to  become  clogged,  or  from 
various  causes  the  tumor  cannot  be  sufficiently  reduced 
by  this  means  to  enable  it  to  be  returned  to  its  propei 
place.  It  is  true  that  manjr  cases  of  successful  reduction 
of  the  hernia  after  aspiration  have  been  reported  from 
time  to  time,  but  as  the  operation  of tener  fails  than  suc- 
ceeds it  is  less  frequently  resorted  to  at  present  than  it 
was  formerly.  Fatal  results  have  followed  this  procedure, 
yet,  when  carefully  performed  with  a  No.  2  needle,  it  is 
attended  with  little  danger,  and  it  is  occasionally  suc- 
cessful. 

Abscess. — Aspiration  is  frequently  of  the  greatest  value 
in  determining  the  presence  and  character  of  fluids,  but 
as  a  method  of  treating  ordinary  abscesses,  it  is  far  in- 
ferior to  free  incisions,  drainage-tubes,  and  antiseptics. 
The  pus  usually  reaccumulates  after  each  evacuation, 
until  finally  a  spontaneous  opening  takes  place,  unless  it 
is  anticipated  by  an  artificial  one.  Occasionally,  however, 
a  favorable  result  follows  repeated  aspirations,  as  occurred 
in  the  case  of  an  extensive  pysemic  abscess  over  the  sa- 
crum, in  the  practice  of  a  colleague.  It  was  aspirated 
twenty-one  times  in  twenty-five  days,  twenty  ounces  ot 
pus  being  withdrawn  at  the  first  operation,  and  three 
ounces  of  serum  at  the  last.  But  such  cases  are  probably 
best  treated  b^  the  method  of  incision,  as  above  men- 
tioned. An  exception  to  this  rule  is  an  abscess  occurring 
in  a  person,  the  subject  of  the  hsemorrhagic  diathesis. 
Such  cases,  when  active  interference  is  necessary,  should 
be  aspirated  rather  than  incised,  as  the  haemorrhage  would 
be  less,  and  probably  could  be  more  easily  controlled.  He- 
patic, perinephritlc,  and  some  other  deep  collections  of  pus 
may  occasionally  be  treated  by  repeated  aspirations.  The 
diagnosis  is  thus  rendered  certain,  the  shock  of  the  opera- 
tion is  less  than  that  which  follows  incision,  and  in  a  cer- 
tain proportion  of  cases  a  favorable  result  will  be  obtained. 

Hwmatoma. — Collections  of  blood  in  the  cellular  tissue, 
resulting  from  contusion  or  other  injury,  may  often  be 
satisfactorily  treated  by  aspiration,  one  or  two  operations 
being  sufficient  in  many  cases  to  effect  a  cure.  A  large 
needle  or  trocar  may  be  used  to  evacuate  the  contents,  and 
firm  pressure  should  be  applied  to  prevent  a  return  of  the 
affection.  The  withdrawal  of  effused  blood  by  this  method 
is  much  more  successful  than  the  evacuation  of  pus,  and 
seldom  does  harm. 

Pleuritic  effusions  can  be  readily  drawn  off  with  Po- 
tain's aspirator.  It  is  better  to  use  a  trocar  than  a  needle 
in  these  cases,  as  by  so  doing  there  is  less  danger  of  in- 
juring the  lung.  The  puncture  may  be  made  in  the 
eighth  or  ninth  intercostal  space,  about  two  inches  below 
the  angle  of  the  scapula.  The  operation  should  cease  the 
instant  pain  or  coughing  sets  in,  but  it  may  be  repeated 
as  often  as  necessary.  Should  the  fluid  reaccumulate  less 
rapidly  after  each  evacuation,  and  the  general  health  im- 
prove or  at  least  remain  good,  a  favorable  result  may  be 
expected  by  persisting  in  the  treatment. 

It  is  the  opiniorfof  many  who  have  had  a  large  experi- 
ence with  this  operation,  that  ether  should  seldom,  if 
ever,  be  given  during  its  performance.  A  number  of 
fatalities  have  resulted  from  this  practice.  The  pain  is 
neither  severe  nor  of  long  duration.  Children  may  be 
restrained  by  moderate  force,  and  adults  seldom  request 
an  anaesthetic  if  the  danger  is  explained  to  them.  Should 
it  be  thought  necessary  to  administer  ether,  a  few  whiffs, 
just  enough  to  produce  primary  anaesthesia,  is  suiiicient, 
and  is  much  safer  than  complete  etherization.  But  the 
rule  should  be,  use  no  anaesthetics  in  tapping  the  chest. 

The  pericardium  may  be  safely  aspirated  with  the 
smallest  needle,  as  follows  ;  The  puncture  is  to  be  made 
in  the  fourth  intercostal  space,  about  two  and  one-fourth 
inches  (six  centimetres)  from  the  left  border  of  the  sternum, 
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and  the  instrument  carried  slowly  backwards,  upwards, 
and  a  little  toward  the  median  line.  To  avoid  wounding 
the  heart  it  is  important  that  the  vacuum  should  extend 
throughout  the  needle  at  the  earliest  moment  possible. 
Little  danger  need  be  apprehended,  even  if  that  organ  is 
touched  with  the  needle.  The  latter  should  immediately 
be  withdrawn  under  these  circumstances,  and  introduced 
in  another  place.  Aspirating  the  pericardium  is  an  opera- 
tion that  will  not  often  be  required. 

Should  it  be  deemed  advisable  to  evacuate  the  fluid 
in  a  case  of  hydrocephalus,  it  may  be  done  with  the 
smallest  needle.  The  puncture  should  be  made  through 
the  anterior  fontanelle,  far  enough  from  the  median  line 
to  avoid  the  longitudinal  sinus.  Experience  gives  slight 
encouragement  lor  the  performance  of  this  operation. 

S^na  bifida  has  been  cured  by  aspiration,  either  alone 
or  followed  by  some  stimulating  injection.  The  smallest 
needle  should  be  used,  jnd  pressure  immediately  ap- 
plied. 

Tumors  may  often  be  advantageously  aspirated  to  de- 
termine their  character  or  contents,  but  it  is  seldom  that 
the  operation  is  of  any  curative  value.  The  most  notable 
exception  is  probably  that  of  a  cyst  of  the  broad  ligament, 
cases  of  which  have  been  cured  by  one  aspiration. 

Tympanites  can  be  temporarily  relieved  by  aspirating 
the  intestines  with  a  fine  needle,  but  the  method  probably, 
has  no  advantages  over  simple  tapping,  and,  moreover,  it 
is  not  entirely  free  from  danger,  as  extravasation  of  faeces 
has  followed  and  caused  a  fatal  termination. 

The  principal  dangers  to  be  apprehended  in  perf  orm- 
ins  aspiration  are  the  wounding  of  large  veins,  arteries 
bemg  seldom  injured  in  this  manner,  extravasation  of 
faeces  and  suppurative  arthritis,  as  mentioned  above,  and 
peritonitis  from  tapping  the  abdomen.  In  conclusion  it 
may  be  said  that  while  aspiration  is  generally  safe,  yet, 
like  eVery  other  operation,  it  should  always  be  carefully 
performed,  and  with  a  full  understanding  of  the  possible 
accidents  and  results.  Oeorge  W.  Oay. 

ASSMANSHAUSEN,  situated  at  one  of  the  most  beau- 
tiful points  of  the  Rhine,  possesses  a  thermal  spring  mod- 
erately impregnated  with  alkaline  chlorides,  but  with  a 
relatively  large  quantity  of  lithium  bicarbonate.  Its 
composition,  in  1,000  parts,  according  to  recent,  but  as 
yet  unsatisfactory  analysis,  is :  Sodium  bicarbonate, 
0.137;  lithium  bicarbonate,  0.0278;  sodium  chloride, 
0.571.  On  account  of  the  large  proportion  of  lithium 
present  in  this  water,  it  is  adapted  to  and  has  been  used 
with. .considerable  success  in  cases  of  gout  and  vesical 
affections  characterized  by  excess  of  "uric  acid  sediment. 
It  has  also  been  proven  to  be  useful  in  catarrhal  affec- 
tions of  the  respiratory,  digestive,  and  urinary  tracts. 
It  is  used  both  as  a  beverage  and  as  a  bath.  H.  F. 

ASTHENOPIA  (from  haStiviis,  weak,  and  H^,  eye)  is 
the  name  proposed  by  Mackenzie  (1843)  to  designate  the 
complex  of  symptoms  popularly  called  tneakness  of  sight. 
"  By  asthenopia  is  understood  that  state  of  vision  in  which 
the  eyes  are  unable  to  sustain  continued  exercise  upon 
near  objects,  although  the  patient,  upon  first  viewing 
such  objects,  generally  sees  them  distinctly,  can  employ 
his  sight  for  any  length  of  time  in  viewing  distant  ob- 
jects, and  presents  no  external  appearance  of  disease  in 
his  eyes.  ...  In  the  open  air  the  patient  makes  no 
complaint,  being  able  to  discern  distant  objects  clearly 
and  without  fatigue.  ...  In  reading,  sewing,  and 
the  like,  he  is  obliged,  partly  from  the  confusion  which 
seems  to  spread  over  the  objects,  partly  from  a  feeling  of 
fatigue  in  the  eyes,  to  interrupt  the  exertion.  ...  A 
very  short  period  of  rest  is,  in  general,  sufficient  to  re- 
cruit the  sight,  so  that  the  power  of  perceiving  small  ob- 
jects returns  and  the  patient  is  in  a  condition  to  resume 
liis  employment.  .  .  .  When  near  objects  fade  away, 
as  it  were,  from  the  asthenopic  sight,  some  patients  feel  it 
a  sufficient  relief  to  turn  their  attention  to  remote  objects, 
which  they  continue  to  see  perfectly  ;  others  find  remote 
objects  also  to  appear  confused,  and  require  to  shade  their 
eyes  till  the  attack  weais  off.    The  most  complete  relief 


is  in  all  cases  obtained  by  shutting  the  eyes.  .  .  .  As- 
thenopia is  rarely  observed  to  commence  in  those  who 
have  already  reached  the  middle  period  of  life,  but  al- 
most exclusively  takes  its  origin  in  childhood  or  youth. 
.  .  .  Pew  patients,  not  even  those  who  are  mere  chil- 
dren, continue  to  be  long  affected  with  asthenopia  with- 
out making  use  of  convex  glasses.  ...  A  child,  en- 
gaged in  learning  its  lesson,  complains  that  it  cannot  see, 
and  repeats  the  complaint  so  frequently,  especially  by 
candle-light,  that  his  father  or  grandfather  at  last  says, 
'  Try  my  glasses.'  The  child  now  sees  perfectly,  and 
night  after  night  the  loan  of  the  glasses  is  required  before 
the  task  can  be  finished."  To  complete  this  graphic 
sketch,  by  Mackenzie,  it  is  only  necessary  to  add  that  the 
asthenope  is  able  to  see  perfectly  at  a  distance  with  the 
same  convex  glasses  which  make  it  easy  for  him  to  read, 
and  tjiat  he  only  needs  to  wear  convex  glasses,  of  the 
shortest  focus  compatible  with  distinct  vision  at  a  dis- 
tance, to  be  at  once  and  completely  relieved  of  his  dis- 
ability. 

No  allusion  to  asthenopia  is  to  be  found  in  the  medical 
writings  of  antiquity.  Taylor  (1766)  sketches  its  symp- 
toms in  a  few  lines  under  the  name  "debilitas  visus." 
Scarpa  (1801)  mentions  it  as  one  of  several  forms  of  "in- 
complete amaurosis,"  and  says  of  it  that  it  is,  "properly 
speaking,  not  so  much  an  amaurosis  as  a  weakne.ss  of 
sight  from  fatigue  of  the  nerves,  and  especially  of  those 
which  constitute  the  immediate  organ  of  vision."  Sev- 
eral later  writers  on  the  diseases  of  the  eye  have  given 
excellent  descriptions  of  asthenopia,  but  always  in  con- 
nection with  amblyopia  or  amaurosis,  of  which  it  was 
assumed  to  be  an  early  stage,  and,  therefore,  a  precursor 
of  blindness.  Gradually  stress  came  to  be  laid  upon  fa- 
tigue as  the  essential  symptom,  but  the  seat  of  the  fatigue 
was  thought  to  be  in  the  retina,  and  it  was  supposed  that, 
if  neglected,  it  might  easily  develop  into  amaurosis  and 
end  in  loss  of  sight.  Next  it  was  shown  that  asthe- 
nopia, even  of  many  years'  duration,  does  not  result  in 
actual  impairment  of  vision,  and  so  it  came  to  be  classed 
as  an  amblyopia  of  a  special  and  benignant  type.  Then 
the  fact  began  to  be  recognized  that  the  phenomena  of 
asthenopia  are  essentially  those  of  fatigue  of  the  motor 
apparatus  of  the  eyes,  and  the  explanation  was  sought  ia 
weakness,  or  in  over-tension  of  one  or  more  of  the  exter- 
nal muscles  of  the  eyeball.  Still  later,  when  the  exist- 
ence of  a  true  accommodative  adjustment  had  been  gen- 
erally conceded,  asthenopia  was  thought  to  be  dependent 
on  weakness  of  this  function,  and  was  brought  into  con- 
nection with  so-called  presbyopic  vision  occurring  in 
young  persons.  Finally,  through  the  discovery  of  the 
mechanism  of  accommodation,  and  the  demonstration  of 
hypermetropia  as  an  error  of  refraction,  the  way  was 
opened  for  the  recognition  of  the  true  cause  of  asthe- 
nopia in  the  overloading  of  the  accommodation  through 
the  displacement  of  the  region  of  accommodation  m 
hypermetropia.  Asthenopia  is,  therefore,  not  a  disease, 
but  a  complex  of  symptoms  dependent  on  an  anomaly 
of  construction.     (See  Hypermetropia.) 

Hypennetropia  may  be  briefly  defined  as  a  structural 
anomaly  of  the  eye  in  which  the  refractive  power  is  in- 
sufiBcient  to  focus  parallel  rays  upon  the  retina  without 
aid  from  the  accommodation.  In  the  highest  grades  of 
hypermetropia,  the  total  accommodative  power  of  the  eye 
may  be  inadequate  to  meet  the  requirements  of  distinct 
vision,  even  at  a  distance,  and  the  condition  may  then 
bear  a  superficial  resemblance  to  amblyopia ;  but  in  the 
medium  and  lower  grades  there  is  ordinarily  developed 
a  state  of  habitual  tension  of  the  accommodation,  under 
which  the  adjustment  for  the  distance  is  easily  and  un- 
consciously performed,  and  only  the  greater  exercise  of 
the  accommodation  required  for  reading  or  other  near 
work  is  felt  to  involve  effort,  and  becomes  wearisome. 
But  the  fatigue  in  accommodation  for  near  objects  is  not 
solely  the  result  of  insufficiency  of  the  accommodation 
for  the  work  imposed  upon  it,  for  the  normal  position  of 
the  near  point  (p)  in  youthful  hypermetropes  is,  in  most 
cases,  still  well  within  the  distance  at  which  the  book  is 
usually  held  in  reading,  and  it  is  also  true  that  in  hyper- 
metropia complicated  with  strabismus,  in  which  condi 
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tion  but  one  eye  is  in  use  at  a  time,  reading  and  sewing 
are  not  ordinarily  attended  with  especial  difficulty  at 
least  during  chUdhood  and  youth.  The  principal  de- 
termining cause  of  asthenopia  is,  in  fact,  to  be  sought  in 
the  close  physiological  relation  which  exists  between  the 
two  correlated  functions  of  accommodation  and  con- 
vergence, whereby  any  given  degree  of  accommodation 
tends  to  evoke  an  equivalent  degree  of  convergence,  and, 
conversely,  any  given  degree  of  convergence  tends  to 
evoke  an  equivalent  degree,  and  no  more,  of  accommoda- 
tion. Hence,  in  hypermetropia,  either  the  particular  de- 
gree of  accommodation  required  for  distinct  vision  at  any 
given  short  distance  may  be  associated  with  convergence 
for  a  still  shorter  distance,  and  may  thus  predispose  to 
convergent  strabismus,  or  the  degree  of  convergence 
necessary  for  binocular  vision  at  the  given  distance  may 
be  associated  with  accommodation  for  some  greater  dis- 
tance, and  so  may  give  rise  to  asthenopia. 

Asthenopia  may  then  be  defined  as  the  fatigue  incident 
to  a  conflict  between  accommodation  and  convergence 
when  divorced  through  the  displacement  of  the  region  of 
accommodation  in  hypermetropia. 

Although,  strictly  speaking,  asthenopia  is  a  misnomer, 
for  it  is  not  a  result  of  weakness,  nevertheless  weakness 
(paresis)  of  accommodation  may  gjive  rise  to  a  train  of 
symptoms  not  readily  to  be  distinguished  from  true  asthe- 
nopia. In  paresis  of  accommodation  following  diphtheria, 
the  simulation  of  asthenopia  is  perfect,  but  the  absence  of 
hypermetropia,  the  history  of  recent  sore  throat,  the  fre- 
quent occurrence  of  an  affection  of  the  speech  from  pa- 
resis of  the  faucial  muscles,  and  the  absence  of  previous 
disturbance  of  the  accommodation,  all  combine  to  make 
the  diflEerential  diagnosis  easy. 

Weariness  of  the  accommodation  may  supervene  upon 
continuous  strain  of  the  eyes  in  excessively  fine  work,  or 
in  work  whose  fineness  is  excessive  relatively  to  the  in- 
dividual capacity  of  the  eyes.  In  this  class  of  cases  there 
is  generally  something  wrong  in  the  conditions  of  illumi- 
nation under  which  the  person  habitually  works,  or  some 
deficiency  in  the  acuteness  of  vision,  necessitating  the 
holding  of  the  book  or  of  the  work  unusually  near  to  the 
eyes,  and  so  making  excessive  demands  upon  both  the 
accommodation  and  the  convergence.  Irregular  astig- 
matism from  irregularity  of  the  cornea  following  keratitis 
or  corneal  ulcers,  dazzling  of  the  retina  by  diffused  light 
transmitted  by  corneal  scars,  effusions  in  the  field  of  the 
pupil,  structural  defects  in  the  crystalline  lens,  etc.,  may 
thus  disable  the  eyes  for  continued  exertion  by  making  it 
impossible  to  distinguish  small  objects  except  at  an  ab- 
normally short  distance ;  but  these  are  essentially  cases  of 
imperfect  vision,  and  are  not  properly  to  be  classed  with 
asthenopia. 

Regular  astigmatism,  also,  may  give  rise  to  symptoms 
more  or  less  closely  resembling  asthenopia,  through  the 
incidental  impairment  of  vision  at  all  distances,  and  also, 
in  certain  cases,  by  giving  occasion  for  rapid  changes  of 
accommodation  without  corresponding  change  in  the  con- 
vergence.   (See  Astigmatism.) 

The  accommodative  function  may  be  impaired  as  a  re- 
sult of  immoderate  exercise  under  unfavorable  conditions, 
such  as  close  application  in  sewing  upon  dark  fabrics, 
reading  during  convalescence  from  illness,  etc.  {astheno- 
pia ex  hyperopaia),  and  the  disability  thus  acquired  may 
be  indefinitely  prolonged  through  subsequent  disuse  of 
the  eyes  (asthenopia  ex  anopsia).  These,  again,  are,  prop- 
erly speaking,  not  cases  of  asthenopia,  but  of  strain  of 
the  accommodative  organs  and  its  consequences  ;  they  are, 
moreover,  generally  curable,  at  first  by  enforced  rest  of 
the  eyes,  together,  perhaps,  with  the  use  of  atropia,  by 
protecting  the  eyes  from  strong  light  with  dark  glstsses, 
etc.,  and  later,  by  bringing  the  eyes  again  into  use 
through  the  agency  of  carefully  graduated  exercise  in 
reading,  giving  perhaps  temporary  assistance  by  convex 
glasses,  and  gently  stimulating  the  torpid  accommoda- 
tion by  the  careful  use  of  a  weak  solution  of  pilocarpine. 

A  condition  of  hypersesthesia  is  not  infrequently  devel- 
oped generally  in  persons  of  irritable  temperament, 
which  manifests  itself  by  over-sensitiveness  to  light  or 
by  discomfort  or  pain  in  the  eyes,  headache,  dizziness, 
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nausea,  or  other  nervous  symptoms,  after  even  moderate 
use  of  the  eyes  in  near  work.  Such  cases  are  more  fre- 
quently observed  in  women  than  in  men,  and  oftenest  in 
women  in  comparatively  easy  circumstances,  or  who  lead 
a  sedentary  rather  than  a  physically  active  life.  Such 
patients  often  suffer  from  impaired  digestion  and  nutri- 
tion, constipation,  menstrual  and  uterine  derangements, 
etc.  In  general  they  need  careful  medical  and  hygienic 
supervision,  regulation  of  the  diet,  correction  of  constipa- 
tion  by  daily  small  doses  of  laxatives,  combined,  perhaps, 
with  belladonna  or  hyoscyamus,  or  with  strychnia,  iron, 
or  arsenic,  etc.  Refractive  errors  (hypermetropia,  aniso- 
metropia, astigmatism,  etc.,),  so  slight  as  ordinarily  to  be 
of  no  consequence,  may  also  require  correction  by  means 
of  very  carefully  adjusted  glasses.  The  regular  use  of 
the  eyes  in  reading  should  be  encouraged,  at  first  for  only 
a  few  minutes  at  a  time,  increasing  by  very  gradual  addi- 
tions as  the  patient  acquires  confidence  and  the  eyes  gain 
in  capacity  for  exertion. 

A  special  type  of  ocular  hypersesthesia,  closely  resem- 
bling that  just  referred  to,  has  been  described  by  Forster, 
and  named  by  him  kopiopia  hysterica.  This  affection 
stands  in  the  closest  relation  to  parametritis,  and  is  gener- 
ally rebellious  to  all  therapeutic  measures  directed  to  the 
eyes ;  its  course  is  extremely  tedious,  but  recovery  takes 
place  when  the  pelvic  disease  has  finally  run  Its  course. 

Muscular  Asthenopia. — As  in  hypermetropia,  with 
accurate  convergence,  the  overloaded  accommodation  is 
forced  to  perform  its  work  at  a  disadvantage,  so  in  my- 
opia the  partial  or  total  relaxation  of  the  accommodation 
in  near  vision  may  give  rise  to  conditions  unfavorable  to 
the  perfect  and  easy  exercise  of  the  convergence.  As  a 
consequence  of  the  close  physiological  connection  between 
the  two  adjustments,  the  voluntary  effort  to  accommodate 
evokes  a  corresponding  degree  of  convergence,  and  the 
effort  to  converge  evokes  a  corresponding  degree  of  ac- 
commodation. In  hypermetropia,  as  has  been  already 
stated,  either  the  convergence  may  be  accurately  adjusted 
for  single  vision  with  the  two  eyes,  and  the  corresponding 
degree  of  accommodation  may  then  be  insufficient  for 
distinct  vision  at  the  distance  of  the  point  of  intersection 
of  the  visual  axes,  or  the  accommodation  may  be  exerted 
to  the  degree  necessary  to  admit  of  distinct  vision,  and 
the  correspondingly  excessive  impulse  to  converge  may 
lead  to  crossing  of  one  of  the  eyes.  So  in  myopia, 
normal  convergence  may  be  associated  with  useless  or 
harmful  tension  of  the  accommodation,  or  the  relaxation 
of  the  accommodation  necessary  for  distinct  near  vision 
may  be  associated  with  insufficient  tension  of  the  recti-in- 
terni  muscles,  thus  necessitating  a  special  voluntary  effort 
to  maintain  single  vision  with  the  two  eyes  and  so  leading 
to  muscular  fatigue,  or,  in  default  of  this  special  exertion, 
permitting  one  of  the  eyes  to  diverge  (relatively  or  posi 
tively),  to  the  sacrifice  of  binocular  vision. 

Fatigue  of  the  recti-interni  muscles  is  mentioned  by 
Scarpa  (1801)  as  an  occasional  cause  of  asthenopic  symp- 
toms, and  it  was  at  one  time  the  fashion  to  invoke  dis- 
ordered action  of  the  external  muscles  of  the  eyeball  as 
the  principal  cause,  and  to  extol  the  division  of  one  or 
another  of  these  muscles  as  the  principal  remedy  in 
asthenopia  generally.  But  the  recognition  of  muscular 
asthenopia,  as  a  distinct  type,  became  possible  only  after 
coiTect  views  had  come  to  be  held  regarding  the  nature 
and  mechanism  of  accommodation ;  and  its  connection 
with  myopia  was  only  shown  after  the  accurate  study,  by 
Bonders,  of  the  accommodation  in  its  relation  to  the 
errors  of  refraction. 

Muscular  asthenopia  is  a  direct  result  of  the  persistence 
of  the  physiological  connection  between  accommodation 
and  convergence,  notwithstanding  the  displacement  of 
the  farthest  point  of  distinct  vision  {far  point,  r)  in  the 
myopic  eye.  If,  for  example,  we  assume  a  myopia  of 
4  dioptrics,  the  far-point  (r)  will  be  only  one-fourth 
of  a  meter  (35  ctms.=10  inches)  from  the  eye,  and  this 
will  be  the  greatest  distance  at  which  fine  print  can  be 
distinctly  seen  under  full  relaxation  of  the  accommoda- 
tion. But  full  relaxation  of  the  accommodation  is,  under 
normal  conditions,  associated  with  full  relaxation  of  the 
oonvergence,  whereas  the  requirements  of  single  vision 
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demand  a  convergence  of  four  meter-angles*  The  rela- 
tion normally  existing  between  accommodation  and  con- 
vergence must  therefore  be  materially  altered  in  order  to 
admit  of  distinct  binocular  vision  at  or  near  the  far-point 
(r)  in  myopia,  and  such  altered  relation  Is,  in  fact,  ob- 
served in  the  greater  number  of  cases.  But  myopia  is, 
as  a  rule,  an  acquired  affection,  and  is  often  of  quite 
rapid  development,  in  v^hich  case  the  necessary  adapta- 
tion may  fail  to  keep  pace  with  the  change  of  place  of  the 
far-point  (r),  and  a  state  of  conflict  between  accommoda- 
tion and  convergence  may  arise.  In  this  conflict  the 
convergence  is  oftenest  the  victor,  for  the  reason  that,  on 
the  one  hand,  double  vision,  when  first  developed,  gives 
rise  to  very  great  confusion  of  sight,  and,  on  the  other 
hand,  excessive  accommodation  involves  no  other  imme- 
diate inconvenience  than  that  of  holding  the  booli  or 
work  nearer  to  the  eyes.  In  other  eases,  however,  the 
habit  is  formed  of  relaxing  the  accommodation  in  order 
to  see  distinctly  at  or  near  the  far-point  (r),  and  a  special 
effort  of  the  will  may  then  be  required  to  effect  the  neces- 
sary convergence.  The  fatigue  which  attends  this  effort 
to  maintain  the  convergence,  with  relaxation  of  the  ac- 
commodation, constitutes  muscular  asthenopia,  f 

Regarding  the  curability  of  asthenopia  diametrically 
opposite  views  have  prevailed  at  different  times.  Until 
the  dependence  of  accommodative  asthenopia  upon  hyper- 
metropia  had  been  demonstrated  by  Donders,  it  was  gen- 
erally believed  to  be  curable,  at  least  in  certain  cases,  and 
the  means  adopted  were  such  as  we  now  recognize  as 
tending  in  some  measure  to  bring  about  a  state  of  im- 
provea  co-ordination  between  accommodation  and  con- 
vergence, namely,  the  use  of  convex  glasses  of  the 
longest  focus  compatible  with  the  comfortable  use  of  the 
eyes,  which  glasses  were  afterward  to  be  exchanged  for 
others  of  progressively  longer  focus,  in  the  hope  of  being 
ultimately  able  to  dispense  with  them  altogether.  That 
this  plan  of  treatment  was  not  an  altogether  irrational 
one  is  evident  from  the  experience  of  the  very  consider- 
able number  o_f  young  hypermetropes  who  are  able  to  use 
their  eyes  freely  in  prolonged  near  work,  a  fact  entirely 
in  accordance  with  the  observation  of  Donders,  that,  with 
parallel  visual  axes  and  also  with  moderate  convergence, 
the  hypermetropic  eye  is  able  to  bring  into  use  much 
more  of  its  accommodation  than  can  the  emmetropic  eye 
under  the  same  convergence.  Moreover,  it  is  not  uncom- 
mon for  asthenopic  symptoms,  occurring  in  connection 
with  hypermetropia  of  rnoderate  grade,  to  disappear  after 
a  few  weeks  or  months  of  relief  from  strain  afforded  by 
the  use  of  wea,k  convex  glasses  in  reading  and  study. 
In  these  cases  the  glasses  give  great  relief  when  first  worn, 
but,  by  and  by,  the  need  of  them  is  less  urgently  felt,  so 
that  the  child  begins  to  do  without  them,  and  at  last  f  or- 

*  The  meter-atigle  is  the  measure  of  the  convergence  when  the  two 
eyes  are  directed  to  a  point  one  meter  distant,  and,  in  the  emmetropic 
eye,  corresponds  to  one  dioptric  of  accommodation.  In  convergence  for 
a  point  3.  3,  1,  X,  X,  ^^,  etc.,  meters  distant,  the  convergence  is  said  to 
bo  of  ^,  ^,  1,  S,  3,  4,  etc.,  meter-angles,  and  the  accommodation  (in 
emmetropia)  is  similarly  of  J^,  X,  1,  3,  3,  4,  etc.,  dioptrics. 

t  The  conditions  which  determine  the  development  of  asthenopia  may 
be  stated  in  a  general  form  as  follows ; 

In  the  normal  conditipn  of  the  eyes  (emmetropia),  under  an  exercise 
of  the  accommodation  equal  to  n  dioptrics,  each  eye  is  adjusted  for  dis- 
tinct vision  at  a  distance  of  -  meter,   and  with  this  accommodation  of 

n  dioptrics  there  is  associated  a  degree  of  convergence  equal  to  n 
meter-angles ;  the  visual  axes  intersect,  therefore,  at  the  exact  distance 
( -  meter)  for  which  the  two  eyes  are  severally  accommodated,  and 
the  two  adjustments  are  performed  in  perfect  harmony, 

lu  hypei-metropia  a  certain  exercise  of  the  accommodation,  say  of 
ft  dioptrics,  is  required  for  distinct  vision  at  a  distance,  at  the  same 
time  that  the  convergence  is  relaxed  to  zero  (parallelism  of  the  visual 
axes),  and  for  vision  at  the  distance  of  -  meter  a  degree  of  convergence 
equal  to  n  meter-angles  must  be  associated  with  an  exercise  of  the  ac- 
commodation equal  to  n  +  A  dioptrics;  the  excessive  demand  thus 
made  upon  the  accommodation  may  be  attended  with  fatigue  and  rela- 
tive insufficiency  of  the  accommodation  {accomnwdative  asthenopia). 
•M  ™y°P*^  ^y  of  rn  dioptrics,  distinct  vision  at  a  distance  is  impos- 
Bihle,  and  for  vision  at  a  distance  (within  the  limits  of  the  region  of  the 

accommodation)  of  -  meter  from  the  eye,  an  exercise  of  the  accommo- 
dation equal  ton  —  m  dioptrics  is  associated  with  a  convergence  of  n 
meter-angles  ;  the  relatively  excessive  demand  thus  made  upon  the  con- 
yorgence  may  be  attended  with  fatigue  and  relative  (or  perhaps  actual) 
insuIBciency  of  the  recti-interni  muscles  (mttecular  astlienopia). 


gets  to  use  them  at  all.  But  these  cures,  however  satis- 
factory they  may  be  for  the  time  being,  are  apt  to  be 
followed  by  relapses,  which  may  again  yield  to  a  new 
course  of  treatment,  until  with  Increasing  age,  and  the 
accompanying  restriction  of  the  range  of  accommodation, 
convex  glasses  become  indispensable. 

Asthenopia  may  also  be  treated  by  acting  directly  upon 
the  accommodation  by  the  methodical  use  of  myotics.  In 
his  original  study  of  the  action  of  Calabar  bean,  Donders 
observed  that  the  range  of  accommodation  is  positively 
increased  after  the  instillation  of  this  drug,  and  that  this 
increase,  which  is  most  considerable  after  about  two 
hours,  diminishes  quite  slowly.  He  observed,  also,  a 
material  Increase  in  the  accommodation  as  related  to  the 
convergence,  which  measured  rather  more  than  0.8  diop- 
tric eleven  hours  after  the  instillation,  and  he  made  the 
very  significant  remark  that  "hypermetropes,  under  the 
double  advantage  of  smaller  circles  of  diffusion  and  of 
easier  tension  of  accommodation,  lose  for  a  time  their 
asthenopia."  The  introduction  of  pilocarpine  in  ophthal- 
mic therapeutics  has  made  it  practicable  to  keep  up  a 
moderate  myotic  action  for  an  almost  indefinite  period, 
and  with  insignificant  spasm  of  accommodation.  In  cases 
of  asthenopia  in  young  persons,  associated  with  hyper- 
metropia of  low  grade,  pilocarpine  may  be  employed  in 
the  form  of  a  weak  solution  (0.25  per  cent.),  instilling 
about  0.1  minim,  measured  by  means  of  a  slender 
glass  pipette.  The  instillation  may  be  made  morning  and 
evening,  and  after  a  few  weeks  at  night  only ;  or  the 
effect  may  be  gradually  diminished  by  reducing  the 
strength  of  the  solution.  In  this  way  it  is  often  practi- 
cable to  tide  over  an  attack  of  asthenopia  in  a  young  per- 
son, without  interfering  with  school  work,  and  to  postpone 
the  use  of  glasses  for  perhaps  many  years. 

In  asthenopia  dependent  on  hypermetropia  of  a  high 
grade,  the  only  resource  is  in  the  use  of  convex  glasses, 
and  these  should  be  of  a  strength  sufficient  to  correct 
fully  the  refractive  error.  Owing  to  the  fact  that  a  part 
of  the  hypermetropia  is  almost  always  latent  (see  Hyper- 
metropia), fully  correcting  (neutralizing)  glasses  often 
prove  less  acceptable  in  the  beginning  than  those  of 
longer  focus,  but  in  every  case  the  selection  of  glasses 
should  be  made  with  distinct  reference  to  the  total  hyper- 
metropia, and  in  the  expectation  of  ultimately  applying 
the  full  correction.  In  a  few  cases  of  asthenopia  any 
exercise  of  the  accommodation,  whether  with  or  without 
glasses.  Is  attended  with  pain,  so  that  it  may  be  found 
necessary  to  have  recourse  to  atropia  for  the  purpose_  of 
maintaining  for  a  time  a  state  of  complete  physiological 
rest.  During  the  maintenance  of  the  mydriasis  reading 
may  be  permitted  with  the  aid  of  strong  convex  glasses, 
which  must  be  exchanged  for  neutralizing  glasses  when 
the  accommodation  is  allowed  again  to  perform  its  func- 
tion. The  hypermetrope  who  requires  convex  glasses 
for  reading  sees  also  perfectly  at  a  distance  with  the  same 
glasses,  and,  as  a  rule,  finds  it  more  convenient  and  com- 
fortable to  wear  them  constantly ;  but  in  this  he  m^ 
generally  be  permitted  to  follow  his  own  pleasure.  If 
for  any  reason  he  is  disinclined  to  wear  glasses  constantly, 
a  compromise  may  generally  be  effected  by  prescribing 
spectacles  for  reading  and  an  eye-glass  (pinee-nez)  for  oc- 
casional use. 

In  muscular  asthenopia  complicated  by  positive  insuf- 
ficiency of  the  recti-interni  it  is  often  necessary  to  give 
some  measure  of  direct  aid  to  these  muscles,  either  by 
the  decentration  of  the  concave  glasses,  which  must  be  so 
mounted  that  the  distance  between  the  centres  of  the 
two  lenses  shall  be  greater  than  the  distance  which  sepa- 
rates the  centres  of  the  two  corncBB,  or  by  grinding  the 
reqvired  concave  spherical  or  spherical  and  cylindrical 
surfaces  upon  prisms  of  from  3°  to  8°  angle.  _  These 
prisms  may  generally  bo  exchanged  after  a  time  for 
weaker  prisms,  or  their  effect  may  be  diminished  by 
lessening  the  distance  which  separates  them.  In  cases  of 
greater  insufficiency  of  the  recti-interni  prisms  are  inap- 
plicable, and  the  only  available  resource  is  in  the  division 
of  the  rectus-externus  muscle  in  one  or  both  eyes  ;  but 
this  ought  to  be  undertaken  only  after  an  exhaustive  m- 
vestigation  of  all  the  elements  of  the  case. 
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In  the  treatment  of  asthenopia,  whether  accommodative 
or  muscular,  the  chief  reliance  is  to  be  placed  upon  the 
correction  of  the  underlying  error  of  refraction  (hyper- 
metropia,  myopia,  astigmatism, .  and  in  certain  cases 
anisometropia)  by  means  of  appropriate  glasses  (convex, 
concave,  cylindrical,  or  of  different  foci  for  the  two 
eyes).  A  nearly  normal  relation  of  accommodation  to 
convergence  is  thus  established,  and  the  glasses  which  per- 
fectly correct  the  refractive  error  ia  youth  suflSce  until 
with  advancing  age  the  sight  begins  to  be  presbyopic  (see 
Accommodation  and  Refraction,  physiology;  ditto, pathol- 
ogy ;  Astigmatism,  Hypermetropia,  Myopia,  Presbyopia, 
Strabismus,  Spectacles).  John  Oreen. 

ASTHMA.  Stmptomatologt. — It  is  a  disease  char- 
acterized by  attacks  of  true  intermittent,  but  severe, 
dyspnoea,  accompanied  by  general  sibilant  rales.  In  a 
typical  case  of  the  complaint  the  patient  may  retire  to 
bed  in  apparently  good  health,  and  with  no  more  warn- 
ing of  the  impending  attack  than  in  a  case  of  nocturnal 
epilepsy  ;  but  after  a  few  hours'  sleep  his  respiration  be- 
comes labored  and  whistling,  so  that  it  even  may  be 
heard  by  others  while  he  is  still  asleep.  Soon  he  is  him- 
self awakened  by  his  difficulty  of  breathing,  though  if 
accustomed  to  such  visitations  he  may  endeavor  to  con- 
tinue his  slumber,  and  for  awhile  succeed  in  doing  so. 
Erelong,  however,  not  only  sleep,  but  all  rest  becomes 
impossible  by  the  supervention  of  a  most  urgent  dysp- 
noea, whose  symptoms  would  indicate  great  peril  to  life 
in  any  other  disease.  In  asthma,  however,  though  the 
distress  be  great,  alarm  is  significantly  absent  from  the 
patient. 

Careful  observation  now  will  show  that  the  difficulty 
in  the  breathing  is  mainly  due  to  some  interference 
with  the  expiration.  Unlike  croup,  asthma  allows  the 
air  to  readily  enter  with  the  inspiration,  but  the  expira- 
tion appears  as  a  laborious  struggle  which  succeeds  in 
forcing  the  air  out  only  with  painful  slowness,  render- 
ing this  process  from  two  to  four  times  the  length  of 
the  inspiration.  This  disproportionate  expiration  is  char- 
acteristic, for  though  the  expiration  is  prolonged  in  em- 
physema and  phthisis,  yet  it  never  equals  the  delay  of 
asthma.  The  patients,  therefore,  dread  the  most  ordi- 
nary acts  which  entail  a  prolongation  of  the  expu-ation 
like  coughing,  or  even  speaking,  but  especially  laugh- 
ing, for  in  some  this  is  itself  sufficient  to  induce  an 
attack,  while  on  the  other  hand  a  forced  inspiration  will 
otteu  serve  to  break  up  the  paroxysm. 

Owing  to  this  impeded  exit  the  residual  air  increases  in 
the  lungs  to  such  an  extent  that  the  intercostal  spaces 
become  rnuch  widened  and  the  girth  of  the  chest  so  ex- 
panded that  the  ordinarily  worn  clothes  of  the  patient 
will  not  come  together  by  from  one  to  three  inches  The 
upper  abdomen  also  becomes  similarly  distended  by  the 
forced  descent  of  the  diaphragm  pushing  down  the  liver 
stomach,  and  spleen.  The  walls  of  the  chest  finally 
seem  too  fixed  to  allow  of  any  but  the-  slightest  expan- 
sion and  retraction  in  breathing,  and  this  condition  gives 
to  the  patient  a  sense  of  suffocative  tightness,  as  if  caused 
by  some  external  compression.  Salter  notes  also,  as  a 
Irequeut  symptom,  a  persistent  itching  of  the  chin  and 
often  between  the  shoulder-blades  and  sternum  as  Well 
supervening  with  the  first  symptoms  of  asthmatic  breath- 
ox^sm    ^'''''"^       '''*''  """  ^''^^  development  of  the  par- 

fn,^l^™°^'^~?^5fsical  exploration  of  the  chest  now  af- 
foids  a  group  of  characteristic  symptoms  which  render 
Uie  diagnosis  of  asthma  a  mktter  of  no  great  difficultv 
The  lung  distention  exaggerates  the  pulmonary  resonance 
on  percussion  and  extends  its  area  in  every  direction  be 
hind  the  clavicles,  over  the  heart,  and  downward  over 
the  regions  of  normal  splenic  and  hepatic  dulness  Prom 
the  same  cause  the  vocal  fremitus  either  disappears  or  ?J 
much  diminished  in  those  localities  where  uls  wel 
marked  in  health.  Auscultation,  however  is  the  mos 
decisive  in  its  indications,  for  the  normal  vesicula?  Sm 

^U.^i^n.n^}rf  ""l  WgH-pitched  sSt  rTle,' 
wmch  often  attract  the  attention  of  bystanders  as  tliev 
become  audible  to  some  distance  from  the  pattent!     On 
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applying  the  ear  to  the  chest,  however,  one  distinguishes 
very  fine  rales,  mingled  with  others  larger  and  graver  in 
tone,  and  which,  moreover,  seem  to  shift  in  location  aa 
if  sometimes  near  to  the  ear,  and  then  further  off  like  a 
wavy  passage  of  air  over  various  musical  tubes,  in  sim 
pie  asthma  these  rales  are  purely  sibilant,  but  in  pro 
longed  attacks,  or  when  bronchitis  is  also  present  thev 
become  more  or  less  crackling.  '      •' 

As  the  disordered  respiration  continues,  the  sufferings  of 
the  patient  for  breath  become  extreme.  His  whole  frame 
partakes  in  the  struggle  for  air,  which  leads  him  involun 
tarily  to  try  to  expand  the  chest  yet  more  and  more  He 
strives  to  make  immovable  his  back,  shoulders,  and  head 
so  that  from  them  the  accessory  muscles  of  respiratioii 
may  pull  upon  the  already  tense  walls  of  the  thorax 
Hence  he  fixes  his  arms  or  plants  his  elbows  on  a  table  or 
other  support,  while  his  head  is  thrown  back,  his  mouth 
panting,  his  eyes  widely  opened  and  fixed,  and  his  face 
pale  and  bedewed  with  perspiration.  He  speaks  only  in 
monosyllables,  and  resents  everything  which  calls  him 
off,  even  for  a  momeijt,  from  his  efforts  to  breathe  The 
pulse  grows  small  and  feeble,  and  the  patient  becomes  so 
cyanotic  and  cold  that  his  wet,  clammy  skin  and  ghastly 
expression  are  apt  to  inspire  strangers  with  fear  of  his 
near  dissolution. 

The  duration  of  an  attack  varies  greatly,  not  only  in 
different  patients,  but  in  the  same  patient  at  different 
times.  The  attack  may  come  on  in  the  night  and  pass  off 
soon  after  daylight,  or  it  may  be  prolonged  into  a  series 
of  exacerbations  and  incomplete  remissions  for  several 
successive  days  and  nights,  until  the  sufferer  becomes 
almostfatally  exhausted.  In  like  manner  the  subsidence 
bears  little  relation  to  its  severity  or  duration.  Either  as 
the  effect  of  remedies  or  spontaneously,  the  breathing 
may  become  suddenly  easier,  the  rigidity  of  the  chest- 
walls  pass  off,  the,  inspirations  grow  fuller,  and  the  ex- 
pirations shorter,  and  the  patient,  who,  but  a  few  moments 
before,  seemed  about  to  perish  in  his  distress,  will  soon 
return,  after  a  moderate  expectoration  of  a  clear  frothy 
mucus,  to  regular  and  natural  breathing,  with  no  other 
indication  of  his  recent  sufferings  than  an  expression  of 
fatigue.  At  other  times,  especially  if  bronchitis  super- 
venes, the  attack  passes  off  in  a  series  of  irregular  par- 
oxysms of  difficult  breathing,  alternating  with  coughing 
and  free  expectoration.  In  many  fully  developed  attacks 
however,  the  patient  has  carefully  to  watch  for  its  decline 
by  avoiding  all  causes  of  exacerbation  or  relapse,  espe- 
cially from  eating,  so  that  some  asthmatics  are  obliged  to 
go  to  bed  fasting  if  they  are  to  pass  that  night  free  from 
dyspnoea. 

Etiologt.— In  asthma,  as  in  other  markedly  spasmodic 
diseases,  the  afferent  impression  which  induces  the  at- 
tacks varies  indefinitely,  both  in  kind  and  in  seat.  The 
sensory  nerves,  however,  which  are  distributed  to  the  mu- 
cous membrane  of  the  respiratory  tract,  including  the  ol- 
factories, afford  the  most  frequent  instances  of  the  curi- 
ous impressibility  which  excites  reflexly  the  asthmatic 
spasm.  On  this  account  bronchitis  itself  takes  the  lead, 
for  asthmatic  breathing  occurs  in  so  large  a  proportion  of 
both  acute  and  chronic  forms  of  this  affection  that  some 
writers  have  gone  the  length  of  ascribing  all  asthmas  to 
bronchitis.  It  is  easy  to  show,  however,  that  asthma 
lacks  no  element  of  a  true  neurosis,  and  that  in  many 
typical  cases  there  is  no  bronchitis  whatever.  Yet,  so 
great  is  the  proclivity  to  it  m  bronchitis,  that  even  com- 
paratively transient  affections,  like  measles  and  pertussis, 
sometimes  entail  a  life-long  asthma  as  a  sequel  to  the 
bronchial  irritation  attendant  upon  their  course.  In  the 
initial,  or  "dry"  stage  of  acute  bronchitis,  along  with 
the  sense  of  soreness  and  tightness  across  the  chest,  aus- 
cultation reveals  the  presence  of  true  asthmatic  wheezing, 
while  in  chronic  bronchitis  asthmatic  attacks  often  occur 
upon  very  slight  provocations,  such  as  by  rising  too  sud- 
denly, or  from  attempting  too  long  a  sentence  in  talking. 
After  the  irritation  of  bronchitis,  the  list  of  excitants 
of  asthma  which  take  their  start  from  the  sensory  nerves 
of  the  respiratory  mucous  membrane  varies  in  a  most 
extraordinary  degree.  Nearly  every  asthmatic  has  his 
specialty  of  the  kind,  so  to  speak,  often  with  a  most  un- 
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accountable  caprice  of  choice.  The  writer  has  known  of 
a  gentleman  who,  while  in  his  room  on  an  upper  floor, 
yet  could  tell  at  once  by.  his  breathing  that  buckwheat 
flour  had  been  just  brought  into  the  house.  The  prox- 
imity of  certain  animals,  especially  cats,  will  Induce  an 
attack  with  many  asthmatics,  who  may  sufEer  from  this 
cause  for  a  long  time  without  being  aware  of  its  origin 
until  they  accidentally  discover  that  the  tightness  comes 
on  so  soon  as  they  come  near  a  horse  or  a  dog,  or  pay  a 
visit  to  a  menagerie.  The  proclivity  to  asthma  from  de- 
ranged innervation  within  the  nasal  cavity  is  also  illus- 
trated by  numerous  histories  of  cures  by  the  removal  of 
polypi  or  other  causes  of  nasal  obstruction  or  irritation. 
The  smell  of  powdered  ipecacuanha  is  often  mentioned  as 
a  similar  excitant,  but  although  this  may  be  ascribed  to 
irritation  by  minute  particles  of  ipecac  inhaled — and  the 
like  may  be  said  of  asthma  from  the  inhalation  of  mus- 
tard or  of  the  fumes  of  a  sulphur  match — yet  such  an  ex- 
planation cannot  hold  good  in  asthma  caused  by  the  smell 
of  violets  or  of  other  fragrant  flowers.  In  fact  nothing  can 
be  more  whimsical  than  the  behavior  of  asthma  as  regards 
either  what  may  be  resented  as  an  ingredient  of  the  air 
inspired,  or  simply  from  the  general  character  of  the 
outer  atmosphere.  One  asthmatic  may  find  comfort  in 
the  air  of  a  particular  locality  which  another  asthmatic 
can  enter  only  at  his  peril.  Salter  mentions  the  instance  of 
two  friends  who  could  not  exchange  visits  at  their  country 
houses,  which  were  on  opposite  sides  of  a  ridge,  though 
both  were  suited  with  the  air  of  London.  The  air  of  large 
cities,  in  fact,  despite  of  its  smoke  and  dust,  agrees  of tener 
with  asthmatics  than  does  the  pure  air  of  the  country. 

Next  to  the  respiratory  tract,  the  most  frequent  exci- 
tants of  asthmatic  attacks  proceed  from  the  alimentary 
canal,  especially  from  its  gastro-duodenal  portion.  Most 
asthmatics,  indeed,  are  also  dyspeptics,  and  are  th]is  doubly 
obliged  to  be  particular  in  their  dietary.  The  list  of  for- 
bidden articles  is  singularly  varied,  as  we  might  expect 
from  the  range  in  this  respect  among  dyspeptics  as  a 
class.  Some  will  have  asthma  if  they  take  cheese,  others 
almonds,  others  apples  or  wine  or  tea  or  tobacco,  etc.; 
the  peculiarity  being  that  the  particular  idiosyncrasy  is 
generally  consistently  adhered  to,  perhaps  for  many  years, 
or  at  least  as  long  as  natural  tastes  or  likings  are  apt  to 
last.  With  many  patients,  however,  it  is  not  so  much  a 
particular  article  which  brings  on  a  paroxysm,  but  a  too 
hearty  meal  for  them  of  any  kind.  On  the  other  hand, 
constipation  is  the  sure  provocative  with  some  who  are 
also  often  promptly  relieved  by  a  cathartic.  In  women, 
uterine  derangements  have  their  share  in  the  causation  of 
asthma,  though  not  as  frequently  as  they  serve  to  excite 
other  spasmodic  diseases  ;  while  a  certain  proportion  re- 
mains whose  attacks  seem  to  be  induced  solely  by  mental 
excitement,  particularly  of  a  depressing  kind. 

Among  the  special  predisposing  causes  of  asthmatic 
seizures  is  the  state  of  sleep,  for  the  majority  of  distinct 
attacks  set  in  after  the  patient  has  been  asleep  for  some 
time,  and  oftenest  during  the  hours  of  profound  slumber, 
after  midnight.  Some  asthmatics  are  obliged  to  keep 
awake  after  noting  certain  of  their  usual  premonitory 
signs,  or  the  attack  will  surely  develop  if  they  happen  to 
sleep  at  all.  The  relation  of  sleep  to  the  attacks  is  also 
well  illustrated  in  peptic  asthma,  for  though  the  ofEend- 
ing  article  of  diet  be  taken  in  the  morning,  yet  it  will  not 
be  until  its  customary  hour  in  the  night  that  the  asthma 
which  it  induces  will  come  on.  This  chronometry  of 
asthma  exemplifies  the  real  but  unperceived  continuous- 
ness  of  the  spasmodic  nervous  diseases,  in  all  of  which 
the  outbreaks  are  sudden  only  in  the  manifestation  of 
certain  symptoms,  and  which  mere  symptoms,  like  spasm, 
etc.,  are  therefore  too  often  mistaken  for  the  whole  dis- 
ease. The  reasons  which  have  been  adduced  by  various 
writers  for  this  nocturnal  feature  of  asthma,  as  in  the 
analogous  instance  of  nocturnal  epilepsy,  are  too  hypo- 
thetical to  call  for  extended  discussion.  It  is  interesting, 
however,  to  note  that  the  mere  fact  of  darkness  seems  to 
dispose  to  the  attacks.  Not  a  few  patients  can  prevent 
them  by  keeping  a  light  burning  brightly  in  their  rooms, 
while  if  the  light  be  put  out  they  will  soon  wake  up  with 
difficult  breathing. 


Asthmatic  dyspnoea  is  also  occasionally  secondary  to 
other  diseases  or  morbid  states,  in  which  case  it  ranks 
only  as  a  symptom  of  them.  Thus,  in  heart-disease,  par- 
ticularly of  the  mitral  valves,  the  widespread  congestion 
of  the  bronchial  mucous  membrane  may  excite  real  asth- 
matic symptoms  which,  moreover,  should  not  be  con- 
founded with  true  cardiac  dyspnoea.  In  the  latter,  the 
patient  resembles  one  who  is  out  of  breath  from  mus- 
cular exercise,  as  after  running,  but  cardiac  asthma, 
properly  speaking,  shows  the  same  derangement  of  ex- 
piration as  ordinary  asthma,  and  is  evidently  due  to  the 
bronchial  hypersemia  acting  as  a  reflex  excitant.  Tox- 
semia  also  sometimes  produces  asthmatic  attacks,  espe- 
cially in  gout  and  in  uraemia.  In  the  gouty  cases  the  at- 
tacks are  sudden,  nocturnal,  and  quickly  accompanied 
by  a  great  bronchial  flux,  which  may  be  pinkish  from 
capillary  hajmorrhage.  A  patient  of  mine  once  expec- 
torated two  large  basinfuls  of  such  mucus  between  mid- 
night and  morning,  but  after  three  such  attacks  they, 
ceased  and  never  recurred  afterward.  In  gouty  asthma 
alarm  is  wholly  ab-sent,  but  not  so  in  ursemic  asthma. 
Here  again,  as  in  the  cardiac  cases,  the  dyspnoea  should 
not  be  mistaken  for  asthma,  if  it  be  due,  as  it  commonly 
is,  to  pulmonary  osdema  or  to  pleuritic  effusion.  True 
urffimic  asthma  is  characterized  by  sudden  attacks  of  diffi- 
cult breathing  with  great  terror,  and  often  also  with  se- 
vere palpitation  of  the  heart,  which  is  usually  much  hy- 
pertrophied  from  the  arterial  obstruction  of  chronic  renal 
disease.  After  a  few  attacks,  if  not  after  the  first  one, 
the  breathing  remains  permanently  shortened,  and  the 

?atient  dreads  the  slightest  cause  of  cardiac  excitement, 
n  most  cases  uraemio  asthma  is  a  late,  and  not  a  favor- 
able symptom  of  chronic  Bright's  disease,  particularly  of 
the  granular  variety,  and  it  is  commonly  associated  with 
abundant  light-colored  urine  of  low  specific  gravity,  with 
or  without  albumen.  In  one  case,  however,  seen  by  me 
in  consultation,  the  kidney  affection  seemed  to  follow  the 
asthma  rather  than  to  precede  it. ,  The  patient,  a  gentle- 
man about  fifty  years  of  age,  was  suddenly  seized,  while 
apparently  in  perfect  health,  with  extreme  dyspnoea.  His 
physician  on  arrival  tested  his  urine,  and  found  it  heavily 
loaded  with  albumen.  This  albumen,  however,  wholly 
disappeared  in  a  few  days,  until  after  a  fortnight,  when 
he  had  another  exactly  similar  seizure,  also  in  the  day- 
time. The  interesting  circumstance  connected  with  the 
second  seizure  was  that  he  had  sent  a  specimen  of  urine, 
passed  only  an  hour  before  the  attack,  to  be  examined, 
and  it  was  found  to  be  wholly  free  from  albumen  and  of 
normal  specific  gravity,  but  some  tested  immediately  after 
the  seizure  set  in,  became  nearly  solid  on  boiling.  This 
observation  of  the  reappearance  of  albumen  only  at  the 
attacks,  with  its  gradual  but  ultimately  final  disappear- 
ance until  another  fit  of  dyspnoea,  was  repeated  a  number 
of  times,  once  by  myself,  as  daily  examinations  of  his 
water  were  kept  up.  He  finally  succumbed  some  months 
afterward  to  extensive  effusions  in  both  pleurae. 

Asthmatic  attacks  are  also  sometimes  plainly  associated 
with  the  disappearance  of  chronic  skin  eruptions.  A  patient 
of  mine  always  became  asthmatic  whenever  an  old  eczema 
of  the  chest  began  to  subside,  until  he  found  that  he  could 
rid  himself  of  the  infliction  by  an  artificially  induced 
eczema  with  croton-oil. 

Age. — Asthma  may  begin  at  any  age.  An  intelligent 
patient  of  mine,  seventy  years  old,  stated  that  the  disease 
was  observed  in  him  on  the  first  day  of  his  life.  There 
is,  however,  a  special  proclivity  to  it  in  the  fir,st  decennial, 
owing  to  the  predisposition  of  children  to  bronchitis.  Of' 
325  cases,  Salter  had  71  under  ten,  and  in  11  of  them 
it  began  in  the  first  year,-  The  prognosis  of  asthma  is 
better  in  childhood  than  later  on,  as  it  is  frequently  out- 
grown after  puberty,  particularly  if  the  causes  of  bron- 
chitis be  carefully  avoided.  The  cases  which  begin  in 
adolescenee  are  relatively  few,  and  are  then  generally  of 
the  purely  spasmodic  form.  But  in  middle  life  the  pro- 
clivity to  asthma  again  increases  with  the  greater  exposure 
from  out-door  occupations,  but,  unlike  bronchitis,  asthma 
as  a  new  disease  begins  to  fall  off,  and  progressively  de- 
creases in  its  ratio  till  seventy.  The  common  impression 
that  asthma  is  a  disease  of  old  age  is  a  mistake,  arising 

395 


Asthma* 
Asthma. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


rather  naturally  from  the  frequency  of  chrome  bronchitis 
with  asthmatic  wheezing  among  elderly  persons. 

Sex.— The  influence  of  sex  is  considerable,  the  prepon- 
derance of  males  being  about  double  that  of  females. 
That  this,  however,  is  due  to  the  greater  exposure  of  men 
to  causes  of  bronchitis,  is  shown  by  the  fact  that  the  cases 
of  the  pure  spasmodic  variety  are  about  equally  divided 
between  the  sexes. 

Hbrbdity.  —  Asthma  belongs  also  to  the  markedly 
hereditary  diseases,  as  might  be  expected  from  the  char- 
acters of  its  common  accompaniments.  An  inherited 
proclivity  to  bronchitis  is  observable  as  often  as  a  family 
tendency  to  phthisis,  while  neuroses,  on  the  other  hand, 
are  more  frequently  of  constitutional  origin  than  any  other 
class  of  affections.  About  thlrty-flve  per  cent,  of  all 
asthmatics,  therefore,  will  show  some  sign  of  heredity, 
and  oftener  from  the  paternal  than  from  the  maternal 
side — a  fact,  moreover,  in  keeping  with  the  greater  fre- 
quency of  the  disease  among  men. 

Pathology. — Asthma  has  no  characteristic  anatomical 
lesions.  That  extensive  pathological  alterations  are  often 
found  post  mortem  is  quite  true,  but  in  most  cases  they 
are  caused  by  intercurrent  affections,  particularly  by 
bronchitis.  Under  this  head  come  hypertrophy  of  the 
circular  muscular  fibres,  with  consequent  narrowing  of 
the  bronchioles.  It  may  be  even  to  occlusion,  collapse  of 
lobules,  emphysema,  and  dilatation  of  the  right  side  of 
the  heart,  with  the  various  sequelae  of  these  conditions,  to 
be  detailed  in  their  proper  place  (see  Bronchitis).  But 
there  are  some  organic  alterations  which  may  be  ascribed 
to  the  labored  respiration  of  asthma  alone,  when  severe 
and  prolonged  attacks  come  so  often  that  the  parts  have 
no  opportunity  to  return  to  their  normal  state  during  the 
intervals.  That  this  is  the  occasion  of  such  changes  ap- 
pears from  their  complete  absence  in  those  patients  who 
have  perfect  intermissions  between  the  attacks.  The  first 
of  these  effects  is  dilatation  of  the  right  heart,  caused  by 
long  labor  in  the  difiicult  propulsion  of  blood  through 
the  lungs  so  soon  as  apnoea  occurs  in  any  form.  During 
a  paroxysm  of  asthma,  the  left  heart  and  the  systemic 
arteries  are  relatively  empty  and  the  pulse  small,  while 
the  systemic  venous  system  from  the  right  auricle  back- 
ward is  everywhere  overloaded.  The  heart-beat  is  then 
found,  not  under  the  nipple,  but  in  the  scrobiculus  cordis  ; 
partly,  it  is  true,  from  the  displacement  caused  by  the 
dilated  left  lung,  but  equally  also  from  the  distention  of 
the  right  ventricle.  Another  constant  result  is  emphysema, 
or  permanent  over-distention  of  the  air- vesicles,  caused  by 
the  progressive  accumulation  of  the  residual  air  from  the 
imperfect  expiration.  Emphysema  may  thus  be  found  in 
old  asthmatics,  whether  they  have  had  chronic  bronchitis 
or  not.  Lastly,  from  the  combined  derangement  of  the 
pulmonary  circulation  caused  by  the  intermittent  apnoaa 
and  the  permanent  emphysema,  we  have  a  tendency  to 
bronchial  flux  to  relieve  the  congested  vessels,  which 
finally  adds  chronic  inflammation  to  chronic  hypersemia, 
and  thus  establishes  the  vicious  circle  of  impeded  circula- 
tion causing  bronchitis,  and  bronchitis  in  turn  causing 
progressive  circulatory  impediment. 

These  slowly  induced  effects  finally  produce  those 
changes  of  personal  appearance  which  mark  old  asth- 
matics. As  the  general  nutrition  suffers  from  the  per- 
sistent congestion  of  the  liver  caused  by  the  impeded  out- 
flow of  the  right  heart,  these  patients  are  usually  thin, 
pale  or  cyanotic,  and  with  deficient  muscular  power.  The 
eyes  are  prominent  and  watery,  the  voice  weak,  the  gait 
slow  and  measured,  and  the  back  rounded,  often  to  great 
deformity.  The  head,  however,  is  always  thrown  back 
between  the  elevated  shoulders,  and  the  trunk  of  the  body 
is  kept  so  rigid  that  the  arms  hang  passively  swung  by 
the  movements  of  walking. 

Leyden  endeavored  to  demonstrate  the  cause  of  asthma 
to  lie  in  the  presence  of  sharply-tipped  octohedral  crystals, 
found  abundantly  in  the  expectoration  which  terminates 
a  paroxysm  of  asthma,  and  which,  he  supposed,  by  their 
numerous  fine  points  set  up  a  reflex  irritation  of  the  ter- 
minal branches  of  the  vagus  in  the  bronchial  mucous 
membrane.  This  theory,  however,  is  sufficiently  nega- 
tived by  the  discovery  of  the  same  crystals  in  the  secretions 
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of  other  bronchial  affections  in  which  there  is  no  asthma. 
That  asthma,  instead,  is  essentially  a  functional  neurosig 
is  readily  apparent  when  the  disease  is  studied  in  uncom- 
plicated cases,  for  in  them,  though  there  be  neither  bron- 
chitis, heart  disease,  nor  toxaemia,  we  have  typical  attacks 
developing  in  association  with  phenomena  which  belong 
to  nervous  diseases  alone.  Of  such  phenomena  we  would 
cite,  1.  Extreme  suddenness  of  onset,  as  the  immediate 
asthma  caused  in  some  by  certain  odors.  No  less  sudden 
also  in  many  cases  is  its  departure,  as  upon  the  inhalation 
of  certain  fumes.  This  feature  militates  also  against  the 
theory  of  Weber,  who  ascribes  asthma  to  turgescence  of  the 
mucous  membrane,  narrowing  the  calibre  of  the  bronchi  as 
an  acute  coryza  impedes  breathing  through  the  nose.  Storck 
lent  support  to  this  view  by  laryngoscopic  observation  of 
tumefaction  of  the  tracheal  mucous  membrane  as  far  aa 
the  right  bronchus  in  an  asthmatic  during  an  attack. 
Bristowe,  moreover,  cites  the  rapid  subsidence  of  cutane- 
ous turgescence  in  some  cases  of  urticaria  evanida  as 
affording  some  support  to  congestive  swelling  of  the 
bronchial  mucous  inembrane  being  a  factor  in  the  etiology 
of  asthma.  But  though  it  be  freely  granted  that  the 
agonizing  struggles  of  an  asthmatic  for  air  may  have  con- 
siderable effect  upon  the  circulation  of  the  bronchial  walls, 
yet  the  fact  remains  that  no  known  swelling,  however 
evanescent,  vanishes  so  quickly  as  some  true  asthmatic 
dyspnoeas  vanish,  the  patients  becoming  natural  often  more 
speedily  than  is  common  after  either  epileptic  or  neuralgic 
attacks.  3.  Like  other  spasmodic  neuroses,  whether  sen- 
sory or  motor,  asthma  often  has  characteristic  prbdromata 
of  the  attacks.  One  of  the  most  common  Is  a  feeling  of 
almost  irresistible  drowsiness,  giving  way  to  which  the 
patient  well  knows  will  be  followed  by  the  old  dread 
awakening.  With  some,  on  the  other  hand,  unusual 
wakefulness  is  a  sure  precursor.  As  in  epilepsy  and  in 
migraine  some  are  warned  by  the  temper  becoming  very 
irritable,  or  the  spirits  causelessly  depressed,  while  others 
experience  unwonted  buoyancy  of  spirits.  Moreover, 
as  in  these  neuroses,  the  attacks  are  sometimes  preceded, 
but  oftener  followed,  by  an  abundant  flow  of  pale,  limpid . 
urine.  3.  Mental  influences  alone  are  known  both  to  ex- 
cite and  to  suspend  the  attacks  with  some.  In  certain 
patients  a  fit  of  anger  may  induce  an  attack  immediately, 
in  others,  more  significantly  still,  invariably  insure  the 
attack  during  the  succeeding  night,  long  after  the  angry 
emotion  is  gone  or  forgotten.  4.  It  is  only  in  functional 
neuroses  that  we  find  many  and  widely  differing  exciting 
causes.  Thus  epilepsy  has  been  wholly  relieved  by  the 
expulsion  of  a  tape-worm,  or  of  a  renal  calculus,  or  by 
trepanning.  But  in  this  respect  asthma  surpasses  all 
other  complaints,  and  the  bearing  of  this  fact  upon  the 
nervous  character  of  the  disease  appears  when  contrasted 
with  bronchitis,  which  involves,  moreover,  just  the  same 
parts  which  asthma  affects.  Bronchitis  certainly,  as  well 
as  any  other  disease  with  palpable  lesions,  cannot  be  ex- 
cited by  such  a  motley  array  of  influences  as  the  smell  of 
cats  or  of  violets,  the  eating  of  raisins  or  nuts,  by  con- 
stipation, by  depressing  emotions,  or  by  the  extinguish- 
ment of  a  light.  5.  A  decisive  consideration  is  to  ha 
noted  also  in  the  intermediate  condition  between  the 
paroxysms.  In  typical  asthmatics  in  whom  no  organic 
changes  have  yet  been  induced,  such  as  emphysema  or 
the  effects  of  chronic  bronchitis,  the  existence  of  asthma 
cannot  be  even  guessed.  The  patient  shows  to  inspection 
and  to  physical  exploration  of  the  chest  no  more  signs  of 
being  subject  to  violent  and  prolonged  attacks  of  dyspnoea 
than  an  epileptic's  muscles  tell  of  his  convulsions. 

Mechanism. — Asthma,  therefore,  may  be  regarded  as 
essentially  a  derangement  of  the  innervation  of  the  respir- 
atory apparatus,  disturbing  the  rhythmical  succession  of 
contraction  and  relaxation  by  a  muscular  cramp,  which 
interferes  chiefly  with  the  act  of  expiration.  But  the 
mechanism,  so  to  speak,  of  the  asthmatic  paroxysm  itself 
is  by  no  means  agreed  upon.  The  majority  of  authorities 
ascribe  it  to  narrowing  of  the  bronchioles  by  spasm  of 
their  muscular  coat,  while  others  maintain  that  it  consists 
in  spasm  of  the  diaphragm  and  costal  muscles.  Each  of 
these  theories  may  be  said  to  explain  what  the  other  leaves 
unexplained,  and  hence  it  is  doubtful  if  either  ol  them 
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alone  can  be  I'egarded  as  adequate.  The  arguments  in 
favor  of  the  latter  theory  are  : 

1.  During  the  attacks  the  whole  aspect  of  the  patient  is 
that  of  extreme  external  muscular  rigidity.  Both  the 
thorax  and  abdomen  appear  fixed  and  immovable,  and 
show  none  of  those  strong  heaving  and  expansive  efforts 
which  are  visible  in  other  forms  of  dyspncsa.  Thus,  in 
asthma,  the  diaphragm  remains  depressed,  as  if  arrested  in 
inspiration,  and  the  muscles  of  the  distended  abdomen 
grow  hard  and  tense  as  they  labor  in  vain  to  overcome 
the  resisting  diaphragm  and  thus  assist  expiration.  From 
the  powerful  contraction  of  the  abdominal  muscles  it  even 
happens  that  the  lower  ribs  often  bulge  during  the  effort 
at  expiration.  On  the  other  hand,  when  there  is  obstruc- 
tion in  the  respiratory  tract,  as  in  laryngeal  croup,  oedema 
.  glottidis,  etc.,  the  phenomena  are  all  different.  The  diffi- 
culty is  then  plainly  in  the  inspiration,  and  not  in  the  ex- 
piration, and  the  ribs  to  which  the  diaphra^i  is  attached 
actually  sink  in,  even  during  inspiration.  Why  obstruc- 
tion in  the  bronchi  should  reverse  all  these  effects  is  not 
explained. 

3.  The  theory  of  bronchial  spasm  fails  to  account  for 
the  difficulty  of  expiration  in  asthma.  If  contraction  oc- 
curs in  the  tubes,  it  must  interfere  with  both  inspiration 
and  expiration  equally,  unless  it  can  be  shown  that  the 
circular  fibres  have  a  valvular  action  at  the  points  of 
contraction,  admitting  the  incoming,  but  interfering  with 
the  outgoing,  current.  This  phenomenon,  however,  has 
never  been  induced  in  animals  experimentally,  and  is 
even  diflicult  to  imagine.  Moreover,  that  nothing  of  the 
kind  occurs  is  proved  by  auscultation,  for  a  valvular  ob- 
struction to  the  expiration  would  totally  alter  both  the 
quality  and  the  pitch  of  the  expiratory  sibilus,  which  is 
not  the  case. 

3.  On  the  other  hand,  the  theory  of  diaphragmatic 
spasm  explains  why  inspiration  is  easier  than  expiration 
in  asthma,  because  it  is  well  known  that  partially  cramped 
voluntary  muscles,  like  the  diaphragm,  can  always  be 
stimulated  to  further  contraction,  though  still  disinclined 
to  yield  to  relaxation.  This  appears  strikingly  in  tetanus, 
where  the  tonic  rigidity  of  the  muscles  never  wholly 
gives  way,  although  every  few  moments  fresh  and  power- 
ful contractions  occur  in  response  to  the  slightest  external 
impressions.  Meantime,  the  statement  that  the  depressed 
state  of  the  diaphragm  is  a  passive  condition  due  to  the 
over-di8t«ntion  of  the  lungs  with  residual  air,  is  negatived 
by  the  active  muscular  contraction  of  the  abdomen  above 
referred  to,  which  is  quite  different  from  the  passive  dis- 
tention of  the  abdominal  walls  when  the  diaphragm  is 
depressed  in  emphysema. 

4.  The  asthmatic  paroxysm  is  always  aggravated  by 
certain  movements  which  confessedly  occur  only  in  the 
diaphragm  itself.  Patients,  on  this  account,  especially 
dread  to  laugh,  or  to  do  anything  which  slows  or  checks 
the  relaxation  of  the  diaphragm,  such  as  long  talking. 
But  how  these  actions  could  in  any  way  affect  bronchial 
constriction  is  diflicult  to  conceive. 

On  the  other  hand,  there  is  one  incontestable  proof  that 
constriction  of  the  bronthi  does  take  place  in  every  case  of 
real  asthma,  and  that  is  the  invariable  presence  of  general 
sibilant  r&les  of  every  variety  of  size,  from  fine  whistling 
to  large  cooing  sounds.  In  true  asthma  these  sounds  are 
purely  tubular,  and  from  their  shifting  character,  above 
alluded  to,  it  is  plain  that  they  are  produced  by  progres- 
sive waves  of  contraction  in  the  bronchial  walls,  and  not 
by  a  uniform  diminution  of  .their  calibre,  such  as  gen- 
eral tumefaction  (Weber)  would  occasion.  These  rales, 
moreover,  are  simultaneous  with  the  onset  of  the  at.tack, 
as  they  are  audible  sometimes  in  the  breathing  of  an  asth- 
matic, even  before  he  is  awakened  by  a  fit,  and  so  con- 
stant are  they  that  no  dyspnoea  can  be  termed  asthmatic 
if  there  be  no  wheezing.  Now,  the  theory  of  diaphragm 
spasm  wholly  fails  to  account  for  these  characteristic 
bronchial  rSles,  If  we  had  diaphragm  spasm  alone,  the 
symptoms  then  would  rather  resemble  burking,  or,  more 
properly,  the  dyspnoea  which  is  often  the  fatal  complica- 
tion of  tetanus,  where  death  results  from  tonic  spasm  of 
the  respiratory  muscles.  Here,  as  I  have  had  personal 
occasion  to  note,  there  is  no  wheezing  whatever. 


From  these  considerations  the  view  of  Lebert  seems  to 
us  preferable,  namely,  that  the  asthmatic  paroxysm  be- 
gins with  spasm  of  the  bronchial  muscles,  much  as  the 
first  discharge  of  epilepsy  often  begins  with  a  special 
group  of  muscles,  and  then  spreads  to  other  and  wider 
muscular  associations.  Considering  how  intimately  and 
constantly  the  muscular  actions  of  respiration  are  asso- 
ciated, it  is  easy  to  conceive  how  disordered  innervation 
of  the  bronchial  muscles  may  become  quickly  accom- 
panied by  disordered  innervation  of  the  diaphragm,  and 
thus  check  the  return  of  inspired  air.  Some  ten  such 
respirations  would  sutHce  to  inflate  the  lijngs  to  the  ex- 
tremest  degree  observable  in  asthma,  until  the  whole  mus- 
cular apparatus  of  expiration  would  join  in  the  spasm 
and  complete  the  picture  of  this  dyspnoea,  where  almost 
the  only  movements  which  remain  in  the  distressful 
breathing  are  the  lifting  actions  of  the  neck  and  shoulder 
muscles.  Lebert  justly  insists  on  the  contrast  between 
the  pulmonary  dilatation  in  asthma  and  its  absence  in 
fibrinous  bronchitis,  where,  though  the  obstruction  is 
great  and  the  constriction  of  the  bronchioles  a  tubular 
narrowing,  yet  there  is  but  slight  dilatation,  if  at  all,  and 
which  proves,  therefore,  that  something  more  than  bron- 
chial constriction  is  needed  to  explain  all  the  clinical 
features  of  asthma. 

Tbbatment. — Much  the  greater  number  of  reputed 
remedies  for  asthma  are  little  else  than  palliative,  because 
their  operation  merely  relieves  a  paroxysm  or  attack  of 
the  complaint,  just  as  opium  may  relieve  the  pain  of  a 
syphilitic  node  without  producing  the  least  effect  on  the 
cause  of  the  symptom  itself.  The  peculiar  motor  spasm  of 
asthma  is  not  the  disease,  but  only  a  symptom  of  it,  the  same 
in  nature  with  pain,  and  hence,  like  other  mere  symptoms 
in  nervous  diseases,  it  can  be  affected  by  a  great  variety  of 
influences.  Thus  such  unlike  agents  as  caffeine,  chloral, 
ether,  and  tobacco,  or  the  inhalation  of  stramonium  or  of 
nitre  fumes,  are  each  spoken  of  as  marvellously  relieving 
certain  confirmed  asthmatics.  No  sooner  does  the  patient 
begin  to  experience  the  special  effects  which  these  drugs 
produce  in  a  healthy  man,  than  the  agony  of  his  breath- 
ing subsides,  and  a  restful  calm  succeeds  as  by  m^c. 
But  the  great  disappointment  with  these  seemingly  effec- 
tive remedies  is  that  the  longest  use  of  them  brings  the 
patient  no  nearer  getting  rid  of  his  enemy  than  when  he 
began.  He  may  break  up  his  attacks  for  years  with  his 
special  prescription,  but  the  asthmatic  fit  is  as  ready  to 
return,  and  as  severely,  as  if  no  remedy  for  it  ever  had 
been  tried. 

The  reason  for  this  failure  is  fundamental.  These  so- 
called  remedies  for  asthma  are  all  neurotics,  and  no  agent 
like  opium,  or  aconite,  or  stramonium,  or  ether,  whose 
whole  medicinal  action  is  obtained  by  one  dose,  can  do 
anything  more  than  that  one  dose  does.  However  often 
repeated  no  cumulative  progressive  effect  follows  upon 
the  administration  of  neurotics,  and  hence  they  can  affect 
only  the  functional  manifestations  of  a  constitutional  dis- 
ease. All  that  such  medicines  can  do  is  to  produce  some 
immediate  but  temporary  change  in  some  symptom  of  the 
complaint,  but  no  more.  There  is  hence  a  parallel  be- 
tween the  curious  variety  of  the  exciting  causes  of  asthma 
in  different  persons,  and  the  like  variety  both  in  the  neu- 
rotics themselves  and  in  their  disproportionate  efllcacy  in 
different  patients.  For  while  the  exciting  causes  show 
by  their  incongruity  that  they  are  not  true  but  only  acci- 
dental elements  in  the  case,  so  the  diverse  neurotics  rec- 
ommended for  asthma  show  that  they  affect  only  some 
accessory,  but  not  essential  factor  in  the  disease.  When 
a  nasal  polypus  makes  one  patient  an  asthmatic  and  a 
loaded  rectum  another,  neither  of  these  cases  throws  the 
least  light  on  the  true  cause  of  asthma.  Likewise  when  a 
nauseant  emetic  and  a  glass  of  hot  spirits  and  water  are 
each  said  to  "  work  like  a  charm  "  in  some  asthmatics,  we 
can  scarcely  say  of  such  remedies  that  they  bring  us 
nearer  the  true  therapeutics  of  the  malady,  for  it  is  plain 
that  they  modify  only  some  chance  association  of  per- 
verted function. 

In  this  class  of  palliative  remedies  we  would  assign  the 
first  place  to  the  mydriatics,  belladonna,  hyoscyamus, 
stramonium,  and  duboisia.    The  wide  range  of  disorders 
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in  which  these  medicines  have  been  found  beneficial  is 
due  to  a  general  principle  in  their  operation,  which  also 
suggests  the  explanation  of  their  use  in  asthma,  viz.,  that 
they  relieve  disordered  innervation  of  involuntary  mus- 
cular fibre  by  a  motor  stimulant  action  which  restores  its 
rhythmical  contraction  when  it  has  been  arrested  by  spasm 
from  any  cause.  Spasm  and  paralysis  are  associated  phe- 
nomena in  unstriped  muscle,  tetanic  contraction  of  one 
portion  and  relaxation  of  the  remainder  taking  the  place 
of  the  normal  wave  movement  throughout  the  whole. 
Hence  the  use  of  belladonna  and  its  allies  in  spasmodic 
action  of  the  bladder  in  cystitis,  in  nocturnal  incontinence 
of  urine,  in  the  constipation  of  women  from  reflex  pelvic 
irritation,  in  spasmodic  gastrodynia,  in  cardiac  pains 
when  due  to  left  hypertrophy  deranging  the  rhythm  of  the 
two  sides  of  the  heart,  etc.  As  with  other  neurotics,  the 
earlier  they  are  given  in  the  attack,  the  more  pronounced 
and  speedy  is  the  effect.  A  full  dose  of  the  tincture,  or 
of  the  fluid  extract  of  belladonna,  should  be  given,  enough 
to  produce  well-marked  constitutional  effects,  and  then 
repeat  the  same  in  two  hours  if  there  be  only  imperfect 
relief.  If  the  second  dose  fails  to  affect  the  breathing,  a 
very  effective  method  is  to  give  a  hypodermic  of  atropia 
injected  deeply  into  the  nape  of  the  neck,  a  locality  which 
is  the  seat  of  a.  sensation  of  great  weariness  in  severe  at- 
tacks of  asthma,  and  which  this  measure  often  mitigates 
at  once,  after  other  employment  of  the  remedy  had  failed. 
Hyoscyamia  sometimes  affords  more  relief  than  atropia, 
but  in  most  cases  is  not  superior  to  it.  Other  patients  are 
best  relieved  by  the  inhalation  of  the.  smoke  of  stramo- 
nium leaves,  for  which  purpose  they  may  be  lit  at  the  bot- 
tom of  a  cup,  or  used  like  tobacco  in  a  pipe  or  made  into 
cigarettes  ;  the  effort  being  to  inhale  the  fumes  as  deeply 
as  possible,  when  the  dyspnoea  sometimes  is  found  to 
vanish  with  surprising  rapidity. 

Coffee  should  be  reckoned  also  among  the  neurotics 
which  are  effective  in  asthma  by  a  stimulant  action.  It 
should  be  made  very  strong,  taken  always  on  an  empty 
stomach  and  taken  hot,  for  the  sipping  of  the  potion  is 
not  without  its  own  effect,  as  it  has  been  shown  by  Kro- 
necker  that  the  act  of  swallowing  itself  powerfully  stim- 
ulates the  cardiac  and  pulmonary  branches  of  the  vagus. 
Coffee  taken  after  eating  aggravates  asthma  by  interfering 
with  digestion.  In  some  cases  I  have  found  the  alkaloid, 
caffeine,  of  temporary  benefit,  but  on  the  whole  regard  it 
as  inferior  to  the  freshly  made  and  strong  infusion.  Hot 
coffee  is  particularly  good  in  asthmatic  bronchitis,  as  it 
facilitates  the  expectoration  while  it  relieves  the  spas- 
modic condition.  It  is  in  the  same  class  of  cases  also 
that  the  muscle  stimulant,  nux  vomica,  is  sometimes  bene- 
ficial. Here  again  the  tincture  or  the  fluid  extract  of  the 
drug  are  preferable  to  its  alkaloid,  strychnia. 
_  Next  in  order  come  the  neurotics  which  probably  re- 
lieve the  asthmatic  paroxysm  by  a  sedative  action  on  the 
initial  irritant  impression.  Among  these  we  would  enu- 
merate alcohol,  the  ethers,  chloral,  and  opium.  It  should 
be  noted  that  while  alcohol  is  a  stimulant  to  the  heart 
and  to  some  cerebral  functions,  it  is  an  immediate  seda- 
tive to  the  sensory  nerves,  and  this  sedation  steadily  in- 
creases in  proportion  to  the  dose.  Sulphuric  ether,  when 
taken  internally,  resembles  alcohol  in  these  respects, 
though  much  more  pronounced  in  its  sedative  effects. 
Hence  the  use  of  both  alcohol  and  ether  in  the  muscle- 
cramp  of  intestinal  colic  arid  in  spasmodic  affections  of 
ducts  generally.  Full  doses  of  spirits,  therefore,  taken 
hot,  will  relieve  some  asthmatics  to  the  exclusion  of  all 
other  remedies,  but  the  relief  does  not  occur  generally 
until  enough  is  taken  to  intoxicate  a  well  person,  though 
it  rarely  does  so  with  an  asthmatic.  Sulphuric  ether, 
however,  is  much  more  generally  effective,  especially  in 
the  preparation  of  the  spiritus  compositus,  or  Hoffman's 
anodyne,  owing  to  the  oil  of  wine  which  it  contains.  As 
this  latter  ingi-edient  is  expensive,  it  is  sometimes  fraudu- 
lently omitted,  with  a  plain  falling  off  in  remedial  power 
over  the  attacks.  The  dose  for  the  paroxysm  should  be 
not  less  than  two  drachms.  As  the  latter  acts  in  a  dif- 
ferent way  from  the  belladonna,  being  more  connected 
with  the  sensory  element  of  the  spasmodic  condition 
while  the  belladonna  affects  the  motor,  an  unquestion- 
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able  gain  is  secured  by  administering  these  two  remedies 
together. 

As  might  be  expected,  there  is  much  contradictory  tes- 
timo  iy  about  the  value  of  opium  in  asthma.  This  need 
not  be  wondered  at  in  view  of  the  widely  different  effects 
of  opium,  e.g.,  as  a  soporific,  in  different  individuals. 
The  mode  of  administration,  however,  counts  more  with 
this  remedy  than  with  any  other,  for  the  speedy  effect  of 
a  hypodermic  of  morphia  is  much  of tener  successful  than 
morphia  or  opium  taken  by  the  mouth.  This,  however 
is  in  accordance  with  the  general  rule,  that  the  more 
quickly  a  neurotic  is  felt,  the  more  effective  it  is  against 
any  spasmodic  affection,  e.g.,  arresting  an  epileptic  fit 
by  a  sudden  irritant  impression,  but  which  fails  if  ap- 
plied gradually.  Chloral  in  large  doses,  thirty  to  sixty 
grains,  is  claimed  as  an  excellent  remedy  for  asthma,  but 
the  patient's  tolerance  of  this  drug,  sometimes  fatal  in 
only  flf teen-grain  doses,  should  be  well  established  before 
this  treatment  is  tried.  Inhalations  of  nitrite  of  amyl 
often  arrest  a  commencing  attack,  but  are  not  of  much 
use  in  a  fully  developed  paroxysm.  The  fumes  of  the 
nitrate  of  potash,  however,  inhaled  by  burning  cigarettes 
made  of  rice-paper  dipped  in  a  saturated  solution  of  the 
salt  and  then  dried,  are  much  more  generally  effective. 
This  remedy  undoubtedly  acts  upon  the  well-known  lo- 
cally sedative  properties  of  potash  itself,  and  hence  may 
well  co-operate  with  the  different  action  of  the  fumes  of 
stramonium  leaves  rolled  up  with  the  nitre  paper. 

Lastly  we  have  the  pure  sedatives  whose  action  cannot 
be  secured  until  nausea  has  been  occasioned  by  them. 
Asthmatic  spasm,  like  every  other  cramp,  rarely  holds 
out  against  the  sickening  effect  of  tobacco,  lobelia,  or 
even  of  ipecacuanha.  Tobacco,  therefore,  is  eliective  only 
with  those  who  are  not  used  to  it.  Lobelia  has  the  dis- 
advantage of  producing  too  much  prostration,  and  the 
same  may  be  said  of  tartar  emetic.  This  class  of  reme- 
dies works  much  better  in  bronchitic  than  in  peptic 
asthma. 

Besides  these  there  are  but  few  neurotics  left  in  the 
pharmacopceia  which  are  not  recommended  by  some  for 
asthma,  although  no  one  is  ever  permanently  benefited 
by  any  of  them. 

Better  results,  however,  may  be  hoped  for  from  efforts 
directed  to  other  aims  than  simply  to  relieve  a  fit  of  the 
dyspnoea  when  present.  Asthma  is  at  no  time  absent 
froin  the  asthmatic  any  more  than  epilepsy  from  the 
epileptic,  though  the  manifestations  of  either  are  only 
occasional.  Prophylaxis,  therefore,  assumes  an  excep- 
tional importance,  because,  as  in  other  spasmodic  neu- 
roses, the  malady  becomes  inveterate  in  proportion  to  the 
frequency  of  the  attacks.  As  in  the  case  of  epilepsy,  also, 
the  slightest  attacks  of  asthma  are  as  much  to  be  avoided 
as  the  severer  ones,  if  there  is  to  be  any  hope  of  the  pa- 
tient becoming  ultimately  free  from  them,  and  hence  the 
exciting  causes  in  each  instance  should  be  carefully  noted 
and  jealously  provided  against.  In  those  cases  where 
the  susceptibility  to  odors  indicates  the  upper  respiratory 
tract  as  the  seat  of  the  irritability,  the  inhalation  of  car- 
bolized  steam  should  be  tried.  The  steam  should  be 
made  to  surround  the  head  by  the  simple  device  of  direct- 
ing it  under  an  umbrella,  held  low  by  the  patient  himself, 
so  that  he  may  inhale  without  more  effort  than  in  ordi- 
nary respiration,  because  breathing  by  will  is  too  fatiguing 
a  task  to  be  kept  up  for  long  by  anyone,  and  it  is  this 
fact  which  accounts  for  the  uniform  failure  of  the  many 
inhalers  and  atomizers  which  have  been  invented  during 
the  past  century.  This  treatment  should  be  kept  up 
twice  a  day  for  months,  the  object  being  to  produce  a 
permanent  change  in  the  susceptibility  of  the  sensory 
nerves  distributed  to  the  nasal  and  pharyngeal  mucous 
membranes.  Occasionally  the  vapor  of  turpentine  may 
be  substituted  for  that  of  carbolic  acid.  It  is  in  these 
cases  also  that  much  may  be  expected  from  the  French 
procedure  originated  by  Ducros,  of  painting  the  posterior 
wall  of  the  pharynx  with  aqua  ammonia,  though  to  pre- 
vent some  being  made  worse  by  the  irritant  fumes,  Trous- 
seau recommends  inhalations  of  ammonia  first  from  a  phial 
and  then  touching  the  pharynx  with  a  weak  solution,  to 
be  made  stronger  as  the  patient  becomes  accustomed  to 
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it.  Trousseau  refers  the  immunity  of  many  patients 
from  visits  of  asthma  so  long  as  they  reside  In  the  vicinity 
of  gas-works,  to  the  presence  of  ammonia  in  the  air  of 
the  locality  ;  but  while  this  possibly  may  be  operative, 
yet  we  would  ascribe  It  more  to  the  unmistakable  sedative 
effect  upon  the  bronchial  nerves  of  air  charged  with 
creasote,  carbolic  acid,  and  other  allied  products  of  wood 
distillation.  It  is  in  this  class  of  patients  also  that  the 
bromides  are  useful,  owing  to  their  paralyzing  the  reflex 
excitability  of  the  pharyngeal  nerves.  A  dose  of  thirty 
grains  of  potassium  bromide,  with  a  drachm  of  Hoffman's 
anodyne  at  bed-time,  will  often  ward  off  a  nocturnal  visit 
of  the  enemy. 

It  is,  however,  in  bronchltic  asthma  that  prophylaxis 
is  particularly  imperative.  As  comparatively  few  cases 
of  bronchitis  originate,  from  direct  Irritation  of  the  bron- 
chial mucous  membrane,  but  much  more  commonly  from 
some  partial  exposure  of  the  skin  to  unequal  degrees  of 
temperature  (see  Bronchitis),  so  the  particular  suscepti- 
bility of  different  cutaneous  regions  should  be  tested  and 
preventive  measures  adopted  accordingly.  As  a  general 
i-ule,  in  bronchitis  which  begins  usuall^  with  a  coryza,  it 
is  the  nape  of  the  neck,  while  in  phthisical  cases  it  Is  the 
anterior  surface  of  the  chest,  and  in  pharyngeal  or  ton- 
sillar cases,  the  feet,  which  are  the  most  susceptible  to 
those  impressions  of  passing  cold  that  set  up  their  special 
tracks  of  inflammation  or  hypersemla  In  mucous  mem- 
branes. After  a  few  days'  continuance  of  the  catarrhal 
state,however,  the  skin  of  the  whole  surface  partakes  in 
this  specific  irritability,  so  that  the  patients  may  become 
aware  of  a  draught  from  a  distant  open  door  which  others 
do  not  feel.  Many  cases  of  bronchltic  asthma,  therefore, 
are  promptly  relieved  by  putting  on  a  whole  suit  of  buck- 
skin over  a  light  under-flannel,  and  wearing  the  same  un- 
til settled  summer  weather,  'ihese  patients  also  should 
guard  against  nocturnal  perspiration  about  the  neck  and 
shoulders,  by  the  use  of  light  flannel  instead  of  cotton  or 
linen  night-shirts.  Dally  inunctions  of  oil  also,  especially 
to  the  feet,  and  preferably  done  on  rising,  do  much  to 
lessen  the  tendency  to  catching  cold.  The  bronchitis  it- 
self, of  course,  should  be  treated  according  to  its  indica- 
tions, with  especial  benefit  to  be  hoped  for  In  asthmatics 
from  the  emulsion  of  linseed-oil.  We  need  also  only 
allude  here  to  the  importance  of  making  the  utmost  of 
the  intermediate  summer  period  of  mitigation  of  bron- 
chitis with  many  patients,  before  the  malady  has  loecome 
too  chronic,  as  that  subject  is  to  be  fully  discussed  under 
its  proper  head. 

Peptic  asthma  is  so  much  infiuenced  by  the  state  of  the 
alimentary  canal,  that  some  have  spoken  of  the  treatment 
of  asthma  in  general,  as  if  it  were  mainly  a  matter  of 
regimen  and  diet.  Indigestible  food,  even  a  single  meal 
of  such,  is  to  be  scrupulously  avoided  in  every  form  of 
spasmodic  disease.  "The  patient  must  not  endeavor  to 
reconcile  his  digestive  apparatus  to  any  second  trial  with 
an  offender.  Whether  the  proneness  to  spasmodic  or 
convulsive  disorder  be  due  here  to  the  greater  suscepti- 
bility of  the  nerve-centres  to  reflex  excitation  from  the 
alimentary  canal  than  from  any  other  nerve  distribution, 
or  whether  the  susceptibility  is  caused  by  the  absorption 
of  nerve  poisons  generated  in  some  intestinal  fermenta- 
tion, it  is  unquestionable  that  any  departure  from  good 
digestion  is  to  be  dreaded  in  treating  such  complaints, 
and  in  none  more  so  than  in  asthma.  Experience  will 
teach  each  one  best  all  the  particulars  as  regards  what  he 
can  and  what  he  cannot  eat,  and  its  verdict  must  be 
accepted.  Moreover,  with  all  asthmatics,  the  digestive 
power  decreases  as  the  day  wears  on,  and  hence,  the  best 
meal  should  be  taken  before  the  afternoon,  while  in  the 
evening  only  the  slightest  supper  should  be  allowed. 

But  as  the  prevention  of  peptic  asthma  well-nigh  in- 
volves the  treatment  of  all  the  varied  forms  of  dyspepsia, 
we  can  direct  attention  here  only  in  a  general  way  to  the 
subject,  for  each  case  to  be  managed  according  to  Its  own 
indications.  We  may  remark,  however,  that  bismuth 
appears  to  be  one  of  the  most  effective  preventives  of 
peptic  asthma,  probably  owing  to  its  antiseptic  properties. 
A  good  form  of  administration  is  in  capsules  of  five 
grains  each  of  bismuth  carb.,  and  of  pulv.  calumbse, 


two  such  to  be  taken  an  hour  after  meals  and  at  night. 
If  there  be  much  intestinal  flatus,  from  twenty  to  thirty 
grains  of  soda  salicylate  is  an  excellent  prophylactic. 

In  conclusion,  we  would  recommend,  besides  prophy- 
lactic measures,  the  recourse  to  certain  remedies  whose 
benefit,  when  secured,  can  properly  be  termed  lasting  or 
curative,  instead  of  merely  palliative.  Want  of  success 
with  them  may  be  due  often  to  a  failure  toT-ecognize  the 
fact,  that  to  be  truly  curative  in  such  a  deep-seated  and 
life-long  malady  as  asthma,  a  remedy  must  be  given  con- 
tinuously without  reference  to  the  attacks,  and  long 
enough  to  produce  a  decided  modification  in  the  system 
itself.  Such  a  result  never  can  be  obtained  from  neuro- 
tics, however  steadily  or  largely  they  be  taken,  as  is 
proved  by  the  absence  of  any  recognizable  sign,  either  '  \ 
life  or  after  death,  of  the  years  spent  by  many  in  consum- 
ing tobacco  or  opium.  In  arsenic  and  the  potassium 
iodide,  however,  we  possess  truly  constitutional  medi- 
cines, whose  value  in  asthma  has  been  repeatedly  demon- 
strated. If  these  medicines,  however,  have  any  olfect  on 
asthma,  that  effect  is  wholly  different  in  kind  from  the 
immediate  relief  produced  by  a  transient  acting  nour'^tic, 
for  it  must  be  by  causing  a  more  or  less  organic  alteration 
in  the  lesion  itself.  Their  proper  administration  in 
asthma,  therefore,  should  be  like  the  administration  of 
iron  for  ansemia,  or  mercury  for  syphilis,  or  the  bromides 
for  epilepsy,  the  effect  being  obtained  not  by  one,  or  by 
the  first  dose,  but  only  after  months  of  steady  use.  I 
feel  assured  that  if  a  combined  or  alternate  arsenical  and 
iodide  treatment  were  as  systematically  adopted  in  the 
treatment  of  asthma,  as  the  above-named  constitutional 
remedies  are  used  in  other  maladies,  that  many  a  case 
of  this  disease  finally  would  be  got  rid  of  which  now, 
under  the  deceptive  recourse  to  neurotics,  becomes  at 
last  an  incurable  habit  of  the  nervous  respiratory  mechan- 
ism. 

To  obtain  the  best  results  with  constitutional  remedies, 
two  therapeutical  rules  should  be  steadily  followed.  The 
first  is  to  administer  along  with  them  one  or  more  of  the 
restoratives,  in  order  to  prevent  the  injurious  effects  of 
the  continued  taking  of  such  unnatural  substances  into 
the  system  as  arsenic  or  iodine.  No  symptoms  of  iodism  or 
of  arsenic  should  be  allowed,  because  the  remedial  effects 
of  these  medicines  cease  at  once  upon  any  signs  of  their 
poisonous  operation.  If  diminishing  the  dose  Is  not  fol- 
lowed by  a  cessation  of  the  symptoms,  they  must  be  omit- 
ted for  a  time,  and  then  resumed  in  small  doses,  to  be 
increased  again  only  as  the  patient  can  tolerate  them. 
The  best  restoratives  with  arsenic  are  quinine  and  cod- 
liver  oil,  while  phosphorus  and  tr.  ferri  mur.  best  pre- 
vent the  injurious  effects  of  iodine. 

The  second  rule  is  to  secure  the  co-operr.tion  of  neu- 
rotics, for  though  these  latter  cannot  be  curative  in  them- 
selves, yet  experience  proves  that  they  unquestionably 
promote  the  action  of  constitutional  remedies  when  they 
relieve  some  of  the  symptoms  of  the  -iiisease.  Thus  I 
have  repeatedly  noted  potassium  lodido  fail  adequately  to 
cure  a  syphilitic  node  until  opium  and  conium  were  added 
to  the  prescription.  And  on  the  same  principle  I  have 
been  accustomed  in  asthma  to  prescribe  a  combination 
somewhat  as  follows:  If.  Kal.  lodid.,  3jss.  ;  Liq.  Pot. 
Arson.,  3  j.  ;  Spts.  Eth.  Sulph.  Co.,  ?ijss.  ;  Tr.  Bella- 
donnse,  3  ij-  ;  Spr.  Aurant  Cort.  ad  |  vj.  M.  S.  ;  Two 
teaspoonfuls  in  water  an  hour  after  meals. 

In  a  certain  proportion  of  cases  a  curative  effect  is  se- 
cured by  counter-irritation  applied  along  the  cervical  and 
upper  dorsal  vertebrse.  The  actual  cautery  is  to  be  pre- 
ferred, and  one  form  of  this  irritation  is  both  effective 
and  readily  applied  without  expensive  apparatus,  namely, 
by  the  hot  glass  rod.  Spots  of  ink,  half  an  inch  or  so 
apart,  made  along  the  spinous  processes,  are  to  be  lightly 
touched  by  the  tip  of  a  glass  rod  raised  to  a  white  heat  In 
the  flame  of  an  alcohol  lamp.  This  simple  procedure 
causes  but  little  pain,  and  immediately  after  the  applica- 
tion shows  a  continuous  red  line  as  if  made  by  the  pas- 
sage of  a  hot  iron.  The  application  should  be  repeated 
about  every  fourth  day. 

If  there  be  any  history  of  the  alternation  of  asthma 
with  the  disappearance  of  a  cutaneous  eruption,  an  ar- 
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tifiMal  eczema  by  OToton-oil  on  the  chest,  as  already  men- 
t  oned  Ts  often  positively  remedial  if  persevered  m  on  the- 
first  sikn  of  a  return  of  the  dyspncBa  Asthma  secondary 
to  othlr  diseases  must  he  treated  with  them.  In  the  car- 
diac ca^e"  and  in  gouty  patients  as  weU,  f  continued  use 
of  saline  waters,  like  the  Congress  or  Hathorne  of  Sara- 
toga, will  afford  the  best  Prospect  rf^rehef^  ^^^^^_ 

ASTIGMATISM  (from  a,  privative,  a,n&  ffriy/M,  a 
point)  is  the  name  proposed  by  Whewell  (1846)  to  desig- 
nate the  visual  anomaly  which  results  from  unequal 
refraction  in  the  planes  of  the  several  ocular  meridians 
Accurate  measurements  of  the  cornea  reveal,  in  the 
greater  number  of  eyes,  a  somewhat  shorter  radius  ot 
curvature  in  the  vertical  than  in  the  horizontal  meridian, 
and  not  infrequently  this  difference  is  sufficient  to  give 
rise  to  serious  imperfection  of  vision.  As  a  rule,  the 
meridian  of  greatest  curvature  is  vertical,  or  approxi- 
mately vertical,  and,  conversely,  the  meridian  of  least 
curvature,  at  right  angles  to  the  former,  is  horizontal  or 
approximately  horizontal.  To  this  rule  there  are,  how- 
ever, many  and  conspicuous  exceptions. 

The  crystalline  lens,  also,  may  he  the  seat  of  asym- 
metrical refraction,  either  through  inequality  of  curva- 
ture in  its  several  meridians,  or  through  some  deviation 
from  perfect  symmetry  of  position  as  referred  to  the  axis 
of  the  eyeball.  As  a  rule,  astigmatism  originating  in 
the  lens  is  less  in  degree  than  that  which  has  its  origin  in 
the  cornea,  and  the  meridian  of  greatest  lenticular  refrac- 
tion is  oftenest  approximately  horizontal,  rather  than 
vertical.  Hence  the  lenticular  astigmatism  tends  oftener 
to  correct  than  to  increase  the  astigmatism  due  to  the 


tion  of  the  asymmetrical  refracting  surface  (cornea),  of 
which  the  meridian  of  greatest  refraction  is  vertical,  and 
which  for  convenience  in  representation  is  taken  as  a 
square  ;  /'  the  first  focal  line  ;  and/',  lyingin  adirectioa 
at  right  angles  to  the  first,  the  second  focal  line.  The 
form  of  the  cross-section  of  the  pencil  at  other  parts  of  its 
course  after  refraction  is  indicated  by  the  series  of  paral- 
lelograms, a,  b,  c,  d,  and  e.  Only  one  of  these  cross- 
sections  (c),  lying  between  the  two  focal  lines  but  nearer 
to/'  than  to  p,  has  the  same  figure  as  the  cross-section 
of  the  pencil  before  refraction  (namely,  a  square) ;  all 
the  others  are  oblong  parallelograms,  having  their  longer 
sides  in  a  direction  parallel  to  the  nearer  focal  line.  The 
distance  separating  the  two  focal  lines  (/'  and/")  Is  called 
Hob  focal  intenal. 

From  this  construction  it  follows  that  if  the  pencil  is 
cut  by  the  retina  at  /',  the  luminous  point  at  L  will  be 
projected,  and  consequently  seen,  as  a  horizontal  bright 
line,  and,  similarly,  if  the  pencil  is  cut  at/^  the  point  L 
will  be  seen  as  a  vertical  line.  If  the  pencil  is  cut  by  the 
retina  at  c,  the  point  will  be  seen  as  a  small  spot  having, 
the  form  of  the  refracting  surface,  which,  in  the  eye,  is 
determined  by  the  form  of  the  pupil,  and  is  therefore  cir 
cular.  If  the  pencil  is  cut  at  any  other  part  of  its  course 
the  point  will  be  seen  as  an  ellipse.  The  section  of  the 
pencil  at  c  is  called  the  circle  0/  least  confumn. 

If,  instead  of  a  single  luminous  point  at  L,  we  take 
the  case  of  a  large  number  of  points  arranged  along  the 
horizontal  line  M  L  N,  these  points  will  be  severally  pro- 
jected at  /',  each  as  a  horizontal  line,  and  these  lines, 
which  coincide  one  with  another  in  the  greater  part  of 
their  length,  will  appear  fused  into  a  single  line  lying  in 
the  direction  of/'.    It  follows,  therefore,  that  the  line  M 


Fig.  3.30. 


asymmetry  of  the  cornea,  and  the  total  astigmatism  is 
more  apt  to  fall  short  of  than  to  exceed  that  which  would 
result  from  the  corneal  asymmetry  alone. 

From  the  fact  that  neither  the  cornea  nor  either  of  the 
two  lens-surfaces  is  a  perfect  surface  of  revolution,  and 
that  not  one  of  these  surfaces  is  quite  accurately  centred 
with  reference  to  the  axis  of  the  eyeball,  it  follows  that 
the  refraction  at  each  of  these  surfaces  is  to  some  extent 
asymmetrical,  and  that  the  actual  astigmatism  observed 
in  any  eye  is  the  resultant  of  three  asymmetrical  refrac- 
tions. In  practice,  however,  these  complications  are 
disregarded,  and  the  determination  of  the  elements  of  any 
case  of  astigmatism  is  confined  to  the  observation  of  the 
refractive  anomaly  as  a  whole.  The  study  of  the  essen- 
tial phenomena  of  astigmatic  vision  may  be  reduced, 
therefore,  to  the  consideration  of  the  single  case  of  asym- 
metry of  the  cornea. 

The  characteristic  property  of  a  pencil  of  light  after  a 
single  astigmatic  refraction  (or  reflection)  is  that  its  rays 
have  no  common  focus,  but  that  all  its  rays  pass  through 
two  nearly  straight  lines,  which  lie  at  right  angles  to  the 
axis  of  the  pencil  and  to  each  other  (Jocal  lines).  The 
construction  of  such  a  pencil  is  shown  in  Fig:  330,  in 
which  L  represents  a  luminous  point,  A,  B,  C,  D  a  por- 


*ror  convenience,  the  familiar  Byatem  of  lines  and  circles  used  in 
geography  is  extended  to  the  topography  of  the  eyeball.  If  we  designate 
the  centre  of  the  cornea  and  the  central  fovea  of  the  retina  as  the  ante- 
rior and  posterior  poles,  the  line  connecting  them  is  the  axis ;  all  great 
circles  passing  through  the  two  poles  are  meridians ;  the  great  circle 
which  cuts  all  the  meridians  midway  between  the  poles  is  the  equator ; 
and  the  portion  of  the  surface  included  between  any  two  parallels  Is  a 
zone. 


L  N,  which  may  be  considered  as  made  up  of  an  infinite 
number  of  points,  will  similarly  be  projected  as  a  line  at/'. 
So  also  a  series  of  points  arranged  along  the  vertical  line 
O  L  P,  or  the  vertical  line  O  LP  itself,  will  be  projected 
as  a  vertical  line  at/''.  Lines  lying  in  one  or  the  other  of 
these  two  directions  (parallel  to  ML  N  or  O  LP)  are,  in 
fact,  the  only  objects  which  can  be  projected  by  the  asym 
metrical  refracting  (or  reflecting)  surface  without  great 
alteration. 

The  line  M  L  N  and  the  first  focal  line/'  lie  in  the  samt 
plane,  and  similarly,  the  line  O  L  P  and  the  second  focal 
line  /'  lie  in  a  plane  at  right  angles  to  the  former  plane. 
The  intersection  of  these  planes  (^prirusifaZ  planes)  with 
the  refracting  surface  marks  the  meridians  of  least  and 
greatest  refraction  {principal  meridians),  which  are  also 
at  right  angles  to  each  other.  It  is  sufficient,  therefore, 
in  any  case  to  note  the  direction  of  one  of  the  principal 
meridians,  namely,  the  meridian  of  greatest  refraction, 
which  is  designated  by  the  symbol  Mo. 

The  phenomena  characteristic  of  astigmatic  refraction 
may  be  shown  experimentally  by  means  of  a  lighted 
candle,  an  ordinary  convex  lens,  and  a  convex  piano- 
cylindrical  lens.*  The  image  of  the  distant  candle  flame, 
which  may  be  considered  as  equivalent  to  a  distant  lumi 
nous  point,  is  first  received  upon  a  screen  placed  at  the 

*  A  plano-cylindrioal  lens  has  one  of  its  surfaces  plane  and  the  other 
ground  to  a  cylindrical  curve,  which  may  be  either  convex  or  concave. 
Lenses  are  also  ground  with  a  convex  or  concave  spherical  surface  on 
one  side  and  a  convex  or  concave  cylindrical  surface  on  the  other  side, 
and  may  be  imitated  by  cementing  together,  by  their  plane  surf  noes,  ^1 
ordinary  plano-convex  or  plano-concave  lens  and  a  plano-oylindrlcal  lenfi- 
Such  a  combined  lens  is  called  a  spherico-cyllndrical  leua. 
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principal  focus  of  the  spherical  lens,  where  it  will  he 
projected  as  a  very  small  bright  spot.  If  now  the  convex- 
cylindrical  lens  is  placed  immediately  in  front  of  or 
behind  the  spherical  lens,  this  bright  spot  will  be  seen 
drawn  out  into  a  bright  line  representing  the  second  focal 
line  (/'),  and  by  moving  the  screen  nearer  to  the  com- 
bined lens  a  distance  will  be  reached  at  which  the  bright 
spot  will  be  seen  drawn  out  into  a  line  at  right  angles  to 
the  first,  and  representing  the  first  focal  line  (/■).  In 
moving  the  screen  from  the  second  to  the  first  focal  line, 
a  point  will  be  passed  at  which  the  image  of  the  flame  is 
seen  expanded  into  a  small  circular  disk,  reproducing  the 
•circular  outline  of  the  lens  (circle  of  least  confusion) ;  at 
aU  other  distances  the  projection  will  be  elliptical  in  form, 
with  the  longer  axis  of  the  ellipse  in  the  direction  of  the 
nearer  focal  line.* 

To  study  the  phenomena  of  astigmatic  vision,  it  is  only 
necessary  to  look  through  a  weak  cylindrical  lens  held 
before  the  eye  or  mounted  in  a  spectacle  frame.  If  the 
eye  is  emmetropic  (see  Accommodation  and  Refraction, 
Physiology),  a  convex-cylindrical  lens  will  render  it 
short-sighted  (myopic)  in  the  meridian  at  right  angles  to 
the  axis  of  the  cylinder,  and,  conversely,  a  concave- 
cylindrical  lens  will  render  it  over-sighted  (hyperme- 
tropic) in  the  same  meridian ;  thus  reproducing  the  two 
types  of  simple  astigmatism,  namely,  simple  myopia 
astigmatism  (Am)  and  simple  hypermetropic  agiigmaiism 
(Ah).  If  the  eye  is  myopic,  or  is  made  so  for  the  experi- 
ment by  means  of  a  convex-spherical  lens,  the  convex- 
cylindrical  lens  will  render  it  more  myopic  in  one  meri- 
dian ;  and,  similarly,  if  the  eye  is  hypermetropic,  or  is 
made  so  by  means  of  a  concave-spherical  lens,  the  con- 
cave-cylindrical lens  will  render  it  more  hypermetropic 
in  one  meridian ;  thus  reproducing  the  two  types, 
compound  myopic  astigmatism  (M  -I-  Am),  and  compound 
hyp&rmetropic  astigmatism  (H  +  Ah).  A  fifth  type,  called 
mwed  astigmatism  (M  +  Ah  or  H  -I-  Am),  is  repro- 
duced in  the  emmetropic  eye  by  looking  through  a  con- 
vex- or  concave-spherical  lens  combined  with  a  concave-  or 
convex-cylindrical  lens  of  shorter  focus  ;  in  the  myopic 
eye,  by  looking  through  a  concave-cylindrical  lens  of  a 
strength  in  excess  of  the  degree  of  the  myopia ;  and  in  the 
hypermetropic  eye,  by  looking  through  a  convex-cylin- 
drical lens  of  a  strength  in  excess  of  the  degree  of  the 
hypermetropia.  These  five  types  include  all  the  pos- 
sible varieties  of  regular  astigmatism,  and  may  be  con- 
veniently expressed  by  their  several  symbols. 
_  In  M  -)-  Am  all  distant  objects  appear  confused  and 
indistinct,  but  there  is  a  certain  distance  at  which  a 
point  is  seen  under  the  form  of  a  line  corresponding 
to  the  second  focal  line  (/'),  and  there  is  a  second, 
shorter  distance  at  which  the  same  point  is  seen  as  a  line 
at  right  angles  to  the  former  line  and  corresponding  to 
the  first  focal  line  (/').  In  Am  a  distant  point  is  seen  as 
a  line  corresponding  to  the  second  focal  line  (f^),  and  a 
point  at  some  shorter  distance  is  seen  as  a  line  corre- 
sponding to  the  first  focal  line  (/ ').  In  Ah  a  distant  point 
is  seen  as  a  line  corresponding  to  one  or  the  other  of  the 
focal  lines  (/'  or  /"),  according  as  the  eye  is  in  a  state  of 
rest  or  is  accommodated  to  a  degree  equal  to  the  measure 
of  its  astigmatism.  In  H  H-  Ah  a  distant  point  is  seen  as 
a  line  corresponding  to  the  first  focal  line  (/')  through 
the  exercise  of  a  portion  of  its  accommodation  equal  to 
the  measure  of  its  hypermetropia  (H),  and  it  may  be  seen 
as  a  line  corresponding  to  the  second  focal  line  (/') 
through  the  exercise  of  the  accommodation  equal  to  the 
sum  of  the  measures  of  its  hypermetropia  (H)  and  its 
astigmatism  (Ah).  In  mixed  astigmatism  (M  -i-  Ah  or 
H  +  Am)  the  eye  may  accommodate  to  the  degree  neces- 
sary to  focus  a  distant  point  in  its  second  focal  line  (/^), 
and,  at  some  shorter  distance,  it  may  relax  its  accommo- 
dation, so  as  to  focus  a  point  in  its  first  focal  line  (/'). 

This  experiment  may  be  varied  by  using  only  the  convex-spherical 
lens,  and  turning  it  a  little  obliquely  to  the  direction  of  the  incident  pen- 
cil, the  oblique  position  of  the  lens  having  the  effect  of  increasing  its  re- 
iractave  power  in  the  plane  at  right  angles  to  the  line  about  which  the 
lens  IS  turned.  If  instead  of  the  candle  flame  a  very  bright  light  is  uped, 
such  as  a  calcium  light  or  a  beam  of  sunlight  directed  by  means  of  a  mir- 
ror through  a  small  hole  in  the. window  shutter,  the  pencil  will  be  seen 
ighting  up  the  dust  of  the  room  along  its  entire  course. 
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In  any  case  in  which  a  point  is  seen  under  the  form  of 
a  line,  all  lines  at  the  same  distance  which  correspond  in 
direction  to  the  direction  of  this  linear  image,  will  also  be 
seen  distinctly.  Hence  the  visual  phenomena  in  astig- 
matism may  be  best  studied  by  the  use  of  test-objects 
made  up  either  of  points  or  rows  of  points,  or  of  lines  or 
sets  of  parallel  lines.  Two  such  test-objects  are  shown 
in  Figs..  331  and  333,  as  they  are  seen  by  the  noimal  eye 
when  accurately  f ocussed  for  their  distance,  and  as  they 
appear  to  an  astigmatic  §ye  when  similarly  adjusted  in 
its  vertical  meridian.  In  Pig.  331,  b,  every  dot  is  seen 
elongated  and  blurred  in  the  horizontal  direction,  so  that 
the  dots  in  the  horizontal  rows  appear  to  run  into  each 
other,  while  in  the  vertical  rows  they  are  seen  distinctly 


Fro.  331,  a. 


Fig.  331,  4. 


separated.  Similarly  the  horizontal  lines  in  Fig.  332,  b, 
are  seen  sharply  defined,  while  the  vertical  and  oblique 
lines  appear  blurred. 

The  diagnosis  of  astigmatism  may  be  made  objectively, 
by  means  of  the  ophthalmoscope,  or  subjectively,  by  di- 
rect tests  of  the  vision  made  with  appropriate  test-objects. 
In  the  case  of  young  children  the  ophthalmoscope  offers 
the  only  available  method,  and  in  many  other  cases  it 
renders  very  valuable  service  by  giving  the  first  clue  to 
the  nature  of  the  refractive  defect  and  the  direction  of 
the  meridians  of  greatest  and  least  refraction.  In  this 
method  of  examination,  the  retinal  vessels  and  the  cir- 
cular outline  of  the  optic  disk  furnish  test-objects  cor- 
responding in  a  general  way  to  the  dots  and  lines  shown 
in  Pigs.  331  and  332,  and  the  determination  of  the  refrac- 
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tion  is  made  for  the  meridians  of  greatest  and  of  least  re- 
fraction, by  noting  the  strongest  convex  or  the  weakest 
concave  lens  through  which  the  observer  can  see  dis- 
tinctly the  vessels  which  lie  at  right  angles,  respec- 
tively, to  the  direction  of  these  meridians.  In  the  higher 
grades  of  astigmatism  the  fundus  of  the  eye  presents  the 
very  characteristic  picture  of  a  confused  red  ground, 
marked  by  parallel  streaks  of  a  deeper  red  in  which  the 
double  contour  of  a  vessel  is  occasionally  recognizable, 
and  by  a  lighter  spot,  the  optic  disk,  v/hich  is  seen  blurred 
and  elongated  in  tlie  same  direction.  The  inspection  of 
the  details  of  the  fundus  is  best  made  with  the  ophthalmo- 
scope of  Loring,  in  which  a  revolving  disk,  containing  a 
series  of  convex  and  concave  lenses,  is  mounted  imme- 
diately behind  the  mirror.  To  secure  a  good  observation 
it  is  often  necessary  to  dilate  the  pupil,  but  it  is  not 
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usually  essential  to  completely  paralyze  the  accommo- 
dation. Cocaine  hydrochlorate  (1  :  35)  and  homatropine 
hydrobromate  (1  :  350)  are  convenient  mydriatics  for  this 
use.  Other  methods  of  diagnosticating  astigmatism  by 
the  aid  of  the  ophthalmoscope  have  been  proposed  (see 
Ophthalmoscope  and  Optometry),  but  the  procedure  here 
described  is  the  one  which  is  generally  employed. 

More  accurate  measurements  of  astigmatism  are  made 
by  testing  the  acuteness  of  vision,  in  the  recognition  of 
points  and  lines  arranged  in  suitable  test-diagrams  similar 
to  the  test-objects  shown  in  Pigs.  331  and  333.  Examples 
of  such  test-diagrams,  which  may  be  almost  infinitely 
varied,  are  shown  in  Pig.  333,  a  to  h.  They  are  printed 
on  circular  cards,  about  nine  inches  in  diameter,  and  are 
drawn  to  such  a  scale  that  the  finer  lines  are  recognizable 
by  the  normal  eye  at  a  distance  of  about  eight  metres. 
They  are  intended  to  be  hung  upon  the  wall,  in  a  good 
light,  and  viewed,  as  distant  objects,  from  the  opposite 
side  of  the  room.     "When  an  astigmatic  eye  is  directed 

upon  one  of  the 
diagrams  made 
up  of  radiating 
lines  or  sets  of 
lines  (Pig.  333,  a 
to  /),  or  of  nar- 
row sectors  (Pig. 
3S8,  g  and  h),  the 
lines  which  lie  in 
the  plane  of  one 
of  the  principal 
meridians  are 
generally  distin- 
guished more  per- 
fectly than  those 
which  lie  in  the 
planes  of  the 
other  meridians. 
In  simple  myopic 
astigmatism  (Am) 
"  the  line  or  lines 

a"~~v-         which  lie  in  the 
>.     plane  of  the  me- 
\   ridian  of  greatest 
\  refraction    are 
I  seen  clearly,  while 
/  those  in  all  other 
/  meridians  appear 
y    indistinct  or  con- 
\__^       fused.    In  mixed 
/  astigmatism  (M-i- 

Ah,  or  H  -)-  Am) 
the  lines  which  lie 
in  the  plane  of  the 
meridian  of  great- 
est refraction 
are  distinguish- 
able through  the 
exercise  of  the 
accommodation 
equal  to  the  meas- 
ure of  the  hyper- 
metropic portion  of  the  anomaly  (H  or  Ah),  while  the 
Imes  corresponding  to  all  the  other  meridians  appear  con- 
fused. 

_  In  simple  hypermetropic  astigmatism  (Ah)  the  lines 
m  the  meridian  of  least  refraction  are  seen  clearly  when 
the  eye  is  in  a  state  of  accommodative  rest,  and  these  lines 
become  confused,  while  those  in  the  meridian  of  greatest 
refraction  become  distinct,  when  the  accommodation  is 
exerted  to  a  degree  equal  to  the  measure  of  the  astigma- 
J^  A,^\,,  ^,°  compound  hypermetropic  astigmatism 
(H  -H  Ah)  the  lines  m  the  former  or  the  latter  of  these 
meridians  may  be  distinguished  through  an  exercise  of 
the  accommodation,  equal  in  the  one  case  to  the  measure 
ot  the  hypermetropia  (H),  and  in  the  other  case  to  the 
f^^  ?l  ^^l"^®'^''*?  °?  *^^  hypermetropia  and  astigma- 
m^  A  \  ^  I'l.  V  '^  ™  compound  myopic  astigmatism 
\m  +  Am)  do  the  lines  appear  confused  in  all  the  merid- 
ians, although  least  so  m  the  meridian  of  greatest  ref  rac- 
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tion,  until  the  myopia  (M)  is  corrected  by  placmg  a  suit- 
able concave  lens  in  front  of  the  eye,  and  the  case  is  thus 
brought  into  the  condition  of  simple  myopic  astigmatism 
(Am). 

In  the  hypermetropic  forms  of  astigmatism  (Ah  and 
H  +  Ah),  and  also  in  certain  cases  of  mixed  astigmatism 
the  examination  is  rendered  diflBcult  by  the  unconscious 
efforts  of  the  patient  to  recognize  as  many  as  possible 
of  the  test-lines,  through  the  exercise  of  the  accommo- 
dation.  To  overcome  this  difl5culty  it  is  necessary  to 
suppress  the  accommodation  for  the  time  being,  which 
may  generally  be  accomplished  by  placing  before' the  eye 
a  convex  glass  of  sufficient  strength  to  correct  it  for. 
vision  in  the  meridian  of  greatest  refraction ;  in  other 
words,  to  bring  the  eye  into  the  condition  of  simple 
myopic  astigmatism  (Am),  by  making  it  look  through  the 
strongest  convex  glass  through  which  it  can  clearly  dis- 
tinguish the  lines  in  any  meridian.  The  disturbing  influ- 
ence of  the  accommodation  may  also  be  annulled  by 
means  of  atropia,  several  times  instilled,  until  the  accom- 
modation becomes  completely  paralyzed.  This  involves 
however,  a  serious  disturbance  of  vision,  which  may  per- 
sist for  many  days,  and  also  the  special  disadvantage  of 
enlarging  the  pupil  far  beyond  its  usual  diameter,  and  so 
including  in  the  measurement  a  peripheral  zone  of  the 
cornea,  which  may  differ  materially  in  curvature  from 
the  central  portion,  which  alone  is  ordinarily  utilized  in 
vision.* 

In  the  investigation  of  any  case  of  ametropia  by  this 
method,  we  first  select,  by  successive  trials,  the  weakest 
concave  glass  (in  M  +  Am)  or  the  strongest  convex  glass 
(in  M-i-Ah  or  H  +  Am,  Ah  and  H -f  Ah)  through 
which  the  lines  in  any  meridian  are  clearly  distinguished. 
If  the  lines  in  all  the  meridians  are  seen  through  this 
spherical  glass  with  perfect  distinctness,  astigmatism  is 
excluded,  and  the  case  is  one  of  simple  myopia  (M),  or 
hypermetropia  (H).  If  the  lines  in  only  one  meridiaD 
are  distinctly  recognized,  this  meridian  will  be  that  of 
greatest  ref  raction  (M„),  and  the  glass  through  which  the 
lines  are  seen  will  represent  the  measure  of  the  ametropia 
(M  or  H)  in  the  meridian  of  least  refraction.  When  these 
two  elements  have  been  determined,  it  only  remains  to 
ascertain  the  degree  of  astigmatism,  by  successive  trials 
with  concave-cylindrical  glasses,  until  a  glass  is  found 
through  which  (in  addition  to  the  spherical  glass  already 
chosen)  the  lines  in  both  principal  meridians  are  seen 
clearly.  This  cylindrical  glass  is  the  measure  of  the 
astigmatism. 

Proceeding  in  this  manner,  we  obtain  a  formula  for  the 
eye,  which  is  correct  in  form  for  the  case  of  simple  my- 
opic astigmatism  (Am)  and  of  compound  myopic  astig- 
matism (M  +  Am),  and  also  for  most  cases  of  mixed  astig- 
matism (M  -I-  Ah  or  H  +  Am).  In  simple  hypermetropic 
astigmatism  (Ah),  and  in  compound  hypermetropic  astig- 
matism (H  +  Ah),  it  is  necessary  to  transpose  the  formula 
from  its  original  form,  in  terms  of  H  +  Am,  to  the  equiv- 
alent form  m  terms  of  Ah  or  H  -f  Ah.  This  is  done  by 
subtracting  the  value  of  the  concave-cylindrical  lens  (in 

dioptrics)  from 
the  value  of  the 
convex-spherical 
lens  (also  in  diop- 
trics), taking  the 
remainder  as  the 
measure  of  the 
hypermetropia 
(II)  and  changing 
-     „„,  ^  the   symbol  Am 

I""- 8^^-  "  to  Ah.    WhenH 

=  Am,  this  remainder  is  zero,  and  the  case  is  one  of  sim- 
ple hypermetropic  astigmatism  (Ah).  When  H  <  Am,  the 
remainder  is  a  negative  quantity,  and  its  symbol  is  changed 
from  H  to  M ;  the  expression  then  becomes  M  -I-  Ah, 
which  is  the  alternative  formula  for  mixed  astigmatism. 

*  It  has  been  the  practice  ot  the  writer  to  abstain  from  the  «»  o( 
atropia  in  the  measurement  ot  astigmatism,  except  in  a  tew  oases  ot 
special  difflonlty,  and  never  to  adopt  a  measurement  made  under  tuU 
mydriasis  until  it  has  been  verified  or  corrected  by  other  tests,  made  after 
the  pupil  has  returned  to  its  normal  size. 
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Test-objects  constructed  of  combinations  of  points  or 
dots,  are  best  made  by  punching  holes  in  a  sheet  of  card- 
board, which  is  to  be  hung  in  a  window  against  a  back- 
ground of  ground  glass  or  of  white  or  colored  (yellow  or 
red)  tissue-paper  (Fig.  334).  The  astigmatic  eye  sees  each 
bright  dot  elongated  in  the  direction  of  one  of  its  princi- 
pal meridians,  and  if  the  test-object  is  viewed  through  a 
spherical  lens,  selected  as  in  the  case  of  examination  by 
the  aid  of  the  diagrams  with  radiating  lines,  the  elonga- 
tion will  be  in  the  direction  of  the  meridian  of  greatest 
refraction  (Mo).    If  now  the  attention  is  directed  to  the 
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row  of  dots  lying  in  this  meridian,  the  several  dots  will 
appear  as  if  fused  together  in  a  bright  streak,  whereas  in 
the  other  principal  meridian  (of  least  refraction)  they 
will  be  seen  perfectly  distinct  from  each  other,  and  can 
be  easily  counted.  Transparent  test-objects  may  also  be 
made  with  radiating  lines,  either  bright  lines  on  a  dark 
ground  or  dark  lines  on  a  bright  ground  (Fig.  335).  Owing 
to  the  strong  irradiation,  the  contrast  between  the  lines  in 
the  several  meridians  is  much  more  conspicuous  than  in 
the  case  of  the  printed  diagrams,  and  by  using  one  or 
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more  thicknesses  of  yellow  or  red  tissue-paper  for  the 
background  of  the  punched  cards,  we  may  reduce  the 
irradiation  to  any  degree  that  may  be  found  most  advan- 
tageous. A  useful  test-object  may  also  be  made  with 
translucent  red  (carmine)  radii  on  a  translucent  blue 
(ultramarine)  field,  separating  the  two  colors  by  narrow 
dark  lines  to  prevent  overlapping  of  the  images  due  to 
the  defective  achromatism  of  the  eye  :  the  radii  which  lie 
in  the  plane  of  the  ametropic  meridian  are  seen  in  their 
proper  color,  while  the  others  appear  of  a  combination 
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(purple)  tint.  Test-diagrams  may  be  also  constructed  of 
circles  in  the  place  of  radii,  or  of  combined  radii  and  cir- 
cles (Fig.  336) ;  or  lines  of  different  degrees  of  inclination 
may  be  arranged  in  a  linear  series  (Fig.  337),  or  as  in  the 
test-letters  for  astigmatism  of  Dr.  Pray  (Fig.  338).  Ad- 
vantage may  also  be  taken  of  the  property  of  certain  let- 
ters to  take  on  confusing  shapes  under  the  influence  of 
astigmatic  refraction  (Little). 

A  stellate  arrangement  of  very  fine  lines  may  be  used 
as  a  test  for  astigmatism,  by  placing  it  at  or  near  the  prin- 


cipal focus  of  the  convex  lens  of  an  optometer  (Burow). 
The  best  apparatus  for  this  purpose  is  the  binocular 
optometer  of  Javal,  in  which  the  two  eyes  are  severally 
directed,  with  their  axes  parallel,  upon  two  small  figures, 
like  watch-dials,  corresponding  to  the  two  pictures  on  a 
stereoscopic  slide  (Fig.  889).  "Upon  one  of  the  dials  are 
engraved  the  hours,  and  the  star  of  fine  lines ;  besides 
these  there  are  a  number  of  circles  and  lines  common 
to  both  dials,  for  the  purpose  of  securing  perfect  binoo- 
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Fig.  338. 

ular  fusion  of  the  two  pictures.  The  radiating  lines 
are  thus  viewed  by  only  one  of  the  eyes,  while  the  other 
is  fixed  upon  the  second  dial.  The  card  upon  which  the 
dials  are  printed  is  placed  in  the  optometer  (or  in  a  stere- 
oscope fitted  with  a  sliding  holder),  at  a  distance  from  the 
lenses  well  within  their  pnnclpal  focus,  and  is  then  moved 
slowly  away  until  all  the  radii  but  those  in  one  meridian 
become  indistinct ;  this  meridian  corresponds  to  the  ocu- 
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Fig.  339. 


lar  meridian  of  greatest  refraction  (Mo),  and  the  measure 
of  the  refraction  for  this  meridian  is  the  difference  between 
the  power  of  the  convex  lens  (in  dioptrics)  and  that  of  a 
lens  (also  in  dioptrics)  having  a  focal  length  equal  to  the 
greatest  distance  at  which  the  line  in  question  is  distinctly 
seen.  The  measure  of  the  astigmatism  is  obtained  by 
successive  trials  with  concave-cylindrical  lenses,  placed  in 
front  of  the  lens  of  the  optometer  (or  stereoscope),  until 
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a  glass  is  found  through  which  all  the  radii  are  seen 
clearly  defined.  Having  measured  one  of  the  eyes  in  the 
manner  described,  the  card  may  be  inverted  (or  ex- 
changed for  another  with  transposed  dials),  and  the  other 
eye  tested  in  its  turn. 

The  atenopmc  a/pparaius,  which  is  simply  a  thin  plate 
of  blackened  metal  perforated  by  a  narrow  slit,  may  be 
used  to  shut  out  from  the  eye  all  rays  except  those  which 
lie  in  the  plane  of  the  meridian  of  the  slit.  In  this  way 
it  is  possible  to  measure  in  succession  the  refraction  in  the 
several  ocular  meridians  by  the  use  of  spherical  glasses. 
The  stenopaeic  slit  is  often  very  useful  in  the  first  approxi- 
mate diagnosis  of  astigmatism,  but  the  method  is  inferior 
in  accuracy  to  those  in  which  cylindrical  lenses  are  em- 
ployed. 

A  method  of  determining  the  degree  of  ametropia, 
based  on  the  experiment  of  Scheiner  (1619),  has  been 
elaborated  by  Thomson  {Am.  Jour.  Med.  Scimices,  January, 
1870).  Let  L  (Fig.  340)  represent  a  candle-flame  or  small 
gas-jet,  five  metres  distant  from  the  eye,  and  A  B  a  small 
opaque  screen,  perforated  by  two  pin-holes  four  millim- 
etres between  centres.  The  two  small  pencils,  L  A  and 
L  B,  which  are  parts  of  the  pencil  ALB,  intersect,  after 
refraction,  at  the  focus  of  the  pencil,  which  in  the  emme- 
tropic eye  is  at  the  central  fovea  of  the  retina,  and  the, 
candle-flame  is  seen  single.  In  hypermetropia  the  two 
small  pencils  are  cut  by  the  retina  before  their  intersec- 
tion, at  A  A',  and  in  myopia  after  their  intersection  at  m  to', 
and  in  either  case  the  flame  is  seen  doubled.  If  the  hole 
A  is  covered  by  a  bit  of  red  glass,  one  of  the  images  will 
appear  of  a  red  color,  and  this  red  image  will,  in  accord- 
ance with  the  law  of  projection,  be  seen  upon  the  same 
side  with  the  hole  A  in  myopia,  and  upon  the  opposite 
side  in  hypermetropia.  The  distance  between  the  two 
images  is  in  direct  proportion  to  the  degree  of  the  ametro- 
pia, and  is  measured  by  holding  a  second  lighted  candle 
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near  the  fixed  light,  and  moving  it  until  one  of  its  images 
coincides  with  one  of  the  images  of  the  fixed  flame,  and 
but  three  images  of  the  flame  are  seen.  The  distance  of 
the  two  candles  from  each  other,  in  centimetres,  is  the 
measure  of  the  ametropia  in  half -dioptrics.  To  utilize 
this  method  in  the  measurement  of  astigmatism,  the  screen 
is  rotated  in  its  own  plane,  so  that  the  two  holes  are 
brought  to  coincide  successively  with  different  ocular 
meridians  :  the  two  meridians  at  right  angles  to  each 
other,  in  which  the  two  images  appear  at  the  maximum 
and  minimum  distance  apart,  are  the  principal  meridians 
of  greatest  and  least  ametropia  respectively.  This  method 
is  often  of  very  easy  application,  and  is  very  accurate  in 
its  results ;  it  has,  besides,  the  advantage  of  not  depend- 
ing upon  the  recognition  of  test-lines  or  test-letters. 

In  practice,  the  attention  is  ordinarily  first  attracted  to 
astigmatism  by  the  fact  that  vision  is  notably  defective 
as  tried  by  the  test-letters  of  Snellen  (see  Optometry),  and 
that  it  cannot  be  raised  to  the  normal  by  any  spherical 
lens,  whether  concave  or  convex.  Moreover,  the  astig- 
matic eye  does  not  readily  settle  upon  the  best  of  several 
spherical  lenses,  any  one  of  which  may  mateiially  im- 
prove vision,  although  no  one  of  them  is  perfectly  satisfac- 
tory. In  such  cases,  the  addition  of  a  weak  cylindrical 
lens  may,  in  some  one  position  of  its  axis,  still  further 
improve  the  recognition  of  the  test-letters,  and,  by  f  oUow- 
mg  up  this  clue,  an  accurate  correction  may  often  be 
reached  without  further  trouble.  In  other  cases  the  first 
trials  with  cylindrical  glasses  do  not  yield  a  positive 
result,  and  it  may  be  found  more  convenient  to  substitute 
the  intelligent  and  trained  observation  of  the  surgeon  for 
the  untrained  and  often  inaccurate  observation  of  the  pa- 
tient. We  therefore  look  into  the  eye  with  the  ophthal- 
moscope, and  mspect  the  details  of  the  fundus,  and  espe- 
cially the  different  branches  of  the  retinal  artery  and 
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vein,  in  the  erect  image.  Then,  turning  the  disk  of  the 
ophthalmoscope,  we  bring  the  several  lenses  successively 
into  position  behind  the  hole  in  the  mirror,  until  we  have 
found  the  strongest  convex  or  the  weakest  concave  lena 
through  which  any  one  of  the  blood-vessels  in  the  retina 
is  distinctly  visible.  Having  thus  learned  the  direction 
of  the  meridians  of  greatest  and  least  refraction,  and  also 
approximately  measured  the  refraction  in  the  latter,  we 
may  extend  the  observation  to  the  retinal  vessels  which 
lie  in  the  meridian  at  right  angles  to  that  first  observed 
and  so  arrive  at  an  approximate  estimate  of  the  degree  of 
the  astigmatism.  If  we  are  compelled  to  rely  wholly  on 
measurements  made  by  the  aid  of  the  ophthalmoscope 
the  observation  should  be  repeated  after  dilatation  of  the 
pupil,  but  in  other  cases  we  adopt,  provisionally,  file  re- 
sult obtained  and  try  to  improve  upon  it  by  subjective 
tests  with  test-letters,  test-diagrams  of  radiating  lines,  etc. 
The  method  of  Thomson  may  also  be  used,  both  to  obtain 
a  clue  to  the  nature  of  the  refractive  defect  and  to  make 
the  measurements  necessary  for  prescribing  glasses. 

The  correction  of  astigmatism  is  by  wearing  convex- or 
concave -cylindrical  or  spherico-oylindrical  glasses,  so 
mounted  that  the  axis  of  the  cylindrical  surface  shall  lie 
in  the  plane  of  the  ocular  meridian  of  greatest  refraction 
(Mo)  when  the  cylindrical  surface  is  convex,  or  in  the 
meridian  of  least  refraction  (at  right  angles  to  Mo)  when 
the  cylindrical  surface  is  concave.  Cylindrical  lenses  are 
ordinarily  manufactured  in  large  quantities  by  machinery, 
and  are  sold  in  the  form  of  piano-cylindrical  disks  (con- 
vex and  concave) ;  any  spherical  surface  which  may  be 
required  is  ground  to  order  by  the  optician,  upon  the 
plane  side  of  the  disk.  Lenses  may  also  be  ground  with 
two  unequal  cylindrical  surfaces,  with  crossed  axes,  but 
such  lenses  do  not  differ  in  effect  from  those  in  which  a 
spherical  and  a  cylindrical  surface  are  combined. 

As  the  ordinary  spherical  glasses,  convex  or  concave, 
worn  in  hypermetropia  or  myopia,  have  the  incidental 
effect  of  increasing  or  diminishing  the  apparent  size  of 
objects,  so  the  effect  of  a  convex-  or  concave-cylindrical 
glass,  worn  for  the  correction  of  astigmatism,  is  to  in- 
crease or  diminish  the  apparent  magnitude  of  all  objects, 
in  the  direction  at  right  angles  to  its  axis.  Thus  a  circle 
is  made  to  appear  as  a  somewhat  elongated  or  as  a  some- 
what compressed  ellipse,  a  square  as  an  elongated  or 
shortened  parallelogram,  etc.  Tliis  distortion,  which  is 
in  proportion  to  the  strength  of  the  cylindrical  glass  re- 
quired to  correct  the  astigmatism,  may  give  rise  to  some 
temporary  annoyance,  or  may  even  be  a  source  of  curious 
stereoscopic  phenomena ;  errors  of  judgment  from  this 
cause  are,  however,  speedily  corrected,  as  the  patient 
becomes  accustomed  to  the  new  conditions. 

As  a  consequence  of  the  impairment  of  the  acuteness 
of  vision,  which  in  the  higher  grades  of  astigmatism  is 
often  very  great,  the  astigmatic  person  may  be  compelled 
to  hold  his  book  quite  near  to  the  eyes  in  order  to  distin- 
guish the  smaller  sizes  of  print.  In  other  cases,  the  ef- 
fort to  improve  the  recognition  of  special  details  of  the 
object,  through  rapid  changes  in  the  accommodation, 
rnay  be  also  a  cause  of  fatigue.  Particular  forms  of  as- 
tigmatism may,  therefore,  contribute  materially  to  the 
development  of  asthenopia,.either  accommodative  or  mus- 
cular (see  Asthenopia),  of  excessive  accommodative  ten- 
sion and  progressive  myopia  (see  Accommodation  and 
Refraction,  Pathology  ;  Myopia),  or  of  convergent  or  di- 
vergent strabismus  (see  Strabismus). 

Ibkbgulab  Astigmatism. — Under  this  title  Bonders 
has  included  all  visual  defects  which  depend  upon  a  dif- 
ference in  refractive  power  in  different  parts  of  the  same 
ocular  meridian.  It  includes,  therefore,  the  aberration 
in  the  eye  which  is  the  analogue  of  spherical  aberration 
in  an  ordinary  lens,  also  the  confusion  of  vision  caused 
by  irregularity  in  the  general  form  or  in  the  surface  of 
the  cornea,  and,  especially,  the  phenomenon  of  multiple 
vision  vrith  a  single  eye  {polyopia  monophthalmica)  due  to 
inequality  in  the  refraction  of  the  crystalline  lens  in  its 
different  sectors,  and  in  different  parts  of  the  same  sector. 

Some  degree  of  irregular  astigmatism  is  present  in 
every  eye,  and  must,  therefore,  be  considered  as  rumm. 
Under  this  head  falls  the  irregular  refraction  which  de 
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pends  upon  the  partial  scattering  of  the  rays  of  light  in 
passing  through  the  crystalline  lens.  If  we  prick  a  very 
small  hole,  with  the  point  of  a  tine  needle,  in  a  card, 
and,  holding  it  a  little  within  the  anterior  focus  of  the 
eye  (14.8  mm.  =  I  inch  in  front  of  the  cornea),  look 
through  the  hole  at  a  bright  light,  the  shadow  of  the  pu- 
pillary opening  and  of  the  central  portion  of  the  crystalline 
lens  will  bo  thrown  upon  the  retina,  and  will  be  seen 
as  delineated  in  Fig.  341  (Donders).    If  now  we  move 


Via.  341. 

the  card  slowly  away  from  the  eye,  this  i)icture  will 
change  gradually  to  the  familiar  figure  which  we  call 
a  star,  and  which  we  see  when  we  look  at  a  star  in 
the  heavens,  or  at  a  distant  point  of  light.  If,  instead 
of  a  luminous  point,  we  look  at  a  minute  speck  of  white 
pigment  on  an  intensely  black  ground,  the  speck  will 
appear  multiple,  as  in  Fig.  343  (Helmholtz). 

If  we  look,  with  a  single  eye,  at  a  disk  made  up  of  con- 
centric circles,  as  in  Pig.  343  (after  Helmholtz),  the  circles 
will  appear  wavy  and  confused  in  particular  sectors  of 
the  disk,  and  also  abruptly  bent  or  broken  along  the  radii 

which  separate  one  sec- 
tor from  another.  From 
these  experiments  it  is 
evident  that  the  eye  does 
not  focus  a  point  sharply 
upon  its  retina,  but  rather 
as  a  small  group  of  points, 
each  one  of  which  is  also 
somewhat  expanded  and 
distorted,  or,'  in  the  case 
of  a  bright  point,  as  a  star- 
shaped  figure,  made  up 
of  a  number  of  points 
more  or  less  completely 
fused  together,  and  ren- 
dered still  more  complex 
by  innumerable  fine  radi- 
ating lines.  Thus,  a  bril- 
liant fixed  star,  or  planet, 
IS  seen  as  a  very  conspicuous  object,  whereas  the  image 
Ma  fixed  star  in  the  most  perfect  and  the  most  powerful 
telescope  is  but  an  intensely  bright  point  of  inappreciable 
diameter.  A  white  dot,  line,  or  letter,  on  a  black  ground, 
IS  seen  similarly  expanded,  and  is,  therefore,  visible  at  a 
greater  distance  than  a  black  object  of  the  same  size  up6n 
a  wliite  ground  ;  but,  on  the  other  hand,  the  shape  of  the 
Dlack  object  may  often  be  recognized  at  a  greater  dis- 
tance than  that  of  the  bright  object.  This  phenomenon 
IS  called  irradiation.    The  phenomena  of  normal  irregu- 
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lar  astigmatism  are  complicated,  to  some  extent,  by  the 
aberration  of  curvature,  in  so  far  as  the  curves  of  the  cbr- 
nea  and  of  the  crystalline  lens  vary  from  the  theoretically 
perfect  curvatures  requisite  for  the  refraction  of  incident 
rays  to  a  single  focus,  and  also  by  the  slight  inequality 
of  curvature  in  different  meridians,  which  is  demonstra 
ble  in  almost  every  eye,  and  which  must,  therefore,  bo 
considered  as  normal  regula/r  astigmatism.  Hence  the 
retinal  image  of  a  star  is  actually  seen  a  little  more  ex 
panded  than  it  would  be  as  a  result  of  the  scattering  of 
the  rays  of  light  in  traversing  the  crystalline  lens,  and, 

in  the  presence  of 
low  grades  of  reg 
ular  astigmatism, 
the  star  is  also  seen 
more  or  less  elon- 
gated. 

Abnormal  irreg- 
ular astigmatism 
attains  perhaps  its 
highest  grade  in 
conical  cornea  (sta- 
phyloma pelluci- 
dum),  in  which  af- 
fection it  may  be 
a  source  of  very 
great  confusion  of 
vision.  Inflamma- 
tory processes  in 
the  cornea  may 
lead  to  softening 
and  consequent  irregular  distention  of  that  tissue ;  ana 
changes  of  curvature,  both  total  and  partial,  may  follow 
the  cicatrization  of  corneal  wounds  or  ulcers.  In  all  these 
cases  the  disturbance  of  vision  may  be  in  part  resolvable 
into  regular  astigmatism,  and  sight  may  then  be  materi- 
ally improved  by  wearing  appropriate  cylindrical  glasses  ; 
in  other  cases  the  definition  of  objects  is  much  improved 
by  looking  through  a  small  hole  or  narrow  slit  punched 
in  a  blackened  card  ;  and,  in  rare  instances,  it  may  be  jus- 
tifiable to  attempt  to  change  the  position  of  the  pupil  by 
the  operation  of  iriddesis  (Critchett). 

Abnormal  irregular  astigmatism,  with  multiple  vision, 
is  often  observed  as  a  result  of  changes  in  the  crystalline 
lens,  incident  to  the  incipient  stages  of  cataract ;  myopic 
refraction  may  also  be  developed,  at  the  same  time, 
through  an  increase  in  the  general  curvature  of  the  lens 
surfaces.  John  Oreen. 

ASTRINGENTS.  Agents  which  cause  contraction  of 
the  tissues  with  which  they  come  in  contact.  The  prin- 
cipal drugs  of  this  class  are :  Tannic  and  gallic  acids  and 
the  substances  containing  them,  alum,  alcohol,  dilute 
acids,  cocaine,  acetate  of  lead,  perchloride  and  sulphate 
of  iron,  nitrate  of  silver,  the  sulphates  of  copper  and  zinc, 
subnitrate  of  bismuth,  and  other  of  the  metallic  salts. 

The  astringents  are  employed  both  externally  and  in- 
ternally, but  their  action  is  alwaj^s  local ;  and  although 
many  of  them  exert  also  a  systemic  effect,  they  do  so  not 
by  virtue  of  their  astringency,  but  because  of  other  prop- 
erties which  they  possess.  Thus,  perchloride  of  iron  is  a 
tonic,  but  it  shares  this  property  with  other  preparations 
X)f  iron,  some  of  which  are  but  little  or  not  at  all  astrin- 
gent. The  substances  of  this  class  are  used  to  check  un- 
healthy secretion  from  the  skin,  mucous  membranes,  or 
ulcerated  surfaces.  In  local  hyperidrosis,  applications  of 
the  dilute  mineral  acids,  vinegar,  alcohol,  or  alum  solu- 
tions are  often  of  great  service,  and  even  when  there  is 
general  excessive  sweating,  sponging  the  body  with 
acidulated  water  or  dilute  alcohol  is  a  valuable  adjunct 
to  other  remedies.  Solutions  of  the  metallic  salts,  and 
preparations  containing  tannin,  are  extensively  employed 
in  catarrhs  of  the  mucous  membranes  during  the  sub- 
acute or  chronic  stage,  but  are  often  harmful  rather  than 
beneficial  in  acute  inflammation  before  the  establishment 
of  secretion.  In  passive  diarrhoea,  the  astringents  in 
combination  with  opium  are  of  great  service,  but  are  of 
doubtful  utility  in  acute  enteritis  and  dysentery.  They 
possess  valuable  styptic  properties  when  locally  applied, 
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but  their  power  to  control  haemorrhages  of  distant  or- 

fans  when  internally  administered  is,  to  say  the  least, 
oubtful,  although  they  are  frequently  given  for  this 
object.  The  astringents  are  further  employed  to  harden 
and  restore  tone  to  relaxed  tissues.  When  applied  to 
ulcerated  surfaces,  they  not  only  squeeze  out  the  spongy 
granulations  and  diminish  the  secretion,  but  by  coagu- 
lating the  pus,  cause  the  formation  of  a  pellicle  by  which 
the  abraded  surface  is  protected  from  the  atmosphere. 
Parts  exposed  to  external  irritating  influences  and  liable 
to  excoriation,  may  be  hardened  by  bathing  with  alcohol 
or  solutions  containing  tannin. 

Thomas  L.  Stedman. 

ATAVISM  {atavus,  a  great-grandfather),  the  tendency, 
in  animal  and  in  vegetable  life,  to  inherit  biological  pre- 
existences,  and  to  return  to  a  primitive  type  progreissively 
altered.  It  is  by  virtue  of  this  tendency  that  living  or- 
ganisms inherit  peculiarities  from  their  remote  ancestry 
which  their  immediate  parents  did  not  present. 

Atavism  is  not  to  be  confounded  with  ordinary  inheri- 
tance or  heredity.  In  the  latter,  the  tendency  of  nature 
is  to  reproduce  in  the  offspring  certain  peculiarities  of 
the  parental  organization ;  under  the  influence  of  ata- 
vism, the  offspring  may  take  the  traits  and  characters  of 
the  primitive  form  with  no  resemblance  either  to  father 
or  grandfather,  but  to  ancestors  more  remote.  Atavism 
should  be  distinguished  from  the  variations,  teratological, 
pathological,  or  toxonomic,  that  interrupt  the  normal 
succession  of  hereditary  phenomena.  Nearly  synonymous 
is  the  term  survival,  used  by  Tylor  to  signify  a  super- 
stitious remainder  or  residuum  of  bygone  ages,  and  the 
Darwinian  expression  reversion,  to  indicate  the  occasional 
or  individual  appearance  of  traits  accumulated  by  hered- 
ity and  handed  down  from  remote  ancestry.  Reversion 
is  also  used  to  signify  the  actual  returning  of  a  variety 
or  species  to  such  remotely  descended  traits.  This  is  in- 
stanced in  the  tendency  of  animals  long  domesticated, 
when  they_  become  feral,  to  revert  to  the  pristine  form. 
As  a  case  in  point,  we  may  mention  the  wild  horses  of 
Montana,  which  are  such  a  source  of  annoyance  to  stock- 
raisers  in  enticing  away  tame  horses,  that  their  slaughter 
is  made  an  object  of  hunting  parties.  That  the  notion  of 
atavism  has  prevailed  for  some  time,  it  is  only  necessary 
to  allude  to  the  biblical  version  regarding  the  visitation  of 
the  sins  of  the  father  upon  the  children  of  the  third  and 
foui-th  generations.  In  the  sixteenth  century,  Montaigne 
noticed  these  strange  transmisssions,  and  wondered  how 
the  little  drop  of  semen  from  which  we  are  produced, 
bears  not  only  the  impressions  of  the  bodily  form,  but  a 
hkeness  of  thought  and  inclination  through  a  progress  so 
hap-hazard  and  so  irregular,  that  the  great-grandson  shall 
resemble  the  great-grandfather,  and  the  nephew,  the 
uncle.  Darwin,  speaking  of  the  injurious  characters  that 
tend  to  reappear  through  reversion,  mentions  the  black- 
ness m  sheep,  and  with  mankind  some  of  the  worst  dispo- 
sitions which  occasionally,  without  any  assignable  cause 
make  their  appearance  in  families. 

The  atavic  influence  has  been  well  traced  in  the  laws 
that  determine  the  evolution  and  culture  of  a  plant  and 
Its  reversion  to  the  wild  or  uncultivated  state. 

To  illustrate  this,  experiments  have  been  made  with 
the  httle  flower,  familiarly  known  as  the  Miiet,  and  with 
Indian  corn.  Broca  continued  these  experiments  for 
eight  years.  He  found,  among  a  bed  of  bluets  sowed 
with  seed  collected  from  an  open  field,  the  greater  part  of 
the  flowers  to  be  blue,  but  some  bore  violet  flowers  and 
even  some  a  little  reddish.  The  seeds  of  these  reddish 
flowers  were  sowed  and  collected  the  following  year  Of 
a  hundred  flowers,  about  two-thirds  of  them  were  a  fine 
blue  ;  others  presented  various  shades,  ranging  from  blue 
to  violet,  from  violet  to  red,  and  even  to  rose.  The  lightest- 
colored  of  these  flowers  were  preserved,  and  used  the  fol- 
lowing year  to  sow  another  border.  This  time  the  num- 
ber of  flowers  entirely  blue  was  little  less  than  half ;  the 
greater  part  being  violet  or  red.  There  were  many  red, 
and  some  of  a  redf  so  ight  as  almost  to  pass  for  white.    It 

IrtinnTrr^'"^''''''' '''''*'>  making  a  methodical  se- 
lection    from   each   generation   of   the    lightest-colored 
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flowers,  the  conditions  are  favorable  to  obtain  a  fixed 
race  of  bluets  quite  white. 

The  influence  of  atavism  is  further  shown  in  maize  oi 
Indian  corn,  of  which  there  are  two  varieties,  or  rather 
two  distinct  races,  the  light  and  the  brown.  That  they 
are  more  than  simple  varieties  is  shown  by  the  fact  that 
we  can  never  obtain  by  culture  intermediary  shades.  Ar. 
tiflcial  fecundation  being  very  easy  upon  this  androgynous" 
plant,  permits  us  to  obtain  variegated  ears,  which  bear  at 
the  same  time  light  grains  and  brown  ones,  as  we  see  in 
what  is  known  as  "  pop-corn  ;"  but  each  gi-ain  belongs 
entirely  to  one  or  the  other  race.  A  farmer  having  acci- 
dentally discovered  an  ear  of  com  entirely  brown,  called 
the  attention  of  Broca  to  this  extraordinary  circumstance. 
He  considered  it  a  natural  variety,  produced  spontane- 
ously, perhaps,  under  the  influence  of  an  atavism  going 
back  to  a  grealt  number  of  generations.  The  grains  of  this 
ear  having  been  planted,  gave  sixty-nine  earsj  thirty-five 
of  which  were  light  and  thirty-four  brown.  Repeated 
experiments  gave  equal  results.  A  fact  worth  noting  on 
this  point  is  that  all  the  ears  of  the  same  stalk  were  of  the 
same  color. 

Atavism  is  shown  in  the  action  of  the  seminal  principle 
that  passes  secretly  through  a  generation,  as  is  seen  in 
certain  insects,  the  wood-louse  for  instance,  where  a  single 
fecundation  answers  for  nine  generations  of  insects,  all  of 
whom  are  born  proliflc,  and  procreate  without  the  help 
of  the  male.  In  this  case,  the  individual  of  the  ninth 
generation  has  received  his  life,  his  form,  and  his  in- 
stincts from  an  eighth-grandfather,  a  long  time  disap- 
peared. 

The  same  law  that  governs  the  vital  continuity  in  the 
foregoing  instances,  applies  to  the  lower  animals  and  to 
mankind.  Among  dog-fanciers  and  stock-raisers  atavism 
is  a  matter  of  much  concern,  for  they  have  need  to  exer- 
cise great  care,  in  the  multiplication  of  these  animals,  to 
choose  as  reproducers  only  those  whose  grandfathers  have 
no  transmissible  defect.  On  this  point,  the  experiment 
mentioned  by  Darwin  may  be  cited.  The  Earl  of  Powis 
caused  some  domesticated  hump-backed  cattle  to  be 
crossed  by  the  wild  species  from  India,  with  the  result, 
not  of  producing  a  medium  grade  of  characteristics,  but 
of  a  marked  reversion  to  the  ancient.  Unhappily  for 
man,  atavistic  antecedents  are  not  taken  into  account  in 
the  matter  of  union  of  the  sexes.  Like  other  animals, 
it  is  in  virtue  of  atavism  that  man  often  reproduces  the 
traits  of  his  grandparents.  According  to  Darwin,  char- 
acters occasionally  make  their  reappearance  in  him  which 
we  have  reason  to  believe  were  possessed  by  his  early  pro- 
genitors. People  marry  and  the  offspring  frequently  re- 
semble the  grandparents,  not  only  morphologically,  but 
ia  temperament,  diatheses,  and  even  their  diseases.  It  is 
well  known  that  portrait  galleries  and  the  monuments  of 
churches  in  Europe,  help  to  trace  the  source  from  which 
some  long-lost  type  of  feature  has  been  derived  ;  and  the 
reappearance  of  the  Bourbon  nose  in  France  is  a  matter 
of  common  knowledge. 

The  occasional  appearance  of  a  child  covered  with  hair 
is  regarded  by  many  as  a  fact  of  very  old  atavism.  The 
hairy  men  of  Japan,  the  Ai'nos,  are  also  believed  to  he 
reversions  to  some  ancestral  form,  and  it  Is  argued  by  some 
that  the  anthropoid  apes  may  be  the  descendants  of  ape- 
like men.  Doubtless  some  of  our  readers  who  have  lately 
visited  the  Paris  Hippodrome  remember  that  remarkable 
anthropological  phenomenon  (}'Homme  Ours),  a  pilose 
Russian,  whose  peculiarities  are  believed  to  be  due  to  a 
phenomenon  of  reversion  to  the  characters  of  a  very 
ancient  lost  race.  It  is  thought  by  those  who  have  given 
the  matter  attention,  that  many  races  of  men  have  lived 
before  the  present  races  without  sending  representatives 
of  their  types  down  to  us  ;  but  they  have  not  disappeared 
without  the  blood  of  several  among  them  being  trans- 
mitted by  infinitesimal  dilutions  down  to  the  present 
rjces. 

An  attempt  to  point  out  with  precision  the  laws  of  ata- 
vism results  in  the  statement  that  every  organized  being 
that  is  born  is  the  product  of  two  forces,  one  of  which  is 
the  resultant  of  his  complete  genealogical  tree,  from  the 
first  origin  of  the  organic  branch  from  which  he  springSi 
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and  the  other  is  furnished  by  all  the  circumstances  that 
have  acted  upon  the  individual  himself  during  all  the 
duration  of  his  development.  It  is  further  asserted  that 
when  men  or  animals  manifest  impulses  of  an  excitable 
character,  and  exhibit  pleasures  and  sympathies,  and 
pains  and  antipathies  that  seem  to  be  out  of  relation  to 
their  culture  and  personal  experiences,  or  to  the  culture  of 
the  family  or  the  race,  whether  in  dreams  or  when  wak- 
ing, the  source  of  these  must  be  found  in  long-past  or 
ancestral  memories  reproduced  according  to  the  law  of 
reversion. 

Not  the  least  curious  of  the  modes  of  manifestation  of 
atavism  is  in  connection  with  memory.  According  to 
Galton,  the  celebrated  English  Hellenist,  Dr.  Person, 
whose  memory  was  surprising  for  its  extent  and  fidelity, 
transmitted  this  peculiarity  to  one  of  his  grandchildren, 
Lady  Hester  Stanhope,  who  claims  to  have  inherited  her 
grandfather's  memory.  Assuming  that  certain  antece- 
dent synesies  have  been  ancestrally  realized  in  time  and 
space,  the  reversion  to  them  may  become  the  starting- 
point  of  a  new  evolution.  The  capacity  of  reproduction 
or  re-evolution  of  the  transmitted  antecedent  synesies  or 
substrata  is  ancestral  memory.  The  faculties  that  preside 
over  the  representative  signs  of  ideas,  it  is  said,  are  also 
subject  to  the  law  of  correlative  evolution  and  reversion 
which  is  manifested  both  in  health  and  disease.  Scrip- 
torial  atavism  is  witnessed  in  the  reversion  to  ancestral 
styles  of  writing ;  and  in  the  speech  it  is  noticed  in  the 
reversion  to  ancestral  or  racial  pronunciation  of  letters 
and  words.  In  aphasia  the  patient  often  reverts  to  the 
language  of  childhood,  which  is  his  only  language,  and, 
like  some  races  of  savages,  he  is  unable  to  pronounce 
labials.  A  further  pathological  reversion  is  seen  in 
dreams,  that  are  in  fact  nothing  more  nor  less  than  ab- 
normal reminiscences  and  reproducticcs.  The  pleasures 
and  pains  of  memory  may  be  transmitted  also  as  substrata 
from  remote  ancestors. 

States  of  consciousness,  owing  to  ancestral  reversion, 
are  shown  by  various  facts.  It  has  been  noticed  that  in  a 
menagerie  the  straw  for  bedding  lions  and  tigers  could 
not  be  used  for  horses,  because  the  odor  terrified  them 
when  it  was  brought  into  the  stable.  Yet  many  genera- 
tions of  horses  have  passed  away  since  they  were  troubled 
by  these  beasts.  Sir  David  Brewster's  fear  of  drowning, 
which  haunted  the  minds  of  more  than  one  of  his  descend- 
ants, is  also  cited  as  an  instance. 

Reversion  to  synesies  is  shown  during  special  condi- 
tions of  the  brain-tissue,  such  as  characterize  sleep  and 
dreaming,  somnambulism,  and  insanity.  Certain  vain 
pleasurable  and  painful  states  are  likewise  due  to  ances- 
tral reversions.  The  keen  pleasure  afforded  by  the  sight 
of  mountains  and  hills  ;  many  prejudices,  antipathies, 
and  sesthetic  sentiments,  are  due  to  ancestral  substrata. 
The  writer  has  often  noticed  these  conditions  in  himself, 
which  can  be  accounted  for  in  no  other  way,  in  strolling 
about  the  streets  of  Edinboro,  or  in  listening  to  the  bag- 
pipes, in  climbing  the  heathery  Scotch  hills  or  the  misty 
hills  of  Alaska,  sights  and  sounds  that  doubtless  afforded 
similar  pleasure  to  his  Caledonian  ancestry. 

Emotional  reversion  is  noticed  in  those  cases,  of  cere- 
bral disease  in  which  the  semeiotic  or  sign-making  tissues 
are  involved,  and  speech  or  the  other  modes  of  expres- 
sion are  affected.  Immoral  dreaming  in  persons  whose 
life  is  above  reproach  during  waking  hours,  is  cited  as 
a  further  instance- of  a  morbid  emotional  reversion. 

There  are  also  reversions,  due  to  defective  evolution 
and  nutrition  that  can  be  traced  beyond  immediate  an- 
cestors, to  substrata  of  the  race  acquired  during  savage  or 
primitive  life  in  long-distant  ages.  An  instance  of  this 
occurs  where  the  conduct  is  that  of  uncivilized  man.  In 
theroid  idiots,  or  imbecile  reversion  to  brute-like  charac- 
ter of  form,  there  are  no  signs  of  morphological  rever- 
sion, but  the  dominant  aberrations  are  theroid.  The  per 
manence  of  a  substratum  of  savage  life '  is  seen  in  our 
large  cities  among  the  vicious  classes,  who  are  to  all  in- 
tents and  purposes  savages  in  everything  but  speech, 
dress,  and  name. 

Of  psychological  interesl^t  the  present  time  are  the  re- 
versions to  ancestral  modes  of  thought  in  France,  where 


there  is  a  reversion  to  the  ancient  doctrines  of  metempsy- 
chosis, and  of  the  evolution  and  transmission  of  souls. 

In  human  pathology  the  reappearance  of  morbid  traita 
existing  in  ancestors,  but  not  in  immediate  parents,  can 
be  maintained  by  cited  cases ;  and  the  influences  of  ata- 
vism in  the  hereditary  transmission  of  disease,  can  be 
traced  for  four,  five,  seven,  or,  in  fact,  an  unlimited  num- 
ber of  generations. 

The  principal  diseases  and  defects  in  which  the  influ- 
ence of  atavism  has  been  traced,  are  color-blindness,  the 
haemorrhagic  diathesis,  pseudo-hypertrophic  muscular 
paralysis  with  its  allied  diseases,  and  a  large  number  of 
the  neuroses. 

Among  the  old  and  well-known  cases  of  color-blind 
ness  is  that  reported  by  Dr.  Earle,  in  which,  in  addition 
to  the  usual  limitation  by  atavism  to  alternate  generations, 
there  was  evidence  of  transmission  from  a  great-gi-and- 
f  ather  to  two  great-grandsons,  without  the  development 
of  the  peculiarity  in  the  intermediate  transmitters  of  the 
defect.  There  is  another  more  recently  recorded  case  of 
the  same  kind  in  which  two  generations  were  skipped 
over,  the  transmission  being  eifected  through  two  fe- 
males in  the  second  generation,  and  thence  onward 
through  three  females  in  the  third  generation,  to  seven 
great-grandsons  in  the  fourth  generation. 

Such  extension  is  still  more  frequently  observed  in 
cases  of  hsematophilia,  or  the  haemorrhagic  diathesis.  In 
fact,  its  most  important  mode  of  propagation  is  not  so 
much  by  the  bleeders  themselves,  as  by  their  non-bleeder 
brothers  and  sisters.  In  the  literature  of  hsematophilia 
there  are  numerous  instances  of  its  indirect  transmission. 
The  " Appleton-Brown  bleeder  family"  is  known  to 
American  physicians.  Investigation  shows  the  "  Tenna 
bleeders"  in  Switzerland  to  be  descended  from  an  ex- 
tremely remote  ancestor  of  the  name  of  Walther.  The 
influence  of  atavism  is  distinctly  traced,  in  the  insanity 
and  blindness  of  George  III.,  to  his  remote  ancestor,  Duke 
William,  eight  generations  back.  Cases  of  deaf -mutism 
have  been  known  to  descend  from  male  ancestors  five 
generations  back,  and  the  atavic  transmission  of  a  family 
defect  to  be  handed  down  in  a  direct  male  line  from  a 
deaf-mute  great-grandfather  to  a  deaf-mute  great-grand- 
son. 

Dr.  Matheson,  of  Ontario,  who  has  examined  the  his- 
tories of  six  hundred  and  sixty-one  mute  children,  states 
that  he  is  unable  to  find  that  any  of  the  parents  were,  or 
are,  deaf  and  dumb  persons.  A  few  of  their  grandpa- 
rents, however,  were  mutes. 

The  instability  of  insanity  may  pass  on  through  one  or 
more  generations  without  its  being  developed.  A  case  is 
related  where  a  man  had  two  wives,  and  by  each  -wife 
one  child — a  boy  by  one,  and  a  girl  by  the  other ;  yet  both 
these  children  were  alike  nervously  unstable,  the  father's 
mother  having  been  a  lunatic. . 

Other  diseases,  such  as  scrofula,  consumption,  and  the 
diatheses,  and  even  congenital  or  moral  defects,  the  so- 
called  criminality  and  forms  of  wickedness,  may  some- 
times disappear  for  several  generations,  and  crop  out  in  a 
manner  evidently  due  to  atavism.  This  is  instanced  in 
the  history  of  prostitution,  in  the  issues  of  courtesan 
mothers,  and  it  is  not  necessary  to  refer  to  the  Messa- 
linas,  Poppaeas,  and  Julias  of  antiquity. 

Hypospadias  may  be  developed  by  what  is  termed  "  in- 
direct atavism."  On  this  point  Dr.  Lingard  remarks 
that  all  breeders  of  cattle  and  other  animals  are  familiar 
with  this  fact  of  the  females  throwing  back— that  is,  re- 
producing, after  impregnation  by  a  second  male,  the  pe- 
culiarities of  some  other  male  by  whom  they  had  been 
previously  impregnated.  That  this  is  not  impossible  in 
the  human  female,  he  thinks,  is  proved  by  the  following 
case:  The  third  of  six  hypospadians  died  a  few  years 
after  the  birth  of  his  three  sons.  His  widow  within 
eighteen  months  contracted  a  second  marriage,  the  hus- 
band, in  this  instance,  not  being  a  hypospadian,  and  hav- 
ing no  history  of  any  such  defect  in  his  family.  By  this 
marriage  she  had  four  sons,  all  hypospadians.  Two  of 
these  hypospadic  sons  begat  hypospadians  in  their  turn. 
But  one  of  these  sons  had  three  boys,  without  any  defi- 
ciency, although  the  eldest  boy  was  a  hypospadian. 
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It  is  to  be  regretted,  in  the  interests  of  science,  that 
families  are  averse  to  keeping  a  history  of  their  dis- 
eases It  is  to  be  hoped  that  Mr.  Francis  Galton  s  recent 
efforts  in  this  direction  may  be  successful.  Sir  Henry 
Holland  mentions  an  instance  in  which  four  out  of  hve 
of  a  family  of  children  became  blind  at  the  age  ot 
twelve  ;  the  only  record  of  any  preceding  occurrence  was 
an  ancient  tombstone,  the  figures  and  inscriptions  on 
which  showed  that  a  mother  and  her  children,  members 
of  two  remote  generations  of  the  same  family,  had  also 
been  blind. 

The  manner  in  which  these  biological  pre-existences 
are  transmitted,  though  interrupted  or  latent,  and  yet  re- 
turn to  visit  the  children  of  other  generations  ;  the  causes 
of  the  phenomena  that  lead  to  a  complete  return  to  a 
certain  race  or  to  the  progressive  diminution  and  final 
disappearance  of  types,  and  the  number  of  generations 
required  to  extinguish  the  atavic  influence  of  an  anterior 
race,  are  questions  that  present  themselves  continually  in 
the  study  of  human  races  whose  purity  has  been  altered 
by  intermixtures,  or  whose  character  has  been  modi- 
fied by  other  causes. 

In  medicine  atavism  is  something  more  than  a  simple 
object  of  curiosity,  or  a  barren  ideality ;  and  its  practi- 
cal application  should  be  of  the  greatest  moment  to  those 
about  to  engage  in  the  most  important  of  the  affairs  of 
life  (love  affairs),  because  they  decide  the  make-up  of  the 
next  generations.  Persons  contemplating  marriage,  and 
having  the  welfare  of  their  offspring  at  heart,  would  do 
well  to  inquire  into  the  atavistic  antecedents  of  each  side. 
Among  other  things,  the  inquiry  may  lead  to  the  infer- 
ence that  the  assertion  of  the  Irish  gentleman,  who  de- 
clared sterility  to  be  hereditary  in  his  family,  is  not  so 
absurd  after  all,  when  looked  at  from  the  atavistic  point 
of  view.     (See  also  Teeatology.)        Irving  0.  Basse. 

ATELECTASIS.  Synon.  :  Apneumatosis ;  Collapse  of 
Lung.  The  term  atelectasis  (ireA^s,  imperfect,  and  ^ktoo-is, 
dilatation)  is  used  to  designate  all  non-inflammatory  con- 
ditions, congenital  or  acquired,  by  which  either  the  whole 
or  sharply  defined  portions  of  the  lungs  are  undistended 
by  air. 

In  some  new-born  babies,  more  or  less  extensive  areas 
of  the  lungs  are  unexpanded  by  the  forcible  entrance  of 
air  into  the  alveoli.  This  condition,  which  is  normal  in 
foetal  life,  becomes  pathological  when  it  continues  after 
birth,  and  is  named  congenital  atelectasis. 

In  other  cases,  although  the  respiratory  functions  have 
been  thoroughly  established,  collapse  is  induced  as  a  con- 
sequence of  some  mechanical  impediment  to  the  move- 
ment of  air  through  the  bronchi,  and  a  tract  of  lung  of 
variable  extent  becomes  again  condensed  and  airless,  as 
in  the  foetal  state.  This  is  called  acquired  atelectasis  or 
collapse  of  the  lung. 

Atelectasis  is  comparatively  rare  in  adults,  but  is  quite 
common  in  infancy  and  childhood,  especially  during  the 
first  few  months  of  life.  It  is  stated  that  about  twenty- 
five  per  cent,  of  the  total  mortality  in  infants  is  attribu- 
table to  this  cause.  The  liability  to  the  occun'ence  of 
pulmonary  collapse  adds  gravity  to  all  diseases,  but  espe- 
cially to  those  of  the  respiratory  organs  at  this  period  of 
life. 

Etiology. — Congenital  atelectasis  is  not  commonly 
due  to  any  vice  or  disease  of  the  pulmonary  organs,  but 
is  produced  by  any  condition  which  prevents  the  prompt 
and  efficient  establishing  of  the  function  of  respiration 
after  birth.  It  may  be  the  result  of  causes  which  have 
been  in  operation  during  the  intra-uterine  life  of  the  child, 
or  which  have  originated  during  or  immediately  succeed- 
ing birth.  Physical  weakness,  premature  birth,  placental 
separation,  compression  of  the  cord,  protracted  labor,  and 
kindred  conditions  are  common  causes  of  atelectasis.  It 
is  also  not  infretjuentlydueto  plugging  of  the  bronchioles 
by  liguor  amnii  and  mucus,  sucked  in  by  efforts  at  res- 
piration before  the  head  has  cleared  the  maternal  pas- 
sages. Intracranial  effusions  pressing  upon  the  pneu- 
mogastric,  the  result  of  severe  protracted  or  instrumental 
delivenes,  may  be  placed  among  the  rarer  causes  of  this 
affection  in  the  new-born, 
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Acquired  atelectasis  is  always  secondary  to  some  disease 
or  accident  which  interferes  mechanically  with  the  access 
of  air  to  the  lung-cells.  In  the  vast  majority  of  instances 
this  impediment  is  the  presence  of  mucus  in  the  bronchial 
tubes,  the  effect  of  an  acute  or  chronic  bronchial  catarrh, 
and  collapse  is  therefore  a  frequent  complication  of  those 
diseases,  like  pertussis  and  measles,  in  which  bronchitis  is 
a  part  of  the  natural  history. 

Whenever  one  or  more  terminal  bronchioles  are  oc- 
cluded by  viscid  mucus  and  swelling  of  the  mucosa,  the 
collapse  of  that  portion  of  the  lung,  fed  by  the  obstructed 
tube,  inevitably  takes  place  as  soon  as  the  imprisoned  air 
is  expelled  or  absorbed. 

Weakness  of  the  inspiratory  muscles,  and  the  conse- 
quent inability  to  overcome  the  obstacles  in  the  tubes,  is  a 
powerful  auxiliary  factor  in  bringing  about  collapse,  and 
hence  any  condition  which  decreases  the  physical  vigor  of 
the  child  strongly  predisposes  to  this  accident.  It  is, 
therefore,  a  common  malady  among  those  enfeebled  by  a 
bad  inheritance,  chronic  and  wasting  diseases,  or  unsani- 
tary surroundings.  Rickets  also  plays  an  important  r61e 
in  the  causation,  associated  as  it  is  with  softening  of  the 
ribs  and  narrowing  of  the  thorax. 

External  pressure  may  render  a  lung,  or  any  portion  of 
it,  airless  (atelectasis  from,  compression).  Intrathoracic 
growths  or  exudations,  spinal  deformities,  and  upward 
displacement  of  the  diaphragm  by  abdominal  tumors  or 
effusions,  may  cause  collapse  of  such  portions  of  the  lung 
as  are  subjected  to  pressure. 

Morbid  Anatomy. — The  collapse  may  involve  consid- 
erable areas  of  the  lung  {diffuse  atelectasis),  or  it  may  be 
limited  to  small  and  scattered  patches  {lobular  atelectasis). 
Both  varieties  are  found  in  the  congenital  and  acquired 
disease,  but  in  the  former  the  lesion  usually  involves 
larger  tracts  of  tissue,  the  half,  or  even  the  whole,  of  one 
lobe ;  and  is  most  frequently  observed  in  the  posterior 
and  inferior  portions  of  the  lungs,  in  the  tongue-shaped 
projections,  and  the  apices ;  while,  in  acquired  atelecta- 
sis, the  patches  are  oftener  limited  to  isolated  lobules 
or  groups  of  lobules,  and  are  more  widely  disseminated 
through  the  parenchyma  of  both  lungs. 

The  collapsed  portions  are  depressed  below  the  general 
surface  of  the  lung,  feel  tough  and  dense,  like  soft  leather, 
and  are  of  a,  dark-blue  or  steel  color.  They  are  airless, 
do  not  crepitate  upon  pressure,  and  sink  readily  when 
thrown  into  water.  When  they  are  incised,  the  section 
is  smooth,  non-granular,  and,  if  scraped,  exudes  a  small 
quantity  of  bloody  serum.  After  death,  if  the  lesion  is 
recent,  the  atelectatic  portions  can  be  readily  inflated 
through  the  bronchus,  and  instantly  assume  the  color 
and  qualities  of  normal  lung ;  but  after  some  time  has 
elapsed,  they  undergo  changes  which  destroy  their  dila- 
tability,  and  eventually  end  in  the  total  disappearance  of 
the  vesicular  structure.  The  pleura  is  always  normal 
in  uncomplicated  cases. 

When  a  considerable  tract  of  lung  is  disabled,  impor- 
tant changes  ensue  in  the  unaffected  tissues  and  also  in 
the  organs  of  circulation.  Pulmonary  emphysema  is  a 
common  sequel.  The  impediment  to  the  movement  of 
the  blood  through  the  lungs  results  in  stasis  in  the 
pulmonary  artery  and  the  entire  venous  system,  and 
leads  to  hasmorrhagic  infarctions  and  oedema  of  the  un- 
affected lung-tissue.  The  same  condition  also  tends  to 
prevent,  in  congenital  cases,  the  closure  of  the  foetal 
channels  of  circulation,  especially  the  foramen  ovale.  ' 

Symptoms  and  Coursb. — The  symptoms  of  atelectasis 
are  chiefly  those  of  "  inefficient  breathing  and  incomplete 
decarbonization  of  the  blood."  They  exhibit  varying  de- 
grees of  severity  in  proportion  to  the  rapidity  of  develop- 
ment and  the  amount  of  tissue  involved.  When  the  col- 
lapse is  limited  to  scattered  lobules,  the  symptoms  are  by 
no  means  marked  or  distinctive.  But  on  the  other  hand, 
if  it  be  so  extensive  as  to  suddenly  arrest  the  function  of 
a  large  part  of  both  lungs,  death  may  take  place  almost 
instantly.  This  occasionally  occurs  in  whooping-cougn 
or  capillary  bronchitis,  affecting  feeble,  young  children. 

The  symptoms  of  congenital  atelectasis  are  usually 
present  from  birth.  In  a  large  majority  of  instances, 
respiration  is  established  with  difliculty  and  is  notably 
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inefficient,  but  occasionally  the  child,  although  less  vig- 
orous than  usual,  exhibits  no  serious  lung  symptoms  for 
some  days  or  weeks  after  birth. 

The  literature  of  the  subject  furnishes  numerous  ex- 
amples of  children  who  have  lived  for  several  ■weeks, 
with  a  considerable  portion  of  the  lung — even  an  entire 
joi)e — atelectatic,  and  so  altered  in  structure  as  to  be  in- 
capable of  inflation  after  death. 

Perhaps  the  most  noted  case  is  the  one  reported  by  Dr. 
Kyan  {^London  Lancet,  vol.  1.,  1868).  A  child,  aged  five 
weeks  and  in  good  condition,  died  suddenly.  At  the  cor- 
oner's inquest,  both  lungs  were  found  shrunken,  inelastic, 
non-crepitant  on  pressure,  and  presenting  in  every  partic- 
ular the  usual  appearances  of  foetal  lung.  They  sank  in 
water,  and  when  they  were  cut  into  many  pieces  no  por- 
tion of  them  floated.  The  microscope  showed  an  ab- 
sence of  cellular  structure. 

The  breathing  is  fast  and  shallow.  The  child  lies 
quietly  without  attempting  muscular  movements,  and  his 
whole  demeanor  indicates  lack  of  vigor.  Most  of  the 
time  is  passed  in  sleep.  The  cry  is  not  loud  and  strong, 
but  is  a  piteous  moan  or  mere  whimper,  and,  at  times, 
almost  inaudible.  The  child  nurses  feebly  or  not  at  all. 
The  surface,  especially  the  face  and  finger-tips,  become 
cyanotic  and  the 'extremities  cold.  The  temperature  is 
normal  or  subnormal,  and  the  pulse  feeble  and  rapid. 
The  fontanelle  is  depressed. 

In  the  unfavorable  cases,  these  symptoms  become  more 
pronounced,  and  muscular  twitchings  foreshadow  the 
coma  or  convulsions  which  so  often  immediately  pre- 
cede the  fatal  termination.  It  is  not  at  all  uncommon 
for  still-born  children  who  have  been  resuscitated  with 
difficulty,  perhaps  by  the  prolonged  use  of  artificial  res- 
piration, to  die  suddenly  after  a  feeble  existence  of  a  few 
hours  or,  at  most,  a  day  or  two.  In  many  of  these  cases, 
even  when  the  breathing  has  been  apparently  thoroughly 
established  and  the  cries  fairly  strong,  the  post-mortem 
examinations  have  shown  that  only  very  limited  portions 
of  the  lungs  had  been  inflated.  The  autopsy  also  usually 
reveals  a  patulous  foramen  ovale  and  thrombosis  of  the 
cerebral  sinuses. 

Acquired  atelectasis  is  always  a  secondary  affection,  and 
the  symptomatology  is  largely  influenced  by  the  antece- 
dent disease.  As  previously  stated,  it  almost  invariably 
occurs  as  a  complication  of  primary  bronchitis,  or  of  one 
of  those  specific  diseases  of  which  bronchial  catarrh  is  an 
essential  element.  When  collapse  of  a  considerable  area 
of  lung  occurs  in  the  course  of  a  pulmonary  catarrh,  the 
symptoms  at  once  assume  a  graver  physiognomy.  The 
breathing  is  more  hurried,  very  shallow,  and  altered  in 
rhythm ;  the  respirations  sometimes  number  from  seventy 
to  eighty  in  the  minute.  The  child  grows  more  restless, 
the  lips  become  cyanosed  and  the  extremities  cold,  and 
the  whole  appearance  indicates  profound  depression. 
The  temperature  falls  below  normal.  The  nares  dilate 
widely  with  each  inspiration.  The  suprasternal  depres- 
sion, and  the  deep  sulcus  around  the  base  of  the  chest, 
which  forms  with  every  inspiration,  attest  the  physical 
difficulty  of  getting  sufficient  air  into  the  lungs.  When 
these  symptoms  are  present,  unless  the  obstruction  in 
the  bronchial  tubes  is  promptly  removed,  permitting 
the  free  access  of  air  to  the  closed  vesicles,  the  child 
sinks  into  a  state  of  stupor,  and  dies  asphyxiated  or  in 
convulsions.  Such  severe  symptoms  are,  however,  ex- 
ceptional. In  most  cases,  the  collapse  only  involves 
scattered  lobules,  and  is  indicated  by  symptoms  similar 
to  those  just  enumerated,  but  less  violent. 

The  physical  signs  of  atelectasis  vary  with  the  extent 
of  the  lesion.  If  several  contiguous  lobules,  or  the  greater 
part  of  a  lobe  is  affected,  so  as  to  cause  consolidation  of  a 
considerable  area,  the  physical  signs  are  pronounced ;  but 
when,  as  happens  in  a  fair  proportion  of  the  cases,  the 
collapsed  patches  are  disseminated  through  both  lungs 
and  vary  in  size  from  a  pea  to  a  filbert,  each  consisting 
of  one  or  more  lobules  separated  by  a  network  of  normal 
cells,  the  physical  signs  are  necessarily  negative. 

However,  the  very  absence  of  signs  will  assist  in  the 
diagnosis.  For  example,  if  in  the  progress  of  a  mild 
bronchitis,  without  a  corresponding  increase  in  fever, 


grave  symptoms  suddenly  arise— the  dyspnoea,  lividity, 
and  general  distress  being  greatly  aggravated— and  physi- 
cal interrogation  of  the  chest  reveals  no  solidification  of 
the  lungs,  the  occurrence  of  lobular  collapse  offers  the 
only  satisfactory  explanation  of  the  sudden  change. 

When  present,  the  physical  signs  are  those  of  consoli- 
dated lung.  The  sonority  of  the  chest  is  diminished  over 
the  affected  spots,  but  the  dulness  has  a  marked  tympa- 
nitic quality  owing  to  the  proximity  of  normal  lung,  and 
especially  if  emphysematous  patches  surround  the  col- 
lapsed lobules.  The  normal  breathing  sounds  are  absent, 
and  may  be  replaced  by  bronchial  respiration  and  bron- 
chophony. Vocal  resonance  is  increased,  and,  in  ac- 
quired atelectasis,  abundant  mucous  rSles  are  audible 
over  the  entire  chest.  A  very  important  and  character- 
istic feature  of  atelectasis  is  the  suddenness  with  which 
the  physical  signs  are  changed.  Occasionally,  during  an 
examination,  dulness  and  bronchial  breathing  will  be  re- 
placed by  normal  resonance  and  vesicular  murmur  ;  or 
within  a  brief  period,  abnormal  sounds  may  appear  and 
disappear  in  different  portions  of  the  lungs.  This  can 
happen  in  no  other  pulmonary  disease,  and  depends  upon 
the  closing  of  the  bronchi  by  plugs  of  mucus  and  their 
speedy  removal  by  forced  expiration  in  coughing,  cry- 
ing, etc. 

Diagnosis. — The  recognition  of  congenital  atelectasis, 
if  extensive  enough  to  give  rise  to  symptoms,  is  compara- 
tively easy.  But  the  acquired  form  is  always  associated 
with  other  morbid  conditions  which  render  the  diagnosis 
difficult  and  sometimes  impossible. 

Capillary  bronchitis,  catarrhal  pneumonia,  and  lobar 
pneumonia  are  the  only  diseases  for  which  collapse  is  lia- 
ble to  be  mistaken.  Catarrhal  pneumonia  is  rarely  devel- 
oped except  in  portions  of  the  lung  already  collapsed, 
and  hence,  cannot  be  differentiated  by  physical  signs 
alone.  Diffuse  atelectasis  differs  from  lobar  pneumonia 
in  the  absence  of  fever,  the  percussion  note  is  more  tym- 
panitic, bronchial  respiration  is  less  marked,  and  the  crepi- 
tant rale  is  absent.  The  suddenness  with  which  the 
physical  signs  are  manifested  and  reach  their  full  devel- 
opment in  collapse,  is  an  important  diagnostic  point.  If 
in  the  course  of  a  bronchial  catarrh,  symptoms  of  con- 
siderable severity  suddenly  supervene,  such  as  rapid  and 
shallox  breathing,  duskiness  of  the  face,  faint  cough  and 
feeble  cry,  with  little  or  no  increase  in  fever,  the  nature 
of  the  attack  can  scarcely  be  doubted.  If,  along  with 
these  symptoms,  the  physical  evidence  of  solidified  lung 
is  present,  the  chain  of  evidence  is  complete. 

The  thermometer  sometimes  renders  valuable  aid  in  dif 
ferentiating  between  the  above  diseases.  Capillary  bron- 
chitis is  normally  attended  with  only  moderate  febrile 
movements,  the  mercury  fluctuating  between  101°  F.  and 
103°  F.  A  sudden  exacerbation  of  fever  in  bronchitis, 
in  which  the  thermometer  registers  104°  F.  or  higher, 
strongly  suggests  the  onset  of  catarrhal  pneumonia ;  on 
the  other  hand,  a  sudden  fall  of  the  mercury,  without 
corresponding  improvement  in  the  symptoms,  points 
strongly  to  collapse. 

Pbognosib. — ^In  congenital  atelectasis,  if  restorative 
measures  are  adopted  early  and  the  lesion  is  not  exten- 
sive, the  prognosis  is  good.  But  if  the  child  be  premature 
or  feeble,  or  the  foetal  circulatory  openings  are  unclosed, 
the  outlook  is  bad  in  the  extreme.  The  prognosis  in  ac- 
quired atelectasis  is  always  grave ;  occurring  in  whoopmg- 
cough,  it  is  apt  to  be  fatal.  Lobular  collapse  is  the 
initial  lesion  in  many  cases  of  catarrhal  pneumonia,  of 
which  caseous  degeneration  and  phthisis  are  not  infrequent 
sequels.  Emphysema,  more  or  less  extensive,  is  nearly 
always  left  behind,  if  any  considerable  tract  of  lung  has 
been  involved  in  the  collapse. 

Tkbatmbnt.— The  treatment  consists  in  the  adoption 
of  measures  and  remedies  to  strengthen  the  respiratory 
process,  to  clear  the  air-passages  of  all  obstructions,  and 
to  sustain  the  strength.  Artificial  respiration  by  any  of 
the  recognized  methods  is  of  the  utmost  importance  in 
congenital  cases.  In  crying  and  coughing,  deep,  full  in- 
spirations are  instinctively  taken,  and  hence  should  be 
frequently  provoked.  Infants  should  not  be  permitted 
to  sleep  too  long  at  one  time,  or  to  remain  any  great 
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length  of  time  in  the  same  position.  Remedies  addressed 
to  the  bronchial  catarrh  or  other  associated  dise^e  are 
indicated.  Those  remedies  should  he  chosen  which,  like 
the  preparations  of  ammonium,  increase  the  flow  ot 
serum  and  lessen  the  viscidity  of  the  tough  secretion 
which  occludes  the  bronchioles.  Opiates  should  be  spar- 
ingly used  If  not  contra-indicated  by  debility,  emetics 
serve  the  twofold  purpose  of  expelling  viscid  phlegm 
from  the  bronchial  tubes  and  producing  powerful  inspira- 
tions Those  emetics  only  are  admissible  which  act 
promptly  and  with  little  depression,  as  sulphate  of  cop- 
per and  ipecac.  Alcoholic  stimulants  are  always  indi- 
cated. Hot  immersion  baths,  made  more  stimulating  by 
the  addition  of  mustard,  and  mildly  irritating  embrocations 
to  the  chest  are  useful.  Nutritious  diet  and  tonics,  by 
which  the  respiratory  muscles  gain  permanent  volume 
and  vigor,  constitute  our  chief  reliance,  as  soon  as  the 
immediate  danger  is  tided  over.  W.  J.  Conklin. 

ATHAMANTA  CRETENSIS,  Linn. ;  Order,  UmbellifercE. 
The  fruit  of  this  plant  is  in  the  French  Pharmacopceia 
under  the  name  Daueus  de  Crete.  The  plant  is  a  native 
of  the  Alps  and  other  parts  of  Southern  Europe.  The 
fruit  is  oblong,  not  flattened,  densely  hirsute,  with  slightly 
prominent  ribs,  and  single  mtim  in  the  furrows.  There 
are  also  often  vUUb  under  the  ribs. 

The  substance  Athamanlin  comes  from  Peucedanum 
Oreoselinum,  and  not  from  this  plant,  as  the  name  would 
lead  one  to  suppose. 

Allied  Plants  and  Dkugs. — See  Anisb. 

W.P. 


ATHEROMA.  The  atheroma  is  a  retention  cyst  which 
is  developed  from  the  invaginations  of  epithelium  which 
form  the  hair-follicle  and  sebaceous  glands.  The  hair- 
follicle  is  primarily  the  seat  of  the  cyst,  but  since  the  se- 
baceous glands  empty  into  this  they  also  become  seconda- 
rily involved.  The  impediment  to  the  escape  of  the  secre- 
tions may,  however,  he  below  the  opening  of  the  glands, 
and  in  this  case  we  may  have  a  cyst  of  the  follicle  with- 
out any  participation  of  the  gland.  The  differences  in 
the  character  of  the  contents  depend  in  great  part  on  the 
extent  to  which  one  or  the  other,  the  follicle  or  the  seba- 
ceous glands,  is  involved.  If  an  impediment  to  the 
escape  of  the  secretions  exists,  a  tumor  must  arise  from 
the  accumulation  of  secretion  behind  the  impediment. 

But  little  is  known  as  to  the  cause  of  the  atheromata. 
In  general  these  cysts  are  so  innocent  and  excite  so  little 
attention,  that  they  have  never  been  studied  very  closely. 
In  quite  a  number  of  cases  trauma  has  been  alleged  to  be 
the  exciting  cause,  but  there  is  little  foundation  for  this 
belief — ^much  less,  indeed,  than  there  is  for  the  traumatic 
theory  for  the  origin  of  tumors.  It  is,  however,  conceiva- 
ble that  a  haemorhage  into  a  hair-follicle  might  lead  to  an 
occlusion  of  this.  The  formation  of  these  tumors  seems 
to  be  more  often  connected  with  diseases  which  lead  to 
the  loss  of  the  hair  and  hinder  the  throwing  off  of  the  epi- 
dermis. Erysipelas  of  the  head  seems  certainly  to  favor 
the  production  of  atheromas.  They  often  appear  in 
women  just  after  childbirth,  which  can  possibly  be  ex- 
plained from  the  falling  out  of  the  hait,  which  so  often 
takes  place  at  this  time.  Anything  which  produces  a 
loss  of  the  hair  of  course  favors  their  origin,  for  they  are 
much  more  likely  to  occur  in  an  empty  hair-follicle,  where 
the  chances  of  closure  of  the  duct  are 'so  much  better  than 
in  one  in  which  the  secretions  are  conducted  out  along 
the  hair  They  have  been  seen  to  develop  in  scars,  this 
being  rather  due  to  the  distortion  of  the  follicle  by  the  sur- 
rounding tissue  than  to  any  inflammatory  or  irritative  ac- 
tion. Lflcke  calls  special  attention  to  the  fact  that  they 
are  very  much  more  common  in  persons  with  thin  than  in 
those  with  abundant  hair. 

Atheromas  seldom  appear  before  the  age  of  twenty,  and 
are  most  common  between  thirty  and  forty.  Men  seem 
rather  more  disposed  to  them  than  women,  though  on 
this  point  we  have  no  reliable  statistics.  A  tendency  to 
them  would  often  seem  to  be  inherited.  This  is  due  to 
an  inherited  tendency  to  baldness  and  other  conditions 
of  the  hair  which  favor  their  occurrence, 


The  scalp  is  the  most  favorite  seat  of  the  atheroma,  anj 
next  to  this,  perhaps,  comes  the  scrotum  ;  still  atheroma- 
tous cysts  may  appear  on  all  parts  of  the  body.  On  the 
trunk  they  are  more  common  on  the  back  and  shoulders 
than  on  the  anterior  surface.  They  are  most  abundant 
where  the  hair-follicles  and  sebaceous  glands  are  most 
plentiful.  They  may  assume  slightly  different  shapes  in 
different  parts  of  the  body  ;  a  fact  due,  as  Virchow  says, 
to  the  difference  in  the  shape  of  the  hair-follicles.  This  is 
most  perceptible  in  the  very  small  examples.  When  the 
skin  is  thin,  and  the  follicle  short,  small,  hard  masses, 
which  feel  like  shot,  are  produced ;  these  are  called  milia. 
When  the  follicle  is  longer,  a  long  mass,  called  comedo, 
is  the  result  of  its  occlusion.  These  very  small  retention 
cysts  of  the  hair-follicles  are  ordinarily  not  classed  with 
the  atheromata.  Their  structure  and  mode  of  origin  is 
the  same.  Usually  the  atheromas  appear  singly,  but  they 
are  very  often  multiple  ;  in  some  cases  from  twenty  to 
forty  may  be  counted  on  the  head. 

The  structure  of  the  atheroma  is  simple,  and  repeats 
that  of  the  hair-follicle  and  sebaceous  gland.  It  consists 
of  a  connective-tissue  sack  lined  with  epithelium,  and 
filled  with  the  more  or  less  altered  secretion  of  this  epi- 
thelial lining.  The  younger  and  smaller  an  atheroma  is, 
the  thinner  is  its  sack.  As  the  cyst  increases  in  size, 
the  sack  becomes  thicker  in  consequence  of  increase  in 
its  epithelial  layer.  Even  in  very  old  cysts  the  con- 
nective-tissue sheath  is  seldom  thick.  This  tissue  carries 
the  vessels  which  supply  the  epithelium,  and  connects  the 
cyst  with  the  surrounding  tissues,  and  most  of  the  patho- 
logical changes  have  their  origin  in  this.  The  only  active 
growth  takes  place  in  the  rows  of  cells  which  border  the 
connective  tissue.  These  cells  are  analogous  to  the  Mai- 
pighian  layer  of  the  skin.  As  new  cells  are  formed  they 
are  pushed  from  without  inward,  becoming  flatter  as  they 
recede  from  the  outermost  layer.  The  active,  growing 
cells  which  border  on  the  connective  tissue  are  often 
almost  columnar  in  shape. 

The  atheroma  is  round  when  it  first  appears,  and  while 
it  remains  small ;  later ,_  when  it  enlarges  and  distends  the 
skin,  it  assumes  on  the  head  a  plano-convex  shape,  owing 
to  the  resistance  which  the  skull  makes  to  its  growth. 
Very  often  a  pitting  is  found  in  the  middle,  correspond- 
ing to  the  occluded  duct. 

In  the  younger  atheromas  the  duct  which  has  become 
occluded  can  always  be  found  ;  in  these  cases  it  can  be 
opened  with  a  fine  probe,  and  the  contents  squeezed  out. 
In  the  older  ones  it  is  more  difficult  to  find  it,  and  very 
often  it  becomes  changed  into  a  firm,  fibrous  cord.  This 
is  in  consequence  of  adhesions  of  its  sides  after  the  epi- 
thelium has  been  destroyed. 

It  is  seldom  that  an  atheroma  shows  more  than  one 
cavity;  still,  some  are  multilocular.  When  this  is  the 
case  it  results  from  disappearance  of  the  partition-wall 
which  separated  two  distinct  cysts.  When  the  forma- 
tion involves  quite  a  number  of  hair-follicles,  either  mul- 
tilocular cysts  can  arise,  or,  by  the  complete  disappearance 
of  all  dividing  walls,  a  large  simple  cyst  may  be  the  result. 

The  contents  of  the  atheroma  cyst  are  formed  from  the 
accumulated  secretions  of  the  hair-follicles  and  sebaceous 
glands.  Ordinarily  it  is  a  thick,  whitish,  greasy  mass,  of 
about  the  consistency  of  soft  cheese.  The  consistency 
may  vary  very  much  ;  sometimes  it  will  be  found  quite 
hard  and  dry ;  at  other  times  it  becomes  changed  into  a 
comparatively  thin  fluid.  These  differences  depend  on 
whether  the  mass  is  made  up  principally  of  the  cast-off 
epithelial  cells  of  the  hair-follicle,  or  of  the  secretions  oi 
the  glands. 

Microscopically  we  find,  so  constantly  as  almost  to  be 
characteristic  of  this  cyst,  the  large,  flat,  shining  crystals 
of  cholesterin  (see  Fig.  344).  Other  fatty  crystals  appear- 
ing as  star-shaped,  or  in  single  fine  needles,  are  also  often 
seen.  Large  flattened  epithelial  cells  often  acquire  a 
pearly  lustre,  and  may  be  mistaken  for  the  tablets  of 
cholesterin.  We  find  epithelial  cells,  some  large  and 
flattened,  without  a  sign  of  a  nucleus.  These  have  come 
from  the  inside  of  the  cyst,  and  represent  the  horny  layer 
of  the  skin.  From  these  we  can  find  every  transition  to 
the  soft  granular  cells  on  the  outer  layer,  which  are  the 
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344.— Gholesterin  Crystals,  from  an 
Atheroma. 


same  as  those  in  the  Malpighian  layer  of  the  skin.  White 
blood-corpuscles  are  occasionally  found  which  are  un- 
changed, and  as  slight  hsemorrhages  into  the  cyst  are  not 
very  uncommon,  we  also  may  find  a  few  red  ones.  Some- 
times small  cells  similar  to  the  granulation  cells  are  found. 
There  are  often  seen  large  masses  composed  of  an  infinite 

number  of  small  fat 
globules,  the  so-called 
Kdrnehenkugeln.  These 
are  similar  to  the  large 
cells  found  in  cerebral 
softening,  and  have  the 
same  origin.  They  are 
white  blood-corpuscles 
which  have  taken  up 
small  fat  drops.  The 
epidermis  cells  may  be- 
come rolled  up  into  the 
onion-like  pearly  bodies 
which  we  find  in  epi- 
thelial carcinoma,  and 
as  these  are  often  held 
to  be  pathognomonic 
of  epithelial  carcinoma, 
they  have  led  to  the 
diagnosis  of  carcinomatous  degeneration.  We  know  that 
these  pearls  can  be  formed  under  many  other  conditions 
than  that  which  prevails  in  carcinoma.  I  have  noticed 
once  or  twice  in  cysts  of  this  nature  coming  from  the 
negro,  that  the  contents  were  darker  than  ordinary ;  in 
one  instance  the  cyst  was  filled  with  a  mass  that  was 
almost  black.  On  microscopic 
examination,  some  pigment  was 
found  in  the  epithelial  cells,  but 
most  of  it  was  scattered  through 
the  mass  in  the  shape  of  small 
granules.  There  is  no  doubt 
hut  that  most  of  the  pigment  was 
formed  in  the  outside  epithelial 
cells ;  some  might  have  resulted 
from  a  haemorrhage  into  the 
cyst. 

Small  thin  lanugo  hairs  are  ^'S  ^'a^^S^l^rrfr^SlS; 
oiten  found.     Virchow  explains     Atheroma, 
their  presence  by  the  fact  that 

several  hairs  are  often  found  in  one  follicle.  In  those 
cases  in  which  a  large  amount  of  hair  is  found  the  cyst 
most  probably  is  a  true  dermoid  cyst  which  has  been  mis- 
taken for  an  atheroma. 

Chemical  analyses  have  been  made  of  the  contents,  but 
they  have  shown  nothing  of  importance.     Fat  is  the 


Pio.  346.— other  Objects  Observed  fa  the  Contents  of  an  Atheroma. 
B,  needle-shaped  crystals  of  fatty  acid ;  D,  granular  cells;  B,  growing 
epithelinm  from  the  inner  lining  of  cyst  wall ;  F,  old  epithelial  cel£ 
seen  in  profile  and  flat ;  G,  red  blood-corpuscles ;  H,  white  blood-cor- 
pnscles. 

ehief  ingredient,  and  nearly  all  of  the  fatty  acids  and 
compounds  have  been  found.     Leucin  and  tyrosin,  re- 


sulting from  the  breaking  down  of  proteids,  are  always 
found  in  the  larger  cysts.  Lime-salts  are  generally  pres- 
ent, and  the  entire  contents  may  undergo  calcification, 
and  be  changed  into  a  hard  solid  mass.  The  wall  of 
the  cyst  in  these  cases  also  becomes  calcified,  and  all 
growth  is  stopped.  The  contents  may  become  changed 
into  a  hard  waxy  mass  of  the  consistency  of  paraflBne ; 
this  is  combined  with  calcification  of  the  sac.  This  trans- 
formation is  a  rare  one. 

Ossification  of  the  cyst-wall  has  been  seen.  Liicke  de- 
scribed a  case  in  which  the  wall  was  changed  into  a  hard, 
compact,  bony  shell,  which  contained  within  it  masses  of 
calcified  epidermis.  This  is  a  very  rare  process,  and  it 
is  difficult  to  see  how  bone  could  be  formed  in  this  locality. 

In  the  atheroma  all  growth  takes  place  from  the  epi- 
thelium which  lines  the  cyst ;  consequently  the  cells  near- 
est the  centre  are  always  the  oldest.  The  atheroma  may 
reach  the  size  of  an  apple,  and  Sir  Astley  Cooper  has 
described  one  which  was  as  large  as  a  cocoanut. 


Fio.  347.— Contents  of  a  suppurating  Atheroma  Cyst.  A,  cholesterin 
crystals ;  B,  pus-corpuscles ;  C,  granule  cells  ;  D,  growing  epithelium ; 
E,  old  epithelium  ;  F,  needle-shaped  crystals  of  fatty  acid  j  G,  red  blood- 
corpuscles  ;  H,  fat  drops ;  I,  cells  containing  micrococci. 

Ordinarily  the  skin  over  an  atheroma  is  unchanged  ;  the 
hair  always  seems  to  be  thinner,  but  this  is  due  to  a  dis- 
tention of  the  skin,  and  the  same  number  of  hairs  are 
made  to  cover  more  ground.  For  the  same  reason  the  fol- 
licular openings  will  appear  to  be  larger  over  the  cyst  than 
elsewhere.  Adherence  of  the  cyst  to  the  skin  is  usually 
caused  by  inflammation  due  to  traumas.  The  small  ves- 
sels passing  over  the  surface  of  the  cyst  are  very  often  di- 
lated and  tortuous.  The  parts  beneath  the  atheroma  al- 
ways have  a  passive  relation  to  it.  The  cyst  may  become 
adherent  to  the  periosteum,  but  the  pressure  which  it  ex- 
erts on  the  bone  never  makes  any  impression  upon  it. 

Inflammation  may  make  very  decided  alterations  in  the 
cyst.  Most  often  this  inflammation  is  the  result  of  trau- 
ma ;  the  combing  of  the  head  over  the  tumor  is  a  very 
frequent  exciting  cause  of  the  inflammation.  Inflamma- 
tion may  lead  simply  to  a  thickening  of  the  cyst-wall  and 
adhesion  to  the  surrounding  tissues,  or  it  may  cause  the 
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cyst  to  burst.  When  this  is  the  case  the  contents  escape 
through  the  opening,  and,  in  consequence  of  the  de- 
composition set  up  by  the  entry  of  lower  organism^  the 
cyst  empties  an  extremely  fetid,  disagreeable  pus.  When 
the  opening  is  small,  very  frequently  the  suppuration 
does  not  involve  the  vrhole  sac,  and  a  fistulous  open- 
ing is  established  from  which  the  freshly  secreted  epi- 
thelium, fat,  etc.,  constantly  escape.  This  inflammation 
may  destroy  the  entire  epithelial  lining  of  the  sac,  and 
leave  a  simple  abscess  cavity,  which  will  heal  by  granu- 
lation just  as  happens  in  the  case  of  any  other  abscess. 
The  process  is  most  imfavorable  when  only  portions 
of  the  epithelium  are  destroyed;  the  portions  remain- 
ing will  then  always  prevent  the  cavity  from  closing. 
From  the  granulating  surface  large  fungous  granula- 
tions grow  out,  and  a  very  foul  pus,  mixed  with  epi- 
thelium, is  constantly  secreted.  The  whole  covering 
of  the  cyst  is  lost  by  ulceration,  and  a  surface  covered 
with  these  fungous  granulations  is  exposed.  The  resi- 
due of  the  epithelium  acts  as  a  foreign  body,  and  pre- 
vents the  cyst  from  closing  as  a  simple  abscess  cavity 
would.  Such  fungous  granulating  surfaces  have  often 
been  mistalten  for  carcinomas,  which  indeed  they  very 
much  resemble  macroscopically.  Epithelial  carcinomas 
seem  often  to  originate  in  such  atheromas,  and  should  a 
disposition  to  carcinoma  be  present  the  cyst  would  be  a 
favorable  exciting  cause.  This  carcinoma  formation  in 
the  cyst  is  only  seen  in  old  people.  Sarcoma  can  also 
develop  in  the  granulations,  and  when  this  is  combined 
with  the  active  epithelial  proliferation  in  the  remains  of 
the  cyst-wall,  a  very  complex  structure  may  result.  It 
is  doubtful  whether  true  carcinomas  marked  by  unlimited 
growth,  invasion  of  surrounding  tissues,  and  formation  of 
metastases  do  result.  We  may  have,  and  very  often  do 
have,  structures  which  histologically  have  all  the  charac- 
ters of  carcinoma,  the  atypical  cell-growth,  formation  of 
pearls,  etc.  ;  but  the  growth  of  the  epithelium  is  more  a 
surface  one,  and  does  not  extend  deeper  tlian  the  in- 
flamed tissue  beneath.  Such  a  growth  can  hardly  be 
called  carcinomatous,  because  the  element  of  malignity 
is  wanting. 

The  diagnosis  of  atheroma  cysts  is  not  difficult. 
They  should  only  be  confounded  with,  possibly,  hygro- 
mas or  dermoid  cysts.  From  these  they  can  be  distin- 
guished by  the  time  and  manner  of  origin,  by  the 
greater  thickness  of  their  walls,  and  by  the  firmness  of 
their  contents.  It  is  often  a  matter  of  difficulty  to  diag- 
nose between  an  ulcerated  cyst  and  a  carcinoma ;  here 
the  history  and  slight  tendency  to  extension  will  aid  us 
in  our  diagnosis.  W.  T.  Councilman. 

ATHETOSIS  (o9eTos,  without  fixed  position).  A  cere- 
bral affection  characterized  mainly  by  continuous,  slow, 
deliberate  motion  of  the  fingers  and  toes,  and  by  inability 
to  retainthem  in  any  position  in  which  they  may'be  placed. 

Although  the  name  for  this  rare  affection  was  first 
proposed  in  1871,  by  Dr.  William  A.  Hammond,  of  New 
York,  whose  systematic  description  of  the  complaint  en- 
titles it  to  a  place  on  the  nosological  list  as  a  distinct  patho- 
logical entity,  it  appears  that  former  observers  have 
reported  cases  in  which  the  symptoms  resemble  those  of 
athetosis ;  but  their  mention  being  a  matter  of  no  impor- 
tance, it  suffices  to  refer  to  that  only  of  Dr  J  C  Hub- 
?SIn'  "*  Ashtabula,  O.,  who,  under  date  of  January  11 
l»/0,  gives  an  excellent  report  of  a  case  in  which  athetoid 
symptoms  form  a  prominent  feature.  The  report  with 
two  accompanying  photographs,  is  mentioned  by' Ham- 
mond, m  the  late  edition  of  his  "Treatise  on  Nervous 
Diseases,"  as  an  illustrative  history  of  a  case  in  which  the 
symptoms  of  athetosis  are  clearly  indicated. 

This  new  differentiation  by  the  American  physician 
being  now  recognized  by  eminent  pathologists  both  in 
-hinghsh-speaking  and  Continental  countries,  numerous 
cases  ot  athetosis  are  reported,  many  of  which  however 
are  not  strictly  in  accord  with  Hammond's  definition' 
but  the  details  in  regard  to  the  affection  are  well  described 
notwithstanding  the   objections    of  those  who  saw   in 

t!i?f^^^'"'**'?^  ™°,'^''  ^^"^  ""  complex  symptom,  or  a 
vanety  of  post-hemiplegic  chorea.  j    t^      ,       >^ 
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The  morbid  movements  of  the  fingers  and  toes,  symp- 
tomatic of  athetosis,  are  involuntary,  grotesque,  and 
co.mplex  in  character,  being  of  a  more  complicated  form 
than  those  of  simple  flexion  and  extension.  The  contrac- 
tions, which  do  not  cease  even  during  sleep,  come  on 
slowly  with  apparent  deliberation  and  with  great  force 
The  fingers  and  toes  assume  various  distorted  positions 
and  carry  out  movements  that  would  be  nearly  Impossi' 
ble  in  the  normal  state.  There  is  a  peculiar  distorted 
position  of  the  thumb  and  of  the  index-finger,  -with 
sprawling  abduction  of  the  other  fingers,  which  th&  hand 
constantly  tends  to  assume  in  typical  cases,  and  when 
once  seen  can  never  be  mistaken.  That  which  appears  to 
be  pathognomonic  of  athetosis  is  the  localization  and  the 
peculiarity  of  the  incessant  complex  involuntary  move- 
ments. They  seem  to  prefer  the  peripheric  ends  of  the 
extremities,  such  as  the  fingers  and  toes,  and  rwely  the 
face.  A  gliding  protrusion  of  the  head  is  occadonally  a 
characteristic  of  the  disease.  The  patient  is  able  to  con- 
trol these  movements  for  a  limited  time  by  position  and 
the  exercise  of  an  extreme  effort  of  the  will. 

The  essential  feature  of  the  disease  seems  to  be  an  in- 
co-ordinatiou  between  the  flexors  and  extensors  of  the 
muscles  of  the  fingers  and  toes,  in  consequence  of  a  lesion 
in  the  centre  controlling  the  muscular  movements  of  these 
members.  It  has  been  noted  that  the  phenomena  have 
partly  the  character  of  associated  movements,  for  while 
the  fingers  moved,  the  arm  was  hard  and  rigid,  and  dur- 
ing the  motion  of  the  toes  the  muscles  of  the  calf  were 
in  a  state  of  tonic  contraction.  The  muscles  of  the  af- 
fected extremity  are  hypertrophied  ;  but  it  often  happens 
that  the  hand  and  foot  affected  may  be  atrophied.  There 
is  also  vaso-motor  disturbance  in  the  affected  extremity, 
which  may  be  red,  livid,  moist,  and  colder  than  the  cor- 
responding extremity,  and  pain  may  also  occur  in  the 
affected  limbs.  In  some  cases,  the  electric  contractility 
of  the  muscles  is  enfeebled  or  it  is  increased ;  in  others, 
it  is  normal.  Relaxation  of  the  ligaments  and  joints  of 
the  affected  extremities  has  also  been  noted  as  a  charac- 
teristic.    The  ankle  clonus  is  frequently  present. 

The  advent  of.  athetosis  is  always  sudden,  and  in  most 
cases  occurs  in  patients  whose  hereditary  antecedents  ai'o 
bad,  or  in  those  who  have  suffered  from  an  attack  of 
convulsion  and  unconsciousness,  or  what  is  more  com- 
mon, hemiplegia,  a  distinct  attack  of  which  in  many 
cases  precedes  the  appearance  of  the  clonic  spasm.  Ham- 
rnond  says,  however,  that  of  the  eight  cases  occurring  iu 
his  experience,  hemiplegia  was  not  an  antecedent  condi- 
tion in  four.  Athetosis  is  also  observed  in  epileptics,  in 
drunkards,  and  in  psychical  disturbances.  Adults  of 
irregular  habits,  between  thirty  and  thirty-five  years,  ap- 
pear to  be  the  subjects  of  the  affection.  Two  cases  are, 
however,  reported  to  have  occurred  in  consequence  of 
sudden  fright  in  girls  of  seven,  both  of  whom  had  histo- 
ries of  hemicrania  confined  to  the  left  side,  and  in  another 
case,  the  mother  was  exposed  in  pregnancy  to  violent 
psychical  excitement.  A  case  is  reported  to  have  fol- 
lowed infantile  encephalitis.  It  is  not  known  that  sex  is 
an  etiological  factor,  nor  does  the  affection  appear  to  be 
confined  more  to  one  side  than  another.  Ip  thirty-flve 
cases  it  was  confined  to  the  right  side  in  nineteen,  and  to 
the  left  in  sixteen.  When  athetosis  is  confined  to  one 
side  of  the  body  it  is  designated  as  unilateral  or  liemi- 
athetosis,  and  is  symptomatic  of  disease  of  the  cerebral 
centre. 

Double  or  bilateral  athetosis,  which  is  generally  idio- 
pathic and  unaccompanied  by  hemiplegia,  occurs  in  cases 
in  which  there  is  probable  atrophy  of  the  brain.  In  fact, 
there  seems  to  be  a  close  relation  between  cerebral  atrophy 
and  this  affection,  the  reason  for  which  is  not  clear.  A 
case  is  reported  in  which  the  spasms  occurred  in  the  right 
hand  and  the  left  foot.  The  muscles  of  the  face  and 
neck  appear  to  be  affected  to  a  greater  extent  in  this  form 
than  in  the  unilateral ;  there  are  no  sensory  disturbances ; 
it  may  or  may  not  be  associated  with  idiocy,  and  is  not 
necessarily  post-hemiplegic. 

Athetosis  being  a  combination  of  symptoms  somewhat 
resembling  paralysis  agitans,  care  should  be  taken  not  to 
confound  it  with  that  affection.    A  likeness  to  athetosis 
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is  also  found  in  senile  trembling ;  in  the  tremor  character- 
istic of  mercurial  poisoning,  and  in  that  of  disseminated 
sclerosis  of  the  nerve-centres.  Other  analogous  condi- 
tions are  the  spastic  contractions  common  after  hemi- 
plegia in  children,  and  the  movements  that  take  place  in 
chorea.  Athetosis  may  be  distinguished  from  all  these 
by  the  peculiarity  of  the  movements,  which  are  slow, 
systematic,  uniform,  and  apparently  determinate.  They 
have  not  the  quick,  jerky,  unexpected  movements  of 
other  forms  of  clonic  spasm,  but  a  slower,  gliding, 
methodical,  quasi-rhythmical  motion  that  may  be  com- 
pared to  the  peristaltic  action  of  some  involuntary  mus- 
cles, or  to  the  movements  in  muscles  affected  by  a  peculiar 
form  of  cramp.  The  anomalous  position  of  the  hand, 
which  is  an  exaggeration  of  that  assumed  by  a  base-ball 
catcher,  is  an  excellent  diagnostic  sign ;  slowness  of 
speech  and  impairment  of  the  intellect  are  also  diagnostic 
aids. 

The  data  furnished  thus  far  by  the  clinical  histories  of 
the  observed  cases  seem  to  warrant  the  act  of  making  a 
distinct  pathological  entity  of  athetosis  and  the  placing 
of  it  in  the  category  of  brain  diseases.  The  pathological 
characteristics  of  athetosis  appear  to  be  degenerative 
changes  in  the  corpus  striatum  and  the  optic  thalamus. 
In  one  recorded  case  the  disease  was  thought  to  be 
caused  by  an  embolon  blocking  the  middle  cerebral  ar- 
tery ;  and  the  post-mortem  examination  showed  the  dis- 
ease to  be  limited  to  the  optic  thalamus,  the  corpus  stri- 
atum, and  the  parts  just  external,  thus  justifying  Dr. 
Hammond's  original  surmise  as  to  the  probable  seat  of 
the  affection,  before  he  had  as  yet  had  an  opportunity 
to  ascertain  by  necropsy  the  nature  of  the  lesion  that 
causes  the  symptoms.  The  true  nature  of  this  class  of 
cases,  however,  awaits  further  pathological  evidence. 
Later  observers  think  that  the  clinical  manifestations  of 
athetosis  are  owing  to  functional  disturbances  or  ob- 
liquity in  the  motor  centres  rather  than  to  any  recogniza- 
ble structural  change. 

So  far  no.  case  of  athetosis  has  recovered,  although 
slight  cases  may  do  so  approximately.  The  means  used 
to  bring  about  a  cure  consist  in  the  administration  of 
sedatives  and  nerve-tonics  and  the  application  of  galvan- 
ism. The  chloride  of  barium,  arsenic,  ergot,  and  canna- 
bis Indica  have  all  been  given  with  indifferent  results. 
On  one  hand,  it  is  reported  that  marked  improvement  in 
two  cases  followed  the  application  of  the  constant  cur- 
rent ;  on  the  other,  that  both  galvanization  and  faradiza- 
tion led  to  no  results.  It  would  probably  be  well  for  the 
patient  to  exercise  the  fingers  by  a  graduated  system  of 
lifting  in  conjunction  with  vigorous  efforts  of  the  will. 

Irmng  O.  Mosse. 

ATLANTIC  CITY.  (Detailed  explanation  of  the  ac- 
companying chart,  and  suggestions  as  to  the  best  method 
of  using  it,  will  be  found  in  the  article  on  Climate.)  For 
many  years  past  a  well-known  seaside  resort  during  the 
summer  months,  this  place  has  more  recently  come  into 
notice  as  aLso  possessing  special  climatic  advantages,  dur- 
ing the  winter  and  spring  seasons,  which  are  of  such  a 
nature  as  to.  recommend  it  for  the  residence  of  invalids 
desiring  to  escape  the  greater  rigors  and  inclemency  of 
climate  characteristic  of  the  northern  section  of  the 
United  States,  and  particularly  of  the  larger  cities  lying 
on  or  near  the  sea-coast. 

Atlantic  City  lies  upon  the  southeastern  coast  of  the 
State  of  New  Jersey  (Lat.  39"  33'  N.,  Long.  74°  35'  W.), 
at  a  point  distant  from  New  York  City  about  ninety-five 
miles,  in  a  south-southwest  direction,  and  about  fifty -five 
miles  southeast  of  Philadelphia.  The  city,  which  has  a 
population  of  about  eight  thousand  souls  (increased  to 
forty  thousand  during  the  summer  season),  is  built  upon 
a  sandy  island,  separated  from  the  mainland  by  a  strip  of 
salt-water  marsh-land,  intersected  by  bays  and  lagoons, 
which  strip  skirts  the  whole  coast  of  New  Jersey  for 
a  distance  of  some  ninety-flve  or  one  hundred  miles,  from 
the  mouth  of  the  Manasquan  River,  fifty -five  miles  north 
of  Atlantic  City,  to  the  extremity  of  Cape  May  penin- 
sula, forty  miles  southwest  of  the  latter.  This  strip  has 
Its  greatest  width  in  the  neighborhood  of  Atlantic  City, 


and  just  opposite  the  latter  point  it  is  some  six  or  seven 
miles  broad. 

The  coast-line  of  New  Jersey,  which  runs  in  a  direction 
almost  due  north  and  south  from  Sandy  Hook  (Lat.  40° 
38')  to  Barnegat  (Lat.  39°  48'),  trends  from  the  last-men- 
tioned point  to  its  extremity  at  Cape  May  (Lat.  38°  56) 
in  a  southwesterly  direction,  and  this  southwesterly 
trend  becomes  especially  marked  at  that  part  of  the  coast 
where  Atlantic  City  is  located.  From  this  configuration 
of  the  coast-line  it  results  that  Atlantic  City  enjoys  a 
more  nearly  southerly  exposure  than  does  any  other  point 
upon  the  ocean  shore  of  the  State,  with  the  single  excep- 
tion of  Cape  May.  "  One  of  the  overflow  currents  of  the 
Gulf  Stream  approacb,es  within  sixty-five  miles  of  At- 
lantic City,  while  it  is  one  hundred  and  fifty  miles  dis- 
tant from  Sandy  Hook.  The  principal  current  is  farther 
away,  being  one  hundred  and  thirty-five  miles  from  At- 
lantic City,  and  one  hundred  and  eighty -five  miles  from 
Sandy  Hook,  and  about  the  same  distance  from  Long 
Branch  and  Montauk  Point."  "But  the  exceptional 
mildness  of  this  climate  may  be  attributed  to  the  peculiar 
course  of  the  Gulf  Stream  in  this  vicinity  as  much  as  to 
its  proximity.  The  innermost  current,  according  to  the 
map  received  from  the  Coast  Survey  office,  has  a  direc- 
tion opposite  Atlantic  City  of  east-northeast,  but  turns 
more  and  more  to  the  eastward  till  in  latitude  40° — that 
of  Philadelphia — it  bears  nearly  due  east.  The  main  cur- 
rent turns  more  abruptly,  and  a  little  north  of  latitude 
38°,  some  distance  to  the  southward  of  Atlantic  City,  has 
a  course  directly  eastward.  Our  south,  southeast,  and 
east  winds,  then,  must  all  pass  for  three  hundred  to  five 
hundred  miles  at  least  over  more  or  less  heated  water  which 
has  come  directly  from  the  Gulf  of  Mexico.  Our  only 
ocean  breezes  not  affected  in  this  way  are  those  from  the 
northeast.  But  for  places  farther  up  the  coast,  particu- 
larly those  north  of  latitude  40°,  the  case  is  different. 
Neither  their  northeast  nor  east  winds  can  be  appreciably 
modified  by  the  Gulf  Stream.  Their  south  and  southeast 
winds  may  be  favorably  influenced  to  some  extent,  but 
less  than  are  the  same  winds  at  Atlantic  City,  since  they 
pass  over  a  much  larger  surface  of  cold  water  after  cross- 
ing the  Gulf  Stream  "(Dr.  Boardman  Reed  in  "Atlan- 
tic City  as  a  Winter  Health  Resort "). 

An  examination  of  the  geological  map  of  the  State  of 
New  Jersey,  accompanying  the  "  Annual  Report  of  the 
State  Geologist  for  the  Year  1881,"  shows  that  a  consider- 
able portion  of  the  southern  half  of  the  State  is  occupied 
by  "pine-land "  soils.  The  greater  extent  of  the  regions 
so  occupied  is  to  be  found  to  the  north  and  northwest  of 
Atlantic  City,  although  less  extensive  regions  possessing 
similar  soil  and  vegetation  lie  to  the  west  and  to  the  south- 
west of  the  latter  point.  None  of  these  "pine-land "  dis- 
tricts are  in  close  proximity  to  Atlantic  City ;  yet  it 
is  probable  that  they  exert  a  modifying  effect  upon 
the  climate  of  this  place,  as  tending  slightly  to  increase  the 
temperature  and  the  dryness  of  winds  blowing  from  the 
north  and  west.  All  land-winds,  before  reaching  Atlan- 
tic City,  must  pass  over  the  wide  strip  of  salt-marsh  in- 
tervening between  the  mainland  and  the  island  upon 
which  the  town  is  built,  as  well  as  over  the  sandy  soil  to 
be  found  both  upon  the  sea-margin  of  the  mainland  and 
upon  the  island  itself,  and  constituting,  in  fact,  the  only 
variety  of  soil  of  which  the  latter  is  composed. 

All  winds  reaching  Atlantic  City  from  points  between 
south  and  west  must  pass  either  over  the  waters  of 
the  Atlantic  litself  (in  the  case  of  south  to  southwest 
winds),  or  else  over  those  of  Delaware  Bay,  twenty  to 
twenty-five  miles  broad,  and  overthe  threefold  strip  of  salt- 
water marsh-land  lining  both  shores  of  the  Bay  as  well 
as  the  Atlantic  coast  of  New  Jersey. 

In  a  west-southwest  direction  the  distance  from  At- 
lantic City  to  the  shore  of  Delaware  Bay  is  only  twenty- 
nine  miles  "  as  the  crow  flies." 

Of  shelter  against  winds  blowing  from  the  north,  or 
from  any  other  point  of  the  compass,  Atlantic  City  has 
none ;  but,  unfortunately  for  their  reputation  as  desirable 
health  resorts  during  the  winter  months,  the  same  re- 
mark applies  with  equal  force  to  all  other  stations  on  the 
Atlantic  coast  of  the  United  States. 
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"We  have  not,  at  least  not  upon  this  side  of  our  conti- 
nent, any  counterpart  of  the  English  South  Coast,  or  of 
the  still  more  famous  Genoese  Riviera ;  the  general  trend 
of  our  shore-line,  and  the  absence  of  any  high  range  of 
hills  lying  close  to  the  sea,  precluding  "the  existence  of 
any  such  harbors  of  refuge  against  the  assaults  of  "  old 
Boreas." 

In  the  absence  of  shelter  from  the  winds,  it  is  consol- 
ing to  reflect  that  their  force  and  frequency  at  Atlantic 
City  are  less,  in  all  probability,  than  at  any  other  well- 
known  place  of  resort  lying  upon  the  New  Jersey  coast. 
In  a  table  showing  the  average  yearly  movement  of  the 
atmosphere  for  the  five  years,  1880  to  1884,  inclusive,  the 
f  ollowingfigures  stand  opposite  the  four  stations,  Atlan- 
tic City,  Barnegat,  Cape  May,  and  Sandy  Hook  : — Atlan- 
tic City,  83.630;  Barnegat,  133.988;  Cape  May,  130.055; 
Sandy  Hook,  118.450.  The  figures  of  this  table  (quoted 
from  "Atlantic  City  as  a  Winter  Resort,"  by  B.  A. 
Blundon,  Sergeant,  Signal  Service,  U.  S.  A.),  reveal  the 
fact  that,  during  the  five  years  above  mentioned,  the 
average  amount  of  wind  blowing  at  Atlantic  City  was  31 
per  cent,  less  than  at  Sandy  Hook,  38  per  cent,  less  than 
at  Barnegat,  and  37  per  cent,  less  than  at  Cape  May. 
Concerning  the  relative  frequency  of  winds  blowing  from 


the  different  points  of  the  compass  at  Atlantic  Citv 
table  giving  the  result  of  observations  made  during  th 
three  years  intervening  between  July,  1876,  and  July 
1879,  shows  that  9  per  cent,  of  such  winds  were  from  thi 
north,  11.7  per  cent,  were  from  the  northeast,  15  3  rv., 
cent,  were  from  the  northwest,  16.1  per  cent,  werefron 
the  west,  8.3  per  cent,  were  from  the  east,  6.8  percent 
were  from  the  southeast,  15.9  per  cent,  were  from  tin 
southwest,  and  17.4  per  cent,  were  from  the  south.  (Tht 
table  from  which  these  figures  are  quoted  is  to  be  found 
on  page  51  of  the  Report  of  the  New  Jersey  State  G& 
ologlst  above  referred  to,  being  contained  in  the  very  ia- 
teresting  discussion  written  by  Professor  J.  C.  Smock 
the  Assistant  State  Geologist,  on  the  climate  of  New  Jer- 
sey, and  constituting  the  Appendix  of  said  Report.) 

For  a  knowledge  of  the  prevailing  direction  of  the 
wind  at  Atlantic  City  during  each  of  the  twelve  months 
of  the  year,  during  each  of  the  four  seasons,  and  during 
the  year  taken  as  a  whole,  the  reader  may  be  referred  to 
the  chart  which  accompanies  the  present  article  and 
which  the  writer  obtained  from  the  Chief  Signal  Of- 
fice at  Washington,  through  the  kindness  of  Professor 
Smock. 

During  the  warmer  part  of  the  year  Atlantic  City,  and 
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all  other  places  lying  upon  the  New  Jersey  coast,  are  vis- 
ited daily  (with  but  rare  exceptions)  by  a  delightful  sea- 
breeze,  which  begins  to, blow  at  about  eleven  or  twelve 
o  clock  in  the  day,  and  lasts  until  nightfall.  A  more  par- 
ticular account  of  these  sea-breezes,  of  their  causation, 
and  of  the  distance  inland  from  the  coast  to  which  their 
influence  extends,  may  be  found  in  Professor  Smock's 
Appendix  already  referred  to  above. 

A  particularly  striking  feature  in  the  climate  of  At- 
lantic City  is  the  comparatively  small  amount  of  the 
annual  rainfall.  A  table  on  page  11  of  the  pamphlet  en- 
titled, "  Atlantic  City  as  a  Winter  Resort,"  shows  that  the 
rainfall  is  less  in  amount  at  Atlantic  City  than  at  any  other 
point  on  the  Atlantic  coast  of  the  United  States,  with  the 
single  exception  Of  Portland,  Me. ;  and  that  it  is  fully 
twenty  per  cent,  less  than  at  the  neighboring  station  of 
Barnegat— a  singular  fact,  and  one  very  difficult  of  ex- 
planation. 

ml^^  ^^^^  ^""^  ^^^  relative  humidity  of  Atlantic  City 
(■79,4  per  cent.)  would  seem  to  show  that  the  climate  of 
the  place  is  not  a  particularly  dry  one  ;  and,  indeed,  this 
is  no  more  than  we  should  reasonably  expect  in  a  place 
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lying  directly  upon  the  shore  of  the  ocean,  and,  withal, 
separated  from  the  mainland  by  some  six  or  seven  miles 
of  intervening  marsh-land  and  by  salt-water  lagoons. 
Nevertheless,  the  dryness  of  the  climate  is  especially 
noticed  by  all  the  visitors  to  Atlantic  City,  whose  accounts 
of  the  place  have  hitherto  come  to  the  notice  of  the  writer ; 
even  a  correspondent  of  the  latter,  who  "  damned"  the 
place  with  his  extremely  "  faint  praise,"  having  gone 
so  far  as  to  admit  that  its  climate  was  a  "  comparatively 
dry  one."  It  is  claimed  that  the  relative  humidity  fig- 
ures from  the  Signal  Service  Observatory  at  this  station 
are  misleading  as  an  indication  of  the  dryness  of  the 
Atlantic  City  atmosphere,  on  account  of  the  great  prox- 
imity of  the  station  to  the  beach,  the  instruments  of  ob- 
servation being,  for  this  reason,  "  affected  by  the  spray 
during  strong  winds  off  the  water,  and  by  occasional 
morning  mists  which  do  not  extend  back  into  the  town  " 
("Atlantic  City  as  a  Winter  Health  Resort,"  quoted  by 
Signal  Service  Sergeant  Blundon  in  "  Atlantic  City  as  a 
Winter  Resort ").  This  explanation  is  certainly  a  plausi- 
ble one ;  and,  that  the  climate  of  Atlantic  City  is,  at  least, 
dry  one,  there  appears  to  be  abundant 


testimony  to  prov&. 

The  so-caJled  "cold  waves,"  so  well  known  (indeed, 
perhaps,  too  well  known)  to  all  residents  in  that  portion 
of  the  IJnited  States  which  lies  to  the  eastward  of  the 
Rocky  Mountain  chain,  are  said  to  be  much  less  severely 
felt  at  Atlantic  City  than  they  are  at  points  lying  in  the 
same  latitude,  but  removed  from  the  coast. 

Owing  also  to  the  immediate  proximity  of  the  ocean 
and  to  the  sandy  nature  of  its  soil,  snow  seldom  lies 
upon  the  ground  at  Atlantic  City  for  any  length  of  time, 
and  sleighing  is  quite  unknown  throughout  the  entire 
course  of  some  winters. 

Such  frequent  reference  has  already  been  made  to  the 
abundance  of  marsh-land  in  the  immediate  vicinity  of 
the  town,  that  it  is  only  proper  to  call  attention  to  the 
fact,  that  these  marshes  are  of  the  purely  salt-water 
variety ;  and  that  Atlantic  City  is  many  -miles  distant 
from  any  large  body  of  fresh-water,  such  streams  as 
empty  into  the  ocean  along  this  part  of  the  New  Jersey 
coast  being,  without  exception,  of  insignificant  size,  and 
therefore  inadequate  to  the  production  of  the  combined 
fresh-  and  salt-water  marshes,  which  are  believed  to  be 
such  a  prolific  source  of  malarial  poisoning  at  many  other 
points  along  our  Atlantic  coast. 

"So  far,  therefore,  as  concerns  malaria  .  .  .  At- 
lantic City  seems  to  be  highly  favored.  Intermittent  and 
remittent  are  strangers  to  the  regular  residents,  and  it  is 
the  constant  experience  of  malarial  patients  coming  here, 
that  they  obtain  rapid  relief  with  far  less  medication  than 
at  home ;  often,  especially  in  the  case  of  children,  with  no 
medication  at  all."  ("  The  ^Sanitary  Condition  of  our 
Seashore  Health  Resorts,"  'by  Dr.  Boardman  Reed, 
Medical  and  Surgical  Reporter,  July  9,  1881).  The  vital 
statistics  accompanying  the  Report  of  the  Board  of  Health 
of  the  State  of  New  Jersey,  for  the  year  1884,  show 
that  during  the  course  of  that  year,  no  deaths  attributed 
to  malarial  disease  were  reported  to  the  authorities  as 
having  occurred  in  Atlantic  County,  or  in  the  adjoining 
county  of  Cape  May. 

Concerning  the  all-important  matters  of  drainage  and 
water-supply  at  Atlantic  City,  it  would  appear  that,  until 
quite  recently,  no  provision  had  been  made  which  could 
reasonably  be  considered  at  all  adequate  to  supplying  the 
wants  of  so  large  and  so  rapidly  growing  a  town.  No 
longer  ago  than  last  March  (March,  1885),  the  writer  re- 
ceived a  letter  from  a  gentleman  who  was  passing  the 
winter  at  Atlantic  City,  in  which  there  occurred  the  f ol- 
io wmg  statement :  "  The  water-supply  is  very  bad  in- 
deed, and  much  of  the  city  water  passes  through  lead 
pipes.  There  have  been  many  cases  of  lead-poisoning." 
"Houses  huddled  together,"  and  "stinking  privy- 
vaults,"  are  also  alluded  to  in  another  letter  received 
from  this  same  correspondent  on  the  14th  of  the  pre- 
ceding month  (Pebuary,  1885).  A  report  from  the  sec- 
retary of  the  town  health  board,  which  will  be  found  on 
pages  136-138  of  the  Eighth  Annual  Report  of  the  State 
Board  of  Health,  already  referred  to,  contains  a  cau- 


tion against  the  use  of  lead  pipes,  but  describes  the 
quality  of  the  water  as  excellent.  This  same  report 
(1884),  speaks  of  a  proposed  system  of  underground 
drainage  for  Atlantic  City,  and  alludes  to  the  system  of 
sewage  removal  already  in  vogue,  in  a  manner  far  less 
condemnatory  than  did  the  writer's  private  correspondent 
of  last  winter.  From  both  the  writer  would  be  led  to  infer 
that  very  much  depended  upon  the  quarter  of  the  town 
selected  for  residence  at  Atlantic  City,  as  well  as  upon 
the  sanitary  arrangements  of  the  particular  hotel  or  board- 
ing-house chosen  as  such  place  of  residence.  It  was 
evident,  from  the  tone  and  tenor  of  his  letter,  that  the 
private  correspondent  above  referred  to  had  been  by  no 
means  fortimate  in  this  latter  respect. 

The  following  letter,  received  shortly  before  going  to 
press,  speaks  for  itself,  and  shows  that  the  objectionable 
features  in  the  important  sanitary  factors  of  drainage  and 
water-supply  at  Atlantic  City  are  now  receiving,  at  the 
hands  of  the  residents  and  town  authorities,  the  degree  of 
attention  which  they  deserve,  and  that  the  errors  and 
oversights  of  the  past  are  in  a  fair  way  to  be  immediately 
and  adequately  rectified. 

Atlantic  Citt,  N.  J.,  June  4, 1885. 

Dr.  HtTNTrNGTOif  RiCHAEDS,  Ncw  York  City : 

Dear  Doctok — Yours  of  yesterday  at  hand.  Your 
questions  as  to  the  water-supply  of  Atlantic  City  are  fully 
answered  by  the  report  of  the  water  company,  a  copy  of 
which  is  sent  to  you  by  this  mail.  You  will  learn  from 
that  report  that  the  character  of  the  water  is  excellent ; 
the  supply  as  now  enlarged  amply  sufficient  for  the 
present,  and  all  probable  future  wants  of  the  city.  The 
precise  sources  of  supply  are  Absecon  Creek  and  a  small 
stream  tributary  thereto.  These  arise  and  flow  through 
a  partly  barren  and  sparsely  settled  country.  There  are 
no  manufactories  along  their  banks,  with  the  exception  of 
one  or  two  saw-mills,  and  possibly  a  grist-mill. 

The  drainage  of  Atlantic  City  has,  in  recent  years,  un- 
doubtedly been  insufficient.  It  has  just  been  supplanted 
by  a  radically  new  system  of  underground  sewerage. 
This  is  known  as  the  "West  System,"  and  comprises  a 
pumping  station,  with  terra-cotta  pipes  of  the  best  make, 
laid  far  below  the  water-level,  the  sewage  flowing  through 
these  to  the  bottom  of  a  walled  well  by  gravity,  and 
thence  pumped  several  miles  from  the  town  to  filtering 
sheds,  where  the  solid  part  is  separated  and  prepared  for 
sale  as  a  fertilizer.  The  pipes  are  already  laid  in  all  those 
portions  of  the  town  occupied  by  the  hotels.  The  well 
or  reservoir  is  about  completed,  and  before  the  first  of 
July  next  I  verily  believe  that  we  shall  have  in  operation 
the  best  sewerage  system  to  be  found  on  the  Atlantic  coast. 
Having  labored  hard,  as  President  of  our  Board  of  Health, 
to  have  introduced  here  such  an  improved  system,  I 
naturally  feel  a  pride  in  the  result. 

If  you  need  any  further  data  concerning  the  place, 
please  notify  me  and  I  will  reply  at  once. 

Yours  very  truly, 

Boardman  Reed. 

Concerning  the  class  of  invalids  likely  to  derive  benefit 
from  a  stay  at  Atlantic  City  during  the  winter  months, 
it  may  be  remarked  that  many  favorable  results  in  the 
treatment  of  diseases  of  the  respiratory  system,  including 
cases  of  pulmonary  phthisis,  when  not  too  far  advanced, 
have  been  reported  by  physicians  as  attributable  to  a  so- 
journ at  this  comparatively  dry  and  comparatively  mild 
and  equable  northern  seaside  resort.  The  chief  recom- 
mendation of  Atlantic  City,  in  the  writer's  own  opinion,  is 
its  great  accessibility  to  the  large  cities  of  New  York  and 
Philadelphia,  rendering  it  quite  an  easy  matter  for  inva- 
lids, convalescents,  and  persons  particularly  prone  to  suffer 
from  the  effects  of  cold  and  dampness,  to  resort  thither 
during  the  whole  or  a  part  of  the  winter  and  early  spring 
seasons,  and,  by  so  doing,  to  escape  in  great  measure  the 
very  trying  weather  so  characteristic  of  our  seaboard 
cities  during  the  colder  portion  of  the  year.  Of  the  ad- 
vantages of  Atlantic  City  as  a  summer  seaside  resort  it  is 
unnecessary  here  to  speak. 

Hotels  and  boarding-houses  are  abundantly  numerous 
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at  Atlantic  City,  their  actual  number  being  said  to  exceed 
four  hundred.  Many  of  them  are  very  good  indeed. 
Some  of  course,  are  equally  poor  and  undesirable. 

EMntington  Eicharas. 

ATROPHY.  The  term  atrophy  expresses  a  condition 
in  which  there  is  a  diminution  in  the  size  or  number  of 
tissue-elements,  without  any  accompanying  change  of 
structure  or  chemical  constitution.  Atrophy  excludes, 
therefore,  the  idea  of  degeneration.  Nevertheless  it  is 
commonly  attended  by  loss  of  weight,  lessening  of  vol- 
ume, and  impairment  of  function.  Atrophic  organs,  as 
a  rule,  contain  less  blood  than  normal  ones.  Often  they 
are  also  firmer,  drier,  and  less  elastic  than  in  health. 
Microscopical  examination  shows  that  the  parenchyma 
suffers  first,  and  more  than  the  supporting  framework  of 
interstitial  tissue.  Indeed  the  latter  may  remain  quite 
intact,  or  even  continue  to  grow,  while  the  proper  cells 
of  an  organ  have  almost  completely  disappeared.  In  the 
liver,  the  muscles,  and  the  cerebro-spinal  system  this 
peculiarity  is  especially  well  marked. 

A  distinction  between  simple  atrophy,  in  which  the  his- 
tological elements  are  merely  diminished  in  size,  and  so- 
called  numerical  atrophy,  in  which  their  number  has  been 
reduced  by  the  complete  wasting  away  of  some  cells,  is 
without  practical  significance.  Atrophy  may  be  general, 
involving  all  the  organs  and  tissues  of  the  body,  or  it  may 
be  partial  and  limited  to  particular  localities.  In  conse- 
quence of  arrested  development,  entire  organs,  or  parts 
of  organs,  may  be  ill-grown,  misformed,  or  even  quite 
wanting.  The  whole  body,  or  any  of  its  component 
parts  may  also  be  dwarfed  or  stunted.  Such  dwarfing 
may  happen  before  or  after  birth.  Now  defective  devel- 
opment of  this  kind  should  not  be  confounded  with 
atrophy  proper.  For  the  latter  is  a  retrogressive  process 
occurring  in  parts  that  were  originally  normal  and  well 
formed. 

As  is  well  known,  before  pubertj'  we  observe  a  pre- 
ponderance of  cell-growth  over  cell-decay  ;  then  follows 
a  period  of  adult  equilibrium,  until  finally  with  advanc- 
ing years,  decay  gains  the  upper  hand.  But  long  before 
the  general  atrophy  of  old  age  there  occurs  a  so-called 
physiological  atrophy  of  particular  organs.  The  obliter- 
ation of  certain  foetal  blood-vessels  (ductus  Botalli,  etc.), 
the  disappearance  of  the  Wolflian  bodies,  the  shedding  of 
the  milk-teeth,  and  the  complete  shrinkage  of  the  thymus 
gland  before  the  age  of  fourteen  are  well  known  though 
imperfectly  understood  instances  of  physiological  atrophy. 
Thus,  too,  the  female  generative  organs  shrink  before  old 
age,  and  cease  to  perform  their  function.  Indeed,  cer- 
tain tissues,  like  hyaline  cartilage,  may  be  regarded  as 
essentially  temporary  structures. 

In  contradistinction  to  simple  atrophy  of  a  physiologi- 
cal type,  we  have  the  truly  pathological  variety.  It  may 
occur  in  any  tissue,  organ,  or  system  of  the  body.  Ema- 
ciation and  marasmus  are  its  most  conspicuous  signs. 
Although,  as  already  indicated,  atrophy  in  the  strictest 
sense  means  merely  a  diminution  in  size  of  different  cells 
and  fibres,  it  is,  nevertheless,  commonly  found  to  be  ac- 
companied by  various  degrees  of  degeneration.  Granulo- 
fatty  metamorphosis  is  most  frequently  noticed  in  con- 
nection with  it.  Among  the  causes  that  lead  to  atrophy 
may  be  mentioned : 

1.  Insufficient  nutrition.  This  may  be  due  to  gen- 
eral an83mia,  to  morbid  changes  in  the  vascular  sys- 
tem, or  to  defective  assimilation,  depending  upon  a  va- 
riety of  other  conditions.  Adipose  tissue,  for  example, 
quickly  wastes,  if  fat  or  fat-forming  substances  are 
not  supplied  in  adequate  amount.  The  bony  structures 
become  brittle  and  friable  whenever  lime-salts  are  per- 
sistently withheld.  Now  it  is  a  noteworthy  fact  that  in 
continued  starvation  the  various  tissues  are  by  no  means 
equally  affected.  Fatty  tissue  is  always  first  to  disappear, 
and  the  loss  may  amount  to  as  much  as  ninety  per  cent. 
of  its  weight.  Muscle-tissue  comes  next,  and  may  atrophy 
up  to  about  forty-five  per  cent.  On  the  other  hand,  the 
cerebro-spinal  system,  and  often  the  heart  show  little  or 
no  loss  of  substance,  even  when  death  has  resulted  from 
starvation.    A  remarkable  fact  may  be  mentioned  in  this 
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connection,  namely,  the  persistence  of  lipomatous  tumors 
even  in  those  cases  in  which  adipose  tissue  generally  is 
wasted  to  the  last  degree.  An  explanation  of  this  pecul- 
iar phenomenon  has  not  yet  been  found. 

Under  this  heading  we  must  also  include  passive 
atrophy,  so-called.  Compression-atrophy  is  the  most 
prominent  illustration  of  this  variety.  As  the  result  of 
mechanical  agencies,  we  find  the  familiar  deformity  of 
the  Chinese  foot,  the  artificial  flat  head  of  some  Indian 
tribes,  the  liver  atrophy  of  tight  lacing,  the  indentures 
produced  by  wearing  rings,  garters,  and  similar  constrict- 
ing appliances.  The  altered  joints  witnessed  in  pes 
valgus  and  genu  valgum  also  belong  to  this  category. 
The  alveolar  processes  of  both  maxillary  bones  show  pas- 
sive atrophy  in  consequence  of  mastication.  In  hydro- 
nephrosis the  renal  parenchyma  may  waste  to  such  an 
extent  that  there  seems  to  be  left  only  the  capsule  of  the 
kidney.  The  pressure  resulting  from  aneurism  often 
causes  muscle  and  even  bone  to  atrophy.  The  same  also 
applies  to  varicose  veins. 

3.  Inaction.  Atrophy  generally  results  from  suspended 
or  reduced  functional  activity.  If  through  some  influ- 
ence a  gland,  a  muscle,  or  even  a  group  of  cells  is  con- 
demned to  inaction,  atrophy  soon  makes  its  appearance. 
Familiar  illustrations  of  atrophy,  due  to  inaction,  are 
found  in  the  wasting  of  the  optic  nerve,  following  de- 
structive lesions  of  the  bulbus  oculi,  in  the  wasting  of 
muscles  long  at  rest,  and  of  the  mammary  gland  in  ad- 
vancing years.  The  metamorphosis  of  the  umbilical  ves- 
sels, of  the  ductus  arteripsus,  of  the  "Wolffian  bodies  before 
or  soon  after  birth,  of  the  thymus  gland  in  adolescence, 
may  also  be  regarded  as  due  to  a  cessation  of  functional 
activity.  The  involution  of  the  uterus  after  child-birth 
is  a  more  complicated  process,  partly  due  to  atrophy  and 
partly  to  degenerative  changes.  It  certainly  illustrates 
the  most  formidable  retrogressive  metamorphosis  that  oc- 
curs within  physiological  limits.  The  muscular  coat  of 
the  uterus,  its  mucous  membrane,  blood-vessels,  and  lym- 
phatics, are  all  involved  in  the  change  that  culminates  in 
restoring  the  puerperal  organ  to  almost  its  original  size. 

3.  Perversion  or  abolition  of  nervous  influence.  This  is 
trophoneurotic  wasting,  and  the  precise  modus  operaridi 
of  disturbed  or  interrupted  innervation  is  by  no  means 
clearly  understood.  It  is  perhaps  best  exemplified  in  the 
very  rapid  atrophy  of  muscles  where  their  proper  nerves 
are  affected,  or  where  certain  ganglia-cells  of  the  spinal 
cord  are  diseased.  Muscles  robbed  of  nervous  influence 
atrophy  much  quicker  than  those  which  are  condemned 
to  remain  at  rest.  Poliomyelitis  anterior,  progressive 
bulbar  paralysis,  and  various  peripheral  palsies  afford 
familiar  illustrations  of  this  variety.  The  skin  becomes 
much  attenuated,  and  assumes  a  glossy  appearance,  es- 
pecially noticeable  in  toes  and  fingers  in  certain  periph- 
eral paralyses.  In  mania,  melancholia,  and  dementia, 
but  especially  in  progressive  paresis,  general  atrophy  is  a 
well-known  symptom.  Hemiatrophia  circumscripta  to- 
talis also  belongs  to  this  category. 

4.  Excessive  waste.  All  conditions  attended  by  much 
loss  of  nutritive  material  lead  to  atrophy.  Repeated  hsem- 
orrhages,  chronic  suppuration,  the  long-continued  excre- 
tion of  albumen  or  sugar,  and  similar  processes  produce 
well-marked  wasting.  Indeed  whenever  tissue-repair  is 
outstripped  by  tissue-waste  atrophy  must  needs  be  the 
result.  All  febrile  conditions  give  abundant  proof  of 
this  statement.  In  fact  many  heterogeneous  affections, 
all  characterized  by  more  or  less  rapid  atrophy,  are  still 
grouped  together  in  some  text-books  under  the  common 
designation  of  wasting  diseases. 

The  course  of  the  various  atrophies  must  naturally  bo 
altogether  dependent  upon  their  causation.  Total  atrophy 
is  observed  onlj^  when  the  primary  histogenetio  activity 
is  at  fault,  as  in  the  wasting  of  the  thymus  gland,  the 
disappearance  of  the  pupillary  membrane,  the  oblitera- 
tion of  certain  foetal  vessels.  In  all  partial  atrophies,  de- 
pending upon  other  causes,  restoration  is  possible.  Ad- 
vanced atrophy  of  vital  organs  is  of  course  not  compatible 
with  life.  But  organs  of  minor  importance  in  the  econ- 
omy may  shrink  and,  shrivel  without  much  disturbance 
of  the  general  health.  Edmund  G.  Wendt. 
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AUDINAC,  in  the  departement  of  the  AriSge,  distant  10 
kilos  (6i  miles)  from  St.  Girons.  A  good  resort  for  in- 
valids suffering  from  functional  disturbance  of  the  ali- 
mentary canal  and  urinary  system.  The  temperature  of 
the  water  is  31°  C.  (70°  P.).  The  total  solids  per  1,000 
parts  fluctuate  between  16  and  19.  The  chief  constitu- 
ents are  sulphates  of  magnesium  and  calcium,  and  ni- 
trates. There  are  also  present  some  iron  and  manganese, 
and  COj  in  insignificant  quantity.  S.  ¥. 

AUDITORY  CANAL.  Anatomy  and  Physiology. — 
The  external  auditory  canal  extends  from  the  bottom  of 
the  concha  to  the  membrana  tympani,  and  consists  of  an 
outer  portion  which  is  cartilaginous,  and  an  inner  portion 
which  Is  bony.  The  former,  a  continuation  inward  of  the 
concha,  is  not  cartilaginous  in  its  whole  extent.  The  carti- 
lage is  wanting  in  the  upper  and  posterior  part  of  the  canal, 
which  space  is  covered  by  a  membranous  layer,  contin- 
uous with  the  Uning  membrane  of  the  canal.  The  canal 
at  its  outer  extremity,  close  to  the  auricle,  is  composed 
mostly  of  cartilage.  The  membranous  portion,  though 
forming  but  a  small  part  of  the  canal  at  its  commence- 
ment, gradually  replaces  the  cartilage,  so  that  at  its  inner 
extremity  almost  the  entire 
circumference  is  membra- 
nous. The  cartilage  at  this 
inner  extremity  (c)  appears 
simply  as  a  narrow,  round- 
ed point.  Running  trans- 
versely in  the  cartilage  of 
the  canal  are  the  fiasurm 
Santorini.  There  are  gen- 
erally two  large  fissures, 
filled  up  by  fibrous  tissue  ; 
their  direction  and  extent 
are  by  no  means  constant. 
They  allow  the  canal  to  be 
straightened  during  an  ex- 
amination of  the  membrana 
tvmnBnl  hvnprmittiTio-mn-  ^"*-  a^lS.— ™,  Cartilaginous  meatus: 
lympam,  oy  pennixung  mo-  ^^  i„„gj  extremity  o£  the  oartilagi- 
DlUty  Ot  the  dmerent  parts     nous  meatus ;  t  «,  flssurae  Santorini. 

of  the  cartilaginous  canal. 

The  parotid  gland  is  in  relation  with  the  inferior  wall  of 
the  canal,  so  that  in  case  of  abscess  of  this  eland  pus  may 
force  itself  through  one  of  these  fissures.  An  ulcer  in  the 
canal  mw  also  produce  a  suppurative  inflammation  of  this 
gland.  The  inner  end  of  the  cartilaginous  canal  is  joined 
to  the  outer  margin  of  the  osseous  meatus  by  flexible  elas- 
tic connective  tissue,  a  fact  of  importance  because,  by 
traction  on  the  auricle,  a  change  of  position  of  the  carti- 
laginous portion  can  be  produced.  Dense  connective 
tissue,  containing  elastic  fibres,  joins  the  inferior  and 
lateral  margins  of  the  bony  and  cartilaginous  canals,  while 
above,  the  fibrous  portion  of  the  cartilaginous  canal  is 
continuous  with  the  lining  membrane  of  the 
osseous  canal.  In  the  new-born  infant  in 
place  of  the  osseous  canal  there  exists  only  a 
bony  ring,  the  annulus  tympanicus,  and 
joined  to  its  outer  margin  is  a  membranous 
canal,  which  ossifies  from  within  outward 
niiuf  ■  tt  °'  '^^''S  tlie  early  years  of  childhood.  The 
panicua.  annulus  tympanieus  is  not  a  complete  ring. 
There  is  an  opening  in  the  upper  and  poste- 
rior part  6f  the  periphery,  which  space  is  called  the  Rivi- 
nian  segment.  The  two  free  extremities  of  the  ring  are 
attached  to  the  squamous  portion  of  the  temporal  bone. 
_  The  temporal  bone  is  developed  from  four  points,  not 
including  those  for  the  internal  ear  and  ossicles.  There 
is  one  for  the  zygoma  and  squamous  portion  ;  one  for  the 
mastoid  and  petrous  portions  ;  one  for  the  annulus  tym- 
panicuB,  which. gradually  forms  the  anterior,  inferior, 
and  superior  walls  of  the  bony  auditory  canal ;  and  one, 
finally,  for  the  styloid  process.  In  the  completely  devel- 
oped temporal  bone  the  superior  wall  of  the  osseous  meatus 
is  formed  by  the  horizontal  portion  Of  the  temporal  bone 
lying  beneath  the  line  of  the  zygomatic  arch.  This  hor- 
izontal portion  together  with  the  mastoid  process  form 
a  part  of  the  posterior  wall.  If  a  perpendicular  section 
ue  made  of  the  osseous  canal  in  an  adult  it  will  be  seen 
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that  the  superior  wall  forms  almost  a  right  angle  with 
the  squamous  portion  of  the  temporal  bone.  It  consists 
of  two  osseous  plates,  enclosing  cellular  spaces,  which 
vary  in  size  and  number.    According'  to  Von  Troeltsch 

there  is  a  partial  com- 
munication between 
them  and  the  tym- 
panic cavity  and  mas- 
toid cells.  The  dura 
mater  rests  upon  the 
superior  plate.  In 
rare  cases  of  carious 
disease  of  the  superior 
wall  of  the  meatus, 
inflammation  may 
reach  the  dura  mater 
and  produce  fatal 
.    .  meningitis. 

-^     i)   *  _  In  the  lower  wall. 

Pig.  S50.— Temporal  Bone  of  New-born  In-  jf  *  Section  be  made, 
fant.  a.  Upper  part  of  squamous  portion  ;  it  will  be  f  OUnd  more 
b,  lower  part  of  the  same;  o,  annulus  firm flnd cnmnnntfhnn 
tympanious;  a,  flssura  petro-slmamoBa ;  I™a"acompacttnan 
e,  foramen  stylo-mastoideum ;  /,  fenestra  '•"6  upper  one.  in 
ovalis ;  g,  fenestra  rotunda.  looking  at  the  Canal 

from  without  inward 
in  its  long  axis,  the  surface  is  convex,  the  greatest  eleva- 
tion being  at  the  borders  of  the  inner  third.  Between 
this  point  and  the  lower  attachment  of  the  membrana 
tympani  there  exists  a 
concavity,  which  often  -    \ 

serves  as  a  nidus  for 
small  foreign  bodies 
(sinus  of  the  external 
meatus,  H.  Meyer). 
There  is  a  difference  in 
the  relative  lengths  of 
the  superior  and  infe- 
rior walls ;  the  former  f'linp  IMi^'""^  W"  " 
extends    farther    out-  -w-s  -   *iiaMM™i.iMaiji»sj— 

ward,  but  the  latter '^■'  ^^^^-^^■■■"'.■Mmmmm^>.  s 
approaches  nearer  the 
middle  line  of  the  body. 
This  fact,  together  with 
the  difference  in  the 
lengths  of  the  anterior  _ 

and  posterior  walls,  ex-  Fio.  361.— Vertical  Section  of  the  Buter- 
plains  the  oblique  posi-  nal  Auditory  Canal,  o.  Cellular  spacei 
tion  of  the  membrana      «»  the  superior  wall  of  the  bony  oanal  ; 

^   . .      rni,         ±     •  d.  superior  wall  of  the  tympamc  cavifcy ; 

tympani.  The  anterior  „,  inferior  wall;  t,  tympanic  cavity; 
wall  of  the  osseous  ^,  membrane  tympani  ;  A,  head  of  mal- 
canal  is  thinner  than  the  '™^-  ».  handle  of  malleus;  a,  incus;  s. 
nthpra  Tta  oiirfn™  rli  stirrup;  c.  Fallopian  oanal;  /,  fossa 
omers.  IIS  suriace  ai-  juguiarls ;  <Jr,  openings  of  glands ;  I,  in- 
rected    toward   the    lu-      ferior  wall  of  bony  canal. 

men    of   the    canal  is 

also  convex,  the  convexity  being  most  marked  at  the 

boundary  of  the  inner  third.     This  bullying  of  the  ante- 
rior and  inferior 
"      '  ^         walls  is  often  so 

great  as  to  prevent 
a  view  of  the  an- 
terior inferior  por- 
tion of  the  mem- 
brana tympani 
during  an  exami- 
nation. The  an- 
terior wall  of  the 
osseous  canal  to- 
gether with  that 
of  the  cartilagin 
ous  meatus  are  ia 
relation  with  the 
glenoid  fossa ;  a 
blow  upon  the 
lower  jaw  may 
cause  a  fracture 
of  the  bony  canal. 
The  posterior 
wall,  formed  prin 

clpally  by  the  mastoid  portion,  though  in  part  by  the 
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Fig.  353.— Horizontal  Section  of  the  External 
Auditory  Canal,  c.  Concha ;  i,  place  of  at- 
tachment of  cartilaginous  meatus ;  m»  mastoid 
process ;  p,  anterior  wall  of  bony  canal ;  s, 
sinus  meatus  auditorius  externus  ;  t,  membra- 
na tympani ;  T,  tympanic  cavity  ;  ir,  tragus. 


Auditory  Canal, 
Auditory  Canal. 
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tympanic  portion  of  the  temporal  bone  extends  farther 
Sard  than  any  of  the  other  walls  The  anterior  wall 
however,  extends  by  seven  to  eight  millimetres  farther 
inward  than  the  posterior.  Inflammation  of  the  mastoid 
cells  may  spread  to  the  posterior  wall  of  the  canal :  less 
frequently  does  the  inflammation  extend  from  the  pos- 
terior wall  to  the  mastoid  cells. 

According  to  Von  Troeltsch,  m  every  child  from  twelve 
to  eighteen  months  of  age  there  exists  a  foranieninthe 
lower  anterior  wall  of  the  osseous  canal,  due  to  irregular- 
ity in  the  growth  of  the  bone  at  that  point.  It  is  about 
the  size  of  a  cherrv-storie,  and  the  period  of  closure  vanes ; 
sometimes  it  occurs  during  the  third  year,  and  occasionally 
not  till  the  child  is  quite  grown.  This  opening  is  covered 
only  by  skin  and  periosteum,  so  that  inflammation  at  this 
point  could  easUy  pass  to  the  parotid  gland.  According 
to  the  sama  author,  the  external  ear,  tympanum,  and  Eush 
tachian  tube  are  all  developed  from  the  first  and  second 
branchial  fissures,  which  accounts  for  the  frequent  co- 
existence of  external  and  internal  malformations.  The 
palate  and  jaw  are  likewise  developed  from  the  first 
branchial  fissure,  a  fact  which  explains  why  we  often 
find  in  the  same  individual  congenita'  malformations  of 
the  ear,  lips,  and  palate.  , 

The  lining  membrane  of  the  cartilaginous  canal  is  a 
continuation  inward  of  the  integument  covering  the  au- 
ricle, and  is  from  one  to  two  millimetres  in  thickness.  It 
is  covered  with  hairs,  and  connected  with  the  follicles  are 
the  sebaceous  glands.  In  the  osseous  canal,  the  cutis  is 
much  thinner  and  piore  delicate.  It  is  firmly  joined  to 
the  periosteum,  and  forms  linear-shaped  papillae,  which 
may  become  hypertrophied  during  inflammation  and  give 
rise  to  polypi.  The  ceruminous  glands  (glandulm  cerumi- 
nales)  are  found  in  the  subcutaneous  tissue,  close  to  the 
sebaceous  glands.  These  glands  are  tubular,  and  similar 
to  sweat-glands  in  other  parts  ;  they  discharge  their  con- 
tents either  directly  into  the  meatus  or  into  the  upper  por- 
tion of  the  hair-follicles.  They  are  most  numerous  at 
the  junction  of  the  bony  and  cartilaginous  canals.  It 
was  formerly  thought  that  there  were  no  ceruminal  glands 
in  the  osseous  canal,  but,  according  to  Von  Troeltsch, 
they  extend  in  the  form  of  a  triangle  from  the  posterior 
superior  wall  of  the  cartilaginous  portion  into  the  bony 
canal. 

The  arteria  temporalis  superficialis  sends  several 
branches,  arterise  auriculares  anteriores,  to  supply  the 
outer  portion  of  the  auditory  canal.  The  deeper  portions 
receive  their  blood-supply  from  the  arteria  auriculares  pro- 
f  undse  branches  of  the  arteria  maxillaris  interna.  These 
branches  are  distributed  in  the  lining  membrane  about 
the  glands  of  the  hair-sacs  and  sebaceous  glands.  Sev- 
eral twigs  pass  along  the  superior  wall  of  the  canal  to  the 
membrana  tympani,  and  thence  along  the  handle  of  the 
malleus  to  its  inferior  extremity.  The  arteria  auricularis 
posterior  also  supplies  the  canal. 

The  veins,  vencB  cmculares  anteriores  et  profunda  join 
principally  the  vena  facialis  posterior :  some  of  the  veins 
of  the  meatus  empty  into  the  vena  facialis,  or  as  venae 
posteriores  into  the  vena  jugularis  externa. 

But  little  is  known  of  the  lymphatics  in  the  auditory 
canal.  They  are  probably  connected  with  the  glands 
under  the  meatus  and  lying  upon  the  parotid  gland. 
The  nerves  supplying  the  auditory  canal  are  the  nervus 
auriculo-temporalis  from  the  nervus  inframaxillaris  ;  the 
nervus  auricularis  magnus  from  the  cervical  plexus ; 
also  Arnold's  nerve,  ramus  auneularis  vagi. 

According  to  Zaufal,  in  the  new-born  infant  the  mem- 
brana tympani  rests  with  its  whole  surface  on  the  in- 
ferior wall  of  the  inner  portion  of  the  auditory  canal. 
The  canal,  at  this  time,  contains  more  or  less  vernix 
caseosa. 

The  diameter  of  the  auditory  canal  is  subject  to  great 
variations  in  diSerent  individuals.  The  cartilaginous 
canal  at  first  gradually  widens,  then  becomes  narrow 
at  the  junction  of  the  cartilaginous  with  the  bony  canal. 
In  children,  the  canal  is  very  small ;  while  in  old  per- 
sons, there  is  often  only  a  slit-like  opening,  as  the  anterior 
and  posterior  walls  completely  touch  in  some  instances, 
due  to  atrophy  and  shrinkage  of  the  cartilage.    The  osse- 
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ous  meatus  is  narrowest  at  the  margin  of  the  inner  third 
(isthmus).  From  the  latter  point  to  the  attachment  of  the 
membrana  tympani  it  gradually  becomes  wider.  Foreign 
bodies  often  become  impacted  at  the  isthmus.  The  dis- 
tance from  the  isthmus  to  the  anterior  margin  of  the 
membrana  tympani  is  7  to  8  mm.,  while  from  the  same 
point  to  the  posterior  margin,  it  is  but  1  to  2  mm. 

The  transverse  diameter  of  the  osseous  canal  at  the 
isthmus  is  6  mm.  At  the  inner  and  outer  extremities,  9 
to  10  mm.  According  to  Von  Troeltsch,  the  measure- 
ments of  the  entire  auditory  canal  (bony  and  cartilagi- 
nous) are  as  follows  :  Superior  wall,  31  mm.  ;  inferior 
wall,  26  mm.  ;  anterior  wall,  27  mm. ;  and  posterior  wall, 
33  mm.    Average  length  of  the  canal,  34  mm. 

The  cartilaginous  portion  forms  more  than  one-third  of 
the  whole.  The  general  direction  of  the  canal  is  sig- 
moid ;  it  is  somewhat  curved  upon  itself,  so  as  to  be 
higher  in  the  middle  than  at  either  end.  The  direction  of 
the  cartilaginous  portion  is  backward  and  upward,  while 
that  of  the  bony  is  forward  and  downward. 

According  to  Politzer,  there  are  two  points  in  the  audi- 
tory canal  of  great  importance  in  the  reflection  of  the 
sound-waves  upon  the  membrana  tympani.  One  point  ia 
the  depression  on  the  posterior  wall  of  the  cartilaginous 
canal,  commencing  just  inside  the  orifice,  and  extending 
along  the  posterior  superior  wall  to  the  middle  of  the 
canal,  and  situated  just  opposite  the  cavitjr  formed  by  the 
tragus.  The  second  point  is  the  concavity  (sinus  of  the 
external  meatus)  situated  on  the  anterior  and  inferior 
portion  of  the  osseous  meatus,  and  partly  covered  above 
by  the  membrana  tympani.  The  waves  of  sound  are  col- 
lected by  the  first  depression  from  the  cavity  formed  by 
the  tragus,  and  then  reflected  to  the  second  point,  and 
thence  to  the  membrana  tympani.  The  intensity  of  the 
wave-sounds  is  modified  by  the  repeated  reflection.  A 
speck  of  blood  on  the  dermoid  layer  of  the  auditory 
canal,  if  observed  from  day  to  day,  will  be  seen  to  |rad- 
ually  move  toward  the  external  orifice.  Burnett  believes 
that  the  escape  of  cerumen  from  the  canal  is  aided  by 
this  physiological  process.  Qorham  JBawn. 

AUDITORY  CANAL,  CONGENITAL  DEFECTS,  DiS- 
EASES,  AND  INJURIES  OF.  Malfohmations.-MoI- 
formations  of  the  auditory  meatus  are  usually  com- 
bined with  congenital  defects  of  the  auricle  and  middle 
ear,  sometimes  with  arrest  of  development  of  the  bones 
of  the  head  (Mich.  Jaeger,  Moos,  Zuckerkaudl,  Stein- 
brugge,  and  others).  Contractions  of  the  canal,  complete 
closure,  osseous  or  membranous  (congenital  atresia),  and 
entire  absence  of  the  auditory  meatus,  represent  the  three 
different  degrees  of  congenital  defect. 

In  place  of  the  external  orifice  of  the  ear  there  may  he 
shallow  depression,  or  a  short  blind  canal,  or  a  very 
fine  canal  extending  inward  for  some  distance  beyond 
the  narrow,  funnel-shaped  cartilaginous  portion.  The 
canal  may  be  uniformly  narrowed  throughout  its  extent, 
or  constricted  near  its  middle  like  an  hour-glass,  or  the 
principal  contraction  may  be  near  the  membrana  tympani 
Congenital  bridge-like  bands  of  connective  tissue  crossing 
the  meatus  have  been  described  by  Moos  ("  Klinik  dct 
Ohrenkrankheiten,"  p.  85).  Abnormal  width  of  the  me- 
atus, amounting  to  deformity,  is  sometimes  a  congenital 
condition. 

Some  instances  of  double  meatus  are  known,  which  are 
to  be  referred  to  an  arrest  in  the  closure  of  the  first 
branchial  cleft  (Schwartze).  In  Velpeau's  case  one  canal 
terminated  at  the  drum-membrane ;  the  other,  situated 
further  back,  in  the  mastoid  process  ;  the  two  canals  may 
also  communicate  before  reaching  the  drum-head.  UP 
to  the  fourth  year  of  childhood  an  ossification  gap  exists 
as  a  normal  condition  in  the  anterior  lower  wall  of  tue 
meatus  (see  Anatomy). 

Congenital  closure  of  the  meatus,  even  when  complete, 
is  not  incompatible  with  a  useful  degree  of  hearing,  pro- 
vided the  development  of  the  labyrinth  be  normal.  Oper- 
ative interference  for  the  relief  of  congenital  atresia  is 
only  justifiable  when  the  closure  of  the  canal  can  wtD 
certainty  be  proved '  to  consist  of  a  thin  septum,  wnen 
speech  can  be  understood  through  the  ear-trumpet  w 
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plied  to  the  closed  part,  and  when  the  Eustachian  catheter 
and  otoscope  have  demonstrated  the  existence  of  a  tym- 
panic cavity. 

Impacted  Cerumbn,  Htpeksecketion  op  the  Cebu- 
MiNAL  Glands. — The  secretion  of  the  ceruminal  glands 
is,  under  perfectly  normal  conditions,  probably  never 
retained  to  the  extent  of  impairing  the  function  of  hear- 
ing, but  is  gradually  removed  toward  the  exterior,  and 
finds  its  way  out  of  the  ear,  partly  in  consequence  of  the 
movements  of  the  jaw,  which-  are  communicated  to  the 
meatus,  partly  from  the  natural  outgrowth  of  the  epi- 
thelium lining  the  meatus  (Blake),  and,  finally,  in  conse- 
quence of  certain  manual  operations.  These  processes 
are,  however,  not  infrequently  unavailing,  and  the 
cerumen  remains  in  the  meatus,  forming  a  plug  which 
blocks  up  the  canal,  and  causes  a  mechanical  impairment 
of  hearing.  An  accumulation  of  cerumen  is  promoted  in 
various  ways  :  1.  In  consequence  of  hypersecretion  of 
cerumen,  anything  which  induces  persistent  hypersemia 
of  the  auditory  canal  may  lead  to  this  result ;  in  some 
cases  the  cause  of  the  hypersecretion  cannot  be  recog- 
nized. 3.  Contraction  of  the  meatus,  especially  the 
well-known  partially  collapsed  condition  pf  the  cartilagi- 
nous meatus  incident  to  old  age.  3.  Abnormal  nature  of 
the  secretion,  which  sometimes  acquires  a  tough,  adhesive 
property,  and  readily  becomes  matted  with  exfoliated 
epidermis  and  the  hairs  of  the  cutis.  4.  Foreign  bodies 
in  the  ear,  forming  a  nucleus  around  which  cerumen  ac- 
cumulates, until  a  plug  is  formed.  5.  Misdirected 
eJEorts  at  cleansing  the  ears,  commonly  the  introduction 
of  moisture  in  washing  the  ears,  followed  by  the  insertion 
of  a  pointed  piece  of  the  towel,  or,  what  is  still  more 
mischievous,  the  so-called  aurilave  or  ear-swab. 

It  is  well  to  remember  that  ceruminal  plugs  are  fre- 
quently met  with  in  persons  suffering  from  chronic 
middle-ear  disease.  So  long  as  even  a  small  space  re- 
mains free,  ceruminal  plugs  do  not  materially  interfere 
with  the  function  of  hearing ;  but  if  the  plug  presses  upon 
the  membrana  tympani,  or  if  it  suddenly  becomes  swol- 
len, as  in  washing,  or  from  free  perspiration,  so  as  to  en- 
tirely occlude  the  lumen  of  the  canal,  discomfort  and 
hardness  of  hearing  ensue  ;  owing  to  this,  the  writer  has 
met  with  impacted  cerumen  much  more  frequently  in  the 
months  of  July  and  August  than  at  any  other  season  of 
the  year. 

Symptoms. — Temporary  attacks  of  deafness,  coming  on 
suddenly  and  lasting  for  a  few  hours  or  days,  and  as  sud- 
denly passing  off,  are  a  very  common  symptom  of  impacted 
cerumen.  At  such  times  there  is  apt  to  be  a  feeling  of 
fulness  and  confusion  with  subjective  noises  in  the  ear, 
and  a  disagreeable  resonance  of  the  subject's  own  voice. 
Vertigo,  mental  depression,  and  neuralgic  pains  some- 
limes  occur.  When  pain  has  been  at  all  a  prominent 
Bymptom,  circumscribed  excoriation  or  inflammation  of 
the  auditory  canal  or  membrana  tympani  are  not  uncom- 
monly found  after  removal  of  the  accumulation. 

Impacted  cerumen  never  gives  rise  to  total  deafness. 
If  in  this  condition  speech  cannot  be  understood,  there  is 
probably  serious  disease  of  the  middle  or  internal  ear. 
Complete  occlusion  of  the  canal,  and  contact  of  the  plug 
with  the  membrana  tympani,  may,  however,  occasion 
great  hardness  of  heanng,  lasting  m  some  instances  for 
months  or  years,  before  eflacient  steps  are  taken  for  its 
removal.  The  presence  of  impacted  cerumen  alone  prob- 
ably never  occasions  serious  injury  to  the  walls  of  the 
auditory  canal  or  n^embrana  tympani  Enlargement  or 
irregular  dilatation  of  the  meatus,  with  more  or  less  de- 
struction of  the  drum-membrane,  belong  to  other  morbid 
conditions— antecedent  chronic  suppuration,  the  forma- 
tion of  laminated  epithelial  plugs,  a  somewhat  rare  con- 
dition to  be  described  presently. 

Diagnam. — In  connection  with  the  above-mentioned 
symptoms,  the  meatus  is  seen,  by  speculum  or  naked  eye 
examination,  to  be  plugged  with  a  dull  yellow,  brown,  or 
Wack  mass  with  a  dull  or  glistening  surface.  If  touched 
TOh  a  probe  the  mass  is  found  to  be  soft  and  sticky, 
aouehy,  or  of  stony  hardness.  Various  foreign  substances 
J" '"*  nieatus,  covered  with  cerumen,  are  apt  to  be  mis- 
taken for  ceruminal  plugs. 


Cerumen  is  a  saponaceous  substance  readily  softened 
with  warm  water,  but  when  combined  with  a  large 
amount  of  epithelium,  or  when  very  much  desiccated,  the 
mass,  may  present  considerable  resistance  to  the  action 
of  water.  After  the  removal  of  impactions  of  long  stand- 
ing, the  inner  extremity  of  the  mass  may  present  a  toler- 
ably perfect  impression  of  the  membrana  tympani. 

Treatment. — All  that  is  usually  required  is  a  syringe 
and  warm  water ;  the  use  of  scoops,  probes,  curettes,  and 
forceps,  is  to  be  avoided  except  under  good  illumination, 
and  only  then  by  persons  thoroughly  skilled  in  the  ma- 
nipulations of  aural  surgery.  If  on  examination  the  oc- 
cluding mass  be  found  dry  and  firm,  it  will  be  well  to 
make  several  instillations  of  a  warm  solution  of  carbonate 
of  soda  in  glycerine  and  water  the  day  previous  to  syring- 
ing, or  if  this  does  not  suffice  to  soften  the  plug,  continue 
the  instillations  for  a  day  or  two  longer,  because  harm 
may  be  done  by  long-continued  or  too  forcible  syringing. 
To  syringe  the  ear  effectually,  a  large  vulcanite  syringe 
should  be  used  capable  of  containing  at  least  two  ounces, 
and  provided  with  a  ring  for  the  thumb  on  the  end  of  the 
piston-rod,  and  a  flange  for  the  fore  and  middle  fingers  at 
the  heel  of  the  syringe.  The  small  vulcanite  syringes, 
sold  in  the  shops  for  ear-syringes,  are  very  inefficient, 
and  cheap  glass  jsyringes  are  simply  useless  for  this  pur- 
pose. 

In  syringing,  the  patient's  head  should  be  held  erect, 
the  clothing  protected  with  a  towel,  and  a  vessel  such 
as  a  glass  finger-bowl  rested  against  the  integument  below 
the  auricle.  In  order  to  throw  a  stream  of  water  effec- 
tively into  the  auditory  canal,  the  general  inward,  for- 
ward, and  downward  direction  of  the  canal  must  be  made 
uniform  by  exercising  gentle  traction  of  the  pinna  with 
the  left  hand  in  a  direction  upward  and  slightly  backward. 

The  point  of  the  syringe,  which  should  be  rounded  and 
smooth,  but  not  so  large  as  to  fill  the  orifice  of  the  meatus, 
should  be  lightly  rested  against  its  upper  margin  and 
pointed  in  the  same  direction  as  that  of  the  auditory 
canal.  If  these  precautions  are  observed,  the  stream  of 
water  will  pass  along  the  upper  wall  of  the  canal  and 
force  the  obstruction  out  below  the  point  of  the  syringe. 
From  one  to  four  injections  will  ordinarily  suffice  to  re- 
move the  impaction.  After  two  or  three  injections,  it  is 
often  advisable  to  examine  the  ear  and,  if  necessary,  move 
the  mass  a  little  with  the  end  of  a  probe  to  facilitate  its 
removal  with  the  syringe  and  water. 

In  otherwise  healthy  ears,  the  function  of  hearing  is, 
as  a  rule,  restored  immediately  by  removal  of  the  cerumi- 
nal accumulation,  and  the  subjective  noises  cease  ;  oc- 
casionally, several  days  elapse  before  a  feeling  of  perfect 
relief  is  obtained.  After  syringing,  the  meatus  should  be 
lightly  closed  for  a  few  hours,  with  cotton-wool.  A 
recurrence  of  the  ceruminal  accumulation  may  be  ex- 
pected to  take  place  after  an  interval  of  several  months 
or  years,  occasionally  at  intervals  of  a  few  weeks. 

A  want  of  ceruminal  secretion,  with  undue  dryness  of 
the  ears,  is  usually  symptomatic  of  chronic  middle-ear 
disease  ;  if  attended  with  itchiness,  painting  the  meatus 
with  some  softening  substance,  such  as  vaseline,  affords 
relief. 

Laminated  Epithelial  Plugs  (Kerutoda  dbturans, 
Wreden,  Burnett). — Occasionally,  the  meatus  is  found 
obstructed  with  a  mass  which  at  first  sight  resembles  an 
ordinary  ceruminal  plug,  but  the  use  of  the  syringe  only 
brings  away  a  small  quantity  of  cerumen,  without  reliev- 
ing the  deafness,  which  in  these  cases  has  commonly 
been  of  long  duration  and  high  degree.  An  examination 
now  shows  the  meatus  to  be  filled  with  a  tough  adhesive 
substance  of  lighter  color  than  ordinary  cerumen.  The 
continued  use  of  the  syringe  is  fruitless,  but  crumbling 
fragments  of  the  partially  softened  mass  can  be  removed 
with  curette  or  forceps.  The  removal  of  this  form  of 
obstruction  is  tedious  and  difficult,  on  account  of  its 
cohesive  properties  and  close  adherence  to  the  walls  of 
the  canal ;  small  fragments  may  be  detached  and  brought 
away  by  the  use,  from  day  to  day,  of  the  syringe,  blunt 
probe,  and  forceps,  and  in  the  intervals  repeated  instilla- 
tions of  warm  alkaline  solutions.  The  writer  has  seen 
several  cases  in  which  this  plan  of  treatment  had  to  be 
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Dursued  for  four  or  Ave  days  before  the  accumulation 
was  all  removed,  and  in  every  instance  the  auditory  canal 
was  found  more  or  less  eroded  and  irregularly  exca- 
vated, probably  from  pressure  of  the  mass. 

The  term  laminated  epithelial  plug  mdicates  the  com- 
position of  the  obstructing  substance  -"^1?;?^  appears  to 
be  formed  by  the  gradual  accretion  of  epithelial  lammse, 
derived  from  the  horny  elements  of  the  cutis  lining 
the  external  auditory  canal,  the  result  probably  ot  a 
chronic  inflammatory  process  in  this  situation.  A  recur- 
rence of  the  obstruction  may  be  avoided  by  suitable  treat- 
ment of  existing  inflammation  and  by  the  early  removal 
of  any  commencing  accumulation.  This  disease  of  the 
external  auditory  canal  is  analogous  to,  if  not  pathologi- 
cally identical  with,  the  so-called  cholesteatoma  of  the 
temporal  bone,  which  originates  in  the  tympanic  cavity 
and  mastoid  antrum,  in  consequence  of  chronic  desquam- 
ative inflammation  of  these  parts. 

Parasitic  Inflammation  of  the  External  Audi- 
tory Canal  {Otomycosis,  Myringomycosig  Aspergillina). 
—A  definite  knowledge  of  this  subject  is  of  comparatively 
recent  date.  Isolated  observations  of  vegetable  fungi 
growing  in  the  living  human  ear  were  made  by  Mayer 
in  1844  (MuUer's  Archives,  p.  401) ;  Pacini  in  1851  (supra, 
"Una  muffa  parasita  (mucedo)  nel  condotto  auditivo 
esterno,"  Firenze,  p.  7) ;  Carl  Cramer  in  1859  (Viertel- 
iahrsch.  d.  Naturf.  Ges.  in  Ziirich),  and  by  Sohwartze  in 
1867  (Arch,  fur  Ohrenheilk.,  Bd.  ii.,  p.  5).  "Wreden's 
publication  of  six  cases  of  Myringomycosis{Areh.f.  Ohren- 
heilk, Bd.  iii.,  p.  1),  followed  by  his  Monograph  in  1868, 
drew  the  attention  of  otologists  generally  to  this  pecuhar 
form  of  disease. 

Since  this  time  numerous  observations  of  a  similar  kind 
have  been  made  both  in  Europe  and  America,  and  the 
existence  of  several  species  of  parasitic  aural  fungi  de- 
monstrated. The  fungus  most  commonly  met  with  in 
the  ear  is  the  Aspergillus,  several  species  of  which  have 
been  described  by  otologists ;  these  are  the  A.  nigricans, 
A.  flavus,  and  A.  f  umigatus  ;  some  doubt,  however,  still 
prevails  as  to  whether  the  two  latter  are  not  merely  acci- 
dental modifications  of  the  Aspergillus  glaucus.  The 
fungus  is  found  under  the  microscope  to  consist  of  four 
distinct  elements  :  (1)  Mycelium,  a  network  of  filaments, 
tubules,  or  rootlets  ;  (2)  the  fruit-stalk  or  hyphen ;  (3)  the 
fruit-head  or  sporangium ;  (4)  the  conidia  or  free  spores. 

The  mycelial  filaments  or  tubules  consist  of  pale,  trans- 
parent, straight  or  curved,  branching,  double-contoured 
fibres,  which  are  divided  at  irregular  intervals  by  trans- 
verse septa ;  they,  as  well  as  the  fruit-stalks,  contain  a 
faintly  granular  plasma.  Their  diameter  varies  from 
0.0038  to  0,005  of  a  millimetre.  The  fruit-stalks  are  con- 
siderably thicker  than  the  mycelium,  varying  in  diameter 
from  0.009  to  0.013  mm.  Their  length  is  from  0.3  to  0.8 
mm.  The  terminal  bulbous  enlargement,  called  the  re- 
ceptaculum  or  sporangium  (the  placenta  of  Micheli),  is 
about  0.028  mm.  in  diameter,  and  bears  upon  its  surface 
a  large  number  of  long  radiating  cells  (sterigmata),  from 
the  free  ends  of  which  grow  the  round  spores  or  conidia, 
the  whole  forming  the  so-called  capitulum  or  fruit-head. 
The  spores  are  spheroidal,  smooth,  or  echinate,  exceed- 
ingly numerous,  and  very  small,  about  0.003  mm.  in 
diameter ;  their  color  determines  that  of  the  fruit-head, 
and  is  black-brown  in  A.  nigricans,  yellow  or  greenish  in 
A.  flavus  or  A.  glaucus,  and  grayish-black  in  A.  fumi- 
gatus. 

According  to  Siebenmann(DiePadenpilze,  Wiesbaden, 
1883)  the  distinctive  features  of  the  fruit-bearing  portions  of 
A.  flavus,  A.  fumigatus,  and  A.  nigricans  are  as  follows  : 

A.  favus.  Fruit-stalk  firm,  colorless,  somewhat  rough- 
ened, increased  in  thickness  just  below  the  head,  0.4  Cm. 
ill  length,  7  to  10  ;u  in  diameter,  fruit-head  loosely 
formed,  of  a  golden  yellow  color.  Sterigmata  undivided, 
usually  only  found  on  upper  half  of  receptaculum,  coni- 
dia sulphur-yellow  or  brownish  in  color,  round  or  oval, 
surface  echinate. 

A.  fumigaius.  Fruit-stalk  short  and  delicate,  5  ^  in 
diameter,  and  shaped  like  a  reversed  ninepin  at  its  free 
extremity  ;  sterigmata  undivided,  elongated,  spring  only 
from  the  convex  extremity  of  receptaculum  ;  the  latter  is 


occasionally  spheroidal,  or  long,  oval  in  shape.  The 
fully-formed  fruit-head  Is  never  globular,  its  color  ia 
yellow  or  greenish-gray,  conidia  round  or  oval,  smooth, 
and  pale. 

A.  niger.  Fruit-stalk  8  Mm.  in  length,  thick  and  strong, 
of  uniform  width  throughout,  contains  a  somewhat  granul 
lar  dark-colored  plasma,  of  a  deeper  shade  toward  the  re- 
ceptaculum ;  its  diameter  is  about  10  to  15  /t ;  sterigmata 
20  to  100  II  in  length,  of  a  brown  color,  larger  toward 
distal  extremity,  where  they  apparently  subdivide  info 
from  three  to  eight  prolongations.  Conidia  blackish- 
brown  in  color,  smooth  or  echinate,  and  very  numerous. 
The  fruit-heads  of  A.  glaucus  are  smaller  and  narrower 
than  those  of  A.  nigricans  (Burnett,  Am.  Jour,  of  Otology, 
1879).  The  sporangium  of  A.  fumigatus  is,  according 
to  Bezold,  still  smaller  than  these. 

If  we  exclude  the  Otomyees  Sageni,  of  Hagen  and 
Hallier,  the  Graphium  pencilloidis  of  Hassenstein  and 
Hallier,  and  the  Penicillium  of  Blake,  on  account  of  tlieir 
having  been  obtained  by  culture  from  substances  of  doubt- 
ful nature  taken  from  the  ear,  there  are  still  four  varieties 
of  aural  fungi  to  be  mentioned.  They  are  :  1.  Tricotlmmm 
roseum,  of  Steudener  (Arch.  f.  Ohrenlieilk. ,  Bd.  v.,  p.  163), 
and  Mv,cor  mucedo  s.  fuscus,  of  Boke  (Eungmian  MA 
Chirg.  Press,  1869—9,-12, 16, 19),  both  varieties  of  doubt, 
f  ul  identity.  8.  Ascophora  elegans  of  Von  Troeltsch  ("  Die 
Myringomycosis,"    p.  44).     4.   Otomyees  purpureus,  oi 


Fig.  853.— Aspergillus  Niger.    (Prom  Roosa.) 

Wreden  (Arch,  of  Ophth.  and  Otology,  vol.  vi..  No.  1,  p. 
87).  The  last-named  fungus  has  also  been  once  observed 
by  Burnett  (Arch,  of  Otology,  vol.  x..  No.  4,  p.  319).  Ii. 
Wreden's  case  the  false  membrane  also  contained  spots 
of  Aspergillus  nigricans,  and  he  was  led  to  believe  the 
O.  purpureus  represented  the  ascomyeete  of  the  Aspergmvs 
nigricans,  that  is  the  highest  form  of  the  specific  mrai  fun- 
gus. Burnett,  however,  found  no  evidences  of  such  re- 
lationship in  his  case,  and  regards  the  0.  purpureua  as  a 
species  sui  generis.  . 

All  the  conditions  requisite  for  the  growth  of  aural 
fungi  are  not  yet  fully  understood,  but  since  attempts  to 
cultivate  the  growth  in  the  healthy  human  ear  have  urn- 
formlv  failed,  it  seems  probable  that  the  presence  oi  cer- 
tain pathological  changes,  attended  with  undue  moisture 
or  a  softened  and  loosened  condition  of  the  epithelial  hrang 
of  the  meatus,  are  essential  to  the  development  and  growtli 
of  the  fungus  in  the  ear.  The  age  and  hygienic  surrouna- 
ings  of  the  patient,  climate,  and  season  of  the  year,  are  not 
without  influence.  The  Russians,  living  as  they  O"  I".*'' 
tiflcially  heated  and  badly  ventilated  dwellings  during 
the  long  winter  season  of  that  climate,  seem  especially 
liable  to  otomycosis.  The  poorer  classes,  who  live  « 
damp  apartments,  are  said  to  be  more  frequently  mem 
than  those  whose  circumstances  are  more  fortunate, 
this  be  true,  the  comparative  immunity  of  the  Engn™ 
people,  notwithstanding  the  dampness  of  their  cUmaw 
and  the  large  pauper  population,  is  somewhat  remart 
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able.  In  Germany  and  the  United  States  the  disease  is 
hy  no  means  rare,  but  in  tlie  Province  of  Quebec  the 
■ffriter  has  only  met  with  one  example  of  aural  fungus 
among  three  thousand  five  hundred  patients.  This  case 
was  of  A.  nigricans,  occurring  la  a  youth  fifteen  years 
of  age,  the  son  of  a  •wealthy  merchant,  and  is  all  the 
more  remarkable  because  young  people  are  seldom  af- 
fected in  this  way.  This  patient  came  under  notice  again 
about  a  year  later,  on  account  of  a  slight  diffuse  otitis 
externa  without  any  recurrence  of  the  fungus. 

The  disease  is  prone  to  occur  in  already  diseased  ears, 
but  is  seldom  or  never  found  in  the  presence  of  an  active 
purulent  otitis.  Substances  which  readily  undergo  de- 
composition, such  as  fats  and  oils,  instilled  into  the 
ear,  are  said  to  favor  the  development  of  Aspergillus. 
The  presence  of  normal  ear-wax  is  unfavorable  to  its 
development.  There  can  be  little  doubt  that  this  affec- 
tion was  formerly  often  mistaken  for  impacted  cerumen, 
or  for  ordinary  otitis  externa  diffusa.  The  fungus  usu- 
ally originates  in  the  deeper  portions  of  the  auditory 
canal  and  upon  the  membrana  tympanl,  hence  the  name 
myringomycosis.  The  irritation  which  it  causes  may 
induce  ulceration  of  the  membrana  tympani  and  an  ex- 
tension of  the  fungus  to  the  tympanic  cavity ;  but  when 
the  new  growth  is  met  with  in  this  situation  an  exhausted 
suppuration,  with  perforation  of  the  membrane,  has  usu- 
ally preceded  the  development  of  the  fungus. 

Symptoms. — Fungus  growths  in  the  external  meatus 
and  tympanic  cavity  may  exist  for  a  considerable  time 
without  exciting  any  troublesome  irritation ;  according 
to  Bezold  this  is  especially  true  of  the  A.  fumigatus. 
Sooner  or  later,  however,  the  form  of  inflammation 
known  as  otitis  externa  parasitica  sets  in.  This  results 
from  the  fungus  having  penetrated  the  epidermis  and 
reached  the  living  tissues  (Politzer),  or  in  consequence  of 
irritant  qualities  of  the  fermentation  products  to  which 
the  growing  fungus  gives  rise  (Siebenmann). 

The  subjective  phenomena  of  parasitic  otitis  are  itch- 
ing of  the  meatus,  lancinating  pains,  and  a  feeling  of 
fulness  in  the  ear ;  tinnitus  is  usually  present,  vertigo 
rarely  so  ;  the  impairment  of  hearing  is  often  considerable. 
On  examination  the  walls  of  the  meatus  and  the  mem- 
brana tympani  are  seen  to  be  partly  or  completely  hid- 
den by  a  membranous  substance  of  a  dull  whitish,  yellow- 
ish, or  blackish  color.  In  O.  purpureus,  the  meatus  has 
been  found  occluded  with  a  red  substance  resembling 
blood-clot,  and  in  A.  flavius  it  is  spoken  of  as  contain- 
ing a  yellow  dustlike  substance,  like  pollen  dust.  There 
is  often  a  watery  discharge  from  the  ear.  When  the 
car  is  syringed,  shreds  of  membrane  resembling  wet 
paper  may  be  removed  ;  sometimes  the  aid  of  forceps 
is  required.  The  fruit-heads  of  the  fungus  are  visible  to 
the  naked  eye,  as  black  or  yellow  dots  on  the  surface 
of  the  false  membrane  ;  the  microscope  will  readily  show 
their  peculiarities  of  structure.  When  the  fungus  is  re- 
moved, the  auditory  canal  is  found  to  be  more  or  less  red- 
dened and  tender  ;  if  no  other  measures  are  resorted  to, 
the  growth  may  be  reproduced  in  a  few  hours. 

The  prognosis  is  favorable  in  all  varieties  of  otitis  ex- 
terna parasitica,  as  there  is  no  difficulty  in  destroying  the 
growth  by  the  use  of  suitable  remedies,  and  thus  effect- 
ing a  speedy  cure.  Fresh  attacks  may  occur  if  the  sur- 
roundings of  the  patient  remain  the  same. 

Treatment. — Of  the  many  remedies  recommended  for 
the  destruction  of  the  fungus,  alcohol  is  probably  the 
best.  The  ordinary  spirits  of  wine  may  be  used.  After 
removal  of  the  casts  with  a  syringe  and  warm  water,  the 
meatus  may  be  filled  with  warm  spirit,  which  should  be 
allowed  to  remain  in  the  ear  for  ten  or  fifteen  minutes ; 
this  may  be  repeated  twice  daily  Jor  several  days.  The 
spirit  may  be  diluted  if  it  causes  pain,  and  gradually  in- 
creased in  strength  if  necessary.  Three  or  four  days  of 
this  treatment  will  suflice  to  effect  a  cure.  To  prevent 
relapses,  Politzer  advises  the  occasional  use  of  the  spirit 
for  at  least  a  year ;  this  precaution,  however,  will  seldom 
be  necessary. 

Many  other  remedies  have  been  found  sufficiently  effec- 
tive ;  repealed  syringing  with  warm  water  would  prob- 
ably suffice,  though  not  so  rapidly  as  when  combined  with 


the  use  of  some  parasiticide.  Wreden  extols  the  use  of 
chlorinated  lime  (0.07  to  0.15  in  35.0  aq.  dest.),  Blake  and 
Burnett,  the  hyposulphite  of  soda  (0.2  in  30.0).  Boracic 
acid  in  powder,  alone  or  with  an  equal  quantity  of  oxide 
of  zinc  (Theobald),  or  in  alcoholic  solution  (1  in  20) ;  per- 
manganate of  potassium  in  one  to  two  per  cent,  solution  (v. 
Troeltsch  et  at.) ;  carbolic  acid  in  glycerine  (3  in  100,  Lu- 
cae) ;  salicylic  acid  in  alcoholic  solution,  two  per  cent.  (Be- 
zold) ;  bichloride  of  mercury  in  water  (1  to  500),  and  va- 
rious other  remedies,  are  mentioned  by  different  observers. 
Painting  the  meatus  with  strong  solutions  of  nitrate  of 
silver  is  found  beneficial  if  inflammation  persists  after 
removal  of  the  fungus  (Roosa).  If  the  affection  be  com- 
plicated with  middle-ear  disease,  this  too  will  require  ap- 
propriate treatment. 

Pityriasis  alba  of  the  external  meatus  has  been  de- 
scribed by  Ladreit  Lacharriere  ("  Annales  des  Manx  de 
rOreille,"  1875)  as  a  rare  form  of  mycosis,  for  which  the 
treatment  is  extraction  of  the  stiff  est  hairs  and  painting  the 
meatus  with  a  one  per  cent,  solution  of  corrosive  sublimate. 

DiFFTiSB  Inflammation  {Otitis  Externa  Diffusa). — 
Diffuse  inflammation  of  the  external  auditory  meatus 
is  either  acute  or  chronic,  primary  or  consecutive.  The 
consecutive  form  occurs  in  connection  with  inflammatory 
affections  of  the  middle  ear,  and  is  subordinate  to  the 
deeper-seated  disease.  As  a  primary  affection,  diffuse 
inflammation  is  rarely  of  idiopathic  origin,  but  may  usu- 
ally be  traced  to  the  instillation  of  irritating  substances, 
or  to  mechanical  and  traumatic  causes.  The  lining  of 
the  osseous  section  of  the  canal  is  the  part  chiefly  affected 
though  the  membrana  tympani  and  the  outer  portion  of 
the  meatus  may  become  involved. 

Symptoms. — The  acute  form  of  the  disease  begins  with 
itching  sensations  in  the  ear,  followed  by  a  feeling  of  ful- 
ness and  heat.  Pain  of  moderate  or  intense  severity  oc- 
curs early,  and  is  always  increased  by  pressure  on  the  ear 
and  by  movements  of  the  jaw.  Tinnitus  and  giddiness 
are  sometimes  complained  of.  The  impairment  of  hear- 
ing is  slight,  except  when  the  membrana  tympani  is  con- 
siderably swollen  and  the  auditory  canal  contains  a  suffi- 
cient quantity  of  secretion  and  exfpliated  epithelium  to 
obstruct  its  lumen. 

The  objective  signs  are  a  whitish  exudation  lining  the 
walls  of  the  canal,  consisting  mostly  of  exfoliated  epithe- 
lium, often  of  a  pasty  consistence  from  admixture  with 
viscid  secretion  ;  sometimes  of  a  continuous  pouch-like 
membrane.  After  syringing,  the  meatus  is  found  more 
or  less  narrowed  from  swelling,  especially  of  its  deeper 
parts,  and  at  the  same  time  reddened  and  sensitive.  The 
line  of  demarcation  between  the  meatus  and  membrana 
tympani,  as  well  as  the  usual  anatomical  features  of  the 
latter,  may  be  obliterated  by  the  swelling  and  uniform 
redness  of  these  parts  ;  occasionally  the  meatus  is  so  con- 
tracted by  diffuse  swelling,  that  a  view  of  the  deeper 
parts  is  impossible.  The  writer  once  observed  a  case  of 
diffuse  otitis  externa,  occurring  in  a  profoundly  hysteri- 
cal subject,  which  was  characterized  by  attacks  of  in- 
tense pain  followed  in  a  few  hours  by  the  formation  of 
large  blebs  containing  serous  exudation  of  a  pale  yellow 
color ;  in  this  way  the  entire  epidermis  of  the  meatus,  and 
probably  of  the  membrana  tympani,  was  several  times 
thrown  off,  leaving  a  moist,  not  swollen,  but  reddened 
and  intensely  sensitive  surface,  which  speedily  became 
covered  after  each  attack  with  normal  epidermis.  With 
the  cessation  of  the  recurring  inflammation,  complete 
ansBsthesia  of  the  meatus  and  membrana  tympani  super- 
vened, also  sudden  and  total  deafness  lasting  for  several 
months. 

The  acute  form  of  otitis  externa  diffusa  usually  sub- 
sides under  proper  treatment  in  the  course  of  a  few  days  ; 
in  less  favorable  cases  there  may  be  relapses  of  the  mflanj- 
mation,  ulceration  of  the  meatus  or  membrana  tympani, 
and  the  formation  of  polypoid  growths.' 

In  chronic  diffuse  inflammation  there  is  little  or  no 
pam,  but  more  or  less  itchiness  with  scanty  discharge, 
often  of  a  fetid  character.  If  the  latter  symptom  is  con- 
spicuous, careful  examination  should  be  made  for  other 
evidences  of  chronic  mastoid  disease.  Suspicious-looking 
flakes  or  casts  should  be  examined  for  fungous  growths. 


421 


Andltory  Canal. 
Auditory  Canal. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


In  any  case,  .the  possible  consecutive  nature  of  tlie  dis- 
ease should  he  held  in  view,  and  the  diagnosis  not  consid- 
ered complete  until  proper  steps  have  been  taken  to  prove 
the  non-existence  of  deeper-seated  disease. 

The  prognosis  of  uncomplicated  otitis  externa  is  favor- 
able in  all  its  forms. 

Treatment. — While  the  acute  symptoms  last,  leeches, 
anodynes,  scarification  of  the  inflamed  parts,  and  warm- 
water  irrigation  are  in  order.  If  the  disease  be  of  trau- 
matic origm,  continuous  applications  of  cold  compresses 
to  the  region  of  the  ear  are  serviceable.  Leeches  when 
applied  should  be  placed  in  front  of  the  tragus.  Scari- 
fications are  only  to  be  made  in  the  early  stage  before 
exudation  has  occurred.  The  incisions  should  be  three- 
fourths  of  an  inch  long  in  the  walls  of  the  canal  (Gru- 
ber).  For  warm-water  irrigation,  the  fountain  syringe, 
or  some  form  of  continuous  aural  douche,  may  be  em- 
ployed. Anodyne  instillations  of  solutions  of  morphia 
or  atropia  may  be  used ;  in  childhood  the  latter  cannot 
be  used  with  too  much  caution,  especially  if  the  dmm- 
membrane  is  perforated. 

Poultices  should  not  be  applied  for  more  than  two  or 
three  hours  consecutively,  on  account  of  their  tendency 
to  promote  the  formation  of  polypoid  growths. 

In  all  chronic  cases,  repeated  cleansing  of  the  ear  with 
warm-water  irrigation  is  indispensable.  InsufiSations  of 
boracic  acid  powder,  after  the  canal  has  been  cleansed, 
often  act  like  a  charm,  and  may  be  employed  even  in 
acute  cases,  when  discharge  has  set  in.  This  may  be 
repeated  whenever  the  powder  has  become  moist.  Strong 
solutions  of  nitrate  of  silver  are  often  very  useful,  but 
must  be  avoided  so  long  as  there  is  pain.  In  some 
chronic  cases  the  insertion  of  a  plug  of  cotton-wool, 
smeared  with  diachylon  ointment,  effects  a  speedy  cure 
(Buck,  Roosa).  In  these  cases  the  disease  has  probably 
been  of  an  eczematous  character. 

Acute  Circumscbibbd  Inflamm-ation  of  the  Ex- 
ternal Auditory  Meatus  {Follicular  Infiammaiion, 
Furuncles,  Boils,  Otitis  Externa  Circumscnpta). — This 
form  of  inflammation  seems  to  have  a  special  predilection 
for  the  external  auditory  canal,  having  its  seat  chiefly  in 
the  cartilaginous  portion.  The  disease  is  quite  common  in 
adults,  rare  in  childhood,  and  seldom  or  never  met  with 
in  infancy.  It  is  said  to  occur  with  special  frequency  in 
spring  and  autumn,  sometimes  as  an  epidemic,  and  some- 
times associated  with  a  more  general  f  urunculosis.  Anse- 
mia,  disorders  of  menstruation,  diabetes  mellitus,  and 
change  of  life  are  said  to  predispose  to  auditory  furuncles. 
Strong  and  otherwise  healthy  persons  are  by  no  means 
exempt  from  it,  but  debility  induced  by  an  unhealthy 
mode  of  life,  or  by  living  in  badly  ventilated  houses, 
seems  to  exert  a  predisposing  influence. 

As  local  causes  may  be  mentioned  :  chronic  discharges 
from  the  ear,  chronic  eczema  of  the  meatus,  mechanical 
irritation,  such  as  may  be  caused  by  the  presence  of 
foreign  bodies,  frequent  syringing,  scratching  the  meatus 
with  hard  instruments,  such  as  hairpins  and  toothpicks  ; 
irritating  medicinal  applications,  and  the  use  of  alum 
lotions.  The  sebaceous  and  ceruminous  follicles  are 
probably  the  starting-point  of  the  inflammation  ;  occa- 
sionally it  originates  more  deeply,  in  the  perichondrium, 
or  in  the  substance  of  the  cartilage  (Buck). 

The  pus  of  aural  furuncles  has  been  found  loaded  with 
micrococci  (Lowenberg),  and  it  is  not  unreasonable  to  siip- 
pose  that  furuncular  inflammation  may  originate  from 
these  having  found  their  way  into  the  glandular  follicles 
from  the  air,  or  from  the  water  used  in  syringing ;  in  any 
case,  moisture  would  favor  their  rapid  development,  and 
this  may  be  the  reason  that  syringing  the  ear  is  apt  to  ex- 
cite furuncular  inflammation. 

Symptoms. — If  the  inflammation  is  superflciallj  sit- 
uated, the  pain  is  usually  slight ;  if  the  inflammation  is 
deep-seated,  the  pain  may  be  very  severe,  of  a  tearing 
or  beating  character,  and  radiating  to  other  parts  of  the 
head  and  neck.  It  is  intensifled  by  traction  of  the 
auricle  and  by  movements  of  the  jaw.  Hardness  of 
hearing,  a  feeling  of  fulness,  and  tinnitus  are  com- 
plained of  in  some  instances,  especially  when  the  meatus 
is  much  obstructed  by  the  swelling,  which  always  in- 


volves the  cartilaginous  portion  of  the  meatus,  and  is 
usually  most  marked  in  its  anterior  inferior  wall,  near 
the  tragus,  because  the  disease  attacks  this  part  most  fre- 
quently. Sometimes  the  tissues  behind  or  in  front  of  the 
ear  are  swollen  and  the  skin  reddened. 

Superficial  furuncles  appear  more  or  less  red  from  the 
outset ;  when  they  are  deep-seated,  the  redness  is  not 
present  until  the  abscess  approaches  the  surface.  Teh- 
rile  symptoms  may  be  present  in  the  severer  cases. 
Tenderness  over  the  inflamed  centre  is  a  constant  symp- 
tom ;  several  furuncles  may  occur  at  the  same  time,  or 
follow  each  other  in  rapid  succession.  Repeated  attacks 
are  not  uncommon. 

Resolution  of  the  inflammation  without  suppuration 
seldom  occurs.  If  the  disease  is  left  to  nature,  rupture 
of  the  abscess  will  take  place  sooner  or  later,  often  not 
for  many  days  if  the  disease  is  deep-seated.  After  rupt- 
ure of  the  abscess  the  swelling  and  pain  quickly  sub- 
side. Polypoid  granulations  requirihg  removal  may  de- 
velop from  the  point  of  rupture.  The  locality  of  the 
swelling  and  tenderness,  together  with  the  absence  of 
symptoms  indicative  of  deep-seated  disease,  render  the 
diagnosis  a  matter  of  no  difficulty.  The  presence  of  an 
exostosis  covered  with  inflamed  cutis,  or  bulging  of  the 
posterior  wall  of  the  meatus  from  mastoid  disease,  might 
be  mistaken  for  furuncular  inflammation,  but  could  not 
deceive  a  careful  observer.  Inflammation  of  the  deeper 
portions  of  the  meatus  in  which  glandular  elements  are 
wanting  is  not  furuncular. 

Treatment. — Measures  must  be  employed  to  allay  pain, 
shorten  the  duration  of  the  disease,  and  prevent  relapses. 

The  first  two  indications  are  best  fulfilled  by  an  early 
and  sufficiently  free  incision  or  incisions  through  the 
swollen  and  tender  parts.  If  pus  is  reached  and  evacuated, 
relief  is  quickly  obtained  ;  in  any  case  the  incisions  pro- 
mote an  earlier  discharge  of  the  pus  from  the  focus  if  the 
disease  is  deep-seated,  and  by  relaxing  tension  tend  to 
allay  pain.  The  incision  of  deep-seated  aural  furuncles  is 
horribly  painful  unless  an  anaesthetic  be  used ;  a  small 
quantity  of  ether  inhaled  while  the  patient  sits  in  a  chair, 
will  suffice  to  render  the  operation  painless,  as  it  can  be 
done  quickly  in  the  first  stage  of  anaesthesia!  A  four  per 
cent,  solution  of  cocaine  will  be  found  useful  in  allaying 
pain  and  may  render  the  use  of  an  anassthetic  unneces- 
sary when  an  incision  is  required. 

After  the  incision  a  warm-water  douche  may  be  used  fre- 
quently, and  the  auditory  canal  cleared  occasionally  with 
a  swab  of  absorbent  cotton,  care  being  taken  not  to  irri- 
tate the  parts  by  harsh  manipulation.  Leeches  are  of 
little  or  no  use  in  this  form  of  ear  disease.  Other  meas- 
ures for  the  relief  of  pain  are,  warm  anodyne  lotions  by 
instillation  or  by  means  of  saturated  cotton-wool  plugs. 
Such  lotions  maj^  be  made  by  adding  liquor  atropiae  to 
Magendie's  solution  of  morphia,  or  extract  of  opium  to 
water  (1  to  8).  Poultices  afford  great  relief  to  some  pa- 
tients, and  may  be  used  either  before  or  after  incision ; 
so  also  does  warm  water  dripped  from  a  sponge  into  the 
ear.  The  use  of  antiseptics  is  highly  recommended  by 
Politzer  in  the  treatment  of  aural  furuncles.  The 
meatus  may  be  painted  several  times  daily  with  carbolic 
acid  in  glycerine  (1  to  30),  or  boracic  acid  in  alcohol  (1  to 
20),  either  before  or  after  incision ;  in  the  first  instance  to 
abort  the  disease,  in  the  second  to  prevent  relapses. 
Smearing  the  meatus  after  incision  with  iodoform  oint- 
ment (iodoform,  1.0;  vaseline,  13.0)  is  belieVed  by  the 
writer  to  be  of  great  service  in  preventing  relapses. 

The  sulphide  of  calcium.  Fowler's  solution  of  arsenic, 
iodide  of  potassium,  and  other  remedies  given  internally, 
have  been  recommended  by  several  otologists  of  repute, 
but  their  actual  value  has  not  yet  been  sufficiently  estab- 
lished to  warrant  more  than  a  passing  mention.  Change 
of  air  may  be  advisable  if  the  disease  is  protracted  by 
repeated  formation  of  furuncles  and  the  patient's  sani- 
tary surroundings  are  obviously  insalubrious.  Errors  oi 
diet  and  all  the  recognized  exciting  causes  should,  as 
far  as  possible,  be  avoided. 

Diphtheritic  Otitis  Externa  occurs  but  rarely,  and 
then  almost  always  as  a  complication  of  scarlatinous 
diphtheritis  of  the  throat  and  middle  ear  (Politzer).    Pn- 
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mary  diphtheritis  of  the  meatus  has  been  observed  during 
epidemics  of  diphtheritis  ;  only  in  a  few  instances  inflam- 
mation or  excoriation  of  the  rneatus  has  pre-existed. 

A  false  membrane  of  a  dirty  white  color  and  firmly 
adherent  to  the  walls  of  the  meatus,  is  characteristic  of 
diphtheritic  otitis  externa  ;  when  the  membrane  is  forci- 
bly removed,  the  exposed  parts  are  found  tender  to  the 
touch,  excoriated,  ulcerated,  and  bleeding.  Severe  pain, 
a  feeling  of  fulness,  tinnitus,  and  deafness  only  occur  in 
the  primary  form  of  this  disease ;  when  it  is  associated 
with  diphtheritis  of  the  throat  and  middle  ear,  there  is 
little  or  no  pain,  but  there  may  be  anaesthesia  of  the 
parts  around  the  ear  (Wreden,  Wendt,  Blau).  Primary 
diphtheritic  otitis  externa  usually  terminates  in  recovery 
without  injury  to  the  ear.  The  consecutive  form  is  apt 
to  result  in  destructive  ulceration  of  the  membrana  tym- 
pani,  exfoliation  of  the  ossicles,  and  caries  more  or  less 
extensive  of  the  temporal  bone. 

The  treatment  of  diphtheritic  otitis  externa  should  be 
antiseptic.  Lime-water  instillations,  followed  by  syring- 
ing with  solution  of  boracic  acid,  will  favor  separation 
of  the  membrane  (Burkhardt-Merian).  After  syringing, 
the  meatus  may  be  filled  with  powdered  boracic  acid  •, 
carbolic  glycerine  (1  in  15),  carbolic  spirit  (1  in  20),  solu- 
tion of  boracic  acid  in  spirit  (1  in  30),  may  be  painted 
over  the  affected  parts  if  the  membrane,  after  being  once 
detached,  tends  to  form  again.  Forcible  detachment  of 
the  membrane  is  injurious. 

Syphilitic  Affbctions  of  the  Meatus  are  probably 
always  associated  with  other  manifestations  of  syphilis. 
The  meatus  may  participate  in  any  form  of  general  cutane- 
ous syphilis.  Syphilitic  ulcers  and  condylomata  have  been 
accurately  described  by  many  writers  on  aural  surgeiy. 
Condylomata  begin  with  reddish  efflorescences  in  the 
meatus,  followed  by  diffuse  swelling  and  moderate  secre- 
tion upon  the  parts  so  affected  ;  the  characteristic  ragged, 
grayish-red,  warty  excrescences  soon  appear,  and  extend- 
mg  inward  close  the  lumen  of  the  meatus  (Knapp,  Zeits. 
/.  Ohr.,  vol.  viii.).  The  disease  is  painless  at  first,  but 
when  the  condylomata  have  formed,  violent  pain  and  deaf- 
ness, etc.,  from  mechanical  obstruction  supervene.  They 
may  undergo  resolution,  or  may  result  in  extensive  ulcer- 
ation, with  fetid  discharge. 

Syphilitic  ulcers  in  the  meatus,  with  deep  base  and 
steep  elevated  margins,  occurring  in  connection  with 
syphilitic  lesions  of  the  nose,  pharynx  and  cervical 
glands,  have  been  described  by  A.  H.  Bucls,  Politzer,  and 
others,  and  successfully  treated  by  suitable  local  and 
constitutional  remedies. 

Cutaneous  Diseases  op  the  Extbhnal  Auditory 
Canal. — The  cutis  of  the  external  auditory  canal  is  not 
exempt  from  invasion  by  any  of  the  general  cutaneous 
diseases,  the  presence  of  which,  upon  the  auricle  or  other 
parts  of  the  integument,  will  afford  the  key  to  the  diag- 
nosis of  such  affections  occurring  in  the  meatus.  Eczema, 
both  in  its  acute  and  chronic  forms,  is  a  very  common 
affection  of  the  meatus.  The  integument  of  the  auricle 
is,  as  a  rule,  more  or  less  involved,  in  which  event  the 
diagnosis  is  sufficiently  simple  ([see  Diseases  of  the  Auricle); 
when,  however,  the  disease  is  limittJ.  to  the  meatus,  it 
may  not  be  possible  to  distinguish  it  from  other  forms  of 
diffuse  otitis  externa. 

Exostoses  akd  Hyfbbostoses  of  the  external  audi- 
tory canal  are  not  of  infrequent  occurrence.  They  are 
congenital  or  acquired,  and  may  bo  single  or  multiple, 
spongy  or  eburnated,  pedunculated  or  with  broad  base. 
Their  favorite  situation  is  at  the  outer  portion  cf  the 
osseous  meatus,  or  at  its  inner  extremity,  close  tr  the 
membrana  tympani.  Occasionally  they  entirely  close 
the  lumen  of  the  meatus,  but  only  in  this  event,  or  when 
the  already  narrowed  meatus  becomes  blocked  with  secre- 
tion, do  they  cause  much  disturbance  of  hearing.  This  is 
the  more  likely  to  occur  because  their  presence  readily 
gives  rise  to  inflammation  of  the  lining  of  the  meatus. 
Exostoses  are  often  bilateral,  and  much  more  frequent  in 
the  male  than  in  the  female  sex.  The  causes  of  acquired 
exostoses  are  doubtful.  Rheumatism,  arthritis,  and  syph- 
ilis are  spoken  of  as  constitutional  causes,  but  these 
tumors  are  often  hereditary,  and  unassociated  with  any 


of  these  conditions.  Among  the  aborigines  of  America 
they  seem  to  occur  with  special  frequency.  Local  pro- 
cesses involving  chronic  hypersemia  of  the  auditory 
canal  seem  to  predispose  to  their  development.  When 
they  co-exist  with  chronic  suppuration  of  the  middle  ear 
tlieir  presence  forms  an  additional  source  of  danger  by 
favoring  retention  of  pus.  Fig.  354  gives  a  good  idea  of 
the  appearance  presented  by  multiple  exostoses.  They 
usually  appear  as  white  or  yellowish  smooth  promi- 
nences, and  when  examined  with  a.  probe  are  found  to  be 
exceedingly  firm  to  the  touch  ;  this  feature  serves  to  dis- 
tinguish them  from  all  other  pathological  formations  in 
the  meatus,  even  when  the  skin  covering  them  is  red 
and  inflamed. 

Small  exostoses  may  last  a  lifetime  without  detriment 
to  the  subject,  but  larger  osseous  growths  are  apt  to  excite 
irritation  by  pressure  upon  the  adjacent  parts,  and  cer- 
tainly favor  the  accumulation  of  cerumen,  epidermis, 
etc. 

Treatment. — Medication,  local  or  general,  with  a  view 
to  procuring  absorption,  is  useless ;  when  of  small  size 
they  should  not  be  interfered  with.  If  chronic  suppurative 
disease  of  the  tympanum  is  present  it  should  if  possible 
be  healed  ;  if  this  is  impracticable,  the  auditory  canal 
must  be  kept  scrupulously  clean.  An  accumulation  of 
secretion  beyond  the  growths  may,  with  care,  be  removed, 
even  through  a  small  aperture. 
The  offending  substance  may,  if 
necessary,  first  be  softened,  by  in- 
jecting a  few  drops  of  warm  solu- 
tion of  carbonate  of  soda  (1  in  30), 
through  an  ordinary  Eustachian 
catheter,  the  point  of  which  is 
pushed  into  the  aperture ;  then, 
on  the  following  day,  free  injec- 
tion of  warm  water  through  the 
same  instrument  will  probably 
bring  the  accumulation  away. 
Dilatation  of  the  strictures  with 
metal  plugs  may  be  tried,  and 
when  perseveringly  used  has  been 
found  to  enlarge  the  aperture  suf- 
ficiently to  restore  good  hearing 
(Bonnafont).  When  the  narrow- 
ing of  the  canal  is  too  great  to  ^'o-  3B4.-Bxo8toRea  of  tho 

j^   .,      J,  ,■,  .  J   A-u  •  4.      Meatus.     (From  Welcker, 

admit  of  this,  and  there  is  great     n^   ^   J  ,.  j^  Table  ^ 

deafness    and    deep-seated    pain.     Fig.!".) 

indicating  pressure  from  retained 

secretion,  surgical  removal  of  the  growth  may  become 

imperative,  or  a  counter-opening  may  be  established  in 

the  mastoid  process,  extending  down  to  the  antrum. 

The  operation  of  removing  such  exostoses  has  been 
performed  successfully  with  gouge  and  mallet,  but  is 
rendered  difficult  and  tedious  by  bleeding,  which  ob- 
structs the  necessary  view  of  the  parts.  The  dentists' 
drill  may  be  used  with  greater  precision,  and  is,  there- 
fore, a  better  method  of  performing  the  operation.  Dr. 
Mathewson,  who  first  performed  this  operation,  re- 
lieved his  ps,tient  permanently  by  drilling  an  aperture 
rather  more  than  three  millimetres  in  diameter  through 
the  bony  obstruction  ("Report  of  the  First  International 
Otological  Society,"  p.  86.  New  York :  D.  Applelon  & 
Co.,  1877).  The  galvano-cautery  has  also  been  used  suc- 
cessfully (Voltolini,  Delstanche),  but  this  procedure  is 
difficult  and  tedious. 

The  choice  of  operation,  whether  the  removal  is  to  be 
partial  or  complete,  must  depend  partly  upon  the  sur- 
geon's judgment  and  partly  on  the  peculiarities  of  the 
case. 

Absence  of  the  Meatus. — Occasionally  the  meatus  is 
found  terminating  as  a  smooth,  cutaneous  cul-de-sac,  with- 
out any  appearance  of  a  tympanic  membrane ;  the  canal, 
under  these  circumstances,  being  shorter  than  normal, 
smooth  and  pale.  This  condition  results  from  ulcerative 
inflammation  of  the  meatus,  with  immediate  contact  of  its 
walls,  or  their  union  by  granulation  tissue.  The  atresia 
may  be  osseous  or  fibrous,  and  may  consist  of  only  a  thin 
septum,  or  of  a  long  mass  of  osseous  or  connective  tissue. 
In  the  former  case  the  fundus  of  the  cul-de-sac  is  found  to 
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be  yielding  and  elastic.  If,  under  these  circumstances, 
bone  conduction  shows  a  normal  condition  of  the  internal 
ear,  the  septum  may  be  divided  or  partially  excised,  and  a 
permanent  opening  secured  by  the  introduction  of  leaden 
pegs,  which  must  not  be  removed  until  healing  has 
taken  place.  Politzer  relates  a  case  of  this  kind,  in 
which  he  obtained  great  and  permanent  improvement 
in  the  hearing. 

Polypi. — The  development  of  pedunculated  connec- 
tive-tissue growths  in  the  meatus  is  a  common  sequence  of 
neglected  chronic  suppuration  of  the  middle  ear.  Under 
these  circumstances  such  growths  usually  originate  from 
some  part  of  the  tympanic  mucous  membrane,  less  fre- 
quently from  the  covering  of  the  ossicles,  or  from  the 
membrana  tympani.  Polypi  may  also  develop  from  the 
lining  of  the  meatus,  their  point  of  attachment  commonly 
being  the  posterior  or  superior  wall,  near  the  membrana 
tympani,  rarely  from  a  more  external  part  of  the  auditory 
canal.  Springing  from  the  meatus  they  are,  oftentimes, 
the  result  of  prolonged  and  injudicious  poulticing. 

Aural  polypi  are  usually  single  ;  several  may,  how- 
ever, grow  simultaneously  in  one  ear.  Their  surface  is 
smooth  or  finely  lobulated,  and  always  covered  with  epi- 
thelium. They  are  sometimes  large  enough  to  fill  the 
meatus,  and  even  project  for  a  short  distance  beyond 
the  external  orifice  ;  others,  again,  do  not  exceed  the  size 
of  a  pea.  When  they  are  small  their  shape  is  globular, 
pear-shaped,  or  elongated  when  so  large  as  to  be  moulded 
by  the  meatus. 

Four  varieties  of  aural  polypi  have  been  recognized  : 

1,  Mucous  polypus ;  3,  fibroma ;  3,  myxoma  ;  4,  an- 
gioma. 

Of  these,  the  mucous  polypus  is  by  far  the  most  com- 
mon, though  fibromata  are  by  no  means  rare.  Myxoma 
has  been  described  by  Steudener  {Archm  f.  Ohrenheil- 
kunde,  Bd.  iv.,  p.  203),  and  angioma  by  Dr.  A.  H.  Buck 
("Transactions  of  the  American  Otological  Society," 
1870). 

Histology. — The  mucous  or  round-celled  polypi,  devel- 
oped from  the  tympanic  mucous  membrane,  represent 
essentially  a  hyperplasia  of  that  structure,  and  are  exactly 
similar  in  structure  to  the  mucous  polypi  developed  from 
other  mucous  cavities.  Polypi  which  spring  from  the 
meatus,  however,  are  covered  with  pavement  epitheli- 
um, and  contain  neither  glands  nor  cysts,  like  the  polypi 
of  the  middle  ear,  although,  like  these,  they  may  have  a 
papillary  structure  (Schwartze).  Aural  fibromata  are 
similar  in  structure  to  the  naso-pharyngeal  fibromata 
which  develop  from  the  periosteum  of  these  parts. 
They  are  smooth,  dense,  firmly  attached,  of  a  pale  color, 
and  always  covered  with  a  multiple  layer  of  pavement 
epithelium.  Tubular  glands  and  cysts  are  wanting  in 
these  growths.  Their  structure  is  made  up  of  firm  con- 
nective tissue,  with  numerous  spindle-  or  star-shaped 
connective-tissue  corpuscles,  the  processes  of  which  an- 
astomose with  each  other.  The  intercellular  substance 
is  homogeneous,  and  contains  fibrillse  arranged  in  interlac- 
ing bundles. 

For  a  description  of  aural  myxoma  and  angioma,  the 
reader  is  referred  to  the  articles  mentioned.  A  few  cases 
have  been  recorded  in  which  a  partial  ossification  of  aural 
polypi  had  taken  place  (Bezold,  Cassells). 

Viagnom. — Suppurative  disease  of  the  ear  always  co- 
exists with  polypi,  and  more  or  less  extensive  destruction  of 
the  membrana  tympani  is  commonly  present.  Soft  poly- 
pi may  develop  rapidly  ;  fibromata  are  of  slow  growth. 
Either  variety  may  persist  for  a  lifetime  without  injuring 
health.  The  mechanical  obstacle  which  they  present 
to  the  escape  of  the  secretion  may  cause  pain  or  a  feel- 
ing of  heaviness  and  pressure  in  the  affected  side  of  the 
head,  with  or  without  giddiness  and  tinnitus.  The  stag- 
nation of  secretion  may  lead  to  cheesy  accumulations 
and  caries  of  the  temporal  bone,  with  all  its  disastrous 
consequences.  The  spontaneous  death  and  discharge  of 
polypi  is  of  rare  occurrence.  The  diagnosis  of  aural 
polypi  presents  no  difliculties.  Simple  inspection  will 
suffice  to  determine  their  presence.  Malignant  new  for- 
mations, springing  from  the  same  parts,  may  possibly 
lead   to  an  erroneous  diagnosis.     Careful   exploration 


of  the  meatus  with  a  blunt  probe  will  often  enable 
the  surgeon  to  determine  the  point  of  attachment  of 
the  polypus.  According  to  Politzer,  pale-red,  or  pearl- 
gray  polypi,  with  a  smooth  or  moderately  rough  sur- 
face, spring  usually  from  the  meatus  ;  while  the  sodden, 
red,  vascular,  raspberry-shaped  growths  with  villlfonn 
papillated  surfaces,  most  frequently  arise  in  the  tympanic 
cavity. 

The  prognosis  is  generally  favorable,  especially  in  the 
case  of  polypi  which  spring  from  the  meatus,  their  thor- 
ough eradication  being  less  difficult  than  when  the  growth 
originates  in  the  less  accessible  tympanum.  Large  polypi, 
of  course,  always  act  as  mechanical  Impediments  to 
hearing,  and  their  removal  may  be  followed  by  great  im. 
provement  in  the  hearing  power ;  the  prognosis,  how- 
ever, must  be  guarded  in  this  respect,  even  when  there 
is  reason  to  believe  that  the  condition  of  the  internal 
ear  is  normal,  since  the  physical  conditions  in  the  mid- 
dle ear  may  render  a  restoration  of  the  hearing  impos- 
sible. 

Treatment. — Removal  of  polypoid  growths  is  always 
advisable  ;  this  may  be  accomplished  in  various  ways. 
When  the  fact  can  be  established  that  the  growth 
springs  from  the  walls  of  the  meatus,  its  extraction  by 
means  of  Wilde's  snare  may  be  undertaken.  The  loop  of 
the  snare  should  be  tightened  around  the  pedicle  of 
the  growth,  close  to  its  insertion,  and  the  operation  should 
be  completed  by  traction,  or,  if  a  moderate  amount  of 
traction  will  not  suffice,  ligature  of  the  polypus  may  be 
effected  by  rotating  the  instrument  on  its  long  axis  until 
a  greater  resistance  is  felt ;  then  the  wire  is  cut  loose 
from  the  cross-bar  and  the  instrument  removed,  leaving 
the  twisted  wire  loop  around  the  pedicle,  and  thus  causing 
strangulation  and  death  of  the  growth. 

If  there  is  a  probability  that  the  growth  springs  from 
the  membrana  tympani,  or  from  the  tympanic  cavity,  it 
should  be  excised  as  deeply  as  possible,  with  the  instru- 
ment known  as  Blake's  modification  of  Wilde's  snare, 
traction  not  being  admissible  on  account  of  the  damage 
that  might  accrue  to  the  drum-membrane.  Politzer's 
annular  knife  is  also  a  valuable  instrument  for  the  ex- 
cision of  polypi.  Small  pedunculated  growths  may 
sometimes  be  crushed,  or  removed  with  suitable  forceps, 
or  with  one  of  Buck's  loop  curettes.- 

The  galvano-cautery  may  be  used  with  advantage  for 
the  removal  of  large,  firmly  attached  fibroid  polypi,  also 
for  cauterizing  granulations  and  the  remnants  of  polypi. 
Its  use  is  said  to  be  followed  by  less  inflammatory  reac- 
tion than  is  observed  after  the  employment  of  caustics. 
Granulations  in  the  meatus  or  tympanum  and  the  re- 
mains of  polypi  may  be  treated  with  various  caustics ; 
strong  solutions  of  nitrate  of  silver,  forty  grains  to  the 
ounce  and  upward,  are  often  very  serviceable,  but  not 
for  the  remains  of  polypi ;  chloro-acetic,  nitric,  and  chro- 
mic acids,  persulphate  of  iron  and  acid  nitrate  of  mer- 
cury have  been  used  with  excellect  effect,  but  require 
great  care  in  their  application,  which  must  be  strictly 
limited  to  the  diseased  structures  which  it  is  intended  ' 
to  destroy.  Politzer  and  others  strongly  recommend 
alcohol  in  the  form  of  rectified  spirits,  or  stronger  alco- 
hol, as  a  remedy  for  the  removal  of  granulations  and 
aural  polypi.  It  should  be  employed  in  the  following 
manner:  'The  ear  must  be  first  carefully  cleansed,  and 
dried  out  with  absorbent  cotton.  The  spirit  should  then 
be  warmed  before  it  is  poured  into  the  ear,  where  it  should 
be  allowed  to  remain  for  fifteen  minutes  or  half  an  hour. 
The  application  of  this  remedy  must  be  repeated  two 
or  three  times  daily.  It  is  claimed  for  this  mode  of 
treatment,  that  it  will  cure  not  only  granulations  and  the 
remains  of  polypi  after  operation,  but  that  it  will  cause 
large  and  even  fibroid  polypi  to  shrivel  and  become  ab- 
sorbed, thus  in  a  large  number  of  cases  doing  away  with 
all  necessity  for  operative  interference.  To  prevent  the 
recurrence  of  polypi  after  their  removal,  any  existing 
ulcerative  or  suppurative  process  must  be  treated  upoa 
the  principles  laid  down  elsewhere  until  the  parts  have 
been  restored  to  a  healthy  state. 

Other  morbid  growths,  moi'e  or  less  malignant  in  char 
acter,  are  occasionally  met  with  in  the  external  auditorj 
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canal.  Enchondroma  originating  in  the  cartilage  of  the 
meatus  has  been  described  by  Launay  (Qaa.  des  Hop., 
1861).  Osteoma  in  the  mastoid  process,  which  projected 
into  and  caused  closure  of  the  meatus,  is  mentioned  by 
Politzer  ("  Diseases  of  the  Ear,"  translated  by  J.  P. 
Cassells,  Henry  C.  Lea  &  Son,  Philadelphia,  1883,  p. 
649).  Cylindroma  or  myxoma  cartilagineum  of  the 
cartilaginous  meatus  has  been  observed  (Meckel,  von 
Hemsbach,  cited  by  Schwartze).  Pedunculated  vrarts 
with  normal  cutaneous  covering,  are  sometimes  seen  on 
the  superior  wall  of  the  meatus  (Von  Troltsch,  Politzer, 
loc.  cit.).  Sarcoma  may  develop  from  the  tympanum 
after  an  attack  of  acute  purulent  inflammation,  and  may 
recur  in  the  form  of  polypoid  growths  (Hartmann,  Z.  f. 
0.,  viii.) ;  it  may  also  develop  primarily  from  the  perios- 
teum of  the  auditory  canal  (described  by  A.  H.  Buck,  in 
"  Diagnosis  and  Treatment  of  the  Ear,"  p.  121,  William 
Wood  &  Co.).  • 

Epithelioma  of  the  ear  may  originate  in  the  auricle  or 
tympanic  cavity  and  extend  to  the  meatus  and  surround- 
ing parts.  Occasionally,  it  starts  in  the  meatus  with  the 
symptoms  of  moist  eczema  (Politzer),  or  as  a  rough  wart 
(Kessel,  A.f.  0.,  iv.,  p.  184),  or  with  the  formation  of  a 
circumscribed  crust,  which  is  frequently  scratched  on 
account  of  the  great  itching,  till  ultimately  the  surface 
becomes  ulcerated,  the  ulcer  gi'owing  outward  toward 
the  auricle  and  downward  toward  the  membrane.  Some- 
times the  appearance  of  the  growth  is  preceded  by  severe 
pulsating  pains  and  a  limited  loosening  of  the  wall  of  the 
meatus,  where,  after  some  weeks,  an  ulcerated,  red-spotted 
and  secreting  surface  with  jagged  edges  is  formed.  Be- 
sides the  spongy  growths,  there  are  depressed  places  on 
which  the  white  cartilage  of  the  ear  and  the  osseous  wall 
of  the  meatus  are  laid  bare  (Politzer,  loc.  cit.).  The  prog- 
nosis of  epithelioma  in  the  meatus  is  extremely  unfavor- 
able on  account  of  the  impossibility  of  complete  extirpa- 
tion. 

Injtjkies  of  the  Meatus,  either  from  the  accidental 
penetration  of  sharp  substances,  or  from  ill-directed  efforts 
to  extract  foreign  bodies,  are  quite  common.  They  may 
set  up  traumatic  inflammation,  but  are  not  usually  fol- 
lowed by  serious  results,  unless  the  membrana  tympani 
and  parts  beyond  are  involved.  Forcible  blows  upon  the 
lower  jaw  may  cause  fracture  of  the  anterior  wall  of  the 
meatus  and  glenoid  cavity  ;  injury  of  the  deeper  parts 
seldom  occurs  in  these  cases.  Fractures  of  the  base  of 
the  skull  not  uncommonly  extend  into  the  osseous 
meatus. 

Contusion  of  the  head  sometimes  causes  limited  fract- 
ure, through  the  thin  upper  wall  of  the  meatus.  Injury 
of  the  brain  and  escape  of  brain  substance  through  the 
ear,  terminating  in  recovery,  may  occur  in  this  class  of 
cases.  An  instance  of  this  kind  was  recently  seen  by  the 
writer.  Two  years  after  the  injury,  the  patient  was  in 
the  enjoyment  of  excellent  health,  but  in  addition  to  total 
deafness,  with  perforation  in  the  anterior  superior  quad- 
rant of  the  membrana  tympani,  there  was  paralysis  of 
the  seventh  and  atrophy  of  the  optic  nerve  on  the  same 
side. 

Scalds  and  Btjbsts  from  steam,  hot  water,  and  molten 
metals  or  mineral  acids  have  been  known  to  occasion 
more  or  less  destructive  and  sometimes  fatal  inflamma- 
tion. Frank  Buller. 

AUDITORY  CANAL,  FOREIGN  BODIES  IN.  Al- 
though the  position  of  the  ear  is  not  such  as  to  favor  the 
entrance  of  foreign  bodies  into  the  external  auditory  canal, 
it  not  unfrequently  happens  that  they  find  lodgment 
there.  Children  are  much  given  to  thrusting  into  their 
ears  such  bodies  as  glass  beads,  pebbles,  coSee-grains, 
and  the  like  ;  while  insects  occasionally  enter  the  ear  by 
accident,  and  sometimes  by  design,  being  attracted,  per- 
haps, by  the  odor  of  an  offensive  discharge.  Plies,  at- 
tracted in  this  way,  now  and  then  deposit  their  eggs  in 
the  ear ;  and  unless  the  discharge  be  sufficiently  profuse 
to  wash  them  out,  they  quickly  develop  into  maggots, 
which  soon  make  their  presence  known  by  the  great  irri- 
tation they  create.  Foreign  substances  are  sometimes 
put  into  the  ear  with  criminal  intent ;  but,  popular  be- 


lief to  the  contrary,  the  auditory  canal  furnishes  a  most 
indifferent  avenue  Tor  the  introduction  of  poisons  into 
the  system,  since  its  dermal  lining  does  not  permit  of 
their  ready  absorption. 

The  presence  of  a  foreign  body  in  the  ear  does  not 
necessarily  give  rise  to  serious  consequences.  If  the  sub- 
stance introduced  possess  irritant  or  caustic  properties, 
inflammation  will  quickly  supervene,  the  drum-head  may 
be  destroyed,  and  not  only  the  integrity  of  the  hearing, 
but  life  itself,  may  be  jeopardized.  And,  also,  when 
living  insects  invade  the  ear,  they  usually  cause — espe- 
cially when  their  wings  or  claws  come  in  contact  with  the 
tympanal  membrane^great  suffering,  and  a  considerable 
amount  of  inflammation  of  the  cutaneous  lining  of  the 
meatus.  But,  on  the  other  hand,  such  innocuous  bodies 
as  beads,  cherry-stones,  coffee-beans,  etc.,  unless  they  be 
tightly  wedged  in  the  canal,  or  be  so  placed  as  to  press 
rudely  upon  the  drum-head,  may  scarcely  make  their 
presence  felt,  or  induce  even  a  transient  earache. 

The  prevalent  belief  is  that  the  entrance  of  a  foreign 
body  into  the  auditory  canal  is  a  serious  accident,  and 
that,  however  harmless  in  itself  the  foreign  substance 
may  be,  dire  consequences  will  ensue  unless  it  be  quickly 
gotten  out.  As  a  rule,  it  is  doubtless  judicious  to  re- 
move without  unnecessary  delay  any  body  which  has 
found  its  way  into  the  external  ear,  because  its  presence 
may  excite  inflammation,  or,  as  sometimes  happens, 
troublesome  reflex  irritation,*  and  because,  moreover,  we 
shall  scarcely  be  able,  without  doing  so,  to  allay  the  alarm 
of  the  patient  or  the  anxiety  of  his  friends.  But,  on  the 
other  hand,  as  in  most  instances  no  immediate  ill  conse- 
quences need  be  apprehended,  we  should  not  be  too  eager  to 
undertake  this  oftentimes  delicate  operation,  imperfectly 
equipped,  perhaps,  for  its  performance,  and  under  con- 
ditions which  render  doubtful  its  successful  completion  ; 
for,  if  the  operation  fail  of  its  purpose,  the  injury  result- 
ing from  the  repeated  efforts  to  extract  the  foreign  body 
will  probably  leave  the  auditory  canal  inflamed  and  swol- 
len, and  the  ear  in  much  worse  condition  than  before. 
The  difficult  cases  which  the  specialist  has  to  deal  with 
are,  indeed,  almost  always  those  in  which,  through  pre- 
vious unskilful  manipulation,  the  delicate  walls  of  the 
meatus  have  been  lacerated  and  bruised,  and  the  foreign 
body  tightly  impacted  in  the  bottom  of  the  canal. 

Before  attempting  to  remove  a  foreign  body  from  the 
ear,  the  operator  should  flrst,  by  careful  inspection,  as- 
sure himself  that  one  is  present.  This  it  is  not  always 
possible  to  do  without  the  aid  of  an  ear-mirror  and  specu- 
lum. If  these  be  not  at  command,  and  there  be  doubt  as 
to  the  presence  of  a  foreign  body  (for  it  is  to  be  borne  in 
mind  that  patients  frequently  imagine  that  something 
has  entered  the  ear  when  such  is  not  the  case),  it  is  per- 
missible to  attempt  to  solve  the  doubt  by  the  use  of  warm 
water  and  the  syringe  ;  but  to  grope  blindly  in  the  ear, 
under  such  circumstances,  with  any  sort  of  instrument, 
is  a  practice  fraught  with  great  danger  and  utterljr  un- 
justifiable. It  may  be  well  to  mention  that  the  glisten- 
ing surface  of  the  tympanal  membrane  is  sometimes  mis- 
taken for  a  foreign  body  by  those  unaccustomed  to  ex- 
amining the  ear ;  and  as  such  a  mistake  is  apt  to  lead  to 
serious  consequences,  the  possibility  of  it  should  be  borne 
in  mind  in  order  that  it  may  be  avoided. 

The  question  of  how  to  deal  with  a  foreign  body 
lodged  in  the  ear  depends  upon  a  variety  of  circum- 
stances :  In  the  flrst  place,  upon  the  nature  of  the  intrud- 
ing body,  whether  it  be  an  animate  or  an  inanimate  ob- 
ject ;  and  if  the  latter,  whether  it  be  an  irritant  or  an 
innocuous  substance,  and  what  its  shape  and  size.  In  the 
second  place,  upon  the  manner  of  its  lodgment,  whether 
it  be  tightly  wedged  or  lying  loose  in  the  canal,  and 
whether  resting  near  its  orifice  or  beyond  its  constricted 
middle  third,  in  the  neighborhood  of  the  tympanal  mem- 
brane. In  the  third  place,  upon  the  skill  and  experience 
of  the  operator  ;  for  what  would  be  a  judicious  and  safe 
method  of  procedure  for  one  accustomed  to  operating 

*  Among  the  reflex  phenomena  which  have  been  observed  in  conse- 
quence of  the  irritation  produced  by  the  presence  of  a  foreign  body  in 
the  ear  may  be  mentioned,  cough,  vomiting,  excessive  salivary  secretion, 
hemiorania,  facial  paralysis,  and  epileptic  convulsions  (Poulet). 
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upon  the  ear,  might  be  an  extremely  unwise  and  hazard- 
ous one  for  a  tyro  in  this  department  of  surgery  to  under- 
take. Generally  speaking,  it  may  be  said  tliat  unless  the 
foreign  body  be  near  the  external  orifice  of  the  ear,  and 
be  of  such  a  nature  that  it  may  be  readily  grasped  by 
suitable  forceps,  in  the  absence  of  special  skill  upon  the 
part  of  the  operator,  the  syringe  is  the  safest  and  best  in- 
strument with  which  to  undertake  its  removal.  In  most 
cases  this  plan  will  prove  successful,  and  when  it  does 
not,  at  least  no  harm  will  have  been  done  by  the  attempt. 
If  it  cannot  be  removed  in  this  way,  resort  must  be  had 
to  the  forceps,  or  to  the  blunt  hook  devised  for  this  pur- 
pose. Neither  of  these  instruments,  however,  can  be 
used  with  safety,  or  to  good  purpose,  unless  the  meatus 
be  illuminated,  so  that  the  foreign  body  may  be  kept  in 
view  and  every  movement  of  the  instrument  watched. 
If  the  intruding  body  be  lying  near  the  external  orifice 
of  the  canal,  it  is  possible  to  obtain  a  satisfactory  illumi- 
nation by  turning  the  ear  toward  a  window  or  a  bright 
artificial  light ;  but  if  it  be  lodged  near  its  inner  extremity, 
a  concave  ear-mirror  attached  to  a  head-band,  by 
~  means  of  which  either  diffuse  sunlight  or  artificial 
light  may  be  concentrated  and  reflected  into  the  ear, 
and  in  most  instances  an  aural  speculum,  must  be 
employed.  Unless  the  operator  be  accustomed, 
however,  to  tliis  method  of  examining  the  ear,  he 
will  not  find  that  he  can  accomplish  much  in  this 
way;  and,  under  such  circumstances,  supposing 
that  the  syringe  has  been  used  without  avail,  he 
will  serve  his  own  interest  and  his  patient's  welfare, 
if  without  more  ado  he  refer  the  case  (if  it  be  in  his 
power  to  do  so)  to  some  one  having  more  skill  in 
this  particular  direction  than  himself ;  for,  farther 
instrumental  effort  upon  his  part  is  little  likely  to 
be  successful,  and  may  result  in  serious  damage  to 
the  ear. 

In  skilful  hands  a  hook,  such  as  the  one  employed 
by  Dr.  A.  H.  Buck,  and  represented  in  the  wood- 
cut, is  the  most  generally  useful  instrument  for  the 
extraction  of  foreign  bodies  from  the  ear.*  It  is 
especially  useful  when  the  foreign  body  is  spherci- 

fS  dal  in  shape,  or  is  so  large  as  to  be  wedged  tightly 
;1  in  the  canal.  Under  such  circumstances  forceps 
"  are  worse  than  useless  ;  for  it  is  almost  Impossible 
to  open  them  wide  enough  to  grasp  the  foreign 
body,  and  each  unsuccessful  attempt  to  catch  hold 
of  it  tends  to  force  it  more  deeply  into  the  meatus. 
With  the  hook,  however,  which  can  be  gently  in- 
sinuated between  the  foreign  body  and  the  walls  of 
the  canal,  and,  when  it  has  been  gotten  beyond  it, 
can  be  turned  so  as  to  catch  the  body,  and,  upon 
its  withdrawal,  either  roll  or  drag  it  toward  the  ex- 
ternal orifice  of  the  meatus,  any  body  which  has 
found  its  way  into  the  ear  may  be  extracted — un- 

W—  less,  indeed,  it  has  become  greatly  enlarged  (as 
sometimes  happens  from  the  imbibition  of  moist- 
ure), or  the  calibre  of  the  canal  has  been  considera- 
bly lessened  by  inflammatory  swelling.  When  such 
an  instrument  is  not  at  command,  a  silver  probe 
suitably  bent  near  its  extremity  may  be  used  in  its  stead, 
or  a  most  excellent  substitute  for  it  may  be  fashioned  out 
of  an  English  steel  hair-pin,  by  separating  the  prongs  un- 
til they  form  with  each  other  an  obtuse  or  right  angle,  as 
may  be  preferred,  bending  one  into  a  loop  for  a  handle, 
and  then,  after  filing  the  extremity  of  the  other  prong 
somewhat  flat,  bending  it  over  very  close  to  the  end  and 
serrating  with  a  file  or  knife  its  under  surface,  that  it 
may  more  readily  catch  hold  of  the  foreign  body.  With 
such  a  contrivance  the  writer  has  extracted  many  foreign 
bodies  from  the  ear.  Indeed,  it  has  become  quite  a  favor- 
ite instrument  with  him,  and  several  of  them,  their  ex- 

*  Dr.  Buck^B  hook  is  about  fifteen  centimetres  in  lengtll,  and  is  straiglit. 
The  writer  employs  a  hook  which  differs  from  Dr.  Buck's  chiefly  in  tliat 
the  shank,  which  is  six  and  a  half  centimetres  in  length,  forms  an  angle 
of  about  100**  with  the  handle,  The  hook  at  the  extremity  of  the  shank 
is  also  not  quite  so  long  as  the  one  represented  in  the  cut,  and  bends 
over  less  abruptly,  It  is  serrated,  too,  upon  its  under  surface.  In  his 
opinion  the  angular  form  is.  preferable,  as  with  it  the  operator's  hands 
are  less  likely  to  interfere  with  the  illumination  of  the  meatus,  than  when 
a  straight  instrument  is  employed. 
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tremities  differently  shaped,  form  an  indispensable  part 
of  his  armamentarium. 

When  a  corrosive  substance  finds  its  way  into  the  ear,  it 
should  be  syringed  out  as  quickly  as  possible  with  tepid 
water,  without  loss  of  time  in  searching  for  something 
which  may  neutralize  it  chemically.  If  such  an  agent  be 
at  hand — as  for  instance  a  weak  acid,  such  as  vinegar, 
in  the  case  of  an  alkaline  caustic,  or  carbonate  of  soda  or 
potassa,  if  the  corrosive  substance  be  acid,  it  should  be 
added  to  the  water  with  which  the-  ear  is  syringed. 

When  animate  objects  invade  the  ear  they  usually  cause 
much,  suffering.  Insects,  by  the  rapid  movements  of 
their  wings  and  feet,  not  only  excite  severe  pain,  but  cre- 
ate an  uproar  which  renders  nearly  frantic  the  unfortu- 
nate individual  into  whose  ear  they  have  penetrated. 
Their  movements  may  be  arrested,  and  their  lives  pres- 
ently put  an  end  to,  by  pouring  into  the  meatus  any 
bland  oil,  such  as  olive  or  almoiiW  oil,  or  melted  lard 
when  these  are  not  obtainable.  Their  bodies  may  then  be 
removed  by  means  of  the  syringe  or  forceps.  The  writer 
met  with  a  case  not  long  since,  in  which  a  physician,  pos- 
sessed of  some  originality,  succeeded  in  arresting  very 
promptly  the  distressing  movements  of  a  small  insect 
which  had  entered,  the  ear,  by  pouring  into  the  meatus  a 
quantity,  of  melted  cerate.  Unfortunately,  however, 
upon  parting  with  its  heat  the  cerate  became  hard,  and 
moulded  itself  firmly  into  the  canal.  The  remedy,  as  ' 
may  be  imagined,  was  worse  than  the  disease,  for  the 
discomfort  it  caused  was  almost  as  great,  and  the  diffi- 
culty of  getting  rid  of  it  ten  times  greater. 

Maggots  are  not  only  difficult  to  remove  from  the  ear, 
but  cause  very  great  suffering,  because,  as  Blake  has 
pointed  out,  they  attach  themselves,  by  an  apparatus  pro- 
vided for  the  purpose,  to  the  walls  of  the  meatus,  and  feed 
upon  the  inflamed  integument.  It  is  frequently  necessary 
to  seize  and  extract  them  with  forceps,  as  the  syringe  will 
not  always  bring  them  out.*  They  survive  for  some  time 
in  oil,  live  only  five  or  ten  minutes  in  alcohol,  and  are 
killed  instantaneously  by  chloroform  (Burnett).  Alcohol, 
however,  is  not  a  desirable  thing  to  pour  into  an  inflamed 
and  excoriated  meatus,  and  to  u.se  chloroform  in  this  way 
is,  of  course,  out  of  the  question.  Dr.  Roosa  recom-  ' 
mends  chloroform  vapor  and  also  Labarraque's  solution 
of  chlorinated  soda  to  destroy  them  with,  when  it  be- 
comes necessary  to  do  this  before  removing  them  from 
the  ear. 

To  relieve  the  pain  and  inflammation  caused  by  a 
foreign  body  in  the  ear,  or  by  the  efforts  to  remove  it,  the 
writer  has  found  nothing  so  useful  as  the  French  anodyne 
oil,  known  as  oleum  compositum  or  baume  tran4uiUe,\  of 
which  eight  or  ten  drops  may  be  warmed  and  dropped 
into  the  ear  three  or  four  times  a  day.  Probably,  for  this 
purpose  the  newly  discovered  local  anaesthetic,  muriate  of 
cocaine,  will  be  found  to  act  efficiently.  The  anaesthetie 
action  of  this  salt  may  also  be  availed  of  to  facilitate  the 
removal  of  foreign  bodies  from  the  ear,  by  lessening  the 
sensibility  of  the  walls  of  the  meatus.  Its  effect,  how- 
ever, will  not  be  so  striking  here  as  it  is  upon  the  eye  ; 
although,  if  the  writer's,  at  present,  limited  experience  in 
this  direction  is  to  be  relied  upon,  it  will  prove  of  real 
value.  With  nervous  children,  however,  it  will  still  be 
necessary  in  many  cases,  as  heretofore,  to  administer  a 
general  anaesthetic,  not  so  much  to  lessen  the  pain  of  the 
operation  (which  in  uncomplicated  cases  should  no4,be 
considerable),  but  to  overcome  the  fear  and  quiet  theTre- 
sistance  of  the  patient. 

The  operation  of  displacement  of  the  auricle  and  car- 
tilaginous meatus  to  facilitate  the  removal  of  foreign 
bodies  from  the  ear,  which  has  been  practised  occasion- 
ally in  Europe  and  in  this  country,  does  not  commend 
itself  to  the  judgment  of  the  writer  as  a  justifiable  or 

*  The  writer  once  removed  from  the  ear  of  a  woman  a  live  tick,  which 
had  been  there  for  about  a  fortnight.  It  was  firmly  attached  to  the  wall 
of  the  meatus,  and  when  it  was  seized  with  forceps  considerable  traction 
was  required  to  break  its  hold.  A  black  granular  material  (its  excre- 
ment) had  been  coming  from  the  ear  for  some  days,  at  times  a  sound 
*'  like  broiling  "  had  been  heard  In  it,  and  pain  was  beginning  to  be  ex- 
perienced. 

t  For  formula  see  French  Codex,  p.  308,  and  p.  1581  of  the  TJ.  S.  Dis- 
pensatory, 15th  edition,  1883. 
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useful  procedure,  and  he  can  scarcely  conceive  of 
a  case  which  would  warrant  recourse  to  such  an  ex- 
pedient. Samuel  TheobaZd. 

AUDITORY  NERVE,  DISEASES  OF.  The  chief  char- 
acteristic of  disease  of  the  auditory  nerve  and  its  terminal 
portions  in  the  labyrinth — and  in  the  latter  the  cochlea  is 
to  be  included,  whenever  that  term  is  used  in  this  article — 
is  deafness  more  or  less  profound  and  sudden  in  its  onset. 
The  best  test  of  the  extent  of  deafness  from  disease  of  the 
auditorv  nerve  is  speech,  as  it  is  for  all  forms  of  deafness. 
But  unless  both  ears  are  simultaneously  affected  by  dis- 
ease of  the  auditory  nerve,  it  is  difficult  to  isolate  the 
good,  or  better  ear,  from  the  affected  one  in  this  mode  of 
testing  the  hearing.  Hence,  as  a  better  means  of  isola- 
tion of  one  ear  from  the  other  in  testing,  the  aurist  has 
recourse  to  the  tuning-fork.  For,  if  a  vibrating  tuning- 
fork  of  deep  note  be  placed  either  upon  the  vertex  or  in 
the  meatus  of  an  acutely  affected  ear,  and  be  unheard  by 
the  latter,  it  may  be  assumed  that  the  lesion  is  in  the' 
labyrinth,  i.e.,  that  there  exists  a  disease  of  the  auditory 
nerve-structures.  In  chronic  deafness,  however,  it  must 
be  remembered  that  invisible  changes,  like  anchylosis  of 
the  stapes  in  the  oval  window,  or  exostoses  in  or  about 
the  f  enestree,  upon  either  the  tympanic  or  labyrinthine  sur- 
faces, may  have  taken  place,  and,  having  caused  or  aided 
in  the  profound  deafness,  cannot  be  entirely  excluded  in 
this  form  of  testing.  It  is  even  held  by  some  observers 
(Lucsb:  Arcldv  f.  Ohrenh.,  Bd.  xviii.,  p.  189)  that  bone- 
conduction,  per  ossa  capiiis,  the  handle  of  the  vibrat- 
ing tuning-fork  being  upon  the  vertex,  is  an  unreliable 
means  of  diagnosing  diseases  of  the  labyrinth,  on  account 
of  the  co-vibrations  in  the  sound-conducting  parts  of  the 
ear.  It  is  therefore  maintained  by  many  aurists  that  the 
demonstration  that  certain  musical  notes,  conveyed  to  the 
ear  by  aerial  conduction,  are  not  heard,  is  of  far  greater 
diagnostic  value,  since  such  deafness,  even  for  some  notes, 
is  ascribable  only  to  an  affection  of  the  auditory  nerve  in 
some  of  its  parts  in  the  labyrinth,  and  most  probably  to 
one  limited  to  the  cochlea.  It  must  be  borne  in  mind 
that  disease  in  parts  of  the  internal  ear  is  not  attended  by 
total  deafness,  whereas  a  disease  in  the  trunk  or  central 
portions  of  the  auditory  nerve  would  be  attended  by  the 
prof ounder  forms  of  deafness,  and,  in  some  instances,  by 
other  cerebral  symptoms.  Lucse  claims  that  "  Binne's 
method  of  testing  is  important  in  making  a  diagnosis  of 
disease  in  the  internal  ear.  Thus,  if  the  sound  of  a 
tuning-fork,  after  it  is  no  longer  heard  on  the  mastoid,  be 
perceived  when  held  before  the  ear,  a  disease  in  the  sound- 
conductors  can  be  excluded  ;  whereas  a  longer  perception 
from  the  mastoid  than  before  the  ear  indicates  the  absence 
of  disease  of  the  inner  ear."  The  great  obstacle,  how- 
ever, in  diagnosing  disease  of  the  ear  by  means  of  the 
tuning-fork,  per  ossa,  is  that  the  statements  of  the  patients 
cannot  be  depended  upon,  as  they  are  unable  to  discrimi- 
nate properly  between  what  they  hear  by  the  air  and  that 
heard  by  bone-conduction,  and  also  between  hearing  and 
feeling.  This  unfortunate  fact  impairs  greatly  the  value 
of  the  tuning-fork  in  diagnosis.  Nevertheless,  coupled 
with  vocal  tests,  and  those  by  musical  instruments  by 
aerial  conduction,  the  tuning-fork  is  at  least  a  valuable 
accessory  aid  in  diagnosing  disease  in  the  auditory  nerve 
and  internal  ear. 

•  Nervous  Deafness. — It  is  held  by  some  authorities 
(P.  McBride :  Lancet,  1881)  that  pathologico-anatomical 
causes  cannot  be  adduced  as  explanatory  of  every  case  of 
deafness.  In  such  cases  a  functional  disturbance  in  the 
auditory  nerve  is  held  to  be  the  cause  of  the  alteration  in 
bearing.  As,  for  example,  the  diminished  hearing,  oc- 
curring in  catarrhal  subjects  upon  entering  a  warm 
apartment  from  the  cold,  open  air,  or  the  decided  diminu- 
tion of  hearing  which  ensues  in  those  affected  by  catarrh- 
al disease  of  the  ear,  by  an  attack  of  dyspepsia  or  any 
similar  intercurrent  cause  of  nervous  depression.  Malar 
ria  may  be  cited  as  among  the  latter. 

It  is  highly  probable,  however,  that  alterations  in  hear- 
ing, generally  classed  as  instances  of  nervous  deafness, 
are  in  many  instances  not  affections  of  the  auditory  nerve. 
Such  forms  of  hardness  of  hearing  are  more  likely  to  be 


due  to  reflex  changes  in  the  vascularity  of  the  Eustachian 
tube  and  middle  ear,  induced  by  the  effect  of  the  depress- 
ing cause,  like  dyspepsia,  malaria,  hysteria,  venery,  etc., 
upon  the  trophic  and  vaso-motor  nerves  of  these  parts. 
Functional  changes  in  the  auditory  nerve  are  not  distinct- 
ly definable.  Central  deafness  has  been  described  by 
Burkner  (Archwfur  Ohrenh. ,  Bd.  xxi. ,  p.  177).  It  appears, 
from  the  history  of  a  case  reported  by  him,  that  a  merchant 
forty-seven  years  old,  who  possessed  perfect  hearing  and 
vision,  received  distressing  and  very  unexpected  news 
when  travelling,  and  hastened  home.  In  three  or  four 
days  he  became  hard  of  hearing,  and  in  the  course  of  two 
months  entirely  deaf ;  in  six  months  he  became  blind. 
The  affection  was  declared  to  be  a  nervous  one.  Vertigo 
and  disturbed  equilibrium  were  also  noted.  At  first  most 
distressing  subjective  noises  were  perceived,  but  finally 
they  subsided.  The  objective  examination  of  the  ear 
gave  negative  results,  'the  simultaneous  occurrence  of 
deafness  and  blindness,  the  failure  of  every  trace  of  bone- 
conduction,  the  absence  of  all  objective  symptoms  on  the 
part  of  both  organs  of  sense,  were  held  by  him  to  render 
the  diagnosis  of  a  central  lesion  extremely  probable  ;  but 
its  precise  nature  was  not  definable.  Syphilis  was  not 
held  accountable  for  the  symptoms. 

Pa/rali/sis  of  the  sympathetic  nerce  in  the  neck  is  said  to 
be  characterized  by  a  sudden  loss  of  sight  and  hearing, 
with  very  violent  pains,  on  the  corresponding  side  of  the 
head.  Considerable  narrowing  of  the  pupil  and  retinal 
vessel-dilatation  may  be  detected,  but  no  abnormality 
is  seen  in  the  ear.  The  diagnosis  of  paralysis  of  the 
sympathetic,  with  consecutive  dilatation  of  vessels  on 
the  right  side  of  the  head,  has  been  verified  by  the 
treatment,  since  all  manifestations  disappeared  after  four 
days'  treatment  with  ergot  of  rye  (Kispert :  Deutsche  Zeit- 
schriflf.-prak.  Med.,  1878,  and  Arch,  f.  Ohrenh.,  Bd.  viii., 
p.  197). 

Central  Affections  of  the  Acoustic  Nerve. — 
The  phenomena  of  transference  of  aural  phenomena  may 
occur  in  hysterical  cases,  affected  with  pain  in  the  back 
and  in  the  intercostal  region,  aphonia,  and  in  some  in- 
stances with  paresis  of  the  arm  on  one  side,  and  deafness 
on  the  other  (Urbantschitsch :  Archie  f.  Ohrenh. ,  Bd. 
xvi.,  3).  Upon  placing  a  small  horseshoe  magnet  di- 
rectly upon  the  left  mastoid  (the  deaf  side),  and  bringing 
it  within  some  millimetres  of  the  hyperaesthetic  right 
mastoid,  complete  deafness  followed  in  the  right  side,  in 
from  five  to  eight  minutes,  and  the  left  ear  became  as 
good  as  the  right  ear  had  been.  This  had  not  been  per- 
fect. The  same  transference  occurred  in  the  blind  left 
eye  and  in  the  anaesthetic  skin. 

Although  not  strictly  pertaining  to  disease  of  the  audi- 
tory nerve,  the  hysterical  element  in  disease  of  the  ear,  as 
well'  as  aural  symptoms  occurring  sometimes  in  hysteria, 
should  be  mentioned  as  nervous  phenomena  connected 
with  the  ear.  C.  J.  Blake  and  G.  L  Walton,  of  Boston, 
have  recently  reported  two  cases  (Annates  des  Maladies 
de  V  Oreille  et  du  Larynx,  September,  1884),  one  illus- 
trating the  extent  to  which  an  aural  disease,  severe  in  its 
objective  as  well  as  its  subjective  symptoms,  may  be  sim- 
ulated in  an  hysterical  patient,  and  the  other  showing 
the  influence  which  an  existing  aural  disease,  of  compara- 
tively mild  character,  may  have  in  originating  marked 
hysterical  symptoms  in  a  case  already  endowed  with  an 
hysterical  tendency,  and,  reflexively,  in  excitipg  symp- 
toms leading  to  the  apprehension  of  aural  disease  much 
graver  than  in  reality  exists. 

Affections  of  Hearing  and  Speech,  from  Dis- 
ease OF  THE  Temporal,  Occipital,  and  Lower  Pa- 
rietal Lobes  of  the  Brain. — Ferrier  and  Munk 
proved  that  a  destruction  of  the  temporal  lobe  caused 
abolition  of  the  reaction  to  sound.  Ferrier  maintained 
that  the  cortical  seat  of  the  function  of  hearing  lies  in 
the  temporal  lobe.  There  is  cited  the  case  of  a  woman, 
forty-two  years  of  age,  who  lost  her  voice  and  hearing 
after  suffering  from  intense  headache  for  three  months. 
At  the  post-mortem  examination,  a  colloid  degeneration 
of  the  temporal  lobes  of  both  sides  was  found,  more 
marked  upon  the  left  side  than  on  the  right.  The  pos- 
terior half  of  the  third  frontal  convolution  was  also  af- 
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f  ected.  In  a  second  case  there  had  been  hemiplegia  -which 
had  disappeared.  There  were  still  symptoms  of  ataxic 
aphasia,  of  a  subparalytic  condition  of  the  tongue,  and  of 
an  inability  to  distinguish  words,  though  the  hearing  was 
said  to  have  been  normal.  A  post-mortem  examination  re- 
vealed pachymeningitis  hsemorrhagica,  by  which  the  left 
temporal  lobe  as  well  as  the  third  frontal  convolution 
had  been  compressed,  and  degeneration  induced.  The 
diificulty  in  speech  was  caused  by  the  disease  in  the  third 
frontal  convolution.  The  sensory  aphasia,  or  inability  to 
distinguish  words,  is  attributable  to  disease  of  the  tem- 
poral lobe  (Kohler  und  Pick :  1870  ;  see  Review,  Archives 
of  Oiol.,  vol.  ix.). 

The  same  observers  demonstrated,  by  several  examples, 
how  ataxic  aphasia  and  deafness  for  words  can  be  dis- 
tinguished by  their  clinical  features.  As  is  well  known, 
the  principal  difference  between  the  two  is,  that  in  aphasia 
both  the  hearing  and  understanding  of  spoken  words  are 
present,  while  in  sensory  aphasia  hearing  is  preserved, 
but  an  inability  to  understand  words  exists  (Zeitschr.  fiir 
Heilkunde,  vol.  i.,  H.  1). 

In  a  case  of  aphasia,  paraphasia,  and  deafness  for  words, 
J.  Fritsch,  of  Vienna,  found  softening  of  the  lower  pari- 
etal lobe,  of  the  adjoining  posterior  portion  of  the  first 
and  second  temporal  gyri,  of  the  posterior  transverse 
temporal  gyrus,  and  of  the  posterior  gyrus  of  the  island 
of  Reil.  A  portion  of  the  second  occipital  gyrus  of  the 
occipital  lobe,  a  few  millimetres  in  breadth,  was  similarly 
affected.  Embolism  of  the  parieto-sphenoidal  branch  of 
the  left  artery  of  the  Sylvian  fossa  was  found  ( Wiener 
Med.  Presse,  No.  15, 1880  ;  also  Archives  of  Otol.,  vol.  ix.). 

Atrophy  of  the  occipital  lobe  is  found  in  some  cases  of 
profound  deafness  of  long  duration.  In  a  case  of  deaf- 
ness which  had  existed  for  sixty  years,  the  left  occipital 
lobe  was  atrophied  and  of  irregular  surface,  the  central 
furrow  was  deepened  enough  to  receive  the  index-finger, 
and  the  groove  between  the  lobulus  iuberis  and  the  pos- 
terior central  convolution  was  also  deepened.  The  third 
frontal  convolution  was  atrophic  ;  the  right  occipital  lobe 
also  showed  atrophy  of  its  cortical  substance,  and  the 
sulci  were  deepened.  The  trunks  of  the  auditory  nerves 
had  disappeared,  with  the  exception  of  a  few  fibres.  Also 
in  a  deaf-mute,  seventy-four  years  old,  atrophy  of  the 
occipital  lobe  was  found  (Luys :  Gazette  Med.,  No.  29, 
1880;  Archives  of  Otol.,  vol.  x.,  1881,  p.  80). 

Lesions  of  the  temporal  lobe  produce  alterations  in 
hearing,  as  in  a  case  described  by  "Wernicke  and  Fried- 
lander  (ForUchriUe  der  Medicin,  No.  6,  1883,  and  Archiv 
fur  Ohrenh.,  xx.,  149).  The  patient,  a  woman,  forty- 
three  years  old,  had  been  an  epileptic  for  eighteen  years. 
Finally,  the  epilepsy,  headache,  nausea,  and  retching  be- 
came more  distressing,  and  the  muscular  power  in  the 
left  hand  became  defective.  In  the  course  of  eight 
months,  the  epileptic  attacks  were  regularly  attended  by 
twitchings  of  the  left  arm,  and  then  occurred  a  simulta- 
neous diabetes  insipidus  and  considerable  hardness  of  hear- 
ing, from  which  the  patient  had  been  previously  free. 
The  eyesight  was  undisturbed.  In  the  course  of  two  or 
three  months  she  was  attacked  by  apoplexy,  followed  by 
aphasia  and  right  hemiplegia.  When  consciousness  re- 
turned, she  uttered  unintelligible  sounds.  In  two  months, 
though  she  could  speak,  she  could  not  make  herself  un- 
derstood, and  she  remained  paretic  in  the  right  arm.  In 
another  month  the  left  arm  became  paretic,  the  right  arm 
having  iTecome  entirely  well.  The  confused  and  unin- 
telligible speech  remained,  and  the  patient  had  become 
entirely  deaf.  With  symptoms  of  profound  leuksemia 
and  haematemesis,  the  patient  died  a  month  later.  Post- 
mortem examination,  the  day  after  death,  revealed  syph- 
ilis, gummatous  softening  of  both  temporal  lobes,  proc- 
titis ulcerosa,  with  perforation  of  the  vagina,  gummata 
in  the  liver,  marked  tumefaction  of  the  spleen,  leukaemia, 
and  haemorrhages  into  the  stomach  and  alimentary  canal. 
The  dura  mater  was  moderately  tense  and  adherent  to 
the  pia  mater  and  the  brain,  over  both  temporal  lobes, 
and  upon  the  right  side  it  was  adherent  to  the  contiguous 
parts  of  the  lower  part  of  the  parietal  lobe,  for  a  space 
the  size  of  a  German  mark-piece.  The  brain  substance 
was  soft  at  these  points,  partly  white  and  partly  brown- 


ish, and  consisted  of  large-celled  granulation-tissue,  with 
homogeneous,  slightly  fibrillar,  intercellular  substance, 
whereas  the  normal  elements  of  the  cortex,  especially  the 
ganglion  •  cells,  were  absent ;  otherwise  the  brain  was 
normal.  It  was  found  that  the  new  growth  comprised 
all  of  the  first  and  second  convolutions,  a  portion  of  the 
neighboring  convolution,  and  some  of  the  temporal  lobe. 
Forward,  there  was  a  narrow  extension  of  the  growth, 
limited  to  the  first  and  second  convolutions,  as  far  as  the 
border  of  the  front  and  middle  third  ;  posteriorly  it  ex- 
tended into  the  substance  of  the  second  convolution  to 
within  half  an  inch  of  the  lower  occipital  groove.  On 
the  right  side,  only  the  upper  and  posterior  part  of  the 
temporal  lobe  was  attacked  ;  the  most  important  change 
was  found  in  the  under  parietal  lobe,  and  extended  be- 
yond the  anterior  occipital  groove,  into  the  beginning  of 
the  occipital  lobe. 

The  deafness  was  developed  during  the  course  of  the 
brain-disease  and  increased  with  it,  so  that  the  ambilateral 
lesion  of  the  temporal  lobe  is  to  be  considered  the  cause 
of  the  deafness.  No  disease  was  found  in  the  middle  or 
external  ear  to  account  for  the  deafness.  Since,  further- 
more, there  was  no  increase  in  the  cranial  pressure  from 
within,  as  there  usually  occurs  with  tumors  of  the  pos- 
terior cranial  fossa  and  in  hydrocephalus  interuus,  which 
explains  the  deafness,  there  remain  simply  the  centres  of 
disease  in  the  temporal  lobes  to  explain  the  deafness  in 
this  case. 

In  intimate  relation  with  the  deafness  stands  the  no 
less  important  destruction  of  the  power  of  speech  in  the 
patient.  This  was  not  due  to  that  evanescent  destruc- 
tion of  speech  accompanying  the  apoplexy,  which  may 
be  considered  as  a  concomitant  of  the  simultaneous  hemi- 
plegia on  the  right  side,  and,  according  to  Wernicke,  is 
best  denominated  motor  aphasia ;  but  it  was  due  rather  to 
the  permanent  injury  of  the  power  of  expression  which 
the  patient  maintained  till  her  death,  and  which  corre- 
sponds exactly  to  that  phenomenon  observed  in  a  number 
of  cases  of  destruction  of  the  first  left  temporal  convolution. 
Wernicke  has,  from  previous  observations,  drawn  the  con- 
clusion that  the  memory  of  auditory  impressions  is  de- 
posited in  the  temporal  lobe.  It  has  remained  a  matter  of 
constant  verification  that  the  loss  of  the  memory  repre- 
sentations also  injures  the  power  of  speech. 

"  It  must  be  borne  in  mind  that  through  the  possession 
of  sound-pictures  of  speech,  a  continuous,  unconscious 
control  of  the  act  of  i  speech  occurs,  the  projection  of 
which  is  confusing  in  such  cases  of  disease." 

Halluolnations  of  Hearing  in  the  Insane. — 
Hallucinations  of  hearing  may  be  present  in  those  af- 
fected by  haemorrhagic  pachymeningitis  (see  Internal  Ear 
and  Auditory  Nerve  in  Psychic  Derangement).  In  those 
who  suffer  from  such  aural  phenomena  during  psychic 
derangement,  organic  changes  may  be  found  after  death, 
consisting  in  atrophy  of  the  semicircular  canals,  with 
fatty  deposits  in  the  cellular  structures  in  the  labyrinth. 
These,  however,  may  be  partly  senile  changes  (Moos ; 
Archi-o  fiir  Ohrenh.,  Bd.  xiv.,  373).  But  even  in  persist- 
ent hallucinations  of  hearing,  the  entire  auditory  appa- 
ratus may  be  found  normal  (Gell6).  Such  cases  have 
been  considered  due  to  changes  in  the  convex  surface  of 
both  cerebral  hemispheres  (Luys).  But,  as  in  such  a  case 
the'  carotid  artery  has  been  found  dilated  at  some  points, 
while  indurated  and  narrowed  at  others,  in  its  passage 
through  the  temporal  bone  (Gelid  :  Tribune  Mid.,  30 
Mars,  1879),  a  tinnitus  auiium  would  certainly  exist 
from  the  impeded  flow  and  morbid  vibrations  in  these 
blood-vessels.  Such  tinnitus  occurring  in  an  insane  sub- 
ject would,  of  course,  be  misunderstood  by  the  sufferer, 
and  give  rise  to  hallucinations  of  hearing.  Fischer  has 
made  a  serieb  of  investigations  in  subjects  affected  with 
auditory  hallucinations.  In  a  case  of  pronounced  me- 
lancholia with  vivid  hallucinations  of  all  the  senses,  he 
found  that  no  sensation  was  excited  in  the  acoustic  nerves 
by  strong  galvanic  currents,  and  that  the  hallucinations 
ceased  almost  entirely  during  continuance  of  the  cur 
rent.  A  regular  galvanic  treatment  of  the  brain  with 
eight  or  ten  elements,  the  current  being  passed  through 
the  head  from  side  to  side  and  from  back  to  front,  car- 
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ried  out  every  day  for  two  months,  effected  steady  im- 
provement, and  eventually  complete  cure.  Upon  the 
cessation  of  the  subjective  noises  in  the  ear,  the  halluci- 
nations disappeared.  Fischer  believes  that  in  such  cases 
delicate  disturbances  in  the  nutrition  of  the  central  ner- 
vous system  underlie  the  auditory  aflEection. 

In  an  ag;ed  lunatic  who  had  been  afflicted  with  auditory 
hallucinations,  hyperostosis  and  exostosis,  anchylosis  of 
the  head  of  the  hammer,  bony  occlusion  of  the  round 
window,  and  colloid  degeneration  of  the  auditory  nerve 
in  the  petrous  bone  were  found  after  death  (Moos  and 
Steinbrtlgge :  Archives  of  Otology,  vol.  xi.,  p.  8,  1883), 
showing  that  aural  disease  productive  of  tinnitus  aurium 
in  ordinary  normal  psychic  conditions,  is  sufficient  to  •'b& 
misinterpreted  by  the  insane  into  hallucinations. 

The  Intbrnal  Ear  and  Auditory  Nbrte  in 
Psychic  Derangement. — In  atrophy  of  the  brain  and 
hydrocephalus  externus,  there  may  be  found  chronic  os- 
titis of  the  cranium  and  of  the  temporal  bone,  and  chronic 
periostitis  of  the  tympanic  cavity,  with  partial  anchylosis 
of  the  ossicles  and  shortening  of  the  tensor  tympani. 
There  may  be  also  senile  alterations  in  the  cellular  struct- 
ure of  the  labyrinth  in  aged  subjects.  The  degree  of 
deafness  is  usually  great,  but  one  ear  may  be  better  than 
the  other,  and  to  the  better  side  the  patient  may  refer 
hallucination  of  hearing.  The  membranous'  semicircu- 
lar canals  may  be  found  very  atrophic  on  one  side,  but 
less  so  on  the  other,  while  on  both  sides  the  epithelium 
on  the  membranous  semicircular  canals,  as  well  as  in  the 
vestibular  structures,  and  also  the  cellular  tissues  of  the 
lamina  spiralis  membranacea,  may  show  great  quantities 
of  fat-globules,  as  in  a  case  observed  by  Moos  and  Stein- 
briigge  (Arehiees  of  Otology,  vol.  viii.,  p.  126).  These 
were  regarded  as  senile  changes.  The  substance  of  the 
pillars  of  Corti's  arches  may  preserve  a  normal  homo- 
geneous appearance  in  the  presence  of  the  above-named 
changes. 

Histological  changes  in  the  labyrinth  occur  in  connec- 
tion with  haemorrhagic  pachymeningitis  in  the  insane 
(Hmmatoma  durm  matris).  Thus  in  a  man,  aged  forty- 
seven,  affected  by  this  cerebral  disorder,  the  hearing  en- 
tirely failed  in  the  course  of  a  year.  There  were,  in  this 
time,  four  paralytic  attacks,  with  marked  further  de- 
crease in  hearing  after  each  stroke.  Death  occurred  in 
the  course  of  two  years.  The  autopsy  revealed  the  skull 
vault  smooth  on  both  surfaces,  but  greatly  thickened. 
The  dura  mater  was  firmly  adherent  to  it.  Upon  the  in- 
ner surface  of  the  dura  mater  there  were  pale,  gray 
pseudo-membranes,  stratified,  not  very  thick,  and  free 
from  haemorrhagic  deposits,  enclosing  about  two  hun- 
dred cubic  centimetres  of  yellowish  serum,  the  trans- 
formed elements  of  the  hsematoma  (Moos:  Archives  of 
Otology,  vol.  ix.,  1880).  In  another  case  reported  by 
the  same  author,  aided  by  Steinbrugge  {Archives  of 
Otology,  vol.  x.,  1881),  an  insane  woman,  aged  seventy, 
ten  months  before  her  death  developed  ptosis  of  the 
left  ey%  with  contraction  and  immobility  of  the  left 
pupil.  There  were  slight  clonic  spasms  in  the  tract  of 
the  right  facial  nerve,  with  normal  sensibiUty.  There 
were  complaints  of  frequent  dizziness  and  loss  of  bear- 
ings. The  hearing  on  the  left  side  seemed  better  than  on 
the  right.  The  autopsy  revealed  a  large  quantity  of  fluid 
in  the  subdural  space  of  the  spinal  cord,  haemorrhagic 
pachymeningitis,  atrophy  of  the  brain  in  all  its  parts, 
and  macroscopic  signs  of  haemorrhagic  discoloration  upon 
the  acoustic  nerve  in  the  porus  acusticvs  internus,  on  both 
sides.  A  similar  condition  was  detected  in  the  transverse 
part  of  the  left  facial  canal. 

There  were  microscopic  extravasations  of  blood  found 
between  the  fasciculi  of  the  vestibular  nerves  near  their 
exit,  and  throughout  the  cochlear  nerve  up  to  its  en- 
trance into  the  modiolus.  Degenerated  blood-corpuscles 
were  found  between  the  primary  nerve-fibres  in  the 
modiolus  in  only  one  instance.  The  blood-vessels  through- 
out the  labyrinth  were  congested.  The  cubical  and 
polygonal  shape  of  the  blood-disks  was  held  to  be  an 
evidence  of  stagnation.  There  were  no  signs  of  inflam- 
mation. In  this  case  the  hearing  was  not  so  much  re- 
duced, and  the  cerebral  changes  were  less  extensive.   The 


structure  of  the  nerve-trunks  and  their  expansions  in 
the  cochlea  were  normal,  as  were  the  soft  parts  in  the 
vestibule,  cochlea,  lamina  basilaris,  and  organ  of  Corti ; 
whereas,  in  the  first  given  case  there  were  cell-infiltrations 
of  the  walls,  thickening,  dilatation,  and  even  obliteration 
of  blood-vessels.  "When  such  extensive  changes  in  the 
labyrinth  are  found,  there  have  been  previously  numer- 
ous haemorrhages,  followed  by  increase  of  deafness  after 
each  attack.  When  only  one  haemorrhagic  attack  takes 
place,  the  deafness  is  slight  and  curable,  as  is  also  the 
haematoma  of  the  dura  mater.  (See  Concussion  of  Laby- 
rinth.) Moos  and  Steinbrugge  report  another  case  of 
haemorrhagic  pachymeningitis  ending  with  pyaemia,  acute 
degeneration  of  both  acoustic  nerves,  and  thrombosis  of 
the  right  internal  auditory  artery.  The  haemorrhagic  de- 
posits occurring  in  these  cases  may  be  found  on  the  dura 
mater  covering  the  posterior  surfaces  of  the  temporal 
bone,  and  continued  into  the  internal  auditory  canals. 
Under  the  microscope  this  deposit  is  seen  to  be  composed 
of  delicate,  wavy  connective  tissue,  enclosing  endothelial 
cells  from  the  arachnoid,  newly-formed  blood-vessels, 
blood-corpuscles  nearly  converted  into  pigment,  besides  a 
great  quantity  of  completely  formed  pigment,  the  result 
of  previous  haemorrhages.  The  internal  auditory  artery 
may  be  found  thrombic  in  different  places.  Beyond  the 
thrombi  vessels  empty,  and  are  surrounded  by  extravasa- 
tion. Nerve-fibres  are  seen  in  all  stages  of  degeneration. 
The  degeneration  of  the  auditory  nerve  is  probably  caused 
by  a  subdural  and  intrafascicular  extravasation  of  blood. 
This  tears  a  great  number  of  fibres,  and  deprives  them  of 
nutrition.  When  only  the  central  part  of  the  nerve  is 
affected,  the  peripheral  and  terminal  fibres  remaining  in- 
tact, the  conclusion  may  be  made  that  the  entire  process 
in  the  auditory  nerve  occurred  in  the  last  stages  of  life 
(Moos:  Arcliives  of  Otology,  vol.  xi.,  1882). 

The  auditory  disturbances  in  haemorrhagic  pachymen- 
ingitis may  be  due  to  haemorrhages  by  transudation  into 
the  labyrinth,  which  accompany  the  meningeal  haemor- 
rhages, and  which  in  repeated  attacks  may  lead  to  total 
destruction  of  the  function  of  hearing.  The  deafness, 
then,  is  brought  about  by  atrophic  and  degenerative  pro- 
cesses in  the  labyrinth,  in  which  both  the  trunk  of  the 
auditory  nerve  and  its  terminal  expansion  are  pre-emi- 
nently involved,  and  in  the  causation  of  which  the  dis- 
turbances in  the  circulation  and  in  the  nutrition  of  the 
tissues,  form  an  important  factor  (Moos  :  Archives  of 
Otol.,  vol.  ix.,  pp.  106  to  144,  1880).  The  same  author 
has  also  shown  that,  in  consequence  of  such  haemorrhagic 
processes  in  the  labyrinth,  there  ensues  inflammation, 
which  leads  partly  to  hyperplasia  of  the  connective  tissue, 
which  finally  may  undergo  fatty  degeneration.  With 
this  may  be  found  partial  atrophy,  in  the  form  of  degen- 
eration of  the  epithelial  tissue  and  nerve-elements.  The 
latter  may  become  very  atrophic,  and  display  abundant 
colloid  transformation.  In  the  atrophic  parts  of  the 
nerve  there  may  be  numerous  molecular  fat-globules, 
which  probably  emanate  from  the  degenerated  myeline. 
Such  atrophy  can  be  followed  to  the  ganglionic  cells,  and 
even  to  the  terminal  nerve-fibres  of  the  crista  of  the  am- 
pullae. The  alterations  in  the  labyrinth  appear  to  be 
connected  with  the  intracranial  process,  from  the  simi- 
larity of  the  alterations  in  the  vascular  tract  of  the  inter- 
nal auditory  artery  to  those  of  the  meningeal  artery,  as 
already  described  by  Kremiansky  and  Rindfleisch. 

Rachitic  Alterations  and  Disturbances  in  De- 
velopment IN  THE  Ears  of  Cretins. — Chronic  lepto- 
meningitis and  hydrocephalus  internus,  hyperostosis  of 
the  cranium,  sclerosis  of  both  mastoid  portions,  and 
osseous  malformations  in  the  middle  and  internal  ears, 
have  been  found  associated  with  cretinism  by  Moos  and 
Steinbrugge  (Archives  of  Otology,  vol.  xi.,  1882).  Both 
auditory  nerves,  in  such'  a  case,  were  similarly  affected 
in  the  internal  auditory  canals,  viz.  :  the  ganglionic  cells 
were  full  of  pigment,  and  the  nerve-fibres  were  of  a  sepia 
tinge,  partly  broken  up  into  tsenia-like  divisions,  with 
regular  lines  of  demarcation,  probably  representing  the 
nodes  of  Ranvier.  Their  axis-cylinders  were  distinct, 
but  minute.  The  vessels  of  the  labyrinth  were  greatly 
congested,  though  otherwise  the  soft  tissues  in  the  laby- 
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rinth  appeared  normal.  The  patient,  though  dumb, 
could  hear  a  little,  probably,  as  it  was  thought,  by  bone- 
conduction. 

AuEAii  Vertigo  :  Neuropathic  Form.— A  neuro- 
pathic form  of  aural  vertigo  (Menidre's  disease)  may  be 
said  to  exist  in  connection  with  some  forms  of  disease  of 
the  auditory  nerve.  The  affection  may  lie  either  in  the 
central  origin  of  the  nerve,  along  its  trunk,  or  in  the  ter- 
minal filaments  within  the  labyrinth.  It  will  be  in  place 
here  to  consider  simply  the  train  of  symptoms  of  a  so- 
called  Meniere's  disease,  arising  from  a  central,  disorder 
of  the  auditory  nerve.  These  may  ensue  in  an  appar- 
ently healthy  man  or  woman,  as  in  a  case  described  by  O. 
Wolf  (Fifty-second  Meeting  of  German  Physicians  and 
Naturalists,  1879).  In  this  instance,  in  a  woman  forty- 
six  years  old,  there  suddenly  developed  violent  tinnitus 
in  the  left  ear.  The  hearing  failed,  with  marked  inability 
to  hear  certain  series  of  tones,  and  there  was  a  confusion 
of  consonants.  There  were  no  changes  found  in  the  con- 
ductive apparatus.  For  a  year,  the  tinnitus  and  hearing 
remained  unchanged — ^unless  it  might  be  that  the  latter 
grew  worse.  In  the  second  year,  there  were  frequent 
attacks  of  vertigo  of  greater  or  less  intensity,  especially 
in  raising  the  head  ;  but  there  was  no  inclination  to  fall 
in  any  particular  direction.  The  tinnitus  could  be  re- 
lieved by  the  constant  electric  current.  In  the  course 
of  two  and  a  half  years,  ptosis  and  dilatation  of  the 
pupil  on  the  left  side  were  noted,  together  with  great 
pain  in  the  left  parietal  region.  The  patient  began  to 
move  about  only  with  aid,  and  stepped  peculiarly  high, 
like  a  chicken.  Soon  after  this  she  was  confined  to 
bed,  and  could  raise  her  head  only  with  assistance. 
The  muscles  of  the  neck  in  such  cases  may  become 
tender,  but  there  may  not  be  any  contraction.  The 
patella-reflex  may  remain  normal  and  the  cutaneous  sen- 
sibility unaltered.  Four  weeks  before  death,  in  the  case 
alluded  to,  facial  paralysis  on  the  left  side  set  in ;  the 
sensorium  remained  clear  most  of  the  time,  though  there 
were  periods  of  maniacal  excitement  with  delusions.  The 
left  ear  remained  deaf,  the  tinnitus  became  less,  but  the 
parietal  headache  was  intense.  There  was  constipation, 
and  the  urine  was  either  voided  involuntarily,  or  it  had 
to  be  drawn  by  the  catheter.  Finally,  speech  became 
difficult,  slow,  and  rattling,  and  death  occurred  from 
paralysis  of  the  palate  with  pneumonic  symptoms. 

The  post-mortem  examination  revealed  a  normal  con- 
dition of  the  cranial  bones.  In  the  tonsilla  cerebelli  on 
the  right  side,  there  was  found  a  tumor  the  size  of  a  large 
cherry,  reddish  in  color  and  firm  in  consistence,  vascular, 
and  with  uneven  surface,  which  pressed  upon  the  origin 
of  the  acoustic  nerve  in  the  fourth  ventricle,  in  such  a 
manner  as  to  obliterate  the  strise  acusticae  on  that  side, 
and  to  produce  paralysis  of  the  left  auditory  nerve. 
Furthermore,  the  meninges  at  the  base  of  the  brain  were 
inflamed.  A  second  but  smaller  tumor,  the  size  of  a 
small  hazel-nut,  was  found  in  the  cortical  portion  of  the 
cerebrum  on  the  right  side,  near  the  sulcus  in  the  central 
gyrus.  The  brain  was  soft  in  the  vicinity  of  the  tumors, 
and  to  the  presence  of  this  latter  one  were  attributed  the 
headache  and  attacks  of  mania.  The  genesis  of  the  tumor 
was  explained  by  the  occurrence  of  numerous  foci  of 
endo-arteritis  in  the  basilar  artery.  The  microscope  re- 
vealed in  these  tumors  a  rich  growth  of  so-called  granu- 
lation-cells, numerous  vessels,  and  in  many  places  con- 
nective tissue-fibres,  and  they  were  diagnosed  as  gum- 
mata.  It  was  known  that  twenty  years  previous, 
the  patient  had  had  syphilis,  had  undergone  inunctions 
for  it,  and  was  supposed  to  have  been  cured.  Certainly, 
she  had  manifested  no  signs  of  it  since,  and  her  children 
were  entirely  healthy. 

Alterations  in  the  cerebellum,  near  the  origin  of  the 
acoustic  nerve,  begin  with  tinnitus  and  alteration,  or  even 
abrogation,  of  the  sense  of  equilibrium,  and  hence  they 
may  be  confounded  with  labyrinthine  disease.  But  per- 
manent alteration  in  gait  and  in  the  sense  of  equilibrium, 
and  perhaps  implication  of  other  nervous  tracts,  sooner 
or  later  show  the  central  nature  of  the  nervous  change. 

Changes  in  the  Auditory  Nerve  and  Internal 
Ear,  Dub  to  Chronic  Otobrhcka  and  Caries.— In 


consequence  of  chronic  purulent  aural  disease,  attended 
with  marked  changes  in  the  middle  ear,  great  alterations 
may  ensue  in  the  internal  ear,  as  shown  by  McBride  and 
Bruce  {Archives  of  Otology,  vol.  ix.,  p.  365,  1880).  The 
vestibule  may  be  filled  by  a  white  mass  composed  of  pus- 
cells  and  fat.  The  cochlea  may  be  entirely  destroyed, 
and  the  osseous  tissue  near>  the  semicircular  canals  per- 
meated with  rod-like  bacteria.  These  may  be  found  be- 
tween the  lamellae,  and  also  in  the  perivascular  lymph- 
spaces,  in  the  adventitia  of  the  arteries,  and  within  the 
bony  semicircular  canals,  as  well  as  between  the  fibres 
of  the  facial  nerve.  The  veins  may  contain  plugs  com- 
posed of  bacteria.  These  observers  are  inclined  to  draw 
the  conclusion  that  cerebral  abscess  from  ear-disease  is 
due  to  migration  of  micro-organisms  fi'om  the  ear,  either 
through  the  blood-vessels  or  by  the  way  of  the  connective 
tissue  about  the  vessels. 

In  a  case  of  fatal  ear-disease  these  same  observers 
{Journal  of  Anatomy  and  Physiology,  xiv. ,  p.  360)  found, 
as  a  result  of  the  invasion  of  the  internal  ear  by  chronic 
purulent  otitis  media,  purulent  matter  in  the  vestibule, 
and  entire  destruction  of  the  terminal  apparatus  in  Corti's 
organ.  The  bone  about  the  labyrinth  was  infiltrated  with 
bacteria,  especially  copious  in  the  perivascular  spaces. 
This  infiltration  was  also  found  in  the  smaller  vessels  and 
in  the  trunk  of  the  auditory  nerve.  In  the  right  half  of 
the  cerebellum  there  was  an  abscess  the  size  of  a  walnut, 
in  the  pus  of  which  were  numerous  bacteria.  The  cere- 
bellum at  this  point  was  adherent  to  the  dura  mater  of 
the  diseased  petrous  bone. 

In  a  case  of  chronic  purulent  otitis  media,  terminating 
after  eighteen  years  duration  in  paralysis  of  the  facial 
nerve,  total  deafness,  and  abscess  of  the  cerebellum,  be- 
sides extensive  destruction  of  the  parts  in  the  middle  ear 
and  of  the  bone  about  the  internal  ear,  in  the  pyramidal 
part  of  the  petrous  bone,  great  microscopic  changes  were 
discovered  in  the  internal  ear  by  Moos  and  Steinbriigge 
{Archives  of  Otology,  vol.  x.,  and  Archivfur  Ohrenh.,  Bd. 
xvii.,  pp.  287,  288,  1881).  There  had  ensued  numerous 
carious  destructions  in  the  modiolus  and  cochlear  cap- 
sule. Such  destructions,  however,  were  few  near  the 
vestibule  and  semicircular  canals.  The  nervous  elements 
in  these  districts  were  nearly  entirely  destroyed.  The 
fibres  of  the  acusticus  were  found  in  all  stages  of 
atrophy,  with  marked  increase,  i.e.,  hyperplasia  of  its 
connective  tissue.  The  transverse  portion  of  the  facial 
nerve,  running  inward  from  the  hiatus,  appeared  as  a 
thin,  gray,  gelatinous,  and  very  brittle  string,  the  result 
of  granular  degeneration  of  its  axis-cylinder.  Its  hori- 
zontal portion,  from  the  hiatus  to  the  foramen  ovale,  and 
also  the  petrosus  superflcialis  major  nerve,  had  become 
enlarged  on  account  of  a  thickening  of  their  neurilemma. 
The  fibres  of  the  facial  nerve,  inward  from  the  centre  of 
softening,  were  broadened  by  a  swelling  of  their  marrow- 
substance,  nodulated,  and  twisted,  but  they  maintained 
their  double  outline,  and  manifested  only  a  very  slight 
degree  of  granular  degeneration.  ,, 

The  entire  lamina  spiralis  membranacea  was  wanting. 
In  its  place  there  was  detritus  colored  brown  by  osmic 
acid,  in  which  were  portions  of  the  zona  pectinata.  The 
same  kind  of  detritus  was  found  filling  the  vestibule  ;  the 
sacculi  were  destroyed.  The  region  of  the  crista  in  one 
of  the  ampullae  was  infiltrated  with  dark  granules.  At 
this  point  there  was  evidence  of  great  degeneration  of 
nerve-elements,  the  fibres  having  lost  their  double  out- 
line, and  exhibiting  sparse  and  very  small  axis-cylinders. 

Permanent  Alterations  in  Hearing  Produced 
BY  the  Use  op  Quinine  and  Salicylic  Acid. — Clin- 
ical Features. — After  large  doses  of  quinine  have  been 
administered,  well-known  aural  symptoms,  such  as  tin- 
nitus and  roaring  sounds  in  the  ears,  with  constriction  in 
the  head  and  deafness,  set  in,  which  vary  in  intensity  and 
duration  according  to  the  dose  given.  It  has  been  sup- 
posed by  many  that  the  permanent  deafness  which  often 
ensues  after  quinine  has  been  taken  in  large  doses  is 
due  to  the  febrile  disease  for  which  this  drug  has  been 
administered,  and  the  same  has  been  claimed  for  the 
hardness  of  hearing  which  follows  salicylic  acid.  But 
the  latter  drug  is  comparatively  new,  and  not  having 
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been  employed  so  frequently  as  quinine,  has  not  been  so 
often  considered  the  cause  of  permanent  deafness.  There 
is  reason  to  believe,  as  will  be  shown  hereafter,  that  per- 
manent alterations  in  hearing  may  be  produced  by  large 
doses  of  quinine.  If  to  a  strong  man,  perfectly  healthjr, 
without  previous  aural  disease,  and  without  any  syphi- 
htic  taint,  a  dose  of  a  quinine  salt,  like  the  sulphate  or  the 
muriate,  be  given  in  quantities  varying  from  one  to 
eight  grammes,  there  will  be  observed  within  a  few  hours 
marked  dulness  of  hearing,  intense  roaring  tinnitus  in 
the  head  and  ears,  and  a  sensation  of  constriction  in  the 
head,  while  in  some  cases  vertigo  and  pain  in  one  or  both 
ears  will  be  experienced.  The  watch  may  be  heard  only 
in  contact,  having  been  previously  well  heard,  and  bone- 
conduction  seems  abrogated  as  it  is  in  syphilitic  deaf- 
ness, due  to  disease  of  the  internal  ear.  The  mem- 
brana  tympani,  in  such  cases  of  quinine  deafness,  seems 
to  undergo  a  speedy  change  in  appearance,  assuming 
a  hazy  look,  as  observed  by  Kirchner,  Schilling,  Schwa- 
bach  (DeuUche  med.  Wochengehrift,  No.  11,  1884),  and 
others.  This  is  due  to  the  congestion  and  intense  hy- 
peraBmia  of  the  mucous  surface  of  the  drum-membrane, 
which  is  so  well  known  to  occur  after  large  doses  of 
quinine. 

The  participation  of  the  labyrinth  is  shown  clinically 
by  the  inability  of  the  patient  to  hear  a  watch  tick  and 
the  tuning-fork  through  the  bones  of  the  skull,  and  also 
by  inability  to  hear  high  notes  by  aerial  conduction,  either 
very  imperfectly,  or  not  at  all.  The  inability  to  hear 
high  notes  is  due  to  the  congestion  which  ensues  at  the 
lower  whorl  of  the  cochlea,  where  the  nerve-fibres  of 
hearing  for  high  notes  are  supposed  to  lie.  As  this  is 
near  the  promontory  and  the  latter  nearest  the  vessels  of 
the  drum-cavity,  and  as  an  intimate  vascular  anastomosis 
exists  between  the  labyrinth  and  middle  ear  (Politzer), 
it  is  readily  seen  how  the  tympanic  congestion,  so  easily 
induced  by  quinine,  can  be  communicated  to  the  laby- 
rinth and  cochlea. 

Salicylate  of  soda  and  salicylic  acid  do  not  seem  to 
affect  the  ear  as  quickly  nor  so  extensively  as  quinine. 
There  is  no  doubt,  however,  that  large  doses  of  sali- 
cylate of  soda,  i.e.,  1.0  gramme  every  hour  for  five  hours 
(Schwabach,  lee.  eit.),  will  induce  tinnitus  aurium  and 
deafness,  or  make  these  symptoms  worse  if  they  already 
exist,  and  perhaps  aid  in  the  production  of  permanent 
changes  in  the  labyrinth,  as  asserted  by  Kirchner.  If  after 
two  or  three  doses  of  salicylate  of  soda,  e.g. ,  one  gramme 
every  two  hours,  have  been  taken,  tinnitus  aurium  and 
deafness  ensue,  cessation  of  the  dosing  will  be  followed  by 
disappearance  of  the  aural  symptoms  ;  but  if  these  doses 
are  resumed,  the  auditory  discomfort  is  rapidly  repro- 
duced. The  hearing  does  not  seem,  however,  to  be  per- 
manently altered  by  the  administration  of  salicylate  of 
soda,  although  the  tinnitus  it  produces  may  remain  for  a 
long  time. 

It  is  claimed  by  Schwabach  that  even  small  doses  of 
quinine  or  salicylic  acid  may  produce  permanent  deaf- 
ness. 

In  such  cases,  there  may  be  an  idiosyncrasy  rendering 
the  subject  especially  liable  to  be  affected  by  these  drugs, 
just  as  m  some  individuals  the  skin  is  readily  affected  by 
certain  drugs,  as  shown  by  the  speedjr  eruption  on  the 
cutaneous  surface  following  their  administration.  The  pe- 
culiar effects  of  quinine  and  salicylic  acid,  upon  the  audi- 
tory apparatus,  are  presumably  due  to  the  vessel-dilating 
power  which  they  possess.  To  overcome  this  effect,  it  is 
recommended  (Schilling :  Munchener  drztl.  IntelUgenz- 
blatt.  No.  3,  1883)  that  the  vessel-contracting  drug,  ergot, 
be  given  shortly  after  the  dose  of  these  drugs  is  adminis- 
tered. This  observer  states  that  in  eighty-seven  cases  he 
combined  salicylate  of  soda  with  ergot,  and  found  that 
in  seventy-six  per  cent,  of  the  cases  no  effect  of  this 
drug  upon  the  organ  of  hearing  was  detected.  In  nine 
cases  in  which  he  combined  ergot  with  quinine,  one 
gramme  to  one  and  a  half  gramme  of  fresh  secale  cornu- 
tum  or  one  gramme  of  ergotin,  these  cases  had  either  no 
aural  symptoms  or  very  slight  ones,  while  in  those  cases 
in  which  the  quinine  alone  was  used,  the  aural,  symptoms 
were  intense. 


The  antirheumatic  and  antifebrile  effects,  respectively, 
of  these  drugs  are  not  impaired  by  such  a  combination 
of  the  controlling  drug.  In  this  connection  it  will  be  well 
to  recall  the  suggestion  of  Pinkler  and  PriorlDeutsche 
med.  Wochenschr.,  No.  6,  1884),  that  amorphous  borate 
of  quinine  is  an  efficient  antipyretic  and  antiperiodic 
remedy,  and  possesses  besides  the  great  advantage  of  not 
inducing  tinnitus  aurium  to  the  same  extent  as  the  muri- 
ate of  quinine.  One  of  these  observers  took  0.5  gramme 
of  this  drug  without  any  auditory  distress,  whereas  the 
same  quantity  of  the  muriate  of  quinine  induced  head- 
ache and  tinnitus  aurium  so  intense  as  to  keep  him 
awake  all  night.  Without  doubt,  an  intolerance  of  the 
salts  of  quinine  most  in  use  exists  in  some,  while  it  is  ab- 
sent in  other  subjects.  This  should  be  borne  in  mind  by  the 
clinician,  and  when  he  resorts  to  their  use  in  large  doses 
at  a  time,  a  controlling  drug  should  be  employed,  both 
in  order  to  give  comfort  to  the  patient  and  to  save  his  in- 
ternal, or  his  middle  ear,  or  both,  from  permanent  injury. 
The  histological  changes  induced  by  large  doses  of  qui- 
nine are  demonstrated  by  the  experiments  of  Kirchner, 
soon  to  be  described. 

Hyperemia  of,  and  H^hobbhaob  into,  the  Laby- 
KiNTH. — Hyperaemia  and  hsBmorrhages  may  ensue  in  the 
labyrinth  from  large,  poisonous  doses  of  quinine  and 
salicylic  acid  (W.  Kirchner  :  Archiv  fur  Ohrenhsilkunde, 
Bd.  xviii.,  p.  305  ;  and  ibid.,  Bd.  xx.,  p.  209).  Besides 
hyperaemia,  the  same  observer  has  detected  extravasations 
in  the  cochlea  and  semicircular  canals  from  the  same 
causes.  Thus  in  a  cat,  to  which  large  doses  of  quinine 
had  been  given,  a  copious  extravasation,  consisting  of 
white  and  red  blood-corpuscles,  extended  from  the  iiaa 
spirale.,  over  parts  of  the  sulcus  spiralis,  the  vas  spirale, 
the  auditory  pillars,  Corti's  arches,  and  the  membrana  basi- 
laris.  In  a  preparation  taken  from  a  rabbit,  an  extrava- 
sation could  be  seen  extending  from  the  semicircular 
canals  to  a  vessel  of  th:;  surrounding  osseous  substance. 
In  a  woman,  who  had  taken  for  a  long  time  large  doses 
of  salicylic  acid,  Kirchner  found,  after  the  subsidence  of 
the  labyrinthine  symptoms  (i.e.,  vertigo,  roaring  noises, 
and  constriction  in  the  head,  with  reeling),  an  exudation 
in  the  tympanic  cavity,  which  necessitated  paracentesis 
membrana  tympani. 

In  cases  of  acute  quinine  deafness  it  may  be  assumed, 
therefore,  that  paralysis  in  the  walls  of  the  vessels  and 
exudations  ensue  in  various  pai-ts  of  the  auditory  appa 
ratus.  It  is  well  known  that  the  fundus  of  the  auditory 
canal,  and  the  membrana  flaccida,  and  lower  portions  of 
the  membrana  tympani  are  congested  by  large  doses  of 
quinine.  These  cases  are  those  in  which  the  tympanic 
cavity  is  congested,  and  probably  those  instances  of 
quinine  deafness  which  recover.  When,  however,  after 
large  and  long-continued  doses  of  quinine,  the  hearing  is 
gi-eatly  and  permanently  impaired,  it  may  be  assumed 
that  the  hypersemia,  haemorrhage,  or  extravasation, 
which  has  ensued  in  the  labjmnth,  has  inflicted  irrepa- 
rable injury  upon  the  percipient  parts  of  the  organ  of 
hearing. 

Hyperaemia  of  the  head,  with  simultaneous  injection  of 
the  membrana  tympani  and  pulsating  tinnitus,  if  accom- 
panied by  impairment  of  hearing,  lead  irresistibly  to  the 
conclusion  of  hyperaemia  of  the  labyrinth.  Haemorrhages 
into  the  labyrinth  may  occur  not  only  from  fractures  of 
the  base  of  the  skull  and  petrous  hone,  but  also  from 
simple  concussion ;  also  in  typhoid  fever,  acute  tubercu 
losis,  and  in  other  diseases  (Lucae  :  Eulenburg'a  Ileal  En- 
cydopadie,  viii.,  1881 ;  also  Arch.  f.  Olirenh.,  Bd.  18,  p. 
188).  Anaemia  seems  to  produce  alterations  in  the  hear- 
ing, but  it  is  not  possible  to  give  any  pathological  expla- 
nation of  this  phenomenon  from  post-mortem  data.  .  It 
seems  highly  probable  that  in  some  cases  of  concussion  of 
the  labyrinth  haemorrhagic  effusions  occur,  which  are 
followed  by  deafness  and  other  symptoms  of  labyrinth 
commotion.  From  the  recovery  of  the  hearing  and  the 
disappearance  of  the  other  svmptoms  of  disturbance  in 
the  labyrinth,  in  the  meanwhile  there  having  been  no 
symptoms  in  the  external  or  middle  ear  to  account  for  the 
aural  phenomena  present,  the  diagnostician  is  forced  to 
conclude  that  the  effusion  in  the  labyrinth  has  not  been 
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great,  and  lias  been  absorbed,  before  permanent  impair- 
ment of  function  in  tlie  nerve-structures  of  the  inner  ear 
has  ensued. 

H^MOKKHAGIC    INFLAMMATION  OP  THE    CoCHLEA. — 

In  some  cases  of  deafness,  so  great  that  words  are  heard 
only  when  spoken  directly  into  the  ear,  and  in  which  the 
notes  of  a  melodeon  are  heard  from  d  downward  better 
than  the  higher  ones,  a  post-mortem  examination  may  re- 
veal, besides  chronic  catarrh  of  the  middle  ear  on  both 
sides,  on  one  side  several  sclerosed  spots  in  the  vestibule, 
many  pigment  cells  in  the  cochlea,  and  numerous  otoliths 
in  Corti's  organ.  In  the  sacculi  of  the  vestibule  on  each 
side  there  may  be  large,  blackened  accumulations  of  cal- 
careous matter.  The  auditory  nerves  may  remain  nor- 
mal. Musical  sounds  may  be  heard  well  during  life  in 
such  cases,  because  the  cochlea  is  less  affected  than  the 
vestibule  (Lucae :  Arehivfur  OhrenlieilkuTide,  Bd.  xv.,  p. 
273).  It  was  supposed  in  a  case  like  this,  reported  by 
Luc8B,  that  the  changes  in  the  internal  ear  were  due  to  in- 
flammation in  childhood.  The  nature  of  the  inflamma- 
tion was  supposed  to  be  hemorrhagic,  as  shown  by  the 
deposit  of  pigment  in  the  cochlea. 

In  another  case,  observed  by  the  same  writer,  the 
whispered  voice  could  not  be  heard,  but  the  c'  tuning- 
fork  could  be  heard  perfectly.  At  the  autopsy  it  was 
found  that  the  conducting  apparatus  and  the  labyrinth 
were  normal,  but  that  the  acoustic  nerve  was  gray  and 
atrophic  in  appearance.  Microscopic  examination  of  sec- 
tions of  the  auditory  nerve  showed  that  while  the  fibres 
of  the  ramus  vestibularis  were  mostly  normal,  the  ramus 
coehUaris  showed  very  thin  atrophic  fibres,  with  consider- 
able atrophy  of  the  medullary  sheath.  It  is  supposed 
that  in  such  cases  a  certain  set  of  the  fibres  of  the  audi- 
tory nerve,  corresponding  in  their  power  of  audition  to  c' , 
had  still  preserved  their  function.  Similar  symptoms, 
often  seen  in  deaf  patients,  may  thus  be  explained. 

H^MOHRHAGic  Inflammation  of  the  Labymnth  in 
Children. — Closely  allied  to  hajmorrhagic  processes  in 
the  cochlea,  just  described,  are  haemorrhages  and  haemor- 
rhagic  inflammation  of  the  labyrinth  in  children,  as  de- 
scribed and  demonstrated  by  post-mortem  examination 
(Lucae :  Virclum's  Archiv,  Bd.  Ixxxviii.,  1883.  Review 
in  Archives  of  Otology,  vol.  xi.,  p.  345).  A  boy  three  and 
a  half  years  old  was  affected  with  symptoms  of  a  mild 
cerebro-spinal  meningitis.  On  the  tenth  day  he  had 
begun  to  manifest  symptoms  of  improvement,  but  the 
day  after  he  became  suddenly  deaf.  For  three  days 
preceding  this  he  had  complained  of  intense  tinnitus 
aurium.  Symptoms  of  meningitis,  with  strabismus,  now 
returned.  Three  weeks  after  the  relapse  the  patient  was 
emaciated,  insensible,  and  vomiting.  Eight  weeks  after 
the  beginning  of  the  illness  the  patient  died  in  conse- 
quence of  an  apparent  tubercular  basilar  meningitis. 
The  post-mortem  examination  revealed  signs  of  internal 
hydrocephalus  and  a  tendinous  thickening  of  the  pia 
mater  at  the  base  of  the  brain.  The  dura  mater  covering 
the  petrous  bone  was  reddish,  blue  and  green  in  its  dis- 
coloration, especially  in  the  region  of  the  semicircular 
canals.  The  osseous  semicircular  canals,  especially  the 
superior  and  the  posterior,  were  filled  with  fluid  blood 
and  dark-red  coagula.  The  vestibules  also  were  filled 
with  blood  ;  the  cochleae  contained  less.  Pus  was  found 
in  the  canals  and  in  the  broken-down  membranous  parts 
of  the  labyrinth  generally.  The  vessels  of  the  laminas 
spiralis  were  greatly  congested,  and  Corti's  membranes 
in  both  cochleae  very  much  thickened.  There  were  no 
evidences  of  tubercles  in  the  labyrinth. 

Careful  examination  seemed  to  show  that  the  disease 
had  reached  the  labyrinth  by  means  of  a  reduplication  of 
the  dura  mater,  very  rich  in  vessels  which  extended  into 
the  hiatus  subarcuatus,  i.e.,  the  space  underneath  the  su- 
perior semicircular  canal,  which  exists  in  children,  not 
yet  having  been  filled  up  by  bony  tissue.  There  was  also 
an  osteo-myelitic  condition  of  the  spongy  substance  of  the 
bone  about  the  labyrinth,  which  had  induced  the  haem- 
orrhagic  inflammation  of  the  membranous  labyrinth. 
Lucae  thinks  that  he  has  discovered  a  way  of  transmission 
of  inflammation  from  the  meninges  to  the  labyrinth, 
through  this  fossa  subarcuata,  heretofore  unexplained, 


and  by  this  means  perhaps  many  cases  of  sudden  deaf- 
ness in  children  can  be  elucidated.  It  should,  however 
be  borne  in  mind  that  Schklarewsky  (Gottinger  Naeh. 
riehten,  No.  15, 1873)  called  attention  to  a  similar  way  for 
the  passage  of  inflammation  from  the  semicircular  canals, 
when  experimenting  upon  them  in  animals,  in  the  study 
of  the  functions  of  these  organs,  as  alluded  to  by 
Boettcher  in  his  experiments  (Dorpat,  1873-73).  In  an- 
other male  child,  seven  months  old,  similar  hyperaemia 
and  extravasations  were  found  in  the  enormously  enlarged 
narrow  spaces  of  the  spongy  osseous  portion  of  the  laby- 
rinth, and  in  the  bony  canals.  This  condition  was  at- 
tributed to  the  vascular  connection  between  the  fissura 
petro-squamosa  and  the  dura  mater,  and  thence  to  the 
labyrinth,  by  means  of  the  vasa  subarcuata.  To  this 
spongy  tissue  surrounding  the  capsule  of  the  labyrinth,  as 
well  as  to  the  vessels  penetrating  the  petrous  bone,  an 
important  part  in  the  physiological  nutrition  of  the  laby- 
rinth and  its  disturbances  in  infancy  is  ascribed. 

Pbimaby  Acute  Purulent  Inflammation  of  the 
Labykinth,  Resulting  in  Pukulbnt  Meningitis.— 
The  occurrence  of  an  Idiopathic,  primary,  non-traumatic 
infiammation  of  the  labyrinth  seems  to  have  been  de- 
scribed, and  satisfactorily  demonstrated,  by  post-mortem 
examination  of  the  labyrinth  of  a  woman  thirty-two  years 
old  (Schwartze  :  ArcMvfwr  Ohrenheilkunde,  Bd.  xiii.,pp. 
107  to  113,  1877).  The  first  marked  symptoms  were 
aural,  and  consisted  in  pain  in  the  right  ear,  with  vertigo 
and  uncertainty  of  gait.  Several  weeks  previous  to  the 
occurrence  of  the  pronounced  ear-symptoms  there  had 
been  pain  in  the  right  temple  and  brow,  with  anorexia 
and  insomnia.  Gradually  the  sense  of  fulness  of  the  ear 
increased,  the  hearing  became  diminished,  and  vertigo, 
with  tinnitus,  became  more  distressing.  At  first,  the 
headache  and  vertigo  were  relieved  by  rest  and  elevation 
of  the  head  in  bed.  For  a  month  the  symptoms  of  head- 
ache increased,  and  vomiting  often  occurred.  At  the  end 
of  this  time,  the  tinnitus  and  pain  in  the  ear  grew  worse, 
the  sleep  was  destroyed,  and  vomiting  became  more  fre- 
quent. In  the  course  of  four  days  the  patient  had  become 
pale  and  weak  ;  the  pulse  was  73,  temperature  37.8°  C, 
and  the  gait  more  uncertain  ;  the  pupils  were  normal,  but 
somewhat  sluggish  to  the  stimulus  of  light ;  the  ear  and 
its  neighborhood  were  not  sensitive  to  pressure ;  the 
membrana  tympani  was  perhaps  hypersemic,  and  the  hear- 
ing had  diminished  to  only  fifteen  centimetres  for  a  watch. 
The  tuning-fork  was  heard  better  per  ossa  in  the  affected 
ear  than  in  the  unaffected  one.  There  then  ensued  a 
period  of  relief  from  all  the  symptoms  of  pain  in  the 
ear  and  headache  for  a  day,  which  was  succeeded  by  a 
sudden  increase  of  suffering.  The  headache  became 
much  worse,  increasing  in  the  temple,  brow,  and  occiput 
of  the  affected  side,  and  the  pupils  were  wide  but  slug- 
gish ;  pulse,  68,  hard  and  full,  and  vomiting  occurred. 
In  the  cour.se  of  ten  or  twelve  hours,  sleep,  from  which 
the  patient  could  be  aroused,  ensued,  and  there  were 
some  jactitations,  with  trismus,  light  delirium,  and  a 
pulse  of  93.  On  the  next  day  there  was  coma,  with  a 
pulse  of  130,  and  the  urine  had  to  be  drawn  with  a 
catheter  ;  stertor,  trismus,  and  narrowing  of  the  pupils 
ensued,  preceding  death,  which  occurred  without  cod 
vulsions  or  paralysis  of  the  extremities. 

Posi^mortem  examination,  in  Schwartze's  case,  made 
twenty-five  hours  after  death,  revealed  a  thin  calvarium, 
and  the  dura  mater  moderately  injected,  tight,  and 
smooth.  The  pia  mater  was  infiltrated  with  a  greenish- 
yellow  pus  on  the  convexity,  along  the  course  of  the 
large  vessels,  markedly  so  on  each  side,  near  the  fossa 
of  Sylvius.  The  gyri  were  mostly  free.  On  the  base 
of  the  brain  the  same  purulent  infiltration  was  found. 
The  brain  substance  was  soft,  moist,  moderately  red, 
and  near  the  ventricles  especially  soft.  About  the  right 
Gasserian  ganglion  there  was  found  some  puriform 
matter  between  the  dura  mater  and  the  petrous  bone. 
The  surface  of  the  bone  was  unaltered,  and  elsewhere  the 
dura  was  unchanged.  The  sinus  cavernostis  contained  an 
old,  brown  clot,  without  pus.  The  sinus  transversus  and 
the  sinus  pel/rosus  superior  were  empty.  No  pus  was 
found  on  the  nerve-trunks  in  the  porus  aouslieus  inter- 
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nus.  The  petrous  bone  was  normal  externallj^,  no 
caries  nor  deficiencies  of  ossification  being  found  in  it. 
No  cause  of  death  was  discoverable  in  the  organs  of  the 
abdomen  or  thorax.  The  membrana  tympani  was  not 
perforated,  its  mucous  layer  was  thick,  the  tympanic 
cavity  was  healthy  and  free  from  pus.  In  the  cochlea, 
in  the  vestibule,  and  in  the  semicircular  canals  there 
was  found  a  sero-purulent  fluid,  of  a  milky  appearance, 
which,  upon  microscopic  examination,  proved  to  be  very 
fatty  pus-cells.  The  vessels  in  the  semicircular  canals, 
and  especially  in  their  ampuUse,  were  intensely  congested 
and  tortuous.  At  some  points  in  these  structures  there 
were  small  ecchymotic  spots.  The  saceuli  in  the  vestibule 
were  greatly  swollen,  very  red,  and  infiltrated  with  pus. 

The  occurrence  of  such  an  idiopathic,  purulent  inflam- 
mation, has  never  been  so  satisfactorily  proven  by  demon- 
stration of  the  pathologico-anatomical  lesion  as  in  this 
case  of  Schwartze's.  The  course  of  the  ijassage  of  the 
inflammation  of  the  labyrinth  to  the  cranial  cavity  was 
not  clearly  demonstrable.  It  is  known  that  it  did  not  pass 
by  the  way  of  the  nerve-trunks  in  the  porus  acusticus  in- 
ternus,  nor  are  we  warranted  in  supposing  that  the  sup- 
puration of  the  pia  mater  was  primary  and  that  of  the 
labyrinth  secondary,  from  the  history  of  the  onset  of  the 
symptoms  and  also  from  the  freedom  of  the  aforesaid 
nerve-trunks.  It  must  be  remembered  that  the  first 
symptoms  were  aural,  viz.  :  a  sensation  of  fulness  in  the 
ear,  pain,  hardness  of  hearing,  and  tinnitus.  Then  fol- 
lowed vertigo  and  disturbed  equilibrium,  symptoms  of  ir- 
ritation in  the  labyrinth.  Several  days  later,  there  ensued 
symptoms  of  acute  purulent  meningitis.  Syphilis  could 
not  have  well  been  the  cause,  as  no  traces  of  constitu- 
tional syphilis  were  found  elsewhere  in  the  body,  although 
the  woman  is  known  to  have  had  syphilis  a  year  previous 
to  the  labyrinth-disease.  The  congestion  of  the  mem- 
brana tympani  observed  during  life  was  due  to  its  par- 
ticipation in  the  congestion  of  the  tympanic  cavity, 
induced  by  the  suppuration  in  the  labyrinth.  Congestion 
of  the  tympanic  cavity  often  occurs  secondarily  to  sup- 
puration in  the  labyrinth,  following  inflammatory  pro- 
cesses in  the  cranium,  or  tympanic  congestion  may  occur 
as  a  consequence  of  meningitis  and  an  extension  of  the 
same  by  means  of  processes  of  the  dura  mater  entering 
the  drum-cavity. 

Otitis  Labtkinthica  :  Acute  Inflammation  of  the 
Membkanotjs  Labyrinth. — In  some  respects  closely  re- 
sembling the  otitis  interna  of  cerebro-spinal  meningitis, 
is  an  acute  inflammation  of  the  membranous  labyrinth, 
described  and  denominated  by  Voltolini,  otitis  laby- 
rinthica  (Mbnatssehrift  fur  OhrenheUkunde,  1873,  No.  8). 
There  have  been  observed  and  reported  by  him  some 
cases  of  a  disease  closely  resembling  acute  meningitis,  in 
young  children,  which  he  claims  to  be  a  disease  of  the 
labyrinth  peculiar  to  children  and  as  "  specific  as  croup." 
From  a  close  study  of  these  cases,  it  would  seem  that 
there  may  be  an  idiopathic  disease  of  the  internal  ear, 
viz.  :  of  the  labyrinth,  closely  resembling  in  its  symptoms 
meningitis,  but  lacking  the  fatal  result  of  the  latter.  The 
patient,  however,  is  rendered  permanently  deaf. 

Symptoms. — A  child  five  years  old  with  perfect  hear- 
ing, may  be  attacked  suddenly  with  vomiting  which  lasts 
for  several  days,  with  intermissions,  and  there  will  also 
be  chill  and  fever.  No  cause  can  be  assigned  for  these 
symptoms  by  the  parents.  On  the  first  day  of  the  disease 
the  child  still  hears,  but  by  the  second  day,  the  hearing 
is  wholly  destroyed.  The  intellect  remains  clear  dur- 
ing the  entire  disease.  Spasms,  paralysis,  and  opisthot- 
onos are  absent.  The  urine  and  the  faeces  present  no 
abnormal  symptoms.  The  child  may  cry  out  that  the 
noises  in  the  head  are  distressing.  By  the  fourth  day  the 
appetite  returns,  and  the  child  begins  to  play.  Upon  at- 
tempting to  walk,  in  the  course  of  two  or  three  weeks, 
the  gait  is  very  unsteady  and  the  child  has  to  be  led 
about.  An  examination  of  the  external  auditory  canal  and 
membrana  tympani  reveals  no  alterations  to  account  for 
these  distressing  symptoms.  As  death  has  never  occurred 
in  any  of  these  cases,  the  precise  lesion  has  never  been 
demonstrated.  There  are  some  points  of  difEerential 
diagnosis  worthy  of  mention.    In  cerebro-spinal  menin- 
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gitis,  convalescence  is  long  and  herpes  labialis  is  an  al- 
most constant  symptom,  while  it  rarely  appears  in  otitis 
labyrinthica.  The  latter  disease  is  ushered  in  by  vomit- 
ings, which  are  absent  in  cerebro-spinal  meningitis. 
Then,  too,  the  hearing  is  quickly  and  entirely  destroyed 
in  otitis  labyrinthica,  while  in  cerebro-spinal  meningitis 
it  is  destroyed  much  less  rapidly  and  partial  audition  for 
some  cracking  and  grating  sounds  seems  to  remain  in 
many  instances.  It  has  never  been  claimed  that  treat- 
ment is  of  any  avail  in  these  cases  of  so-called  otitis  laby- 
rinthica. 

Gottstein  maintains  that  the  majority  of  cases  present- 
ing symptoms  of  a  so-called  primary  otitis  labyrinthica 
of  Voltolini  are  really  secondary,  and  usually  the  re- 
sults of  cerebro-spinal  meningitis,  the  symptoms  of  the 
meningitis  being  overlooked,  owing  to  the  peculiar  course 
of  the  disease.  There  may  be  assumed  to  have  been  in 
these  cases  an  abortive  form  of  cerebro-spinal  meningitis, 
which,  as  it  never  proves  fatal,  has  never  been  demon- 
strated by  post-mortem  evidences.  Again,  many  cases  of 
so-called  otitis  labyrinthica  present  the  clinical  type  of  mild 
cerebro-spinal  meningitis.  The  strongest  argument  that 
the  so-called  otitis  labyrinthica  is  a  form  of  cerebro-spinal 
meningitis  is  that  it  occurs  during  epidemics  of  the  latter 
disease.  Lastly,  the  symptoms  of  meningitis  always  pre- 
cede the  auditory  symptoms,  as  in  the  case  of  other  nerves 
affected  by  menmgitis  (Archm  f.  Ohrenh.,  xviii.,  p.  174, 
and  American  Journal  of  Otology,  vol.  iii.,  329). 

Cebbbeo-spinal  Meningitis  :  Diseases  of  the 
Atjditobt  Nerve  and  its  Terminal  Parts. — At  the 
termination  of  cerebro-spinal  meningitis,  or  during  con- 
valescence from  it,  the  patient  is  found  to  be  deaf,  usu- 
ally in  both  ears.  There  is  also  in  many  cases  an  altera- 
tion in  the  gait,  the  patient  assuming  a  sailor-like  manner 
of  walking,  and  there  may  be,  in  some  instances,  vertigo. 
The  lesion  in  most  cases  lies  in  the  labyrinth,  and  is 
due  to  a  neuritis  descendens,  i.e.,  a  slow  encroachment 
of  the  inflammation  in  the  interior  of  the  cranium,  upon 
the  labyrinth,  along  the  perineural  vessels  of  the  audi- 
tory nerve.  It  is  held  by  Moos  (Jleher  Meningitis  cerebro- 
spinalis  epidemica,  insbesondere  uber  die  naeh  derselben 
zwriick  bleibenden  combinirten  Gehors-  und  Oleicligewichts- 
siorungen,  Heidelberg,  1881),  that  in  sixty-four  cases  ob- 
served by  him  in  eighteen  years,  fifty  per  cent,  showed 
disturbances  of  both  equilibrium  and  hearing,  fifty-nine 
per  cent,  were  totally  deaf  in  both  ears,  and.  hence  be- 
came deaf-mutes,  31.4  per  cent,  were  totally  deaf  but  re- 
tained speech,  while  only  1.5  percent,  escaped  without 
aural  lesion.  He  also  observed  that  those  left  with 
hearing  for  high  notes,  but  with  dulness  of  hearing  or 
absolute  deafness  for  low  notes,  stand  a  better  chance  of 
retaining  hearing  for  spoken  words.  If  absolute  deaf- 
ness persists  for  more  than  three  months  after  the  cere- 
bral disease,  the  prognosis  is  unfavorable,  without  excep- 
tion. If,  however,  subjective  sensations  of  sound  reappear 
during  convalescence,  provided  the  hearing  has  been  pre- 
viously wholly  lost,  the  prognosis  becomes  more  favorable. 
The  disturbance  in  equilibrium,  subsequent  to  cerebro- 
spinal meningitis,  is  very  probably  due  to  an  invasion  of 
the  semicircular  canals  and  their  ampullae. 

It  is  a  noteworthy  fact  that  those  who  become  deaf 
in  consequence  of  cerebro-spinal  meningitis  hear  some 
noises  like  the  cracking  of  a  whip,  or  sharp,  grating 
sounds,  but  are  unable  to  hear  the  sounds  of  the  human 
voice. 

Sometimes  the  terminal  expansion  of  the  auditory  nerve 
is  compromised  in  the  early  inflammatory  process.  Then 
in  a  few  hours  the  hearing  is  destroyed,  and  at  the  au- 
topsy it  is  found  that  the  vestibule,  the  cochlea,  and  the 
semicircular  canals  are  filled  with  ecchymoses,  blood, 
and  pus,  which  explains  the  affection  of  the  nervous  ele- 
ments (Kirchner :  Deutsche  med.  Wochenschrift,  1884, 
No.  5).  ^    ^ 

In  some  instances  the  mucous  membrane  of  the  tym- 
panic cavity  is  swollen  and  inflamed.  In  such  a  case  the 
deafness  may  not  depend  entirely  on  a  lesion  of  the  ter- 
minal parts  of  the  acoustic  nerve,  but  upon  purulent  ex- 
travasation in  the  drum-cavity,  or  inflammation  and 
cicatrization  of  the  auditory  ossicles. 
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From  the  investigations  of  Moos  and  others  the  follow- 
ing conclusions  seem  warranted :  "1.  The  centre  of  the 
sense  of  equilibrium  is  in  the  cerebellum.  3.  The  ulti- 
mate nervous  apparatus  in  the  ampullse,  possibly  also  in 
the  sacculi,  is  in  connection  with  this  centre  of  nerves. 
3.  Disease  or  irritation  of  this  ultimate,  terminal  apparat- 
us, or  of  tissues  near  it,  may  produce  the  same  symptoms 
as  a  disease  or  irritation  of  the  central  organ  itself.  This 
is  true  of  the  symptom  of  dizziness.  4.  Unilateral  laby- 
rinthine affections,  whether  they  occur  primarily  or  by 
extension  of  disease  from  the  cranial  cavity,  manifest 
themselves  by  dizziness.  5.  If  in  the  same  patient  the 
other  internal  ear  becomes  affected,  the  new  labyrinth- 
disease  begins  with  dizziness,  and  is  followed  soon  by  a 
staggering  gait.  6.  Unilateral,  sudden  paralysis  of  the 
nerves  of  the  ampullse  produces  no  dizziness.  7.  The 
same  holds  good  in  regard  to  destruction  of  the  nervous 
apparatus  of  the  vestibule,  when  it  occurs  in  chronic  dis- 
ease. 8.  Bilateral,  acute,  hsemorrhagic,  or  purulent  in- 
flammation of  the  nervous  apparatus,  with  permanent 
paralysis  of  the  same,  especially  when  the  result  of  cere- 
bro-spinal  meningitis,  produces  a  long-continued  stagger- 
ing gait.  Children  and  those  adults  who  have  also  disease 
of  the  eyes,  are  affected  more  severely  and  for  a  longer 
time.  As  soon  as  the  muscles  and  the  eyes  act  indepen- 
dently the  staggering  gait  disappears." 

Treatment. — Charcot  has  proposed  to  treat  the  dizziness 
and  staggering  by  large  doses  of  quinine.  His  plan  con- 
sists in  beginning  with  thirty  centigrammes  of  the  sul- 
phate of  quinia,  and  gradually  increasing,  till  one  gramme 
is  taken  daily.  This  method  of  administration  of  the 
drug  may  be  kept  up  a  month ;  then  the  treatment  is 
stopped  for  a  fortnight,  to  be  resumed  for  another 
month.  Charcot's  theory  of  the  mode  of  action  of  the 
quinine  in  such  cases  is  that  it  destroys  any  remaining 
functional  activity  of  the  auditory  nerve  or  its  termini. 
This  theory  is  not  accepted  by  Moos,  who  claims  that 
quinine,  which  he  has  administered  with  success  in 
these  cases,  acts  simply  by  antagonizing  the  inflamma- 
tion, a  view  essentially  rational  and  undoubtedly  correct. 

In  those  cases  in  which  the  hearing  is  not  entirely  de- 
stroyed, the  application  of  the  constant  electric  current  to 
the  ears  offers  some  hope  of  benefit,  if  carried  out  soon 
after  convalescence  from  the  original  malady ;  but  if  de- 
layed many  weeks,  there  is  little  encouragement  to  make 
the  application. 

Syphilitic  Disease  of  tiie  Labyrinth. — Sudden, 
total,  and  permanent  loss  of  hearing  is  characteristic  of 
disease  of  the  internal  ear,  induced  by  syphilis.  In  most 
instances  of  such  suspicious  loss  of  hearing  there  are 
other  evidences,  perhaps  a  well-authenticated  history,  of 
acquired  or  hereditary  syphilis.  Such  an  affection  of  the 
ear  must  be  regarded  as  a  secondary  manifestation  of  the 
blood-poison. 

The  lesion  in  these  cases  has  been  found  to  consist  in 
sclerosis  of  the  osseous  substance  of  the  petrous  part  of 
the  temporal  bone,  and  in  anchylosis  of  the  stapes  in  the 
oval  window  (Moos  :  Virehow'a  Arehw,  Bd.  Ixix.,  H.  2). 
The  chief  lesions,  however,  in  such  cases,  lie  in  the  laby- 
rinth, and  are  well  marked.  The  periosteum  of  the  ves- 
tibule may  be  thickened,  the  stapes  foot-plate  thickened, 
and  hence  anchylosedin  the  oval  window,,  and  the  connec- 
tive-tissue supports  between  the  membranous  structures  in 
the  labyrinth  and  the  wall  of  the  osseous  cavity  contain- 
ing them,  hjrperplastic  and  infiltrated  with  small  cells. 
This  exudation  may  consist  of  small  round  cells,  with  a 
few  oval  ones,  containing  a  single  nucleus,  and  placed 
very  close  to  one  another.  It  may  be  disseminated  so 
that  the  periosteum  of  the  lamina  spiralis  ossea  and  the 
zona  pectinata  shall  contain  less  than  the  auditory  tract 
of  Buschke  and  Corti's  organ.  The  latter  may  be  so  in- 
filtrated as  to  be  nearly  invisible.  The  infiltration  may 
be  much  more  copious  in  the  ampullae  and  sacculi  than 
in  the  membranous  semicircular  canals.  The  trunk  of 
the  auditory  nerve  ma^  be  intact.  The  internal  ear  may 
be  affected  by  syphilis  in  four  ways  :  1,  by  direct  lesions ; 
2,  by  propagation  of  lesions  from  the  middle  ear  ;  3,  by 
lesions  in  the  bones,  e.g.,  naso-cranial  ostitis,  caries  of  the 
mastoid,  and.  especially  caries  of  the  petrous  part  of  the 


temporal  bone  ;  4,  by  reflection  of  central  disorders  upon 
the  hearing.  Cerebral  syphilis  is  said  to  comprehend 
among  its  earliest  symptoms  disturbances  in  hearing,  but 
these  are  rarely  the  only  prodromes.  These  are  generally 
the  cerebral.  The  aural  symptoms  consist  sometimes 
in  subjective  sensations,  limited  to  one  or  to  both  ears, 
and  again,  they  manifest  themselves  by  a  progi-essive 
hardness  of  hearing,  which  may  culminate  in  entire  deaf- 
ness. They  may,  also,  present  all  the  phenomena  of 
Meniere's  disease.  The  prognosis  is  variable.  Recog- 
nized at  the  outset,  the  disease  can  be  influenced  by 
specific  treatment,  according  to  some  observers  (Jegu : 
Annates  des  Maladies  de  V  Oreille,  Mai,  1884). 

The  treatment  of  syphilitic  affections  of  the  auditory 
nerve,  i.e.,  of  its  labyrinthine  distribution,  even  by  large 
doses  of  iodide  of  potash  or  sodium,  is  probably  of  no 
avail  (A.  H.  Buck).  Those  cases  of  reported  cures  of 
syphilitic  deafness  due  to  disease  of  the  cochlea  or  any 
other  part  of  the  percipient  organs  of  hearing,  it  is  highly 
probable,  were  cases  of  affection  of  the  middle  ear,  and 
hence  more  or  less  remediable. 

CoNCirssioN  OF  THE  Tekmiual  Filaments  of  the 
Auditory  Nerve  in  the  Labyrinth. — Concussion  of 
the  labyrinth  may  ensue  from  a  fall,  a  blow  upon  the  ear 
or  head,  or  from  the  effects  of  an  explosion  or  the  dis- 
charge of  firearms  near  the  ear.  The  symptoms  of  con- 
cussion are  instant  tinnitus,,  and  a  feeling  of  fulness, 
with  more  or  less  deafness  of  a  profound  nature,  in  one  or 
both  ears.  Sometimes,  after  concussion  of  the  labyrinth, 
there  maybe  a  peculiar,  subjective,  metallic,  "  echo-like" 
termination  of  the  words  spoken  by  the  patient  and 
others  (L.  Blau  :  Arohwfw  Ohrenh.,  Bd.  xv.,  p.  225,  and 
6.  Brunner :  Archives  of  Otology,  vol.  ix.,  p.  339).  In 
some  instances  of  concussion  of  the  labyrinth  from  a 
fall,  as  from  a  horse,  there  ma^  be  temporary  paralysis 
of  the  sense  of  smell.  In  most  instances  there  is  no  evi- 
dence of  any  lesion  in  the  external  or  middle  ear.  Some- 
times, however,  there  are  slight  hsemorrhages  from  the 
meatus  immediately  after  the  concussion,  its  force  having 
been  partially  spent  upon  the  tissues  of  the  fundus  of  the 
auditory  canal  and  membrana  flaccida.  The  deafness 
may  affect  both  ears  at  first,  one  of  which  may  recover ; 
or  if  only  one  ear  is  affected  at  the  outset,  a  partial  re- 
covery in  it  may  ensue.  If,  however,  the  deafness  is  pro- 
found, from- the  outset,  the  chance  of  recovery  of  the 
hearing  is  very  slight.  How  the  deafness  is  produced  in 
these  cases  of  concussion  is  the  subject  of  different  views. 
Some  maintain  that  a  dislodgment  of  the  terminal  fila- 
ments of  the  auditory  nerve  occurs  in  and  about  its  sup- 
porting apparatus,  the  so-called  organ  of  Corti,  and  that 
such  displacement  permanently  abrogates  the  auditory 
function  of  all  the  parts  thus  jarred.  On  the  other  side, 
it  has  been  urged  that  the  result  of  the  concussion  is  a 
more  or  less  copious  hsemorrhage  into  the  labyrinth. 
This  view  seems  the  more  probable,  from  the  fact  that  in 
some  cases  the  hearing  is  largely,  if  not  entirely,  restored. 
It  is  maintained  that  in  such  cases  the  hsemorrhage  pro- 
ducing the  alterations  in  hearing  is  absorbed  before  it  has 
effected  a  permanent  lesion  upon  the  nervous  elements  of 
the  labyrinth.  In  cases  of  concussion  of  the  brain,  it  is 
maintained  that  the  fatal  issue  is  produced  by  more  or 
less  numerous  and  minute  haemorrhages  throughout  the 
cerebral  substance.  As  a  matter  of  fact;  minute  ecchy- 
moses  are  found  throughout  this  region  in  the  cases  of 
fatal  concussion. 

It  is  further  asserted  (Duret,  C.  K.  Mills,  and  others) 
that  these  small  haemorrhages  are  produced  by  the  force 
of  the  blow,  communicated  to  the  cerebro-spinal  fluid, 
and  thence  tlxroughout  the  surface  of  the  brain  and  parts 
of  the  spinal  cord.  Since  the  cerebro-spinal  fluid  sup- 
plies the  lymph-fluid  to  the  internal  ear,  it  can  be  easily 
seen  how  the  force  of  a  concussion  of  the  head  may  be 
communicated  thus  to  the  labyrinth  and  its  vessels,  caus- 
ing minute  ruptures  in  them,  or  extravasation  from  them 
into  the  membranous  parts  of  the  internal  ear,  and  con- 
sequent pressure  upon  the  terminal  auditory  filaments. 
This  would  produce  instantaneous  tinnitus  and  hardness 
of  hearing,  the  latter  more  or  less  profound,  according 
to  the  quantity  of  the  effusion,  and  dependent  for  its 
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duration  upon  the  promptitude  or  slowness  of  the  ab- 
sorption of  the  extravasation. 

Such  an  hypothesis  seems  to  be  the  only  efficient  ex- 
planation of  the  mode  of  the  occurrence  of  the  aural 
lesion  from  concussion,  as  well  as  of  the  recovery  of  hear- 
ing which  sometimes  ensues  after  having  been  profound 
and  undoubtedly  due  to  commotion  of  the  nerve  in  the 
labyrinth. 

Treatment. — The  treatment  should  consist  in  the  ad- 
ministration of  the  iodide  of  potash,  the  bromides  of  pot- 
ash and  sodium,  ergot,  and  in  counter-irritations,  the 
latter  to  be  placed  of  course  near  the  affected  ear. 

Effects  of  other  Forms  of  Traumatism  upon  the 
Iktebnal  Ear. — Sudden  and  permanent  deafness,  with 
facial  paralysis  on  the  injured  side,  may  be  produced  by 
a  stab- wound  in  the  temporal  region  between  the  eye  and 
the  ear,  as  in  a  case  reported  by  Moos  (Archives  of  Otology, 
vol.  X. ,  p.  17).  In  this  instance  there  was  also  a  tempo- 
rary irritation  of  the  oculo-motor  and  vagus  nerves  on  the 
side  of  the  affected  ear.  The  phenomena  of  deafness  and 
facial  paresis  here  were  explained  by  the  supposition  that 
a  fissure  had  passed  through  that  part  of  the  petrou^  bone, 
including  the  first  bend  of  the  facial  nerve  and  the  osseous 
cochlear  capsule.  There  were  other  symptoms  which 
were  accounted  for  by  the  supposed  occurrence  of  ex- 
travasation of  blood  in  the  internal  ear.  These  consisted 
in  the  perception  of  the  tuning-fork,  by  bone-conduction 
and  by  the  air,  only  in  the  unaffected  ear.  The  same  was 
true  for  the  watch  and  the  acoumeter.  The  hearing  was 
completely  destroyed  on  the  side  of  the  stab-wound. 
There  was,  however,  in  the  ear  on  this  side,  the  left,  a 
slight  but  constant  tinnitus,  at  first  occipital,  but  grad- 
ually referred  to  the  affected  ear,  and  at  last  it  became 
more  intense.  Finally,  there  ensued  in  this  case  an  im- 
provement in  hearing,  at  first  noticeable  in  connection 
with  high  notes,  then  for  lower  ones. 

Moos  expresses  the  opinion  that,  if  Hhere  be  assumed  a 
fissure  in  this  case,  in  the  region  of  the  first  bend  of  the 
facial  nerve  and  the  adjoining  region  of  the  cochlear 
capsule,  together  with  an  exudation  or  extravasation,  we 
can  explain  the  successive  improvement  in  the  hearing  of, 
first,  the  higher,  then  the  lower  notes  in  the  scale,  on  the 
theory  of  Helmholtz,  which  is,  that  the  nerve-fibres  near- 
est the  round  window  serve  for  the  perception  Of  high 
notes,  and  those  near  the  cupola  for  the  low  ones.  It  is 
to  be  supposed  that  in  this  case  the  extravasation  or  exu- 
dation nearest  the  round  window  was  less  copious  than 
elsewhere,  and  hence  more  easily  absorbed. 

In  addition  to  the  total  deafness  and  tinnitus  which 
supervene  instantly  upon  concussion  of  the  labyrinth 
from  the  near  discharge  of  firearms,  or  other  causes, 
there  may  be  very  loud  noises  in  the  head,  headache, 
vertigo,  insomnia,  and  great  nervous  excitement.  In  the 
course  of  two  or  three  days  there  may  be  considerable 
feverish  disturbance  in  the  general  system.  The  ability 
to  distinguish  musical  notes,  as  such,  may  be  entirely 
abrogated,  though  the  impact  of  the  key  upon  the  wires 
is  perceived  as  a  thud  or  noise  (Gustav  Brunner  :  Archives 
of  Otology,  vol.  ix.,  p.  337).  In  such  an  instance,  ac- 
cording to  the  prevailing  theory  that  in  the  cochlea  lie  the 
parts  of  the  nerve  percipient  of  music  as  such,  it  can  be 
assumed  that  the  force  of  the  concussion  has  produced  a 
lesion  in  the  cochlea,  and  the  form  of  this  is  either  an 
exudation  or  extravasation  of  some  of  the  sanguineous 
elements,  or  of  pure  blood. 

The  quality  of  the  sound  of  the  voices  of  others  may  be 
greatly  altered,  so  that  they  are  heard  very  indistinctly, 
and  almost  grotesquely  altered,  especially  in  so-called 
nervous  people.  It  is  even  asserted  that  the  phenomena 
of  concussion  of  the  labyrinth  may  be  induced  by  violent 
sneezing  (0.  Wolf :  Arch,  of  Oph.  and  Otol.,  vol.  iv., 
p.  273).  When  the  concussion  has  affected  both  ears, 
the  patient  may  hear  the  tuning-fork  half  a  tone  higher, 
when  held  before  one  ear,  than  before  the  other.  In 
Brunner's  patient  the  fork  was  heard  higher  in  the  ear 
which  had  been  most  exposed  to  the  force  of  an  explo- 
sion. This  phenomenon,  however,  is  explained  by  the 
assumption  that  the  explosion  caused  a  difference  in  ten- 
sion of  the  membrana  tympani  iu  the  two  ears,  i.e.,  the 


explosion,  by  forcing  the  left  membrana  further  inward 
than  the  right,  rendered  the  former,  by  virtue  of  its 
greater  tension,  more  sensitive  to  high  notes,  and  it  there- 
fore conducted  the  high  partial  tones  of  the  note  of  the 
tuning-fork  better  than  the  right  membrana  tympani. 

Permanent  deafness  may  ensue  after  a  blow  upon  the 
temple,  as  in  the  case  of  a  boy,  nine  years  old,  who  was 
struck  at  this  part  of  his  head  with  a  spoon  in  the  hands 
of  another  boy.  There  immediately  occurred  violent 
bleeding  from  the  nose  and  vertigo,  all  signs  of  which 
disappeared  in  a  few  days.  Nine  days  later,  though 
having  heard  well,  he  awoke  one  morning  entirely  deaf 
in  both  ears,  and  remained  so.  It  was  supposed  by  Ur- 
bantschitsch,  who  observed  the  case,  that  hsemorrhage 
occurred  in  the  region  of  the  fourth  ventricle,  or  in  the 
medulla  oblongata.  He  refers  to  Duret's  experiments, 
which  show  that  this  can  happen  from  a  blow  on  the  head" 
{Archivf.  Ohrenh.,  Bd.  xvi.,  8). 

Nerve  Atrophy  ik  the  Labyrinth. — Nerve  atrophy 
in  the  first  cochlear  whorl.  Further  evidence  that  the 
lower  whorls  of  the  cochlea  contain  nerve-fibres  especially 
percipient  of  higher  notes  of  the  scale,  is  afforded  in  cases 
of  nerve  atrophy  in  these  portions  of  the  labyrinth.  In  a 
man  who  had  died  of  carcinoma  of  the  brain  and  stom- 
ach, and  who  had  been  for  some  time  entirely  deaf  for 
higher  tones  in  his  right  ear,  microscopic  examination  re- 
veale'd  a  normal  condition  of  the  central  termination  and 
trunk  of  the  auditory  nerve,  with  the  exception  of  a  few 
minute  atrophic  spots ;  but  in  the  cochlea,  while  the 
nerve-fibres  in  the  two  upiDer  whorls  were  perfectly  nor- 
mal, those  in  the  first  or  lower  wliorl  had  undergone  a 
marked  quantitive  atrophy  (Moos  and  Steinbriigge  :  Ar- 
chives of  Otology,  vol.  x.).  Since  Helmholtz  and  Hensen 
locate  the  shorter  fibres  of  the  acoustic  nerve  in  the  lower 
whorl  of  the  cochlea,  and  the  larger  ones  nearer  the  cu- 
pola, and  as  the  shorter  fibres  respond  to  higher  notes  in 
the  scale,  the  atrophy  in  these  fibres  will  account  for  the 
deafness  for  high  tones  in  this  case ;  while  pressure  at  this 
point,  from  exudations  and  extravasations  of  blood,  could 
account  for  similar  phenomena  in  others.  (See  Concus- 
sion of  Labyrinth.)  ' 

Atrophy  of  the  trunk  of  the  nerve  or  its  branches  may 
occur  as  a  secondary  result  of  "  disease  of  the  brain  near 
the  origin  of  the  nerve,  from  disease  of  the  cerebellum, 
fourth  ventricle,  and  medulla  oblongata  ;  from  hydro- 
cephalus internus;  from  apoplexy  and  softening  of  the 
brain,  or  from  atrophy  of  those  parts  to  which  it  is  dis- 
tributed, i.e.,  the  ultimate  nervous  apparatus.  Atrophy 
from  this  latter  cause  appears  to  be  developed  often  from 
loss  of  function  of  the  peripheral  conducting  apparatus. 
It  is  also  caused  by  the  pressure  of  tumors  at  the  base  of 
the  skull,  by  tumors  of  the  brain,  by  extravasations  of 
blood  in  tlie  porus  acusticus  internus,  by  periostitis  of  the 
pons  acusticus,  and  by  neuritis "  (J.  O.  Green's  transla- 
tion :  Schwartze's  "  Pathology  of  the  Ear,"  1878). 

It  is  claimed  by  several  authorities  that  alterations  in 
hearing  occur  in  connection  with  tabes  dorsalis,  as  a 
pathognomonic  symptom  (Buzzard,  Erb,  Duchenne,  Bour- 
don, and  others).  Among  other  crises  in  tabes  dorsalis, 
Buzzard  thinks  the  auditory  nerve  may  be  specially  af- 
fected. He  quotes  from  Pierret,  who  held  that  the  audi- 
tory nerves  are  frequently  affected  in  tabes  dorsalis  (Lan- 
cet: September  34,  1881).  Buzzard  maintains  that  the 
frequency  of  this  symptom  has  not  been  duly  appreciated. 
Since  Pierret  called  attention  to  this  aural  symptom  in 
tabes,  the  former  has  had  constant  occasion  to  observe 
more  or  less  deafness  in  cases  of  tabes,  "  sometunes  only 
of  a  passing  character. "  Ormerod  observed  thirteen  cases 
of  tabes,  in  which  five  manifested  more  or  less  deafness 
(Buzzard  :  loc.  oil.).  The  aural  phenomena  ensuing  in 
tabes  dorsalis  are  held  to  be  due  to  atrophy  of  the  audi- 
tory nerve  (Erb).  Lucae,  who,  according  to  Schwartze,  is 
the  only  one  who  has  made  accurate  dissections  of  the 
ear  in  cases  of  gray  degeneration  of  the  cord,  says  he 
found  no  degeneration  in  the  auditory  nerve.  I  have  ob- 
served several  cases  of  tabes  dorsalis  in  which,  with  the 
early  symptoms  of  the  spinal  disease,  there  were  associated 
tinnitus  aurium,  diminished  hearing,  and  opacity  of  the 
membrana  tympani.     The  aural  symptoms  could  not  be 
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easily  accounted  for,  excepting  as  being  concomitant  and 
dependent  upon  the  spinal  complaint,  the  latter  apparently- 
having  induced  nutritive  disturbances  and  changes  in  the 
organ  of  hearing. 

It  is  claimed  by  some  authorities  that  disturbances  in 
hearing,  dependent  upon  lesions  in  the  internal  ear,  are 
among  the  premonitory  symptoms  of  syphilitic  tabes. 
The  symptoms  in  such  cases  are  noises  in  the  ear,  of  va- 
rious qualities,  and  sometimes  all  the  phenomena  con- 
nected with  M6niSre's  disease.  Their  duration  is  limited, 
and  they  may  disappear  more  or  less  completely  (Jegu  : 
Annales  des  Mai.  de  V Oreille,  etc.,  Mai,  1884). 

A  centripetal  progressive  atrophy  is  said  to  be  often 
developed  from  long-continued  loss  of  function  in  the 
conducting  apparatus  of  the  ear,  especially  from  anchy- 
losis of  the  stapes,  associated  vrith  immobility  of  the 
membraile  of  the  round  window ;  but  it  is  not  claimed 
that  it  is  a  constant  result  (Schwartze).  Atrophy  of  the 
nerve  may  be  associated  with  inspissation  of  pus  in  the 
cavities  of  the  labyrinth  (Haighton).  Tumors,  by  forcing 
themselves  into  the  internal  auditory  meatus,  produce 
atrophy  of  the  trunk  of  the  auditory  nerve,  and  also  of 
its  terminal  parts  in  the  labyrinth,  as  in  a  case  observed 
by  Morris  Longstreet  and  Charles  H.  Burnett  (Burnett's 
"  Treatise  on  the  Ear,"  second  edition,  1884,  pp.  558-562). 
In  this  case  there  was  a  tumor,  probably  sarcoma,  in.  each 
auditory  nerve.  On  the  left  side,  behind  the  petrous 
bone,  below  the  tentorium,  was  a  large  tumor  pressing 
on  the  left  hemisphere  of  the  cerebellum,  left  half  of  the 
pons,  and  left  crus  cerebri.  The  nerves  springing  from 
the  left  side  of  the  medulla  oblongata,  passed  on  the  under 
surface  of  the  tumor,  were  flattened  by  it,  and  somewhat 
adherent  to  it.  The  seventh  nerve  (auditory  and  facial) 
was  tightly  adherent  to  the  tumor,  by  which  it  was  so 
much  flattened  as  to  be  transparent.  The  facial  could 
not  be  separated  from  the  auditory  nerve,  as  their  con- 
sistence was  so  much  reduced,  and  they  were  so  adherent. 
The  tumor  measured  5  ctm.  (two  inches)  transversely, 
and  4.50  ctm.  (an  inch  and  three  quarters)  antero-posteri- 
orly.  It  was  lobulated,  and  made  up  of  cysts  with  solid 
intervening  partitions.  The  cystic  parts  were  reddish  ; 
the  other  parts  firm,  white,  and  opaque.  It  extended 
with  the  auditory  nerve  into  the  left  internal  auditory 
meatus,  which  had  become  considerably  widened.  Af- 
ter the  brain  had  been  removed  there  was  found  an- 
other tumor,  resting  upon,  and  adherent  to,  the  poste- 
rior surface  of  the  right  petrous  bone.  It  was  oval  in 
shape,  1.50  ctm.  (five-eighths  of  an  inch)  long,  and  1.1  ctm. 
(about  half  an  inch)  in  its  vertical  diameter,  and  of 
doughy  consistence.  It  was  attached  by  a  sort  of  pedicle, 
which  extended  into  the  right  internal  auditory  canal,  and 
the  auditory  nerve  was  more  intimately  connected  with  it 
than  the  left  tumor  was  with  the  auditory  nerve  on  its 
side.  The  auditory  nerve  seemed  to  run  under  it,  to  reach 
the  porus  acusticus  internus,  which  was  widened  by  the 
encroachment  of  the  growth.  The  bone  was  not  exposed, 
the  dura  mater  being  still  adherent,  but  thinned.  The 
right  auditory  nerve  seemed  of  normal  size  and  consist- 
ence from  its  origin.  Upon  microscopic  examination  of 
numerous  sections,  the  tumors  proved  to  be  spindle-celled 
sarcomata,  with  a  number  of  small  cells  and  granulation- 
like tissue  mixed  with  the  spindles. 

Microscopical  examination  of  the  left  cochlea  revealed 
a  normal  modiolus,  but  the  spaces  in  its  substance,  nor- 
mally occupied  by  branches  of  the  cochlear  nerve,  showed 
no  traces  of  nerve-fibrillsB  or  ganglia.  Many  of  the 
spaces  contained  granular  anl  fatty  detritus,  showing  in 
its  midst  a  few  fine  fibres,  by  which  this  was  held  in  con- 
nection with  the  walls  of  the  spaces.  Other  spaces  were 
nearly  empty,  showing  at  most  a  scanty  fibrous  network. 
A  nuipber  of  vascular  lumina,  with  corpuscular  contents, 
were  plainly  visible.  The  lamina  spiralis  ossea  was  nor- 
mal in  shape.  The  space  between  its  lamellse  contained 
no  trace  of  nerve-tissue,  but  was  occupied  by  a  very  fine 
fibrous  material,  containing  in  it  much  less  granular  mat- 
ter than  similar  tissue  in  the  spaces  of  tlie  modiolus,  with 
which  it  was  continuous.  The  membrana  basilaris  was 
not  sufficiently  preserved  to  admit  of  particular  descrip- 
tion.    Pieces  of  it  which  were  examined  showed  no 


marked  changes.  No  traces  of  Corti's  organs  could  be 
found.  The  ligamentum  spirale  of  Henle  was  normal  in 
appearance.  The  lining  cubical  epithelium  of  both  scalse 
was  very  distinct,  and  presented  a  smooth,  even  surface. 
The  bone  at  all  points  presented  perfectly  normal  condi- 
tions. 

Microscopic  examination  of  the  right  cochlea  showed 
that  the  tumor  had  grown  deeper  into  the  internal  auditory 
meatus,  the  walls  of  which  were  atrophic  by  pressure,  and 
the  canal  thus  widened.  This  atrophy  extended  markedly 
toward  the  base  of  the  cochlea,  reaching  close  up  to  or 
into  the  modiolus,  where  parts  of  the  tumor  in  mass 
could  be  seen.  Consequently,  the  bony  portions  between 
the  scalee  and  the  fundus  of  the  internal  auditory  canal 
were  rendered  thin.  The  modiolus  was  not  of  normal 
form,  and  difCered  in  shape  also  from  that  shown  in  sim- 
ilar sections  from  the  opposite  cochlea.  The  alteration 
was  more  noticeable  in  parts  nearer  the  summit,  and  was 
due  partly  to  new  material  which  extended  into  the  soalse, 
and  partly  to  a  change  within  the  bone  itself.  Neither 
the  number  nor  the  size  of  the  vessels  in  the  modiolus 
was  increased.  The  ganglionic  spaces  in  the  modiolus,  on 
the  right  side,  were  very  different  in  appearance  from 
those  on  the  other  side,  as  they  contained  either  a  granu- 
lar amorphous  material,  or  cell-structures.  No  new 
fibres  were  detected.  Near  the  junction  of  the  lamina 
spiralis  ossea  with  the  modiolus,  these  spaces  became 
larger  and  the  cellular  nature  of  their  contents  more  dis- 
tinct. No  nerve-elements  were  found  emanating  from 
the  lamina  spiralis  ossea.  At  the  habenula  perforata,  no 
nerve-fibres  were  found.  In  no  section  of  the  cochlear 
canal  could  Corti's  organ  be  found.  There  seemed  to  have 
been  atrophy  of  the  nerve-elements  entering  the  cochlea. 

Symptoms. — In  this  case  the  symptoms  are  worthy  of 
note.  The  patient,  a  woman  forty-two  years  old,  had 
always  been  well  until  within  fourteen  months  of  her 
death,  when  she  had  taken  a  severe  cold  in  her  head. 
She  also  began  to  have  pain  in  her  forehead  and  vertex. 
Nine  months  later,  she  began  to  grow  deaf  very  rapidly  ; 
tinnitus  aurium  supervened,  with  unsteadiness  of  gait, 
pain  in  her  limbs,  impairment  of  sensation  in  the  legs, 
vertigo,  and  occasional  nausea.  There  had  never  been 
any  loss  of  power  in  the  limbs  nor  muscular  trembling. 
In  thirteen  months  from  the  first  failure  in  health,  it  was 
noted  that  in  walking  there  was  a  tendency  to  fall  to- 
ward the  right,  and  it  was  found  that  she  had  fallen  sev- 
eral times.  Vertigo  could  be  produced,  when  in  the 
upright  position,  by  closing  her  eyes,  but  she  was  entirely 
free  from  it  when  lying  down.  There  was  great  pain  in 
the  head,  generally  referred  to  the  vertex  and  to  the  fore- 
head over  the  eyes.  The  tinnitus  aurium  continued  to 
be  intense  and  annoying,  worse  in  the  morning.  There 
was  nausea,  but  no  vomiting.  There  was  still  no  loss  of 
power  in  the  limbs,  nor  paralysis  of  any  of  the  other 
cranial  nerves,  and  no  disturbance  of  sensibility.  _  She 
was  very  deaf.  There  was  no  history,  nor  even  suspicion, 
of  syphilitic  taint.  There  was  nothing  in  the  middle, 
nor  external  ear,  to  account  for  the  aural  symptoms,  all 
these  parts  being  normal.  The  right  ear  was  not  as  deaf 
as  the  left,  on  which  latter  side  the  larger  tumor  lay.  At 
last,  in  the  course  of  a  year,  there  were  increased  head- 
ache, vertigo,  falling  with  inability  to  rise,  general  loss  of 
power  to  assist  herself,  and  finally,  confinement  to  bed. 
Then  there  ensued  loss  of  power  over  legs,  failure  of  in- 
tellect, and  diflSculty  of  swallowing.  The  muscles  of 
the  eyeball  prolapsed ;  the  pulse  and  respiration  in- 
creased in  frequency.  There  then  set  in  cyanosis  of  the 
face,  involuntary  passing  of  the  urine,  and  impaired  sensi- 
bility of  the  extremities,  followed  by  unconsciousness 
and  death,  with  a  temperature  of  106°  F.  a  few  hours 
before  her  demise. 

Histological  Changes  in  the  Labyrinth  in  Ty- 
phoid Fever,  Scarlet  Fever,  and  Variola.— In 
typhoid  fever  the  entire  labyrinth  is  often  affected  upon 
one  or  both  sides.  The  parts  more  usually  affected  are 
the  utriculus,  the  sacculus,  the  ampullae,  and  the  lamina 
spiralis  membranacea.  The  semicircular  canals  and  the 
zona  ossea  are  less  frequently  implicated.  Histologically, 
the  affection  consists  in  a  small-celled  infiltration,  i.e.,  an 
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infiltration  of  small  lymphoid  cells  (Moos :  Archives  of 
Oph.  and  Otol.,  vol.  v.).  In  one  case  Moos  found,  besides 
these,  an  infiltration  of  cells  containing  fat-granules,  in 
equal  number  and  dissemination  with  the  small  lymphoid 
cells.  Whether  this  inflammatory  process  in  the  laby- 
rinth is  to  be  regarded  as  a  specific  lymphatic  formation, 
peculiar  to  the  typhoid  disease,  as  occurs  in  other  organs 
in  this  affection,  or  simply  as  an  extension  of  inflamma- 
tion from  the  tympanic  cavity  simultaneously  affected 
with  purulent  inflammation,  could  not  be  decided.  In 
one  case,  however,  this  small-cell  infiltration  was  found 
throughout  the  entire  labyrinth,  where  only  a  non-puru- 
lent catarrh  existed  in  the  tympanic  cavity,  with  inflam- 
mation of  both  membranae  tympanorum. 

It  is  held  by  this  observer,  that  this  affection  of  the 
labyrinth  may  end  in  purulent  inflammation,  or  that 
fatty  degeneration  and  complete  absorption  of  the  exuda- 
tion may  ensue.  Or  there  may  result  opacities,  thicken- 
ings, or  atrophies  of  the  tissues  attacked ;  perhaps,  too, 
cheesy  necrosis  or  ulceration.  These  possibilities  should 
be  remembered  in  the  explanation  of  disturbed  hearing 
in  typhoid  fever,  when  only  negative  results  are  found 
by  examination  of  the  ear  during  life. 

Labyrinth  in  Scarlet  Fever. — In  a  case  of  scarlet  fever, 
complicated  with  diphtheria  of  the  mouth  and  fauces, 
suppuration  of  the  parotid  gland,  otitis  media  purulenta, 
and  periostitis  of  the  left  squama,  and  in  which  death 
occurred  from  secondary  meningitis.  Moos  found  ambi- 
lateral  inflammation  of  the  labyrinth  Qoc.  cit).  The  mem- 
branous sacs,  and  also  the  membranous  semicircular 
canals,  were  more  adherent  than  usual,  the  connective 
tissue  being  greatly  increased  between  the  bony  walls 
and  the  membrana  propria  of  the  aforesaid  membranous 
structures.  The  connective-tissue  trabeculse  were  en- 
larged and  vasculai;,  showing  also  a  rich  infiltration  of 
round  cells  and  some  pus-cells.  The  small-cell  infiltra- 
tion, as  well  as  the  purulent,  was  diffused  so  greatly  over 
the  membranous  sacculi,  the  ampuUee,  and  membranous 
semicircular  canals,  that  the  epithelium  of  their  mem- 
brana propria  was  nowhere  clearly  visible.  On  the  lamina 
spiralis  ossea  this  was  so  extensive  that  the  separate  tracts 
of  the  delicate  structures  thereon  could  scarce  be  distin- 
guished from  one  another. 

This  condition  of  the  labyrinth  was  held  to  be  an  ex- 
planation of  all  those  cases  of  great  hardness  of  hearing  or 
absolute  deafness  after  scarlet  fever,  in  which  an  anal- 
ysis of  the  other  clinical  symptoms  unconditionally  ex- 
cludes the  supposition  that  a  concomitant  cerebral  affec- 
tion has  caused  the  destruction  of  hearing. 

It  is  claimed  by  Moos  and  O.  Wolf,  that  the  deafness 
resulting  from  labyrinth  disease,  induced  by  scarlatina, 
can  be  benefited  by  hypodermic  injections  of  pilocarpin, 
as  suggested  by  Politzer.  Thus  in  the  case  of  a  little  girl, 
seven  years  of  age,  who  was  affected  by  labyrinth-dis- 
ease from  scarlatina,  as  shown  by  total  deafness  for  all 
sounds  and  altered  gait,  there  were  used  injections 
of  pilocarpin  (pilocarpin  muriat.,  0.03  Gm. ;  aq.  dest., 
3.0  Gm.),  first,  ten  drops  at  a  time,  but  later,  twenty 
drops  at  an  injection.  This  treatment  was  endured  very 
well,  and  seemed  to  exercise  a  beneficial  effect  upon  the 
labyrinth  affection.  The  hearing,  though  not  becoming 
nonnal,  was  so  far  restored  as  to  enable  the  child  to  go 
to  school  with  hearing  children,  and  keep  up  with  them 
in  her  studies. 

Purulent  Inflammation  of  the  Labyrinth  in  Variola. — 
Moos  (loc.  cit.)  found  in  a  child  four  years  of  age,  who 
had  died  of  variola,  a  purulent  inflammation  of  the  laby- 
rinth in  connection  with  otitis  media  purulenta,  in  both 
ears.  As  the  stapedes  were  still  in  normal  position  in  the 
oval  windows,  it  may  be  assumed  that  the  labyrinth  sup- 
puration was  not  an  extension  of  the  purulent  disease 
from  the  tympanic  cavity.  Macroscopically,  the  semi- 
circular canals,  ampullae,  and  sacculi  were  thickened 
and  lemon-colored.  Microscopically,  there  was  found  a 
copious  new  formation  of  connective  tissue  between  the 
bony  and  the  membranous  labyrinth.  The  connective- 
tissue  supports  between  these  parts  of  the  labyrinth  were 
copiously  infiltrated  with  pus,  numerous  pus-cells  were 
found  on  the  membranous  sacculi,  and  still  larger  quan- 


tities upon  the  semicircular  canals  and  their  ampuUse. 
The  zona  ossea  and  zona  membranacea  of  the  cochlear 
whorls,  on  both  sides,  were  covered  with  solitary  and  ag- 
glomerated pus-cells.  The  blood-vessels  of  the  lamina 
spiralis  membranacea  were  intensely  congested,  but  the 
nerves  in  the  internal  auditory  meatus  were  normal. 

PiLocAKPiN  IN  Diseases  of  the  Auditory  Nekve 
AND  Internal  Ear. — Pilocafpin  has  been  used  by  Lucae 
with  advantage  in  several  cases  of  disease  of  the  internal 
ear,  and  the  results  have  recently  been  published  (Arehiv 
fiir  Ohrenh.,  Bd.  xxi.,  pp.  380  to  290.  Jacobson's  Be- 
richt). 

In  a  case  of  acute  disease  of  the  sound-perceiving  ap- 
paratus following  emansio  mensium,  a  cure  was  effected 
by  using  pilocarpin  in  subcutaneous  injections  after  the 
administration  of  bromide  and  iodide  of  potash,  the  use 
of  the  catheter,  and  other  anticatarrhal  remedies  for  two 
months,  had  proved  of  no  value.  The  symptoms  were 
tinnitus  aurium  and  hardness  of  hearing,  for  which  the 
patient  could  give  no  cp,use,  excepting  that  her  menses, 
previously  exact,  had  failed  to  appear  at  the  regular 
time,  and  that  instead  the  aural  symptoms  had  set  in.  In 
five  weeks  thirteen  subcutaneous  injections  of  pilocarpin 
were  given,  after  other  remedies  had  failed.  At  first  the 
injection  contained  0.005  Gm.,  which,  not  being  endured 
by  the  patient,  the  quantity  was  reduced  to  0.0035  Gm. 
on  each  injection.  After  the  fifth  injection  the  hearing 
improved  a  little  and  the  menses  were  established,  which, 
after  lasting  two  days,  were  followed  by  further  im- 
provement in  hearing.  The  hearing  continued  to  im- 
prove, but  the  tinnitus  aurium  remained  notwithstanding 
the  use  of  the  Eustachian  catheter,  bromide  of  ammo- 
nium, and  the  constant  electric  stream.  It  was  suggested 
that,  perhaps,  the  cause  of  the  deafness  consisted  in  a  vi- 
carious exudation  (sanguineous)  into  the  labyrinth. 

In  a  second  case,  chronic  disease  of  the  sound-perceiv- 
ing parts  in  the  internal  ear  was  greatly  improved  by 
subcutaneous  injections  of  pilocarpin.  The  deafness  and 
subjective  noises,  in.  this  case,  seemed  to  have  been  in- 
duced by  working  in  a  noisy  factory.  Negative  symp- 
toms in  the  middle  ear,  as  revealed  by  the  catheter  and 
auscultation-tube.  In  twenty-three  days  fourteen  injec- 
tions of  pilocarpin,  0.01  Gm.,  were  administered.  The 
hearing  was  improved,  and  the  tinnitus  aurium  dimin- 
ished by  this  medication.  Pilocarpin  has  been  used  by 
Lucae  with  advantage  in  a  case  of  Meniere's  disease  af- 
fecting both  ears.  Iodide  of  potash  and  hydrobromic 
acid  did  not  prove  efficient  in  the  case  ;  therefore,  during 
a  period  of  nearly  two  months,  thirty-two  subcutaneous 
injections  of  pilocarpin,  0.01  Gm.  each,  were  adminis- 
tered. After  five  such  injections  the  vertigo  decreased, 
then,  after  some  increase  during  a  cold  in  the  head,  there 
was  further  improvement  by  the  time  the  thirteen  injec- 
tions had  been  given.  For  a  period  of  two  weeks  the  in- 
jections of  pilocarpin  were  suspended.  As  the  patient 
then  began  to  complain  of  a  return  of  intense  but  variable 
tinnitus,  with  some  increase  in  hardness  of  hearing,  the 
pilocarpin  injections  (each  0.01  Gm.)  were  renewed  for  a 
period  of  six  weeks,  until  twelve  more  had  been  given. 
The  tinnitus,  however,  was  not  specially  benefited  by  the 
final  course  of  pilocarpin ;  but  the  vertigo  disappeared 
entirely,  and  did  not  return.  The  hearing  was  perma- 
nently improved.  In  another  case  of  ambilateral  Meniere's 
disease,  twenty-six  pilocarpin  injections  (each  0.01  Gm.), 
administered  in  the  course  of  about  six  weeks,  produced 
no  beneficial  effect. 

Internal  Ear  Affected  by  Mumps.— That  the 
nervous  apparatus  of  the  internal  ear  is  sometimes  sud- 
denly and  permanently  injured  by  the  poison  of  mumps, 
the  process  being  most  probably  a  metastatic  one,  has 
been  recognized  and  more  or  less  minutely  described  by 
Toynbee  and  James  Hinton,  and  still  more  recently  by 
H  D  Noyes  ("Transactions  American  Otol.  Soc, 
1879  "  p  343)  A.  H.  Buck  {ibid.,  1881,  p.  488),  Calmettes 
(France  Medicale,  33  Juillet,  1883),  E.  G.  Moure  {Sfme 
mensuellede  La/ryngologie,  etc.,  1883),  H.  Knapp  (Archives 
of  Otoloav,  1883,  vol.  xi.,  p.  333),  J.  Seitz  {Correspondent 
blatt  f.  Schweitzer  Aeme,  No.  19,1883),  S.  Moos  {Archives 
of  Otology,  vol.  xi.,  13, 1882 ;  ibid.,  vol.  xii.,  p.  331, 1883  ; 
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a,nA Berlin,  hlin.  Wochenschr.,  1884,  No.  3),  Q.  Brunner 
{ArcJi.  of  Otology,  vol.  xi.,  p.  104,1883),  Hooa&iArch.  of 
Otology,  vol.  xli.,  No.  1,  pp.  1  to  11),  Chas.  J.  Kipp 
{Arch,  of  Otology,  1884,  116),  Burkner  {Berlin.  Min. 
WocUnschrift,  No.  13,  1888),  Seligsohn  {ibid.,  Nos. 
18  and  19,  1883),  Lemoine  and  Lannois  {Bevue  de  MSde- 
cine.  No.  9,  1883),  and  by  others  In  Europe  and  in  this 
country. 

In  the  case  given  by  Noyes,  the  patient  was  a  physician, 
thirty-eight  years  old.  The  mumps  occurred  on  both 
sides,  without  much  pain  in  the  glands  or  the  ears.  On 
the  seventh  or  eighth  day  the  pulse  fell  to  fifty  per  minute, 
the  patient  became  dizzy  on  attempting  to  sit  up  in  bed, 
and  there  were  constant  nausea  and  vomiting,  though  no 
headache.  About  this  time  tinnitus  was  observed  in  the 
right  ear,  and  in  the  course  of  two  or  three  days  this  ear 
became  totally  deaf.  About  the  twelfth  day  the  right 
testicle  became  inHamed,  subsiding  in  a  week,  coinci- 
dentally  with  the  cerebral  and  aural  symptoms.  The  diz- 
ziness persisted  for  some  weeks,  and  upon  getting  up 
from  the  bed  the  patient  walked  with  difficulty.  The 
ear  was  now  found  to  be  entirely  deaf  to  all  sounds,  both 
by  aerial  and  bone-conduction.  The  membrana  tympani 
was  normal,  and  there  was  no  tenderness  in  the  mastoid 
region.  With  his  eyes  closed,  the  patient  swerved  toward 
the  left  side,  i.e.,  away  from  the  affected  ear. 

In  a  case  narrated  by  Buck,  in  which  the  mumps  were 
on  both  sides,  and  occurred  in  a  girl,  on  the  third 
day  of  the  disease  there  was  pain  in  the  right  ear,  which 
lasted  for  a  few  hours,  with  unpleasant  tinnitus.  The 
next  day  the  hearing  was  gone ;  the  tinnitus  continued  in 
the  right  ear,  but  the  left  ear  remained  normal.  The 
tuning-fork,  vibrating  on  the  vertex,  was  heard  only  in 
the  good  ear:  There  was  entire  absence  of  dizziness, 
nausea,  and  disturbed  equilibrium.  There  was  pharyn- 
gitis with  closure  of  the  Eustachian  tube  on  the  side  of 
the  affected  ear,  the  cure  of  which  was  not  followed  by 
improvement  in  hearing.  Nor  did  large  doses  of  iodide 
of  potash  and  counter-irritation  behind  the  ear  produce 
any  benefit. 

In  a  second  case,  by  the  same  author,  mumps,  in  a  man 
forty-one  years  old,  produced  deafness  in  the  left  ear  on 
the  third  or  fourth  day  of  the  disease.  There  was  at  first 
a  loud  roaring  in  the  entire  head,  but  this  finally  became 
localized  in  the  left  ear.  On  the  fifteenth  day  there  were 
nausea  and  dizziness,  and  a  difficulty  in  maintaining  equi- 
librium. These  symptoms  increased  for  forty-eight  hours, 
and  then  diminished  in  intensity.  But  the  deafness  re- 
mained profound  and  unchanged.  The  membrana  tym- 
pani was  normal,  and  the  tuning-fork,  by  bone-conduc- 
tion, was  heard  only  in  the  unaffected  ear.  In  both 
cases  the  hearing  was  lost  on  the  third  or  fourth  day  of 
the  mumps  ;  in  the  first  with  aural  pain,  in  the  second 
without  pain  ;  but  in  both  the  subjective  noises  were 
•  distressing.  In  one  instance,  the  deafness  occurred  on 
the  side  of  the  most  affected  gland.  In  the  first  case, 
though  both  glands  were  deeply  affected,  only  one  ear 
was  attacked.  In  the  second  case,  a  second  apoplexy,  or 
metastasis,  seems  to  have  occurred  on  the  fifteenth  day 
after  the  primary  lesion.  The  first  seemed  to  be  in  the 
cochlea,  while  the  second  attack  involved  the  ampullae 
and  semicircular  canals,  as  shown  by  the  symptoms  of 
aural  vertigo. 

The  age  of  the  patient  may  be  as  low  as  six  years,  and 
after  even  very  mild  mumps,  both  ears  may  be  attacked 
(Calmettes).  Moure  reports  the  case  of  a  girl,  eight  years 
old,  who  suddenly  lost  the  hearing  in  both  ears  on  the 
fifteenth  day  of  mumps.  Or  a  young  man,  eighteen 
years  old,  may  be  attacked  with  aural  symptoms  on  the 
sixth  day  of  the  disease,  and  in  thirty-six  hours  lose  the 
hearing  entirely  in  one  ear,  with  symptoms  of  tinnitus, 
vertigo,  and  altered  gait  (Seitz).  Moos  observed  that,  in 
a  boy  thirteen  years  old,  the  hearing  was  entirely  de- 
stroyed on  the  fifth  day  of  mumps,  that  vomiting  set  'in  on 
the  sixth  day,  and  that,  on  the  eighth  day,  an  alteration  in 
the  gait  ensued.  Consciousness  was  never  lost,  but  the 
perception  of  speech  was  entirely  lost  in  both  ears.  Per- 
ception by  bone-conduction  for  the  tuning-forks  C  and 
C    was  retained,  but  not  that  for  the  fork  A'.    It  was 
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supposed  that  in  this  instance  some  of  the  fibres  in  the 
cupola  had  escaped,  but  that  others  had  been  destroyed  by 
the  metastasis.  Again,  in  a  little  girl  four  years  old,  the 
same  author  observed  a  total  loss  of  hearing  in  both  ears, 
on  the  fourth  day  of  mumps,  without  other  symptoms  in 
the  ear.  When  no  disturbance  in  equilibrium  occurs, 
the  metastatic  process  is  limited  in  all  probability  to  the 
cochlea.  Usually  the  aural  symptoms  consist  in  a  simul- 
taneous tinnitus  aurium,  vertigo,  and  deafness.  The  two 
former  symptoms  disappear  sooner  or  later,  but  the  deaf- 
ness remains.  These  peculiar  symptoms  may  not  be 
developed  until  the  fifteenth  day,  and  then  only  after 
subsidence  of  metastatic  processes  elsewhere,  as  in  the 
ease  of  a  young  man,  eighteen  years  old,  in  whom  deaf- 
ness set  in,  in  the  right  ear,  as  a  metastatic  orchitis  sub- 
sided (Charles  J.  Kipp).  Usually  there  are  no  symptoms 
in  the  external  or  middle  ear  to  account  for  the  sudden 
deafness  ensuing  in  the  course  of  mumps.  It  must  be 
borne  in  mind,  that  sometimes  this  form  of  deafness  may 
take  place  in  an  ear  previously  altered  in  appearance,  at 
least,  by  chronic  catarrhal  processes.  But  the  sudden- 
ness of  the  deafness,  its  occurrence  during  mumps,  and 
the  usually  attendant  symptoms  of  tinnitus,  nausea,  vom- 
iting, vertigo,  and  sometimes  altered  gait,  will  enable  the 
physician  to  make  the  diagnosis  of  the  true  nature  of  the 
aural  malady.  It  is  worthy  of  note  that  mumps  occur- 
ring in  subjects  of  chronic  aural  catarrh  do  not  seem  to 
have  any  special  tendency  to  affect  the  ear,  as  I  have  ob- 
served in  my  own  patients. 

Sometimes  the  pain  in  the  ear,  as  well  as  that  in  the 
head,  is  great,  as  in  a  case  reported  by  Lemoine  and  Lan- 
nois. The  patient,  a  man  twenty-three  years  old,  a  mili- 
tary recruit,  was  attacked  by  mumps  on  both  sides  dur- 
ing an  epidemic  of  this  disease.  On  the  fourth  day  he 
experienced  tinnitus  in  both  ears,  with  a  whistling  sound 
in  his  head,  and  violent  headache  over  the  entire  head 
and  the  fundus  of  the  ears.  He  became  then  very  deaf, 
first  in  the  left  ear  and  then  in  the  right.  There  was 
entire  absence  of  vertigo,  dizziness,  disturbed  equilibrium, 
and  nausea.  The  pharynx.  Eustachian  tube,  and  mem- 
branse  tympanorum  were  normal.  Under  varied  treat- 
ment by  mineral  waters  and  alteratives,  all  the  symptoms 
abated  excepting  the  deafness,  which  remained  absolute 
and  unchanged. 

Etiology. — It  is  supposed,  in  some  instances,  that  the 
deafness  and  other  aural  phenomena  are  caused  by  a 
serous  exudation  into  the  labyrinth  (Seitz).  It  is  main- 
tained (Moos)  that  in  mumps,  obstructions  and  secondary 
disturbances  occur  in  the  labyrinth,  and  that  a  basilar 
meningitis  cannot  be  held  to  be  the  cause,  when  there 
has  been  no  loss  of  consciousness  nor  any  other  menin- 
gitic  symptom.  Brunner  maintained  that  there  may  be, 
m  such  cases  of  deafness  after  or  during  mumps,  an  in- 
flammatory excitation  of  the  labyrinth  which  leads  to  a 
rapid  and  copious  exudation  without  inclination  to  sup- 
puration. The  short  course,  and  the  absence  of  disturb- 
ance in  the  general  system,  forbid  the  idea  of  suppuration. 
It  does  not  appear  strange  that  so  rapid  a  process,  in  spite 
of  its  innocent  character  and  its  tendency  to  absorption, 
should  have  a  destructive  effect  upon  the  delicate  tissues 
of  the  labyrinth.  Roosa  maintains  that  an  affection  of 
the  labyrinth  may  occur  simultaneously,  or  by  extension 
from  the  middle  ear,  during  mumps.  Also,  that  it  is 
probable  there  are  cases  in  which  the  disease  (mumps)  is 
transferred  to  the  labyrinth  in  the  same  manner  as  are  the 
inflammatory  processes  occurring  in  the  testes  and  mam- 
mae in  the  course  of  mumps.  Such  cases  are  not  re- 
garded by  him  as  frequent.  In  a  case  observed  by  him, 
fi.  D.  Noyes  supposed  that  a  metastatic  inflammation, 
coincident  with  an  orchitis,  had  invaded  the  labyrinth. 
Lannois  and  Lemoine  place  the  auditory  affections  of 
parotitis  among  the  rare  occurrences  in  this  affection. 
In  the  category  of  rare  concomitants  of  mumps,  they  also 
cite  prostatitis,  mammitis,  ovaritis,  nephritis,  cerebral 
accidents,  and  ophthalmic  disorders,  as  optic  neuritis 
with  atrophj;  of  the  papilla.  From  the  literature  per- 
taining to  this  subject,  it  seems  entirely  warrantable  to 
conclude  that  the  process  producing  the  deafness  in 
mumps  is  a  metastatic  one,  involving  the  labyrinth,    A 
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few  have  thought  the  disease  might  reach  the  Internal 
ear  from  the  middle  ear,  or  by  the  way  of  the  facial 
nerve  and  its  canal ;  but  the  absence  of  symptoms  of 
middle-ear  disease  and  of  facial  paralysis  in  the  cases 
cited,  prohibits  such  an  assumption  as  to' the  etiology  of 
this  form  of  absolute  deafness.  No  treatment  has  shown 
itself  capable  of  either  preventing  the  destruction  of  hear- 
ing, when  the  ear  is  first  threatened,  or  of  curing  tlie 
deafness  after  it  has  become  established. 

Deaf-dumbness  ;  The  Nbrvous  Lesion. — The  lesion 
in  congenital  deaf-dumbness  may  be  an  early  periostitis 
of  the  petrous  bones  (Moos  :  Arch,  of  Otol.,  vol.  iii.,  p.  193, 
1873,  and  vol.  viii.,  p.  137,  1879).  This  is  shown  by  the 
sclerosis  in  the  substance  of  the  bones,  anchylosis  of  the 
ossicles,  the  partial  hyperostotic  condition  of  the  bony 
walls  of  the  tympanic  cavity,  and  closure  of  the  fenestra 
rotunda.  A  colloid  substance  may  be  found  in  the  laby- 
rinth in  such  cases.  In  some  instances,  no  trace  of  semi- 
circular canals,  ampullae,  nor  cochlea,  is  found  The 
auditory  nerves  may  be  atrophic  and  contain  concretions 
of  phosphate  of  lime.  The  facial  nerves,  emanating  from 
different  centres  of  development,  may  be  normal.  In 
such  cases  the  auditory  vesicle  alone  is  arrested  in  de- 
velopment (Moos  and  Steinbrfigge).  In  other  cases  an 
examination  of  the  labyrinth,  on  both  sides,  reveals  a 
large  quantity  of  otoliths  and  numerous  coUqid  bodies  in 
the  ampullae,  the  sacculi,  and  on  the  lamina  spiralis  mem- 
branacea,  with  freedom  from  disease  in  the  inner  part  of 
the  Internal  auditory  canals.  The  abolition  of  hearing  is 
often  directly  due  to  colloid  degeneration  in  the  labyrinth. 

In  a  case  of  acquired  deaf -dumbness.  Moos  and  Stein- 
brugge  found  the  following  histological  changes  : 

The  auditory  nerves  were  of  normal  thickness,  and  on 
the  right  side  the  vestibule,,  semicircular  canals,  and 
cochlea  were  normal.  On  the' left  side  numerous  colloid 
globules  and  molecular  detritus  were  found  in  the  con- 
nective tissue  of  the  utriculus,  the  semicircular  canals, 
and  the  ampullae.  In  other  respects,  these  parts  seemed 
normal.  In  the  right  cochlea  tlie  principal  changes  were 
in  the  first  whorl.  The  nerve-fibres  were  wanting  in  the 
lamina  spiralis  ossea.  Both  scalae  were  invaded  by 
new-formed  bone-tissue,  more  so  in  the  scala  vestibuli 
than  in  the  scala  tympani.  The  ganglia  in  the  modiolus 
were  in  normal  quantity,  but  they  sent  off  only  a  few 
fibres  to  the  osseous  lamina.  In  this  case  there  had  oc- 
curred an  inflammation  of  the  entire  labyrinth  of  the 
right  petrous  bone,  in  the  fourth  year  of  life.  This 
process  led  to  an  exudation  into  the  perilymphatic 
space  of  the  semicircular  canals,  ampullae,  and  vestibule, 
which  finally  underwent  partly  a  colloid  and  partly  a 
molecular  degeneration.  The  results  in  the  cochlea  were 
a  proliferation  of  connective  tissue,  and  a  new  formation 
of  bone  proceeding  from  the  periosteum.  This  process 
caused  partial  obliteration  of  the  cochlear  cavities  in  the 
first  whorl,  and  fixation  of  the  membranous  lamina  spi- 
ralis. Total  ossification  of  the  labyrinth  may  occur,  as 
observed  by  Politzer  (Otol.  Congress,  Milan,  1880J.  In 
the  deaf  and  dumb  there  may  also  be  found  periostitis  of 
the  temporal  bone,  exostosis  in  the  right  drum-cavity, 
anchylosis  of  all  the  ossicles,  on  both  sides,  osseous  clos- 
ure of  both  round  windows,  osseous  narrowing  of  the 
communication  between  the  vestibule  and  cochlea,  nar- 
rowing of  the  cavity  of  the  bony  labyrinth,  calcareous 
masses  in  Iroth  internal  auditory  canals,  and  also  in  both 
membranous  sacculi  in  both  vestibules,  but  no  further 
changes  in  the  nervous  apparatus  (Moos :  Archw  f. 
Ohrmh.,  Bd.  ix.,  p.  276). 

Luys  places  the  centre  of  hearing  in  the  posterior  re- 
gions of  the  cerebral  lobes.  This  he  attempts  to  sub- 
stantiate by  his  discoveries  in  the  post-mortem  examina- 
tion of  the  brains  of  deaf-mutes  (Annates  des  Mai.  de 
V  Oreille  et  du  Larynx,  1875,  pp.  313-333,  and  Archw 
f.  Ohrenh.,  Bd.  xi.,  p.  179,  1876).  In  one  case,  a  man 
seventy-two  years  old,  a  congenital  deaf-mute,  but  an  in- 
telligent man,  who  had  died  of  pneumonia,  some  of  the 
inner  convolutions  of  the  posterior  lobes  of  the  cerebrum 
were  considerably  atrophied,  discolored  yellow,  and  oede- 
matous.  These  changes  were  more  pronounced  on  the 
right  side  than  on  the  left.   The  white  fibres  of  the  brain, 


by  whicli  this  part  of  the  brain  is  connected  with  the  optic 
bulb,  were  penetrated  by  connective-tissue  growths,  and 
were  in  a  state  of  amyloid  deg;eneration.  In  the  thalami 
optici,  only  the  posterior  nuclei  were  infiltrated  by  serum, 
very  soft,  and  infiltrated  with  amyloid  granules.  In  the 
gray  substance  surrounding  the  aqueduct  of  Sylvius,  a 
similar  pathological  condition  was  observed.  The  rest 
of  the  brain  was  normal.  The  acoustic  nerve  was  atro- 
phic at  certain  points. 

In  a  second  case — a  deaf-mute  boy,  fourteen  years  old, 
who  died  of  tuberculous  peritonitis — the  same  Itind  of 
changes  were  found  in  the  brain,  but  in  perhaps  a  less 
pronounced  form.  There  was  a  widespread  growth  of 
connective  tissue  extending  from  the  nerve-sheath,  so 
that  the  nerve-elements  were  gradually  crowded  and 
finally  destroyed. 
.  Kuhn,  who  has  reviewed  the  work  of  Luys,  states  (loc. 
cit.)  that  Hunter,  in  1825,  described  a  case  of  deafness  in 
which  extensive  changes  existed  in  the  optic  thalami. 

Auditory  Nebvb,  Sahcoma  of. — The  earliest  mani- 
festations of  this  affection  of  the  auditory  nerve  may 
come  on  after  taking  cold  from  undue  exposure .  They 
may  consist  in  anaesthesia  of  the  face,  of  the  nasal  mu- 
cous membrane,  with  hypersecretion  and  bleeding  of 
the  nose,  ansesthesia  of  the  oral  mucous  membrane,  de- 
fective vision,  with  increased  secretion  of  tears,  and 
ptosis  on  the  side  corresponding  to  the  affected  auditory 
nerve,  with  moderate  headache  and  vertigo.  The  hear- 
ing and  taste  soon  may  become  diminished,  and  in  some 
cases  the  sense  of  smell  is  diminished.  In  the  course  of 
five  or  six  months,  the  anaesthetic  symptoms  remaining 
unaltered,  the  vision  may  further  diminish,  and  there 
may  ensue  diplopia,  narrowing  of  the  pupil,  anaesthesia 
of  the  cornea,  convergent  strabismus,  nystagmus,  twitch- 
ing of  the  mimic  facial  muscles,  tonic  spasm  of  the  fron- 
talis, intermittent  vertigo,  headache,  unsteady  gait,  and 
atactic  movements  in  the  arm  (Moos  :  Arch.  f.  0.  und 
Otol.,  Bd.  iv.  of  the  side  corresponding  to  the  seat  of  the 
tumor). 

Post-mortem  examination  in  such  a  case  may  reveal  a 
round  tumor,  of  unequal  consistency,  the  size  of  a  wal- 
nut, on  the  outer  side  of  the  porus  acusticus  internus, 
with  its  under  surface  toward  the  dura  mater,  its  upper 
surface  in  connection  with  the  peduncles  of  the  cerebel- 
lum, compressing  the  pons  and  pushing  the  medulla  to- 
ward the  opposite  side.  Tlie  acoustic  nerve  may  run 
within  the  growth,  part  of  the  way,  and  finally  disappear 
in  it.  Further,  in  the  widened  porus  acusticus  internus, 
another  smaller,  rough  tumor  may  be  found.  The  vestib- 
ular nerve  may  be  found  uniformly  thickened,  the  facial 
nerve  thin  and  gray,  as  also  may  be  the  oculo-motor  and 
fifth  nerves.  In  the  cervical  and  thoracic  spinal  cord 
there  may  exist  excessive  softening  of  the  white  sub- 
stance, with  hyperaemia  of  the  gray  substance,  and  gray 
spots  in  the  posterior  columns.  Microscopic  examina- 
tion may  show  the  tumor  to  be  a  very  vascular  spindle- 
celled  sarcoma,  in  such  a  case.  In  the  place  of  the 
lamina  siDiralis  membranacea  of  the  first,  second,  and 
third  cochlear  whorls,  there  may  be  a  soft,  yellow  mass, 
composed  of  molecular,  fatty  detritus,  cholesterin,  and 
cells  in  fatty  degeneration,  supposed  to  be  the  remains  of 
the  epithelial  structures  in  the  organ  of  Corti. 

The  remnants  of  the  lamina  spiralis  membranacea 
may  show  under  the  microscope  a  normal  condition  of 
the  acoustic  tract,  for  the  most  part,  but  at  some  points 
they  may  have  lost  their  normal  appearance,  and  exhibit 
strings  of  fat-molecules  arranged  in  a  line  with  their 
longitudinal  fibres.  The  interdental  cells  may  be  in  a 
state  of  fatty  degeneration.  Corti's  membrane  and  the 
membrana  basilaris  may  lose  their  fine  longitudinal  fibril- 
lization,  and  instead  display  parallel,  thread-like  rows  of 
extremely  fine,  closely  packed  granules.  Corti's  arches 
and  their  capitals  may  display  a  similar  alteration.  The 
epithelial  cells  in  the  region  of  the  inner  slope  of  Corti's 
organ  may  be  enlarged  and  fatty,  as  also  may  be  the 
large  cell-epithelium  of  the  sulcus  spiralis  internus,  and 
the  external  epithelium  of  the  ductus  cochlearis.  There 
may  be  no  change  in  the  vestibule. 

In  some  instances  the  sarcoma  may  be  attended  by 
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great  pain  in  the  ear,  lasting  for  many  months  before 
death.  This  is  due  to  the  extension  of  the  disease  from 
the  internal  ear,  through  the  wall  of  the  promontory  to 
the  middle  ear,  and  even  to  the  external  auditory  canal, 
as  in  a  case  of  a  man,  sixty-six  years  of  age,  described  by 
"BaTckhaxAi-Menan  {Arehw  fur  Ohrenh.,  Bd.  xiii.,  pp. 
11-18,  1878).  The  pain  in  this  case  was  so  intense  as  to 
lead  the  patient  to  attempt  suicide  by  hanging.  The 
mastoid  process  became  very  tender  and  somewhat  swol- 
len, from  external  engorgement,  as  the  sequel  proved, 
since  there  was  sclerosis  of  the  bony  walls  and  cells  of 
the  mastoid,  and  a  reduction  of  the  antrum  to  the  size  of 
a  pea.  A  mastoid  operation  had  been  attempted.  The 
maxillary  articulation  also  became  very  tender,  and  the 
mouth  was  opened  only  about  two  centimetres,  and  with 
pain.  There  was  no  facial  paralysis,  and  only  slight 
vertigo,  although  the  semicircular  canals  were  impli- 
cated in  the  sarcomatous  growth,  as  was  shown  after 
death ;  the  facial  nerve,  however,  escaping  entirely  the 
pathological  process. 

The  sarcomatous  growth  may,  as  in  this  case,  take  its 
rise  in  the  dura  mater,  on  the  posterior  surface  of  the 
pyramid,  and  extend,  after  erosion  of  the  bone,  into  the 
vestibule.  The  latter  may  become  widened  and  filled 
with  a  moderately  tough,  yellowish- white  new  growth. 
The  tumor,  after  originating  from  the  dura  mater,  close 
to  the  point  of  entrance  of  the  inferior  petrosal  sinus  into 
the  jugular  fossa,  may  extend  as  a  round  cord-like  struct- 
ure through  the  greatly  widened  aquseductus  cochlese, 
beneath  the  floor  of  the  internal  auditory  meatus.  At 
this  point  it  may  divide  into  two  branches,  one  branch, 
as  large  as  a  bean,  extending  into  the  widened  and  partly 
broken  open  vestibule,  the  semicircular  canals  may  be- 
come embraced  by  the  growth,  and  the  promontory  wall 
eroded  through  to  the  middle  ear,  and  the  granulations 
resulting  therefrom  may  extend  even  into  the  tympanic 
portion  of  the  Eustachian  tube.  The  vestibular  nerve 
may  exhibit  a  circumscribed  morbid  enlargement  in  its 
course  through  the  internal  auditory  canal,  while  the 
sacculus  may  show  only  a  slight  connection  with  the 
tumor. 

The  other  branch  of  the  tumor  may  extend  in  the  form 
of  a  cord  beneath  the  floor  of  the  internal  auditory  me- 
atus, to  the  adventitia  of  the  internal  carotid  artery,  with 
which  it  may  be  adherent,  and  from  this  point  the  tumor 
may  form  a  thick,  membranous  covering,  which  finally 
surrounds  the  inner  and  upper  portion  of  the  partly 
necrosed,  isolated  cochlea,  and  finally  send  off  Into  the 
dura  mater  a  thin  pedicle  above  the  internal  auditory 
meatus.  The  cochlea,  at  some  points  in  the  bony  wall, 
may  be  thinned  down  to  the  membranous  structures,  and 
be  found  loosely  placed  in  the  pyramid.  In  the  case  of 
Burckhardt-Merian,  alluded  to,  the  tumor  contained 
numerous  spindle-shaped  cells,  and  was  denominated  a 
fibro-sarcoma. 

Sarcoma  of  the  auditory  nerve  may  occur  in  young 
subjects,  as  in  the  case  of  a  girl  seventeen  years  old,  de- 
scribed by  Dr.  George  T.  Stevens  (Archives  of  Otology, 
vol.  viii.,  171,  1879).  Four  years  previous  to  her  death 
there  had  begun  diminution  of  mental  activity,  and  the 
patient  seemed  to  be  "growing  childish,"  i.e.,  she  pre- 
ferred the  society  of  very  much  younger  children,  and 
liked  to  play  with  dolls.  In  her  fifteenth  year  she 
had  fallen  behind  in  her  studies,  and  between  thirteen 
and  fourteen  she  had  ceased  to  mature.  Convergent 
squint  began  to  replace  a  divergent  squint  she  had  had 
since  she  was  six  years  old.  There  was  now  paralysis  of 
the  external  rectus  muscle  of  each  eye.  Finally,  her 
movements  became  difficult  and  her  words  dragged. 
Two  years  before  her  death,  unsteadiness  of  gait  was 
observed.  A  year  before  her  death  deafness  had  been  ob- 
served in  the  left  ear.  There  was  marked  loss  of  muscu- 
lar co-ordination  in  walking,  but  she  could  sew  well. 

Dr.  Stevens  diagnosed  disease  at  the  base  of  the  brain, 
probably  consisting  .in  a  tumor  at  the  base  of  the  left 
hemisphere.  There  now  ensued,  rapidly,  great  weakness, 
difficulty  in  walking  and  standing,  and  powerlessness  of 
the  right  side.  Gradually  stupor,  coma,  difficulty  of 
speech,  and  clouded  intellect  supervened,  and  in  four 


weeks  from  the  time  of  the  diagnosis  death  ensued.  In 
the  last  five  days  of  life  there  was  total  inability  to  move 
the  right  arm  or  leg,  but  no  cramps  nor  convulsions  took 
place. 

The  autopsy  revealed  Signs  of  recent  and  general  men- 
ingitis, and  upon  turning  out  the  brain  the  suspected  tu- 
mor was  found  occupying  a  large  portion  of  the  fossa  of 
the  cerebellum,  between  the  latter  and  the  petrous  part 
of  the  temporal  bone.  The  tumor  had  encroached  so 
much  upon  the  fossa  that  the  cerebellum  was  reduced  on 
this  side  to  half  the  size  of  the  opposite  side.  The  tumor 
proved  to  be  a  spindle-celled  sarcoma  in  connection  with 
the  left  acoustic  nerve. 

The  cochlea  may  be  invaded  by  round-cell  sarcoma 
from  the  cerebellum  (P.  McBride  :  Journal  of  Anatomy 
and  Physiology,  vol.  xiv. ,  part  ii. ,  and  Archives  of  Otology, 
vol.  ix.,  p.  364,  1880).  In  the  case  referred  to  the  round- 
cell  sarcoma  extended  to  the  floor  of  the  right  internal  au- 
ditory canal,  and  thence  into  parts  of  the  bony  wall  of  the 
cochlea.  The  patient  was  deaf,  and  affected  with  facial 
paralysis  on  the  right  side,  the  former  symptom  prevail- 
ing for  one  year,  the  latter  for  six  months,  before  death. 
In  the  scala  vestibuli  of  the  cochlea  there  was  found  a 
coagulum  occupying  three-fourths  of  its  lumen  and  the 
orifices  of  the  modiolus.  It  was  composed  of  a  mesh  of 
delicate,  transparent  fibres,  and  also  contained  in  its  net- 
work numerous  lymphoid  cells.  The  author  believed 
this  to  be  a  croupous  exudation,  and  attributes  the  deaf- 
ness to  a  croupous  inflammation,  and  not  to  pressure  of 
the  tumor  upon  the  nerve-trunk,  since  the  paralysis  set  in 
so  late.  The  periosteum  of  the  cochlear  convolutions,  as 
well  as  Reissner's  membrane,  was  thickened.  The  ves- 
sels of  the  osseous  and  soft  tissues  were  dilated.  The 
cochlear  wall  showed  an  infiltration  of  small  round  cells, 
similar  to  those  found  in  the  sarcomatous  tumor.  Corti'a 
organ  was  normal  in  appearance,  and  there  was  no  exuda- 
tion, either  in  the  vestibule  or  in  the  semicircular  canals. 
In  a  second  case,  by  the  same  author,  the  right  labyrinth 
of  a  patient  who  had  died  of  acute  rheumatism,  and 
who,  while  taking  salicylic  acid,  had  become  deaf  (see 
Permanent  Alterations  in  Hearing  produced  by  the  Use 
of  Quinine  and  Salicylic  Acid),  was  examined,  and  one 
of  the  bony  semicircular  canals  revealed,  on  section,  an 
angular  instead  of  a  round  lumen,  and  its  membranoua 
canal  was  surrounded  by  connective  tissue.  This  was 
considered  metamorphosed  myxomatous  tissue,  dating 
from  foetal  life. 

Adenoma  of  the  petrous  portion  of  the  temporal  bone 
may  involve  the  internal  ear  as  well  as  the  middle  ear, 
and  even  the  external  auditory  canal,  as  shown  in  a  case 
reported  by  Samuel  Sexton,  M.D.,  of  New  York  (iV«w 
York  Med.  Journal,  December  13, 1884).  In  this  most  inter- 
esting and  extraordinary  case  the  patient,  a  man,  who 
succumbed  to  the  disease  at  the  age  of  forty-five,  pre- 
sented a  remarkable  train  of  nervous  symptoms  for  many 
years  preceding  the  strictly  aural  symptoms,  which  latter 
set  in  between  the  patient's  twenty -fifth  and  his  twenty- 
seventh  years.  In  early  life  he  had  St.  Vitus'  dance,  and 
from  the  age  of  fourteen  to  twenty  four  he  had  endured 
a  laborious  and  exposed  life  as  a  sailor,  was  often  struck 
on  the  head,  had  dizzy  spells,  and  falls.  At  twenty-five 
years  of  age  he  became  suddenly  ill  "with  some  head 
disease,"  when  it  was  noticed  that  the  right  side  of  his 
face  became  paralyzed,  his  speech  became  imperfect,  and 
deglutition  became  difficult.  Two  years  later  the  hearing 
failed,  and  tinnitus  aurium  was  established  in  the  right 
ear,  in  consequence,  as  it  was  then  thought,  of  a  severe 
cold  in  his  head.  During  the  two  succeeding  years  ver- 
tiginous attacks  became  more  frequent  and  more  severe, 
being  characterized  by  dizziness,  pallor,  coldness  of  the 
body,  and  profuse  sweating ;  in  fact,  we  have  here  a 
neuropathic  form  of  Meniere's  disease.  There  was  stupor, 
and  even  unconsciousness,  lasting  for  an  hour  or  more, 
followed  bjr  prostration,  dizziness,  and  intellectual  con- 
fusion, which  symptoms  could  be  induced  by  over-work 
or  excitement.  A  heavy  feeling  in  the  head,  increased 
mental  depression,  and  nervousness  ensued,  and  the  deaf- 
ness in  the  right  ear  was  marked.  In  the  next  four  years 
the  condition  varied  ;  sometimes  the  patient  could  work, 
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and  again  he  was  unable  to.  At  the  end  of  this  period, 
in  the  patient's  thirty-fourth  year,  there  was  another 
intercurrent  attack  of  catarrhal  inflammation  of  the  mid- 
dle ear,  with  great  pain  in  the  organ.  This  was  followed 
by  a  discharge.  A  severe  cough  set  in,  showing  some 
symptoms  of  ear-cough,  and  the  pain  in  his  head  became 
constant.  He  could  not  sit  up  without  experiencing 
vertigo,  and  in  walking  or  standing  he  was  obliged  to 
hold  on  to  something  for  support,  and  upon  one  occasion 
he  fell  in  the  street  and  became  unconscious,  which  latter 
symptom  shows  that  the  vertigo  was  not  in  connection 
with  ordinary  Meniere's  disease,  which  is  not  attended  by 
unconsciousness.  With  similar  symptoms,  in  varying  in- 
tensity, five  more  years  elapse,  when  he  presented  him- 
self to  Dr.  Sexton  on  May  5,  1875.  The  patient  was  of 
medium  stature,  dark  skinned,  and  weighed  at  this  time 
one  hundred  and  thirty  pounds.  He  denied  having  had 
syphilis.  His  cough  (ear-cough  ?)  was  troublesome,  and 
the  introduction  of  a  speculum  or  a  probe  into  the  ear 
caused  severe  paroxysms  of  coughing.  He  was  very  ner- 
vous and  had  muscular  twitchings  in  the  face.  He  was 
very  somnolent,  weak,  unsteady  in  his  gait,  and  could  not 
swallow  food  without  taking  a  mouthful  of  water.  Pa- 
ralysis of  the  right  side  of  face  was  marked,  and  he  felt  a 
weakening  of  the  entire  right  side  of  the  body.  There 
were  constant  pains  in  the  head.  The  osseous  fundus  of 
the  right  auditory  canal  was  nearly  occluded  by  a  bulging 
of  the  posterior-superior  wall,  in  the  form  of  a  saccu- 
lated, purplish  mass,  which  did  not  bleed  easily  from 
touching,  but  which  bled  freely  on  scarification.  There 
was  not  a  constant  discharge  from  the  ear.  The  mem- 
brana  tympani  was  intact,  though  thick  and  parchment- 
like in  appearance.  .  Above  and  behind  the  auricle,  just 
beneath  the  squamo-parietal  suture,  there  was  a  soft,  fluc- 
tuating tumor  slightly  elevating  the  scalp,  not  much  dis- 
colored, not  tender  to  the  touch,  and  about  3.50  ctm.  in 
diameter.  This  sac  contained  a  sero-sanguinolent  fluid, 
and  a  mass  of  friable  structure,  the  latter  extending  down- 
ward and  inward  to  the  bone.  Deep  pulsation  was  felt 
within  the  incised  tumor  of  the  scalp,  and  the  existence 
of  a  deep  intracranial  tumor  was  diagnosticated.  At 
this  time  there  was  nothing  abnormal  in  the  eyes.  Sub- 
sequently, with  a  worse  condition  of  the  head-symptoms, 
the  vision  of  the  right  eye  failed.  In  the  course  of  one 
year,  with  increasing  somnolence,  loss  of  power  in  the 
right  leg,  weakness,  attacks  of  prolonged  vomiting,  cold- 
ness of  the  right  hand,  the  patient  grew  worse.  He 
could  only  sleep  when  propped  up ;  albumen  was  found 
in  the  urine,  but  there  were  no  casts  ;  feet  and  legs  were 
swollen,  and  vomiting  was  frequent,  without  nausea.  Con- 
stipation was  now  succeeded  by  diarrhoea,  there  was  rapid 
loss  of  vision,  there  was  cough  with  offensive  sputa,  and 
the  patient  sank.  After  a  short  rally  the  patient  died 
slowly  and  easily,  retaining  his  intellectual  faculties  to 
the  last. 

The  autopsy,  made  the  day  after  death,  revealed  con- 
siderable congestion  of  the  meninges,  but  no  evidence  of 
recent  inflammation.  The  tumor,  yet  to  be  described, 
had  pressed  a  hollow  into  the  cerebellum.  The  meninges 
were  not  very  adherent  to  the  tumor,  and  there  was  no 
pus  anywhere  within  the  skull.  Internally  the  tumor 
occupied  the  front  and  back  surfaces  of  the  pyramidal 
part  of  the  temporal  bone,  and  was  covered  by  the  dura 
mater.  Its  size  equalled  that  of  a  turkey's  egg.  The 
whole  of  the  petrous  bone  was  involved  in  the  tumor, 
the  apex  alone  remaining  free,  at  the  orifice  of  which 
could  be  seen  the  internal  carotid  artery,  losing  itself 
finally  in  the  tumor.  The  centre  of  the  tumor  had 
eroded  the  petrous  portion  of  the  bone.  On  removing 
the  tumor  from  its  bed  it  brought  away  the  whole  pe- 
trous bone  from  behind  the  tympanum,  inward  to  within 
half  an  inch  of  the  apex. 

Externally,  the  tumor  had  destroyed  and  occupied  the 
place  of  the  anterior  half  of  the  squamous  plate  of  the  tem- 
poral bone,  extending  forward  to  the  articulation  of  the 
great  wing  of  the  sphenoid  ;  anteriorly  and  inferiorly,  to 
the  posterior  wall  of  the  meatus  externus  ;  superiorly,  to 
the  level  of  the  posterior-superior  angle  of  the  great  wing 
of  the  sphenoid  ;   posteriorly,  to  a  vertical  line  about  one 


inch  behind  the  apex  of  the  mastoid  process  ;  downward, 
into  the  mastoid  process.  Within  the  space  thus  mapped 
out  the  external  surface  of  the  tumor  was  exposed.  At 
the  edges  of  the  opening  thus  made  in  the  squamous 
plate,  the  dura  mater  was  very  adherent. 

The  microscope  revealed  the  tumor  to  be  a  destructive 
cylindrical-celled  adenoma.  Parts  of  the  tumor  were 
angiomatous.  It  was  supposed  by  Dr.  W.  H.  Welch, 
who  made  the  microscopic  examination,  that  the  tumor 
probably  originated  either  from  the  middle  or  internal 
ear,  as  in  these  parts  are  found  cylindrical  epithelial  cells. 
In  this  connection  Dr.  Welch  also  suggests  Cohnheim's 
hypothesis  as  to  the  origin  of  tumors  from  misplaced  or 
superabundant  embryonic  cells. 

CONCBBTIONS  OF   PHOSPHATE   OF  LlMB  IN  THE  AtTOI 

TOKT  Nebvb. — Boettcher  asserts  the  frequent  occurrence 
of  concretions  of  phosphate  of  lime  in  the  periosteum  of 
the  internal  auditory  canal,  most  frequently  at  the  fun- 
dus. They  are  found  in  the  middle-aged  as  well  as  in  the 
very  old.  They  consist  in  homogeneous,  or  concentri- 
cally laminated  bodies  of  globular,  oval,  or  club  shape, 
and  of  a  whitish-yellow  color,  and  in  the  fibrous  tissue 
of  the  periosteum  they  are  surrounded  by  connective 
tissue. 

Moos,  too,  has  not  uncommonly  found  such  concre- 
tions. In  a  deaf-mule  they  were  found  in  the  perios- 
teum of  the  porus  acusticus  internus,  in  the  neurilemma 
of  the  acusticus,  and  on  the  membranous  sacculi  of  both 
vestibules  (Steinbrugge's  Review,  Archives  of  Otology,  vol. 
viii.,  1879,  p.  96).  In  a  woman,  forty-four  years  old,  who 
had  been  very  deaf  for  some  time.  Moos  found,  post 
mortem,  concretions  of  phosphate  of  lime  in  the  trunk  of 
both  auditory  nerves.  There  was  also  in  this  case  great 
tinnitus  aurium,  and  congestion  of  the  manubrial  plexus. 
Numerous  concretions  of  phosphate  of  lime  were  also 
found  in  the  lamina  spiralis  membranacea  of  the  left 
cochlea.  It  was  supposed  that  the  subjective  auditory 
sensations  were  materially  increased  by  the  development 
of  concretions  of  phosphate  of  lime  in  the  body  of  the  ac- 
oustic nerve,  since  these  bodies  must  be  regarded  as  me- 
chanically tetanizing  media,  continuously  acting. 

Moos  and  Steinbrugge  also  found  concretions  of  phos- 
phate of  lime  in  the  auditory  nerves  of  a  deaf-mute,  with 
nerve-atrophy  (ArcJiwes  of  Otol.,  vol.  xi.,  p.  340,  1883). 

Fester  has  described  three  cases  of  psammoma  or  fibro- 
psammoma  of  the  brain,  two  of  which  implicated  the 
acoustic  and  facial  nerves.  In  one  case  the  acoustic 
nerve  was  atrophic,  in  a  state  of  fatty  degeneration,  and 
contained  concretions  in  the  thickened  neurilemma.  In 
a  second  case,  the  nerve  itself  showed  such  deposits  be- 
tween the  still  remaining,  thin  and  atrophic  fibres.  The 
corpuscles  could  be  traced  into  the  cochlea  and  semi- 
circular canals,  thus  permitting  conclusions  as  to  the 
peripheral  commencement  of  the  neoplasm,  with  centrip- 
etal development. 

Huguenin  demonstrated  that  in  brain  tumors  the  result- 
ing descending  optic  neuritis  is  due  to  a  chronic  inflam- 
mation of  the  sheath  of  the  nerve.  In  the  same  way,  in 
brain  tumors,  there  may  occur  a  neuritis  olfactoria  or  a 
neuritis  auditoria.  Disturbances  of  sight,  hearing,  and 
smell,  do  not  aid  us  in  determining  the  seat  of  the  brain 
tumor,  because  almost  all  cerebral  tumors  cause  a  chronic 
inflammation  at  base  of  brain,  which  produces  a  neuritis 
descendens  in  the  nerves  encroached  upon,  in  which,  ac- 
cording to  its  intensity,  it  brings  about  atrophy. 

Charles  S.  Burnett. 

AUGUSTA.  (For  detailed  explanation  of  the  accom- 
panying chart  and  suggestions  as  to  the  best  method  of 
using  it,  see  Climate.)  The  city  of  Augusta,  Qa. ,  lies  on  the 
western  bank  of  the  Savannah  River,  at  a  point  two  hun- 
dred and  thirty-one  miles  distant  from  its  mouth.  The 
town,  which  in  1870  had  a  population  of  15,389,  increased 
ten  years  later  (1880)  to  31,891,  is  one  of  the  chief  commer- 
cial centres  of  the  South  ;  and  both  on  account  of  its 
agreeable  climate,  its  well-chosen  location,  and  the  taste- 
ful manner  in  which  its  streets  are  laid  out,  possesses 
many  attractions  as  a  place  of  residence.  Augusta  is  but 
seventeen  miles  distant  from  the  now  famous  health  re- 
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sort  of  Aiken,  S.  C,  a  description  of  which  latter  place 
is  to  be  found  in  the  earlier  pages  of  this  Handbook  ; 
and  there  is,  very  naturally,  a  great  similarity  existing 
between  the  climates  of  the  two  places.  From  its  lower 
elevation  above  sea-level,  and  still  more  from  its  immedi- 
ate proximity  to  the  Savannah  River,  and  the  more  alhi- 
vial  nature  of  the  soil,  the  climate  of  the  town  of  Augusta 
itself  differs  considerably  from  that  of  Aiken  in  one  im- 
portant respect,  viz. :  in  that  of  humidity.  As  shown  by 
the  figures  representing  Relative  Humidity,  which  are 
given  in  the  meteorological  charts  accompanying  the  ac- 
counts of  both  places  in  this  Handbook,  neither  Aiken 
nor  Augusta  possesses  an  excessively;  dry,  nor  yet  a  very 
dry  climate  ;  but,  following  the  classification  of  Vivenot, 
these  figures  may  be  interpreted  as  indicating  for  Aiken 
the  possession  of  a  "moderately  dry,"  and  for  Augusta, 
the  possession  of  a  "  moderately  moist"  climate. 

To  Dr.  Henry  F.  Campbell,  a  well-known  physician 
resident  at  Augusta,  the  writer  is  greatly  indebted  for 
supplying  him  with  much  valuable  information  concern- 
ing the  climate  of  the  town,  and  concerning  its  desirabil- 
ity as  a  place  of  residence  for  invalids.     In  two  letters  re- 
ceived from  this  gentleman,  and  bearing  date  respectively 
January  1  and  4,  1885,  the  following  description  of  the 
soil  of  Augusta  is  given  :  "  The  soil,  on  the  level  plain 
of  Augusta,  is  alluvial,  mica  being  largely  mixed  with 
the  aluminous  elements,  while  the  highlands  and  hills  in 
the  vicinity  are  principally  formed  of  sand,  with  a  rocky 
or  slaty  substratum."    (Letter  of  January  1st.)    "But," 
the  Doctor  goes  on  to  say,  in  a  letter  written  a  few  days 
later  (January  4th),  "  though  our  soil  is  alluvial,  over  a 
hundred  years  of  thorough  cultivation  has  eliminated  all 
morbific  elements  and  established  thorough  drainage  in 
all  the  surrounding  country."    Between  the  climate  of 
the  highlands  and  hills  in  the  vicinity  of  Augusta  and 
the  climate  of  Aiken,  a  much  smaller  difference  doubt- 
less exists  in  the  matter  of  humidity  than  does  exist  be- 
tween the  climate  of  Aiken  and  that  of  Augusta  itself  ; 
and  the  reputation  of  these  highlands  as  health  resorts 
has  been  established  for  many  years  past.     In  the  matters 
of  soil  and  vegetation  these  places  are  almost  identical 
with  Aiken,  and,  although  the  writer  possesses  no  mete- 
orological statistics  to  prove  that  such  is  the  case,  it  is, 
nevertheless,  most  reasonable  to  infer  that  like  causes  must 
necessarily  produce  like  effects,  and  that  these  sandy  and 
pine-growing  regions  closely  resemble  the  neighboring 
town  of  Aiken  in  point  of  humidity,  as  they  certainly  do 
in  respect  to  all  other  climatological  factors.     Among 
such  resorts  the  best  known  are  the  Pine  Heights  (sta- 
tion Grovetown,  on  the  Georgia  Railroad),  about  fifteen 
or  twenty  miles  west  of  Augusta,  and  the  village  of 
Summerville,  or  the  "  Sand  Hills,"  only  three  miles  dis- 
tant from  the  town,  and  connected  with  the  latter  by  a 
line  of  horse-cars.     This  settlement  of  Summerville  is  a 
very  favorite  place  of  residence  for  the  wealthier  inhabi- 
tants of  Augusta,  many  of  whom  have  their  villas  built 
upon  its  sandy  soil.     Concerning  this  spot.  Dr.  Campbell 
says:  "The  Sand  Hills,  three  miles  west  of  Augusta, 
.     .     .    had,  as  early  as  the  beginning  of  the  present  cen- 
tury, acquired  the  name  of  '  Mount  Salubrity'  on  account 
of  its  mild  and  healthful  climate  and  its  conditions  so 
generally  acknowledged  to  be  favorable  to  the  consump- 
tive."   The  Pine  Heights,  above  alluded  to,  probably 
possess  a  climate  more  nearly  identical  with  that  of  Aiken 
than  is  the  climate  of  the  Sand  Hills,  for  the  location  of 
the  latter  place,  within  three  miles  of  the  Savannah  River, 
as  well  as  the  immediate  proximity  of  the  alluvial  plain 
from  which  the  hills  arise,  must  necessarily  tend  to  pro- 
duce greater  humidity  of  atmosphere   than  would  be 
found  in  a  place  lying  upon  a  moderately  high  and  an 
extensive  sandy  plateau,  and  at  a  considerable  distance 
fromany  large  body  of  water.     Such  we  know  to  be  the 
location  of  Aiken  ;  such  also,  judging  from  its  geograph- 
ical position,  is  probably  the  location  of  the  Pine  Heights, 
which  claim  to  possess  an  altitude  above  sea-level  and  a 
climate  corresponding  to  those  of  the  former  place. 

The  city  of  Augusta  possesses  four  hotels,  and  Dr. 
Campbell  states  in  one  of  his  letters  that  "a  large  num- 
ber of  comfortable  boarding-houses  exist  in  the  town  it- 


self, while  excellent  board  can  also  be  obtained  at  the 
Sand  Hills,  at  Pine  Heights,  and  at  other  localities  near 
the  city."  No  sanitarium,  or  hotel  specially  fitted  for  the 
accommodation  of  invalids,  seems  to  exist,  as  yet,  either 
within  the  town,  or  at  any  of  the  neighljoring  places, 
although  the  project  of  establishing  such  a  hotel  at  the 
Sand  Hills  was  set  on  foot  some  two  years  ago. 

Concerning  the  water-supply  and  the  drainage  of  Au- 
gusta, concerning  the  general  healthf  ulness  of  the  town, 
the  facilities  presented  for  out-of-door  exercise,  and  the 
existence  of  opportunities  for  the  education  of  the  chil- 
dren of  families  desiring  to  make  the  city  or  its  immedi- 
ate neighborhood  a  place  of  more  or  less  permanent  resi- 
dence, the  letters  of  Dr.  Campbell  supply  the  following 
items  of  useful  information ; — 

"The  water-supply  of  this  place  is  abundant  and  ex- 
cellent— source  elevated,  and  water  by  pipes  in  all  dwell- 
ings. The  drainage  and  sewerage  are  well  devised  and 
well  constructed,  and  are  being  largely  extended  to  meet 
the  requirements  of  the  city.  .  .  .  The  diseases  of 
this  locality  are  usually  a  mild  and  manageable  type  of 
intermittents — the  continued  or  typhoidal  forms  of  fever 
are  somewhat  rare,  never  prevailing  epidemically.  As  a 
general  thing  the  exanthematous  fevers  are  mild  in  their 
progress,  and  not  largely  fatal.  .  .  .  Yellow  fever, 
occasionally  epidemic  on  our  coast,  has  twice  only  been 
transported  to  Augusta — in  1839  and  1854 — both  years  in 
August  and  September.  .  .  .  Rheumatism,  cardiac 
affections,  renal  affections,  and,  I  think,  cutaneous  dis- 
eases, are  much  less  frequent  here  than  in. most  of  the 
Northern  and  Eastern  States.  ...  As  to  facilities 
for  out-door  exercise  : — The  roads  around  Augusta  are 
numerous  and  well  kept,  and  pass  through  regions  diver- 
sified by  pine  and  oak  forests,  and  broad  cotton  and  corn 
fields.  Our  streets  are  generally  level,  broad,  and  well 
IDaved,  rendering  walking  attractive  and  practicable  at 
some  portion  of  every  day  in  the  year.  Hacks,  horses, 
and  street-cars  in  the  city  and  to  the  Sand  Hills,  afford 
abundant  and  cheap  facilities  for  riding  and  transporta- 
tion. In  regard  to  schools  and  facilities  of  education,  I 
can  say  that  our  public  and  private  schools  are  well  con- 
ducted and  systematically  managed,  and  are  attended  by 
the  children  of  our  best  citizens.  Sojourners  here  would 
not  necessarily  have  to  interrupt  the  studies  of  their  chil- 
dren during  their  stay  either  in  the  winter  or  summer. 
The  Richmond  Academy  for  Boys  is  one  of  the  most  ven- 
erable, and  at  this  tiine  one  of  the  best  conducted  institu- 
tions in  the  United  States." 

In  one  respect  Augusta  excels  most  of  the  health  resort? 
to  be  found  within  the  borders  of  the  Southern  States, 
viz.,  in  the  opportunity  offered  to  business  men,  suf- 
fering from  impaired  health,  of  recovering  their  strength 
and  health  by  prolonged  residence  at  or  near  the  town 
without  incurring  the  necessity  of  abandoning  their 
source  of  livelihood  and  the  business  habits  to  which 
they  have  always  been  accustomed. 

"Active  business  men  who,  on  account  of  impaired 
health,  must  seek  a  milder  climate  than  that  of  the  East 
cm  and  Northern  States,  will  find  themselves  in  a  busi 
ness  atmosphere  congenial  to  their  habits  and  tastes,  and 
among  business  men,  a  large  number  of  whom  have  he- 
come  permanent  residents  on  account  of  their  formerly 
impaired  health,  or  that  of  their  families,  in  a  more  rigor- 
ous climate."     (Letter  of  Dr.  Campbell,  January  1, 1885.) 

In  this  connection  it  is  important  to  remark  tliat  the 
same  dying  out  of  an  hereditary  tendency  to  consumption 
which  has  been  observed  among  the  descendants  of  per 
sons  who  have  taken  up  their  residence  upon  the  Island 
of  Madeira  on  account  of  their  own  impairment  in  health, 
has  likewise  been  found  to  prevail  among  the  children  of 
such  invalided  parents  who  have  made  choice  of  Augusta 
as  a  home  for  themselves  and  for  their  families. 

■  It  is  for  the  alleviation  or  for  the  cure  of  cases  of  pul- 
monary phthisis  that  the  climate  of  Augusta  is  chiefly 
noted  ;  but  the  mildness  of  its  winter  temperature  and  its 
other  features  (deducible  from  the  figures  of  the  accom- 
panying chart,  and  from  a  comparison  of  these  figures 
with  those  standing  in  the  corresponding  columns  of  tlie 
charts  for  other  resorts  and.  for  other  towns  which  ara 
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Climate  of  Augusta,  Ga. — Latitude  33"  28'  K,  Longitude  81°  54'  W. — Period  of  Obsewations :  January  1,  1873, 
December  31,  1883.     Elevation  of  Place  of  Observation  above  the  Bea-level,  16'7  feet. 
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8  P.M. 

Degrees. 

Degrees. 

«.o 

54.9 

44.8 

58.9 

48.9 

C5.8 

57.9 

72.6 

67.2 

81.0 

74.7 

86.7 

78.1 

89.2 

75.2 

86.6 

69.5 

82.6 

57.8 

78.5 

47.5 

62.0 

41.7 

59.6 

46.4 
49.2 
54.3 
61.3 
69.2 
76.1 
79.1 
77.1 
72.2 
62.0 
51.7 
46.0 


AA 


a'3 

4 


47.7 
60.8 
68.1 
63.9 
72.4 
79.1 
82.1 
79.6 
74.7 
64.4 
58.7 
47.7 

64.1 
80.2 
64.2 
48.7 
64.3 


Mean  temperature 
for  period  of  ob- 
servation. 


Highest. 
Degrees. 

56.5 

66.7 

61.3 

67.4 

75.7 

81.3 

84.8 

83.7 

79.4 

70.6 

57.4 

63.9 


55.1 
65.8 


Lowest. 
Degrees. 

40.9 

46.0 

50.7 

60.6 

69.8 

78.0 

78.6 

76.1 

73.0 

59.4 

47.5 

38.5 

62.7 
79.0 
61.2 

45.2 
61.8 


Degrees, 
57.0 
63.0 
69.1 
74.5 
83.2 
88.2 
92.5 
89.5 
84.9 
76.6 
64.5 
59.0 


Degrees. 
89.7 
43.6 
47.8 
54.6 
63.0 
69.3 
74.0 
72.2 
66.7 
58.7 
45.8 
40.4 


K 


Absolute  maximum 
temperature  for 
period. 


Highest. 
Degrees. 

79.0 

82.0 

89.3 

90.0 
100.0 
101.8 
105.0 
105.0 

97.0 

92.0 

84.0 

77.0 


Lowest. 


64.0 
6T.0 
76.0 
81.0 
89.0 
94.0 
94.0 
91.0 
90.4 
81.0 
75.0 
65.0 


Absolute  minimum 
temperature  for 
period. 


Highest. 
Degrees. 

Sl.O 

34.3 

37.3 

49.0 

68.3 

68.0 

72.0 

70.0 

64.4 

49.0 

33,0 

31.8 


Lowest. 
Degrees. 

15.0 

22.0 

22.0 

31.0 

42.0 

57.0 

62.0 

61.0 

48.0 

29.0 

24.0 
7.0 


G 


Ill 
S«S.S 


PJi 

'°'Ssi 
|S|a 

4J   C  CS  0 

mi 


21 
19 
22 
19 
18 
20 
25 
29 
24 
19 
21 


20 
24 
21 


27 
15 


19 
24 


January... 
February. . 

Karch 

April 

May 

June 

July 

August.... 
September. 

October 

November. 
December., 

Spring 

Summer. . . 
Autumn... 
Winter.,.. 
Sear 


ao 
II 


64.0 
60.0 
67.3 
59.0 
58.0 
44.8 
43.0 
44.0 
49.0 
63.0 
60.0 
70.0 

78.0 
48.0 
73.0 
75.0 
98.0 


It 

i 


Percent. 
74.3 
68.4 
69.1 
64.8 
64.4 
68.1 
68.7 
73.S 
72.4 
71.9 
72.8 
73.4 

64.8 
70.0 
72.2 
.  72.0 
69.8 


9.6, 
11.8 
10.1 
11.6 
12.8 
15.3 
14-4 
15.2 
12.9 
10.1 
10.1 
U.S 

84.5 
44.9 
32.7 
32.7 
144.8 


N 


■Sa 


1° 


10.6 
7.8 
12.2 
10.8 
12.6 
8.4 
10.4 
8.1 
10.3 
14.2 
10.4 
10.2 

85.6 
26.9 
34.9 
28.6 
126.0 


"Si 

MS'O 

is 


20.2 
19.6 
22.3 
22.4 
25.4 
23.7 
24.8 
23.3 
22.8 
24.3 
20.5 
21.5 

70.1 
71.8 
67.6 
61.3 
870.8 


Inches. 
4.64 
3.88 
5.86 
4.64 
8.09 
4.25 
4.46 

■  4.78 
3.97 
2.23 
4.29 
4.06 

18.69 
13.49 
10.49 
12.68 
50.19 


Is 

is 


From 

N.W. 
N.W. 
N.W, 
N,W, 

S.E. 
S. 

S.B. 
N.B. 
H.E. 
N.E. 
N.W. 
N.W. 

N.W. 

S. 
N.E. 
N.W. 
N.W. 


Miles,* 
3.5 
4.3 
4.9 
4.9 
4.0 
8.9 
3.3 
3.1 
8.4 
3.6 
3.7 
3.3 

4.5 
3.4 
3.6 
8.7 
8.8 


•  Per  hour, 

given  in  this  Handbook),  will  indicate  the  suitability  of 
me  climate  as  a  powerful  factor  in  the  alleviation  or  cure 
of  several  other  forms  of  disease  and  in  the  removal  of 
various  other  dyscrasiae. 

In  conclusion,  the  following  figures,  deduced  by  calcu- 
lation from  the  statistics  of  the  United  States  Census  for 
1880,  and  showing  the  proportion  of  deaths  attributed  to 
consumption  which  occurred  in  every  10,000  of  popula- 
tion during  the  census  year,  are  herewith  presented  to  the 
reader:  Georgia,  11,14;  New  York,  25,29;  Massachu- 
setts, 39.30 ;  Vermont,  24.46  ;  New  Hampshire,  24.95  ; 
Maine,  38.18  ;  I^hode  Island,  34.98 ;  New  Jersey,  23,25  ; 
Connecticut,  23,67  ;  Pennsylvania,  18.85, 

Huntington  Richards. 

AUGUSTUSBAD,  near  Dresden,  Saxony,  contains  six 
chalybeate  springs,  slightly  impregnated  with  COa.  Al- 
titude, 220  metres  (730  feet).  The  "  Stollen  "  spring  con- 
tains the  greatest  amount  of  iron,  0.31  parts  in  1,000, 
The  air  of'  Augustusbad  is  balsamic  and  pleasant  in  the 
summer  months,  H.  F. 


AULUS,  situated  in  the  Puy  de  Dome,  between  high 
mountain  cliffs,  33  kilometres  (21  miles)  distant  from  St, 
Girons  (latitude,  42°  59'  N,),  contains  one  spring  and 
bath-house.  Temperature  of  the  water,  20°  C.  (68°  F,). 
According  to  Filhol,  the  percentage  of  solids  (chiefly 
sulphate  of  calcium,  17.6,  and  sulphate  of  magnesia, 
2.6)  is  32  in  1,000  parts.  There  are  also  traces  of  hy- 
drogen chloride  HCl,  carbonic  acid,  arsenic,  copper, 
tellurium,  and  chromium.  The  value  of  a  short  course 
of  this  water  in  the  treatment  of  syphilitic  affections  has 
been  asserted  on  good  authority.  H.  F. 

AURICLE,  ANATOMY  AND  PHYSIOLOGY  OF.    The 

auricle,  or  pinna,  pyriform  in  shape,  occupies  a  position 
between  two  imaginary  lines  running  horizontally,  the 
upper  one  touching  the  eyebrows,  the  lower  one  the  tip 
of  the  nose.  The  angle  that  it  forms  with  the  lateral 
part  of  the  head  toward  the  occiput,  is  subject  to  great 
variations  in  different  individuals.  It  is  composed  of 
cartilage  of  the  yellow  or  reticular  variety,  one  to  two 
millimetres  in  thickness,  and  is  covered  by  perichon- 
drium. The  cartilage  does  not  enter  into  the  construction 
of  the  lobule  ;  it  is  also  deficient  between  the  tragus  and 
spina  helicis,  the  space  being  filled  up  by  dense  connec- 
tive tissue.  The  integument  covering  the  auricle  is  much 
more  closely  adherent  to  the  perichondrium  on  the  ante- 
rior or  outer  surface  of  the  pinna  than  on  the  posterior  or 
convex  surface,  owing  to  the  greater  development  of  the 
subcutaneous  connective  tissue.  The  lobule,  formed  by 
a  reduplication  of  the  integument,  contains  fat  and  dense 
connective  tissue.  Occasionally  the  cartilage  from  the 
auricle  is  continued  into  the  lobule,  so  that  the  operation 
of  piercing  the  ears  may  give  rise  to  chondritis.  Seba- 
ceous glands,  0.5  to  2  mm.  in  diameter,  scattered  over 
the  auricle,  are  found  in  the  greatest  number  in  the 
concha.  The  surface  of  the  auricle  is  covered  with  very 
fine,  soft  hairs.  Occasionally  they  are  highly  developed 
at  the  tragus  and  around  the  meatus  in  the  region  of  the 
helix  and  antitragus.  Sudoriferous  glands  are  very  nu 
merous  on  the  posterior  surface  of  the  pinna. 

The  outer  or  concave  surface  of  the  auricle  presents 
numerous  depressions  and  elevations.  The  outer  edge 
(h)  curved  forward  and  outward,  called  the  hehx,  ex- 
tends from  the  spina  (crista)  helicis  («A)  above  the  external 
auditory  meatus,  along  the  margin  of  the  auricle,  upward 
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and  backward,  to  the  posterior  margin  of  the  lobule. 
A  second  elevation  (ah),  the  antihelix,  running  in  a 
parallel  direction  with  the  posterior  portion  of  the  helix, 
commences  with  two  (branching  crura)  (c/)  crura  furcata 
above  the  crista  helicis,  and  terminates  in  a  cartilaginous 
protuberance  (a1),  the  antitragus.  Between  these  two 
ridges  or  elevations  is  found  a  depression  (fa),  the  fossa 
scaphoidea,  or  fossa  of  the  helix,  or  fossa  navicularis. 
The  fossa  intercruralis  (/»)  is  the  name  given  to  the  space 
between  the  two  crura  of  the  antiheUx  ;  it  is  also  called  the 
fossa  triangularis  or  fossa  of  the  antihelix.  The  tragus 
(0  is  the  prominent  nipple-shaped  projection  opposite  the 
antitragus  and  in  front  of  the  external  auditory  meatus, 
and  partly  covering  the  orifice  (im).  The  incisura  inter- 
tragica  is  the  notch  (i)  between  the  tragus  and  anti- 
tragus. The  concha  (c)  is  the  cup-shaped  depression  of 
the  auricle.  The  lobulus  (f),  the  lower  extremity  of  the 
auricle,  is  subject  to  great  variations  as  regards  shape  and 
size. 

There  are  two  sets  of  muscles,  peculiar  to  the  auricle, 
the  extrinsic  and  intrinsic.  Those  of  the  first  group 
are  the,  1,  attollens  auriculomi,  which  draws  the  auricle 
upward,  a  fan-shaped  muscle,  arising  from  the  epicranial 
aponeurosis,  with  fibres  converging  downward,  and  at- 
tached to  the  upper  and  convex  surface  of  the  auricle  ;  3, 
attrahens  auriculam,  which  draws  the  auricle  a  little  for- 
ward and  upward,  also  arises  from  the  epicranial  aponeu- 
rosis above  the  zygoma  and  in  front  of  the  auricle,  and 
is  attached  to  the  spina  helicis  ;  3,  retrahens  auriculam 
pulls  the  auricle  backward  :  it  arises  from  the  mastoid 
process,  and  its  fibres  are  in- 
serted into  the  posterior  and 
convex  surface  of  the  concha. 
The  intrinsic  muscles  are  pecul- 
iar to  the  auricle  itself.  They 
are  pale,  extremely  thin,  and 
rest  upon  the  cartilage  ;  they  are 
inserted  into  the  perichondrium. 
ii»  /^9H^@H  W!  S  '^t^ese  muscles,  when  they  act, 

are  supposed  to  alter  the  shape 
>ji  'JHH||IH^S|fiJ  of  the  auricle  to  a  slight  extent. 
, •*■  .^UmXfe  sMU  They  are  the  tragieus,  anlitra- 
gicus,  Tielids  major,  and  helicis 
minor  on  the  anterior  or  concave 
suMace  ;  the  transversus  and  ob- 
liquua  auriculoi  on  the  posterior 
or  convex  surface. 

A  muscle,  called  the  musculus 

Pio.  356.— Auricle.  (After  TTr-  incisurcB  Santmini,  in  the  audi- 
bantschitsch.)  —  aft,  antihe-  tory  canal,  is  sometimes,  though 
^^L^'.^f't'^V''''^f"^  rarely,  described.   According  to 

I  fossa  conchsB) ;  c/,  crura  fur-    tt     ^i     -^       •         j,  .t        *. 

cata;  A  fossa  intercruralis;  Hyrtl,  It  anses  from  the  ante- 
/»,  fossa  scaphoidea ;  A,  he-  rior  circumference  of  the  exter- 
1™  I  ?■  incisura  intertragica ;  nal  meatus ;  its  direction  is  down- 

tfm,  introitus  meatus  audit.    „.„„j  ^    a  v     ^      j      .-j    .j.   ■    • 

extern.;  J,  lobulus;  sh,  spina  ^^rd  and  forward,  and  It  is  m- 

(oristaj  helicis ;  t,  tragus.  serted  into  the  inferior  border 
of  the  tragus.  It  serves  to 
draw  the  tragus  forward,  and  thus  enlarge  the  space  of 
the  concha. 

The  ligaments,  as  the  muscles,  are  divided  into  the 
extrinsic  and  intrinsic.  The  extrinsic  ligaments  are  the 
anterior,  extending  from  the  spina  helicis  to  the  root  of 
the  zygoma,  and  the  posterior,  arising  from  the  outer 
surface  of  the  mastoid  process,  and  inserted  into  the  pos- 
terior surface  of  the  concha.  The  intrinsic  are  also  two 
in  number :  one  passing  from  the  tragus  to  the  spina 
helicis ;  the  other  connecting  the  concha  and  the  lower 
extremity  of  the  antihelix. 

The  anterior  surface  of  the  auricle  Is  supplied  by  the 
arterise  auriculares  anteriores,  branches  of  the  arteria  tem- 
poralis superflclalis  ;  the  posterior  surface,  by  a  branch 
of  the  arteria  auricularis  posterior  from  the  arteria  caro- 
tidea  externa.  The  arteria  occipitalis  also  sends  an  auric- 
ular branch. 

The  veins  accompany  the  corresponding  arteries. 

The  nervous  supply  is  derived  from  the  nervus  auri- 
cularis magnus  of  the  cervical  plexus  ;  the  nervus  auri- 
cularis posterior  from  the  nervus  facialis  ;  an  auricular 
branch  (Arnold's)  from  the  nervus  vagus  ;  the  nervus 
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auriculo-temporalis  from  the  nervus  inframaxillaris.  The 
posterior  or  inner  surface  of  the  auricle  is  well  supplied 
with  nerves,  while  very  few  are  distributed  on  the  ante- 
rior or  external  surface  and  lobule. 

The  auricle  is  richly  supplied  with  lymphatics. 

Different  views  are  held  as  to  the  function  of  the 
auricle  in  the  reception  and  reflection  of  the  sound-waves. 
Some  authors  assert  that  the  depressions  on  the  concave 
surface  are  very  important,  while  others  maintain  that 
the  auricle  is  simply  an  appendage.  Politzer  has  made  a 
series  of  experiments  in  individuals  whose  hearing  was 
affected,  because  "  in  such  persons,  the  hearing-distance 
for  continuous  sounds  is  much  more  sharply  defined  than 
in  persons  whose  ears  are  normal."  Having  fixed  the 
head  of  the  patient,  he  ascertained  the  hearing-distance 
first  with  the  metronome,  which  is  then  placed  somewhat 
within  the  boundary  of  the  hearing-distance.  He  found 
that  when  the  concha  was  covered  with  a  piece  of  stiff 
paper,  leaving,  however,  the  orifice  free,  that  the  patient 
was  unable  to  hear  the  sound  of  the  instrument.  By 
covering  the  other  depressions  on  the  auricle,  no  effect 
was  noticed  on  the  hearing-distance.  The  size  of  the 
auricle  and  the  angle  it  forms  with  the  side  of  the  head 
undoubtedly  have  some  influence  on  the  hearing-distance, 
for  with  persons  of  normal  hearing,  as  well  as  with  those 
who  are  deaf,  the  hearing-distance  is  increased  when  the 
auricle  is  bent  forward  by  the  hand.  Politzer  considers 
"the  tragus  of  great  importance  for  the  reflection  of  the 
waves  of  sound  which  strike  the  auricle."  A  hollow 
space,  opposite  the  concha  and  the  orifice  of  the  external 
meatus,  is  formed  by  means  of  the  tragus.  The  waves 
of  sound  are  reflected  here  by  the  auricle  (concha)  and 
thrown  into  the  auditory  canal.  Burnett  divides  the 
sounds  of  nature,  composed  of  a  large  number  of  par- 
tial tones,  as  the  rustling  of  leaves,  roar  of  the  surf, 
etc.,  into  deep,  intermediate,  and  high  partial  tones. 
The  normal  ear  perceives  these  partial  tones  as  a  whole, 
not  isolating  them.  This  is  explained  by  the  fact  that 
"certain  parts  of  the  auricle  resound  best  to  the  high 
partial  tones,  while  other  portions  of  it  resound  best  to 
the  intermediate  and  low  partial  tones,  thus  insuring  the 
complete  reception  by  the  auditory  nerve  of  all  the  par- 
tial tones  which  compose  any  given  sound  falling  on  the 
auricle."  According  to  that  author,  the  region  of  the 
helix  and  its  fossa  resound  to  the  deeper  notes,  the  anti- 
helix and  its  fossa  to  the  intermediate,  and  the  concha 
resounds  best  to  the  high  partial  tones.  Kiipper  adopts 
Darwin's  theory,  and  looks  upon  the  auricle  simply  as 
an  appendage,  one  of  the  organs  that  evolution  has  made 
useless  in  man  ;  while  Mach,  whose  views  otherwise 
agree  with  those  of  Kiipper,  considers  the  auricle  a  reso- 
nator for  high  tones,  such  as  the  rustling  of  the  leaves. 
This  function,  highly  developed  in  animals,  exists  only  to 
a  slight  extent  in  man.  Roosa believes  "that  the  auricle 
is  only  a  rudimentary  organ  and  not  of  value  in  hearing, 
except  under  exceptional  circumstances."  Dr.  E.  Mendel 
has  performed  some  experiments  to  determine  the  differ- 
ence in  the  temperature  of  the  rectum  and  that  of  the 
external  ear,  both  in  health  and  disease.  Normally,  the 
temperature  of  the  rectum  is  .03°  C.  higher  than  that  of 
the  external  auditory  canal.  Chloral  given  in  a  dose 
suflicient  to  produce  sleep,  will  reduce  the  temperature 
from  .04°  to  1°  C.  in  the  external  auditory  canal.  Mor- 
phia also  causes  a  fall  of  temperature  of  from  .1°  to 
.45°  C.  Gorham  Bacon. 

AURICLE,  CONGENITAL  DEFECTS,  DISEASES, 
AND  INJURIES  OF.  Congenital  Defects.— These 
may  consist  in  arrested  development  or  in  excessive  de- 
velopment. 

Arrested  development  includes  (a)  absence  of  the  whole 
or  parts  of  the  organ,  (J)  microtia,  and  congenital  fistula. 
Excessive  development  consists  in  {a)  plurality  of  the 
organ  or  of  any  of  its  parts,,  (6)  abnormal  enlargement, 
(c)  polyotia,  {d)  reduplication.  Besides  these  anomalies 
the  organ  may  occupy  an  abnormal  position,  or  present 
deformities  due  to  defects  in  the  cartilage ;  thus  the 
superior  border  of  the  hehx  may  be  absent,  the  unsup- 
ported integument  lapping  over  anteriorly  in  consequence, 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Auricle, 
Auricle. 


or  the  auricle  may  be  convoluted  in  shape,  resembling  a 
rosebud  in  form. 

These  defects  are  for  the  most  part  due  to  either  ex- 
cessive or  imperfect  development  ih  the  closure  of  the 
first  branchial  cleft,  and  are, 
moreover,  often  associated  with 
absence  of  the  external  audi- 
tory canal,  or  with  some  defect 
of  this  part  of  the  organ.  Oc- 
casionally, either  a  dimple  or 
papilla  marks  the  seat  of  the 
closure  of  the  first  branchial 
cleft ;  the  former  usually  occurs 
on  the  anterior  sweep  of  the 
helix,  and  leads  down  into  a 
sinus  ;  the  latter  just  in  front  of 
the  tragus ;  but  they  are  some- 
times found  in  other  localities  on 
or  about  the  auricle.  Fig.  357 
is  from  a  photograph  of  a  con- 
genital fistula  of  the  ear.  Any 
of  these  deformities  may  occur 
on  one  or  both  sides,  and  they  j.,o.  SBT.-Congenitai  Fistula 
are  often  the  cause  of  total  dear-  of  the  Ear. 

ness.    Fig.  358  is  an  example  of 

congenital  deformity  of  the  auricle,  with  absence  of  the 
meatus,  and  Fig.   359  represents  a  convoluted  auricle 
which,  when  unrolled  showed  the  opening  of  a  fistula 
owns  congenita  on  the  outer  aspect  of  the  helix,  near 
the  anterior-superior  border,  and  atresia  of  the  meatus. 
Treatment.  —  Otoplasty  is  of 
service   in   correcting  some  of 
these  defects,  but  its  usefulness 
has  a  limited  range ;  it  is,  how- 
ever, resorted  to  sometimes  where 
the  deformity  is  marked,  and  it 
,   may  bo  said  that  plastic  opera- 
'    tions  in  this  region  do  well  in 
■  respect  to  the  healing  process. 
?   When  excision  of  excessively  de- 
:    veloped  parts  of  the  auricle  is 
performed,   a  small  portion   of 
cartilage  is  frequently  found  be- 
neath the  skin.     Rarely  opera- 
tive procedures  have  been  un- 
dertaken with  a  view  to  open  a 

T,  oi.0  n  ..  ,  T,  i,  way  down  to  the  middle  ear  in 
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mity  of  the  Auricle,  with  cases  of  atresia,  stenosis,  or  com- 
Abaence  of  the  Meatus.  plete  absence  of  the  external  au- 
ditory canal ;  but  they  never 
have  been  attended  with  an  encouraging  degree  of  success. 
CuTANi^oirs  Diseases  op  the  Aukiclb. — The  follow- 
ing cutaneous  affections  of  the  auricle  (sometimes  extend- 
ing into  the  external  auditory  canal)  are  liable  to  fall 
under  the  observation  of  the  otologist,  namely  :  (a)  callos- 
ities ;  (J)  comedo  ;  (c)  dermatitis ;  (d)  eczema ;  («)  erysip- 
elas ;  (/)  erythema ;  (g)  furun- 
cle ;  (ji)  gangrene ;  (i)  herpes 
zoster ;  (J)  hydroa  ;  (k)  ichthy- 
osis ;  (Q  intertrigo ;  (wi)  keloid  ; 
(»)  leprosy ;  (o)  lupus  ;  {p)  mol- 
luscum  fibrosum  ;  (?)  nsevus  ; 
(r)  pemphigus  gangi-enosus  ; 
(s)  pernio  ;  (i!)  phagedaena ;  (u) 
phlegmon ;  (»)  syphiloderma- 
ta ;  {w)  tophi ;  (a')  trichophyto- 
sis, and  {y)  ulcer. 

The  skin  troubles  of  greatest 
interest  to  the  otologist  are 
those  which  cause  deafness  by 
their  extension  from  the  auri- 
cle to  the  lining  of  the  external  Fie.  359.-Convolutea  Auricle, 
auditory  canal,  and  frequently  with  Congenital  Fistula  Auris. 
by  continuity  of  tissue  even  to 

the  outer  covering  of  the  drum-head  itself.  The  most  im- 
portant in  respect  to  this  are  eczema  and  erysipelas,  which 
will  be  considered  in  their  proper  places.  The  most 
common  of  cutaneous  afltections  which  will  demand  our 
attention  are  as  follows : 


Gomedo. — Comedo  consists  in  the  retention  of  hardened 
sebum  in  the  sebaceous  follicles,  and  is  commonly  found 
in  the  concha  of  ears  which  are  the  seat  of  chronic  in- 
flammatory processes.  The  dirt-begrimed  plugs  thus 
formed  are  often  very  unsightly,  and  they  even  invade 
the  lobule  and  contiguous  parts.  Sometimes  the  sac  con- 
taining them  becomes  irritated,  and  a  small  tumor  forms, 
Since  this  impaction  is  most  frequently  met  with  during 
the  period  of  adolescence,  the  necessity  for  looking  to  the 
state  of  the  general  health  is  suggested.  The  local  treat- 
ment consists  in  pressing  out  the  hardened  sebum  between 
the  nails,  or  a  watch-key  may  be  employed,  the  openihg 
of  which,  having  been  made  round  and  smooth,  is  pressed 
down  upon  the  skin,  so  that  the  plug  can  escape  into  the 
tube. 

Eczema. — This  non-contagious  cutaneous  trouble  is 
the  most  common  to  which  the  auricle  is  liable.  It  is  of 
constitutional  origin,  and  in  many  instances  seems  to 
have  a  predilection  for  this  region.  Its  varieties  are  simi- 
lar wherever  it  manifests  itself,  and  since  their  description 
will  be  found  under  Eczein,a,  it  will  be  necessary  in  this 
connection  to  consider  the  disease  only  as  modified  by 
the  local  conditions  and  its  efifect  on  hearing.  At  our 
aural  clinics,  where  the  affection  is  mostly  seen  as  occur- 
ring among  the  badly-cared-for,  one  is  struck  by  the  fact 
that  in  its  acute  form  it  is  found  mostly  in  children, 
three-fourths  of  whom  are  females,  and  that,  moreover, 
its  outbreak  and  exacerbations  seem  to  be  excited  by 
nasal  catarrh  and  difficult  dentition.  The  chronic  form 
of  the  disease,  on  the  contrary,  is  usually  observed  in 
elderly  persons.  In  99  consecutive  cases  of  eczema  of  the 
ear  in  which  full  notes  were  taken  by  the  writer,  there  were 

5  cases  between  1  and  18  months  of  age  ;  8  cases  were  18 
months  of  age  ;  8  were  between  18  and  80  months  ;  6  were 
from  8  to  6  years  of  age  ;  8  were  6  years  old ;  9  Were  7  to 
14  ;  19  were  18  to  30  ;  12  were  30  to  40  ;  14  were  40  to  50  ; 

6  were  50  to  60  ;  4  were  60  to  70.  Of  the  whole  number 
69  were  females  and  30  were  males  ;  and  there  were  40 
under  10  years  of  age,  namely,  35  females  and  15  males. 
It  will  thus  be  seen  that  eczema  occurs  more  than  twice 
as  frequently  in  females  as  in  males ;  this  is  specially 
notable  as  regards  young  children.  Females  with  men- 
strual difficulties  are,  it  is  believed,  particularly^  obnoxious 
to  eczema.  In  my  own  experience  the  left  ear  is  more  fre- 
quently affected  than  the  right  ear.  Among  the  exciting 
causes  of  eczema,  besides  the  diathetic  and  sympathetic, 
are  acute  and  chronic  purulent  infiammation  of  the  mid- 
dle ear,  and  wounds  and  injuries  of  the  auricle.  Eczema 
intertrigo,  an  invasion  of  the  fissure  formed  by  the  junc- 
tion of  the  auricle  with  the  mastoid  region,  is  a  common 
occurrence. 

Deafness  is  sometimes  temporarily  produced  by  the  clos- 
ure of  the  meatus  from  the  swelling  in  acute  cases ;  de- 
fects in  the  hearing,  however,  more  frequently  arise  from 
an  invasion  of  the  deeper  parts  in  chronic  cases  where  the 
dermic  layer  of  the  external  auditory  canal  and  membrana 
tympani  are  affected.  Stenosis  of  the  canal,  from  infil- 
tration and  thickening  of  its  lining,  is  not  infrequent  in 
such  cases.  The  treatment  of  eczema  of  the  ear  requires 
special  care  when  the  deeper  parts  of  the  organ  are  in- 
volved ;  for  which  see  External  Auditory  Canal.  It  is 
important  not  to  confound  the  thickening  of  the  auricle 
and  occasional  dermatitis  of  this  organ  with  the  "ery- 
sipelas "  of  the  laity. 

Eryavpelas. — During  the  progress  of  facial  erysipelas  the 
auricle  is  exceedingly  liable  to  be  attacked,  and,  after  once 
becoming  affected,  this  organ  is  afterward  subject  to  fre- 
quent returns  of  the  trouble.  Like  eczema,  it  may  invade 
the  deeper  parts  of  the  ear,  and  cause  deafness,  which, 
in  some  degree,  is  often  permanent.  Erysipelas  is  much 
more  liable  than  eczema  to  temporarily  interfere  with 
hearing,  in  consequence  of  swelling  of  the  exterior  parts. 
This  inflammatory  affection,  so  far  as  my  own  observa- 
tion goes,  seldom  affects  children.  In  the  treatment  of 
erysipelas  I  have  found  the  tincture  of  aconite  of  much 
service,  especially  when  given  during  the  pyrexia.  Lo- 
cally, the  tincture  of  belladonna,  half  a  drachm  to  the 
ounce  of  water,  or  a  weak  ointment  of  the  same  drug,  is 
a  good  remedy.    The  latter  may  be  employed  when  the 
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Fig.  360.— Tubercular  Syph- 
Hide  of  the  Auricle. 


external  auditory  canal  is  affected.  For  the  management 
of  stenosis  of  the  canal  from  infiltration  in  chrome  ecze- 
ma, see  External  Auditory  Canal. 

Pg„io. —Frost-bite  of  the  auricle  frequently  occurs  m 
persons  exposed  to  severe  cold,  as  sailors,  soldiers,  wood- 
men and  others  ;  some  individuals,  especially  suscepti- 
ble, experience  repeated  attacks.  The  popular  treatment 
is  well  suited  to  the  trouble  ;  it  consists  in  the  application 
of  snow  or  ice-cold  water  to  the  parts  before  entering  a 
warm  room,  which  prevents  too  sudden  reaction.  Chronic 
dermatitis,  often  a  sequel  to  this  affection,  as  well  as  to 
eczema  and  erysipelas  of  the  auricle,  is  afterward  liable 
to  exacerbations  during  cold  weather. 

Tubercular  Sypldlide.—The  only  allusion  to  the  inva- 
sion of  the  auricle  by  the  tubercular  syphilide  that  I  find 
in  the  exhaustive  treatise  of  Bumstead  and  Taylor  is, 
that  in  two  cases  observed  by  the  authors,  where  exten- 
sive eruptions  occurred  on  the 
body  and  face,  the  lobules  of  the 
ears  were  destroyed. 

It  would  seem  that  the  tubercu- 
lar syphilide  is  a  tertiary  lesion 
met  with  late  in  syphilis,  that  it 
is  not  liable  to  ulcerate,  and  that 
the  loss  of  tissue,  when  present, 
is  due  •  to  interstitial  absorption. 
It  is  more  liable  to  occur  in  cases 
that  have  not  been  thoroughly 
treated  at  the  onset.  It  usually 
has  a  chronic  course,  and  is  with- 
out pain,  heat,  or  itching.  The 
tubercles  may  be  limited  in  num 
ber  and  confined  to  a  single  region. 
In  the  work  above  cited,  the  tu 
bercles  are  said  to  "begin as  deep- 
red  spots,  which  slowly  increase 
in  size  and  thickness  until,  when 
fully  developed,  they  have  a  diameter  of  from  one-half  to 
one  inch."  (See  Fig.  360.)  In  my  own  experience  the 
disease  seems  disposed  to  coniine  itself  to  the  anterior  por- 
tion of  the  pinna. 

Atrophy  follows  this  eruption ;  but,  unless  tubercles 
have  been  permitted  to  remain  long  without  treatment, 
cicatrices,  if  present,  may  not  leave  any  marked  deform- 
ity. An  example  of  atrophy,  due  to  this  lesion,  is  shown 
in  Fig.  361. 

Should  ulceration  occur  in  any  portion  of  the  eruption, 
which  happens  sometimes,  the  thickness  of  the  crust  will 
be  increased — its  color  becoming  greenish-black,  its  sur- 
face rough,  and  the  resulting  cicatrization  leaving  un- 
sightly scars. 

It  appears,  according  to  Bumstead  and  Taylor,  that  the 
course  of  the  syphilitic  eruption  is  not  infrequently  in- 
terrupted, or  even  perma- 
nently arrested,  by  some 
acute  disease.  Numerous 
instances  of  this  have  been 
reported,  the  influence  of 
erysipelas  being  most  fre- 
quently observed,  accord- 
ing to  French  authorities. 
A  case  which  occurred  in 
my  own  practice  seemed  to 
possess  much  interest  for 
the  syphilologist  in  conse- 
quence of  the  apparent  in- 
fluence of  the  intercurrent 
invasion  of  eczema  during 
its  course.  After  the  drop- 
ping off  of  the  scabs  had  oc- 
curred, it  was  found  that 
there  had  been  scarcely  cmy 
loss  of  tissue  underneath. 
A  careful  consideration  of  the  more  apparent  symp- 
toms of  this  disease  will  leave  but  little  doubt  in  the  mind 
as  to  diagnosis  when  a  case  is  under  observation.  There 
are  certain  cases,  it  is  true,  of  eczema,  lupus,  epithelioma, 
etc.,  which  resemble  the  tubercular  syphilide  ;  thus  Buck 
reports  a  case  which  he  has  diagnosed  as  an  epithelioma, 


Fig.  361.— Atrophy  of  the  Auricle 
due  to  Tubercular  Syphilide. 


but  which,  from  the  local  appearances  described,  might 
be  taken  for  a  tubercular  syphilide. 

For  the  treatment  of  late  syphilitic  eruptions  see  Syph- 
ilis. 
New  Growths. — The  following  new  growths  are  met 
with  in  the  auricle :  a,  angio- 
ma ;  b,  cavernous  tumors ;  c, 
cysts  (dermoid,  sebaceous,  ath- 
eromatous) ;  d,  epithelioma ;  e. 


fibroma;  /,  fibrosarcoma;  g, 
lipoma  ;    h,  myxofibroma ;  i, 


myxosarcoma ;  j,  nsevus  vas- 
cularis ;  k,  sarcoma. 

Cysts  of  the  auricle  are  of 
frequent  occurrence;  the  se- 
baceous variety  found  in  the 
lobule  sometimes  attain  large 
dimensions.  Fig.  363  is  an  ex- 
ample of  this  variety  from  a 
photograph  of  a  case  in  the 
writer's  practice ;  the  subject 
was  a  male,  about  twenty-four 
years  of  age.  These  growths 
should  be  removed  with  the 
knife,  care  being  taken  to  ex- 
tirpate the  sac  entire,  or  to 
cauterize  it  thoroughly,  since 
no.  36a.-SebaceousCyst  of  the  t^ere  is  a  decided  tendency  to 
Auricle.  recurrence  of  the  tumor.  These 

cysts  sometimes  break  down 
and  their  walls  become  the  seat  of  inflammatory  irritation ; 
they  then  may  remain  open  and  continue  to  discharge 
for  an  indefinite  period  of  time.  Very  often  this  athero- 
matous form  of  the  tumor,  however,  has  a  small  aperture 
only  on  its  surface,  which  gives 
gradual  exit  to  its  contents. 

Horny  growths  (cornu)  may  de- 
velop from  atheromatous  or  der- 
moid cysts  by  means  of  the  slow 
escape  of  their  contents  through 
this  small  opening,  where  a  crust 
first  forms,  and  then  from  continu- 
ous subdeposition  becomes  gradu- 
ally elevated,  and  more  or  less  con- 
ical in  shape.  These  horn-like 
growths  are  probably  due,  in  some 
cases,  to  epithelial  proliferation 
from  irritation  of  the  skin.  Fig. 
363  shows  a  horny  growth  which 
came  under  the  observation  of  Dr. 
Buck,  and  was  extirpated  with  the  knife, 
also  reported  a  case  of  this  kind. 

Fibroma. — These  tumors,  which  are  of  various  sizes, 
are  found  in  the  lobule.  Piercing  the  lobule  for  the  at- 
tachment of  ear-rings  sometimes  gives  rise  to  undue  irri- 
tation, and  these  tumors  are  often 
thus  produced.  Fig.  364  repre- 
sents a  typical  case  of  this  kind  in 
a  girl  thirteen  years  of  age.  The 
small  nodule  to  be  seen  on  the 
outer  surface  of  the  lobule  marks 
the  point  where  the  organ  was 
wounded  by  the  piercer.  These 
tumors  require  extirpation. 

Nmvus  vascularis,  an  example  of 
which  is  shown  in  Fig.  365,  taken 
from  a  photograph  of  a  case  in  an 
infant  which  was  brought  to  the 
writer's  clinic  at  the  New  York 
Eye  and  Ear  Infirmary,  is  usually 
congenital,  and  not  of  infrequent 
occurrence  in  the  auricle.  Its 
treatment  is  often  unsatisfactory, 
especially  in  the  young,  owing  to 
the  difficulty  in  maintaining  suit- 
able dressings  after  any  operation  for  its  relief.  The 
general  management  of  nsevi,  which  will  be  found  under 
Affections  of  the  Skin,  does  not  differ  from  their  treat- 
ment  in  other  parts. 


863.— Horny  Growth 
of  the  Auricle. 
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Sarcoma. — This  is  a  rare  affection  of  the  auricle.  The 
writer  has  seen  but  two  cases,  both  of  which  were 
situated  in  the  concha ;  both  were  removed  by  scissors, 
and  the  base  of  the  tumor  was|craped  and  afterward  cau- 
terized with  the  Pacquelin  cautery.  There  was  no  return 
of  the  tumor  in  either  case.  Such  tumors  may,  how- 
ever, pursue  a  very  rapid  and  malignant  course,  or  after 
removal  may  return  and  produce  metastasis ;  they  are 
liable  to  bleed  freely  when  removed. 

Wounds  and  Injtjbies  of  the  Aukicle. — Cleft  of 
the  lobule  is  frequently  produced  by  the  fine  wire  of  ear- 
rings gradually  cutting  its  way  through  the  soft  tissues 
from  the  weight  of  the  pendant,  or  by  being  suddenly 
torn  out.  In  some  instances  the  wire  seems  to  cut  its  way 
through  BO  rapidly  as  to  be  followed  by  healing,  a  cica- 
tricial line  being  thus  left  in  its  wake.  Where  several  paral- 
lel lines  are  thus  formed  the  points  of  exit  give  a  serrated 
look  to  the  border  of  the  lobule.  The  loose  tissue  com- 
posing the  lobule  sometimes  breaks  down  very  rapidly 
under  the  inflammation  excited  by  piercing  and  the  sub- 
sequent introduction  of  ear-rings.  Among  such  cases 
recalled  to  mind  two  are  noteworthy,  as  occurring  in 
sisters,  where  the  same  rings,  made  of  fourteen  carat  gold, 
were  employed.  In  both  of  these  children  the  rings  soon 
cut  their  way  out  and  even  a  portion  of  the  lobule 
sloughed  off.  This  accident  could  not  be  altogether  at- 
tributable to  the  base  metal  of  which  the  rings  were  made. 
The  lobules,  in  all  the  cases  I  have  seen  where  such  in- 
juries occurred,  were  very  thin. 

An  operation  for  the  relief  of  the  deformity  where  a 
slit  remains  in  these  cases  is  sometimes  required  ;  it  con- 
sists in  paring  the  edges 
of  the  notch  with  a  small 
scalpel,  but  leaving  a  por- 
tion of  the  paring,  a  few 
lines  in  length,  attached 
when  cutting  offl  the  slice, 
as  suggested  by  Knapp. 
This  remaining  fragment, 
when  the  raw  edges  of 
the  two  sides  have  been 
brought  in  contact  with 
each  other,  is  made  to 
overlap  and  attach  itself 
to  a  denuded  surface  on 
the  opposite  side  of  the 
notch,  thus  preventing  the 
occurrence  of  any  gap  on 
the  margin  of  the  lobule 
after  healing. 

Lacerated,  contused,  in-    j.,o 
cised,    and    punctured 
wounds  and  injuries    of 

the  auricle  are  frequent,  both  in  military  and  civil  life, 
but  in  recent  times  surgeons  have  not  feared  to  employ 
sutures  in  bringing  the  edges  of  the  cartilage  together, 
and,  therefore,  deformities  of  the  organ  from  injuries  do 
not  often  occur.  Even  where  the  auricle  has  been  almost 
entirely  detached  from  the  head  it  maybe  successfully  re- 
stored ;  the  writer  has  seen  two  cases  in  men  where,  dur- 
ing childhood,  the  organ  was  nearly  severed  from  its  at- 
tachments, by  the  kick  of  a  horse  in  one  instance,  and 
from  the  injury  inilicted  by  a  cartwheel,  in  the  other  ; 
in  bott  instances  the  wounds  were  dressed  by  persons 
who  happened  to  be  present,  and  did  well.  The  position 
of  the  auricles  was  excellent  in  these  cases  so  far  as  looks 
went,  but  it  chanced  that  the  meatus  in  both  cases  was 
closed  by  the  cartilage  of  the  concha.  It  is  important 
that  the  surgeon  shall  avoid  such  a  result  by  inserting  a 
plug  into  the  external  auditory  canal  in  such  cases,  and 
thus  keep  the  meatus  open  until  a  cure  takes  place. 

The  auricular  cartilage,  in  operations  on  the  organ, 
serves  the  purpose  of  a  splint,  and  when  any  bandaging 
becomes  necessary  we  may  avail  ourselves  of  the  unyield- 
ing cranial  surface,  over  which  the  pinna  is  spread,  to 
keep  the  parts  in  place.  ' 

JUcBmaioma  Auris. — This  trouble  is  by  far  the  most 
serious  result  of  injury  to  the  auricle.  It  is  known  in  litera- 
ture by  various  designations,  its  more  prominent  syno- 


365. — Naevus  Vascularis  of  the 
Auricle. 


nyms  being  as  follows :  othematoma,  perichondritis  auri- 
culae. This  sanguineous  tumor  of  the  auricle  is  produced 
by  a  contusion.  Some  authorities  allege  that  it  may  take 
its  origin  from  idiopathic  causes  alone,  but  it  seems 
to  the  writer  that,  even  where  a  predisposition  to  its 
occurrence  exists,  its  manifestation  must  be  due  to  vio- 
lence. The  size  of  the  tumor  varies  from  that  of  a  Lima 
bean  to  that  of  an  egg.  Fig.  366  shows  a  medium-sized 
othsematoma  in  a  sane  perscjn,  due  to  a  contusion.  Its  for- 
mation is  usually  rapid,  and  the  sanguineous  contents  of 
the  tumor,  at  first  fluid,  show  a  tendency,  in  some  cases, 
to  become  clotted,  and  quite  often,  unless  incised,  spon- 
taneous rupture  takes  place.  The  disease  most  frequently 
occurs  in  the  insane.  The  inflammation  in  this  affection 
is  generally  adynamic  in  character,  and  in  a  very  consid- 
erable number  of  cases  it  shows  a  strong  tendency  to 
spontaneous  recovery.  The  etiology  of  othsematoma  in 
the  insane  has  long  been  a  subject  of  discussion.  Bird 
was  at  a  loss  to  account  for  its  origin,  and  Franz  Fischer 
determined  that  the  causes  must  ultimately'be  sought  for 
in  pathological  states  of  the  nervous  system.  One  cannot 
witness  the  intense  congestion  of  the  ears  sometimes  ac- 
companying great  cerebral  excitement  in  the  insane  with- 
out believing  that  othsematoma  may  sometimes  occur  in 
consequence  of  very  slight  injury,  when  tissue-changes  in 
the  cartilage  and  perichondrium  already  exist.  These  nu- 
tritive changes  seem  to  be  mainly  brought  about  through 
the  agency  of  the  nervous  system,  although  some  authori- 
ties lay  much  stress  on  the  influence  of  blood-dyscrasias  in 
producing  changes  in  the  blood-vessels  of  the  part.  The 
weight  of  evidence,  how- 
ever, leads  to  the  conclu- 
sion that  they  most  fre- 
quently depend  on  a  mor- 
bid state  of  the  brain, 
especially  on  congestion 
of  the  organ,  (in  this 
connection  consult  the 
paper  of  Dr.  Achille  Fo- 
ville,  published  in  Paris 
in  1859,  and  also  the  later 
publications  of  Dr. 
Brown-Sfiquard.)  Func- 
tional disturbance  of  the 
brain,  or  of  the  cerebro- 
spinal centre,  giving  rise 
to  disorder  of  the  cervi- 
cal sympathetic,  may,  by 
reason  of  the  dominance 
thus  exercised  on  the  ves- 
sel-regulating nerves  dis- 
tributed on  both  the  in- 
tracranial ganglia  and  the 

auricle,  set  up  hyperemia  in  the  former  and  vascular 
changes  in  the  latter.  When  othematoma  occurs  in  the 
course  of  general  paralysis,  it  would  seem  that  auricular 
congestion  takes  place  in  consequence  of  the  general  de- 
generation of  the  sympathetic  ;  and  it  has  been  sug- 
gested that  in  inflammation  of  the  brain  the  aural  disease 
becomes  advantageous  to  the  patient,  since  the  haemor- 
rhage is  thus  spent  upon  the  posterior  auricularis,  going 
from  the  middle  meningeal.  But  while  centric  morbid 
conditions  are  justly  regarded  as  of  greatest  importance, 
other  impressions,  propagated  by  morbid  processes  in 
other  organs  through  the  sympathetic  system,  are  worthy 
of  consideration ;  thus,  in  the  examination  of  insane  sub- 
jects having  this  affection,  the  almost  universal  preva- 
lence of  nasal  catarrhs,  diseased  teeth,  and,  m  the  female, 
of  uterine  disease,  is  notable,  and  it  is  well  known  that 
the  irritation  due  to  these  influences  is  transmitted  through 
the  nerves,  and  may  not  only  aggravate  cerebral  disease 
itself,  but  is  liable  to  also  affect  the  organ  of  hearing.  I  he 
predisposing  factors  believed  to  have  an  important  rela- 
tion to  othsematoma  are  as  follows  :  Age  (since  it  does  not 
so  often  occur  before  adolescence),  insanity,  intemperance, 
cachexia,  sex  (the  male  being  more  liable  than  the  female). 
All  forms  of  mental  disease  seem  to  be  predisposing,  but 
the  conditions  most  favorable  to  othsematoma  are  present 
in  acute  dementia,  where  long-standing  vaso-motor  dis- 
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turbances  are  followed  by  paroxysms,  of  excitement.  On 
the  other  hand,  women  are  subject  to  a  monthly  aggrava- 
tion of  symptoms  during  the  menstrual  period,  since  the 
mentally  sane,  even,  are  more  irascible  and  nervous  at 
this  time.  The  treatment  of  female  lunatics,  moreover,  is 
more  gentle  than  that  of  males,  since  their  attendants  are 
usually  of  their  own  sex,  and  less  liable  than  male  nurses 
to  injure  the  ear  in  handling  violent  or  idiotic  patients. 
The  ears  of  female  lunatics  are  somewhat  protected  by 
their  hair  and  head-dressings.  In  the  mentally  sound,  the 
affection  is  most  commonly;  met  with  among  prize- 
fighters, gymnasts,  persons  given  to  violent  sports,  and 
among  drunken  and  disorderly  persons,  whose  blows  and 
falls  are  frequent.  From  a  careful  study  of  the  subject, 
the  author  has  come  to  believe  that  othsematoma,  however 
great  the  predisposing  causes,  is  finally  always  due  to 
violence  inflicted  upon  the  auricle.  Asylum  superin- 
tendents, however,  have  been,  on  the  whole,  perhaps, 
rather  disposed  to  undervalue  the  importance  of  me- 
chanical causes,  since  it  might  be  construed  to  imply 
undue  restraint  or  rudeness  in  the  management  of  their 
patients.  But  insane  patients  injure  their  own  ears  in 
various  ways,  and  even  those  who  are  not  violent,  la- 
boring under  hallucinations  of  hearing,  often  maltreat 
their  auricles  in  their  efforts  to  gain  relief  from  subjec- 
tive sounds,  pruritus,  etc. 

The  more  frequent  occurrence  of  othsematoma  in  the 
left  ear  has  been  the  subject  of  much  speculation.  It  has 
been  suggested,  that  the  close  neighborhood  of  the  left 
carotid  artery  to  the  heart  affords  a  more  direct, supply 
of  blood  to  the  left  ear,  and  that,  furthermore,  the  left 
pinna  is  oftenest  affected,  because  more  liable  to  be  pulled 
or  struck  by  the  right  hand  of  the  attacking  party.  The 
left  ear,  it  is  said,  is  also  more  exposed  to  injury  in  for- 
cible feeding.  These  explanations,  however,  apply_  to 
mechanical  agencies  only.  It  has  occurred  to  the  writer 
that  probably  some  vaso-motor  influence  might  be  found 
to  lie  at 'the  bottom  of  the  difliculty. 

Othsematoma  very  often  develops  equally  on  both  sides 
— a  fact  suggestive  of  centric  nervous  origin.  "With  regard 
to  the  symptoms  of  this  complaint,  the  exudation  is  al- 
most always  confined  to  the  outer  surface  of  the  pinna, 
owing  probably  to  the  fact  that  it  almost  invariably  re- 
ceives the  impact  of  a  blow  with  greatest  force,  and  to 
the  greater  vascularity  of  this  region.  The  affected 
organ  is  seldom  very  painful,  even  when  the  tumor  is 
greatly  distended  or  roughly  handled.  Sometimes  the 
distention  continues  to  progress  rapidly,  the  walls  becom- 
ing thinner  in  consequence  of  the  stretching,  until  finally, 
in  the  worst  cases,  they  undergo  spontaneous  rupture, 
unless  relieved  by  an  operation.  These  tumors,  however, 
frequently  pass  through  all  the  stages  of  the  disease  with- 
out either  heat  or  pain  being  experienced  by  the  patient. 
This  variety  manifests  a  disposition  to  develop  slowly, 
and  has  a  tendency  to  spread  itself  laterally  rather  than 
in  thickness.  Sometimes  reabsorption  comes  to  a  stand- 
still, and  a  considerable  tumor  remains  for  an  indefinite 
period.  In  other  instances  a  sinus  is  formed  which  may 
continue  to  discharge  in  spite  of  all  attempts  to  obliterate 
the  sac.  In  a  very  considerable  number  of  cases  the  dis- 
ease will  terminate  spontaneously  in  from  four  to  ei^ht 
weeks.  It  is  worthy  of  note,  in  considering  the  retroactive 
consequences  of  this  local  trouble,  that  the  posterior 
auricular  artery,  through  one  of  its  branches — the  stylo- 
mastoid— communicates  with  the  middle  meningeal  by 
anastomosis,  thus  establishing  a  significant  and  important 
relationship  between  the  ear  and  the  meninges  of  the 
brain.  In  sane  persons  this  becomes  a  factor  of  serious 
import,  and  should  not  be  overlooked. 

Parts  contiguous  to  the  ear  are  sometimes  implicated 
in  an  extension  of  the  inflammatory  process  ;  neuralgia 
may  be  kindled  into  action,  and  a  general  febrile  action 
may  supervene,  but  the  middle  ear,  so  far  as  is  known  to 
the  writer,  has  never  been  invaded  in  this  disease. 

In  forming  our  diagnosis  of  the  affection,  one  almost 
constant  causative  agency  should  be  first  sought  for, 
namely,  trauma.  The  essential  nature  of  the  ailment 
depending  upon  a  perichondritis  of  the  auricle,  its 
existence  may  be  readily  detected  by  an  examination  of 


the  contents  of  the  tumor,  which  will  be.  found  to  be 
serous  or  sero-sanguinolent.  The  trouble  may  be  distin- 
guished from  erysipelas  by  its  well-defined  sacculated 
appearance  and  the  abseijpe  of  the  superficial  changes 
common  in  the  latter  disease.  Eczema  and  erysipelas, 
unlike  othsematoma,  are  liable  to  extend  into  the  audi- 
tory canal.  Other  cutaneous  affections,  such  as  burns, 
phlegmonous  inflammation,  or  tubercular  syphilis,  fre- 
quently invade  the  neighboring  parts,  especially  the  outer 
surface  of  the  auricle  ;  none  of  them,  however,  leaves  the 
deformity  which  characterizes  othsematoma.  Nsevi  may 
resemble  othasmatoma  very  closely  in  some  instances. 

Othsematoma  and  idiopathic  perichondritis  of  the  ear 
should  not  be  considered  as  separate  and  distinct  affec- 
tions, since  it  is  well  known  that  in  no  case  of  othsema- 
toma is  perichondritis  absent,  and  that,  moreover,  the 
contents  of  the  tumor  in  othsematoma  are  frequently 
serous. 

A  peculiar  variety  of  othsematoma  '•emains  to  be  men- 
tioned as  occurring  in  the  insane,  which  is  probably  due 
to  protracted  and  violent  rubbing  of  the  auricle.  Any 
portion  of  the  perichondrium  may  be  involved,  but  it  is 
usually  limited  to  a  small  space.  Thickening  is  often 
scarcely  observable,  and  to  the  feel  it  is  not  "doughy." 
The  deep-seated  nature  of  the  inflamed  or  congested 
region,  however,  may  be  discovered  by  stretching  out 
the  auricle  between  the  observer's  eye  and  a  strong  light. 
The  effusion  is  not  sufficient  to  form  a  tumor ;  such  cases 
seem  to  present  the  characteristics  of  the  first  stage  of 
othsematoma. 

Deformity  of  the  auricle  to  a  greater  or  less  extent  is 
nearly  always  a  result  of  othsematoma.     Figs.  367  and  368 


Pig.  367.  Fio.  368. 

Deformities  of  the  Auricle  due  to  Othjematoma. 

represent  some  of  the  strange  and  characteristic  forms  the 
organ  may  assume  after  healing  takes  place ;  they  are  the 
same,  it  may  be  said,  whether  occurring  in  lunatics  or  in 
the  mentally  sound.  Obliteration  of  the  sac  is  accomplished 
by  the  union  of  its  walls,  and  where  the  perichondrium 
has  been  greatly  stretched  by  extreme  distention  it  con- 
tracts upon  itself  as  reabsorption  takes  place,  and  adapta- 
tion to  the  cartilage  as  before  cannot  occur ;  the  mis- 
shapen appearance  of  the  cartilage  increases  with  the 
continued  contraction  during  the  process  of  adhesion. 
The  ear  finally  becomes  indurated,  the  skin  on  the  outer 
surface  immovable.  Sometimes  the  organizable  lymph 
which  obliterates  the  cavity  enormously  increases  the 
thickness  of  the  auricle,  as  in  Fig.  368;  but  where  a 
thin  plastic  layer  only  intervenes  the  auricle  will  be  re- 
duced in  size,  and  often  become  even  thin  and  shrivelled, 
as  in  Fig.  367. 

In  the  treatment  of  hsematoma  auris  it  is  a  safe  rule  not 
to  be  in  haste  to  interfere ;  in  general,  it  may  be  said  that 
the  dictum  of  Hippocrates,  viz.,  that  the  employment  of 
cataplasms  and  pledgets  is  to  be  avoided,  is  as  safe  a 
guide  now  as  it  was  in  his  own  day.  It  will  also  be  well 
to  remember  that,  whatever  the  supposed  cause  or  causes. 
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we  have  to  deal  with  a  perichondritis,  in  the  treatment  of 
which  we  should  he  guided  rather  by  its  character  than 
hy  its  cause.  On  the  other  hand,  the  expectant  plan  has 
sometimes  been  carried  too  far,  since  no  treatment  is  not 
good  practice  in  all  of  these  cases. 

Practically  considered,  othsematoma  has  an  aggressive 
and  a  retrogressive  period.  In  the  former  the  observer  is 
seldom  offered  the  opportunity  of  detecting  the  incipient 
symptoms.  Generally  a  tumor  is  already  found  to  exist, 
and  the  first  consideration  will  then  be  to  limit  its  exten- 
sion, if  possible.  If  it  is  found  that  the  exudation  is  not 
active  and  that  the  quantity  already  present  is  not  great, 
we  may  prescribe  rest  for  the  patient,  and  administer 
small  and  frequently  repeated  doses  of  the  tincture  of 
aconite  root,  with  a  view  of  arresting  the  rapidity  of  the 
circulation  about  the  head.  Locally,  the  affected  portion 
of  the  auricle,  and  even  beyond,  may  be  enveloped  with 
a  coating  of  collodion,  the  general  and  uniform  press- 
ure produced  by  its  contraction  acting  as  a  compress  and 
thus  promoting  absorption.  In  the  retrogressive  stage,  I 
have  found  dilute  tincture  of  arnica  of  service,  as  in  other 
contusions.  When  suppurative  processes  arise,, as  they 
sometimes  do,  in  the  coMjgctive  tissue  of  the  inner  por- 
tion of  the  auricle,  the  papfaural  region,  or  that  contigu- 
ous to  the  cartilaginous  canal,  the  calcium  sulphide  (Calx 
Sulphurata  of  the  Pharmacopoeia)  is  indicated.  As  soon 
as  absorption  begins,  or  when  that  process  is  tardy,  mas- 
sage should  be  employed  until  a  cure  is  accomplished. 

Burns  and  scalds  of  the  auricle  are  sometimes  met  with, 
but  their  treatment  does  not  differ  materially  from  such 
injuries  in  other  parts. 

Pruritus  Auris. — A  case  of  pruritus  auris  presenting 
some  peculiar  and  perplexing  features  came  under  the 
writer's  care  several  years  ago.  It  was  characterized  by 
heat  of  the  auricle,  and  excessive  and  tormenting  itching 
in  the  external  auditory  canal  of  seven  years'  duration, 
without  local  lesion.  The  trouble  seemed  to  have  been 
transferred,  after  the  application  of  a  strong  galvanic 
current,  from  the  back,  where  it  had  previously  existed, 
to  its  present  situation.  The  local  measures  resorted  to 
with  most  success  consisted  in  irritating  the  skin  of  the 
back  by  means  of  painting  with  cantharideal  collodion, 
and  the  application  of  a  solution  of  sulphate  of  atropine 
to  the  external  auditory  passage.  The  patient's  condition 
was  thus  very  greatly  improved,  and  a  cure  was  finally 
effected.  Samuel  Sexton. 

AUSCULTATORY  PERCUSSION.  The  method  of 
auscultatory  percussion  was  devised  by  Dr.  Cammann, 
and  a  paper  upon  the  subject  was  written  by  Drs.  Cam- 
mann and  Clark  (New  York  Quarterly  Journal  of  Medicine 
and  Surgery,  July,  1840).  Every  form  of  matter  has  a 
percussion  note  peculiar  to  itself,  or  in  other  words,  the 
quality,  intensity,  and  duration  of  a  sound  depend  upon 
the  mechanical  and  chemical  structure  of  the  body  pro- 
ducing it. 

Now,  if  percussion  be  practised  over  bone  and  over  the 
liver,  the  difference  of  the  percussion  notes  is  scarcely 
appreciable.  If,  however,  a  solid  wooden  stethoscope, 
made  of  cedar  and  cut  in  the  direction  of  its  fibres,  be 
used,  the  difference  in  the  percussion  notes  is  marked. 
In  the  one  case,  the  sound  is  diffused  through  the  air ;  in 
the  other,  it  is  conveyed  directly  to  the  ear  through  a 
solid  medium. 

By  this  method  the  outline  of  the  heart  has  been  meas- 
ured in  all  but  its  antero-posterior  diameter  in  cases  of 
pulmonary  emphysema,  or  when  the  lungs  overlapping 
the  heart  were  consolidated  ;  when  the  right  or  the  left 
pleural  cavities  contained  fluid  ;  when  effusion  on  the 
left  side  had  pushed  the  heart  to  the  right  on  to  the  sur- 
face of  the  liver. 

By  auscultatory  percussion,  the  line  of  liver-dulness  is 
found  to  extend  an  inch  higher  than  by  percussion.  The 
position  of  the  upper  border  has  been  ascertained  when  the 
right  pleural  cavity  contained  fluid,  and  when  the  right 
lung  was  consolidated,  and  the  lower  border  has  been 
found  in  cases  of  ascites.  The  border  of  an  enlarged 
spleen  has  been  traced  where  it  was  in  contact  with  the 
liver,  and  in  cases  of  ascites.  It  is  necessary  that  the 
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spleen  should  be  in  contact  with  the  abdominal  wall  at 
least  at  one  point.  If  it  be  separated  by  a  fold  of  intestine 
or  by  fluid,  it  cannot  be  measured.  The  outline  of  the 
kidney,  with  the  exception  of  the  inner  border,  has  also 
been  found. 

The  capabilities  of  this  method  in  the  measurement  of 
abdominal  tumors,  of  uterine  fibroids,  of  ovarian  cysts, 
and  in  the  differentiation  of  one  from  the  other,  and  of 
all  from  cases  of  pregnancy ;  its  possible  use  in  the  diag- 
nosis of  bony  anchylosis,  or  of  fractures,  and  in  the  recog- 
nition of  union  or  non-union  of  the  latter  without  removal 
of  the  splint,  have  been  suggested,  but  have  not  received 
the  full  investigation  that  they  deserve. 

More  attention  has  been  paid  to  the  measurenient  of  the 
heart  than  to  that  of  any  other  organ.  It  is  most  conven- 
ient to  find  eight  points  on  the  border  of  the  heart  at  the 
extremities  of  four  diameters.  The  four  diameters  are  the 
vertical,  running  to  the  left  of  the  sternum  and  the  root 
of  the  aorta ;  the  transverse  diameter,  at  right  angles  to 
the  above  near  its  centre ;  the  right  oblique  diameter, 
from  the  right  auricle  to  the  apex  on  a  line  drawn  from 
the  right  shoulder  to  the  apex  ;  and  the  left  oblique  di- 
ameter, at  right  angles  to  the  last  named.  All  these  di- 
ameters intersect  one  another  at  one  point  near  the  centre 
of  the  heart.  From  these  eight  points  the  outline  of  the 
heart  can  be  drawn.  In  the  original  investigations  these 
points  were  first  marked  on  the  cadaver.  Sharp-pointed 
steel  needles  were  then  driven  in,  and  the  external  parts 
removed.  Usually  the  needles  passed  between  the  heart 
and  pericardal  sac,  or  just  grazed  the  heart.  When  the 
right  auricle  was  distended  with  blood,  the  needle  at  this 
extremity  of  the  right  oblique  diameter  frequently  passed 
from  one  line  to  half  an  inch  within  the  border  of  the 
heart,  on  account,  probably,  of  coagulated  blood  being 
a  poor  conductor  of  sound,  and  the  wall  of  the  auricle 
being  so  thin  as  to  have  little  effect  on  the  percussion 
note.  Having  demonstrated  the  practicability  of  the 
method  on  the  cadaver,  the  heart  was  next  measured  in 
the  living  subject.  Here  it  was  found  that  the  measure- 
ment of  the  diameters  in  the  dead  body  could  not  be 
taken  as  a  standard  of  comparison  for  the  measurement 
of  those  in  the  living.  The  reason  is  obvious ;  diastole 
occupies  a  longer  time  than  systole,  and,  therefore,  the 
measurement  will  usually  be  made  during  diastole.  At 
this  time  the  cavities  of  the  heart  are  partially  or  entirely 
filled  with  blood ;  in  the  cadaver,  on  the  other  hand,  it  is 
rarely  that  all  the  cavities  are  equally  filled  ;  one  or  two 
may  be  distended,  and  the  others  empty.  It  is  found, 
however,  that,  although  the  diameters,  taken  singly,  are 
useless  for  purposes  of  comparison,  if  the  sum  of  the  di- 
ameters be  taken,  they  closely  correspond.  The  average 
of  the  sum  of  the  diameters  in  the  living  adult  male,  from 
the  measurement  of  a  large  number  of  cases,  is  sixteen 
and  five-sixths  inches.  In  practising  this  method  over  the 
heart,  the  stethoscope  should  he  placed  on  a  part  of  the 
chest  with  which  the  organ  comes  in  contact.  The  diffi- 
culty of  distinguishing  the  lower  border  of  the  heart  from 
the  liver  may  be  considerable,  as  the  percussion  notes  of 
the  two  organs  are  much  alike.  A  little  practice  will 
overcome  this  difficulty. 

The  osseous  sound  from  the  ribs  or  the  sternum  some- 
times is  a  source  of  embarrassment,  but  may  generally 
he  obviated  by  the  use  of  the  wedge-shaped  stethoscope. 
Movement  of  the  body,  or  of  the  integuments  of  the 
chest  during  examination,  should  be  avoided.  Percus- 
sion should  he  light,  as  a  strong  percussion  note  soon  fa- 
tigues and  confuses  the  ear.         Donald  M.  Cammann. 

AUSSEE  is  situated  in  a  valley  in  the  Austrian  Alps,  at 
an  altitude  of  659  metres  (3,360  feet) ;  it  is  a  resort  which 
owes  its  reputation  as  much  to  its  fine  climate  as  to  its 
mineral  springs.  It  is  a  few  miles  west  of  Selzthal,  a 
station  on  the  Rudolfs  Railway,  with  which  it  is  con- 
nected by  regular  stages.  The  water  of  Aussee  is  re- 
markable for  the  very  great  proportion  of  its  solid  con- 
stituents, prominent  among  which  are  the  chlorides  and 
the  sulphates  of  sodium.  Its  composition,  according 
to  the  analysis  of  Hauer,  is  as  follows  •.  Sodium  chloride, 
344.5  ;  magnesium  chloride,  7.5;  sodium  sulphate,  9.7  ; 
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potassium  sulphate,  9.3 ;  calcium  sulphate,  1.7;  magnesium 
bromide,  0. 18  ;  total  solids  in  1,000  parts,  272.7.  The  cus- 
tomary bath  which  is  taken  in  reservoirs,  havmg  each  a 
capacity  of  850  litres,  contains  9  Kgms.  total  chlorides. 

As  a  beverage,  this  water  is  used  in  various  dilutions  and 
combinations,  viz.,  as  simple  chlorinated  water,  as  soda 
water,  potash  water,  and  brominated  water,  usually  with 
the  addition  of  more  or  less  seltzer  water.  The  bath- 
house, to  which  is  attached  a  pleasant  promenade,  is  un- 
der the  care  of  the  resident  physicians,  and  here,  in  ad- 
dition to  the  water-treatment,  milk,  whey,  and  vegetable 
juices  are  sometimes  drunk.  The  season  embraces  the 
months  of  July  and  August. 

The  climate  of  Aussee  is  very  equable,  high  winds  are 
almost  unknown,  and  the  air  is  moist  and  balsamic.  By 
reason  of  these  characteristics  the  place  is  much  fre- 
quented by  suflEerers  from  respiratory  affections  and  ner- 
vous irritability.  Henry  FUisehner. 

AUSTRALIA.  Of  the  peculiar  features  characterizing 
the  climate  of  the  Australian  Continent,  of  the  great  dif- 
ferences of  temperature,  etc. ,  existing  between  different 
portions  of  this  vast  island,  and  of  the  beneficial  effects 
derivable  from  more  or  less  prolonged  sojourn  in  the  vai;- 
ious  provinces  of  this  antipodal  colony  of  Great  Britain, 
a.s  well  as  from  the  prolonged  sea  voyage  necessary  to 
reach  its  shores,  there  is  much  to  be  said.  Such  general 
discussion  of  the  climate  and  climatotherapy  of  Aus- 
tralia, taken  as  a  whole,  the  exigencies  of  publication 
render  it  impossible  for  the  writer  to  undertake  in  this 
place.  He  would,  therefore,  beg  to  refer  readers,  for  de- 
tailed information  on  these  points,  to  the  articles  entitled 
Melbourne,  New  South  Wales,  and  Victoria,  which  will 
appear  in  later  volumes  of  the  Handbook,  and  to  a  gen- 
eral article  under  the  title  Australia,  which  will  be  found 
in  the  Appendix.  H.  B. 

AUTEUILisa  French  thermal  station  containing  a  single 
spring,  the ' '  Quicherat. "  Its  waters  are  taken  by  in  valids 
at  the  spring,  and  are  also  bottled  for  export.  The  chief 
elements  of  the  water  are  the  sulphates  of  calcium,  iron, 
and  alum.   Passy  is  the  nearest  railroad  station.    JET.  F. 

AUTOMATIC  ACTIONS.  By  the  term  automatic  ac- 
tions, as  applied  to  living  bodies,  we  mean  those  move- 
ments which  go  on  without  any  outside  stimulus,  the 
causes  being  in  the  body  itself.  For  the  sake  of  under- 
standing them  more  clearly  it  is  necessary  to  divide  them 
into  certain  classes,  which,  so  far  as  the  higher  animals 
are  concerned,  are  as  follows  : 

1.  The  Automatic  Actions  of  Ve0btativb  Life. — 
Under  this  head  we  have  :  (a)  those  of  the  respiratory 
neuro-mechanism  ;  (b)  those  of  the  cardiac  neuro-mechan- 
ism  ;  (c)  those  of  the  vaso-motor  neuro-mechanism ;  (d) 
the  rhythmical  movements  of  the  stomach,  intestines, 
spleen,  and  bladder. 

The  automatic  actions  in  these  classes  may  be  modified  by 
voluntary  or  other  extrinsic  influences,  but  they  are,  never- 
theless, essentially  independent  of  them.  Thus  the  respi- 
ratory movements  may  be  modified  by  volitional  impulses, 
but  they  in  the  main  go  on  rhythmically  and  indepen- 
dently. The'  mechanism  of  this  process  of  automatism  is 
well  illustrated  in  the  cardiac  movements.  The  pulsa- 
tions of  the  heart  depend  upon  the  stimuli  rhythmically 
sent  out  by  the  intrinsic  ganglia.  The  cells  which  origin- 
ate these  stimuli  receive  no  excitation  themselves  except 
that  furnished  by  the  aliment  from  the  blood.  This  ali- 
ment is  constantly  building  up  these  motor  cells  into  a 
more  and  more  unstable  condition.  When  the  instability 
reaches  a  certain  limit,  the  cell  decomposes  or  explodes 
with  a  discharge  of  its  force,  after  which  it  immediately 
begins  to  build  up  into  instability  again ;  and  so  the  pro- 
cess goes  on.  This  explanation  applies  to  all  the  rhyth- 
njical  automatic  movements  of  vegetative  life.  The 
movements  are  performed  by  unstriped  muscles,  or  the 
muscles  of  internal  relation. 

2.  The  Automatic  Actions  op  Voluntary  Lite. 
— A  second  and  much  more  striking  class  of  automatic 
activities  includes  those  involving  voluntary  muscles  and 


the  mind.  They  appear  in  various  forms  and  in  varying 
complexity  according  to  the  part  of  the  nervous  system 
which  they  involve.     They  may  be  divided  as  follows : 

(a)  Tlie  Motor  Automatisms. — The  harmonious  move- 
ments of  the  eyes,  the  muscular  adjustments  called  forth 
in  the  use  of  the  voice,  and  of  the  jaws,  mouth,  and 
throat  in  suckling,  are  illustrations  of  motor  automa- 
tism. The  movements  of  the  body  and  limbs  in  stand- 
ing, sitting,  walking,  and  in  th-e  various  acquired  dex- 
terities, such  as  those  of  dancers,  players,  jugglers, 
acrobats,  and  skilled  artisans,  all  are  done  automati- 
cally. Being,  in  man,  acquired  by  practice,  they  may 
be  spoken  of  as  secondary  automatic  actions.  They 
have  for  their  anatomical  substratum  certain  arrange- 
ments of  nerve-fibres  and  cells  in  the  cerebellum,  basal 
ganglia,  and  spinal  cord.  The  conscious  mind,  though 
taking  no  active  share,  first  fathered  them,  and  stands  in 
ready  connection  with  them.  It  starts  or  stops  the  ma- 
chinery, just  as  by  touching  the  pendulum  we  start  or 
stop  a  clock  that  has  been  wound.  Physiology  teaches 
also  that  all  voluntary  acts  tend  by  repetition  to  become 
automatic.  For  voluntary  movements,  by  repetition,  are 
more  and  more  easily  and  quickly  performed,  until  at 
last  they  no  longer  possess  the  elements,  such  as  duration 
and  intensity,  necessary  to  arouse  consciousness,  and  they 
are  then  done  automatically. 

(p)  Psychical  Automatism. — There  is  another  class  of 
automatic  activities  closely  related  with  the  foregoing. 
Here  volition  and  normal  consciousness  have  no  share  at 
all,  and  the  whole  psychical  life,  so  far  as  it  appears  at 
all,  is  automatic.  The  mind  becomes  a  real  machine, 
working  in  certain  established  grooves,  unmodified  by 
any  volition  or  by  any  external  or  internal  stimulus  ex- 
cept such  as  gives  it  the  start ;  just  as  the  boy  trims  the 
sails  and  fastens  the  rudder  of  his  toy  boat,  then  launches 
it  to  sail  as  its  mechanism  directs. 

This  psychical  automatism  is  represented  in  lower  ani- 
mals by  many  of  their  instinctive  acts.  In  following  its 
instincts  the  animal  obeys  no  conscious  purpose,  but  is 
impelled  by  unfelt  stimuli  from  within,  these  stimuli 
being  furnished  by  the  peculiar  anatomical  arrangements 
and  nutritive  needs  of  its  nervous  system,  inherited  from 
its  ancestors.  Instinct  covers  in  the  lower  animals,  how- 
ever, both  the  acquired  aptitudes  and  the  psychical  au- 
tomatisms in  man. 

This  psychical  or  cerebral  automatism  is  perfectly  illus- 
trated in  the  conditions  known  as  trance  and  somnambu- 
lism. Here  consciousness,  while  not  exactly  abolished, 
is  in  an  aberrant  state  (see  Disorders  of  Consciousness), 
the  will  is  suspended,  but  thought  and  feeling  continue, 
and  the  body  responds  in  systematized  and  apparently  in- 
telligent acts. 

There  are  two  distinctions  which  in  a  medical  study  of 
psychical  automatism  must  be  made  :  First,  unconscious 
cerebration  is  a  different  thing  from  the  psychical  autom- 
atism which  we  are  describing.  The  term  unconscious 
cerebration  should  be  limited  to  that  very  large  share  of 
our  mental  life  which  runs  on  beneath  consciousne^. 
Few  persons,  in  carrying  on  a  train  of  thought,  bring 
every  link  in  the  logical  chain  into  consciousness.  We 
pass  with  a  step  from  the  first  term  to  the  last,  the  in- 
termediate process  being  subconscious.  In  the  associa- 
tion of  ideas,  one  mental  picture  is  often  followed  by 
another  apparently  remote,  the  missing  links  not  rising 
into  conscious  view.  Unconscious  cerebration,  there- 
fore, refers  simply  to  the  subconscious  part  of  our  or- 
dinary thoughts  and  feelings,  and  is  one  of  the  modes  in 
which  the  mind  naturally  acts.  Second,  cerebral  autom- 
atism, as  understood  bjr  some  writers,  such  as  Carpenter 
and  Luys,  is  made  to  include  cerebral  reflex  acts,  i.e., 
all  the  mental  acts  which  arise  involuntarily  in  response 
to  a  stimulus.  Thus  we  are  told  that  the  ready  response 
of  emotion  at  a  dramatic  climax,  the  instant  formation  of 
judgment  where  certain  simple  and  common  conditions 
are  present,  are  all  examples  of  cerebral  automatism. 
From  this  same  point  of  view,  the  common  sense  of  man- 
kind is  but  the  automatically  formed  judgment  upon  the 
various  affairs  of  life,  which  rises  alike  in  the  great 
mass  of  men.    There  is  propriety  in  this  view,  and  lines 
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of  distinction  must  be  somewhat  arbitrarily  drawn. 
Nevertheless,  the  acts  referred  to  are  much  more  typ- 
ically reflex  than  automatic  acts,  as  for  example,  when 
a  novel  situation  excites  at  once  spontaneously  a  burst  of 
laughter.  And  it  is  better  to  limit  the  term  cerebral  au- 
tomatism to  those  conditions  of  the  mind  in  which  spon- 
taneity is  abolished  for  a  time  and  the  psychical  mechan- 
ism acts  entirely  apart  from  any  conscious  stimulus. 

Cerebral  automatism,  as  thus  limited,  is  pathological 
and  has  a  medical  importance.  It  is  a  condition  that  is 
brought  about  by  a  number  of  causes,  and  makes  a  some- 
what different  clinical  picture  accordingly.  Cerebral  au- 
tomatic states  may  be  classified  as  follows  :  The  epileptic, 
the  somnambulic,  the  hypnotic,  the  automatism  of  inebri- 
ety, of  insanity,  of  narcotic  intoxication,  of  syphilis,  of  in- 
juries to  the  head,  and  of  over-work  or  cerebral  exhaustion. 

Epileptic  Cbrbbral  Automatism. — The  automatic 
mental  state  which  occurs  in  epilepsy  accompanies  much 
more  frequently  petit  mal  than  haut  mat.  It  generally 
follows  thQ  attack,  but  sometimes  precedes  it,  and  still 
more  rarely  takes  its  place,  in  which  latter  case  the  terms 
psychical  epilepsy  (Hughlings  Jackson),  masked  epilepsy 
(Esquirol),  epilepsia  larvata  (Morel)  have  been  applied. 
It  is  a  transitory  psychical  disturbance,  and  only  one  of 
several  forms  which  occur  at  this  period  (see  Epilepsy). 
Cases  of  epileptic  automatism  are  numerous.  In  the 
simpler  forms,  the  patient  simply  proceeds  to  do  some 
ordinary  but  inapposite  act.  Often  he  begins  suddenly 
to  undress,'  or  tries  to  go  upstairs,  and  will  climb  upon  a 
chair,  or  table,  or  shelf.  Very  frequently  he  puts  some 
object  near  at  hand  in  his  pocket.  Much  more  compli- 
cated acts  may  be  done.  A  patient  of  Le  Grand  du 
Saule's,  after  an  attack,  found  that  he  had  taken  passage 
in  a  steamer  for  Bombay.  Gowers  tells  of  a  carman  who, 
after  an  attack,  drove  for  an  hour  through  the  crowded 
streets  without  accident.  Trousseau  relates  the  case  of 
an  architect  who,  when  seized  with  an  attack,  would  run 
quickly  fi;om  plank  to  plank  without  falling ;  and 
Gowers,  again,  had  a  young  lady  patient  who,  during 
the  epileptic  automatism,  would  play  the  most  difficult 
music.  In  some  cases  the  emotional  faculties  are  more 
Involved,  and  attacks  of  transitory  mania,  or  furious  im- 
pulse, occur. 

Artificial  Cerebral  Automatism,  Hypnotism, 
Trance. — In  the  condition  known  as  hypnotism,  trance, 
mesmerism,  "electro-biology,"  the  phenomena  of  cere- 
bral automatism  are  very  perfectly  shown,  and  an  under- 
standing of  it  gives  the  key  to  all  the  cerebral  automatic 
states.  In  producing  the  hypnotic  condition  artificially 
in  man  his  attention  is  first  fixed  upon  some  particular 
object,  such  as  a  bit  of  glass,  which  is  held  slightly  above 
the  level  of  vision,  so  as  to  put  the  ocular  muscles  upon 
a  certain  strain.  After  a  few  minutes,  in  sensitive  sub- 
jects, the  nervous  force  seems  to  lose  its  equilibrium  and 
to  concentrate  itself  in  one  particular  direction.  Little 
force  is  left  to  supply  the  rest  of  the  conscious  functions 
of  the  brain,  and  the  whole  mental  life  of  the  subject  is 
narrowed  into  one  field.  The  mind  is  but  a  point.  The 
"equilibrium  of  nervous  force  being  once  overturned,  it 
continues  unstable,  and  can  be  turned  in  one  direction  or 
another,  according  to  the  suggestion  of  the  manipulator. 
Thus  the  hypnotic  thinks  that  he  sees  a  beatific  vision, 
and  every  capacity  of  his  mental  being  is  expended  on 
the  feelings  that  such  a  vision  excites.  Or  he  is  told  that  he 
is  a  murderer,  and  must  die,  and  he  is  overpowered  with 
fear  and  remorse.  Or  his  mind  is  directed  to  the  idea  that 
one  side  of  his  body  is  insensible  ;  he  then  feels  no  pain 
on  that  side.  In  any  case,  his  mental  energies  are  all  so 
absorbed  by  some  single  dominant  feeling,  that  ordinary 
sensory  impulses  coming  up  to  the  brain  impinge  fruit- 
lessly upon  consciousness,  and  awaken  no  sensations. 
The  hypnotic  is  to  all  intents  and  purposes  anaesthetic, 
blind  and  deaf  to  everything  except  an  expected  sugges- 
tion from  the  operator,  which  is  the  only,  link  that  holds 
him  at  the  time  to  the  external  world.  Under  the  domi- 
nation of  some  particular  idea  or  feeling,  his  mind  may 
automatically  cause  him  to  perform  many  complex  and 
apparently  intelligent  acts.  The  concentration  of  nervous 
force  upon  some  particular  function,  such  as  that  of 


sight,  hearing,  or  touch,  exalts  these  senses,  so  that  vision 
is  clearer,  hearing  more  acute,  and  the  touch  more  afensi- 
tive  (see  Hypnotism,  Somnambulism).  Such  is,  in  brief, 
the  physiology  of  hypnotic  automatism. 

Although  the  hypnotic  condition  is  usually  produced 
artificially,  certain  persons  of  a  highly  sensitive,  nervous 
temperament  are  subject  to  spontaneous  attacks,  just  as 
other  persons  suffer  from  the  similar  condition  of  som- 
nambulism. Indeed,  spontaneous  hypnotic  attacks  are  a 
kind  of  day-somnambulism.  Individuals  thus  suffering 
are  generally  of  a  hysterical  temperament,  with  deficient 
will-power,  and  their  hypnotic  attacks  may  accompany, 
or  be  complicated  with,  attacks  of  catalepsy,  ecstasy,  or 
hysterical  seizures  of  various  kinds.  There  are  persons 
who  have  a  congenital  tendency  to  fall  spontaneously 
into  hypnotic  states.  Such  was  the  case  with  a  patient  of 
Le  Grand  du  Saule's,  who,  whenever  he  got  into  a  state 
of  excitepient  or  expectancy,  would  fall  off  into  a  hyp- 
notic sleep.  Some  of  the  reported  cases  of  morbid  som- 
nolence belong  to  this  class  (see  Disorders  of  Sleep).  In 
other  instances  the  tendency  to  spontaneous  trance  states 
is  acquired,  as  in  a  case  reported  by  Finkelnburg :  a  young 
woman  having  been  once  mesmerized  by  a  professional, 
ever  after  was  subject  to  spontaneous  attacks  of  trance. 

The  condition  of  trance,  or  one  closely  allied  to  it,  is 
induced  voluntarily  by  the  so-called  trance-speakers.  It 
may  also  be  brought  on  by  some  periodically  occurring 
affection,  as  was  shown  in  a  case  related  by  Dr.  B.  F. 
Berkley  {Western  Journal  of  Medicine  and  Surgery,  U.  S., 
vi.,  p.  304).  A  married  woman,  aged  thirty-nine,  for  years 
suffered  from  trigeminal  neuralgia,  which  finally  ended 
in  a  severe  form  of  tic  douloureux  occurring  every  two 
weeks.  After  each  attack  she  fell  into  a  state  of  "somnil- 
oquence "  lasting  for  an  hour  or  two.  During  this  time 
she  would  preach  on  religious  topics  with  some  amount 
of  eloquence.  She  was  a  modern  illustration  of  the  simi- 
lar states  into  which  the  priests  of  the  Delphic  oracle 
went  when  uttering  their  prophecies. 

Hypnotic  states  are  generally  brought  to  an  end  by  the 
passes  of  the  manipulator.  If  Igft  a,lone  the  state  continues 
for  some  hours,  passing  finally  into  true  sleep,  from  which 
the  patient  awakens  spontaneously.  In  some  persons  who 
are  subject  or  have  been  subjected  to  periodical  attacks  of 
hypnotism,  the  mind  recalls  in  one  attack  what  occurred 
in  the  previous  one.  After  coming  out  from  an  attack  there 
is  no  recollection,  as  a  rule,  of  what  was  done  in  it.  There 
are  considerable  variations  in  the  degree  or  intensity  of 
the  hypnotic  state.  In  the  slighter  degrees  it  resembles 
considerably  that  of  profound  reverie  or  abstraction. 
There  is  a  distinction,  however,  between  the  absorbed 
reverie  of  the  student  and  the  absorbed  contemplation  of 
the  hypnotic.  In  the  former  case  the  mind  is  construct- 
ing and  building  under  a  certain  kind  of  voluntary  direc- 
tion ;  in  the  latter  the  mind  is  going  automatically  over  old 
ground. 

Traumatic  Cerebral  Automatism.  —  Very  rarely 
injuries  of  the  head  produce  such  a  pathological  change 
in  the  brain  as  to  make  the  person  injured  the  subject  of 
periodical  attacks  of  cerebral  automatism.  In  these  cases 
the  mental  condition  is  the  same  as  if  the  patient  walked 
in  his  sleep  or  had  been  artificially  hypnotized. 

One  of  the  most  typical  cases  of  this  kind  is  that  related 
by  Mesnet,  of  the  French  soldier  who,  after  suffering  from 
a  severe  injury  of  the  head,  used  to  pass  into  automatic 
states  lasting  for  days.  He  would  then  unconsciously  go 
through  all  the  routine  actions  to  which  he  had  been  ac- 
customed, such  as  dressing,  taking  a  walk,  smoking,  etc. 

The  Cerebral  Automatism  of  Inebriety.— Dr.  T. 
D.  Crothers  has  related  some  remarkable  cases  in  which 
the  effect  of  the  long-continued  abuse  of  alcohol  has  been 
to  induce  periodic  attacks  of  cerebral  automatism.  The 
patients  fall  into  a  state  very  much  resembling  that  of 
hypnotism.  In  this  condition  they  may  go  through  the 
ordinary  routine  of  life  in  so  perfect  a  manner  that  no 
one  would  recognize  the  peculiar  aberration  of  the  mind. 
After  a  period  of  hours,  or  even  of  a  day  or  more,  normal 
consciousness  returns  and  they  remember  nothing  of 
what  they  have  been  doing.  One  of  the  most  remark- 
able illustrations  of  this  kind  was  that  of  a  railway 
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conductor  who,  after  passing  into  the  automatic  state, 
would  take  charge  of  his  car,  run  the  train,  collect  tickets, 
make  change,  and  do  all  the  other  duties  of  his  position. 
Finally,  after  returning  home  and  awaking,  he  could  re- 
member nothing  of  what  he  had  done. 

Briefer  and  less  typical  attacks  of  cerebral  automatism 
occur  undoubtedly  in  very  many  cases  of  chronic  in 
ebriety. 

Syphilitic  Cerbbkal  Automatism. — Cerebral  sj^ph- 
ilis  sometimes  produces  states  of  automatic  mental  action, 
though  these  are  not  of  a  very  typical  kind.  The  syphil 
itic  poison  causes  a  kind  of  somnolent  or  Stuporous  con- 
dition, in  which  the  patient  appears  incapable  of  voluntary 
intelligent  acts.  When  roused  and  set  upon  ordinary 
tasks  or  routine  duties,  he  goes  through  them  automati- 
cally and  almost  unconsciously. 

The  Automatism  of  BiiAra  Exhaustion  and  Bbain 
Disease. — Luys  ("The  Functions  of  the  Brain,"  p.  183) 
relates  the  history  of  a  young  man  who  had  been  for  sev- 
eral days  engaged  in  making  calculations  of  compound 
interest,  which  had  caused  a  great  tension  of  his  mind. 
One  evening,  after  dinner,  he  was  about  to  go  to  sleep 
when,  as  he  says,  "  "Without  the  slightest  encouragement 
on  my  part,  in  a  state  between  sleeping  and  waking,  I 
began,  without  the  smallest  volition  on  my  part,  to  calcu- 
late and  go  over  again  exactly  the  same  problems  as  when 
in  my  office.  The  cerebral  machine  had  been  set  in  mo- 
tion too  violently  to  be  stopped,  and  this  involuntary  work 
went  on  in  spite  of  me,  and  In  spite  of  all  the  means  I 
endeavored  to  employ  to  cause  its  cessation,  that  is  to 
say,  for  from  about  three-quarters  of  an  hour  to  an  hour 
and  a  quarter."  Many  persons,  after  an  evening  of  ex 
hausting  study,  on  retiring  to  bed  have  experiences  some 
what  similar  to  the  above.  Healthy  persons  also  discover 
a  little  of  this  cerebral  inertia  in  their  disinclination,  or 
even  absolute  inability,  voluntarily  to  leave  a  task  in  which 
they  are  absorbed. 

Dr.  O.  C.  Gibbs  {Pennsylvania  and  Independent  Medical 
Jouvnal,  ii.,  p.  13,  1859)  relates  the  history  of  a  large, 
muscular  man,  aged  flfty-five,  who  showed,  in  a  perman 
ent  and  exaggerated  form,  this  kind  of  automatic  condi 
tion.  The  person  in  question  had  been  a  hard  drinker 
and  smoker,  but  had  suffered  from  no  disease.  His 
family  at  last  noticed,  however,  that  his  mind  was  some 
what  affected.  His  memory  failed,  and  he  would  tell  the 
most  absurd  stories.  Gradually  his  intelligence  dimin 
ished  and  his  will  became  impaired.  When  he  began  to 
do  a  certain  thing  he  had  no  power  to  stop  himself.  If 
he  went  to  the  barn  to  throw  down  hay  he  would  never 
stop  unless  interfered  with,  until  he  had  pitched  off  the 
whole  mow.  If  sent  out  to  bring  in  an  armful  of  wood 
he  would  never  stop  until  the  pile  was  all  in,  or  the  room 
was  full.  When  he  once  commenced  to  eat,  it  seemed  as 
if  he  could  never  cease.  As  his  mind  became  more 
affected  he  gradually  lost  the  power  of  balancing  himself, 
and  showed  a  constant  tendency  to  go  backward  when 
standing,  and  to  tip  over  backward  when  sitting.  He 
slept  much.  His  strength  gradually  failed,  and  he  died 
with  no  marked  symptoms.  The  diagnosis  of  cerebral 
softening  was  probably  correct,  although  no  post-mortem 
examination  was  made. 

The  Cerebral  Automatism  op  Insanity. — The  con- 
dition of  cerebral  automatism  has  been  described  as  a 
form  of  insanity.  But,  on  the  other  hand,  there  are  forms 
of  insanity  in  which  cerebral  automatism  appears  as  part 
of  the  phenomena  of  the  disease.  Thus,  maniacal  states, 
especially  those  of  epilepsy,  the  impulsive  acts  in  the  va- 
rious states  of  defective  mental  inhibition,  may  be  looked 
upon  as  automatic. 

Perhaps  the  automatic  cerebral  life  in  the  Insane  is  best 
shown  in  acute  dementia,  where  only  the  lowest  of  the 
mental  functions  remain,  and  the  sufferer  is  guided  only 
by  the  impulses  and  stimuli  of  his  vegetative  system. 

In  secondary  dementia,  and  in  idiocy  and  other  states 
of  mental  enfeeblement,  the  mental  activities,  so  much  as 
remain,  are  more  or  less  automatic. 

Medico-legal  Relations  op  Cerebral  Automa 
TisM.— In  conclusion,  I  have  only  space  to  call  attention 
to  the  very  evident  medico-legal  importance  of  a  knowl- 
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edge  of  cerebral  automatic  states,  This  applies  especially 
to  the  more  frequently  occurring  forms,  such  as  those  of 
artificial,  epileptic,  and  possibly  inebriate,  automatism. 
There  is  no  doubt  that  a  cerebral  automatic  is  irresponsi- 
ble, morally,  for  his  acts,  and  except  in  inebriate  au- 
tomatism, the  courts  would  sustain  the  medical  view. 
Unfortunately,  it  is  as  yet  practically  almost  impossible  to 
demonstrate  by  objective  tests  that  an  accused  person  was 
really  in  an  automatic  state.  Charles  L.  Dana. 

AVA,  AwA  Kata,  etc.  These  and  other  words  are  the 
English  approximations  to  the  name  of  an  intoxicating 
drink  made  by  the  South  Sea  Islanders,  from  the  roots  of 
IHper  Meihysiicum  Forster  (Macropiper  Methysticun 
Miquel) ;  Order,  Piperacem. 

This  plant  is  a  dioecious  shrub,  with  large,  long-petoled, 
oval  leaves,  and  small,  simple  flowers,  in  catkins. 

The  root,  which  is  the  part  used,  is  soft  and  juicy  when 
fresh,  but  becomes  very  light  upon  drying.  It  is  light- 
gray  in  color  externally,  and  pale  yellowish-white  when 
cut.  It  comes  in  large,  thick,  clumpy  pieces,  often  eight 
or  ten  centimetres  across  at  the  base  of  the  stems,  and  di- 
vides quickly  into  several  crooked,  irregular  branches. 
The  texture  is  woody,  but  soft  and  light ;  the  sawed  sur- 
face is  dusty  or  mealy.  The  odor  is  slight,  the  taste 
rather  spicy  and  bitter,  leaving  the  tongue  slightly  be- 
numbed for  a  little  while.  A  transverse  section  shows  a, 
thin  bark,  and  a  radiated,  woody  ring,  in  which  the  nar- 
row woody  edges  are  separated  by  broad,  starch-bearing, 
medullary  rays. 

Ava  grows  in  numerous  islands  of  the  Pacific  Ocean. 
The  most  important  constituent  is  a  soft,  yellowish  resin, 
called  kawin,  separated  by  Mr.  Gabbey  (1880),  of  which 
the  root  contains  two  per  cent.  It  has  an  aromatic  and 
spicy  taste,  and  is  probably  the  active  principle.  A  crys- 
tallin  principle,  methysticin,  was  discovered  many  years 
before  (1845),  by  Morison,  and  can  be  obtained  by  con- 
centrating a  tincture  of  ava  and  allowing  it  to  stand. 
The  methysticin  crystallizes  out  in  needles,  and  can  be 
purified  by  recrystallizing  from  alcohol.  It  is  a  neutral, 
tasteless  substance,  sparingly  soluble  in  cold,  but  more 
freely  in  hot,  water ;  easily  so  in  alcohol  and  ether.  The 
yield  is  about  one  per  cent.  Ava  contains  also  nearly 
one-half  of  its  weight  in  starch. 

Action  and.  Use.— The  drink  "  awa"  is  prepared  and 
used  in  the  Sandwich  Islands,  according  to  Dr.  Th. 
Toel,  of  Honolulu,  in  the  following  singular  and  sociable 
manner :  _"  The  root  is  chewed,  and  the  juice  so  extracted 
is  spitted  into  a  vessel  which  stands  in  the  centre  of  the 
participating  circle  of  friends.  Each  mouthful  is  chewed 
as  long  as  the  saliva  gives  the  least  taste,  and  then  laid 
aside.  When  the  supply  of  the  root  is  exhausted,  little 
cups  {sic)  are  made  of  the  chewed  portions,  while  the  ex- 
pectorated liquid  is  allowed  to  stand  and  ferment.  Then, 
after  a  full  meal,  they  drink  it,  either  from  the  "  cups" 
(sops  ?)  just  mentioned,  or  directly  from  the  public  bowl. 
The  action  is  almost  immediate,  and  they  settle  to  the 
ground  in  a  deep,  drunken  slumber,  which  lasts  several 
hours,  from  which  they  awake  refreshed,  and  without 
any  disagreeable  symptoms.  The  taste  of  the  drink  is  so 
bitter  that  they  usually  take  cocoanut-milk  or  fruits  with 
it."  Excessive  use  of  it  produces  a  chronic,  troublesome, 
scaly  disease  of  the  skin.  The  urine,  after  a  preparation 
of  ava  root  is  taken,  is  abundant  and  pale,  and  appears 
to  be  decidedly  soothing  to  the  mucous  membrane  of  the 
genito-urinary  passages.  It  is  also  a  sudorific,  but  not 
very  reliable  in  this  respect.  In  small  doses  it  is  an  un- 
irritating  bitter  tonic.  The  Sandwich  Islanders  have  used 
it  considerably  in  gonorrhoea,  with  encouraging  success. 
The  pain  and  discharge  are  said  to  be  rapidly  reduced  by 
it,  and  the  cure  made  quickly  and  pleasantly.  One  or 
two  grams  (grs.  xv.  ad  xxx.)  several  times  a  day,  in 
hot  infusion,  is  recommended.  Alcohol  extracts  its 
properties  most  completely,  but  for  other  reasons  may 
not  be  so  desirable. 

Allied  Plants. — The  genus  Piper  is  a  very  large  one, 
containing  one  hundred  species  of  shrubs  or  climbers  in 
all  tropical  regions.  Pepper,  cubebs,  matico,  etc.,  are 
among  the  most  widely  known.    See  Pepper. 
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Allied  Drugs. — In  its  eHecls  upon  the  nervous  sys- 
tem, ava  recalls  Oannabis  Indiea.  How  far  it  may  be 
compared  to  Jamaica  dogwood,  picrotoxin,  etc.,  our 
knowledge  of  all  is  too  incomplete  to  say. 

W.  P.  Bolles. 

AVENE,  a  French  thermal  station,  eight  kilometres 
(five  miles)  distant  from  Montpellier,  in  the  department 
of  the  Herault,  lying  at  an  altitude  of  387  metres  (800 
feet)  above  the  sea.  The  water  of  the  single  spring  has  a 
temperature  of  38°  C,  and  contains  only  0.33  part  total 
solids  per  1,000,  of  which  0  031  is  sodium  arsenate. 
Avfene  is  frequented  by  patients  suffering  from  skin  af- 
fections and  various  diseases  of  the  eye  and  ear.  The 
water  is  used  in  the  form  of  irrigation.  H.  F. 

AVENS  {Benoite  Codex  Med.),  Oeum  urbanum  Linn. 
The  G-eums  are  perennial  herbs,  with  the  general  charac- 
ters and  qualities  of  the  PoUntUlas,  but  diner  from  them 
in  their  styles,  which  are  persistent,  stiff,  long,  and 
kinked,  or  variously  bent.  They  project  in  all  directions 
from  the  fruit,  making  it  a  sort  of  burr.  Qeum  urbanum 
Linn.  Avens,  Order  Boaaceae,  PotentiUem,  is  a  straggling 
herb  with  a  branched  stem,  ragged-pinnate  leaves,  and 
yellow  flowers. 

The  rhizome  is  the  portion  used.  It  is  short  and  thick 
(one  centimetre  or  so  in  diameter),  dark  brown,  rather 
Ijiard  and  brittle  when  dry,  and  furnished  with  numerous 
fibrous  rootlets.  Its  odor,  when  fresh,  is  spicy  (it  has 
been  called  clove  root),  but  as  it  is  seen  in  the  shops  it 
scarcely  has  any.  Its  taste  is  astringent  and  slightly 
bitter. 

The  constituents  of  avens  are  :  tannic  matter,  which  is 
abundant ;  a  bitter  substance,  not  yet  obtained  in  a  state 
of  purity  (Oeum  bitter),  and  an  essential  oil. 

Geum  has  been  used  as  a  substitute  for  cinchona,  also 
more  extensively  as  an  astringent.  For  the  first  purpose 
it  has  no  more  claim  to  notice  than  other  plants  with  bit- 
ter juices.  Its  aromatic  value  is  almost  nothing.  Dose, 
as  an  astringent,  two  grams  (3  Grm.r=gr.  xxx.). 

Allied  Plants. — Oeum  rivals  Willd.,  of  the  United 
States  and  Europe,  has  similar  qualities  to  the  above. 
Numerous  other  geums  are  astringent,  as  well  as  several 
other  closely  related  genera  (see  Tormbntil). 

Allied  Drugs. — For  a  list  of  astringents  see  Nut- 
galls.  W.  P.  Bolles. 

AVON  SPRINGS.  Location  and  post-ofiice,  Avon,  Liv- 
ingston County,  N.  Y.  ;  on  the  Erie  Railway,  eighty- 
five  miles  east  of  Buffalo.  Discovered  in  1793,  though 
never  vigorously  advertised,  these  springs  have  always 
been  substantially  patronized.  There  are  four  springs  : 
the  Upper,  Lower,  Congress,  and  Magnesia.  They  all 
contain  sulphuretted  hydrogen  in  marked  proportion. 
The  analysis  of  the  Upper  Springs  will  serve  as  a  type  of 
the  rest,  though  the  Congress  is  much  stronger  in  its  sul- 
phur constituent. 

In  a  wine  gallon,  solid  contents  : 

Sulphate  of  magnesia 10  grains. 

Bulphate  of  lime  84      " 

Sulphate  of  soda 16      " 

Carbonate  of  lime 8      '* 

Muriate  of  soda 18.4   " 

138.4    " 

Gaseous  contents  of  a  wine  gallon : 

Sulphuretted  hydrogen 12  cubic  inches. 

Carbonicacid 56  " 

Therapeutic  Properties. — These  are  strong  sulphur 
waters,  and  have  proved  valuable  in  affections  of  the 
skin,  rheumatism,  dyspepsia,  etc.  On  account  of  the 
large  proportion  of  Epsom  salts  which  some  of  them  con- 
tain-—Lower  Spring — aperient  and  cathartic  effects  are 
readily  obtained,  and  by  heating  and  driving  off  the  sul- 
phuretted hydrogen,  the  water  is  rendered  quite  palatable. 
Extensive  bath-houses  are  provided,  and  skilled  attend- 
ants regulate  the  duration  and  temperature  of  the  bath. 

There  are  numerous  hotels,  some  of  which  are  first- 
class.     The  situation  of  Avon,  in  the  fertile  and  pictur- 


esque valley  of  the  Genesee,  commends  itself  for  healthi- 
ness, beauty,  historical  and  romantic  interest.  The  popu- 
lation of  the  village  is  about  three  thousand  five  hundred. 
There  are  four  churches,  two  schools,  a  bank,  public 
parks,  etc.  The  climate  is  equable,  the  drainage  natural. 
The  ordinary  drinking-water  is  limestone. 

Geo.  B.  Fowler. 

AX,  a  small  town  of  France,  in  the  Ddpartement  de 
I'AriSge,  lying  at  an  altitude  of  711  metres,  possesses  a 
large  number  of  thermal  springs,  varying  in  temperature 
from  35°  to  77°  C.  (95°  to  170.6^ F.).  The  waters  are  em- 
ployed as  baths,  both  general  and  local,  douches,  inha- 
lations, and  as  a  beverage.  The  diseases  most  benefited 
by  a  course  of  the  waters  at  Ax  are  rheumatic  affections, 
catarrhal  inflammation  of  the  respiratory  organs,  skin 
diseases,  and  disorders  of  the  lymphatic  system.  Chem- 
ically the  water  of  Ax  belongs  to  the  class  of  sulphurous 
waters.  Its  main  constituents  are  sodium  sulphide,  so- 
dium chloride,  various  sulphates  and  carbonates,  silicic 
acid,  and  organic  matter.  The  springs,  les  Canons  and 
le  Rossignol,  having  respectively  a  temperature  of  75° 
(167°  F.)  and  77°  C.  (170.6°  F.),  are  the  warmest  waters, 
and  contain  the  greatest  amount  of  sodium  sulphide. 
Protracted  bathing  produces  temporary  cyanosis,  which, 
according  to  Filhol,  is  due  to  the  excess  of  silicic  acid. 
Ax  is  43  Km.  (about  36  miles)  distant  from  the  Station 
Foix  (Chemin  de  fer  du  Midi),  and  its  repute  is  steadily 
on  the  increase.  Its  climate  is  salubrious  and  invigor- 
ating. E.  F. 

AXILLA,  Surgical  Anatomy  op. — The  axilla  (ala,  a 
wing)  is  the  space  which  exists  between  the  upper  arm 
and  side  of  the  thorax.  It  is  of  a  pyramidal  shape,  and 
is  bounded  in  front  by  the  pector&l  muscles,  behind  by  the 
subscapularis,  teres  major,  and  latissimus  dorsi,  on  the 
inner  side  by  the  serratus  magnus,  intercostal  muscles  and 
ribs,  and  on  the  outer  side  by  the  upper  part  of  tlie  arm 
and  shoulder- joint.  The  base  is  formed  by  the  skin 
stretching  between  the  anterior  and  posterior  boundaries. 
The  hollow  between  the  anterior  and  posterior  folds  is 
commonly  known  as  the  armpit,  but  anatomically  we 
imply  more  by  the  term  axilla  than  this  depression  :  we 
include  all  the  deeper  space  which  reaches  up  to  between 
the  scalene  muscles,  and  contains  the  axillary  vessels, 
brachial  plexus  of  nerves,  and  Ijrmphatics.  This  deeper 
space  is  surgically  continuous  with  the  neck. 

SuPBRPioiAL  Anatomy,  -t-  The  skin  of  the  armpit 
proper,  which  is  very  thin,  sensitive,  attached  to  the  fascia 
beneath,  and  of  a  darkish  color,  is  supplied  with  glands 
which  secrete  an  odorous  sweat.  In  some  cases  this 
sweat  is  of  a  peculiar  color,  and  stains  the  linen ;  it  may 
be  large  in  amount  and  cause  great  discomfort  to  the 
individual  and  his  friends  from  the  disagreeable  odor 
emitted. 

The  skin  of  the  armpit  is  abundantly  provided  with 
hairs  which  never  grow  to  any  great  length  ;  their  limit  is 
generally  well  defined,  the  outer  border  furnishing  a  good 
surface  mark  for  the  axillarjr  artery  in  the  third  part  of 
its  course.*  The  armpit  is  of  different  depths  in  different  in- 
dividuals ;  in  women  and  children  it  is  not  so  well  marked 
as  in  men,  chiefly  because  in  them  we  have  less  muscular 
development  and  more  adipose  tissue.  When  the  arm  is 
lifted  above  the  head  the  depression  almost  disappears 
and  the  skin  is  put  so  much  on  the  stretch  that  nothing 
can  be  felt  of  the  deeper  part ;  the  depression  deepens  as 
the  arm  is  lowered  to  the  side,  the  skin  being  relaxed  and 
thrown  into  folds.  The  flngers  can  now  be  pushed  high 
enough  to  feel  the  head  of  the  humerus.  When  it  is 
necessary  to  examine  the  deeper  structures,  the  arm  ought 
only  to  be  slightly  drawn  away  from  the  side.    In  opera- 

*  According  to  Mr.  A.  W.  Martin  (Bdin.  Med.  Journal,  June,  1884) : 
"  The  presence  of  hair  in  the  pubic  region  is  sufficient,  by  the  law  of 
correlation  of  growth,  to  account  for  the  presence  of  hair  in  the  cor- 
responding part  of  the  fore-limb,  the  axilla,"  He  also  says  that  the  hair 
of  the  axilla  has  a  fixed  ratio  to  that  of  the  pubea  and  also  corresponds 
closely  in  color;  he  regards  sexual  selection  as  sufficient  to  account  for  it 
in  the  pubes,  and  also  remarks  that  its  quantity  in  both  sexes  will  be  in 
proportion  to  the  sexual  passion.  With  this  last  statement  I  certainly  am 
not  prepared  to  agree. 
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tions  on  the  axilla  the  arm  should  always  be  abducted 
and  raised  to  lessen  the  depression.  .  „■  i 

It  is  not  uncommon  to  see  suppuration  of  the  toUicles 
in  this  region  ;  these  small  follicular  abscesses,  owmg  to 
the  sensitiveness  of  the  skin,  are  very  painful  and  should 
be  opened  early.  .     ,  .  ,        ^   ,      ^ 

The  skin  covering  the  anterior  fold  is  thick,  not  closely 
adherent  to  the  deeper  structures,  and  free  from  hairs. 
Close  below  the  clavicle  and  internal  to  the  shoulder,  the 
coracoid  process  can  be  felt.  ,  Here  is  seen  a  well-marked 
depression  called  the  infraclavicular  fossa,  which  marks 
the  triangular  cellular  interspace  between  the  clavicular 
origins  of  the  deltoid  and  pectoralis  major  muscles.  At 
this  point  it  is  possible  to  compress  the  axillary  artery 
against  the  second  rib.  A  line  drawn  from  the  middle  of 
the  clavicle  to  the  inner  side  of  the  prominence  formed  by 
the  coraco-brachialis  muscle  would  give  the  course  of  the 
axillary  artery. 

The  lower  border  of  the  great  pectoral  muscle  follows  the 
line  of  the  fifth  rib  ;  the  first  visible  serration  of  the  ser- 
ratus  magnus  on  the  inner  side  of  the  space  is  the  sixth.  The 
posterior  fold  is  thicker  than  the  anterior  on  account  of  the 
great  thickness  of  the  teres  major  muscle.  When  the  arm 
is  raised  from  the  side  the  axillary  artery  can  be  felt  pulsat- 
ing as  it  passes  into  the  arm,  and  may  be  '>asily  compressed. 

Fascia. — On  removing  the  skin  from-  the  axilla  we 
come  upon  a  strong  fascia,  the  disposition  of  which  it  is 
important  to  know  because  of  its  influence  on  the  course 
of  abscesses,  which  not  infrequently  form  in  the  neighbor- 
hood. The  strong  fascia  which  covers  the  great  pectoral 
muscle  and  is  attached  to  all  the  subcutaneous  bony 
prominences,  winds  round  its  lower  border  and  splits  into 
two  portions,  one  of  which  continues  to  ensheath  the 
pectoralis  muscle  on  its  inner  surface,  while  the  other 
forms  the  floor  of  the  axilla  and,  after  covering  the  latis- 
simus  dorsi  and  teres  major  muscle,  passes  upward  and 
backward  and  is  lost  in  the  strong  deltoid  aponeurosis. 
The  portion  of  this  fascia  which  covers  the  pectoralis 
major  muscle  externally  sends  a  process  between  it  and 
the  deltoid  muscle  which  becomes  continuous  with  the 
costo-coracoid  membrane.  » 

T?ie  Costo-coramid  Membrane  (Fig.  374)  is  a  strong 
aponeurosis  which  is  continuous  with  the  deep  cervical 
fascia  ;  it  splits  to  enclose  the  subclavius  muscle,  is  at- 
tached to  the  clavicle,  to  the  coracoid  process,  and  is 
continued  to  the  capsule  of  the  shoulder.  It  is  also  at- 
tached to  the  cartilages  of  the  first  and  second  ribs,  and 
is  continuous  with  the  aponeurosis  over  the  serratus 
magnus  muscle.  This  fascia  is  the  costo-coracoid  mem- 
brane proper,  and  covers  the  first  part  of  the  axillary 
vessels  and  nerves.  When  it  reaches  the  edge  of  the 
small  pectoral  muscle  it  again  divides  to  enclose  it ;  re- 
uniting again  it  passes  down  to  the  base  of  the  axilla,  and 
becomes  attached  to  the  skin  and  the  fascia  covering  the 
great  pectoral  ;  externally  it  is  continuous  with  the 
brachial  aponeurosis.  Gerdy  calls  this  process  the  liga- 
mentum  suspensorium,  because  he  says  it  is  the  ligament 
of  the  skin  of  the  armpit,  which  it  pulls  upward.  This 
suspensory  ligament,  then,  divides  the  axilla  into  an  an- 
terior and  posterior  compartment,  the  posterior  containing 
blood-vessels  and  nerves,  and  the  anterior,  the  loose  cellu- 
lar tissue  which  separates  the  two  pectoral  muscles  and 
intervenes  between  the  lower  part  of  the  fascia  and  the 
great  pectoral.  Now,  when  an  abscess  forms  in  front  of 
the  suspensory  ligament,  that  is,  below  the  small  pectoral 
or  between  the  two  pectorals,  it  would  tend  to  point  at 
the  lower  border  of  the  anterior  axillary  fold,  or  in  the 
interspace  between  the  deltoid  and  the  great  pectoral 
muscle  ;  but  if  pus  forms  behind  the  suspensory  ligament 
and  is  not  evacuated  early,  it  may  burrow  into  the  neck 
and  thence  find  its  way,  through  the  upper  opening  of  the 
thorax,  into  the  mediastina ;  it  may  also  find  its  way 
beneath  the  latissimus  dorsi  and  point  in  the  back,  or  it 
may  burrow  into  the  subscapular  fossa  and  thence  get 
into  the  shoulder-joint.  Abscesses  in  the  axilla  should  be 
opened  early  and  after  the  manner  of  the  late  Mr.  Hilton. 
He  advised  that  the  skin  alone  should  be  cut  with  a  knife, 
that  a  grooved  director  should  then  be  pushed  into  the 
deeper  structures  till  pus  wells  out.     The  deeper  parts 


may  be  still  further  opened  up  by  introducing  a  pair  ot 
dressing  forceps,  opening  them  widely  in  the  abscess  and 
withdrawing  them  open.  If  axillary  abscesses  are  opened 
in  this  way,  there  is  no  danger  of  wounding  any  of  the 
displaced  vessels  in  the  neighborhood,  as  they  are  pushed 
aside  by  the  director.  The  finger  answers  often  quite  as 
well  as  a  director. 

BoTJND ARIES  OF  THE  AxiLLA. — Anterioi' boundary  (Pig. 
369).— This  boundary  is  formed  by  the  two  pectoral  mus- 
cles, the  great  pectoral  alone  forming  the  lower  border  of 
the  anterior  fold.  It  is  important,  surgically,  to  remem- 
ber that  the  fibres  of  the  large  pectoral  go  downward 
and  outward,  and  those  of  the  lesser  upward  and  out- 
ward. The  interspace  between  the  great  pectoral  and  the 
deltoid  may  be  often  very  small  or  wanting,  and  the  divi- 
sion between  the  two  muscles  can  only  be  made  out  by 
the  position  of  the  cephalic  vein  and  a  branch  of  the 
acromial  thoracic  artery. 

Owing  to  the  pectoralis  major  muscle  having  an  origin 
from  the  clavicle,  it  is  necessary,  in  fracture  of  that  bone, 
that  the  arm  should  be  placed  close  to  the  side  to  prevent 
the  muscle  pulling  down  the  inner  fragment,  and  so  de- 
laying union.  In  females  the  lower  edge  of  the  anterior 
border  of  the  axilla,  owing  to  the  presence  of  the  mam- 
mary gland,  is  not  so  easily  seen  as  in  the  male.  In  the 
female  the  mammary  gland  moves  freely  on  the  great 
pectoral  muscle,  there  being  an  abundance  of  cellular  tis- 
sue between  the  muscle  and  the  gland  ;  but  in  advanced 
cases  of  cancerous  disease  of  the  breast  every  movement 

of  the  pectoral  muscle  is 
painful  because  of  the  glu- 
ing together  of  the  breast 
and  the  muscle  by  infiltrat- 
ed tissue. 

The  acromial  thoracic 
vessels,  and  the  internal  and 
external  anterior  thoracic 
nerves  are  seen  on  the  inner 
surface  of  the  pectoral  mus- 
cle. The  long  thoracic  ar- 
tery generally  runs  along 
the  lower  border  of  the 
lesser  pectoral. 

In  rare  cases  the  great 
pectoral  muscle  is  wanting 
altogether,  or  the  clavicu- 
lar portion  alone  may  be 
wanting.  The  lesser  pec- 
toral may  be  attached  to  as 
many  as  five  ribs,  or  as  few 
as  one.  Its  insertion  may 
be  transferred  from  the  co- 
racoid process  to  the  cora- 
co-brachialis muscle  or  hu- 
merus itself. 

Posterim-  houndary  (Fig. 
873). — The  posterior  wall 
of  the  axilla  is  formed  by  three  muscles  which  are  sup- 
plied by  the  same  set  of  nerves,  viz.,  the  three  subscapu- 
lar, and  all  three  muscles  are  internal  rotators  of  the  hu- 
merus. The  tendon  of  the  latissimus  dorsi,  with  the  teres 
major,  form  the  lower  edge  of  the  posterior  fold,  the  pos- 
terior wall  of  the  deeper  portion  being  principally  formed 
by  the  subscapularis.  The  axillary  vessels  rest  on  this 
posterior  wall,  held  together  by  a  dense  cellular  sheath, 
and  separated  from  the  rest  of  the  axilla  by  the  above- 
described  suspensory  fascia. 

Internal  boundary  (Fig.  370). — The  inner  wall  of  the 
space  is  formed  by  the  ribs,  intercostal  muscles,  and 
the  upper  digitations  of  the  serratus  magnus.  On  this 
wall,  which  is  somewhat  convex,  a  large  nerve  is  seen 
running  down  in  a  vertical  direction,  to  be  distributed 
to  the  serratus  magnus  muscle.  This  nerve  is  a  branch 
of  the  brachial  plexus,  and  is  called  the  long  thoracic. 
We  also  find  here  branches  of  the  posterior  and  long  tho- 
racic vessels.  Abscesses  and  tumors,  as  a  rule,  lie  along 
this  wall,  and  are  fortunately  well  away  from  the  axil- 
lary vessels  ;  in  removing  tumors  we  always  dissect  to- 
ward the  inner  wall. 


Fig,  369. — Skin  and  fascia  have  been 
removed.  1,  Pectoralis  major  ;  S, 
deltoid;  between  these  muscles  is 
seen  the  cephalic  vein  ;  3,  biceps ; 
4,  coraco-brachialis,  close  to  which 
lies  the  brachial  artery  and  the 
median  nerve  drawn  to  one  side. 
(After  Roser.) 
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External  boundary. — The  external  boundary  of  the 
^xilla  is  formed  by  the  upper  part  of  the  humerus  and 
coraco-brachialis  muscle  ;  along  this  boundary,  and  on  the 
inner  side  of  the  coraco-brachialis  are  seen  the  axillary 
vessels  and  nerves  closely  bound  down  by  their  fascial 
covering. 

The  inferior  hounda/ry  or  base  of  the  axilla,  which  is 
formed  by  the  skin  and  fascia  stretching  between  the  an- 
terior and  posterior  folds,  has  already  been  described. 

The  Apex  of  this  cone-shaped  space  may  be  said  to  be 
continuous  with  the  posterior  triangle  of  the  neck,  as  ves- 


FlG.  870.— View  of  Axilla,  showing  Anterior  and  Posterior  FpldB  with  the 
Internal  Wall ;  also  Showing  Ijymphatic  Glands.  A,  pecioralis  major ; 
G,  serratus  magnna;  D,  latissimnR  dorei;  E,  teres  major;  F,  Sub- 
scapularis ;  a,  axillary  artery ;  b,  axillary  vein.    (Alter  Ellis.) 

sals,  nerves,  lymphatics,  cellular  tissue,  and  fascia  reach 
the  axilla  from  the  neck  through  this  apex.  It  is  the 
space  between  the  upper  edge  of  the  scapula,, clavicle,  and 
first  rib.  Abscesses  of  the  neck  have  been  seen  passing 
through  this  opening  and  pointing  in  the  axilla. 

Contents  oi"  the  Axilla. — The  axillary  vessels, 
with  the  lymphatic  glands,  fat,  and  loose  cellular  tissue, 
are  the  pnncipal  contents  of  the  axilla.  The  loose  cellu- 
lar tissue  permits  of  free  movements  of  the  arm  to  and 
from  the  body,  but  it  also  permits  of  the  collection  of 
large  quantities  of  blood  and  pus.   The  vessels  and  nerves 


Fia.  371.— Dissection  of  Axilla,  showing  the  Axillary  Vein  (2.2)  and 
Parts  in  Relation  with  it.  1,  1,  axillary  artery  ;  2.  2,  axillary  vein  :  3, 
3,  basilic  vein ;  4,  cephalic  vein ;  5,  5,  pectoralls  minor ;  6,  axillary 
flands. 

are  bound  together  by  a  sheath  of  thick  cellular  tissue  ; 
they  lie  on  the  outer  wall  of  the  space  internal  to  the 
coraco-brachialis. 

AxUlwry  Vein  (Fig.  371).— This  is  the  most  superficial 
of  the  contents  of  the  axilla.  In  the  upper  part  of  its 
course  it  is  so  fixed  by  fascia  connecting  it  with  the  coja- 
coid  process  and  pectoralls  minor  muscle,  that  if  wounded 
it  tends  to  gape,  and  air  is  apt  to  enter.  The  vein  is 
formed  by  the  junction  of  the  vense  comites  with  the 
basilic  vein.  This  union  may  occur  low  down  or  hi^h 
up ;  the  normal  point  of  union  is  at  the  lower  edge  of  the 


subscapularis  muscle,  though  the  junction  not  infre- 
quently takes  place  higher  up,  sometimes  as  high  as  the 
clavicle.  It  is  always  shorter  than  the  artery,  measuring 
about  7.5  ctm.  (three  inches)  in  length.  Union  occurring 
high  up  complicates  operations  upon  the  artery,  owing 
to  the  numerous  transverse  communicating  branches 
which  cross  the  artery.  The  vein  lies  to  the  inner  side 
of  the  artery,  and  generally  overlaps  it.  When  the  arm 
is  drawn  away  from  the  side  it  almost  altogether  covers 
the  artery.  In  its  course  through  the  axilla,  this  vein 
receives  many  tributary  branches,  the  largest  of  which  is 


Fia.  372.' — ^View  of  Axilla,  showing  Axillary  Artery  (d)  divided  into  Three 
Portions  by  the  Pectoralls  Minor  Muscle  (B).  E,  axillary  sheath ;  F, 
BUbscapnlaris ;  0,  latissimus  dorsi  ;  H,  teres  major ;  a,  acromial  thor- 
acic  branch  of   axillary  artery ;    &,   long  thoracic ;    c,  subscapular 

■     branch ;  g,  axillary  vein. 

the  subscapular.  It  receives  the  cephalic  vein  immedi- 
ately above  the  lesser  pectoral  muscle.  In  operations  on 
the  axilla,  the  vein  and  its  branches  are  frequently 
wounded — more  often  than  the  artery — but  it  is  rarely  in- 
jured by  external  violence.  In  reducing  dislocations  of 
the  shoulder,  and  using  extreme  traction,  the  artery  is 
much  more  frequently  injured  than  the  vein,  owing  to 
its  proximity  to  the  heart  and  its  fixed  position  ;  the  vein, 
when  wounded,  bleeds  freely,  and  there  is  gi-eat  danger 
of  air  entering  it.  This  accident  has  many  times  occuiTed, 
especially  in  operations  for  removing  diseased  glands, 
and  not  a  few  fatal  cases  are  on  record.  It  is  always  well 
before  dividing  the  veins,  especially  about  the  neck  and 


Fig.  373.— Portion  of  Clavicle  and  Acromion  Process  removed  with  Pec- 
toralls Major  and  Deltoid  Muscles.  Pectoralis  minor  muscle  (E)  cross- 
ing the  space;  relation  of  axilla  to  the  shoulder  shown,  and  also 
contents  ol  axilla ;  M,  axillary  vein  :  N,  axillary  artery ;  O,  brachial 
plexus;  P,  subclavius  muscle.  (From  Anger's  " Anatomic  Chirur- 
glcale.") 

axilla,  to  tie  them  with  a  double  ligature  and  cut  be- 
tween. 

In  almost  all  diseases  of  the  axilla  there  is  swelling  of 
the  arm  caused  by  pressure  on  the  veins  and  absorbents. 

AxUlwry  Art&ry  (Pigs.  372  and  373).— This  vessel, 
which  is  the  continuation  of  the  subclavian,  extends  from 
the  lower  border  of  the  first  rib  to  the  lower  border  of  the 
teres  major  muscle  :  it  measures  about  fifteen  centimetres 
(six  inches)  in  length,  and  its  direction  is  altered  with  the 
position  of  the  arm.  When  the  arm  is  close  to  the  side 
it  forms  a  curve  having  its  convexity  upward  and  out- 
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ward  ;  when  the  arm  is  held  at  right  angles  to  the  body, 
the  artery  is  in  almost  a  straight  line  ;  and  again,  when 
the  arm  is  held  above  the  head,  the  slight  curve  thus 
formed  has  its  concavity  upward.  Its  upper  portion 
lies  close  to  the  chest  and  rests  on  the  upper  serrations  of 
the  serratus  magnus  ;  the  long  thoracic  nerve  is  behind  it, 
and  in  front  is  the  costo-coracoid  membrane.  Its  lower 
part  lies  principally  on  the  subscapular  muscle.  The 
vein  is  superficial  to  the  artery  above,  and  the  nerves  of 
the  brachial  plexus  lie  to  its  upper  and  outer  side  ;  lower 
down  the  vein  becomes  more  internal  and  the  nerves  sur- 
round the  vessel,  the  two  heads  of  the  median  embracing 
it.  For  convenience  of  description  it  is  divided  surgi- 
cally into  three  portions,  the  part  above,  beneath,  and 
below  the  pectoralis  minor  muscle.  It  lies  deepest  above 
this  muscle  and  is  most  superficial  below  it.  The  large 
thoracico-acromial  branch  is  given  off  immediately  above 
the  pectoralis  minor,  and  might  be  wounded  in  the  oper- 
ation of  tying  the  axillary  in  its  first  part.  A  number  of 
small  branches  are  given  off  which  are  not  surgically  im- 
portant. The  subscapular  artery,  given  off  near  the 
lower  edge  of  the  subscapular  muscle,  is  a  large  branch, 
which  runs  to  the  side  of  the  chest  and  near  its  origin 
gives  off  the  dorsalis  scapulae.  The  external  mammary 
is  given  off  below  the  lesser  pectoral,  and  is  sometimes 
of  large  size ;  it  is  always  cut  in  the  operation  of  excision 
of  the  breast,  and  may  give  rise  to  slight  hsemorrhage. 
The  circumflex  arteries  closely  embrace  the  neck  of  the 
humerus,  and  should  be  looked  for  and  avoided  in  exci- 
sion of  the  head  of  the  humerus.  In  wounds  of  the 
first  part  of  the  axillary  artery  the  vein  is  so  closely  in 
relation  with  it  that  it  rarely  escapes  ;  lower  down  the 
artery  may  be  wounded  and  the  vein  remain  intact.  Dr. 
George  Penwick,  of  Montreal  {British  Medical  Journal, 
September,  1883),  relates  a  case  of  wound  of  the  third 
part  of  the  axillary  artery,  due  to  fracture  of  the  neck 
of  the  humerus.  The  vein  was  uninjured  ;  the  site  of  the 
ruptured  artery  was  detected  by  the  stethoscope  ;  the 
artery  was  cut  down  upon  and  ligatured  at  the  point  of  in- 
Jury,  and  the  patient  made  a  good  recovery.  The  artery 
IS  usually  tied  in  the  third  part  of  its  course,  where  it  is 
most  superficial.  It  has  been  tied  on  the  first  part,  but 
owing  to  its  depth  and  the  thick  covering  of  muscle,  and 
also  its  close  connection  with  the  vein,  ligature  of  the 
third  part  of  the  subclavian  is  preferred,  as  being  the 
safer  and  simpler  operation.  The  third  part  of  the  sub- 
clavian is  more  easily  compressed  than  the  first  part  of 
the  axillary. 

Aneurism  not  infrequently  affects  the  axillary  artery  ; 
this  is,  perhaps,  owing  to  its  nearness  to  the  heart  and  to 
the  curve  the  artery  makes  at  its  upper  part.  It  has  been 
occasionally  ruptured  in  reducing  dislocation  of  the 
shoulder. 

Ner'oes  of  the  Brachial  Plexus  (Fig.  374). — These  nerves 
are  derived  from  the  lower  four  cervical  and  first  dor- 
sal. They  are  to  the  outer  side  of  the  artery  in  the 
first  part  of  its  course,  but  lower  down  surround  it. 
When  the  axillary  artery  divides  into  two  trunks,  one  of 
which  gives  off  all  the  branches,  this  latter  is,  as  a  rule, 
embraced  by  the  two  heads  of  the  median.  The  axillary 
nerves  are  rarely  torn  by  traction  on  the  limb  ;  when  for- 
cibly stretched  they  may  be  torn  away  from  their  attach- 
ment to  the  cord  in  the  cervical  region,  as  in  a  case 
recorded  by  Flaubert,  where  this  accident  happened  in 
endeavoring  to  reduce  a  dislocated  shoulder.  The  median 
is  the  nerve  most  frequently  injured  in  wounds  of  the 
axilla,  the  musculo-spiral,  from  its  very  deep  and  pro- 
tected position,  always  escaping.  The  axillary  nerves 
are  occasionally  injured  in  fracture  of  the  neck  of  the 
humerus,  and  may  be  compressed  in  dislocation  of  the 
shoulder. 

Lymphatic  (Fig.  370).— The  axilla  is  richly  supplied 
with  lymphatic  vessels  and  glands. '  The  glands,  which 
are  ten  or  twelve  in  number,  are  mostly  placed  along 
the  axillary  vessels  and  form  a  continuous  chain  with 
the  cervical  glands.  They  receive  the  lymphatics  of 
the  arm,  and  are  often  much  enlarged  in  inflammatory 
affections  of  the  hand  and  arm.  A  few  glands  are  situ- 
ated on  the  serratus  magnus  muscle  and  near  the  lower 
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edge  of  the  pectoral  muscles.  They  receive  the  lym. 
phatics  from  the  side  of  the  chest  and  mamma,  and  also 
the  superficial  lymphatics  of  the  abdomen  as  low  down 
as  the  umbilicus  (Treves).  These  are  the  glands  which 
are  first  enlarged  in  certain  affections  of  the  breast,  e.g. 
cancer,  and  also  when  the  chest  or  abdomen  Is  inflamed 
superficially,  as  from  blistering,  etc.  Their  efferent  ves- 
sels join  the  axillary  glands.  There  are  some  glands 
situated  at  the  back  of  the  axilla  along  the  subscapular 
vessels ;  these  receive  the  lymphatics  from  the  back.  In 
the  interspace  between  the  great  pectoral  and  deltoid 
muscles  near  the  clavicle,  one  or  two  small  glands  are 
found ;  they  receive  the  lymphatics  of  the  shoulder  and 
outer  side  of  the  arm  ;  above,  they  are  connected  with 
the  lower  cervical,  and  below  with  the  axillary  glands. 
The  efferent  vessels  of  the  axillary  glands  pass  up  with 
the  subclavian  vein  and  join  the  thoracic  duct  on  the  left 
side,  and  on  the  right  the  lymphatic  duct  of  that  side. 
Sometimes  they  open  separately  into  the  subclavian  vein! 
The  glands  of  the  axilla  are  frequently  enlarged  froni 
sympathy  with  disease  or  inflammation  of  neighboring 
parts,  and  not  infrequently  run  on  to  suppuration.  They 
may  be  the  subject  of  cancerous  infiltration  when  the 


Flo.  374.— Brachial  Plexus  and  Axillary  Artery.  2,  costo-coracoid  mem. 
brane  ;  3,  snp.  thoracic  and  ulnar  arteries ;  5,  long  thoracic  artery ;  6, 
axillary  artery ;  8,  miiaculo-cutaneous  nerve ;  10,  median  nerve ;  IB, 
subscapular  artery  :  36,  ulnar  nerve  ;  18,  internal  cutaneous  nerve ;  19, 
circumflex  nerve  ;  20,  nerve  ot  Wrisberg,  joined  by  interoosto-humeml. 

breast  is  affected  with  malignant  disease ;  occasionally, 
malignant  disease  first  affects  these  glands.  Scrofulous 
enlargement  of  the  axillary  glands  is  not  uncommon,  and 
their  removal  is  sometimes  called  for. — Professor  yerneuil 
(Gazette  des  Hop.,  October  10,  1879)  recommends  linear 
division  of  the  pectoral  muscles  previous  to  excision  of 
deeply-seated  glands.  As  these  glands  lie  chiefly  along 
the  vessels,  there  is  great  danger  of  haemorrhage,  and  even 
if  the  main  vein  itself  is  not  wounded,  some  of  the  large 
veins  going  to  it  may  be  easily  nicked  and  give  rise  to 
free  haemorrhage. 

In  excision  of  the  breast,  when  the  axillary  glands  are 
afl'ected  they  must  always  be  removed,  and  this  is  often 
a  diflScult  operation.  The  glands  are  very  apt  to  become 
adherent  to  the  vessels,  especially  the  vein,  which  has 
often  been  wounded  during  removal  of  glandular  tumors. 
When  clearing  the  axilla  of  diseased  glands  the  fingers 
will  be  found  more  serviceable  than  any  cutting  instru- 
ment, and  infinitely  safer.  Abscess  of  the  axilla,  origi- 
nating in  the  glands,  is  not  uncommon,  the  glands  most 
liable  to  suppurative  inflammation  being  those  under  the 
edge  of  the  great  pectoral  muscle.  The  course  which  pus 
takes  when  it  forms  in  the  axilla  has  already  been  de- 
scribed with  the  fascia.  Strumous  glands  in  the  axilla 
frequently  break  down  and  suppurate,  leaving  sinuses 
which  are  very  difficult  to  heal. 

Supernumerary  mammce  have  been  frequently  reported 
as  occurring  in  the  axilla.  Dr.  Garland  (Mdin.  Med. 
Jour.,  1877)  reports  cases  where  there  were  swellings  in 
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tlie  axilla  during  pregnancy  and  suckling ;  and  Dr. 
Sharps  (Med.  Times  and  Oaaeite,  1855)  mentions  a  case 
in  which  a  supplementary  mamma,  which  enlarged 
greatly  during  pregnancy,  occurred  in  each  axilla,  and 
milk  could  be  squeezed  out  apparently  through  pores  in 
the  skin  ;  there  was  no  appearance  of  nipples. 

Mr. -Birkett  (Med.  Times  and  Gazette,  vol.  ii.,  1868)  de- 
scribes several  cases  of  cystic  tumors  occurring  in  early 
life  in  the  axilla  and  extending  into  the  neck.  He  strongly 
advocates  excision  in  these  cases. 

Fatty  tumors  frequently  develop  in  this  region ;  they 
can  be  removed  without  much  difficulty. 

M-ancis  J.  Shepherd. 

AZEDARACH,  U.  S.  Ph.,  Pride  of  China  (or  of  India) ; 
Melia  Asedaraeh  Linn.  ;  Order  Meliacece,  is  a  fine,  me- 
dium-sized, ornamental  tree  from  India,  but  long  culti- 
vated in  all  the  warmer  parts  of  the  world.  It  has 
delicate,  twice  pinnated  leaves,  fragrant  clusters  of  lilac- 
colored  flowers,  and  yellow  fruits.  Azedarach  has  been 
occasionally  used  for  one  or  another  purpose  in  various 
countries  where  it  grows,  and,  in  deference  to  a  slight 
reputation  in  the  Southern  States,  was  some  time  ago  ad- 
mitted to  the  Pharmacopoeia.  It  is  now,  however,  except- 
ing as  an  extemporary  country  medicine,  entirely  obsolete 
and  not  to  be  found  in  any  market.  North  or  South.  The 
bark  of  the  root  is  the  officinal  portion,  and  thus  de- 
scribed :  "  In  curved  pieces  or  quills,  varying  in  size  and 
thickness ;  outer  surface  red-brown,  with  irregular, 
blackish,  longitudinal  ridges ;  inner  surface  whitish  or 
brownish  ;  longitudinally  striate ;  fracture  more  or  less 
fibrous  ;  upon  transverse  section  tangentially  striate,  with 
yellowish  bast-fibres ;  almost  inodorous,  sweetish,  after- 
ward bitter  and  nauseous  "  (U.  S.  Ph.). 

It  contains  a  whitish-yellow  resin,  which  is  claimed  to 
be  the  active  principle. 

Azedarach  disturbs  the  digestive  tract,  causing,  in  large 
doses,  vomiting  and  diarrhoea.  It  is  suspected  of  being 
narcotic  in  still  larger  ones,  but  its  qualities  are  not  well 
known.  Birds  become  stupefied  by  eating  the  berries. 
It  is  usually  given,  however,  for  intestinal  worms,  in  de- 
coction, or  syrup  of  the  fresh  root.  Dose,  four  to  eight 
grams  ( 3  j.  ad  3  ij.). 

Allied  Plants. — Mdia  Indica  Bi-andis.  Margosa, 
another  Indian  plant  of  the  genus,  has  a  bitter  bark  and 
wood.  It  is  used  as  a  tonic.  There  are  no  other  plants 
of  medical  interest  in  the  order. 

Allied  Dkugs. — For  a  list  of  anthelmintics,  see 
Koosso.  W.  P.  Bolles. 

AZORES.  The  Azores,  or  Western  Islands,  lie  some 
eight  hundred  miles  west  of  the  coast  of  Portugal,  be- 
tween 36°  55'  and  39°  5'  N.  Lat.  and  35°  and  31°  16'  W, 
Long.  The  islands,  nine  in  number,  are  gathered  into 
three  minor  groups,  lying  about  one  hundred  miles  apart, 
the  general  direction  of  the  whole  chain  being  from  south- 
east to  northwest.  The  largest  island,  that  of  Sao  Miguel, 
belonging  to  the  southeastern  sub-group,  has  a  length  of 
some  forty  miles,  and  is  about  ten  miles  broad  ;  the  aver- 
age dimensions  of  the  others  may  be  estimated  as  about 
one-half  as  great  as  those  just  given.  The  whole  system 
of  islands  is  of  volcanic  origin,  and  their  outlines  are,  in 
consequence,  very  picturesque,  the  shores  being  rocky 
and  the  central  portion  of  each  island  rising  in  mountain 
peaks  varying  in  height  from  1,889  feet  (island  of  Sad 
Miguel)  to  7,613  feet  (island  of  Pico).  Tropical  and  sub- 
tropical fruits  are  grown  in  the  open  air,  and  the  climate 
is  mUd  and  very  equable  at  all  seasons  of  the  year.  A 
very  close  resemblance  exists  between  the  climate  of 
the  Azores  and  that  of  Madeira.  The  following  figures, 
showing  the  mean  temperature  of  the  islands  for  the 
months  of  January,  April,  August,  and  October,  and  for 
the  year,  are  taken  from  a  table  given  on  page  430  of 
Hann's  "Handbuch  der  Klimatologie " :  Azores,  Lat. 
38°  8'  N.  ;  Long.  36°  35'  W.  ;  January,  56.8 ;  April, 
59.4 ;  August,  71.6  ;  October,  65.3  ;  Year,  63. 

The  mean  yearly  extremes  of  temperature  at  Ponta 
Delgada  (Sa5  Miguel),  and  at  Angra  (Terceira),  are  stated 
by  Dr.  Hann  to  be  as  follows  :  Ponta  Delgada,  80.4°  F., 


highest,  and  43.4°  F.,  lowest  temperature;  Angra,  79.5° 
F.,  highest,  and  44.0°  F.,  lowest  temperature. 

The  daily  variation  of  temperature  in  the  Azores  is 
given  by  the  same  author  as  from  9°  to  10.5°  P.  ;  the 
mean  annual  rainfall  he  puts  at  35.4  inches,  of  which 
thirty-seven  per  cent,  falls  during  the  winter,  twenty-nine 
per  cent,  during  the  autumn,  twenty-three  per  cent,  dur- 
ing the  spring,  and  only  eleven  per  cent,  during  the  sum- 
mer months. 

The  writer  of  the  article  on  the  Azores  in  the  "  Ency- 
clopaedia Britannica"'  describes  the  climate  of  the  islands 
as  follows : 

"  The  climate  is  particularly  temperate  and  equable, 
the  extremes  of  sensible  heat  and  cold  being,  however, 
increased  by  the  humidity  of  the  atmosphere.  This  is  so 
great  that  paper-hangings  will  not  adhere  to  the  walls, 
and  the  veneering  of  furniture  strips  off.  The  range  of 
the  thermometer  is  from  45°  F.,  the  lowest  known  ex- 
treme, or  48°  F.,  the  ordinary  lowest  extreme  of  January, 
to  83°  P.,  the  ordinary,  or  86°  F.,  the  highest  known  ex- 
treme of  July,  near  the  level  of  the  sea.  Between  these 
two  points  (both  taken  in  the  shade)  there  is  from  month 
to  month  a  pretty  regular  gradation  of  increase  or  de- 
crease, amounting  to  somewhat  less  than  four  degrees 
(Oeographieal  Journal,  vol.  xv.).  In  winter  the  prevail- 
ing winds  are  from  the  northwest,  west,  and  south  ;  while 
in  summer  the  most  frequent  are  the  north,  northeast, 
and  east.  The  weather  is  often  extremely  stormy,  and 
the  winds  from  the  west  and  southwest  render  the  navi- 
gation of  the  coasts  very  dangerous." 

Dr.  Hermann  Weber  (in  Ziemssen's  "Handbuch  der 
Allgemeinen  Therapie,"  1880)  describes  the  climate  of  the 
Azores  as  somewhat  cooler  and  less  relaxing  in  its  effect 
than  that  of  Madeira.  Of  the  accommodations  for  inval- 
ids provided  in  the  islands  at  the  time  when  his  treatise 
on  Climatotherapy  was  written.  Dr.  Weber  does  not 
speak  in  very  high  terms.  ("  Der  Mangel  an  fur  Invali- 
den  passender  Accommodation  ist  jedoch  fiir  die  nachste 
Zukunft  ein  Hindemiss  zur  klimatischen  Beniitzung 
dieser  Inseln.") 

So  similar,  indeed  so  nearly  identical,  is  the  climate  of 
the  Azores  with  that  of  the  more  celebrated  health  resort 
of  Madeira,  that,  for  more  accurate  information  respecting 
the  benefits  to  an  invalid  likely  to  accrue  from  residence 
in  these  islands,  the  reader  may  be  referred  to  the  article 
concerning  the  latter  place  which  will  be  found  in  a  later 
volume  of  the  Hakdbook.  Huntington  JRichards. 

BACK,  DISEASES  AND  INJURIES  OF.  In  wounds 
and  injuries  of  the  back,  as  in  those  of  the  chest  and  ab- 
domen, we  have  to  consider  first,  the  injury  inflicted 
upon  the  superficial  tissues,  and  secondly,  that  sustained 
by  the  subjacent  organs.  The  wounds  of  the  superficial 
structures  present  no  characteristics  peculiar  to  this  re- 
gion. The  back  is,  however,  by  reason  of  its  numerous 
articulations,  very  liable  to  sprains.  These  may  vary 
greatly  in  degree,  and  since  it  is  impossible  always  to  de- 
tennine  at  the  moment  hDw  serious  the  injury  may  have 
been,  a  sprain  of  the  back  should  never  be  neglected,  but 
should  be  watched  and  treated  as  though  it  were  an  im- 
portant affair  until  its  true  nature  is  ascertained.  The 
spinal  ligaments  may  be  simply  strained,  or  they  may  be 
ruptured  ;  or  an  injury  of  the  back,  which  may  at  first 
seem  of  comparatively  slight  moment,  may  be  accom- 
panied with  fracture  or  dislocation  of  a  vertebra,  with 
consequent  compression  or  concussion  of  the  cord ;  or 
compression  may  be  caused  by  haemorrhage  within  the 
canal.  The  location  of  the  sprain  may  be  indicated  by  a 
swelling,  or  there  may  be  no  external  evidence  whatever 
of  injury.  Sprains  in  the  lumbar  region  are  not  infre- 
quently followed  by  haematuria,  but  this  symptom,  al- 
though apparently  so  serious,  is  usually  of  little  moment 
and  disappears  without  any  further  complication.  The 
treatment  of  simple  sprains,  without  injury  to  the  cord, 
is  essentially  rest  in  bed  with,  later,  counter-irritation 
over  the  affected  region. 

■Penetrating  wounds  of  the  back  are  serious  because  of 
the  injury  inflicted  upon  the  internal  organs.  In  deter- 
mining what  organs  may  have  suffered  in  any  particular 
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case  if  we  leave  out  of  consideration  for  tlie  moment  the  di- 
rect'evidence  afforded  by  tlie  symptoms,  it  is  necessary  to 
ascertain  tlie  nature  of  the  wounding  object,  whether  a 
knife  a  bullet,  etc.,  and  also  the  direction  of  the  wouna 
If  a  knife  or  other  sharp  instrument  have  been  used,  it 
should,  if  possible,  be  ascertained  how  deeply  it  has  pene- 
trated and  whether  the  blow  was  struck  from  above, 
from  below,  or  laterally  ;  and  if  it  be  a  gunshot  wound, 
whether  the  weapon  was  discharged  at  close  quarters, 
or  whether  the  ball  was  nearly  spent  before  penetrating 
the  back.  It  must  not  be  forgotten  also  that  the  course 
of  a  bullet  is  often  very  erratic,  and  that,  while  it  has 
seemingly  penetrated  the  abdominal  or  thoracic  cavity, 
it  may,  in  reality,  have  glanced  along  a  rib  and  be 
lodged  in  the  muscles  on  the  other  side  of  the  back,  or 
anteriorly.  The  position  of  the  person  at  the  time  the  in- 
jury was  received  is  also  to  be  considered,  since,  when  he 
is  in  the  recumbent  position  or  when  stooping,  the  liver  and 
some  of  the  other  organs  are  higher  than  when  the  person 
is  sitting  or  standing  erect.  And  another  point  to  be  de- 
termined in  certain  cases  is  the  time  at  which  the  wound 
was  received,  whether  after  a  hearty  meal  or  while  the 
individual  was  fasting.  Fig.  375  represents  diagrammatic- 
ally  the  ordinary  po- 
sition of  the  thoracic 
and  abdominal  vis- 
cera, but  of  course 
only  in  a  very  general 
way.  For  a  desorip- 
tiou  of  the  symptoms 
indicative  of  injury 
to  particular  organs, 
the  reader  is  referred 
to  the  articles  treat- 
ing of  these  condi- 
tions under  their  ap- 
propriate headings 
(see  also  article  on 
Wounds). 

The  movements  of 
the  back  are  chiefly 
in  an  antero-posteri- 
or  and  lateral  direc- 
tion, though  a  slight 
amount  of  rotation  is 
also  possible.  In  the 
upper  portion  but 
little  motion  of  any 
character  takes  place, 
and  it  is  in  the  lum- 

Fio.  S'TS.— The  Relations   of  the  Thoracic  }^^.  J^^i°■^■^^   ^^^^^y 

«nd  Abdominal  Viscera,  as  seen  from  Be-  tuat  nexlDlllty  exlStS. 

hind.    The   outlined   of   the  oesophagus,  A  ' '  Stiff  back "  may 

stomach,  and  large  intestine  are  represent-  "jhjg    (J^g    ^q     chronic 

ed  by  heavy  dotted  lines ;  those  ot  the  liver  „i,„„„„i!„  „^.i,   •»•   „f 

and  spleen  by  flne  dotted  lines  ;  and  those  rheumatic  arthritis  of 

of  the  other  organs  by  unbroken  lines,  the   spine,    tO    Pott's 

The  crosses  indicate  the  location  of  the  disease    tO  spinal  an- 

seventh  cervical,  fourth  and  ninth  dorsal,  „i,„i„,;'       *„     iTiflnm 

and  first,  third,  and  fifth  lumbar  vertebriB.  i-uyiosis,    10     innam- 

(Modifled  from  Quain.)  mation    or   rheuma- 

tism of  the  spinal  or 
abdominal  muscles,  to  psoitis,  or  to  a  sprain.  Pain  in  the 
back  is  a  common  symptom,  and  may  be  due  to  any  one 
of  a  variety  of  conditions,  as  e.g.,  neurasthenia,  muscular 
rheumatism,  rachialgia.  Pott's  disease,  nephritis,  cystitis, 
renal  or  vesical  calculi,  an  accumulation  of  gas  in  the  in- 
testines, uterine  disease,  myositis,  or  hysteria. 

The  back  is  frequently  the  seat  of  tumors  and  other 
swellings,  the  nature  of  which  it  is  important,  while  at  the 
same  time  not  always  easy,  to  determine.  We  have,  in 
the  first  place,  the  ordinary  fatty  and  fibrous  tumors, 
nsBvi,  epitheliomata,  and  sarcomatous  and  sebaceous  tu- 
mors (the  last  two  rarely),  the  diagnosis  of  which  offers 
nothing  peculiar  in  this  region.  Spina  bifida,  or  hydro- 
rachitis,  is  a  not  very  uncommon  affection,  and  is  usually 
not  difficult  of  diagnosis.  A  congenital  cystic  tumor  ly- 
ing on  the  spinal  column,  usually,  though  not  invariably, 
in  the  lumbar  region,  becoming  tense  when  the  infant 
cries,  and  frequently  varying  in  tenseness  according  to  the 
position  of  the  child,  can  scarcely  be  mistaken  for  any 


other  affection.  Except  in  cases  in  which  the  sac  is  enor- 
mously distended,  the  defect  in  the  spinous  processes  can 
be  detected  on  palpation.  In  certain  cases  of  spina  bifida 
there  is  paralysis  of  the  lower  extremities.  Congenital 
tumors,  either  fatty  or  cystic,  are  occasionally  met  with 
over  the  sacrum,  but  they  are  unaccompanied  with  los« 
of  substance  of  the  bone  and  are  situated,  as  a  rule,  "below 
the  ordinary  seat  of  hydro-rachitic  tumors.  Abscesses  oi 
the  back  are  by  no  means  rare.  They  may  be  idiopathic, 
or  the  result  of  traumatism,  or  the  pus  from  an  empyema  ■ 
may  point  posteriorly.  Abscesses  may  occur  in  this  situ- 
ation also  in  connection  with  caries  of  the  ribs  or  Pott's 
disease,  although  this  is  not  the  usual  course  for  the  pus 
to  take  in  the  latter  affection.  It  should  not  be  forgotten 
that  an  abscess,  pointing  in  the  back  or  elsewhere,  may 
be  referable  to  spondylitis  even  though  there  be  no  angu- 
lar curvature  visible.  The  kyphos  of  Pott's  disease  can 
hardly  be  mistaken  for  anything  else,  but  in  lateral  cur- 
vature with  so-called  rotation,  the  resulting  prominence 
of  the  muscles  on  the  side  of  the  convexity  may,  if  care- 
lessly inspected,  be  taken  for  a  tumor.  The  existence  of 
a  lateral  deviation  of  the  vertebral  column  in  this  instance 
should  suffice  to  put  the  examiner  on  his  guard.  Some- 
times this  apparent  tumor  is  at  some  distance  from  the 
spine,  and  is  the  expression  of  a  secondary  deformity  and 
bulging  of  the  ribs. 

■The  back  is  the  ordinary  seat  of  bed-sores,  whether  oc- 
curring from  pressure  or  of  neurotic  origin.  There  is  no 
other  condition  with  which  bed-sores  are  liable  to  be  con- 
founded, though  it  is  not  always  an  easy  matter  to  dis- 
criminate between  the  different  varieties  of  this  distress- 
ing affection  (see  article  Bed-sores). 

Diseases  of  the  skin  and  muscles  of  the  back  do  not 
differ  in  any  essential  points  from  similar  affections  it 
other  parts  of  the  body,  and  their  consideration  need  not 
therefore  be  entered  upon  here.     Thomas  L.  Stedman. 

BACTERIA.  The  bacteria  are  low  forms  of  life,  com- 
paratively speaking,  whose  ultimate  structure  and  func- 
tions are  as  yet  only  imiDerfectly  known.  They  may  be 
defined,  from  the  morphological  point  of  view,  as  extreme- 
ly minute  fungi ;  individual  bacteria  being,  without  ex- 
ception, invisible  to  the  naked  eye.  They  are  often 
composed  of  but  a  single  cell,  and  they  never  exhibit 
highly  differentiated  organs  or  tissues.  In  short,  they 
appear  to  consist  of  but  little  more  than  a  speck  of  living 
protoplasm  which  has  surrounded  itself  with  a  delicate 
layer,  or  wall,  of  cellulose.  From  the  physiological  point 
of  view,  however,  they  are  of  absorbing  interest.  This 
is  not  merely  because  of  their  connection,  in  some  cases 
established,  with  certain  (zymotic)  foi-ms  of  disease,  nor 
even  on  account  of  tlie  probability  that  they  have  more  to  do 
than  is  generally  supposed  with  the  public  and  private 
health.  To  the  physiologist,  their  prodigious  powers  of 
growth  and  reproduction  ;  their  astonishingly  rapid  alter- 
ations of  the  media  (or  environments)  in  which  they 
multiply,  and  the  occult  and  subtle  chemistry  which  they 
employ — these,  and  other  mysterious  facts  of  their  life- 
history,  are  sources  of  profound  concern. 

It  is  well  established  that  bacteria  are  the  producers  of 
numerous  fermentations  and  putrefactions  ;  such,  for  ex- 
ample, as  the  souring  of  milk,  or  the  lactic  fermentation, 
the  ammoniacal  fermentation  of  urine,  the  so-called  buty- 
ric fermentation,  the  spoiling  of  meat,  fish,  and  other 
highly  nitrogenous  foods,  and,  indeed,  of  putrefactions 
in  general  (see  Fermentation).  The  theory  has  also  been 
propounded,  and  is  partially  established,  that  bacteria  are 
in  some  cases  dangerous  jiarasites  and  producers  of  dis- 
ease ;  living  within  the  organism,  and  setting  up  there 
veritable  fermentations,  or  diseases,  at  its  expense.  In 
this  way  it  is  supposed  that  disastrous  effects  are  brought 
about :  either  by  the  mere  presence  of  these  essentially  for- 
eign bodies,  or  by  theii  theft  of  foods  needed  by  the  subject 
of  their  attack,  or  by  actual  poisoning,  due  to  poisonous 
compounds  (ptomaines)  either  excreted  or  incidentally 
liberated,  during  their  active  period  (see  Germ  Theory). 

The  term  "bacteria"  has  become  somewhat  unfitted 
for  the  whole  group  of  organisms  under  discussion,  be- 
cause it  belongs  really  to  a  single  genus  only.     An  attempt 
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has  been  made  to  introduce  the  word  "  microbe  "  (signify- 
ing a  little  living  thing)  to  take  its  place  as  a  general  term, 
and  this  has,  apparently,  found  great  favor  with  the  pub- 
lic. It  has  the  advantage  and  the  disadvantage  that  it 
does  not  commit  the  user  of  it  to  any  exact  idea  whatso- 
ever as  to  the  nature  of  these  organisms.  We  are  perfectly 
justified,  however,  in  retaining  the  word  bacteria ;  especi- 
ally since  De  Bary  has  employed  it  very  lately  in  the 
title  of  an  exact  botanical  treatise. 

For  the  morphology  and  classification  of  bacteria  see 
Schizomycetes.  For  a  further  account  of  their  physiology 
see  Fermentation  and  Germ  Theoiy.  Consult  Sternberg, 
"Bacteria,"  Wood,  1884,  for  a  good  general  account  of 
the  whole  subject.  William,  T.  Sedgwick. 

BAEL  FRUIT  {Belm  Pr-iietus,  Br.  Ph.  ;  ^gle  Ma/rme- 
los  Corrca,  Order  Buiaceos).  The  botanical  source  of  the 
above  fruit  is  a  good-sized  tree,  attaining  to  the  height  of 
ten  or  twelve  metres  (30  or  40  feet).  It  has  ternate,  frag- 
rant leaves,  which,  like  those  of  the  family  in  general, 
are  dotted  with  translucent  glands,  and  it  is  usually  armed 
with  long,  sharp  thorns.  The  flowers  are  large  and  white, 
something  like  those  of  the  orange.  The  fruit  is  also,  in 
general  structure,  like  an  orange,  but  has  a  hard  and 
brittle,  instead  of  a  leathery  rind.  The  tree  is  a  native  of 
India,  where  it  is  found  wild  nearly  everywhere,  besides 
being  extensively  cultivated,  especially  in  the  vicinity  of 
temples.  The  cultivated  varieties  produce  larger  and 
more  agreeable  fruits  than  the  wild,  which  have,  from 
time  immemorial,  been  used  in  Asia  as  a  preserve  or  deli- 
cacy. '  All  parts  of  the  tree  have  been  employed  by  the 
native  doctors  as  medicine. 

For  medicinal  use  the  fruit  should  be  collected  green, 
and  dried  ;  such  specimens  are  usually  sliced  or  quartered  ; 
but  it  is  fully  as  frequently  gathered  quite  ripe,  and 
broken  in  an  irregular  manner,  instead  of  sliced.  The 
fragments  are  evidently  of  a  fruit  about  as  large  as  an 
orange,  with  a  hard,  gray,  bone-like  shell,  about  two 
millimetres  thick,  enclosing  an  originally  soft,  but  now 
shrunken  and  hard,  dull,  orange-red,  pulp.  This  is 
divided  by  from  eight  to  fifteen  partitions,  and  contains  a 
few  woolly  seeds  in  each  division.  When  fresh,  the  fruit 
is  fragrant  from  oil  contained  in  a  few  cells  in  the  outside 
of  the  rind  ;  and  it  has  an  agreeable,  juicy  pulp.  In  the 
dried  specimens  both  these  qualities  have  disappeared, 
and  a  mild,  sourish,  mucilaginous  taste  only,  is  left. 

There  is  nothing  of  note  in  its  chemical  composition 
but  mucilage  and  ordinary  plant  matters  ;  neither  is  there 
much  to  say  for  its  medicinal  qualities.  It  is  usually  given 
for  diarrhoeas.  The  dose  is  large  and  indefinite.  An  in- 
fusion extracts  all  its  qualities. 

Allied  Plants. — See  Rtje. 

Allied  Medicines. — One  or  two  other  fruits  are  now 
and  then  sold  as  bael.  A  botanical  examination  of  these 
will  easily  discover  the  substitution. 

The  medicinal  qualities  of  bael  are  not  distinct  enough 
for  special  comparison.  W.  P.  Bolles. 

BAHAMAS.  For  an  account  of  the  climate,  climato- 
therapy,  etc.,  of  the  Bahama  Islands,  see  the  article  on 
Nassau. 

BAILEY  SPRINGS.  Location  and  Post  Office,  Bailey 
Springs,  Lauderdale  County,  Ala. 

Asceu,  by  Memphis  &  Charleston  Railroad  to  Florence, 
thence  by  carriage  to  springs,  nine  miles  distant. 

There  are  seven  different  springs,  issuing  from  a  ledge 
of  flint  rock,  and  known  as  the  Rock,  Brick,  Soda,  Alum, 
Iron,  Sulphur,  and  Freestone.    The  following  is  the  qual- 
itative composition  of  the  three  principal  ones : 
Analysis. 

Brick.^  or  Chalybeate. 
COj. 

Sulphuretted  hydrogen  gas. 
Carbonate  soda. 
Carbonate  magnesia. 
Carbonate  potash. 
Chloride  sodium. 
Oxide  iron. 


Sock. 
Magnesia. 
Calcium. 
Sodium. 
Chlorine. 
Sulphur  peroxide. 
Silica. 
Potassium. 
COj. 
Ammonia — a  trace. 


Sulplmr, 
Magnesia, 
Calcium. 

Sulphur  peroxide. 
Chlorine. 
Iron. 
Silica. 
Sodium. 
Carbonic  acid. 
Ammonia. 
Albuminoid. 


Thebapeutic  Pbopektibs.— The  "Rock,"  which  is 
most  used,  and  on  whose  curative  qualities  the  fame  of 
these  springs  is  based,  is  diuretic,  alterative,  and  tonic.  It 
is  said  to  be  eminently  beneficial  in  diseases  of  the  kidneys 
and  bladder,  and  in  scrofulous  affections  and  various 
forms  of  dyspepsia  arising  from  insufficient  secretion. 
The  springs  are  situated  in  a  little  valley  on  an  elevated 
plateau,  at  the  base  of  a  semi-circular  hill,  three  hundred 
feet  above  the  nearest  watercourse,  the  highest  ground  in 
the  surrounding  country.  The  climate  is  that  of  the  moun- 
tainous region  of  North  Alabama,  the  thermometer  rarely 
reaching  90°  F.  in  the  hottest  weather,  while  the  nights 
are  cool  enough  to  make  the  use  of  a  blanket  very  agree- 
able. The  average  annual  rainfall  is  about  thirty  inches. 
The  ordinary  drinking-water  of  the  country  is  a  tasteless 
limestone.  The  hotel  buildings  are  old-fashioned  struc- 
tures, with  large  rooms,  and  plenty  of  windows,  doors, 
and  verandahs.  They  are  situated  on  the  summit  of  the 
hill,  above  the  springs,  with  extensive  grounds  turfed  with 
grass,  and  shaded  with  large  trees.  The  location  of  the 
hotel  should  insure  perfect  drainage.  About  a  fourth 
of  a  mile  away.  Shoal  Creek,  a  beautiful  stream,  rippling 
over  a  bed  of  solid  rock,  forming  here  and  there  deep 
pools  where  black  bass  love  to  linger,  furnishes  sport  and 
amusement  for  those  fond  of  fishing  and  boating. 

a.  B.  F. 

BALM  {Meliasa,  U.  S.  Ph.  ;  FoUa  Melissm,  Ph.  G.  ; 
Melisse  officinale,  Citronelle,  Codex  Med.).  Melissa  offici- 
nalis Linn.,  Order,  LaMatce,  is  a  perennial  herb,  from  one- 
half  to  one  metre  in  height  (20  to  40  inches),  with  several 
branching  leafy  stems.  The  leaves  are  opposite,  rather 
large,  ovate  or  oblong,  deeply  toothed,  and,  as  well  as  the 
stem,  hairy  and  glandular. 
The  flowers  are  white,  in 
clusters,  in  the  axils  of  the 
upper  leaves,  and  have  the 
following  characters :  ca- 
lyx narrowly  bell-shaped, 
thirteen-nerved,  and  two- 
lipped  ;  the  upper  lip  two-, 
and  the  lower  one  three- 
lobed ;  lobes  short  and 
broad.  The  corolla  tube  is 
longer  than  the  calyx, 
slightly  inflated  in  its  up- 
per half,  bent  or  curved 
upward  ;  the  limb  of  the 
corolla  is  two-lipped,  both 
lips  flattish,  the  upper 
notched  at  the  apex,  the 
lower  broad,  and  deeply 
three-lobed.  There  are  four 
stamens  with  diverging  an- 
thers, the  two  lower  longer 
than  the  others ;  all  ascend- 
ing under  the  upper  lip. 
The  ovary  consists  of  four 
one-seeded  lobes. 

The  plant  is  a  native  of  Southern  Europe,  and  is  fre- 
quently cultivated  in  Europe  for  the  sake  of  its  oil.  It 
is  now  and  then  met  with  in  American  gardens. 

The  officinal  portion  consists  of  the  leaves  and  tops, 
which  should  be  gathered  at  the  time  of  fiowering.  The 
botanical  description,  given  above,  will  serve  for  that  of 
the  drug,  which,  it  may  be  remarked,  loses  very  much  of 
its  fragrance  in  drying.  Its  principal  constituent  is  the 
agreeable  Oil  of  Balm,  Oleum  Melissm  (not  to  be  con- 
founded with  the  East  Indian  Oil  of  Citronelle,  which  re- 
sembles it),  of  which  it  contains  a  small  percentage  (one- 
eighth  to  one-fourth  per  cent.     (U.  S.  Dispensatory.) 

Uses. — Melissa  has,  in  sufficient  doses,  the  stimulant 
properties  of  the  order,  but,  as  usually  used,  is  scarcelj' 
more  than  a  flavor.  An  infusion  of  the  herb  can  be  given 
ad  libilvm,  and  when  taken  hot  and  in  large  quantity, 
like  other  mints,  with  the  aid  of  hot  water  and  plenty  of 
coverings,  is  sudorific.  The  dose  of  the  oil  is  from  one 
to  three  decigrammes  (mjss.  ad  niv.). 

Allied  Plants.— There  are  but  two  or  three  species 


Fia.  376.— Balm.    Plant  in  flower  re- 
duced and  flower  enlarged.    (Crie.) 
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in  the  eenus,  and  these  are  not  important.  Calaminiha 
officirudis  Moench.  ;  Calament,  of  the  Codex  Med.,  is 
sometimes  included  in  it  (Melissa  Calaminiha  lAnn.)  ;  it 
has  similar  properties.  For  the  Order  Labiatae,  see  Pep- 
permint. 

Allied  Drugs.— See  Peppermint,  also  Anise,  and 
other  fragrant  substances.  W.  P.  Bolles. 

BALNEOTHERAPEUTICS.  Under  this  head  we  may 
consider :  1,  the  action  of  cold,  warm,  and  hot  water, 
steam  baths,  douches,  frictions,  and  drinking ;  3,  the  ef- 
fects produced  by  drinking  or  inhaling  water  containing 
various  substances  ;  3,  the  mental  influence  resulting  from 
change  in  habits,  diet,  air,  occupation,  and  amount  of  ex- 
ercise taken  while  at  the  baths.  The  use  of  baths  as  a 
therapeutic  agent  should  be  combined  with  diet,  exercise, 
etc.,  and  they  maybe  tried  at  home  if  the  thing  be  done 
in  a  systematic  manner.  As  a  rule,  however,  a  course  of 
balneotherapeutics  can  be  taken  far  more  advantageously 
at  some  institution,  especially  if  it  is  located  in  a  region 
which  possesses  good  climatic  conditions. 

' '  Our  present  knowledge  is  insufficient  to  form  a  satis- 
factory theory  of  the  mode  of  action  of  mineral  waters  in 
various  pathological  states.  TKe  present  condition  of 
balneotherapeutics  is  empirical,  and  rests  on  observation 
and  experience  "  (Leichtenstern). 

The  effects  of  mineral  baths  depend  on :  1,  temperature ; 
2,  amount ;  3,  constituents,  such  as  salts  and  gas. 

So  far  as  the  body  temperature  is  concerned  it  will 
make  no  material  difference  whether  the  bath  be  one  of 
ordinary  water  or  one  containing  special  medicinal  prop- 
erties, provided  they  are  both  of  the  same  temperature. 

After  the  bath  there  may  be  a  continuation  of  the  effect 
from  evaporation  of  the  water  left  on  the  skin  or  imbibed 
by  it.  AH  investigations  show  that  while  there  is  de- 
cided abstraction  of  warmth,  if  the  temperature  and  dura- 
tion of  the  bath  do  not  pass  a  certain  point,  the  tempera- 
ture of  the  interior  of  the  body  rises.  But  the  internal 
temperature  falls  if  the  water  have  a  temperature  as  low 
as  from  30°  to  24°  C.  (68°  to  75°  F.),  and  the  bath  be  con- 
tinued fifteen  to  twenty-five  minutes. 

After  a  moderate  bath,  which  has  not  immediately  af- 
fected the  temperature,  this  falls  for  a  time  (primary  after- 
effect), then  rises  somewhat  (secondary  after-effect). 

Local  abstraction  of  heat  by  douches,  half  baths,  etc., 
also  tends  to  increase  the  internal  temperature  of  the 
body. 

In  cold  baths  the  loss  of  heat  in  healthy  persons  is  con- 
siderable, and  is  pi'oportional  to  the  differences  of  tem- 
perature. An  ordinary-sized  man,  remaining  for  fifteen 
to  twenty-five  minutes  in  a  bath  of  34°  C.  (93.3°  F.),  loses 
a  normal  amount  of  heat  (ninety -two  calorics  in  an  hour)  ; 
at  30°  (86°  F.),  double  this  ;  at  35°  (77°  F.),  threefold ;  at 
30°  (68°  F.),  more  than  fivefold  (Liebermeister). 

Constancy  of  bodily  temperature  in  cold  baths  depends 
on  regulation  of  loss  of  heat  and  on  its  production  ;  the 
latter  is  increased  two  or  threefold.  Loss  of  heat  is  due 
to  contraction  of  the  cutaneous  capillaries  from  irritation 
of  the  nerves  by  the  cold.  Irritation  of  these  nerves  is 
propagated  to  the  pores  and  medulla  and  heat-producing 
centres.  In  animals,  according  to  Rohring,  energetic  irri- 
tation of  the  skin  causes  increased  internal  temperature 
by  increased  capillary  circulation  ;  still  more  active  irri- 
tants cause  contraction  to  follow  the  temporary  dilatation 
and  so  reduce  temperature.  Liebermeister  thinks  the 
muscles  are  the  organs  in  which  the  temperature  increases. 
In  an  adult,  if  the  heat  be  retained  in  the  body  (by  warm 
baths),  the  temperature  increases  nearly  1°  C.  (1.8°  F.) 
every  half-hour.  Bartels  found  that  in  a  steam  bath  of 
51°  C.  (133.8°  F.),  the  temperature  rose  in  eight  minutes 
from  38°  to  39.8°  C.  (100.4*  to  103.5°  F.),  and  in  thirty 
minutes  to  41.6°  (107°  F.) ;  there  was  a  corresponding  re- 
duction subsequently. 

The  impression  that  "  tissue  metamorphosis  "  is  decid- 
edly influenced  by  various  mineral  baths  is  very  general, 
but  rests  on  no  exact  observations  ;  the  changes  may  be 
due  to  concomitant  influences.  Cool  baths,  sponging, 
and  exposure  of  the  body  increase  the  excretion  of  car- 
bonic acid,  and  also  its  formation,  in  proportion  to  the 


loss  of  heat  and  its  production.  If  long  continued,  so  as 
to  reduce  internal  temperature,  these  cooling  measures 
will  effect  a  reduction  of  carbonic  acid  and  of  consump- 
tion of  0.  In  hot  baths  (increasing  temperature)  the  tissue 
changes  are  increased.  Increased  decomposition  of  non- 
nitrogenous  substances  is  caused  by  cold  baths,  mostly  in 
muscles. 

Irritation  of  the  cutaneous  nerves  by  the  salts  and  gas 
contained  in  ordinary  mineral  waters  is  usually  too  slight 
to  induce  transformation  of  fat  or  to  increase  the  carbo- 
nates, as  is  done  by  cold.  In  cold  baths,  if  the  tempera- 
ture be  not  decidedly  lowered,  the  decomposition  of  albu- 
men, i.e.,  the  excretion  of  urea,  is  not  changed  ;  but  hot 
baths  increase  the  excretion  of  urea,  i.e.,  the  decomposi- 
tion of  nitrogenous  parts  of  the  body.  It  is  not  probable 
that  these  results  are  affected  by  the  mineral  or  gaseous 
contents  of  the  water  used.  But  if  they  act  thus  on  a 
healthy  body,  will  they  do  the  same  in  disease?  It  is 
probable  that  such  is  their  action. 

To  get  rid  of  fat,  cold  or  hot  baths  should  be  supple- 
mented by  exercise,  diet,  mineral  waters  containing  chlo- 
ride of  sodium  (to  increase  destruction  of  albumen),  and 
drinking  plenty  of  water. 

During  the  bath,  perspiration  of  the  parts  under  water 
is  said  to  be  arrested,  whereby  twenty-five  grammes  per 
hour  of  water  would  be  retained  in  the  body ;  this  might 
be  passed  by  the  kidneys  or  lungs.  Evaporation  of  this 
twenty-five  grammes  would  have  abstracted  14.5  calorics, 
but  the  bath  removes  ninety-two  in  the  course  of  one 
hour.  After  the  bath  there  is  increased  evaporation. 
Half  an  hour  in  a  steam  bath'  may  carry  off  from  five 
hundred  to  eight  hundred  grammes  of  sweat ;  if  this  he 
favored  by  bed-covering,  in  two  to  three  hours  the  loss 
may  amount  to  from  three  to  five  pounds. 

In  the  bath  the  excretion  of  carbonates  from  the  skin 
continues,  while  the  evaporation  of  the  submerged  parts 
is  arrested,  but  after  the  bath  both  are  increased. 

Just  after  a  bath  the  amount  of  urine  is  often  tempor- 
arily increased,  but  the  amount  for  twenty-four  hours  is 
not  changed  ;  but  the  urine  passed  is  more  concentrated, 
the  specific  gravity  of  that  which  is  voided  during  the 
period  of  increased  secretion  is  less  after  cold,  but  higher 
after  hot,  baths.  Sweat  baths  cause  less  diuresis.  Ordi- 
nary and  mineral  baths  have  about  the  same  effect. 
Aside  from  the  increased  excretion  of  urea  induced  by 
baths  which  elevate  the  temperature,  no  effect  has  cer- 
tainly been  recognized  on  the  amounts  of  the  individual 
constituents  of  the  urine  excreted. 

In  the  cold  bath  there  is  decided  contraction  of  the  cu- 
taneous vessels.  This  is  most  marked  at  first,  and  grad- 
ually diminishes. 

Baths  above  blood  heat  induce  dilatation  of  the  cuta- 
neous vessels,  as  shown  by  redness  and  turgescence. 
This  may  continue  some  hours. 

Vascular  dilatation,  which  is  secondary  in  cold,  and 
primary  in  warm,  baths,  seems  to  be  increased  by  salts 
and  gas  in  the  water. 

Most  observers  assert  that  cold  baths  retard  heart-action. 

In  baths  of  blood  heat  which  elevate  the  bodily  tem- 
perature, also  in  hot  and  vapor  baths,  the  frequency  of 
the  pulse  is  increased  in  proportion  to  that  of  the  bodily 
temperature.  Tepid  baths  have  little  influence  on  the 
pulse,  unless  they  contain  salts  or  gas,  in  which  case  they 
may  cause  hypersBmia  of  the  skin.  Contraction  of  cuta- 
neous capillaries  increases  blood-pressure  in  the  arteries ; 
this  reacts  on  the  left  ventricle  to  increase  the  number 
and  strength  of  the  heart-contractions. 

It  is  undetermined  whether  gaseous  or  salty  contents  of 
mineral  waters  cause  suflScient 'cutaneous  irritation  to  in- 
duce reflex  excitement  of  the  vaso-motor  centres  and  vagus. 
The  contraction  of  the  peripheral  vessels  in  cold,  and  their 
dilatation  in  hot,  baths,  of  course  changes  the  circulation 
in  the  body ;  with  the  internal  vessels  it  is  the  rever,se. 

Observations  show  that  in  the  cold  bath  respiration  is 
increased  by  deeper  or  by  more  frequent  inspirations. 
This  is  pVobably  due  to  consumption  of  oxygen  in  the  tis- 
sues. There  is  no  change  in  frequency  of  respiration  in 
tepid  baths.  In  hot  water  and  steam  baths  the  increase 
corresponds  to  that  of  the  bodily  temperature  and  car- 
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bonic  acid.     Respiratory  movements  are  not  influenced 
by  salts  and  gas  in  mineral  waters. 

The  action  of  cold  and  warm  baths  is  manifested  by 
their  effects  on  certain  general  conditions  and  on  the  cere- 
bral activity.  Brief  cold  baths,  douches,  etc.,  are  refresh- 
ing, and  urge  to  muscular  movements.  Prolonged  warm 
baths,  hot,  or  vapor  baths,  usually  relax  and  make  sleepy. 
The  exciting  or  depressing  effect  of  cold  or  warm  baths 
on  the  cerebral  activity  may  be  sought  in  reflex  influence 
upon  the  cerebral  vessels  by  thermic  irritation  of  the  sen- 
sitive nerves.  Warm  baths  may  lessen  or  arrest  reflex 
spasm  of  voluntary  or  involuntary  muscles.  Tepid  baths 
diminish  the  excitability  of  the  peripheral  ends  of  the  sen- 
sitive nerves,  and  thus  that  of  the  nerve-centres.  After 
either  warm  or  cold  baths  there  is  a  stage  of  coolness, 
which  is  best  relieved,  after  cool  baths,  by  jphysical  ex- 
ercise ;  after  warm  baths,  by  rest  and  more  covering. 
This  may  be  due  to  increased  evaporation. 

Irritation  of  the  sensitive  nerves  from  cold  bath  often 
causes  reflex  movements,  such  as  evacuation  of  bowels 
or  bladder  in  typhoid  patients. 

Probably,  through  the  nervous  system,  baths  have 
other  unknown  influences  on  the  organism,  producing 
changes  in  the  secretions  of  saliva,  gastric  and  intestinal 
juices,  absorptions  from  intestinal  canal,  etc. 

Heymann  and  Krebs  found  that  the  electrical  condition 
depended,  1,  on  the  gas  in  water  ;  2,  temperature  (conduc- 
tion increased  by  raising,  reduced  by  lowering) ;  3,  salts. 
Gas  causes  an  electro-positive  (except  SHj),  neutral  or 
basic  salts  an  electro-negative  condition,  as  compared 
with  distilled  water. 

By  the  mechanical  action  of  baths  is  meant  the  ef- 
fects of  their  mass  and  weight ;  these  would  be  increased 
by  motion,  as  of  waves,  of  running  water,  frictions, 
douches,  etc. 

The  question  as  to  the  absorption  of  constituents  of 
baths  by  the  skin  has  caused  much  discussion,  theafHrma- 
tive  being  vigorously  maintained  by  proprietors  of  min- 
eral baths.  But,  according  to  Leichtenstern  (in  Ziems- 
sen's  "  AUgemeine  Therapie"),  experiments  by  weighing 
indicate  that  there  is  little  imbibition  by  the  skin ;  water 
and  salts  impregnate  the  superficial  layer,  but  do  not  go 
deep,  and  what  has  entered  the  skin  is  probably  evapor- 
ated soon  after  the  bath.  The  palms  of  the  hands  and 
soles  of  the  feet  are  peculiarly  suited  to  imbibition,  hav- 
ing no  sebaceous  follicles.  In  the  case  of  washerwomen, 
imbibition  would  be  further  favored  by  long  exposure, 
friction,  and  soap. 

The  amount  of  urine  is  increased  after  bathing,  but 
only  temporarily,  and  probably  from  suppression  of  per- 
spiration ;  possibly  also  to  a  slight  degree  from  excite- 
ment of  cutaneous  nerves.  If  such  be  the  case,  there 
should  be  a  more  marked  increase  of  the  amount  of  urine 
secreted  after  bathing  in  waters  containing  mineral  and 
gaseous  constituents  ;  but  analysis  has  shown  no  increase 
in  the  amount  of  iodide  of  potash,  iron,  or  chloride  of 
sodium,  from  bathing  in  waters  containing  large  amounts 
of  these  substances,  if  care  has  been  taken  to  prevent  ab- 
sorption by  the  mucous  membranes. 

Experiments  made  by  applying  compresses  wet  with 
watery  solutions  of  opium,  morphine,  atropine,  digitalis, 
etc.,  were  negative  ;  contrary  results  are  ascribed  to  in- 
exactness (contact  of  the  waters  with  mucous  membranes, 
inhalation,  etc.). 

It  seems  to  make  some  difference  if  the  solutions  be 
rubbed  in  ;  and  solutions  in  ether,  alcohol,  or  oils  are  bet- 
ter absorbed  ;  gases  arc  absorbed. 

Balneotherapeutics  may  properly  consider  the  effect  of 
the  water  drunk  ;  the  body  being  composed  of  flfty-nine 
per  cent,  of  water,  part  of  which  is  daily  lost,  this  waste 
must  be  supplied. 

One  effect  of  cold  drinks  is  reduction  of  bodily  tem- 
perature and  pulse,  and  increased  blood-pressure  ;  possi- 
bly from  cold  water  in  the  stomach  exciting  the  vaso- 
motor centres.  Probably  the  water  is  mostly  absorbed  in 
the  stomach ;  cold  water  drunk  fasting  soon  leaves  the 
stomach,  entering  the  veins  ;  but  an  increased  proportion 
of  water  in  the  blood  is  not  induced  for  any  considerable 
time. 


Copious  water-drinking  is  a  means  for  washing  out  the 
organism,  and  it  causes  temporarily  an  increased  excre- 
tion of  certain  products  of  decomposition ;  the  free 
diuresis  is  due  to  excretion  of  urea,  salt,  phosphoric  and 
sulphuric  acids,  while  the  amount  of  uric  acid  excreted 
is  diminished. 

Undoubtedly  many  drink  cures  owe  their  effect  more 
to  the  cleansing,  diuretic  effect  of  the  increased  amount 
of  water  drunk,  than  to  the  salts  or  gas  in  the  waters  ; 
they  are  useful  for  causing  absorption  of  exudations, 
urates,  bile,  poisons.  For  this  purpose  pure  water,  slightly 
warmed,  is  best.  The  excretion  of  water  from  the  skin 
and  also  from  the  bowels  is  increased,  if  the  water  be  cold. 

Although  elaborate  analyses  are  given  of  mineral 
springs,  it  is  probable  that  their  effects  are  due  to  one  or 
a  very  few  constituents,  and  to  the  temperature  at  which 
the  wg,ter  is  used,  as  well  as  to  the  surroundings. 

Indifferent  thermic  waters  (Wildbad),  which  have  a 
temperature  of  from  35°  to  67°  C.  (77°  to  152°  F.),  con- 
tain only  a  small  quantity  of  salts  or  gas  ;  they  are  useful 
against  the  remains  of  chronic  inflammation,  chronic 
rheumatism  of  the  joints  and  muscles,  contractions,  false 
anchyloses,  chronic  skin  diseases,  chronic  exudations  in 
the  pletira  and  peritoneum,  old  paralyses,  catarrh  of  the 
bladder  and  pelvis,  of  the  kidney,  and  old  syphilitic  lesions 
which  have  been  treated  by  mercury. 

Leichtenstern's  Table  I.  gives  the  following  list  of  in- 
different thermal  springs.:  Badenweiler,  Bath,  Bormio, 
Gastein,  Johannisbad,  Landeck,  Leuk,  Liebenzell,  Mont 
Dore,  Neuhaus,  PlombiSres,  Pfaffers  and  Ragatz,  Romer- 
bad,  Schlangenbad,  Teplitz,  Tiiffer,  Tobelbad,  Warm- 
brunn,  and  Wildbad. 

Simple  Acid  Springs. — With  the  exception  of  car- 
bonic acid,  the  constituents  of  these  springs  are  too  slight 
in  amount  to  have  much  effect. 

The  carbonic  acid  gives  a  pleasant  sensation  in  the 
mouth ;  in  the  stomach  it  gently  irritates,  exciting  ap- 
petite and  digestion.  If  respiration  be  good  there  is  no 
accumulation  of  OOa  in  the  blood,  or  there  would  be  an 
increase  of  carbonates  in  the  urine.  It  is  a  more  speedy 
diuretic  than  ordinary  water,  possibly  because  COa  facili- 
tates absorption  of  water  ;  also  alcoholics  containing  COa 
more  quickly  intoxicate. 

Carbonated  waters  do  not  affect  respiration,  pulse,  or 
blood-pressure  with  certainty ;  they  are  refreshing — good 
in  dyspepsia  and  for  sluggish  bowels. 

In  baths  their  action  is  not  specific,  but  is  due  to  irrita- 
tion of  the  skin ;  the  COa  probably  enters  the  skin  to 
some  extent.  Baths  may  be  given  in  COa,  the  head  being 
in  free  air,  or  by  gas  douches,  for  hypersesthesias,  neural- 
gias, prurigo,  etc. 

Leichtenstern's  Table  II.  gives  the  following  springs, 
containing  carbonic  acid :  Apbllinaris,  Briickenau,  Char- 
lottenbrunn,  Cudowa,  Dorotheenquelle,  Carlsbad,  Fideris, 
Flinsberg,  Gleichenberg,  Heppinger,  Imnau,  Landskro- 
ner,  Liebwerda,  Marienbad,  Nauheimer,  Neuenahr,  Nie- 
dernau,  Passug,  Reinerz,  Rippoldsau,  Schwalbach,  Sin- 
zig,  Tarasp,  Teinach,  and  Wildungen. 

Alkaline  Spbings  are  those  containing  more  or  less 
carbonate  of  soda  and  free  carbonic  acid.  They  are  di- 
vided by  the  Germans  into,  1,  alkahne ;  3,  alkaline  muri- 
atic, and,  3,  alkaline  saline  waters. 

Carbonate  of  soda  reaching  the  stomach  is  broken  up 
into  chloride  of  sodium,  and  also  lactic,  butyric,  and 
acetic  acids,  with  free  carbonic  acid.  As  digestion  does 
not  occur  if  the  gastric  juice  is  neutral  or  alkaline,  copi- 
ous drinking  of  water  containing  soda,  during  or  near 
meal  time,  is  injurious.  If  there  be  too  much  acidity,  a 
slight  amount  of  such  water  may  be  taken.  If  the  food 
be  exclusively  amylaceous,  a  saline  condition  of  gastric 
juice  favors  the  transformation  of  starch,  begun  in  the 
mouth,  to  dextrin  and  sugar. 

Cold  soda  waters,  especially  the  saline,  excite  gastric 
peristalsis,  from  the  presence  of  either  carbonate  of  soda 
or  free  carbonic  acid.  They  are  useful  in  chronic  gastric 
catarrh,  particularly  where  quantities  of  tough  mucus  are 
formed  and  vomited,  when  they  may  be  drunk  oh  an 
empty  stomach.  They  should  not  be  used  in  dilated 
stomach,  as  the  carbonic  acid  would  still  further  distend 
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it ;  or  where  there  is  deficiency  of  acid,  as  in  dyspepsia, 
anaemia,  lever,  or  convalescence. 

Chronic  intestinal  catareh,  due  to  over-aciditj;  ot  tne 
chvme  is  favorably  affected  by  soda  waters,  especially  the 
saline;  the  same  is  true  of  certain  hepatic  affections 
(cirrhosis,  congestion  of  liver,  fatty  hver,  etc.).  which 
cause  chronic  intestinal  catarrh.  .     ,  .  a 

The  benefit  of  soda  waters  in  catarrhal  icterus  is^iefly 
due  to  their  beneficial  effect  on  duodenal  catarrh.  How  it 
acts  in  getting  rid  of  gall-stones  is  uncertain.  It  is  doubt- 
ful whether  we  can  much  affect  the  alkalinity  of  the  blood 
by  alkaline  waters.  . 

The  reduction  of  fat  at  Marienbad,  etc.,  is,  perhaps  not 
so  much  due  to  the  soda  in  the  water  as  to  the  strict  diet, 
forbidding  alcohol  and  amylaceous  foods,  to  the  system- 
atic exercise,  and  to  the  laxative  effect  of  the  water. 

Carbonate  and  sulphate  of  soda  have  been  credited  with 
specific  effects  in  diabetes,  on  the  supposition  that  lack  of 
alkali  in  the  blood  prevented  complete  combustion  of  the 
sugar.  Perhaps  the  benefit  obtained,  by  patients  suffering 
from  this  disease,  at  Vichy  and  Carlsbad  may  be  also  as- 
cribed to  diet  and  surroundings.  Freely  drinking  dis- 
tilled water  increases  the  excretion  of  sugar. 

There  is  some  difference  of  opinion  as  to  the  effect  of 
alkaline  bicarbonates  in  oxaluria  ;  but  not  in  vesical  ca- 
tarrh, gout,  uric  acid  diathesis,  renal  and  vesical  calculi. 
While  uric  acid  calculi  are  acted  on  by  alkaline  waters, 
under  their  use  there  is  a  tendency  to  deposit  of  earthy 
phosphates,  and  most  urinary  calculi  have  a  nucleus  of 
urates,  and  externally  are  composed  of  phosphates  or 
oxalate  of  lime.  While  uric  acid  calculi  require  waters 
rich  in  alkalies,  but  poor  in  carbonic  acid,  those  com- 
posed of  phosphate  and  carbonate  of  lime  demand  in- 
creased acidity  of  urine  or  more  carbonic  acid. 

If  gout  be  due  to  an  overloading  of  the  blood  and  tis- 
sues with  urates,  the  use  of  the  carbonates  of  the  alkalies, 
combined  with  drinking  plenty  of  water,  may  benefit  it. 

Soda  waters  that  are  warm  or  have  been  warmed  by 
milk  or  whey,  are  used  in  catarrhs  of  the  air-passages  and 
throat. 

As  batlis  these  waters  act  as  do  other  warm  baths,  es- 
pecially such  as  contain  carbonic  acid.  It  is  doubtful  if 
■  the  amount  of  lithium  in  any  of  these  waters  is  sufficient 
to  influence  their  action  in  any  way. 

Leichtenstern's  Table  III.  gives  the  following  list  of 
alkaline  springs :  Rohitsch,  Vals,  Passug,  Vichy,  Radein, 
Fellathalquellen,  Bilin,  Fachingen,  Preblau,  Obersalz- 
brunn,  Johannisquelle,  Lipik,  Giesshubel.  Apollinaris, 
Geilnau,  and  Neuenahr. 

AlhaXine  muriatic:  Szczawnica,  Luhatschowitj;,  Glei- 
chenberg,  Tonnistein,  Ems,  Weilbacher,  Royat,  Selters, 
Roisdorf.  These  contain  bicarbonate  and  chloride  of 
sodium,  with  free  carbonic  acid. 

Alkaline  saline :  Bertrich,  Elster,  Franzensbad,  Fuered, 
Karlsbad,  Marienbad,  Rohitsch,  Tarasp.  These  mostly 
contain  sulphate,  bicarbonate,  and  chloride  of  sodium, 
with  free  carbonic  acid. 

BiTTEK  Waters  naturally  come  next  in  order,  as, 
besides  their  chief  constituent,  sulphate  of  magnesia,  they 
also  contain  sulphate  of  soda,  and  their  therapeutic  indi- 
cations are  the  same.  The  most  important  of  their  effects 
is  the  purgative.  Sulphate  of  magnesia  parts  with  some 
of  its  acid  to  soda  and  potash  in  the  intestines.  The  pur- 
gative action  is  due  to  its  increasing  peristalsis  and  intes- 
tinal secretion ;  there  is  not  much  effect  on  the  liver. 
After  long  use  they  lose  their  effect  somewhat ;  in  some 
cases  they  are  not  well  borne,  as  in  anaemic,  convalescent, 
or  tuberculous  patients ;  but  in  chronic  intestinal  catarrh, 
habitual  constipation  of  hypochondriacs,  or  sedentary 
persons,  their  prolonged  use  is  often  beneficial.  Sulphate 
of  magnesia  increases  the  decomposition  of  albumen. 
Mosler,  under  the  daily  use  of  two  hundred  and  fifty 
grammes  of  bitter  water,  found  an  Increase  of  six  per 
cent,  of  urea. 

Leichtenstern's  Table  IV.  gives  the  following  list  of 
bitter  waters:  Birmenstorff,  Friedrichshall,  Franz- Joseph 
Bitterquelle,  Qalthofer,  Grossenlflder,  Hunyadi-Janos, 
Ivanda,  Kis-Cz6g,  Kissingen,  Mergentheim,  Montmirail, 
Ober  AJap,  Piillna,  Saidschutz,  Sedlitz,  and  Unter  Alap. 


Chloride  op  Soditim  waters  contain,  besides  this  con- 
stituent, other  chlorides,  sometimes  also  iodine  and  bro- 
mine, carbonic  acid,  or  iron.  The  percentage  of  chloride 
of  sodium  may  vary  from  one  to  twenty-five ;  the  weaker 
waters  are  used  internally,  the  stronger  for  baths ;  these 
strong  vi^aters  are  called  "  Soolquellen." 

Chloride  of  sodium  Increases  the  gastric  juice,  and  is 
useful  in  anorexia,  dyspepsia,  etc.  ;  it  also  excites  peri- 
stalsis of  the  stomach,  where  it  is  mostly  absorbed ;  but  if 
it  passes  to  the  intestines  its  effect  there  is  similar.  It  is 
slightly  diuretic,  and  if  given  freely  it  increases  the  nitro- 
genous constituents  of  the  urine.  It  is  supposed  to  favor 
tissue  change,  and  to  be  useful  in  chronic  uterine  troubles, 
pelvic  exudations,  peri-  and  para-metritis,  etc. 

Voit  claims  that  chloride  of  sodium  influences  the  solu- 
tion and  diffusion  of  albumen.  Waters  containing  it 
benefit  catarrhs  of  the  respiratory  organs  and  chronic 
pharyngeal  catarrh ;  in  this,  as  in  other  mineral  waters, 
much  of  the  effect  maybe  due  to  the  water  alone,  and  not 
to  its  special  mineral  constituents ;  the  same  is  true  of 
those  waters  containing  small  amounts  of  bromine  and 
iodine.  Chloride  of  sodium  baths  range  from  one  to  ten 
per  cent,  solutions ;  they  usually  have  a  strength  of  from 
two  to  three  per  cent.  They  cause  cutaneous  irritation, 
some  diuresis,  increased  transformation  of  albumen,  with 
a  daily  increase  of  one  or  two  grammes  in  the  urea ;  there 
is  also  diminution  of  uric  acid  and  the  phosphates.  Ex- 
cretion of  carbonic  acid  and  absorption  of  oxj^gen  are  in- 
creased. 

These  baths  act  favorably  in  scrofula,  rickets,  chronic 
exudations  and  inflammatory  residua,  chronic  metritis, 
etc.,  perhaps  by  producing  cutaneous  irritation  and  there- 
by exciting  tissue  change.  These,  as  other  warm  baths, 
are  eflScacious  in  dry  chronic  exanthemata  ;  not  so,  how- 
ever, in  eczemas,  especially  if  moist. 

For  making  salt-water  baths  at  home  we  may  use  rock- 
salt.  There  are  concentrated  solutions,  prepared  from 
some  of  the  German  springs,  by  boiling  down  the  water ; 
these  may  be  added  to  ordinary  warm  water  for  baths. 
Where  this  water  is  evaporated,  or  in  rooms  where  it  is 
nebulized,  patients  may  breathe  the  vapor  or  spray  for 
bronchial  catarrhs,  etc. 

Leichtenstern's  Table  V.  gives  the  following  list  of 
saline  springs : 

A.  Weak  Ohl&ride  of  Sodium  Waters  (containing  less 
than  1.5  per  cent.). — (a)  Cold  springs :  Arnstadt,  Also- 
Sebes,  Cannstadt,  Diirkheim,  Hall,  Heilbronn,  Hom- 
burg,  Iwonicz,  Konigsdorfl-Jastrzemb,  Kissengen,  Krank- 
enheil,  Kreuznach,  Kronthal,  Mergentheim,  Miinster, 
Nauheim,  Neuhaus,  Neu-Rakoczy,  Pyrmont,  Rehme, 
Salzhausen,  Salzsc'hlirf ,  Schmalkalden,  Soden,  Sodenthal, 
Sulzbad,  Sulzbrunn,  Wiesbaden,  Wildegg. 

(J)  Warm  springs  :  Baden-Baden,  Battaglia,  Bourbonne 
les  Bains,  Burtscheid,  Mondorf,  Soden,  Wiesbaden. 

B.  Stronger  Salt  Springs — (n)  Cold  waters:  Aussee, 
Arnstadt,  Aibling,  Bex,  Frankenhausen,  Gmunden,  Hall, 
Ischl,  Jaxtfeld,  Juliushall,  Kostritz,  Nenndorf,  Bhein- 
f elden,  Reichenhall,  Rosenheim,  Rothenfelde,  Salzungen, 
Stotternheim,  Suiza,  Traunstein,  Artern,  Baassen,  Castro- 
caro,  Colberg,  Elmen,  Goczalkowitz,  Grossenlilder,  Hall, 
Hubertusbad,  Konigsberg,  Kosen,  Nauheim,  Oldesloe, 
Orb,  Pyrmont,  Salzdetfurtli,  Salzuflen,  Suderode,  and 
Wittekind. 

(J)  Warm  waters  :  Nauheim,  Rehme-Oeynhausen,  Salz- 
burg. 

Sba  Baths. — In  these  the  chief  factors  are  the  cold 
bath,  the  salt  water,  and  the  motion ;  also  the  effect  of  the 
climate  and  changed  mode  of  life.  They  cause  contrac- 
tion of  the  cutaneous  capillaries,  and  reduction  of  the 
peripheral,  and  elevation  of  the-  internal,  temperature; 
hence  they  are  unsuited  for  patients  with  tendency  to  in- 
ternal liasmorrhage  or  heart  disease.  Part  of  this  in- 
creased internal  temperature  must  be  due  to  increased 
production  of  heat,  which  is  accompanied  by  increased 
excretion  of  carbonic  acid  and  absorption  of  oxygen. 
Consumption  of  fat  is  another  effect  of  sea  baths  ;  hence 
thin  persons,  convalescents,  anaemic  persons,  etc.,  may  be 
harmed  by  them  or  by  other  cold  baths ;  but  they  may  be 
benefited  by  warm  baths  of  sea  water. 
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Sea  baths  are  usually  taken  at  about  21°  C.  (70°  P.). 
They  have  a,  reputation  in  scrofula,  especially  in  fatty 
subjects,  in  hypochondriasis,  neurasthenia,  etc.,  and  as  a 
"hardening"  process  in  persons  who  take  cold  easily; 
the  evenness  of  the  temperature  on  the  coast  is  also  bene- 
ficial in  such  cases.  The  moisture  in  the  air  retards  ex- 
cretion of  water  by  the  skin  and  lungs,  and  consequently 
increases  the  quantity  of  urine  and  the  tissue  changes. 
Generally  the  appetite  is  improved  and  weight  increased, 
in  spite  of  the  baths.  The  proportion  of  salt  in  the  water 
out  at  sea  is  much  the  same  at  different  places,  but  along 
the  coast  it  depends  on  the  amount  of  fresh  water  poured 
in  from  rivers  and  smaller  streams.  In  a  quart  of  sea 
water  there  are  about  thirty  grammes  (1  ounce)  of  solids ; 
mostly  chloride  of  sodium,  with  some  chloride  and  sul- 
phate of  magnesium,  and  sulphate  of  lime. 

Ibon  Springs  usually  contain  the  metal  as  a  bicarbon- 
ate, rarely  as  a  sulphate,  and  the  proportion  is  small  (from 
0.03  to  0.1  gramme  to  a  quart) ;  they  also  contain  carbonic 
acid,  and  they  are  always  cold  springs.  The  entire 
amount  of  iron  in  the  blood  of  an  adult  is  stated  as  about 
3.0  grammes.  Drinking  a  quart  of  iron  water  daily  would 
supply  about  four  centigrammes  of  iron ;  so  probably 
much  of  the  benefit  derived  at  iron  springs  is  from  sur- 
roundings, etc.  The  iron  taken  into  the  system  is  passed 
oft  mostly  by  the  faeces,  not  by  the  urine.  Iron  is  prob- 
ably not  absorbed  through  the  skin,  and  baths  of  iron 
waters  act  only  as  other  baths  would. 

Leichtenstern's  Table  VII.  gives  the  following  list  of 
iron  springs :  Alexisbad,  Antogast,  Althaide,  Berka, 
Bocklet,  Charbonni6re,  Cudowa,  Driburg,  Elopatak,  Bi- 
ster, Pranzensbad,  Plinsberg,  Preiersbach,  Griesbach, 
Gonten,  Godesberg,  Homburg,  Imnau,  Krynica,  Konigs- 
wart,  Lobenstein,  Liebenstein,  Liebwerda,  Malmedy, 
Muskau,  Niederlangenau,  Pyrmont,  Petersthal,  Pyra- 
warth,  Polzin,  Rippoldsau,  Reiboldsgrun,  Ronneburg, 
Reinerz,  Steben,  Spaa,  St.  Moritz,  Soultzbach,  Sternberg, 
Szliacs,  Sangerberg,  Schwalbach,  Tarasp. 

SuLPHDB  Springs. — These  contain  but  little  sulphur, 
which  is  in  the  shape  of  sulphuretted  hydrogen,  or  sul- 
phurets  of  metals ;  nor  do  they  contain  much  of  solids  of 
any  kind,  though  they  are  occasionally  named  from  some 
other  constituent,  as  chloride  of  sodium,  lime  salts,  etc. 
Hence  we  may  suspect  that  their  effects  are  at  least  partly 
due  to  attention  to  bathing  and  to  drinking  the  water,  as 
well  as  to  air,  diet,  etc. 

Sulphur  waters  have  great  reputation  in  chronic  poison- 
ing by  mercury  and  lead,  where  it  is  supposed  to  convert 
the  mercury  into  sulphuret,  which  is  dissolved  by  alkaline 
carbonates  and  passed  off  by  the  urine,  while  the  lead  is 
changed  to  insoluble  sulphuret  and  remains  innocuous. 
In  acute  lead  poisoning,  sulphur  springs  containing  soda 
or  magnesia  would  add  a  purgative  to  an  antidote.  It  is 
a  question  if  part  of  the  effect  of  sulphur  waters  in  such 
cases  is  not  due  to  increased  decomposition  of  albumen 
and  albuminate  of  lead,  induced  by  the  copious  water- 
drinking,  supported  by  the  baths. 

Syphilis  is  also  treated  with  asserted  success  by  sul- 
phur waters  ;  and  chronic  cases  are  certainly  benefited, 
but  might  be  so  by  simple  water.  Chronic  skin  diseases 
are  also  treated  by  these  waters,  more  especially  since 
the  recognition  of  the  parasitic  origin  of  scabies,  favus, 
herpes  tonsurans,  pityriasis  versicolor,  etc. 

It  is  claimed,  perhaps  on  insufficient  grounds,  that 
sulphur  increases  the  secretion  of  the  gastric,  pancreatic, 
and  intestinal  juices. 

The  sulphur  taken  into  the  blood  escapes  through  the 
lungs  and  skin,  and  through  the  kidneys  as  sulphates  of 
potash  or  soda. 

Sulphur  waters  maybe  advised  where  sulphur  is  in- 
dicated in  addition  to  warm  baths  and  drinking  freely  of 
water,  as  in  chronic  rheumatic  and  articular  affections, 
poisoning  by  metals,  syphilis,  chronic  skin  diseases,  par- 
alyses, etc. 

Leichtenstern's  Table  VIII.  gives  the  following  list  of 
sulphur  springs  : 

(a)  Warm  springs :  Aachen,  Aix  les  Bains,  Baden  in 
Aargau,  Baden  near  Vienna,  Landeck,  Lavey,  Schinz- 
nach,  and  various  springs  in  the  Pyrenees  and  Hungary. 


(J)  Cold  springs:  Alveneu,  Eilsen,  Gurnlgel,  Hohen. 
stedt,  Kreuth,  Langenbrcuken,  Meinberg,  Nenndorf, 
Sebastiansweiler,  Stachelberg,  Weilbach,  and  "Wipfeld. 

The  latter  (J)  generally  contain  much  more  sulphur- 
etted hydrogen  than  the  former. 

Earthy  or  Calcareous  Mineral  Watees. — Besides 
carbonic  acid  and  sulphate  of  lime  or  magnesia,  these 
springs  contain  no  considerable  quantity  of  other  salts  ; 
many  lime  springs  supply  ordinary  drinking  water, 
called  "hard"  water.  Solid  foods  contain  more  lime 
than  is  required  by  the  body ;  and  the  question  is,  per- 
haps, not  so  much  to  supply  this  article,  as  to  have  it 
taken  up  by  the  system  ;  and  possibly  this  may  be  more 
readily  done  from  waters  holding  it  in  solution  ;'but  prob- 
ably the  "  water  cure"  furnishes  the  chief  advantages  in 
the  treatment  by  these  waters. 

Rachitis  is  the  disease  principally  supposed  to  be  bene- 
fited by  lime  waters ;  they  are  also  given  as  antacids  in 
gastric  catarrh  with  excessive  acidity,  aiid  as  astringents 
in  diarrhcea  and  chronic  catarrh  of  the  urinary  passages 
and  bronchi.  When,  with  catarrh  of  the  bladder  or  kid- 
neys, there  is  a  suspicion  of  calculus,  lime  waters  should 
be  avoided.  In  limestone  regions  calculi  are  of  particu- 
larly frequent  occurrence. 

At  some  of  the  calcareous  springs  in  Germany  there 
are  rooms  for  converting  the  waters  into  spray  for  inhala- 
tion. It  seems  as  if  most  of  the  benefit  from  this  would 
come  from  the  moisture  and  the  deeper  inspirations  re- 
quired. 

Leichtenstern's  Table  IX.  gives  the  following  earthy 
mineral  springs :  Driburg,  Contrexeville,  Inselbad,  Leuk, 
Lippspringe,  Weissenburg,  Wildungen. 

BoG  AND  Mud  Baths. — The  bog  earth  used  at  various 
places  for  baths  is  found  especially  at  iron  and  sulphur 
springs ;  it  is  generated  by  the  decomposition  of  plants  in 
the  presence  of  water ;  various  mineral  deposits  also  con- 
tributing to  its  formation.  This  bog  earth  being  mixed 
with  warm  water,  its  salts  are  dissolved  out,  and  the  in- 
soluble part  mixes  into  a  pulpy  or  soupy  consistence. 
Baths  composed  of  this  mud-like  material  act  in  precisely 
the  same  manner  as  do  warm  or  hot  baths  containing 
various  cutaneous  irritants,  and  are  useful  in  hastening 
absorption  of  chronic  exudJations  and  indurations  in  the 
pelvis,  uterus,  etc.,  and  in  neuralgias,  peripheral  paraly- 
ses, contractions,  anchyloses,  and  skin  diseases.  Bog 
cataplasms  are  used  for  the  same  purposes  as  ordinary 
cataplasms. 

Mud  laths  are  made  from  the  deposits,  in  the  beds  of 
streams  or  springs,  of  the  remains  of  low  plants  and  ani- 
mal organisms. 

Among  these  bog  and  mud  baths  are  Bocklet,  Brucke- 
nau,  Driburg,  Elster,  Eilsen,  Pranzensbad,  Marienbad, 
Nenndorf,  Pyrmont,  Reinerz,  Steben,  and  Wipfeld. 

Pine-needle  and  Herb  Baths  may  be  made  at  home 
by  using  the  extract  of  pine-needles  prepared  at  the  in- 
stitutions or  by  Simon,  of  Berlin  (about  half  a  pound  to 
a  bath),  or  the  extract  of  aromatic  herbs,  chamomile, 
gentian,  calamus,  mint,  juniper,  marjoram,  etc.  (one 
pound  to  a  bath).  The  cheapest  aromatic  bath  is  that 
made  from  clover  blossoms.  As  bathe  these  probably 
have  no  specific  action,  but  the  volatile  constituents  per- 
haps penetrate  the  skin  and  enter  the  lungs.  They  are 
used  as  tonics. 

Cold-water  institutions,  where  pine-needle  baths  may 
be  had,  are  at  Alexanderbad,  Cleve,  Dietemuhle,  Elgers- 
burg,  Ilmenau,  Johannisberg,  Kreischa,  Liebenstein, 
Nassau,  Nerothal,  Schweizermiihle,  Ruhla,  and  many 
other  places.  At  Sharon  Springs,  N.  Y. ,  these  baths  have 
recently  been  given.  ,     ,    „    , 

In  Sand  Baths  the  patient  is  covered  wholly  (except 
the  head)  or  locally  with  sand  at  a  temperature  of  48°  to 
53°  C.  (118°  to  137°  P.),  for  an  hour  or  so ;  after  which 
he  takes  a  warm  water  bath  and  is  cooled  off.  The  tem- 
perature of  the  patient  rises  rapidly,  and  he  sweats  pro- 
fusely. Sand  baths  can  be  used  hotter  and  longer  than 
water  or  steam  baths,  on  account  of  the  slower  conduc- 
tion of  heat  and  continued  evaporation  from  the  skin. 
It  is  desirable  to  measure  the  bodily  temperature  fre- 
quently during  the  bath.     Sand  baths  are  useful  in  the 
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same  complaints  as  are  benefited  by  warm  and  hot  baths 

^^Tan  ?iiusTAKD,  Malt,  and  Bkan  Baths  act  as  warm 
baths  with  a  cutaneous  irritant  added.  A  tan  bath  may 
have  from  four  to  six  pounds  of  tan ;  a  mustard  batn. 
from  three  to  eight  ounces  of  mustard. 

Aktipicial  Minebal  Watbbs  are  probably  as  emca- 
cious  as  the  natural  ones,  and  from  the  greater  proportion  ot 
carbonic  acid  which  they  contain  are  usually  more  agreea- 
ble ;  but  the  circumstances  under  which  they  are  generally 
taken  are  not  so  favorable.  Artificial  mineral  waters  must 
be  made  from  distilled  or  filtered  water  of  known  purity, 
not  from  the  water  of  wells  sunk  in  a  city  and  acqumng 
filth  by  drainage.  For  the  sake  of  cheapness,  mixtures 
of  salts  may  be  dissolved  in  water.  In  the  place  of  Ems 
water  two  parts  of  bicarbonate  of  soda  and  one  of  chlo- 
rate of  soda  may  be  used,  a  heaping  teaspoonful  of  the 
mixture  being  dissolved  in  a  quart  of  hot  water.  Carls- 
bad salt,  as  supplied  from  the  spring,  is  chiefly  sulphate 
of  soda,  because  in  the  evaporation  carbonate  and  chlo- 
rate of  soda  have  been  thrown  away.  An  artificial 
Carlsbad  salt  may  be  made  from  sulphate  of  soda,  cryst., 
50  ;  bicarb,  soda,  20  ;  chlorate  of  soda,  10  parts. 

Bitter  water  may  be  made  from  sulphate  of  magnesia 
and  sulphate  of  soda,  50  Gm.  of  each  to  a  quart  of  water. 

Hunyadi  Janos  may  be  substituted  by  30  Gm.  magnes. 
sulph.,  35  6m.  sodae  sulph.,  and  1  Gm.  sod.  chl.  to  one 
quart  of  water. 

Friedrichshall  water  is  about  14  Gm.  sodse  sulph., 
10  Gm.  magnesiae  sulph.,  8  Gm.  sod.  chl.,  and  4  Gm. 
magnes.  chl. 

The  composition  of  various  mineral  waters  in  America 
and  Europe  is  given  in  the  U.  S.  Dispensatory  for  1883. 

In  ordering  baths  we  must  remember  the  amount  of 
water  and  the  proportion  of  salts.  A  full  bath  for  a 
child  may  contain  ten  or  twelve  gallons ;  for  an  adult, 
from  sixty  to  eighty  gallons.  So  a  one  per  cent,  solution 
would  require,  approximately,  nearly  one  pound  of  the 
salt  for  a  child's  bath,  and  five  or  six  pounds  for  an 
adult's.  For  salt  baths,  the  so-called  rock-salt  is  good 
and  cheap. 

Sulphur  baths  may  be  made  by  adding  from  60  to  120 
Gm.  hyposulphite  of  soda  to  a  bath,  and,  while  the  pa- 
tient is  m  it,  pour  in  from  30  to  60  Gm.  of  vinegar. 

An  iron  bath  may  be  prepared  from  sulphate  of  iron, 
60  to  240  Gm.,  and,  to  produce  the  carbonic  acid,  60  to 
90  Gm.  bicarb,  sodse  and  10  to  15  Gm.  tartaric  acid,  etc. 

The  conditions  for  which  water  treatment  is  chiefly 
recommended  are  as  follows : 

Diseases  of  the  Respiratory  Organs. — Chronic  catarrhs 
are  treated  by  drinking  alkaline,  salt,  iron,  or  sulphur 
waters,  according  to  the  general  condition  of  the  patient 
and  to  the  kind  of  climate  to  which  he  should  go  ;  by 
inhalation  of  atomized  alkaline  or  salt  waters  ;  by  baths. 
As  elsewhere  suggested,  much  of  the  benefit  from  the 
water  treatment  may  be  due  to  other  things,  hence  this 
mode  of  cure  employed  at  home  is  not  so  successful  as  at 
the  springs. 

Chronic  pneumonia  and  consumption  are  treated  at  the 
same  class  of  springs. 

Diseases  of  the  hea/rt  are  rarely  suited  for  treatment  by 
mineral  waters.  Fatty  deposits  about  the  heart,  with 
general  obesity,  may  be  benefited  by  proper  treatment  at 
Carlsbad  and  similar  springs.  Where  there  is  congestion 
of  the  abdominal  organs,  bitter  waters,  etc. ,  may  be  given. 
If  there  is  nervous  irritability  of  the  heart,  sea  baths  may 
be  carefully  tried. 

Nervous  Diseases. — Cases  of  general  nervousness,  hy- 
steria, hypochondria,  neuralgias,  paralyses,  not  of  recent 
origin,  and  chronic  diseases  of  the  spine  and  its  mem- 
branes, are  often  much  improved  by  a  course  of  water 
treatment. 

Diseases  of  the  Digestive  Organs. — In  chronic  gastric  and 
intestinal  catarrhs,  in  which  there  is  abnormal  acidity, 
with  eructations,  the  alkaline  waters  are  best ;  where 
there  is  excessive  mucus,  atony,  and  sluggish  action  of 
the  stomach  and  bowels,  the  alkaline-munatic  and  alka- 
line-saline waters  are  suitable.  In  dyspepsia  with  hypo- 
chondriasis,  from   overwork,   sedentary    life,   etc.,   sea 


baths  and  other  hydropathic  procedures  may  do  good. 
It  is  well  to  use  these  waters  warm. 

Affections  of  the  Ule-ducts  and  urinary  passages  are 
treated  by  alkaline,  alkaline-muriatic,  and  saline  waters ; 
urinary  calculi  by  alkaline  and  alkaline-saline  waters; 
phosphate  of  lime  by  free  use  of  carbonated  water; 
oxalate  of  lime  by  alkaline  carbonates  and  acid  waters, 
together  with  warm  baths. 

In  diseases  of  the  uterus  and  its  adnexa  water-cures 
have  been  greatly  resorted  to,  and  undoubtedly  are  often 
of  great  benefit  by  their  hot  douches,  baths,  and  drink- 
ing of  mineral  waters,  and  more  especially  by  the  im- 
provement of  the  general  health  and  change  of  mental 
condition. 

In  anmmia  the  iron  springs,  so  often  recommended,  are 
perhaps  not  much  more  beneficial  than  others,  but  the 
air,  milk  diet,  warm  salt  baths,  and  attention  to  the  cause 
of  the  ansemia  are  useful.  Where  the  anaemia  is  induced 
by  chronic  metritis  or  peritonitis,  bog  baths  are  .indi- 
cated. 

For  obesity  the  alkaline-saline  springs — the  water  to  be 
used  warm  if  the  patient  is  feeble,  or  cold,  if  he  is  ple- 
thoric, together  with  pedestrianism — are  recommended. 

In  scrofula,  warm  or  cold  sea  baths,  brine  baths  at 
home,  drinking  chloride  of  sodium  waters,  baths  in  highly 
carbonated  waters,  bog  or  mud  baths,  are  used. 

In  chronic  rheumatism  and  gout  warmth  is  the  impor- 
tant thing ;  hence  warm  or  hot  baths  shoidd  be  taken— 
whether  of  water,  steam,  sand,  or  mud,  local  or  total, 
will  depend  greatly  on  the  special  case.  Drinking  min- 
eral waters  may  be  for  the  purpose  of  promoting  the 
sweating  induced  by  the  bath,  or  the  more  thoroughly  to 
wash  out  the  system  (especially  in  gout) ;  or  perhaps  ex- 
udations about  the  joints  may  be  absorbed  by  the  use  of 
alkaline  and  allied  waters.  "  Hardening"  the  body  after 
this  treatment,  by  cold  baths,  frictions,  etc.,  is  desirable. 

In  diabetes  mineral  waters  probably  act  beneficially  only 
by  relieving  some  of  the  accompanying  symptoms,  con- 
stipation, intestinal  catarrh,  etc.,  and  the  baths  are  useful 
in  eczema,  furunculosis,  etc. 

In  syphilis  warm  and  hot  baths  may  hasten  the  appear- 
ance of  roseola,  etc.,  and  so  induce  earlier  resort  to  speci- 
fic treatment,  and,  combined  with  the  latter,  have  a  favor- 
able effect  on  the  skin  symptoms.  Water  treatment  is 
good  in  cases  in  which  mercury  and  iodide  of  potash  have 
been  used  improperly  or  too  freely,  or  in  which  the  patient 
is  much  debilitated.  To  the  latter  cases  sea  baths  are 
often  suited  ;  the  sulphur  baths  are  especially  popular  in 
this  disease. 

Chronic  metal  poisoning  is  treated  hydropathically  for 
the  purpose  of  eliminating  the  poison  by  the  increased 
excretions  which  result  from  the  use  of  baths  and  drink- 
ing-waters, and  in  such  cases  more  depends  on  the 
amount  of  water  drunk  than  on  its  constituents.  The 
sulphur  waters  are  the  most  popular,  but  the  choice  of 
the  waters  should  depend  on  the  general  symptoms. 
Hot  baths  increase  the  breaking  down  of  albumen,  and 
may  thus  prove  beneficial. 

Of  skin  diseases  only  some  are  benefited  by  baths,  such 
as  psoriasis,  prurigo,  pityriasis  versicolor,  seborrhcea 
sicca,  acne,  etc.,  all  with  little  secretion;  but  these  call 
for  no  further  consideration  in  this  place,  as  they  are 
treated  of  elsewhere. 

Now  let  us  speak  of  simple  baths,  when  the  effect  de- 
pends on  the  temperature  of  the  water  and  on  the  mode 
of  administration. 

It  is  claimed  that  the  chief  danger  in  many  diseases  is 
from  the  high  bodily  temperature,  and  it  is  asserted  that 
if  this  rises  above  42°  C.  (107.6°  F.),  life  is  in  imminent 
danger,  and  can  only  be  prolonged  by  the  rapid  reduc- 
tion of  the  fever ;  in  the  same  way  a  prolonged  eleva- 
tion of  from  3°  to  4°  C.  (3i°  to  7°  F.),  results  in  consump- 
tion of  the  nitrogenous  tissues  and  increased  excretion  of 
urea,  and  finally  in  death  of  the  patient  from  failure  of 
the  heart  or  brain,  from  the  parenchymatous  degenera- 
tion. 

The  more  we  believe  in  the  high  temperature  being 
the  cause  of  death,  the  more  active  will  be  our  efforts  for 
its  reduction.     The  most  natural  way  to  cool  something 


464 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES.  ?»J'>e»ti»erapeatic8. 

Halneotherapentlcs. 


which  Is  hot  is  to  dip  it  in  cold  water  ;  but  the  human 
body  has  the  faculty  of  regulating  its  temperature  by 
regulating  the  loss  of  heat  and  the  subsequent  produc- 
tion. When  the  surrounding  atmosphere  is  warm,  blood 
flows  to  the  surface,  the  perspiration  is  increased,  and  its 
evaporation  cools  th^  person  ;  when  it  is  cold  the  cutane- 
ous vessels  contract,  and  blood  goes  to  the  internal  organs. 
This  regulation  of  heat-productiorl  causes  the  diflBculty  in 
treating  fevers,  for  when  the  temperature  has  been  re- 
duced it  again  rises.  If  the  amount  of  heat  abstracted  be 
excessive,  after  a  time  the  reproduction  diminishes  and 
the  temperature  falls  permanently.  After  the  efforts  at 
lowering  the  temperature  have  been  discontinued,  this 
often  continues  to  fall  for  some  time.  To  be  successful 
this  treatment  must  be  pursued  energetically  and  repeat- 
edly till  the  temperature  remains  low.  At  first  it  may  be 
necessary  to  repeat  the  bath  ten  or  twelve  times  in  twenty- 
four  hours.  The  effect  of  the  means  used  will  depend  on 
many  things, — on  the  size  and  the  degree  of  fatness  of  the 
patient,  as  well  as  on  the  relation  of  the  time  of  day  to 
that  at  which  there  would  be  a  natural  fall  of  tempera- 
ture, and  also  on  the  fact  that  when  the  temperature  is 
falling  the  bath  is  more  effective.  If  it  is  rising  when  the 
bath  IS  ^ven  it  is  less  effective  ;  hence  baths  are  said  to 
cause  most  abstraction  of  heat  when  given  in  the  evening, 
or  especially  after  midnight.  If  we  try  the  temperature  of 
the  water  immediately  before  and  after  the  bath  and  mul- 
tiply the  number  of  kilogrammes  of  water  in  the  bath  by 
the  increased  temperature,  it  gives  the  number  of  calorics 
removed  from  the  body.  (A  caloric  is  the  amount  of 
heat  required  to  raise  one  kilogramme  of  water  1°  C.) 

One  of  the  most  effective  and  common  ways  of  abstract- 
ing heat  is  by  the  cold  full  bath  ;  the  effect  of  this  is  pro- 
portioned to  the  coldness  of  the  water  and  duration  of  the 
hath.  A  bath  of  20°  C.  (68°  P.)  has  more  than  twice  the 
effect  of  one  at  28°  C.  (82°  P.).  Liebermeister  thinks 
that  for  an  adult  the  bath  should  be  about  15°  C.  (59°  P.), 
and,  as  the  greatest  amount  of  heat  is  given  out  at  first, 
that  the  baths  Should  be  brief  and  frequent ;  he  thinks 
the  effect  of  tepid  baths  does  not  compare  with  that  of 
cold  baths,  unless  in  the  case  of  children,  in  whom  the 
proportion  of  surface  is  so  much  greater  as  compared 
with  the  interior  of  the  body. 

Ziemssen,  in  some  cases,  recommends  baths  begun  at 
35°  C.  (95°  P.),  and  cooled  in  ten  or  fifteen  minutes  to 
20°  C.  (68°  F.)  ("graduated  baths") ;  the  patient  may  re- 
main in  the  bath  from  twenty  to  thirty  minutes,  till  he 
feels  chilly  or  the  teeth  chatter,  when  he  should  be  put  in 
a  warm  bed.  This  is  the  only  bath  permissible  in  some 
cases  in  which  the  heart  is  feeble  or  the  patient  very  sen- 
sitive. Some  claim  that  baths  are  much  more  effective 
and  give  less  shook  than  douches ;  but  the  latter  may  be 
tried  for  deficient  respiration  or  comatose  conditions.  If 
the  effect  on  the  head  is  all  that  is  desired,  the  body  up  to 
the  neck  may  be  immersed  in  a  warm  bath,  while  the 
head  is  douched ;  if  the  respiration  is  to  be  stimulated 
during  the  douche  the  chest  may  be  lifted  out  of  the 
water  and  afterward  submerged  again ;  the  latter  pro- 
cedure may  be  useful  in  poisoning  by  carbonic  oxide  or 
opium. 

According  to  Liebermeister,  the  most  marked  effect 
was  produced  by  baths  taken  during  the  night ;  the  re- 
duction of  the  temperature  was  greater  in  typhoid  fever 
than  in  pneumonia,  and  it  was  more  marked  in  men  than 
in  women  (possibly  from  the  gi'eater  amount  of  subcuta- 
neous fat  in  the  latter). 

In  deciding  when  abstraction  of  heat  may  be  resorted 
to,  Leichtenstern  claims,  "  A  man  can  suffer  no  harm 
from  cooling  as  long  as  his  temperature  does  not  go  be- 
low the  normal  point ;"  thus  one  who  has  been  heated  by 
a  Turkish  or  Russian  bath  can  take  a  cold  plunge  and 
so  cool  off  suddenly  without  injury.  The  bath  being  about 
the  temperature  of  the  room,  the  patient  may  be  kept  in 
it  ten  minutes  ;  or  if  he  gets  chilly,  only  seven  or  five, 
minutes.  Then  he  should  be  put  to  bed  (without  drying) 
and  covered  with  dry  clothes. 

Thin  patients  or  young  children  should  not  take  baths 
so  cold  or  so  long  continued  as  those  taken  by  adults  and 
stout  persons.  W hen  the  temperature  rises  to  39°  C. 
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(102.2°  P.)  in  the  axilla,  or  39.5°  C.  (103°  P.)  in  the  rec- 
tum, the  bath  should  be  repeated,  every  two  hours  if 
necessary. 

Liebermeister  considers  abstraction  of  heat  permissible 
and  advisable  in  any  acute  febrile  disease,  when  the  tem- 
perature rises  to  a  high  degree.  In  chronic  diseases  with 
fever  (as  phthisis),  it  is  also  applicable. 

Contra-indications  are  haemorrhages  ;  feeble  heart  due 
to  the  fever  or  pre-existing  disease  ;  long  continued  de- 
pression following  the  bath  ;  menstruation,  unless  danger 
from  the  fever  is  imminent.  The  same  authority  states 
that,  unless  the  fever  is  so  high  as  to  demand  special 
treatment,  he  would  not  resort  to  baths  in  cases  in  which 
the  cause  of  the  fever  can  be  removed,  as  is  true  of  cases 
of  abscess,  of  intermittent  fever,  of  rheumatism,  etc. 
When  the  temperature  is  above  39°  C.  (102.2°  P.)  for  a 
length  of  time,  we  should  not  wait  for  dangerous  symp- 
toms to  begin  baths.  We  need  not  expect  to  arrest  the 
fever  entirely ;  it  is  sufficient  to  obtain  decided  remissions 
of  some  duration. 

In  giving  baths  to  typhoid  patients,  it  is  advisable  to 
have  a  bath-tub  long  enough  for  the  patient  to  lie  in  it 
with  the  shoulders  covered  by  water.  The  tub  should 
be  placed  parallel  and  near  to  the  bed,  but  separated  from 
it  by  a  screen  ;  then  it  should  be  quietly  filled,  the  screen 
removed,  the  patient  lifted  into  the  tub,  and  some  cold 
water  poured  over  his  head.  While  in  the  bath  the  pa- 
tient should  be  gently  rubbed ;  then  he  should  be  re- 
moved, clothed,  the  feet  wrapped  in  flannel  and,  if  neces- 
sary, hot  bottles  put  to  them.  If  the  water  has  not  been 
fouled  by  the  patie!ht,  it  may  be  used  over  again. 

The  physiological  effect  of  the  bath  varies  with  the 
duration  and  temperature  :  the  latter  may  be  from  6°  to 
12°  C.  (43°  to  54°  P.).  The  nervous  excitement  produced 
by  the  low  temperature  and  the  sudden  impression  of 
cold,  is  considerable,  as  is  also  the  abstraction  of  heat ;  at 
the  same  time  the  subsequent  reaction  is  more  intense 
than  is  the  case  with  any  other  form  of  bath  ;  hence,  the 
marked  tissue-changes. 

The  lialf-iath  is  given  at  a  temperature  of  15°  to  25°  0. 
(59°  to  77°  P.)  for  five  to  fifteen  minutes  ;  while  the  pa- 
tient is  in  the  bath  a  cold  compi-ess  is  kept  on  his  head  ; 
this  causes  less  shock  to  the  nervous  system. 

Foot-battis,  in  which  the  feet  are  covered  with  water, 
hot  or  cold,  are  used  for  various  purposes.  The  hot  foot- 
bath, rendered  more  active  by  the  addition  of  mustard,  is 
used  in  feverish  complaints  with  headache.  After  the  bath 
the  patient  is  wrapped  up  warmly  and  a  hot  drink  is 
mven  to  him ;  cf ter  which  he  usually  sweats  profusely. 
Cold  foot-baths  are  employed  in  congestive  headaches ; 
after  the  bath  the  feet  are  rubbed  briskly. 

Cold  bathing  in  a  wash-basin  is  the  simplest  form  of 
applying  hydrotherapeusis.  By  it  the  skin  is  cleansed, 
and  it  induces  some  nervous  stimulation.  Cold  sponging 
is  an  easy  way  of  cooling  off  a  fever  patient. 

Cold  frictions  are  made  by  applying  a  towel  wet  with 
cold  water  to  the  body,  and  rubbing  briskly  over  it; 
over  the  abdomen  the  friction  should  be  in  a  circle,  and 
the  stomach  should  not  be  pressed  upon  ;  then  the  moist 
cloth  should  be  replaced  by  a  dry  one,  and  the  rubbing 
repeated.  This  acts  as  a  stitnulant,  the  respiration  becomes 
more  powerful,  the  pulse  slower.  The  enlarged  blood- 
vessels on  the  surface  cause  reduction  of  blood-pressure  ; 
there  is  derivation  of  blood  from  the  internal  organs.  It 
is  in  this  way  that  beneficial  effects  are  produced  in  em- 
physema and  catarrh  of  the  respiratory  and  intestinal  or- 
gans. 

Cold  Wet  Pack.— A.  blanket  is  laid  on  a  bed,  and  a  wet 
sheet  is  placed  on  it ;  on  the  middle  of  this  the  patient 
lies  down  on  his  back,  the  arms  crossed,  and  the  legs  ex- 
tended and  close  together  ;  the  sheet  is  next  folded  tight 
over  the  body,  close  up  to  the  chin  and  between,  the  legs, 
so  as  to  touch  all  parts  ;  then  the  blanket  is  to  be  placed 
tightly  over  the  patient  in  the  same  way.  A  cold  wet 
compress  should  be  applied  to  the  head.  Besides  this 
method  of  packing  the  entire  body,  individual  parts  may 
be  treated  in  the  same  way. 

The  effect  of  the  general  pack  is  first  to  stimulate  the 
peripheral   nerves   when  the  surroundings   have  been 

465 


Balneotherapeutics, 
Balsam  of  Fern. 


EEFEEENCE  HANDBOOK   OF  THE  MEBICAL   SCIENCES. 


brought  to  the  temperature  of  the  body,  abstraction  of 
heat  ceases,  the  pulse  and  respiration  become  less  fre- 
quent, the  cutaneous  vessels  dilate,  there  is  restfulness 
and  inclination  to  sleep.  If  the  escape  of  heat  be  im- 
peded by  the  wraps  for  a  length  of  time,  the  tempera- 
ture will  rise,  perhaps,  in  ten  minutes  ;  if  the  object  be 
to  lower  the  bodily  heat,  as  soon  as  the  pulse  begins  to 
rise  the  pack  must  be  renewed  ;  with  successive  renewals 
the  temperature  rises  more  slowly  (in  fifteen  to  twenty 
minutes),  till  finally  it  is  arrested  at  a  satisfactory  point. 
Liebermeister  thinks  that  four  packs  have  about  as  much 
effect  as  one  cold  full  bath.  But  the  patient  must  be 
watched  to  see  that  reaction  takes  place  ;  it  may  be  nec- 
essary to  apply  hot  bottles,  etc.,  to  the  feet.  When  the 
pack  is  over,  the  relaxed  cutaneous  vessels  should  be 
toned  up  by  cool  sponging  and  friction. 

The  pack  may  be  used  in  high  temperatures  from 
idiopathic  fevers,  catarrhs,  inflammations,  rheumatism, 
gout,  etc.;  it  is  also  beneficial  in  neuralgias,  lumbago, 
etc.,  and  to  cause  absorption  of  exudations. 

In  the  Medical  Record,  1 877,  is  described  G.  W.  Kibbe's 
cot,  which  is  a  common  cot-bed  covered  with  cotton  net- 
ting ;  on  this  is  placed  a  sheet  upon  which  the  patient 
lies ;  the  sheet  is  folded  over  him  and  then  wetted  with  cold 
water.  Under  the  netting  is  a  rubber  sheet  to  catch  the 
water  and  convey  it  into  a  bucket. 

Cold  douches  and  plunge-baths  have  a  combined  me- 
chanical and  thermic  effect,  which  varies  with  the  amount 
and  temperature  of  the  water  and  the  height  from  which 
it  is  poured.  The  patient  being  in  a  tub,  cold  water 
may  be  poured  on  the  head  or  bodyfrom  a  height,  or  it 
may  be  sprinkled  over  him  ;  of  course,  the  colder  the 
water,  the  greater  the  height,  and  the  larger  and  more 
continued  the  stream,  the  more  decided  will  be  the  effect. 
In  a  gitz  bath,  as  the  name  implies,  the  patient  sits  in 
water,  the  body  being  covered  with  a  blanket ;  cold 
water  causes  contraction  of  the  abdominal  vessels,  hot 
water  the  opposite.  Cold  sitz  baths,  of  8°  to  15°  C. 
(46°  to  59°  F.),  continued  ten  to  thirty  minutes,  reduce 
the  amount  of  blood  in  the  abdominal  organs,  viz.,  the 
liver,  spleen,  etc.,  and  are  used  in  enlargement  of  these 
organs,  and  in  diarrhoeas.  The  opposite  effect  is  induced 
by  baths  continued  but  a  short  time  (five  minutes) ;  these 
are  employed  in  sluggish  circulation  in  the  liver  and 
spleen,  and  inactivity  of  the  bladder  or  bowels. 

The  moist  compress,  of  pieces  of  linen  or  muslin,  of  vari- 
able size  or  thickness,  wrung  out  of  cold  water,  is  ap- 
plied to  different  parts  of  the  body  ;  when  applied  around 
the  body  it  is  called  Neptune's  girdle,  and  is  applied  like 
a  bandage,  only  the  part  which  goes  next  the  body  being 
wet.  The  object  of  the  cold  compress  is  the  reduction 
of  the  blood-supply,  and  the  temperature.  It  may  be 
left  on  the  part,  and  be  kept  wet  by  dropping  water  on 
it  by  a  siphon  arrangement.  Cold  compresses  are  ap- 
plied in  the  same  way  to  the  head,  chest,  calves  of  the 
leg,  throat,  etc. 

Sometimes  it  is  desired  to  get  the  cooling  efliect  of  cold 
water  without  the  wetting  ;  this  may  be  accomplished 
by  passing  water,  siphon  fashion,  through  rubber  or  metal 
■  tubes  ;  one  end  of  the  tube  being  fastened  in  a  bucket  of 
water,  the  other  end  being  arranged  so  that  water  flow- 
ing through  it  may  pass  into  some  receptacle,  while  the 
intermediate  part  may  be  disposed  in  such  a  manner  as 
to  fit  any  portion  of  the  body,  by  being  coiled  on  itself 
and  fastened  to  a  ijiece  of  muslin  to  keep  it  in  shape.  A 
similar  arrangement  may  be  used  for  the  rectum  or 
vagina. 

Chapman's  ice-bags  would  come  under  the  same  head- 
ing. These  are  made  for  the  purpose  of  applying  ice 
along  the  spine,  with  the  idea  of  alternating  this  applica- 
tion with  that  of  heat  over  that  part  of  the  spine  in  which 
lies  the;  central  organ  of  the  part  we  desire  to  affect. 

Ice-bags  applied  over  the  heart  reduce  the  frequency  of 
its  pulsations  ;  applied  to  the  head,  they  often  beneficially 
affect  the  brain.  Drinking  cold  water,  eating  ice,  etc., 
lower  the  temperature  by  so  much  as  is  required  to  heat 
them  to  100°  F. 

Cold  enemata,  for  the  purpose  of  reducing  bodily  tem- 
perature, may  be  given  by  means  of  a  rubber  tube  several 
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feet  long,  with  a  nozzle  to  insert  in  the  rectum  at  one  end 
and  at  the  other  end  a  tin  receptacle  for  holding  the 
cold  water.  When  we  wish  to  inject  the  water,  the  re- 
ceptacle must  be  elevated ;  when  the  patient  feels  that 
enough  has  entered  the  bowel,  the  vessel  should  he  low- 
ered and  the  water  will  flow  back  into  it ;  fresh  water 
may  be  used,  and  the  operation  repeated,  without  re- 
moving the  nozzle,  till  the  temperature  in  the  axilla  has 
been  reduced  some  degrees.  Where  this  procedure  an- 
swers the  purpose,  it  is  more  easily  carried  out  than 
bathing. 

The  above  represents  fairly  the  present  status  of  Balne- 
ology in  (Jermany,  where  it  has  of  late  been  most  accu- 
rately and  extensively  studied. 

Balneotherapeutics  may  trace  its  origin  far  back,  baths 
having  been  eniployed  therapeutically  by  Hippocrates 
and  other  ancient  authorities.  Like  many  other  modes 
of  treatment,  it  has  gained  and  lost  in  popularity.  For 
a  complete  history  of  balneotherapeutics,  see  Lieber- 
meister's  article  in  Ziemssen's  "AUgemeine  Therapie," 
vol.  i 

Let  us  now  look  at  some  English  and  American  views. 

At  the  end  of  the  last  century,  James  Currie,  M.D.,  of 
Liverpool,  published  his  "Medical  Eeports,"  in  which 
he  gives  the  results  of  very  careful  observations  on  the 
effects  of  cold  affusions  in  various  diseases.  He  pre- 
ferred salt-water  in  the  proportion  of  one  part  of  salt  to 
about  twenty-four  of  water,  and,  in  sthenic  patients, 
of  a  temperature  of  40°  to  50°  F.  in  the  early  stage  of 
disease. 

Later  he  gives  some  account  of  an  epidemic  of  typhus 
which  occurred  among  French  prisoners  at  Stapleton, 
in  1805,  and  here  douches  were  used  according  to  his 
plan  in  815  cases  ;  over  300  cases  were  cut  short ;  of  the 
remainder,  41  died — that  is,  about  five  per  cent,  of  the 
entire  number,  which  is  as  successful  as  the  results  of 
more  recent  observers. 

Currie  used  the  thermometer  (he  even  had  a  self-regis- 
tering thermometer)  in  his  cases,  and,  in  typhus  cases  es- 
pecially, he  began  his  affusions  when  he  found  the  temper, 
ature  above  normal  and  the  patient  not  feeling  chilly, 
particularly  if  there  was  any  delirium.  When  the  cases 
were  properly  selected,  he  claims  that  there  was  almost 
universally  a  clearing  of  the  intellect,  refreshing  sleep, 
and  general  improvement ;  if  the  fever  recurred,  the 
douche  was  repeated.  The  patient  was  stripped,  and 
cold  salt-water  poured  over  the  head  and  body.  In  some 
cases  this  was  repeated  ten  or  twelve  times  the  first  day ; 
subsequently,  perhaps  once  daily. 

Currie  claims  that  there  is  no  absorption  through 
healthy  skin,  basing  his  conclusion  on  his  own  observa- 
tions and  those  of  M.  Seguin. 

He  says  that  cold  affusion  is  best  used  in  continued  fever, 
when  the  temperature  has  begun  to  decline,  usually  about 
6  to  9  P.M.,  "  When  there  is  no  sense  of  chilliness  pres- 
ent, when  the  heat  of  the  surface  is  steadily  above  what 
is  natural,  and  when  there  is  no  general  or  profuse  per- 
spiration." 

If  the  perspiration  has  just  begun,  there  is  little  risk ; 
but  if  it  has  continued  for  some  time,  the  cold  douche 
is  dangerous.  When  it  is  used  in  advanced  stages 
of  the  disease,  some  form  of  stimulus  may  be  given 
at  the  same  time.  In  the  early  stages  (first  three  to 
five  days)  Currie  employed  water  having  a  temperature 
of  40°  to  50°  F.,  saturated  with  sea  salt,  or,  in  feeblo 
cases,  water  only  15°  to  20°  below  the  normal  body-heat. 
At  the  same  time  he  gave  an  opium  draught  at  bedtime, 
and  attached  importance  to  having  the  bowels  evacuated 
daily  (in  typhus). 

The  coincident  exhibition  of  calomel,  or  even  the  pres- 
ence of  salivation,  was  not  considered  by  him  to  be  an 
adequate  contraindication. 

Currie  used  the  douche  also  in  variola,  scarlatina,  and 
intermittents. 

He  says  that  during  the  cold  stage  the  drinking  of 
cold  water  should  be  avoided,  but  during  the  hot  stage 
it  may  be  drank  freely,  the  more  so  the  higher  the 
fever  ;  but  it  should  be  forbidden  when  sweating  is  free. 

Plunging  the  patient  into  cold  salt-water  is  highly  reo 
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ommended  in  tetanus  and  other  convulsive  disorders, 
especially  during  the  convulsion,  -which  is  shortened  or 
arrested,  and  its  return  is  retarded  or  prevented. 

The  London  Med.  Times  and  Gazette,  March  1,  1884, 
contains  a  report  of  a  paper  by  Dr.  Sidney  Coupland,  fav- 
oring the  use  of  cold  baths  in  typhoid  fever,  with  a  re- 
port of  the  discussion  which  took  place  on  it  before  the 
London  Medical  Society.  The  opposition  was  led  by 
Dr.  Bristowe.  Dr.  Coupland  claimed  "that  the  cold 
bath  treatment,  when  commenced  early  and  ea/rried  mit 
xyatematically,  tended  to  abort  the  disease,  to  minimize 
the  sequelsB,  to  hasten  recovery,  and  to  lower  the  mor- 
tality of  typhoid  fever."  The  editor  says,  "We  must 
frankly  admit  that  we  were  not  quite  prepared  for  such 
an  almost  complete  agreement  in  professional  feeling  on 
this  subject.  The  cold  bath  treatment  of  fever  seems, 
at  first  sight,  somewhat  unnatural ;  it  runs  counter  to 
some  of  our  most  cherished  notions ;  it  goes  contrary 
to  popular  traditions  and  popular  prejudices.  .  .  .  One 
remarlcable  outcome,  and  its  correctness  was  amply  cor- 
roborated by  other  speakers,  was  to  show  that  pulmonary 
troubles  are  considerably  lessened  by  this  plan  of  treat- 
ment, these  popular  traditions  notwithstanding.  Another 
outcome  was  to  show  that  the  characteristic — the  intesti- 
nal— lesions  are  the  most  serious,  the  most  to  be  dreaded, 
and  the  least  amenable  to  any  form  of  treatment.  Death, 
however,  not  infrequently  occurs  in  consequence  of  these 
causes,  and  all  the  evidence  went  to  show  that  these  acci- 
dental consequences  are  largely  and  favorably  influenced 
by  the  cold  bath  treatment,  while  deaths  from  purely 
hyper-pyrexial  causes  are  almost  abolished." 

Dr.  George  L.  Peabody  (New  York  Medical  News,  1884) 
gives  some  tables  showing  the  mortality  of  typhoid  fever 
under  expectant  treatment,  in  the  armies  of  Germany  and 
the  United  States,  and  compares  this  with  cases  treated 
by  cold  water,  showing  a  difference  of  over  fifty  per  cent, 
in  the  death-rates ;  under  the  former,  from  eighteen  to 
forty-nine  per  cent,  being  lost ;  while,  under  the  latter, 
about  ten  per  cent,  or  less  died.  While  urging  the  use  of 
cold  baths,  especially  early  in  the  disease,  he  says,  "  It  is 
not  claimed  that  all  cases  can  be  safely  or  properly  sub- 
jected to  prolonged  cold  bathing.  As  contra-indications 
may  be  mentioned  intestinal  hsemorrhage  or  perforation, 
or  peritonitis ;  aphonia  from  ulceration  of  the  larynx, 
which  may  threaten  oedema  of  the  glottis  ;  marked  de- 
grees of  heart  weakness,  in  which  the  internal  temperature 
IS  high,  with  cool  extremities,  pulse  and  hea^-t  impulse 
being  very  weak ;  also  venous  congestion  from  chi-onic 
bronchitis,  emphysema,  and  heart  disease." 

While  having  faith  in  the  efBcacy  of  cold  water  in  cases 
of  typhoid  fever,  when  early  applied,  the  writer  feels  less 
obliged  to  resort  to  it  since  he  has  seen  the  effects  of 
antipyrine.  When  this  remedy  is  given  to  a  patient  with 
a  temperature  of  104°  F.  or  more,  in.  the  dose  of  3  ss. 
repeated  after  one  hour  in  the  same  dose,  and  in  another 
hour  in  a  dose  of  gr.  xv.,  it  will  usually  lower  the  tem- 
perature three  or  four  degrees,  leaving  the  intellect  clear 
and  tongue  clean.  This  may  be  repeated  when  the  tem- 
perature rises,  just  as  is  advised  in  case  of  the  bath. 

Dr.  W.  M.  Ord  reports  two  cases  of  acute  rheumatism, 
in  which  the  bath  was  employed ;  in  one  the  temperature 
was  106",  and  during  the  bath  it  fell  to  96.5° ;  in  the 
second  it  was  106.4°,  and  fell  to  96.6°.  The  effect  in 
both  cases  was  lasting  ;  in  both  salicylate  of  soda  had  pre- 
viously been  tried  ineffectually. 

In  htsolaiion,  treatment  by  baths  is  most  successful. 
The  writer  of  this  has  seen  several  cases,  in  which  the  tem- 
perature rose  to  109°  and  110°,  recover  promptly  under 
baths  and  the  internal  use  of  water. 

So  far  as  the  writer  has  been  able  to  discover,  the  bath 
treatment  of  typhoid  fever  in  hospitals  in  America  has 
not  been  So  successful  as  in  Germany.  Possibly  a  reason 
for  this  may  be  found  in  the  fact  that  our  patients  may 
come  under  treatment  later  in  the  disease,  having  better 
means  for  being  treated  at  home,  till  it  is  found  that  they 
are  really  going  to  be  ill  for  a  length  of  time. 

In  "  water  cures,"  among  the  most  frequent  ailments 
treated  are  indigestion,  abdominal  plethora,  inducing 
habitual  constipation  and  engorgement  of  the  ovaries 


and  uterus,  with  the  endless  series  of  indefinite  so-called 
"  womb  troubles."  In  such  affections  compresses  mois- 
tened with  ordinary  or  saline  waters,  and  called  "  hydro- 
therapeutic  belts,"  applied  over  the  abdomen  for  an  hour 
or  so  at  a  time,  combined  with  drinking  freely  of  water, 
early  hours  for  retiring  and  for  rising,  with  simple  diet, 
sometimes  work  wonders. 

A  tendency  to  "  catch  cold"  from  fatal  facility  to  per- 
spire may  be  combated  by  baths.  In  such  cases  it  is 
often  desirable  not  to  employ  too  much  water,  but  to  ex- 
pose the  body  freely,  giving  an  air  bath. 

Chas.  E.  HaMey. 

BALSAM  OF  PERU  {Balsamum  Peruvianum,  TJ.  S. 
Ph.,  Br.  Ph.,  Ph.  G.  ;  Baume  de  Perou  novr,  Baume  San 
Salvador,  Baume  de  Sansonate,  Codex  Med.).  A  partly 
empyreumatic,  liquid,  resinous  product,  obtained  from 
Toluifcra  Pereirm  Baillon  ;  Myroxylqn  Pereirm  Klotsch. 
Order,  LeguminoscB  Papilionaoew.  This  is  a  good  sized 
tree,  with  a  dark,  smooth  trunk,  branching  near  the 
ground.  It  attains  often  a  height  of  sixteen  or  eighteen 
metres  (fifty  feet),  and  resembles,  in  its  botanical  charac- 
ters, T.  Balsamum,  described  in  the  succeeding  article.* 
The  tree  is  a  native 
of  Central  America, 
and  protected,  but 
not  really  cultivat- 
ed, as  a  source  of 
the  balsam,  in  the 
Indian  reservation 
lands  of  San  Salva-* 
dor,  along  the  Bal- 
sam Coast.  It  has 
been  introduced  in- 
to Ceylon,  where  it 
flourishes  vigorous- 
ly- 

Balsam  of  Peru 
was  one  of  the  ear- 
liest products  car- 
ried to  the  Old 
World  from  Cen- 
tral America,  and 
was  at  first  extra- 
vagantly prized  for 
its  medicinal  prop- 
erties, as  well  as  for 
its  use  as  incense 
in  the  Catholic 
churches.  It  was 
at  first  exported  in- 
directly, by  way  of 
more  southern 
South  American  ports,  and  by  this  means  it  received 
its  misleading  name  of  Balsam  of  Peru.  None  is  now, 
or  ever  has  been,  p7vduced  in  the  state  of  Peru. 

The  collection  is  made  in  November  or  December,  at 
the  end  of  the  rainy  season,  when  the  bark  is  full  of  resin. 
The  Indians,  to  whom  the  trees  belong,  then  beat  the 
trunks  on  four  sides  with  the  heads  of  their  axes,  or  with 
hammers,  so  as  to  bruise  four  strips  of  bark,  and  leave  as 
many  similar  ones  untouched.  After  a  few  days,  they 
scorch  or  ignite  the  contused  surfaces  with  torches,  which 
serves  to  increase  the  flow  of  resin,  and  then,  waiting  an- 
other week,  tear  off  the  loosened  strips  of  bruised  bark 
and  swathe  the  stems  in  rags,  to  absorb  it.  When  the 
cloths  are  saturated,  they  are  boiled  in  a  vessel  of  water, 
and  the  balsam  melted  out  of  them  collects  in  the  bottom, 
and  is  easily  separated.  The  trees  are  not  killed  by  the 
process ;  the  following  year  the  remaining  portions  are 


Fis.  377.— The  plant  yielding  Balsam  of  Pern, 
Toluifera  Balanmum.  Miller.  (Reduced.) 
(Baillon.) 


*  Indeed,  bo  close  is  this  resemblance,  that  M.  Baillon  does  not  bebeve 
their  difference  is  sufficient  to  make  a  distinct  species  of  the  present  tree. 
Hanbnry.  in  the  PharmacograpMa,  gives  the  following  tabular  view  of 
their  difference;  "  Jf.  Toluifera:  trunk  tall  and  bare,  branchmg  at 
forty  to  sixty  feet  from  the  ground,  and  forming  a  roundish  crown  of 
foliage.  Calyx  rather  tubular.  Eacemes  dense,  three  to  four  and  a  half 
inches  long.  Legumes  scarcely  narrowed  toward  the  stalk-end  U.  Per- 
eira  :  Trunk  throwing  off  ascending  branches,  at  six  to  ten  feet  from  the 
ground.  Calyx  widely  cup-shaped,  shallow.  Bacemes  loose,  six  to  seven 
inches  long.    Legumes  much  narrowed  toward  the  stalk-end. 
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Fio.  378.— Flower  of  Tol- 
nifera  Balsamus.  (En- 
larged. ) 


submitted  to  the  same,  and  in  the  second  year  those  oper- 
ated upon  first ;  so,  by  judicious  treatment,  a  continuous 
annual  yield  is  obtained. 

Description.  — Balsam  of  Peru  is  a  dark,  thickish 
liquid,  looking,  at  a  little  distance,  like  dark  molasses  ; 
when  shaken  up  upon  the  sides  of 
a  containing  glass,  the  thin  layer  so 
obtained  is  yellowish,  or  reddish- 
,  brown,  and  transparent.  It  has  a 
rather  smoky,  but  not  unpleasant 
'  balsamic  odor,  and  a  taste,  which, 
at  first  mild,  becomes  later,  in  the 
fauces,  warm  and  acrid.  It  is 
heavier  than,  and  insoluble  in, 
water;  yielding  to  it  only  a  little 
free  cinnamic  acid,  but  mixes  freely 
with  chloroform  and  absolute  al- 
cohol. It  does  not  dry,  or  undergo  much  change,  upon 
exposure  to  the  atmosphere,  and  should  contain  neither 
essential  oil  nor  fats. 

The  composition  of  the  balsam  is  not  very  simple,  but 
the  principal  constituents  are :  1.  A  resin,  insoluble  in 
carbon  bisulphide,  which  may  be  separated  by  means  of 
that  agent.  It  is  hard,  brittle,  inodorous  ;  constitutes 
from  thirty-eight  to  forty  per  cent,  of  the 
whole,  and  yields  benzoic  acid,  etc. ,  by  dis- 
tillation. 3.  Nearly  sixty  per  cent,  of  cin- 
namein,  a  brownish,  aromatic  liquid  (benzy- 
lic  cinnamate,  which  this  is  supposed  essen- 
tially to  be  when  pure,  is  a  crystalline  solid). 
3.  Traces  of  cinnamic  and  benzoic  a-cids. 

Action  and  Uses. — It  is  generally  classed 
with  stimulating  expectorants,  to  which  po- 
sition it  has  very  little  claim,  as,  in  ordinary 
doses,  its  action  upon  the  air-passages  other 
than  the  pharynx,  which  it  comes  in  contact 
with,  must  be  exceedingly  small.  There  is 
more  reason  for  expecting  some  effect  from 
it  upon  the  urinary  mucous  membranes,  but 
here  it  is  said  to  be  far  inferior  to  copaiba, 
and  similar  substances  employed  for  catarrhs 
of  this  tract.  Its  employment  in  amenor- 
rhoea,  chronic  rheumatism,  etc.,  has  been 
purely  empirical,  and  probably  useless.  Lo- 1''"-  379.— Fruit 
cally  it  is  a  mild  stimulant,  and  niay  be  use-  fBniaretdV^' 
f  ul  as  an  application  to  slow  granulating  sur- 
faces. Its  non-drjring  qualities  would,  in  certain  cases, 
give  it  a  mechanical  advantage  over  other  resins.  It  is, 
however,  very  little  used  in  medicine.  Dose,  one  or  two 
grammes  (gr.  xv.  ad  gr.  xxx.),  in  capsules,  on  sugar,  or 
in  a  syrup  or  mucilaginous  emulsion. 

Allied  Plants.— Balsam  op  Tolu.  For  the  order 
Leguminosm,  see  Senna. 

Allied  Drugs. — A  gum  resin  exudes,  naturally,  from 
the  trunk,  and  an  essential  oil  may  be  distilled  from  the 
leaves  of  the  same  tree,  but  neither  is  used.  Peru  balsam 
holds  an  intermediate  place,  in  its  action,  between  the 
other  balsams  and  mild  resins,  such  as  benzoin,  balsam  of 
Tolu,  styrax,  as  well  as  ammoniac,  galbanum,  myrrh, 
etc.,  on  the  one  hand,  and  the  tarry  substances,  oil  of 
cade,  tar,  etc. ,  on  the  other.  On  account  of  its  expensive- 
ness  it  is  frequently  adulterated.  W.  P.  Bolles. 

BALSAM  OF  TOLU.  (Balsamum  Tolutanum,  U.  S. 
Ph.,  Br.  Ph.;  Baume  de  Tolu,  Codex  Med.)  A  resinous 
product  from  Toluifera  Balsamum  Miller  ;  Order,  Legu- 
mmos(e,  Papilionacem.  The  tree  producing  this  balsam 
has  suffered  several  vicissitudes  in  the  matter  of  nomen- 
clature ;  first  called  in  1633,  by  Bauhin,  by  the  same  name 
as  that  used  now  for  its  product  (.Balsamum  tolutanum) 
I'  ^T^'  ^  '*"°<l''ed  years  later,  named  Toluifera  Balsamum 
by  MUler,  which  name  was  accepted  by  Linnseus.  Then 
the  plant  was,  for  a  time,  placed  in  the  genus  Myrosper- 
mum,  as  M.  tolutiferum,  A.  Rich,  and  finally  assigned  to  a 
new  place  and  called  Myroxylon  Toluifera,  by  Kunth  a 
name  now  in  general  use.  The  French  botanist  Baillon 
however,  and  the  authors  of  "  Medicinal  Plants,"  have  re- 
turned to  the  older  one  given  by  Miller,  Toluifera  Bal- 
samum, as  most  in  accordance  with  their  sense  of  botani- 
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cal  traditions  and  justice.*  The  plant  Jtself,  which  waa 
long  only  imperfectly  known,  was  made  familiar  a  few 
years  ago  through  the  joint  efforts  of  Mr.  Jianbury  and  n 
naturalist  named  Goering,  who  was,  at  the  time,  trave 
ling  in  South  America.  He,  at  the  request  of  the  f  ormei 
obtained  the  first  complete  botanical  specimens,  as  well  a 
some  seeds,  from  which  plants  have  since  been  grown. 

It  is  a  fine,  large  evergreen  tree,  with  a  tall,  straighl 
stem,  often  rising  from  thirteen  to  nineteen  metres  (40  to 
60  feet)  without  a  branch,  then  bearing  a  fine  round 
crown.  It  has  alternate  glandular,  odd-pinnate  leaves,  of 
from  seven  to  eleven  divisions.  The  flowers  are  small',  in 
axillary  racemes,  not  very  irregular  ;  the  calyx  is  mono- 
sepalous  and  tubular.  The  petals  distinct,  the  upper 
("  standard  ")  large  and  broad,  the  others  small  and  nar- 
row ;  stamens  ten,  nearly  or  quite  distinct ;  ovary  stalked' 
long,  one-  or  two-seeded  at  the  apex.  Fruit  winged  be- 
low. The  leaves  contain  abundance  of  fragrant  oil,  the 
branches  and  stem  are  filled  with  oil  and  resin.  It  is  a 
native  of  Venezuela  and  New  Granada.  The  balsam  has 
been  exported  from  the  latter  state  since  the  middle  of  the 
sixteenth  century.  It  is  collected  by  the  Indians,  and 
was  already  an  object  of  value  among  them  when  the 
country  was  discovered. 

Collection. — Deep  V-shaped  incisions  are  made  in  the 
trunk,  and  at  or  below  the  point  where  they  meet,  a 
vessel  is  fastened  to  receive  the  exudation.  These  recep- 
tacles are  usually  calabashes  or  gourds,  and  many  such 
may  be  arranged,  at  thg  same  time,  around  the  stem  of 
a  large  tree.  As  they  become  filled  they  are  emptied  into 
leather  bags,  in  which  they  are  carried  to  the  market  or 
town,  and  there  again,  they  are  at  present  usually  emptied 
into  tin  cans  for  exportation. 

It  is  a  soft,  brown,  resinous  substance,  when  fresh 
sometimes  thin  enough  to  pour  ;  usually  soft  enough  to 
be  dipped  out  with  a  spoon  or  spatula,  but  upon  exposure 
becomes  harder  and  finally  brittle,  although  easily  soft- 
ened by  warmth.  It  has  a  brown  color,  but  in  thin 
layers  is  yellowish,  and  either  transparent  or  cloudy,  by 
the  deposition  of  crystals  of  cinnamic  acid.  The  odor  is 
delicate  and  very  pleasant,  recalling  that  of  Siam  benzoin, 
and  improves  by  age.  The  balsam  is  almost  insoluble  ia 
water,  but  freely  soluble  in  alcohol  and  chloroform.  Its 
principal  constituents  are  essential  oil  in  small  but  varying 
quantity  :_  resin,  from  eighty  to  ninety  per  cent. ;  cinnamic 
and  benzoic  acids,  together  about  twelve  per  cent. ,  and  traces 
of  other  related  compounds.  The  resin  can  be  separated 
into  two  resins  by  treatment  with  alcohol ;  by  destructive 
distillation  it  affords  benzoic  acid  and  other  products.  (It 
is  probably  the  same  as  the  resin  of  balsam  of  Peru.) 

The  medicinal  qualities  of  Tolu  are  even  less  marked 
than  those  of  Peru  balsam,  as  the  acrid  quality  of  the  latter 
is  almost  wanting  in  the  former ;  still  it  is  very  much  the 
more  in  use,  on  account  of  its  pleasant  odor  and  taste.  It 
is  usually  called  expectorant,  etc.,  and  is  a  common  in- 
gredient in  cough  and  similar  mixtures,  but  in  a  form 
which  is  medically  wholly  inert,  further  than  for  a  pass- 
ing local  effect  upon  the  fauces.  If  given  with  any  ex- 
pectation of  modifying  the  bronchial  surfaces,  it  must  be 
in  doses  of  not  less  than  one  or  two  grammes  (1  to  3  Gm.  = 
gr.  XV.  ad  xxx.)  or,  probably,  better  by  vapor.  Of  the 
preparations,  the  syrup  (Syrupus  Tolutanus,  U.  S.  Ph.), 
although  nominally  made  with  four  per  cent,  of  the  bal- 
sam, in  reality  contains  less  than  one  per  cent.,  and  that 
of  the  oil  and  crystallizable  acids  only,  not  of  the  resin.  It 
is  simply  a  vehicle.  The  tincture,  Tinciura  Tolutanum, 
U.  S.  Ph.,  strength  one-tenth,  represents  the  entire 
balsam,  but  contains  a  large  dose  of  alcohol  in  addition 
to  the  medicine  in  question.  In  the  compound  tincture  of 
benzoin  {Tinctura  Benzoini  Oomposita,  U.  S.  Ph.)  it  is  a 
subordinate  adjunct.  So  the  best  ways  to  give  the  bal- 
sam internally  and  alone  are  by  pill  or  an  emulsion  extem- 
poraneously made.  Both  this  and  the  preceding  balsam 
are  used  in  toilet  soaps  and  lor  similar  purposes,  as  per- 
fumes, etc. 


*  For  lurther  information  on  this  eubjeot  see  Baillon  :  Hietoire  lies 
Plautee,  andBotaniqueMtdicale;  Bentley and  Trimmen :  Medical  Plantii 
etc.;  Haubury:  Science  Fapers,  etc. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Balsam  of  Pern. 
Bandaging. 


Allied  Plants. — See  the  preceding  article.  For  a 
notice  of  the  order,  see  Senna. 

'  Allied  Dbtjgb. — See  the  preceding  article,  also  Ben- 
zoin.' W.  P.  BoUes. 


BALTIMORE.  The  accompanjdng  chart,  representing 
the  climate  of  the  city  of  Baltimore,  Md. ,  and  obtained 
from  the  Chief  Signal  Oflace  in  Washington,  is  here  in- 
serted for  convenience  of  reference.    A  detailed  explana- 


Climate  of  Baltimore,  Md.—LatUucle  39°  18',  Longitude  76°  ST.—P&riod  of  Observations,  JanvMry  1, 1871,  to  Decem- 
ber  31,  1883. — Elevation  of  Place  of  Observation  above  the  Sea-level,  lifeet. 
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Mean  temperature 
for  period  of  ob- 
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77.0 
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71  0 

65.0 

60.5 

60.6 

61,0 
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48  5 

64.5 

40  (1 

64.3 

46  0 
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61  II 
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74.0 
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50  0 

66.0 
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68.7 

84  0 

68.6 
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66.4 
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13.2 
12.5 
11.5 
12.6 
11.9 
15.6 
14.5 
11.9 
11.2 
12.2 
11.1 
18.5 

36.0 
42.0 
34.5 
89.2 
151.7 


M 


'S'^, 
§& 


7.0 
7.9 
8.9 
7.5 
10.8 
7.2 
9.2 
10.1 
10.5 
11.1 
9.8 
8.0 

27.2 
26.5 
31.4 
S2.9 
108.0 


1^ 

Hi 


20.2 
20.4 
20.4 
20.1 
22.7 
22.8 
28.7 
22.0 
21.7 
23.3 
20.9 
21.5 

63.2 
68.5 
65.9 
62.1 
269.7 


Inches, 
3.05 
3.03 


3.94 
4.06 
4.46 
4.34 
2.97 
3.04 
S.U 


12.46 
10.35 
9.19 
41.93 


*c3  O 
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N.W, 

N,W, 

N,W. 

N.W, 

S.B. 

S. 

S.W. 

S. 

N. 

N.W. 

N.W. 

N.W. 

N.W. 

S. 
N.W. 
N.W. 
N.W. 


bCiu 


Miles. 
5.5 
6.1 
7.1 
6.8 
6.0 
6.0 
5.6 
4.9 
5.2 
5.8 
5.5 
5.7 


5.5 
5.8 
5.8 
5.8 


*  Miles  per  hour.. 

tion  of  this  and  other  similar  charts  will  he  found  under 
the  heading  Ciimatb  ;  where  also  the  reader  may  find 
suggestions  as  to  the  best  method  of  using  these  charts. 


BALLSTON  SPA.  Location  and  Post-office,  BallstSn, 
Saratoga  County,  New  Tork. 

Access. — ^Ballston  is  on  the  Saratoga  &  Champlain 
Division  of  the  Delaware  &  Hudson  Canal  Co.'s  Railroad, 
twenty-five  miles  north  of  Albany. 

Thekapbutic  Pkopektibs. — These  waters  are  similar 
in  their  composition  to  those  of  Saratoga,  but  are  richer  in 
mineral  constituents,  especially  the  Ballston  and  Franklin 
Artesian  Wells.  For  those  desiring  to  use  the  water 
medicinally,  and  to  avoid  the  gaiety  and  excitement  of 
Saratoga,  Ballston  Spa  offers  every  inducement.  The 
waters  are  characterized  by  a  large  proportion  of  sodium 


chloride  and  carbonic  acid  gas  ;  there  are  also  traces  of 
lithia,  iodine,  and  iron.  They  are  classed,  generally,  as 
carbonated  saline  waters,  tonic,  alterative,  and  cathartic. 

Analysis. 


One  pint  contains : 

a. 

Ballston    Arte- 
sian  Lithian 
Well.    52°  P. 
C.F.  Chandler. 

Franklin    Arte- 
sian Well. 
52°  P.    C.  P. 
Chandler. 

Conde  Denton- 
ean  Well. 
49°  F,     0.  P, 
Chandler. 

Solids. 
Carbonate  of  soda 

Grains. 

2.11 

0.72 

-    trace. 

3.65 

■B3!i2 

"i'.OO 

Grains. 
1.0.S4 

13.378 
0.143 

20.675 
0.701 
0.083 
0.397 
4.159 

93.753 
0,065 

'6  loos 

0.015 
0.455 
trace, 
trace. 
0.009 
0.095 
trace. 

Grains. 

8.200 
13.175 

0.146 
17. BOB 

0.613 

trace. 

0.125 

4.241 
82.418 

0.095 

'o.'ooi 

0.029 
0.B83 
trace, 
trace. 
0,032 
0.098 
trace. 

Grains. 
2.932 

Carbonate  of  magnesia 

11.789 
0.208 

15.494 

Carbonate  of  lithift 

Carbonate  of  strontia 

Carbonate  of  baryta 

Chloride  of  potassium 

Chloride  of  sodium 

Sulphate  of  potassa 

0.950 
0.U18 
0.484 
1.1B4 
SO.  685 
trace. 

trace. 

0.088 

Bromide  of  sodium 

Fluoride  of  calcium 

0.296 
trace, 
trace. 

0.049 

Silica 

0.128 
trace. 

60.82 

134.968 

127 .316 

114.20B 

Carbonic  acid  gas,  cub.  in.. 

30.50 

53.26 

57.51 

44.79 

George  B.  Fowler. 

BANDAGING.  Bandages  are  made  of  linen  or  cotton 
cloth,  flannel  or  caoutchouc.  Flannel  is  used  when  mod- 
erate and  firm  pressure  is  desired,  and  caoutchouc  when 
more  forcible  constriction  is  sought  for  ;  but  for  ordinary 
purposes  the  best  material  to  employ  is  unbleached  mus- 
lin of  not  too  coarse  textui-e.    The  usual  form  of  ban- 
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dage  is  what  is  known  as  a  "  roller-bandage,"  and  it  is  to 
this  that  the  following  remarks  apply,  unless  otherwise 
stated.  From  six  to  eight  yards  is  the  most  convenient 
length,  for  if  longer  than  that  the  bandage  makes  a  bulky 
roll,  which  is  awkward  to  handle.  The  width  may  vary 
from  one  to  three  inches,  according  to  the  size  of  the  parts 
to  which  the  bandage  is  to  be  applied  ;  for  ordinary  pur- 
poses, as  for  the  arm  or  leg,  two  inches  is  a  suitable  width. 
The  strips  are  to  be  torn,  and  not  cut,  and  the  selvage 
should  always  be  rejected,  as,  by  reason  of  its  inelasticity, 
it  interferes  with  the  proper  adjustment  of  the  bandage, 
and  may  also  cause  constriction  and  excoriation  of  the 
skin.  For  con- 
venience  of 
application  the 
bandage  is 
wound  tightly 
around  itself  in 
the  form  of  a 
cylinder,  called 
a  roll.  This  is 
accomplished 
in  the  follow- 
ing manner  : 
The  end  of  the 
bandage  being 
laid  smoothly 
on  the  thigh  in 
the  direction  of 
its  long  axis,  it 
is  rolled  over 
itself  into  a  lit- 
tle cylinder  by 
a  sliding  motion  of  the  hand  on  the  thigh.  When  this 
cylinder  is  of  sufficient  thickness,  about  half  an  inch  in 
diameter,  it  is  grasped  between  the  thumb  and  fore-finger 
of  the  right  hand,  and  the  unrolled  portion  is  made  to 
pass  between  the  extended  thumb  and  forefinger  of  the 
left  hand.  Then  the  right  hand,  holding  the  cylinder  at 
its  poles,  is  supinated,  drawing  in  this  way  the  slack  of 
the  bandage  on  to  the  roll.  When  this  movement  has 
gone  as  far  as  possible,  the  roll  is  steadied  between  the 
thumb  and  middle-finger  of  the  left  hand,  while  the  right 
hand  is  ^ronated  so  as  to  grasp  again  the  poles  of  the 
cylinder  in  the  original  position  (see-  Fig.  380).    These 


■Method  of  Boiling  a  Bandage. 


movements  are  repeated 
until  the  whole  bandage 
is  rolled,  the  tightness  of 
the  roll  depending  upon 
the  degree  of  friction  to 
which  the  slack  is  sub- 
jected as  it  passes  be- 
tween the  thumb  and 
index-finger  of  the  left 
hand.  The  pressure 
needed  to  keep  the  ban- 

FlQ.  S81.-Von  Brans's  Bandage-Rolling  ^^S^  tig^t  is  very  tire-. 

Machine.  some  to  the  thumb,  and 

it  is  therefore  a  good  plan 
to  practise  rolling  with  either  hand,  so  that  the  bandage 
may  be  changed  from  one  to  the  other.  When  many 
bandages  are  to  be  rolled,  it  is  better  to  employ  a  machine. 
Fig.  381  represents  a  very  convenient  machine  for  this 
purpose,  but  any  one  of  ordinary  ingenuity  can  construct 
a  perfectly  serviceable  roller  out  of  a  cigar-box  and  apiece 
of  bent  wire.  After  a  bandage  has  bee;i  tightly  rolled  on 
a  machine  of  this  sort,  it  is  sometimes  difficult  to  slide  it 
off  of  the  wire  axis  ;  but  this  may  be  readily  accomplished 
if  the  bandage  be  tightly  grasped  in  the  hand  while  a  half- 
turn  m  the  reverse  direction  is  made  with  the  crank. 

In  former  times,  when  bandaging  was  much  more  of  an 
art  than  it  is  now,  and  when  the  ability  to  apjjly  a  band- 
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age  neatly  and  according  to  rule  was  regarded  as  one  of 
the  essential  requirements  of  a  good  surgeon,  each  form 
of  application  had  its  special  name.  Many  of  these  terms 
are  now  obsolete,  but  as  they  are  met  with  in  the  older 
works,  and  occasionally  even  in  those  of  more  modem 
date,  especially  in  foreign  books,  a  short  list  of  those  more 

commonly  used  may 
be  appropriately  given 
in  this  place :  Ascia, 
fascia  spiralis,  or  do- 
labra  currens,  a  spiral 
bandage  applied  with- 
out reverses,  each  turn 
of  which  overlaps  the 
preceding  for  about  a 
third  of  its  width; 
dolabra  repens,  the 
same  as  the  preceding, 
in  which,  however, 
the  spirals  are  formed 
more  obliquely,  and 
Plo.  382.-Dolabra  Repens.  ^0  not   Overlap  each 

other,  but  are  sepa- 
rated by  a  greater  or  less  interval  (see  Fig.  382) ;  figure 
of  8,  a  bandage  passing  from  one  part  of  a  limb  to  an- 
other, and  returning  in  such  a  way  as  to  resemble  this 
figure  ;  stapes,  a  figure  of  8  encircling  the  ankle  and  in- 
step ;  spica,  a  figure  of  8  embracing  the  trunk  and  the  ad- 
jacent portion  of  a  limb  ;  testudo,  a  figure  of  8  about  an 
articulation,  the  turns 
crossing  on  the  flexor 
surface  and  the  spirals 
overlapping,  so  as  to 
cover  in  the  extensor 
surface  of  the  joint ; 
testudo  inversa  is  one  in 
which  the  spirals  over- 
lap one  another  from 
without  inward,  the  last 
turn  of  the  bandage  pass- 
ing horizontally  over  the 
centre  of  the  joint  (Fig. 
383) ;  testudo  reversa  is 
one  in  which  the  first 
turn  is  made  over  the 
joint,  and  the  spirals  di-" 
verge  above  and  below ; 
capistrum,  or  capelina, 
a  bandage  covering  the 
cranium  ;  mitra  Hippo 
cratis,  a  capeline  made  with  a  double-headed  roller,  or 
bandage  rolled  up  from  each  end  (see  Fig.  391) ;  bandage 
of  Galen,  or  bandage  of  the  poor,  a  six-tailed  bandage 
used  to  cover  the  head  (Fig.  384) ;  fascia  nodosa.  Packer's 
knot,  or  knotted  bandage,  a  bandage  formerly  used  to 
make  compression  over  the  temporal  artery  (see  Fig. 
392) ;  T-bandage,  a  bandage 
formed  of  two  pieces  united 
in  the  shape  of  a  letter  T ; 
bandage  of  Scultetus,  a  band- 
age formed  of  a  number  of 
separate  strips  so  arranged  as 
to  overlap  one  another  when 
applied  (Fig.  895) ;  funda 
maxillse,  a  four-tailed  band- 
age, used  as  a  sling  for  the 
chin  (Fig.  396) ;  reverse,  a 
half-turn  employed  to  change 
the  direction  of  a  bandage. 
If  a  bandage  is  to  be  em- 
'/'    ^  ^  ployed  with  the  object   of 

making  pressure  on  any  por- 
^     „oA    ■„    .       .  „  ,         tion  of  a  limb,  it  should  start 

Fig.  S84.-Bandage  of  Galen.       ^^.^^    ^■^^^    extremity   of    the 

member,  the  fingers  or  the  toes,  and  extend  uninterrupt- 
edly up  to  the  point  at  which  pressure  is  to  be  exerted, 
being  applied  snugly,  though  without  constriction,  t<J  the 
lower  portion  of  the  limb  in  order  to  avoid  the  production 
of  ojdema.     When,  however,  the  object  of  a  bandage  is 


FlO.  383.— Teatndo  Inversa. 
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simply  to  retain  dressings,  as,  for  example,  the  plaster 
strips  used  in  making  traction  on  a  member,  it  may  be 
begun  at  any  part  of  the  limb,  since  in  this  case  it  is  not 
to  be  applied  so  tightly  as  to  cause  constriction  of  the  tis- 
sues. But,  as  the  first  few  turns  are  usually  the  tightest, 
it  is  well,  as  a  matter  of  precaution,  to  slit  them  up  for 
about  an  inch  with  the  scissors,  after  the  bandage  is  ap- 
plied. 

We  will  consider  first  the  application  of  the  ordinary 
roller  bandage  to  the  different  regions  of  the  body,  and 
will  then  describe  briefly  the  other  forms  of  bandage  most 
commonly  employed. 

It  is  better,  for  the  sake  of  neatness  and  uniformity,  to 
make  the  turns  of  a  roller  pass  from  the  inner  to  the  outer 
side  of  a  limb,  and  the  student  should  therefore  practise 
applying  a  bandage  with  either  hand,  and  when  standing 
in  any  position  with  relation  to  the  limb  to  be  covered. 

The  Loweb  Extkemitt. — A  banaage  from  two  to 
three  inches  in  width,  according  to  the  size  of  the  limb, 
is  required.  Two  or  three  smooth  turns  being  taken 
around  the  ankle,  the  roll  is  carried  doWn  at  once  to  the 
toes  across  the  dorsum  of  the  foot.  A  couple  of  plain 
turns  are  now  made  in  an  upward  direction,  each  turn 
overlapping  the  preceding  for  about  one-third  or  one- 
half  of  its  width,  and  then  a  few  more  are  made  with  re- 
verses over  the  back  of  the  foot.  The  heel  is  now 
reached,  and  according  as  it  is  desired  to  cover  it  with 
the  bandage  or  to  leave  it  exposed,  different  procedures 
are  necessary.  When  it  is  to  be  left  uncovered,  as  soon 
as  the  dorsum  of  the  foot  is  covered,  the  roll  is  carried  up 
to  the  ankle  and  several  figure-of-eight  turns  are  made 
around  the  posterior  surface  of  the  ankle  and  the  sole  of 
the  foot,  overlapping  across  the  head  of  the  astragalus ; 
this  is  called  the  stapes.  If  the  heel  is 
to  be  covered  it  is  necessary  to  resort  to 
the  testudo.  A  turn  of  the  bandage  is 
taken  directly  over  the  centre  of  the 
heel  and  is  succeeded  by  other  turns 
above  and  below  alternately,  each  one 
overlapping  the  preceding  by  one-half 
or  two-thirds  of  its  width.  When  the 
heel  is  entirely  covered,  the  edges  of 
the  testudo  are  caught  and  held  by  a 
few  stapes  turns,  and  then  the  leg  ban- 
dage begins.  Some  two  or  three  ascend- 
ing turns  are  made  until  the  swell  of 
the  calf  begins,  when  it  is  necessary  to 
employ  reverses.  If  these  are  not  -pjg  ass.—TeBtudo 
made  the  bandage  will  run  up  the  limb  Eeversa  of  the  Knee, 
in  an  open  spiral  (dolabra  repens),  and 
wide  intervafe  will  be  left  uncovered.  A  reverse  is  made 
by  arresting  the  bandage  as  it  runs  obliquely  across  the 
front  of  the  limb,  holding  it  there  with  the  thumb  of  the 
disengaged  hand,  and  then  folding  it  upon  itself  in  a  half- 
turn  so  as  to  alter  its  course  and  cause  it  to  descend  upon 
the  opposite  side  of  the  limb  (see  Fig.  389).  When  the 
roll  reaches  the  back  of  the  leg  it  is  transferred  to  the 
other  hand,  and  then,  but  not  till  then,  is  drawn  tight. 
A  reverse  cannot  be  made  properly  except  with  a  slack 
bandage. 

The  knee  is  to  be  covered  in  by  several  figure-of -8  turns 
overlapping  each  other  toward  the  centre,  until  finally  a 
single  straight  turn  closes  the  remaining  interval  over  the 
patella.  This  is  the  testudo  inversa  (Fig.  383),  and  is  ap- 
plicable to  the  knee  in  any  position,  whether  of  flexion  or 
extension.  When,  however,  the  knee  is  flexed,  and,  in- 
deed, in  any  case,  the  writer  prefers  the  testudo  reversa  as 
being  neater  in  appearance  and  more  easy  of  application. 
It  is  made  by  commencing  with  a  straight  turn  over  the  pa- 
tella, and  thence  diverging  in  a  gradually  widening  figure- 
of-8,  as  represented  in  outline  in  Fig.  385.  It  has  the  fur- 
ther advantage  that,  when  the  testudo  is  completed,  the 
roller  is  on  the  thigh  in  position  to  continue  its  upward 
progress.     The  thigh  is  easily  covered  by  simple  reverses. 

The  spioa  bandage  is  a  figure-of -8  enveloping  a  joint, 
the  succeeding  turns  of  which  do  not  exactly  coincide, 
but  overlap  each  other  in  such  a  way  as  to  produce  a  fan- 
cied resemblance  to  an  ear  {spica)  of  barley.  According 
as  the  turns  overlap  each  other  from  below  upward,  or 


from  above  downward,  we  have  an  ascending  or  descend- 
ing spica;  and  according  as  they  cross  one  another  in 
front,  behind,  or  at  the 
side  of  the  joint,  the 
bandage  is  called  an 
anterior,  posterior,  or 
lateral  spica.  There 
are  several  kinds  of 
spica,  as  of  the  hip, 
shoulder,  thumb,  etc. ; 
and  it  is  called  single 
or  double,  according 
as  one  or  both  hips  or 
shoulders  are  covered 
simultaneously.  It  is 
a  good  practice  al- 
ways, before  applying 
this  variety  of  band- 
age, to  put  a  layer  of 
cotton  in  the  axilla  or 
groin  to  avoid  irrita- 
tion from  the  folds  of 
the  cloth.  After  mak- 
ing a  couple  of  turns 
around  the  body  in  a 
direction  away  from 
the  hip  that  is  to  be 
covered,  the  roller  is 


Fio.  38fi. — Single  Lateral  Spica  of  the  Hip. 
(After  Jaccoud.) 


carried  down  around  the  thigh,  encircling  it  from  with- 
out inward  anteriorly,  keeping  weU.  up  in  the  groin,  is 

then  carried 
in  an  oblique 
upward  line 
across  the  an- 
terior surface, 
making  the 
cross  turn  of 
the  figure-of -8 
over  the  lat 
eral  aspect  of 
the  hip,  then 
across  the  ab- 
domen, over 
the  back,  and 
down  again  to 
the  thigh. 
The  turn 
around  the 
thigh  is  made 
as  before,  be- 
ing carried  a 
little  lower  so 
as  to  cover 
aboutone-half 
of  the  preced- 


FlG.  387. — Double  Anterior  Spica  of  the  Hip. 
Jaccoud.) 


(After 


ing  turn.  This  is  a  lateral  descending  spica  (see  Fig. 
386).  The  double  spica  is  applied  in  a  similar  manner, 
except  that  the  bandage 
is  arrested  as  it  is  pass- 
ing the  second  time 
across  the  abdomen  to 
the  hip,  and  is  deflected 
around  the  opposite 
joint.  It  is  then  carried 
once  more  around  the 
body  before  passing  to 
the  first  hip,  and  so  on. 
See  Fig.  387,  represent- 
ing a  double  anterior 
descending  spica  of  the 
hip,  or  double  spica  of 
the  groin.  A  spica  of 
the  shoulder  is  usually 
made  by  beginning  with 
two  orthree  turns  around 
the  arm  from  within  out- 
ward, then  bringing  the 
roller  across  the  back, 
under  the  opposite  axilla,  over  the  chest,  and  around  the 


Pig.  388. — Ascending  Lateral  Spica  of 
the  Shoulder.     (After  Fischer.) 
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arm  once  more.  The  flgure-of-8  turns  cross  each  other 
from  below  upward,  and  the  spica  is,  therefore,  an  ascend- 
ing one  (see  Fig.  388).  Of  course,  a  descending  spica 
is  applicable  to  the  shoulder  as  well  as  to  the  hip,  but  the 
ascending  one,  as  here  described,  is  usually  to  be  preferred. 
If  the  student  practises  making  a  lateral  spica  until  he 
becomes  perfectly  familiar  with  it,  he  will  experience  no 
difficulty  in  deflecting  the  roller  a  little  sooner  or  a  little 
later,  so  as  to  make  an  anterior  or  a  posterior  spica. 

The    Uppbr    Ex- 
TBEMITY.  -^  After 
making  a  few  turns 
around  the  wrist,  the 
roller  is   carried   ob- 
liquely across  the  dor- 
sum of  the  hand  to 
the  roots  of  the  fin- 
gers,  and   then   pro- 
ceeds upward  in  sim- 
ple turns  and  reverses 
until    the    thumb    is 
reached ;  here  a  few  figure-of-8  turns 
are  made,  and  then  the  wrist  is  cov- 
ered by  a  dolabra  currens,   and  the 
forearm    and  arm  by  reverses  (Fig. 
389).    If  the  elbow  is  swollen  or  flexed 
it  will  be  necessary  to  cover  it  by  a 
testudo    as  described    for  the   knee. 
When  it  is  desired  to  bandage  each 
finger  separately,  a  narrow  bandage 
(one  inch)  is  necessary.    This  is  first 
Fia.  389.— Bandage  ot  passed  two  or  three  times  around  the 
the  Forearm.  Show-  -(vrist,  is  then  carried  directly  across 
i"VaWng 're"e*e'^  *'^^  dorsum  of  the  hand  to  the  root  of 
(After  PiHoher.)        the  finger,  and,  by  a  dolabra  repens,  to 
the  tip  ;  here  its  course  is  turned  back, 
and  by  a  few  simple  turns  and  reverses  the  finger  is  cov- 
ered.    The  roller,  arrived  once  more  at  the  root  of  the 
finger,  is  carried  directly  to  the  wrist,  and  a  couple  of 
figure-of-8  turns  between  the  wrist  and  finger  are  made ; 
then  it  is  carried  to  the  next  finger,  where  the  same  ma- 
noeuvres are  repeated  (see  Fig.  390).     The  shoulder  is 
covered  by  a  spica,  as  before  described. 

The  preceding  description  applies  to  the  method  of 
bandaging  most  commonly  employed,  but  for  applying  a 
roller  to  a  limb  the  writer  prefers  a  somewhat  different 
procedure.     A  beginning  is  made  as  in  the  ordinary  way, 
by  a  few  turns  around  the  ankle  or 
wrist,  but  when  the  bandage  begins  to 
run  up  the  limb  it  is  not  arrested  on 
the  anterior  surface,  but  passes  poste 
riorly  and  is  there  reversed.     It  then 
returns  to  the  front  in  a  descending 
line,  passes  around  the  limb  once  more, 
without  a  reverse,  and  again  ascends 
over  the  anterior  surface,  is  reversed 
behind,   and    de- 
scends as  before. 
This  is  a  combina- 
tion of  the  figure- 
of-8    with   poste- 
rior reverses.     A 
bandage  thus  ap- 
plied   presents   a 
much  neater  ap- 
pearance,  and  is 
less  liable  to  be- 
come disarranged 
than  is  one  put  on 
in  the  ordinary  way  with  anterior  reverses.     It  can  usu- 
ally also  be  continued  over  the  knee  or  elbow  without  the 
necessity  of  resorting  to  the  testudo.    The  writer  has 
never  seen  this  method  described,  and  does  not  know 
where  or  by  whom  it  was  devised.    After  a  bandage  is 
applied  it  should  be  caught  by  a  few  stitches  along  its  an- 
terior surface  in  order  to  prevent  slipping  of  the  folds. 

The  head  may  be  neatly  covered  by  a  roller  bandage, 
but  the  cap  so  formed  is  very  easily  disarranged,  and  is 
practically  of  little  service.    In  applying  this  bandage 
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).— Bandage  of  the  Fiitgers. 
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Fig.  391.— Mitra  Hlppooratia.    (After  Fischer.) 


(Mitra  Hippocratis)  a  double-headed  roller  is  used ;  this 
is  one  which  is  rolled  from  each  end,  the  two,  heads  lying 
on  the  same  side  of  the  bandage  and  being  of  equal  size. 
One  roll  being  taken  in  each  hand,  the  intervening  strip 
is  applied  low  down  over  the  centre  of  this  forehead,  and 
thence  the  bandage  is  unrolled  on  either  side  until  the  two 
heads  meet  posteriorly  below  the  occipital  protuberance. 
From  this  point  the  two  rolls  are  applied  in  different  di- 
rections,  one  passing  continuously  around  the  head  in  a 
circle,  the  other  forward  and  backward  over  the  cranium ; 
passing  beneath  the  circular  turn,  it  is  brought  back  in 
the  line  of  the  sagittal  suture  to  the  forehead  ;  here  it  ia 
again  crossed  by  the  opposite  roll  and  then  returns  to  the 

occiput  a  little 
to  the  right  of 
the  centre  of 
the  first  fold; 
held  here  again 
by  the  circular 
turn  it  is  folded 
oyer  and  re- 
turns to  thefore- 
head  through  a 
corresponding 
line  on  the  left 
side  ;  and  so  on 
until  the  crani- 
um is  entirely 
covered  (see 
Fig.  391).  A 
single  -  headed 
or  ordinary 
roller  may  be  used  in  a  similar  way.  After  a  couple  of 
circular  turns  are  made,  the  bandage  is  reversed  and  car- 
ried backward  and  forward  over  the  head  several  times, 
each  turn  slightly  overlapping  the  preceding,  and  diverg' 
ing  to  the  right  and  left  from  the  median  line.  The  folds 
in  front  and  behind  are  kept  from  slipping  by  the  fingers 
of  an  assistant.  Then  two  or  three  more  circular  turns 
are  made  to  steady  the  folds,  and  the  backward  and  for- 
ward reverses  are  repeated.  A  few  stitches,  or  a  couple 
of  pins,  will  serve  to  fix  the  folds  more  securely.  After 
the  head  is  covered  another  circular  turn  completes  the 
bandage.  This  is  the  ordinary  recurrent  bandage  of  the 
head,  sometimes  called  the  capelline. 

The  bandage  just  described  is  more  frequently  em- 
ployed for  the  stump  of  a  limb  after  amputation,  being 
in  this  case  also  called  a  re- 
current bandage.  The  knot- 
ted bandage,  occasionally 
used  to  make  pressure  over 
the  temporal  artery,  is  applied 
with  a  double-headed  roller. 
Beginning  on  the  side  oppo- 
site to  that  at  which  pressure 
is  to  be  made,  the  two  rolls 
are  carried  around  the  fore- 
head and  occiput,  respective- 
1}',  meeting  over  the  temple ; 
here  they  make  a  half  turn 
around  each  other  and  are 
carried  over  the  head  and  un- 
der the  chin,  passing  com-, 
pletely  around  and  meeting 
again  at  their  point  of  depart- 
ure, where  they  are  once 
more  deflected  one  around 
the  other  and  assume  their  or- 
iginal direction  (see  Fig.  393). 
Two  more  applications  of  the  roller  bandage  may  be  men- 
tioned, namely,  the  suspensory  bandage  of  the  breast  and 
Velpeau's  bandage  for  fractured  clavicle.  The  single 
suspensory  of  the  breast  is  a  modified  spica  of  the  shoul- 
der, the  axillary  turns  of  the  opposite  side  being  so  made 
as  to  support  and  envelop  the  mamma.  The  double 
suspensory  is  really  a  double  spica  of  the  breast,  the 
roller  passing  from  one  shoulder,  say  the  right,  to  the  base 
of  the  opposite,  left,  mammary  gland,  across  the  back, 
around  the  base  of  the  right  mamma,  up  to  the  lef 


Pio.  392.— Knotted  Bandage.  I'or 
compression  of  the  temporal  a^ 
tery.    (Aftei  Fischer.) 
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shoulder,  across  the  back  to  just  below  the  right  axilla, 
around  the  chest,  and  up  again  across  the  back  to  the 
right  shoulder  whence  it  started.  This  journey  is  re- 
peated five  or  six  times,  and  the  bandage  is  completed 
(see  Fig.  393).  Velpeau's  bandage  is  intended  to  keep  the 
arm  in  such  a  position  that  the  elbow  shall  be  opposite 
the  ensif  orm  cartilage,  the  hand  resting  on  the  opposite 
shoulder.  The  bandage  passes  across  the  chest,  up  the 
back  to  the  affected  shoulder,  down  the  arm,  under  the 
elbow  so  as  to  make 
a  sling,  up  to  the  op- 
posite axilla,  around 
the  body  and  up  the 
hack  again  to  the  af- 
fected shoulder,  as 
shown  in  Fig.  394. 
This  bandage  is  now 
seldom  employed, 
much  greater  security 
being  obtained  by 
strips  of  adhesive 
plaster.  There  are 
various  other  pur- 
poses to  which  the 
roller  bandage  may  be 
applied,  viz.,  to  hold 
back  the  shoulders,  to 
keep  the  head  flexed 
upon  the  chest  or  ex- 
tended, etc.  ;  but  we 
need  not  stop  to  consider  these  at  length,  as  they  are 
but  modifications  of  the  different  procedures  already  de- 
scribed. 

The  bavdage  /rf  Scultetus,  or  many-tailed  bandage,  is 
one  that  possesses  peculiar  advantages  in  certain  cases  in 
which  movements  of  the  limb  are  to  be  avoided  as  far  as 
possible,  and  in  which,  at  the  same  time,  a  frequent  in- 
spection of  the  surface  is  desirable.  It  is  made  of  a  num- 
ber of  strips,  cut  of  a  suitable  length,  and  arranged  in 
parallel  rows  overlapping  one  another  for  about  one-third 
of  their  width.    They  are  retained  in  position  by  a  longi- 


Fio.  393.— Suspensory  Bandage  of  tbe 
Mammse.    (After  Eulenburg.) 


Via.  394.— Velpeau's  Bandage.    (After  Fischer. ) 

tudinal  strip  applied  along  the  central  portion  and  held 
by  a  few  stitches.  The  mode  of  application  of  the  band- 
age is  represented  in  Fig. .  395.  If  the  pieces  are  simply 
laid  in  position  and  not  attached  to  a  longitudinal  strip, 
it  will  be  possible  to  replace  soiled  parts  without  remov- 
ing the  entire  bandage.  The  bandage  should  be  un 
folded,  and  a  clean  strip  can  then  be  pinned  to  the  soiled 
one  and  drawn  under  the  leg  at  the  same  time  that  the 
old  piece  is  removed.    A  T-bandage  is  made  of  two  strips 


attached  to  each  other  at  a  right  angle.  It  is  used  to  re- 
tain dressings  of  the  perineum  and  of  adjacent  parts.  The 
portion  representing  the  arms  of  the  T  is  tied  around  the 
bodjr,  while  the  upright  strip  passes  under  the  perineum 
and  is  attached  to  the  body  part  in  front.  The  perineal 
strip  may  be  slit  into  two  portions  for  a  sufficient  dis- 
tance, one  part  pass- 
ing up  on  each  side  of 
the  genital  organs. 
Fig.  396  represents 


^ 


' 


Fio.  395.— Bandage  of  Scultetus,  or  Many- 
tailed  Bandage.    (After  Hueter.) 


a  four-tailed  bandage 
for  the  chin.  It  is 
made  of  a  strip  of  wide 
bandage,  slit  up  at  each 
end.  The  central  por- 
tion is  placed  on  the 
chin,  the  tails  crossing 
each  other  and  being 
tied  or  pinned  above 
and  anteriorly,  as 
shown  in  the  figure. 
It  is  sometimes  called 
the  funda  maxilla. 

The  poor  man's  ban- 
dage, or  bandage  of 
Galen,  is  ,  a  six-tailed 
bandage  used  to  cover 
the  head  (see  Fig.  384). 
An  oblong  piece  of  cloth,  wide  enough  to  extend  from 
just  above  the  eye-brows  to  a  little  below  the  occipital 
protuberance,  is  cut  at  each  end  into  three  strips,  leaving 
a  central  portion  about  four  inches  in  width.  The  two 
central  strips  are  brought  under  the  chin  and  then  tied 
or  pinned,  while  the  posterior  strips  are  brought  forward 
and  the  anterior 
ones  backward, 
and  are  pinned 
together  over 
the  temples. 

In  1833,  May- 
or, of  Switzer- 
land, published 
a  monograph,' 
in  which  he  de- 
scribed a  great 
variety  of  ways 
of  applying  or- 
dinary hand- 
kerchiefs, o  r 
pieces  of  cloth 
of    different 


Fia.  396.— Funda  Maxilla,  or  Four-tailed  Bandage 
of  the  Chin.    (After  Jacooud. ) 


as  re- 
tentive ban- 
Qages.  These 
were  used  as 
caps,  as  slings 
for  the  arm,  as 
suspensories  of 
the  breast  or 
scrotum,  as 
coverings  for 
stumps,  etc.  Square,  oblong,  and  triangular  cloths  were 
used,  and  a  great  amount  of  ingenuity  was  exercised  in 
applying  them  to  various  portions  of  the  body.  It  is  un- 
necessary to  enter  into  any  detail  in  the  description  of 
these  different  bandages,  for  they  are  of  use  in  only  a 
limited  number  of  cases. 

Fig.  397,  shows  the  method  of  applying  a  triangular 
bandage  to  an  amputation  stump,  and  will  serve  as  an 
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the  mode  of  application  of  similar  cloths  to 
hand,  etc. 

iges  may  be  impregnated  with  starch,  sili- 
plaster-of -Paris,  etc.,  and  when  applied, 


I 


Fig.  397. — Triangular  Bandage  of  a  Stump.     (After  Jaccoud.) 

make  a  light  and  strong  splint  for  the  part  which  they 
surround.  The  description  of  these  dressings  will  be 
given  under  their  appropriate  titles. 

Thomas  L.  Btedman. 

1  BandageR  et  Appareils  &  Fansements,  ou  Nouveau  Sy&t&me  do  Di^liga* 
tion  Chirurgicale,  PariB,  1833. 

BARBADOS.  The  Island  of  Barbados  (also  spelled 
Barbadoes)  lies  furthest  to  windward,  i.e.,  to  the  east- 
ward, of  any  of  the  Windward  Islands,  in  Lat.  13°  4'  N., 
Long.  37°  W.  For  nearly  three  hundred  years  the  island 
has  been  in  the  possession  of  the  English  Government, 
and  Bridgetown,  its  capital  and  largest  town,  is  one  of 
the  chief  commercial  centres  of  the  West  Indies.  The  an- 
nual sugar  crop  of  Barbados  is  estimated  at  about  forty 
thousand  hogsheads,  and  the  whole  island  is  under  culti- 
vation, the  population  being  very  dense  (nearly  a  thou- 
sand per  square  mile).  The  length  of  the  island,  from 
north  to  south,  is  about  twenty-one  miles,  and  at  its 
broadest  part  it  extends  some  fourteen  and  a  half  miles 
from  the  eastern,  or  windward,  to  the  westei-u,  or  lee- 
ward, sliore.  "  Barbados  presents  every  variety  of  scen- 
ery— hill  and  valley,  smooth  table-land,  and  rugged  rocks. 
From  one  point  of  view  the  land  rises  in  a  succession  of 
limestone  and  coral  terraces,  whicli  indicate  different  peri- 
ods of  upheaval  from  the  sea.  From  another  there  is  noth- 
ing to  be  seen  but  a  mass  of  abruptly-rising  rocks.  The 
highest  elevation,  Mount  Hillaby,  is  1,104  feet  above  the 
level  of  the  sea.  The  island  contains  but  few  streams  or 
streamlets.  The  gullies  or  ravines — the  result,  no  doubt, 
of  volcanic  agency — are,  however,  very  numerous,  radia- 
ting from  the  high  semicircular  ridge  of  the  coralline 
formation  in  a  very  regular  manner  to  the  west,  north, 
and  south,  but  not  to  the  east,  where  the  coral  rocks  end 
abruptly.  .  .  .  The  climate  of  Barbados  is  healthy ; 
the  temperature  equable.  For  eight  months  in  the  year 
the  sea-breezes  keep  it  delightfully  cool  for  a  tropical 
country.  The  extent  of  cultivation,  the  absence  of 
swamps  (the  porous  character  of  the  rock  immediately 
underlying  the  soil  preventing  accumulations  of  stagnant 
water),  account  for  the  freedom  from  miasma."  (Ency- 
clopsedia  Britannica.)  "  The  northeast  trade- wind  pre- 
vails throughout  three-fourths  of  the  year,  and  the  rains 
also  come  for  the  most  part  from  the  northeast ;  but  at  cer- 
tain times  of  the  year  the  wind  shifts  to  the  south- 
west and  northwest,  bringing  sJiowers  which,  however, 
do  not  extend  across  to  the  windward,  or  northeast, 
side  of  the  island.  Indeed,  it  is  only  exceptionally  tliat 
rain  coming  from  any  direction  falls  at  one  and  the 
same  time  throughout  the  entire  extent  of  the  island. 
March  is  the  driest  month,  October  the  most  rainy. 
.     .     .    During  the  dry  season,  December  to  June,  the 
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lowlands  on  the  leeward  side  of  the  island  have  a  smaller 
rainfall  than  do  the  other  districts  ;  but  during  the  wot 
months  (July  to  November),  when  the  westerly  winds 
are  of  most  frequent  occurrence,  the  rainfall  of  these  dis- 
tricts exceeds  that  of  other  portions  of  the  island. "  (Harm's 
"Handbuch  der  Klimatologie,"  p.  356.) 

The  average  rainfall  for  each  of  the  twelve  months  of 
the  year  is  given  in  a  table  to  be  found  on  p.  349  of  the 
work  just  quoted ;  the  figures  being  as  follows  ; 


January 8.367  inches. 

February 2.605     " 

March 1.456     " 

April a.007     " 

May 8.543      " 

June B.433 


July B.708inches, 

August 7.244     " 

September e.22i     " 

October 8.766     " 

November 7.086     " 

December      4.487     " 


Year 57.757  inches. 

As  we  learn  from  the  figures  of  this  table,  the  total 
rainfall  in  Barbados  for  the  six  mouths  of  December, 
January,  February,  March,  April,  and  May  is  only  17.36 
inches,  or  an  average  amount  of  but  2.89  inches  per 
month.  The  temperature  in  Barbados,  as  in  all  other 
tropical  islands,  varies  but  little  throughout  the  year. 
According  to  the  .writer  in  "  Appleton's  Handbook  of 
Winter  Resorts,"  the  thermometer  ranges  in  December 
from  73°  F.  to  85°  F.,  and  in  February,  from  71°  F.  to 
84°  F.  A  letter  from  the  Superintendent  of  the  Cand- 
dian  Meteorological  Service,  which  was  kindly  obtained 
for  the  writer  by  the  Hon.  Beaumont  Small,  of  Ottawi, 
in  reply  to  inquiries  concerning  the  climatological  star 
tisticsof  the  British  West  Indies,  alludes  to  the  climate  i)f 
Barbados  as  follows  : 

"  The  mean  monthly  temperature  ranges  from  76°  F.  in 
January  to  80. 8°  F.  in  August.  The  rainfall  varies  greatly 
from  month  to  month,  but  is  never  wholly  absent ;  the 
total  yearly  amount,  from  an  average  of  twenty-five  years, 
was  57.74  inches.  The  average  for  March  exceeds  two 
inches,  and  in  October  reaches  nearly  eleven  inches,  these 
being  respectively  the  priest  and  wettest  months  of  the 
year." 

Dr.  Weber  (in  Ziemssen's  "Handbuch  der  AUge- 
meinen  Therapie")  speaks,  concerning  the  benefit  de- 
rivable by  phthisical  patients  from  a  winter  residence  in 
Barbados,  as  follows  :  "  Winter  residence  in  Barbados  is 
said,  by  R.  H.  Bakewell  {Praetitioner,  vol.  xxi.,  1878),  to 
be  favorable  to  cases  of  phthisis.  I  myself  have  had  ex- 
perience of  its  effects  upon  only  four  cases  of  the  disease 
in  its  first  stage,  and  upon  one  case  in  the  beginning  of  its 
second  stage.  In  two  instances  the  result  was  favorable ; 
in  two  others,  the  disease  progressed ;  in  one,  it  remained 
stationary,  while  the  patient  improved  in  general  con- 
dition." 

For  more  general  discussion  of  the  advantages  and  the 
disadvantages  of  a  residence  in  a  place  possessing  such  a 
climate  as  is  that  of  Barbados  ;  of  its  desirability  or  un- 
desirability  as  a  health  resort  for  consumptives  ;  and  foi 
the  proper  determination  of  the  question  as  to  what  in- 
valids should  be  recommended  to  resort  thither,  the 
reader  is  referred  to  the  articles  on  Climate,  on  Health 
Resorts,  on  the  West  Indies,  on  Phthisis,  etc.,  which 
are  to  be  found  elsewhere  in  this  Handbook. 

Huntington  Ricluwds. 

BARBERRY  (Berberis  ou  tpine  iiinette.  Codex  Med., 
Berberis  vulgaris  Linn.  ;  Order,  BerberidacecB)  is  a  well 
known  shrub,  from  one  to  four  metres  in  height  (3  to 
12  feet)  with  clustered  stems,  and  yellow  wood.  Its  di 
morphous  leaves — one  set  of  sharp-branched  prickles, 
and  the  other  oval  prickly -serrate  in  axillary  rosettes— its 
drooping  racemes  of  yellow  flowers  with  sensitive  stamens, 
and  its  long,  red,  sour  berries,  make  its  recognition  par- 
ticularly easy.  It  is  a  native  of  Europe,  but  naturalized 
in  most  temperate  countries,  occasionally  planted  fov 
ornament  or  hedges,  but  too  easily  grown,  and  in  general 
a  troublesome  pasture  weed. 

The  ripe  berries  contain  sugar,  and  more  than  six  ^er 
cent,  of  malic  acid,  and  are  made  into  jam  or  syrup  for 
domestic  use.  The  syrup,  diluted,  forms  a  refreshing 
drink  of  the  tamarind  and  raspberry  vinegar  type.  Tie 
bark  and  wood  have  long  been  recognized  as  tonic  ;  they 
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r.i'e  similar  in  qualities,  but  the  bark  of  the  root  is  pre- 
terred  in  this  country.  It  is  usually  in  narrow,  longish 
whittlings,  having  been  pared  f ropi  the  wood  with  a  knife ; 
of  a  yellowish-gi-ay  color  externally,  and  yellow  within, 
fading  with  time  and  exposure  to  light.  The  odor  is 
bitter  and  disagreeable,  the  taste  intensely  and  persistently 
bitter.  The  most  characteristic  constituent  of  barberry  is 
the  alkaloid  berberine,  which  exists  in  it  to  the  extent  of 
'  nearly  twelve  per  cent."  (Hager)  in  the  form  of  hydro- 
chlorate.  This  substance  was  first  observed  in  Oeoffroya 
jamaieensis  Murray,  by  Huttenschmidt,  and  called  "  Ja- 
maicin;"  afterward  in  species  of  Zanilioxylum  by  Cheval- 
lier  and  Pelletan,  and  described  as  Zanfliopicrit ;  and 
.finally  in  barberry  in  1835,  by  Buchner.  The  identity  of 
these  different  discoveries  has  been  only  recently  proved. 
Since  its  discovery  in  barberry  it  has  been  found  in  a 
number  of  other  plants,  even  in  several  different  orders. 
Pure  berberine  crystallizes  with  nineteen  per  cent,  of 
water,  in  bright,  shining,  yellow  needles ;  melts  easily, 
and  dissolves,  like  all  alkaloids,  freely  in  alcohol ;  it  is 
but  little  soluble,  however,  in  cold  water,  but  more  freely 
so  in  hot  water.  The  solution  has  a  neutral  reaction,  and 
an  exceedingly  bitter  taste.  '  Berberine  unites  with  acids, 
forming  crystallizable  yellow  or  orange  salts.  A  second 
alkaloid,  OxyaeantJiine  (Vinetine),  which  is  white  and 
forms  white  salts,  also  exists,  but  only  in  very  minute 
quantity. 

Barberry  and  other  plants  containing  these  alkaloids  as 
their  chief  constituents,  are  in  general  bitter  tonics,  when 
given  in  small  doses  increasing  the  appetite,  and  improv- 
ing the  digestion.  They  are  often  given,  especially  in 
warm  countries,  with  this  effect  in  mind,  after  fevers,  and 
during  debilitating  diarrhoeas.  Sometimes  also  as  anti- 
periodjcs,  but  for  this  use  they  have  but  little  value.  Ber- 
berine itself  has  been  used  for  the  same  pxirposes.  In 
animals  it  has  been  observed  to  produce  diarrhoea  and 
paralysis  of  the  posterior  extremities,  but  these  effects 
have  not  been  observed  in  man  -even  after  very  large  doses 
(of  several  grammes).  Oxyacanthin  appears  to  be  more 
active  than  berberine,  but  its  quantity  is  so  small  in  bar- 
berry root  that  it  can,  with  safety,  be  ignored. 

Dose  of  barberry  root  bark,  as  a  tonic,  from  one  to 
three  grammes  (1  to  3  Gm.  =  gr.  xv.  ad  xxxv.  or  xlv.)  in 
tincture  or  acidulated  infusion ;  of  berberine,  from  one 
to  three  decigrammes  (0.1  to  0.3  Gm.  =  gr.  jss.  ad  v.). 

Allied  Plants. — The  order  contains  about  one  hun- 
dred species,  of  which  more  than  half  belong  to  the  typi- 
cal genus  Berberis,  comprising  yellow-wooded  shrubs  or 
trees  in  all  parts  of  the  north  temperate  zone.  Besides 
the  common  barbeny,  a  dozen  more  have  been  in  use, 
among  them  the  following :  B.  arisiata  D.  C. ;  B.  Lycinus 
Eoyle ;  B.  Asiatica  Roxburgh,  etc.,  all  Asiatic  shrubs 
used  in  China  and  India  for  diarrhoeas,  fevers,  etc.  An 
extract  made  by  the  aborigines  from  the  roots  of  one  or 
more  of  them,  was  in  use  as  long  ago  as  the  beginning  of 
the  Christian  era,  and  was  imported  into  Europe  at  that 
time,  principally  for  ophthalmic  diseases,  for  which  it 
has  always  maintained  a  reputation.  B.  AquifoUum 
Pursh.,  the  Oregon  grape-root  of  the  Rocky  Mountains,  is 
a  recent  applicant  for  favor.  All  the  above  have  simi- 
lar qualities,  and  owe  their  principal  value  to  the  same 
alkaloid.  Besides  the  above  the  order  contains  Podopliyl- 
litm  and  Oaulopkyllum,  which  have  not  the  same  action. 
The  neighboring  orders,  Banunculacem  and  Menisper- 
macecB,  contain  also  berberine-yielding  members,  as  Hy- 
drastis, Xanthorrhiza,  Ooptis,  and  Jateorrhiza  (Columbo). 

Allied  Drugs. — For  a  list  of  bitter  tonics,  see  Gen- 
tian. Several  other  alkaloids  in  small  doSes  are  also 
tonics,  such  as  quinine  and  its  associates,  strychnine,  etc. 

W.  P.  BoUes. 

BARIUM.  Salts  of  barium  are  of  more  interest  to  the 
physician  from  the  point  of  view  of  toxicology  than  from 
that  of  therapeutics.  Barium  compounds  are  all  poison- 
ous, the  soluble  ones,  of  course,  more  actively  so  than  the 
insoluble.  Therapeutically,  barium  has  been  assumed  to 
have  a  power  over  scrofulous  conditions  analogous  to  that 
of  iodides  or  of  mercurials,  but  no  striking  results  have 


ever  been  demonstrated  from  its  use.     The  chloride  is  the 
on^  baric  salt  of  medicinal  interest. 

Baric  Chloride,  BaClj,  2H2O.  Baric  chloride  is  not 
now  officinal  in  the  United  States  Pharmacopoeia.  It  is 
a  white,  crystalline  salt,  occurring  in  rhombic  tables,  per- 
manent in  the  air.  It  dissolves  freely  in  water  and 
diluted  alcohol,  and  has  a  bitter,  disagreeable  taste.  It 
has  been  given  medicinally  in  doses  of  from  0.03  to  0.13 
Gm.  (one-half  to  two  grains),  dissolved  in  an  abundance 
of  water.  Edward  Curtis. 

BARIUM  SALTS.  Toxicology.— Several  of  the  sol- 
uble salts  of  barium,  especially  the  nitrate  Ba(NOs)s  and 
the  chloride  Ba  Clj  are  used  largely  in  the  chemical  lab- 
oratory as  tests  for  sulphuric  acid.  The  only  compound, 
however,  which  is  familiar  in  commerce  is  the  sulphate 
Ba  SO4,  which  is  known  as  barytes  or  heavy  spar.  This  is 
a  heavy,  white,  opaque  substance,  much  employed  as  a 
general  adulterant  on  account  of  its  weight,  but  especially 
icor  mixing  with  and  adulterating  paints.  Its  high  degree 
of  insolubility  deprives  it  of  any  specific  poisonous  action, 
except  possibly  as  a  mechanical  irritant.  It  has  been 
stated  that  it  has  been  used  in  flour,  and  even  in  butter, 
but  such  use  must  be  rare. 

The  soluble  barium  compounds,  especially  those  above 
mentioned,  are  irritant  poisons.  Cases  of  poisoning 
by  them  are,  however,  rare,  and  have  been  mostly  the 
result  of  accident,  the  Ijody  having  been  mistaken  for  one 
of  the  ordinary  saline  cathartics.  An  English  observer 
has  asserted  that  barium  chloride  is  analogous  to  corrosive 
sublimate,  but  is  certainly  not  so  active  a  poison. 

In  the  recorded  cases  of  poisoning  by  barium  salts  the 
quantities  taken  have  usually  been  rather  large,  varying 
from  one  hundred  grains  to  half  an  ounce.  The  symp- 
toms— which  do  not  arise  immediately — are  those  of  irri- 
tant poisoning,  nausea,  with  sharp  burning  pains  in  the 
stomach,  followed  by  vomiting  and  purging.  Loss  of 
muscular  power  has  been  noted  in  some  of  the  cases,  but 
most  have  exhibited  convulsions  toward  the  end.  No 
characteristic  brain  symptoms  are  developed,  but  giddi 
ness  and  headache  have  been  observed. 

Post-mortem  examination  shows  the  usual  appearances 
of  irritant  poisoning,  inflammation  of  the  mucous  mem- 
brane of  the  stomach  and  bowels,  and  extravasation  of 
blood. 

Death  has  usually  occurred  in  less  than  twenty  hours, 
in  some  cases  even  in  two  hours. 

Barium  carbonate  is  used  as  a  rat  poison,  but  a  case  is 
on  record  to  show  that  it  is  not  a  very  virulent  body. 

The  antidote  in  poisoning  by  barium  salts  is  any  soluble 
sulphate,  the  proper  ones  being  Epsom  salt,  Glauber's 
salt,  or  alum.  These  form  at  once  the  highly  insoluble 
and  inert  barium  sulphate,  which  can  then  easily  be  re- 
moved from  the  stomach  by  promoting  the  vomiting. 
The  poison  will  be  completely  neutralized  by  the  antidote, 
and  the  subsequent  treatment  will  be  on  general  principles. 

There  is  no  difficulty  in  recognizing  a  barium  salt. 
Sulphuric  acid  or  any  soluble  sulphate  produces  at  once 
an  opaque,  white  precipitate  of  barium  sulphate.  It  is 
farther  distinguished  by  its  entire  insolubility  in  water, 
in  acids,  or  in  alkalis.  Henry  Leffmann. 

BARTHOLIN'S  GLAND.  Anatomy  and  Physiology. 
—Bartholin's  gland  was  described  by  a  number  of  the 
old  anatomists,  including  Bartholin,  Duverney,  and  Cow- 
per,  all  of  whose  names  have  been  attached  to  it  by  dif- 
ferent writers.  In  recent  years  it  has  been  studied  more 
particularly  by  Tiedemann  and  Huguier,  the  latter  of 
whom  gave  it  the  name  of  the  vulvo-vaginal  gland. 

These  glands,  of  the  compound  racemose  order,  are 
two  in  number,  situated  one  on  either  side  of  the  introitus 
vaginse,  immediately  below  the  bulb  of  the  vestibule,  in  a 
space  bounded  by  the  superficial  perineal  fascia  in  front, 
the  vagina  internally,  and  the  ascending  ramus  of  the 
ischium  externally.  Each  gland  is  bean-shaped,  usually 
not  more  than  half  an  inch  long,  but  sometimes  (especially 
in  prostitutes)  as  large  as  an  almond.  When  in  its  normal 
condition  it  is  not  generally  to  be  felt  on  palpation,  but 
the  mouth  of  its  duct,  of  a  size  sufficient  to  admit  a  bristle, 
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may  commonly  be  seen  at  the  bottom  of  the  furrow  which 
separates  the  ostium  vaginae  from  the  lower  end  of  the 
labium  minus.  The  duct  is  rather  more  than  half  an  inch 
long.  According  to  Tiedemann,  the  gland  may  wholly 
disappear  in  advanced  age. 

The  accompanying  illustration  (Pig.  398),  from  Hug- 
uier,  shows  a  dissection  of  the  parts  in  the  immediate 
neighborhood  of  Bartholin's  gland,  while  the  second  cut 
(Pig.  399),  taken  from  Henle,  shows  a  front  view,  in  sec- 
tion, of  the  external  genitals 
of  a  new-born  female  infant, 
in  the  region  of  the  posterior 
commissure  of  the  labia  pu- 
dendi  (left  half  of  the  pos- 
terior cut  surface). 

The  gland  is  considered 
to  be  the  analogue  of  Cow- 
per's  gland  in  the  male.  It 
furnishes  a  whitish  mucous 
secretion,  the  purpose  of 
which  is  to  lulsricate  the 
vulva  in  the  act  of  coitus. 
This  secretion  is  sometimes 
ejected  in  a  jet,  as  the  re- 
sult of  titillation  of  the 
vulva  or  erotic  excitement, 

Fio.  398.— The  Vulvovaginal  Gland  in  the  waking  state  or  dur- 

and  its   Excretory    Duct.    (After  jj^™  sleCT) 

Hugiiier.)     a,  a,   Section  of   the       ^ .  „„„'^ ,        a  «:„„*,•«    « 

labium  mains  and  nympha  ;  b,  the  PATHOLOGY.— Affections 

gland  ;  c,  its  excretory  duct ;  e,  its  of  the  Vulvo-vaginal  gland 

orifice  in  the  vulvo-caruncular  fur-  and  those  of  Its  excretory 

row;/,  the  bulb  of   the  vagina;  j.,^*.     +„i_^„     +««,«+%,.^«     nj« 

ff,  the  ischio-pubic  ramus.  '  duct,   taken   together,   are 

exceedingly   common.     In 

feneral,  it  is  the  duct  alone  that  is  affected,  at  least  in  the 
rst  instance.  Common  inflammation,  which  is  apt  to 
end  in  the  formation  of  pus,  is  the  most  important  of  these 
diseases,  and  inflammation  may  be  the  cause  or  the  conse- 
quence of  a  distention  of  the  duct  due  to  retained  secretion. 
Dilatation  of  the  Excretory  Duct. — This  condition,  the 
so-called  retention-cyst,  is  undoubtedly  often  mistaken . 
for  a  swelling  of  the  gland  itself,  but  its  comparatively 
superficial  situation  is  sufiicient  to  distinguish  it  from  the 
latter.  Unless  accompanied  by  inflammation  or  oedema 
of  the  surrounding 
tissue  of  tlie  labium, 
it  ought  not  to  be 
confounded  with 
any  other  affection, 
and,  even  when  one 
of  those  complica- 
tions is  present,  it 
requires  to  be  diag- 
nosticated only  from 
hsematoma  and 
from  a  serupwulent 
form  of  infiltration 
of  the  labium  that 
sometimes  takes 
place  during  the 
Ijing  -  in  period. 
It  may  be  distin- 
guished from  hsB- 
matoma  by  the  fact  Pm.  899.— l,  a  section  of  the  lower  part  of  the 
of  its   gradual    for-      ?e«!.™ding  ramus  of  the  pubic  bone ;  2,  the 

mation,  and,  less 
readily,  from  puer- 
peral infiltration  by 
the  same  feature, 
which,  however,  becomes  very  significant  when  coupled 
with  the  patient's  general  condition  and  the  history  of 
the  case. 

The  affection  is  most  common  on  the  left  side— its  im- 
mediate cause  being  an  obstruction  at  the  orifice  of  the 
duct ;  the  conditions  leading  to  the  latter  occurrence  are 
various.  It  is  very  common  in  newly-married  women 
and  m  prostitutes,  which  fact  tends  to  show  its  frequent 
ongm  in  a  sort  of  traumatism  due  to  excessive  coitus. 
Gonorrhoea,  also,  may  readily  give  rise  to  it,  or  any  catar- 
rhal affection  of  the  vulva,  including  eczema.     Besides, 
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the  urine  may  be  of  so  irritating  a  quality  as  readily  to 
set  up  quite  enough  irritation  at  the  mouth  of  the  duct 
to  lead  to  obstruction.  Another  cause  mentioned  by 
writers  is  the  encroachment  of  condylomata  upon  tlie 
opening  of  the  duct. 

This  form  of  disease  tends  to  induce  acute  inflamma- 
tion, and,  if  this  does  not  occur,  it  is  prone  to  relapse. 
The  swelling  is  not  always  painful  in  itself,  but  it  con- 
stitutes a  certain  impediment  to  coitus,  and  is  always  a 
source  of  annoyance  to  the  patient. 

Very  commonly  the  retained  secretion  may  be  squeezed 
out  through  the  orifice  of  the  duct,  and  in  some  instances 
no  further  obstruction  takes  place  for  a  considerable 
length  of  time.  In  general,  however,  dilatation  by  raeans 
of  graduated  probes  is  required.  If  this  proves  ineftectual 
or  unusually  difficult,  it  is  best  to  cut  into  the  swellinf 
and  pass  the  probes  from  the  wound.  In  this  caae  the 
cavity  should  be  dressed  antiseptically.  When  repeated 
relapses  occur,  a  portion  of  the  wall  may  be  cut  out  and 
the  remainder  of  the  cavity  cauterized,  with  a  view  of  in- 
ducing suppuration  and  obliteration.  Tincture  of  iodine 
or  nitrate  of  silver  will  usually  answer  the  purpose,  but 
in  stubborn  cases  good  results  have  been  secured  with 
chloride  of  zinc. 

Deeper-seated  retention-cysts,  due  to  obstruction  of  the 
radicles  of  the  duct  within  the  gland  itself,  are  much  less 
common.  In  some  instances  they  reach  a  very  great  size, 
extending  down  on  the  perinseum  and  up  by  the  side  of 
the  vagina,  so  high  even  as  to  press  the  uterus  out  of  its 
natural  situation,  and  they  may  be  complicated  with  an 
effusion  of  blood  into  the  cavity.  In  their  treatment, 
obliteration  should  be  the  aim,  and  the  means  to  be  used 
are  tlic  same  as  have  already  been  mentioned. 

Tme  infiammation,  either  of  the  gland  or  of  its  duct, 
commonly  ends  in  suppuration,  and  the  pain  is  apt  to  bp 
severe,  with  some  constitutional  reaction.  'The  abscess 
usually  breaks  on  the  inner  side  of  the  labium,  giving 
exit  to  dirty,  stinking  pus.  It  is  to  be  treated  like  ordi- 
nary abscesses ;  at  first  with  poultices,  and,  when  fluctua- 
tion is  evident,  by  means  of  a  free  opening,  preferably 
on  the  inner  aspect,  and  the  cavity  should  be  stuffed 
with  antiseptic  cotton.  When  the  abscess  is  left  to  itself 
several  openings  may  form,  fistulous  tracts  may  remain 
for  a  long  time,  and  undermining  may  occur,  as  with 
buboes.  These  features  call  for  the  same  treatment  as  in 
other  parts  of  the  body. 

Pain  and  hypersesthesia  of  the  gland  are  said  to  be  tlie 
occasional  result  of  tlie  repeated  discharge  of  its  secretion, 
in  consequence  of  erotic  dreams.  If^ank  P.  Foster. 

BASIL  {Basilic,  Codex  Med.).  Ocimum  Badlicwm 
Linn.  ;  Order,  Labiatm,  the  common  garden  basil,  is  an 
annual  Asiatic  mint,  cultivated  in  kitchen  gardens  in 
Europe  and  America.  It  is  from  thirty  to  iSfty  centi- 
metres high,  with  branched  quadrangular  stems,  and 
ovate  or  oblong  serrated  leaves.  The  flowers  are  usually 
in  clusters  of  six,  with  an  irregular  calyx,  having  the 
upper  lobe  large,  ovate,  and  decurrent.  "rhe  corolla  tube 
is  very  short ;  the  stamens  four,  and  declined.  In  fruit 
the  calyx  is  rcflexed.  The  plant  has  a  mint-like  and 
agreeable  odor.  The  drug  consists  of  the  dried  herb,  and 
consequently  answers  to  the  above  description.  It  con- 
tains about  one  and  a  half  per  cent,  of  essential  oil,  con- 
sisting mostly  of  a  stearoptene  basil-camphor,  which 
readily  crystallizes  in  the  oil  upon  standing  in  the  cold. 

The  use  of  basil  is  culinary  rather  than  medical ;  it  has 
the  carminative  qualities  ot  the  order,  and  may  be  used 
for  the  same  general  purposes.  Its  chief  use  is  as  a  flavor. 
Dose  of  an  infusion,  ad  hbitum  ;  of  the  oil,  from  two  to 
five  decigrammes  (0.2to  0.5  Gm.  =  TH..  iij.  ad  TTt.  viij.). 

Allied  Plants. — See  Pbppbumikt.  One  or  two 
other  species  of  Ocimum  are  used  in  warm  countries ;  their 
qualities  are  those  of  mints  in  general. 

Allied  Dbugs. — The  mild  essential  oils  and  the  drugs 
which  yield  them.  W.  P.  Eolles. 

BATH,  a  city  of  over  sixty  thousand  inhabitants,  situ- 
ated in  Somersetshire,  England,  at  an  elevation  of  only  one 
hundred  feet  above  tlie  sea,  and  containing  a  number  o' 
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thermal  springs.  The  town  is  built  chiefly  on  the  right 
bank  of  the  river  Avon,  and  lies  in  a  natural  amphitheatre 
sheltered  from  the  north  and  east  winds.  The  climate  is 
mild  and  equable,  the  mean  annual  temperature  being 
about  50°  F.  The  waters  are  the  warmest  of  any  in  Eng- 
land, having  a  temperature  of  104°  to  ISO"  F.,  and  contain 
chiefly  sulphates  of  lime  and  magnesia.  The  composition 
of  King's  well,  according  to  the  analysis  of  Merck  and 
Galloway,  is  as  follows  :  Each  imperial  gallon  contains, 
of  solids  expressed  in  grains,  calcium  carbonate,  8.830 ; 
magnesium  carbonate,  0.329 ;  ferrous  carbonate,  1.064 ; 
calcium  sulphate,  80.053 ;  potassium  sulphate,  4.641 ; 
sodium  sulphate,  19.339 ;  sodium  chloride,  13.643  ;  mag- 
nesium chloride,  14.581  ;  silica,  3.983 ;  iodine  and  man- 
ganese oxide,  traces.  Total  solids,  144.34  grains  per 
gallon.  There  is  also  some  free  carbonic  acid.  The 
taste  is  not  disa^eeable.  The  waters  are  used  in  baths, 
and  are  also  taken  internally.  The  baths  are  usually  taken 
every  other  day,  the  temperature  of  the  water  for  most 
cases  being  reduced  to  95°  P.  There  arc  six  principal 
thermal  establishments,  namely.  King's,  Queen's,  Cross, 
Abbey,  Hot,  and  Grand  Pump-Room  Hotel.  The  oldest 
of  these  is  King's  bath,  which  dates  from  the  year  1336. 
In  addition  to  these  establishments  there  are  also  several 
hospitals  for  those  whose  slender  means  would  otherwise 
debar  them  from  the  benefits  of  the  baths.  Chief  among 
these  are  St.  John's,  founded  in  1174 ;  St.  Catharine's, 
the  Royal  United  Hospital,  Bellot's,  and  the  Mineral 
Water  Hospital.  Of  course,  these  are  not  all  reserved 
exclusively  for  strangers  frequenting  Bath,  but  provide 
as  well  for  the  ordinary  medical  and  surgical  needs  of 
the  poor  resident  in  that  city. 

A  course  of  the  waters  at  Bath  is  often  productive  of 
much  good  in  the  case  of  sufferers  from  chronic  consti- 
pation and  hypochondriasis,  and  is  especially  valuable  in 
the  treatment  of  chronic  lead-poisoning.  The  waters  are 
also  beneficial  in  diseases  of  the  liver,  rheumatism,  gout, 
sciatica,  and  other  forms  of  neuralgia,  hemiplegia,  pro- 
gressive muscular  atrophy,  chorea,  and  eczema  and 
other  skin  affections.  They  are  said  also  to  be  produc- 
tive of  good  in  leprosy.  The  baths  are  taken  throughout 
the  year,  but  the  "  season"  embraces  the  winter  months. 
Bath  is  classed  among  the  simple  thermal  springs. 

1',  L,  S, 

BATH  ALUM  SPRINGS.  Location  and  Post-Office, 
Bath  Alum,  Bath  County,  Virginia. 

Access. — ^By  way  of  Millborough,  a  station  on  the  Chesa- 
peake &  Ohio  Railroad,  176  miles  northwest  of  Richmond, 
thence  by  stage  to  the  springs,  10  miles  distant. 

Analtsis. 

No.  1.  No.  2. 

A,  A.  Hayes,  M.D.    A.  A.  Hayes,  M.D. 

Qratns,  Oraivs. 

OUloride  of  sodium 0.02?  

Sulphate  of  potassa 0.032 

Sulphate  of  magnesia 0.352  0.160 

Sulphate  of  lime.; 0.476  0.317 

Protoxide  of  iron 1.814  2.722 

Alumina 1.286  1.536 

Crenate  of  ammonia 0.232  0.222 

Silicate  of  soda 0.253  0.394 

SiUphurio  acid  (free) 0.726  0.985 

5.161  6.368 

Cub.  In,  Cub.  in. 

Carbonic  acid  gas 1.4  1.0 

Therapeutic  Pkoperties. — The  presence  of  alumina 
and  iron  gives  to  these  waters  mild  astringent  and  tonic 
propel  ties.  In  composition  and  in  their  therapeutic 
effects  they  are  very  similar  to  .the  water  of  the  celebrated 
Rockbridge  Alum  Spring.  Skin  and  mucous  membrane 
diseases  are  cured,  or  greatly  relieved,  by  these  waters, 
when  taken  in  moderate  doses.  The  acconimodation  for 
guests  is  ample  in  hotel  and  cottages,  and  the  location  is 
in  the  highest  degree  desirable.  6.  B.  F. 

BATHS.  KbafhJs  the  exposure  of  the  body  to  some 
medium  to  which  it  is  unaccustomed,  or  else  to  one  to 
which  it  is  accustomed  but  which  is  applied  in  an  unusual 


manner.  Baths  may  be  taken  in  air,  water,  mud,  sand, 
etc.  They  may  be  given  for  the  purpose  of  cleanliness, 
of  applying  a  fixed  temperature  to  the  surface  of  the 
body,  or  of  introducing  certain  medicinal  substances  into 
the  economy. 

Generally  speaking,  baths  are  of  water,  the  tempera- 
ture of  which  ranges  from  33°  to  130°  F.,  according  to 
the  effect  which  we  desire  to  obtain.  Within  this  range 
they  have  been  divided  as'  follows  :  33°  to  60°  F.,  cold  ; 
60°  to  75°  F.,  cool ;  75°  to  85°  F.,  temperate ;  85°  to  93°  F., 
tepid ;  93°  to  98°  F.,  warm ;  98°  F.  and  above,  hot. 

When  one  enters  cold  water  there  is  a  shock  and  gasp 
for  breath,  with  a  feeling  of  cold  which  may  induce 
cramps  of  the  voluntary  muscles,  temporary  loss  of 
speech,  and  contraction  of  the  skin,  pinched  features, 
and  blueness  due  to  checking  of  the  circulation.  If  the 
bather  be  vigorous,  this  state  of  partial  collapse  soon 
yields,  and  these  symptoms  are  succeeded  by  a  glow,  the 
breathing  and  pulse  again  become  regular  and  full,  and 
the  person  feels  active  and  well ;  but  if  the  temperature 
of  the  water  be  low,  the  previous  feelings  again  recur 
after'  a  time,  the  teeth  chatter,  the  extremities  show  the 
shrivelled  look  of  washerwomen's  fingers,  and  a  feeling  of 
weakness  supervenes.  If  the  bather  remains  in  the  water 
till  this  occurs,  it  will  be  a  long  time  before  reaction 
comes  on  ;  but  if  he  leaves  it  during  the  second  period, 
reaction  will  take  place  quickly,  and  he  will  soon  be 
warm,  the  blood  returning  to  the  skin  will  give  it  a  fine 
glow,  and  there  will  be  a  feeling  of  lightness  and  vigor 
that  is  quite  refreshing.  The  length  of  these  periods 
varies  greatly  with  the  physique  and  habits  of  the  bather. 
If  the  body  of  the  bather  is  completely  and  constantly 
submerged  he  will  not  be  so  much  chilled  as  When  he  is  ' 
partly  or  occasionally  exposed  to  the  air,  when  evapora- 
tion may  go  on  more  rapidly. 

Observations  made  by  James  Currie,  M.D.,  on  a  healthy 
man  plunging  into  salt  water  (one  to  twenty-four)  at  43° 
F.  in  the  open  air,  showed  that  in  one  minute  his  temper- 
ature fell  to  90°,  and  in  seven  minutes  rose  to  94°  in  the 
mouth ;  it  remained  at  about  this  point  as  long  as  he  con- 
tinued in  the  bath.  After  emerging  from  the  bath  the 
most  efficient  mode  of  warming  him  seemed  to  be  by 
applying  heat  to  the  pit  of  the  stomach.  After  coming 
out  of  the  cold  bath  into  cold  air  there  was  another  fall 
of  temperature,  and  on  entering  a  warm  bath  a  still  fur- 
ther fall.  The  cold  bath  being  in  the  open  air  gaiiied 
little  in  heat,  rising  one  degree  in  twelve  minutes  and 
three  in  forty-five  minutes. 

The  same  man,  on  going  slowly  into  fresh  water,  lost  heat 
gradually  for  thirty  minutes,  when  his  temperature  was 
93°  F.  ;  on  emerging  from  the  bath  he  was  a  long  time 
recovering  his  heat,  and  subsequently  felt  sick  and  feeble, 
and  had  pains  through  his  body. 

Where  the  cold  bath  is  suited  to  the  person,  and  is  not 
too  long  continued,  it  is  tonic  and  bracing ;  it  improves 
the  appetite  and  renders  the  bather  less  susceptible  to 
cold  or  changes  of  temperaturp.  But  if  reaction  be  not 
prompt  and  complete  the  effects  are  injurious ;  this  re- 
action is  less  apt  to  occur  when  the  body  is  exhausted 
from  over-exertion  or  illness ;  also  in  infants  or  the  aged. 
If  the  body  be  bathed  in  perspiration  from  exertion,  and 
has  begun  to  cool  at  the  time  of  plunging  into  cold  water 
the  effect  is  apt  to  be  injurious,  while  the  same  is  not  so 
true  in  case  of  passive  sweating,  as  in  the  IJussian  or  Turk- 
ish  bath.  Roman  youths  plunged  into  the  Tiber  when 
in  a  glow  from  exercise,  but  Alexander  nearly  lost  hia 
life  from  plunging  into  the  Cyanus  when  exhausted  by  ? 
long  march.  . 

If  the  bather  shivers,  has  uncomfortable  feelings  in  hii 
head,  and  does  not  react,  the  baths  should  not  be  con 
tinned. 

When  there  is  physical  exertion  at  the  time  of  thr 
bath,  there  is  less  suffering  from  cold.  This  is  gene.- 
ally  the  case  with  sea  baths,  in  which  the  effort  to  keep  tj-y 
feet  and  the  striking  of  the  waves  agaiast  the  persos 
stimulate  the  circulation.  And  yet,  even  here,  the  bathe< 
is  less  apt  to  get  chilled  if  he  keeps  his  body  under  water 
In  cases  of  shipwreck  those  who  are  deep  in  the  wateit 
outlive  those  over  whom  the  waves  dash. 
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The  existence  of  disease  of  the  heart  or  arteries  contra- 
indieates  plunging  into  cold  water  or  taking  cold  shower- 
baths  When  recommended  for  the  first  time,  cold  baths 
should  be  tried  with  caution,  and  close  attention  should 
be  paid  to  the  temperature  of  the  water  and  the  duration 
of  the  bath.  After  a  time  the  patient  may,  perhaps  in- 
crease the  length  of  his  baths.  Sea  baths  are  best  taken 
about  three  hours  after  eating,  and  the  next  meal  should 
not  be  eaten  till  reaction  is  fully  established. 

Ordinarily  the  cold  bath  is  taken  immediately  on  ris- 
ing, while  one  Is  warm,  from  the  bed,  and  the  body  is 
then  rubbed  well  with  a  harsh  towel.  . 

The  cool  bath  has  similar  effects  in  less  degree,  and  is 
the  proper  one  for  infants  or  aged  persons  when  the  tome 
effect  is  desired. 

Warm  baths  do  not  induce  shock,  but  cause  a  comtorta- 
ble  sensation  ;  the  vessels  of  the  skin  fill  up  and  the  body 
feels  larger.  After  fatigue  or  prolonged  exposure  to  cold 
they  may  be  resorted  to  with  benefit  and  pleasure.  Tepid 
baths  were  used  by  the  ancients  for  fatigue  and  fever. 
Homer  describes  them  as  given  by  hosts  to  their  guests  ; 
in  such  cases  they  were  followed  by  inunction. 

Newly  born  infants  should  be  bathed  in  water  about 
98°  F.,  and  after  being  cleansed  they  should  be  quickly 
dried  and  warmly  dressed.  . 

When  the  tonic  effect  of  baths  is  desired  for  children, 
it  is  well  to  add  rock  salt  to  the  water,  and  in  many  cases 
it  is  preferable  to  give  merely  air  baths ;  exposing  the 
body  to  the  air  of  a  moderately  warmed  room,  while  gen- 
tle friction  is  applied  with  the  hand.  This  is  also  bene- 
ficial for  adults  who  are  not  sufficiently  robust  for  cold- 
water  baths.  During  the  exposure  the  patient  may 
exercise  with  light  dumb-bells,  or  by  rubbing  with  coarse 
towels. 

Hot  baths  induce  perspiration,  and  are  useful  when 
the  skin  or  kidneys  are  inactive  and  unequal  to  carrying 
off  the  waste  that  should  be  removed  by  them.  When 
the  sweating  has  continued  long  enough  (before  exhaus- 
tion occurs)  it  may  be  arrested  by  a  cold  shower,  or 
a  plunge  in  cool  water ;  otherwise  there  is  danger  of 
"taking  cold."  Vapor  baths  may  be  given  at  a  tempera- 
ture of  from  110°  to  130°  F.  or  more,  according  to  the 
amount  of  water  in  the  vapor.  As  evaporation  goes  on 
rapidly  in  dry  air,  the  drier  the  air  the  higher  the  tem- 
perature that  may  be  borne.  Persons  may  remain  with 
comfort  in  very  dry  air  of  213°  F.  or  more— even  up  to 
300°  F.  it  is  said  ;  the  body  being  kept  cool  by  evapora- 
tion of  the  perspiration. 

Vapor,  as  well  as  water  baths,  may  be  medicated  with 
various  substances ;  such  baths  are  more  particularly  re- 
sorted to  in  chronic  diseases.  They  are  often  extempor- 
ized by  seating  a  patient  on  a  common  chair,  placing  a 
pan  containing  the  substance  to  be  vaporized  over  an  al- 
cohol lamp  under  this  chair,  and  covering  patient,  chair 
and  all,  with  an  impervious  blanket  or  covering,  and 
keeping  the  lamp  burning  till  profuse  sweating  occurs. 
Tar,  sulphur,  mercury,  and  other  substances,  are  applied 
in  this  way. 

By  "graduated  bath"  is  meant  a  bath  in  which  the  tem- 
perature of  the  water,  at  the  time  of  immersion,  is  from 
90°  to  100°  F.,  and  is  gradually  lowered  35°  to  30°  F.  in 
the  course  of  a  half  hour.  As  soon  as  the  patient  begins 
to  feel  chilled  he  is  to  be  removed  from  the  bath. 

For  the  effect  of  baths  in  disease,  see  the  article  on 
Balneotherapeutics.  Charles  E.  Hockley. 

BATHS  IN  DISEASES  OF  THE  SKIN.— Under  this 
head  only  the  infliuence  of  water  and  its  vapor,  or  of  sub- 
stances in  watery  solution,  is  to  be  considered.  The  effects 
Produced  by  baths  upon  the  skin  are  of  several  kinds, 
n  the  first  place,  the  temperature  of  the  bath  without  re- 
gard to  its  contents  has  a  certain  effect,  while  the  influ- 
ence of  water  alone,  or  of  substances  which  may  be  dis- 
solved in  it,  may  produce  either  a  local  effect,  or,  in  the 
latter  case,  may  bring  about  constitutional  changes  accord- 
ing to  the  medicinal  agent  employed. 

Lukewarm  and  moderately  hot  baths  diminish  irrita- 
bility of  the  peripheral  ends  of  the  sensory  nerves.  For 
this  reason,  such  baths  are  useful  in  those  skin  diseases 


in  which  pruritus  is  a  prominent  symptom.  General  pru- 
ritus  of  an  idiopathic  character  is  nearly  always  relieved 
by  the  use  of  warm  baths,  which  should,  in  most  cases 
of  the  disease,  precede  the  application  of  the  more  de- 
cided anti-pruritic  remedies.  The  addition  of  "indif- 
ferent" substances,  as  starch,  bran,  oat  or  corn  meal 
serves  to  soothe  the  inflamed  skin  in  eczema,  particularly 
where  this  has  been  broken,  leaving  a  moist  surface. 
Here  crude  water  alone  sometimes  irritates  the  skin,  when 
the  addition  of  some  amylaceous  substance  soothes  and 
relieves  pain  and  itching.  With  a  similar  end  in  view, 
alkalies  are  added  to  baths,  their  soothing  action  being 
probably  due  to  some  osmotic  action  similar  to  that  which 
takes  place  when  carbonate  of  sodium  solutions  are  used 
in  dressing  burns.  In  the  intense  dermatitis  of  burns  and 
in  skin  affections,  like  pemphigus,  where  the  patient  is 
more  or  less  flayed,  the  continuous  tepid  bath,  as  devised 
by  the  elder  Hebra,  offers  a  medium  in  which  the  patient 
can  live  without  such  anguish  as  constantly  tortures  him 
when  exposed  to  the  air,  and  even  with  some  chance  of 
ultimate  recovery. 

The  question  of  the  absorption,  either  of  water  or  of 
substances  dissolved  in  water,  through  the  uninjured  skin, 
is  one  which  has  been  discussed  for  many  years  without 
any  perfectly  satisfactory  conclusion  having  been  reached. 
A  great  number  of  practical  experiments  have  hkewise 
been  made,  many,  however,  lacking  in  the  necessary 
scientific  accuracy,  as  has  been  pointed  out  by  Leichten- 
stern  (Balneotherapie,  "  Ziemssen's  Handbuch  der  Allge- 
meinen  Therapie,"  3te  Bd.,  Iter  Theil).  The  conclusions 
of  this  writer  seem  based  on  such  a  careful  analysis  of 
facts  observed,  and  agree  so  well  with  what  is  known  of 
the  physical  qualities  of  the  cutaneous  envelope,  that  ex- 
perience seems  likely  to  confirm  them  in  every  respect. 
Leichtenstern  says  that : 

1.  Imbibition  of  water  and- of  salts  dissolved  in  water 
may  occur  so  far  as  the  superficial  layers  of  the  epidermis 
are  concerned  in  the  bath. 

3.  Circumstances  which  favor  such  imbibition  are 
warmth,  duration  (several  hours)  of  the  bath,  removal 
of  the  fatty  secretion  of  the  skin  (sebum)  either  by 
previous  washing  with  soap,  or  by  repeated  baths,  or  by 
the  addition  of  detergent  substances  to  the  bath. 

3.  The  palms  of  the  hands  and  soles  of  the  feet  imbibe 
water  most  readily  on  account  of  the  absence  of  sebaceous 
glands  in  these  parts. 

4.  Imbibition  is  not  necessarily  followed  by  absorption  , 
indeed,  it  is  probable  that  the  water  imbibed  during  the 
bath  is  shortly  after  lost  by  evaporation.  In  any  case, 
the  amount  imbibed  is  so  small  as  to  elude  estimation  by 
weighing  or  otherwise. 

5.  Absorption,  in  the  proper  sense  of  the  term,  of  water 
and  of  non- volatile  substances  contained  therein,  has  never 
been  proved  to  take  place  in  ordinary  baths,  in  spite  of 
numerous  researches  and  assertions  tending  to  prove  such 
a  result. 

6.  Nor  are  the  excretory  ducts  of  the  sweat  and 
sebaceous  glands  so  constituted  as  to  b^  capable  of  ab- 
sorption of  water,  although  by  friction  a  minute  quantity 
can  be  pressed  into  these  openings — not  enough,  however, 
to  produce  a  physiological  or  therapeutic  effect. 

7.  Gases  and  volatile  matters  dissolved  in  water  can  be 
absorbed  through  the  skin.  Sulphurous  acid  and  free 
iodine  are  thus  taken  into  the  system  in  baths ;  while  free 
carbonic  acid  is  not  absorbed,  excepting  in  baths  pecul- 
iarly rich  in  this  gas,  and  then  only  in  small  quantities. 

With  these  facts  in  view,  the  use  of  baths  in  diseases  of 
the  skin  is  to  be  restricted  to  such  cases  as  can  in  reality 
be  benefited  by  them.  The  use  of  warm  water  baths  in 
allaying  irritation  of  the  peripheral  nerves  has  already 
been  pointed  out.  A  further  use  is  found  in  those  more 
or  less  generalized  skin  diseases  which  are  accompanied 
by  diminution  in  the  normal  secretion  of  the  skin,  as  ich- 
thyosis, where  the  heat  and  moisture  induce  further 
secretion,  and  where  the  action  of  the  water  in  macerat- 
ing the  rough,  dry  epidermis  gives  great  relief,  and  pre- 
pares the  way  for  oleaginous  emollients. 
■  The  simple  warm  bath,  or  the  bath  containing  carbonate 
'  of  sodium,  also  finds  its  place  in  the  treatment  of  dis- 
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eases  accompanied  by  the  formation  of  crusts  and  scales 
over  a  considerable  area  of  the  body.  Maceration  de- 
taches these  otherwise  intractable  masses,  and  prepares 
the  diseased  surface  for  direct  medication. 

The  imbibition  of  water  by  the  surface  layers  of  the 
epidermis  is  taken  advantage  of  in  the  treatment  of  para- 
sitic diseases,  particularly  of  scabies.  Here  the  medicated 
water  does  certainly  penetrate  far  enough  to  destroy  the 
itch-insect  and  its  ova,  and  no  more  penetration  is  needed. 

The  use  of  vapor  baths  to  aid  the  penetration  of  medi- 
cinal substances  is  shown  in  the  treatment  of  syphilitic 
eruptions  by  the  mercurial  vapor  bath.  Here  the  body, 
immersed  in  a  vapor  until  free  perspiration  takes  place, 
is  in  a  fit  condition  to  absorb  the  mercurial  vapor  disen- 
gaged simultaneously  (see  under  Syphilitic  Diseases  of 
the  Skin). 

An  apparent  exception  to  the  rule  of  non-absorption  of 
salts  in  watery  solution  is  found  by  practical  experience 
in  the  treatment  of  infantile  syphilis.  A  syphilitic  infant, 
placed  in  a  small  tub  of  water  in  which  is  dissolved  ten 
grains  of  the  bichloride  of  mercury,  will  absorb  a  suflH- 
cient  quantity  of  the  drug  to  influence  the  system  and  in- 
duce a  rapid  improvement  in  all  symptoms.  Whether 
absorption  takes  place  through  the  unbroken  integument 
or  through  the  mucous  membrane  of  'the  anal  or  sexual 
orifice,  lam  unable  to  say,  but  the  clinical  fact  is  estab- 
lished that  mercurial  absorption  takes  place. 

The  following  diseases  are  those  in  which  baths  may  be 
employed  at  times  with  advantage :  Erythema,  urticaria, 
eczema,  pemphigus,  lichen  ruber,  prurigo,  psoriasis,  pity- 
riasis rubra,  dermatitis,  purpura  ?,  ichthyosis,  sclero- 
derma, and  the  neuroses  of  the  skin,  particularly  pruritus. 
The  syphilitic  eruptions  of  the  skin,  when  generalized, 
are  often  relieved  by  mercurial  baths  acting  locally  in 
connection  with  internal  treatment ;  while,  in  the  case  of 
infants,  a  general  impression  on  the  economy  may  be  ob- 
tained by  mercurial  baths.  Of  course,  mercurial  vapor 
baths  have  a  constitutional,  as  well  as  a  local,  effect  in 
adults.  Parasiticides,  chiefly  sulphur  and  its  compounds, 
act  favorably  in  the  form  of  baths  in  tinea  tricophytina 
and  tinea  versicolor ;  also  in  scabies.  When  used  in  pedi- 
culosis corporis,  baths  are  chiefly  useful  as  antipruritics  ; 
the  insects  causing  the  disease  residing,  as  they  do,  in  the 
clothing,  are  not  destroyed  by  bathing.  Eor  further  par- 
ticulars regarding  the  employment  of  baths,  reference 
may  be  made  to  the  various  articles  on  skin  diseases 
throughout  the  present  work.  The  following  formuloe 
for  the  more  commonly  employed  baths,  may  be  men- 
tioned under  the  present  head.  The  temperature  of 
these  baths,  it  is  understood,  sliould  not  vary  more  than 
two  or  three  degrees  above  or  below  90°  P.,  and  since  to 
obtain  the  full  effect  they  should  be  prolonged  to  one-half, 
or  even  a  whole  hour's  duration,  the  temperature  should 
be  kept  up  by  the  frequent  addition  of  small  quantities  of 
warm  water. 

The  medicated  baths  commonly  employed  in  diseases 
of  the  skin  are  the  following :  The  acid  bath,  5 .  Acid, 
nitric,  lort.,  f§jss.;  acid,  hydrochloric,  fort. ,  |j.;  aquae, 
C.  XXX. ;  employed  in  pruritus,  urticaria,  and  papular  ec- 
zema. The  alkaline  bath,  ]J.  Sodii  carb.,  §  iv.,  aquae, 
C.  XXX.  Another,  5.  Potassii  carbonat.,  §  iv. ;  sodii  car- 
bonat.,  |iij.;  boracis  pulv.,  |  ii.  Use  one  such  powder 
for  a  thirty-gallon  bath  with  half  a  pound  of  starch.  Em- 
ployed in  acute  eczema,  ichthyosis,  psoriasis,  erythema, 
and  urticaria.  A  formula  employed  for  children  is  the 
following:  5.  Pulv.  boracis,  |j.;  sodii  carb.,  ^ij.;  po- 
tassii carb.,  I  iij.  M.  Two  to  four  teaspoonfuls  for  every 
fallen  of  water,  with  double  the  amount  of  dry  starch, 
'he  creasote  bath,  B .  Creasoti,  f  3  ij. ;  glycerinse,  |  ij.  ; 
aquae,  C.  xxx.,  is  employed  in  pruritus  and  in  certain 
cases  of  squamous  eczema.  The  sulphur  bath,  B.  Po- 
tassii sulphureti,  I  iv.,  aquae,  C.  xxx.,  is  used  in  psoriasis, 
pityriasis,  acne,  and  impetigo,  and  as  a  specific  in  scabies. 
Another  formula  is  the  following:  B.  Sulphur,  precip., 
5  iv. ;  sodii  hyposulphit. ,  §  j. ;  acid,  sulphurici  fort. ,  f  3  j.  ; 
aquae,  Oj. ,  in  a  bath  of  thirty  gallons.  This  last  is  employed 
exclusively  for  scabies.  Sublimate  baths,  B.  Hydrarg. 
chlor.  corrosiv.,gr.  xlv. ;  ammonii  chloridi,  3ijss. ;  aquae, 
f  Jijss.,  in  a  bath  of  thirty  gallons,  is  used'  in  pruritus. 


The  sublimate  ba^s,  which  are  so  useful  in  infantile 
syphilis,  are  composed  of  ten  grains  of  the  bichloride  of 
mercury  to  each  bath  in  a  child's  bath-tub.  The  infant  is 
to  have  a  flannel  skirt  or  other  convenient  cover  tied 
about  its  neck  and  spread  over  the  tub,  to  prevent  splash-  , 
ing  the  water  into  mouth  or  eyes.  Tan  baths  contain- 
ing a  handful  of  fresh  tan-bark  in  each  bath  have  been 
recommended  for  use  in  purpura.  Tar  baths  are  em- 
ployed by  rubbing  the  diseased  patches  with  tar,  and 
then  employing  an  ordinary  warm  bath.  It  was  much 
employed  by  the  late  Professor  Hebra  in  psoriasis. 

"The  natural  mineral  springs  which  have  always  en- 
joyed a  high  reputation  in  the  cure  of  diseases  of  the 
skin,  ow;e  it  almost,  if  not  entirely,  to  the  properties  of 
the  water  alone.  The  various  mineral  ingredients  are 
contained  in  too  small  quantities  to  exercise  the  effect 
they  are  usually  found  to  produce,  and  until  far  more  ac- 
curate observations  shall  have  been  made  than  are  at 
present  on  record,  a  well-founded  scepticism  as  to  the 
mode  of  action  of  mineral  springs  must  continue  to  exist, 
although  it  cannot  be  denied  that  certain  skin  diseases  are 
at  times  benefited  by  recourse  to  the  various  health  resorts 
where  such  springs  are  found.   Arthur  Van  Harlingen. 

BATTEY'SOPERATION  (Normal  Ovariotomy  ;  Spay- 
ing ;  Castration  der  Pi'auen).  The  removal  of  the  ovaries, 
apparently  normal  or  somewhat  enlarged,  cystic  or  not, 
in  normal  position  or  prolapsed,  painful  in  varying  de- 
gree, sometimes  acutely  so,  for  the  relief  of  such  con- 
tinuous local  pain,  or  intolerable  dysmenorrhoea,  or  for 
reflex  pain  and  other  neurotic  disorders,  as  insanity  and 
epilepsy,  clearly  associated  with  these  organs.  In  1833 
Dr.  James  Blundell,'  in  a  paper  read  before  the  Royal 
Medico-Chirurgical  Society  of  London,  stated  his  belief 
that  the  ovaries  could  be  removed  with  safety,  that  in  his 
opinion  it  could  scarcely  ever  be  justifiable,  but  that  it 
would  be  the  most  effectual  remedy  for  obstinate  dys- 
menorrhoea, and  in  bleeding  from  monthly  determination 
to  T;he  inverted  uterus  when  extirpation  was  rejected. 
Dr.  Blundell  never  carried  his  idea  into  practice.  In 
July  and  August,  1873,  within  a  few  weeks  of  each  other, 
each  without  any  knowledge  of  the  other's  work.  Pro- 
fessor Hegar,  of  Freiburg,  Mr.  Lawson  Tait,  of  Birming- 
ham, Eng.,  and  Dr.  Robert  Battey,  of  Rome,  Ga.,  U.  S., 
performed  the  operation  in  the  order  mentioned.  Dr. 
Battey  alone  at  this  time  published  a  report  of  his  case, 
which  was  successful,  in  the  Atlanta  Medical  and  Surgi- 
cal Journal. 

An  epoch  of  development  had  been  attained  ;  the  time 
was  ripe.  To  Dr.  Battey  is  undoubtedly  due  the  credit 
of  demonstrating  to  the  profession  the  practicability  and 
value  of  an  operation  now  all  but  universally  admitted 
to  an  honored  place  in  surgery.  Dr.  Battey,  in  speaking 
of  the  operation  known  by  his  name,  says  :  "  This  opera- 
tion is  peculiar  in  that  it  has  for  its  primary  object,  not 
the  removal  from  the  body  of  a  diseased  organ,  but  the 
abrogation  of  a  physiological  function.  While  it  is  un- 
doubtedly true  that  the  ovaries  extirpated  in  the  majority 
of  instances  are  structurally  diseased,  the  end  aimed  at  is 
not  the  removal  of  diseased  though  functionally  active 
ovaries,  but  it  is  the  production  of  the  change  of  life  by 
art."  He  early  foresaw  that  the  sphere  of  applicability  of 
the  operation  in  exceptional  cases  must  be  as  widely  ex- 
tended as  the  very  diverse  effects  of  the  vascular  and 
nervous  perturbations  which  follow  upon  perversions  of 
the  function  of  ovulation  and  of  menstruation,  which  de- 
pends upon  it.  He  proposed  the  operation  as  a  dernier 
ressort  only.  "Ovariotomy  to  determine  the  change  of 
life,  and  the  change  of  life  for  any  grave  disease  which  is 
incurable  without  it,  and  curable  with  it."  As  an  assist- 
ance to  the  operator  in  deciding  the  question  of  its  pro- 
priety, he  should  ask  himself  the  following  questions : 

Is  this  a  grave  case  ?  Is  it  incurable  by  any  of  the  re- 
sources of  art  short  of  the  change  of  life  ?  Is  it  curable 
by  the  change  of  life  ?  If  all  three  of  these  questions  can 
be  answered  afiirmatively  the  case  is  a  proper  one,  but  if 
not  the  operation  is  not  to  be  justified. 

The  operation  then  is  indicated  : 

1.  In  cases  of  absence  of  the  uterus,  or  obliteration  of 
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its  cavity,  or  in-emediable  absence  or  obliteration  of  the 
vaginal  canal,  in  which  life  is  in  danger  or  health  de- 
stroyed by  reason  of  the  deficiency.  In  such  cases  it  is 
the  only  promising,  and  permanent  means  of  relief. 

3.  In  cases  of  insanity  or  confirmed  epilepsy,  dependent 
upon  uterine  and  ovarian  disease,  it  is  justifiable  as  a  last 
resort  and  when  other  means  of  cure  have  failed. 

3.  In  cases  of  long-protracted  physical  and  mental  suf- 
fering, dependent  upon  monthly  nervous  and  vascular 
perturbation,  which  have  resisted  persistently  all  other 
means  of  cure,  the  question  of  a  resort  to  the  operation  is 
to  be  committed  to  the  prudent  judgment  of  the  conscien- 
tious practitioner  in  each  particular  case. 

In  these  propositions  Dr.  Battey  included  all  cases  to 
which  he  thought  the  operation  applicable. 

4.  In  cases  of  myoma  of  the  uterus  attended  with  ex- 
hausting haemorrhages,  in  which  the  tumor  cannot  be 
safely  enucleated,  or  the  uterus  with  its  tumors  extir- 
pated with  reasonable  safety;  in  such  the  removal  of 
the  ovaries,  with  consequent  menopause,  arrest  of  haemor- 
rhage, and  atrophy  of  the  tumor,  is  a  valuable  resource. 

To  Professor  Trenholme,  of  Montreal,  is  due  the  credit 
of  having  first  carried  out  the  operation  with  this  spe- 
cific purpose.  His  first  operation  was  done  on  January 
13,  1876.  He  was  speedily  followed  by  Professor  Hegar, 
of  Germany,  by  Mr.  Lawson  Tait,  of  England,  and  sub- 
sequently by  others. 

In  the  cases  included  in  the  first  proposition,  there  can 
be  no  doubt  of  the  propriety  of  removing  organs  by 
whose  influence  the  symptoms  are  produced. 

In  the  second  class,  if  the  premises  be  clearly  proved, 
that  the  insanity  or  epilepsy  are  due  to  uterine  or  ovarian 
disease,  the  conclusion  of  the  justifiability  of  the  opera- 
tion must  be  accepted  ;  but  here  difficulties  will  often  be 
encountered.  In  each  case  the  evidence  will  require  the 
most  careful  sifting  and  weighing  to  enable  the  conscien- 
tious practitioner  to  arrive  at  a  just  decision.  The  reflec- 
tion that  grave  conditions  justify  heroic  procedures  yyill 
much  assist  him  in  forming  it. 

In  the  third  class,  however,  will  be  found  the  largest 
number  of  cases  opposing  difficulties  in  the  way  of  arriv- 
ing at  a  decision.  The  inquiry  must  be  directed  mainly 
in  two  lines :  First,  the  intensity  or  gravity  of  the  pain  or 
other  disturbance,  and  its  effect  on  the  system  generally. 
It  is  a  fact  within  the  experience  of  every  observer  that 
pain  is  a  relative  symptom,  and  that  many  women  are 
wont  to  describe  their  sufferings  in  extravagant  language, 
abounding  with  superlatives.  On  careful  inquiry  from 
those  who  have  the  patient  constantly  under  observation, 
it  will  often  be  found  that  she  is  cajDable  of  a  good  deal  of 
interest  in  and  enjoyment  of  life,  and  that  nutrition  is 
fairly  maintained.  These  arc  cases  in  which,  as  Dr.  Em- 
met says,  ' '  a  little  moral  suasion,  administered  with  firm- 
ness, accomplishes  a  great  deal,  and  nature  will  often, 
when  aided,  bring  about  a  favorable  change  in  nutrition 
when  least  expected."'  An  important  element  in  many 
such  cases  is  the  effect  of  opium,  to  which  the  sufferer  is 
addicted.  This  is  greatly  to  intensify  the  pain  when  the 
immediate  effect  of  the  dose  has  passed  away.  The  actual 
pain  cannot  be  correctly  estimated  till  the  patient  is  cured 
of  her  morphia-habit.  The  results,  in  such  cases,  of  treat- 
ment mainly  neuropathic  and  nutritive,  sucli  as  that  de- 
vised by  Dr.  Weir  Mitchell,  have  been  so  remarkable  as  to 
leave  no  room  for  doubt  that  by  it  might  have  been  cured 
some  of  those  who  have  been  subjected  to  this  dangerous 
operation.  Such  treatment,  however,  is  within  the  reach 
of  but  few.  For  those  who  cannot  obtain  it  the  risk  of 
the  operation  may  be  justifiable,  although  experience  has 
demonstrated  that  in  many  it  is  but  an  important  step  to- 
ward recovery. 

The  second  line  of  inquiry  must  be  to  determine  the  act- 
ual seat  and  nature  of  the  pain.  Is  it  truly  in  the  ovary  ? 
and  if  so,  is  it  truly  neuralgic,  or  due  to  anatomical 
changes  in  the  organ  ?  If  neuralgic,  is  it  essential  in  the 
ovary,  or  is  it  reflected  from  uterine  or  other  disease  ?  In 
the  latter  case,  the  prospects  of  cure  by  removal  of  the 
ovary  would  not  be  good.  The  testicle  has  been  removed 
for  neuralgia  without  curing  the  pain.  Removal  of  the 
ovary  would  not  be  any  more  certainly  successful  in  cur- 


ing neuralgia  of  that  organ.  Such  has  been  the  expert, 
ence  in  a  few  of  the  reported  cases.  In  the  light  of  in- 
creased experience  the  fourth  class  of  cases  appears  to 
furnish  the  most  promising  field  for  this  operation. 
Authorities  of  equal  eminence  are  not,  however,  unani'- 
mous  in  advising  it  in  preference  to  enucleation  or  hys- 
terectomy.  It  has,  however,  been  demonstrated  to  a 
certainty  that,  after  the  removal  of  the  ovaries  for 
bleeding  myoma,  in  the  very  large  majority  of  cases 
menstrual  haemorrhages  cease,  and  the  tumor  atrophies 
and  ceases  to  give  trouble,  or,  in  a  small  proportion,  com- 
pletely disappears.  These  results  are  much  more  cer- 
tainly attained  in  small  and  medium-sized  tumors  than  in 
large  ones.  They  are  so  uncertain  in  tumors  large  enough 
to  distend  the  abdomen  that,  by  some,  the  operation  is 
discarded  for  them  in  toto.  For  suitable  eases  of  myoma 
we  have,  therefore,  in  this  operation,  a  mosfvaluable  re- 
source. So  impressed  is  Mr.  Lawson  Tait  with  the 
dangers  of  enucleation  of  submucous  myomas,  and  so 
successful  has  he  been  with  removal  of  the  uterine  ap- 
pendages, that  he  has  completely  discontinued  the  former 
operation.  He  now  invariably  removes  the  Fallopian 
tubes  as  well  as  the  ovaries,  believing  that  thereby  he 
more  certainly  arrests  menstrual  discharge,  which  he  be- 
lieves to  be  due  to  an  influence  derived  from  the  tubes 
rather  than  the  ovaries.  This  theory  cannot  yet  be  ac- 
cepted as  proven,  but  in  the  present  state  of  the  question 
it  is  better  to  remove  both.  If  the  operation  is  called  for 
at  all,  both  ovaries,  and  not  one  only,  must  be  removed, 
as  success  depends  on  the  arrest  of  ovulation. 

Dangers  op  the  Operation. —The  mortality,  as 
given  by  different  operators,  varies  so  much  that  it  is 
difficult  to  indicate  it  with  any  precision.  There  can  be 
little  doubt  that  if  all  cases  were  published  it  would  be 
relatively  high — probably  more  so  than  in  ordinary  ovari- 
otomy. In  the  hands  of  Mr.  Lawson  Tait  and  his  col- 
league at  the  Birmingham  Hospital  for  Women,  Dr. 
Thomas  Savage,  of  Professor  He^ar,  and  o.thers  of  large 
experience,  it  is  low.  Of  forty-five  cases  of  removal  of 
the  appendages  (tubes  and  ovaries)  for  myoma  by  Mr. 
Tait,  reported  in  the  last  edition  of  his  work  on  "  Diseases 
of  the  Ovaries "  (fourth  edition,  1883),  he  lost  but  two. 
The  mortality  may,  in  general,  be  said  to  vary  from  five 
to  twenty-five  per  cent. 

Modes  op  Operation. — These  have  been  two :  vagi- 
nal and  abdominal.  Dr.  Battey's  earlier  operations  were, 
with  one  exception,  done  by  the  vaginal  method.  In  the 
case  of  entire  absence  of  adhesions  and  prolapse  of  the 
ovaries  in  Douglas'  pouch,  this  method  is,  perhaps,  the 
easier  and  safer.  But  the  question  of  adhesions  is  one 
very  difficult  to  positively  settle  before  the  operation. 
The  possibility,  in  a  given  case,  of  being  obliged  to  aban- 
don an  incomplete  vaginal  operation  and  of  leaving  it 
so,  or  of  completing  it  by  abdominal  section  will  always 
militate  against  the  selection  of  this  method,  except  in 
the  most  favorable  cases. 

Vaginal  Operation. — After  thorough  antiseptic  douch- 
ing of  the  vagina  and  etherization  the  patient  is  laid  on  a 
table  in  Sims'  position,  and  a  Sims  speculum  of  suitable 
size,  and  short,  slightly  cupped  blade  introduced.  The 
uterus  is  drawn  down  by  a  volsella  fixed  in  the  cervix,  and 
held  by  an  assistant.  "The  posterior  cul-de-sac  is  now  in- 
cised with  scissors  to  the  extent  of  an  inch  and  a  half,  in 
the  middle  line,  beginning  close  to  the  uterus.  The  index 
finger  is  then  introduced,  and  by  it,  or  a  long-handled 
polypus  forceps,  the  ovaries  are  successively  brought 
down  through  the  wound,  while  an  assistant  presses  on 
the  hypogastrium.  The  pedicle  is  transfixed  by  a  double 
ligature,  and,  after  interlocking  of  the  ligatures,  tied  on 
either  side,  or  secured  by  Tait's  Staffordshire  knot,  to  he 
described  later.  The  ovaries  are  then  cut  off  with  scissors, 
aud,  after  watching  for  bleeding,  the  pedicle  is  returned. 
In  most  of  Battey's  operations  a  ligature  was  thrown 
around  the  base  of  each  ovary,  and  the  organs  were  then 
slowly  removed  by  the  ecrasew:  He  then  removed  tha 
ligature.  The  wound  may  be  sutured  or  not.  A  drain- 
age-tube has  occasionally  been  used.  The  va^na  may 
be  tamponed  by  iodoform  gauze  or  sublimate  jute  for  a 
few  days,  with  antiseptic  injections  in  the  intervals. 
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Abdominal  Method. — This  is  the  one  which  is  now  almost 
universally  employed.  It  is  often  a  more  difficult  operation 
than  ordinary  ovariotomy.  It  is  especially  so  because  of  the 
gi'eater  rigidity  and  thickness  of  the  abdominal  walls  than 
when  they  have  been  previously  distended  by  a  tumor.  The 
same  preparation  and  after-treatment  of  the  patient  are 
necessary  as  for  ovariotomy.  The  same  instruments  and 
appliances,  except  cyst  forceps  and  trocar,  are  necessary. 
The  preliminary  incisions  are  similarly  made  (see  article 
Ovariotomy).  On  reaching  the  peritoneum  it  must  be 
opened  with  great  care,  lest  some  coil  of  intestine,  or  the 
omentum,  which  immediately  underlie  it,  shall  be 
wounded.  These  parts  are  also  much  more  apt  to  suffer 
injury  from  the  manipulations  necessary  to  separate  ad- 
hesions and  apply  ligatures,  or  to  stay  bleeding  by  cautery 
or  ligature.  After  the  peritoneal  cavity  is  opened,  the 
left  index  and  middle  fingers  are  introduced,  and  made 
to  feel  the  fundus  of  the  uterus.  This  serves  as  a  guide 
to  the  ovaries  and  tubes,  which,  having  been  found,  are 

f  rasped  between  the  two  fingers  and  raised  to  the  surface, 
n  this  the  operator  may  be  greatly  aided  by  the  use  of 
Marion  Sims'  repositor  in  the  uterus,  or  by  two  fingers  or 
the  whole  hand  of  an  assistant  in  the  vagina,  raising  all 
in  front  of  the  posterior  vaginal  wall.  The  broad  liga- 
ment is  transfixed  at  a  point  clear  of  vessels,  by  a  round 
needle  threaded  so  as  to  form  a  loop.  For  this  purpose 
both  ends  of  the  thread  are  passed  through  the  eye  in  the 
same  direction.  This  is  made  to  draw  through  a  loop  of 
thin  carbolized  Chinese  silk.  The  loop  of  silk  is  then  cut, 
and  the  two  ligatures  thus  formed  are  made  to  interlock 
and  are  tied  on  either  side  ;  that  next  the  utenis  is  applied 
over  the  Fallopian  tube  as  close  as  possible  to  the  comu  of 
the  uterus,  and  the  other  is  passed  beyond  the  fimbriated  ex- 
tremity. The  distal  part  thus  ligatured  includes  the 
ovary  and  whole  Fallopian  tube,  or  the  Staffordshire  knot 
of  Mr.  Lawson  Tait  may  be  used.  In  this  the  silk  ligat- 
ure is  passed  by  transfixion,  as  already  described,  but  the 
loop  of  silk  is  left  entire.  Thia  loop  is  turned  back  over 
the  ovary  and  tube  till  it  lies  at  the  point  where  the  two 
free  ends  lie.  One  of  these  is  brought  above  it,  so  that 
the  loop  lies  between  the  free  ends— one  above  and  the 
other  below  it.  The  fingers  and  thumb  of  the  left  hand 
now  holding  the  ovary  and  tube,  the  two  ends  of  the 
ligature  are  grasped  by  the  right  hand,  drawn  up,  and 
securely  tied.  The  effect  of  this  knot  is  to  gather  the 
pedicle  while  it  secures  it.  The  following  illustration  by 
Dr.  Emmet'  assists  very  much  in  understanding  the 
description  :  "  Let  the  reader  lay  a  loop  of  cord  between 
the  index  and  adjoining  finger,  then  turn  the  loop  back 
over  the  tips  of  the  fingers,  pass  one  of  the  loose  ends 
under  the  loop,  draw  tight  and  tie."  The  ovary  and  tube 
being  now  cut  off  with  scissors,  the  stump  is  grasped 
with  artery  forceps,  and  watched  a  minute  or  so  for 
bleeding.  If  secure,  the  ligatures  are  cut  short,  and  the 
pedicle  dropped.  All  the  rest  is  the  same  as  after  ordin- 
ary ovariotomy. 

In  the  most  satisfactory  cases  the  recovery  from  the 
operation  and  the  previous  symptoms  is  prompt.  In 
cases  with  much  neurotic  complication  it  may  be  gradual, 
requiring  the  assistance  of  suitable  neurotic  treatment. 
The  inflammatory  exudations  which  sometimes  form  about 
the  site  of  the  ligatures  or  elsewhere  in  the  pelvis,  may 
act  as  sources  of  local  or  reflex  irritation,  perpetuating 
for  a  time  the  symptoms  and  requiring  time  for  their  re- 
moval. 

Physiological  Effects. — The  arrest  of  menstruation 
is  almost  invariable  when  every  particle  of  ovarian  stroma 
has  been  removed.  In  this  connection  the  possible  exist- 
ence of  supernumerary  ovaries  must  be  remembered. 
Other  cases  of  persistence  are  to  be  explained  by  the  effects 
of  long-existing  habit  of  system.  The  patients  often  ex- 
perience the  sensations  attendant  on  natural  menopause, 
especially  the  vascular  and  nervous  disturbances,  flush- 
ings, etc.  Sterility  is,  of  course,  a  certain  result,  but  the 
patients  are  in  almost  all  cases  sterile  from  the  disease 
which  rendered  the  operation  necessary.  Sexual  feeling 
and  appetite  are  in  nowise  impaired.  The  womanly 
graces  are  not  at  all  lost  or  impaired.  On  the  contrary, 
with  removal  of  suffering  and  improvement  of  nutrition 
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they  become  more  pronounced.  Theoretical  speculations 
about  the  development  of  masculine  characteristics,  in 
which  some  have  indulged,  are  as  groundless  as  they  are 
absurd. 

See  Dr.  Battey's  papers.  Trans.  Am.  Gyn  Soc. ,  vols, 
i.  and  ii. ;  Dis.  of  Ovaries,  by  Lawson  Tait,  4th  ed.,  1883  ; 
Trans.  International  Med.  Congress,  1881  and  1884.  At 
this  latter  meeting,  held  at  Copenhagen,  Professor  Hegar 
read  a  paper  on  "Castration  for  Neuroses,"  which,  with 
discussion  by  Koeberle,  Sir  Spencer  Wells,  Martineau,  01s- 
hausen,  Gunerow,  Kugelmann,  Priestley,  Engelmann, 
and  Gordon,  is  by  far  the  most  important  recent  contribu- 
tion to  the  literature  of  the  subject.  Also  a  paper  at  same 
meeting,  by  Wiedow,  on  "  Castration  for  Uterine  My- 
oma," Gentralblattfur  Oyn.,  Nos.  36  and  87,  1884. 

William  Owrdner. 

1  Aveling;  The  Spaying  of  Women.  ObBt.  Jour.  Great  Britain  and 
Ireland,  vol.  vi.,  p.  fil7. 

2  Gyneecology,  page  660,  third  edition,  1884. 

'  Principles  and  Practice  of  Grynsecology,  third  edition,  1884. 

BAY,  OIL  OF  {Oleum  Myrsm,  U.  S.  Ph.).  An  essen- 
tial oil  obtained  from  the  leaves  and  berries  of  Myreia 
acris  D.  C.  ;  Pimenta  acris  Wight     Order,  Myrtaeem. 

This  West  Indian  tree  is  not  to  be  confounded  with  the 
European  Bay,  Laurus  nobUis  L.  ;  although  the  leaves 
and  qualities  are  very  similar,  the  plants  are  entirely  dif- 
ferent. Myreia  acris  is  a  fine,  fragrant  evergreen,  with 
large,  stiff,  oval  or  obovate  entire  leaves,  and  clusters  of 
sweet-scented  white  flowers.  In  general  structure,  the 
flowers  and  fruit  resemble  those  of  the  allspice  tree,  to 
which  it  is  closely  related. 

The  oil  is  usually  distilled  in  the  West  Indies,  and  im- 
ported into  the  United  States  in  bottles  ;  a  considerable 
part  of  that  used  here  is  said  to  be  smuggled  by  sailors 
into  various  Southern  ports.  A  few  years  ago,  Mr.  Geo. 
F.  H.  Markoe,  of  Boston,  imported  a  quantity  of  the 
leaves,  and  subjected  them  to  distillation.  His  example 
has  been,  to  a  slight  extent,  followed.  The  oil  so  obtained 
from  dried  leaves,  is  not  quite  so  bright  and  fragrant 
as  the  best  imported,  but  is  much  better  than  the  com- 
mon grades.  Oil  of  bay  is  thus  described  in  the  Phar- 
macopoeia :  "  It  is  a  brownish  or  dark  brown  liquid,  of  an 
aromatic,  somewhat  clove-like  odor,  a  pungent,  spicy 
taste,  and  a  slightly  acid  reaction.  Specific  gravity  about 
1.040.  Soluble  in  an  equal  weight  of  alcohol."  Accord- 
ing to  Markoe,  it  is  a  mixture  of  light  hydrocarbons  with 
a  heavy  oil,  probably  eugenol  (see  Cloves). 

Its  medicinal  qualities  are  those  of  the  stimulating  oils 
in  general  (allspice,  cajuput,  cloves,  etc.),  but  it  is  only  em- 
ployed as  a  grateful  perfume.  Bay  rum,  which  is  the  form 
in  which  it  is  generally  used,  was  originally  made  by  dis- 
tilling rum  from  the  fresh  leaves  and  branches.  But  this 
imported  perfume  is  now  generally  substituted  by  a 
simple  solution  of  the  oil  in  Cologne  spirit  or  alcohol,  fla- 
vored or  not  according  to,  the  taste  of  the  manufacturer. 
As  it  is  considerably  used  about  the  sick,  a  formula  is 
furnished  by  the  Pharmacopoeia,  as  follows  •  "  Spiritus 
MyrcisB,  Oil  of  Myreia,  16  parts ;  Oil  of  Orange  Peel,  1 
part ;  Oil  of  Pimento,  1  part ;  Alcohol,  1,000  parts  ; 
Water,  782  parts.  Dissolve  and  filter.  It  is  better  when 
kept  some  time." 

Allied  Plants.— The  genus  Myreia  is  a  very  large 
one,  containing  about  a  hundred  species  of  tropical  Amer- 
ican shrubs  or  trees,  having  in  general  similar  qualities 
The  nearest  other  medical  genera  are,  Pimenta  (All- 
spice), and  Oaryophyllu8  (Cloves),  to  which  the  reader  is 
referred. 

Allied  Dkugs.  — Those  above  referred  to,  and  per- 
fumes and  spices  in  general.  There  is  another  officinal 
perfume,  viz.,  Cologne  Water  {Spiritus  Odoratus,  U.  b. 
ph  \  W.  P.  Bolles. 

BDELLIUM  {Bdellium  d'Afngue,  Codex  Med.).  The 
Bdelliums,  for  there  are  two  varieties,  are  gum  resins  of 
the  frankincense  type,  from  two  at  least,  probably  several 
species  of  Balsamea.  The  East  Indian  Bdellium  is  re- 
puted to  come  from  Balsamea  {Balsamodend/ron)  Mukul 
Engl. ;  that  of  Africa  from  B.  africana  Engl.     Order 
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BuTseracem.    The  latter  is  the  variety  officinal  in  France  ; 
neither  is  so  in  any  other  country. 

Bdellium  resembles  myi-rh  in  appearance  and  qualities. 
It  is  in  small  yellowish  or  reddish-brown  tears,  or  some- 
times in  larger  masses  ;  transparent,  fragrant,  brittle.  It 
softens  between  the  teeth,  and  crackles  in  the  flame.  The 
odor  and  taste  resemble  those  of  myrrh,  but  are  weaker. 
It  contains  about  sixty  per  cent,  of  resin,  between  thirty 
and  forty  of  gums,  mostly  bassorin,  and  one  or  two  of 
mlatile  oil.  „    ,  .  •. 

Bdellium  is  a  mild  local  stimulant  hke  myrrh,  of  which 
it  is  almost  an  exact  duplicate  ;  and  is  now  and  then  used 
in  Europe  in  plasters. 

Allied  Plants  and  Dhugs. — See  Myrbh. 

Tf.  P.  BoUes. 

BEARBERRY  IJIva  Ursi,  U.  S.  Ph.  ;  Um  Ursi  Folia, 
Br.  Ph.  ;  Folia  Uvm  Urn,  Ph.  G. ;  Um  Ursi,  Baisin 
d'Ours,Bus8erole,  Codex  Me±)  Aretosiaphylos  Um  Ursi 
Spreng.  (Arbutus  Um  Ursi  Linn.);  Oidiev.FjieacecB. 

This  little  gregarious,  evergreen  shrub,  with  reclining 
or  creeping  stems,  and  stiff,  shining,  green  leaves,  is  at 
home  on  the  dry  hills  and  plains  in  the  colder  parts  of 
the  entire  north  temperate  zone.  It  has  the  habit  and 
appearance  of  the  cranberry  vine,  but  is  much  more 
leafy  and  robust.  Botanically  it  differs  from  the  other 
in  having  a  free  ovary.  The  flowers  are  in  small  clusters 
at  the  ends  of  the  branches.  They  are  globose  or  ovate, 
about  five  or  six  millimetres  long  (one-fourth  inch),  with 
short,  recurved,  pinkish  lobes.  There  are  ten  stamens, 
and  a  five-celled,  five-seeded  ovary.    Fruit,  a  little  drupe. 

The  leaves,  which  are  the  part  used,  are  nearly  sessile, 
about  two  centimetres  (four-fifths  inch)  in  length  ;  nar 
rowly  obovate  or  spatulate,  with  entire,  slightly  revolute 
margins  They  are  dark  green  and  shining  above,  pale 
green  beneath.  The  dried  leaves  preserve  their  color  well  ; 
they  have  a  faint,  herby,  or  tea-like  smell,  and  a  not  un- 
pleasant bitterish-astringent  taste. 

Uca  Ursi  contains  both  tannic  and  gallic  acids — the 
former  in  large  quantity ;  a.\so  ericolin,  to  which  part  of 
its  bitterness  is  due.  This  is  an  amorphous,  yellowish 
glucoside,  yielding  with  diluted  acids  sugar,  and  an 
essential  oil — ursone  ;  another  constituent  appears  to  be 
a  sort  of  stearoptene  ;  it  is  in  tasteless  crystals.  But  the 
most  important  substance  yielded  by  the  plant  is  the 
crystalline  glucoside  arbuiin,  which  it  contains  in  com 
mon^with  a  number  of  other  Ericacem.  It  is  obtained 
by  condensing  a  decoction  of  the  leaves  (after  this  decoc- 
tion has  been  freed  from  gallic  acid),  when  the  Arbutin 
crystallizes  out,  and  may  be  purified  by  the  usual  methods, 
It  is  a  bitter,  hygroscopic,  neutral  substance,  in  silky, 
needle-shape  crystals,  dissolving  with  difficulty  in  cold 
water,  but  easily  in  hot  water  or  alcohol.  By  digesting 
it  with  emulsin  or  diluted  sulphuric  acid,  sugar  and 
hydrochinone  are  produced. 

Use. — Of  definite  physiological  action  there  is  not  much 
to  be  predicated  for  ITva  Ursi,  excepting  astringency. 
This  the  large  amount  of  tannic  matters  (more  than 
one- third)  easily  explains.  That  the  different  bitter  prin- 
ciples make  it,  to  a  slight  extent,  tonic,  there  is  no  doubt. 
Its  influence  upon  the  Kidneys  and  urinary  passages,  from 
a  physiological  standpoint,  is  not  clear.  Yet  there  is 
reason  to  believe  that  whatever  value  it  has  in  this  respect 
is  due  to  the  arbutin  which  it  contains.  This  substance 
is  eliminated  by  the  kidnej^s  partly  unchanged,  but  mostly 
decomposed  into  hydrochinone,  etc.  This  is  a  substance 
of  some  antiseptic  power,  and  the  suggestion  is  plausibly 
made  that  its  value  in  chronic  cystitis  depends  upon  its 
antisepsis.  On  the  other  hand,  pure  arbutin,  which 
should  be  far  better  in  this  view  than  Uva  Ursi  itself,  has 
not  proved  especially  valuable  in  the  few  cases  in  which 
it  has  been  tried.  The  clinical  evidence,  both  popular 
and  professional,  in  favor  of  Uva  Ursi  is  considerable, 
and  to  the  effect  that  decided  relief  from  pain  and  fre- 
(juency  of  micturition,  with  sometimes  diminution  of  pus 
in  the  urine,  follows  its  use.  A  number  of  other  drugs 
containing  arbutin  have  been  empirically  put  to  the  same 
use  as  this  one,  before  the  presence  of  the  glucoside  in 
them  was  demonstrated. 


Dose  of  Uva  Ursi,  from  two  to  four  gramn^  »  ( 3  ss 
ad  3  j.),  or  more  if  the  digestive  organs  are  not  disturbed 
by  it.  There  •  is  a  fluid  extract  {Extractum  Utw  UrM 
Fluidum,  U.  S.  Ph.),  strength,  \,  but  decoction  is  prob- 
ably a  better  form  of  administration.  Arbutin  is,  so  far, 
too  expensive  to  use,  but  if  much  called  for  it  ought  to  be' 
come  comparatively  cheap.     Dose,  perhaps,  one  gramme. 

Allied  Plants. — Uva  Ursi,  medicinally,  fairly  repre 
sents  the  order  Ericacem.  Arbutin  is  the  most  character- 
istic constituent  found  in  it,  and  exists  in  a  number  of  its 
genera.  A  few  plants  in  it  have  a  slender  reputation  as 
medicines.  A  few  of  its  berries  (especially  if  the  Vm- 
cinice  are  included,  i.e.,  blue-,  whortle-,  huckle-,  cran- 
berries, etc.)  are  edible ;  many  of  its  flowers — heaths,  rho 
dodendrons,  kalmias,  etc. ,  are  beautiful. 

Arciostaphylos  glauca,  an  American  species,  with  larger 
roundish  leaves,  has  similar  qualities,  and  also  contains 
arbutin.  The  following,  and  other  genera,  have  furnished 
plants  used  in  medicine:  Arbutus,  &auWieria,  Epigea, 
Erica,  Pyrola,  OhimapMlla,  etc. 

Allied  Drugs. — Benzoic  acid  and  its  salts  are  used 
with  the  idea  of  making  the  alkaline  urine  of  vesical 
catarrh  antiseptic,  and  so  may  be  compared  to  arbutin. 
For  a  list  of  simple  soothing  diuretics,  see  Couch  Grass, 

W.  P.  - 


BECCABUNGA  (Codex  Med.),  the  fresh  herb  of  Ver- 
onica Beccabunga  Linn.  ;  Order,  Scrophulariacem.  This 
is  a  rather  fleshy  plant,  with  straggling,  hollow  stems 
rooting  at  the  joints,  and  opposite  leaves.  These  latter 
are  ovate,  finely  serrate,  or  nearly  entire.  The  flowers 
are  in  axillary  racemes,  small  and  blue,  normally  penta- 
merous,  but  asymmetrical  by  abortion,  and  irregular, 
the  upper  calyx-lobe,  the  lower  division  of  the  corolla, 
and  three  of  the  stamens  being  usually  wanting.  Ovary, 
two-celled,  many-seeded.  Beccabunga  is  a  native  of 
Europe,  common  along  brook-sides  and  in  swamps. 

It  has  a  sweetish,  bitter,  slightly  warming  taste,  and 
contains  a  little  essential  oil,  said  to  resemble  those  of  the 
eruciferce,  besides  some  other  ill-defined  bitter  substances, 

Beccabunga  is  obsolete  as  a  medicine.  It  has  been  used' 
as  antiscorbutic  and  diuretic,  but  has  little  value.  Ou( 
salads  in  general — cresses,  celery,  dandelion,  etc.— are 
probably  just  as  good  antiscorbutics,  and  have  the  advan- 
tage of  being  taken  willingly.  With  lemons  or  lime- 
juice  it  is  not  to  be  compared.  A  syrup  made  from  the 
fresh  juice  has  been  a  favorite  preparation. 

Allied  Plants. — The  genus  Veronica  is  very  widely 
distributed,  and  comprises  nearly  two  hundred  species,  in 
all  parts  of  the  world.  They  arc  in  general  bitter  and 
not  very  active  plants,  with  qualities  usually  described  as 
"stomachic,  diaphoretic,  diuretic,  and  expectorant,"  a 
combination  difficult  to  use  in  rational  medicine.  V. 
officinalis  Linn.,  V.  Teucrium  Linn.,  V.  serpMllifolia, 
etc.,  will  serve  as  examples.  V.  virginica  (Leptandra)  is, 
however,  more  active  (see  Culver's  Root).  For  a  notice 
of  the  order,  see  Foxglove.  W.  P.  BoUes. 

BEDFORD  ALUM  SPRINGS,  PENNSYLVANIA.  Lo- 
cation and  Post  Office,  Bedford  Springs,  Bedford  County, 
Pa. ,  on  the  Bedford  Division  of  the  Pennsylvania  Railroad. 
It  is  also  connected  with  the  Pennsylvania  Railroad  by  a 
branch  from  Huntington,  with  the  Baltimore  &  Ohio 
Railroad  by  a  branch  from  Cumberland,  Md.,  and  with 
the  Connellsville  Division  of  the  Baltimore  &  Ohio  Rail- 
road at  Bridgeport.     First  discovered  in  1804. 

Therapeutic  Properties. — This  water  is  analogous 
to  the  AUeghanjr  and  Blue  Ridge  Springs,  though  not  so 
strong  in  the  active  ingredients,  lime  and  magnesium  sul- 
phate, as  either  of  them.  It  is  useful  as  an  alkaline  ca 
thartic,  tonic,  and  diuretic,  and  has  been  long  the  favor- 
ite resort  of  the  people  of  Pennsylvania  and  neighboring 
States. 

The  hotel  'accommodations  are  upon  a  large  scale,  and 
the  opportunities  for  recreative  exercise  are  many.  Tlie 
site  is  1,080  feet  above  the  sea,  on  the  eastern  slope  of  the 
Alleghany  Mountains,  and  for  beautiful  scenery,  pure 
air,  and  salubrity  of  climate,  is  all  that  can  be  desired. 
The  "Sweet  Spring"  furnishes  the  ordinary  drinking 
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water,  and,  according  to  Dr.  Gcnth,  is  one  of  the  purest 
of  natural  waters.  There  are  good  schools  in  the  neigh- 
boring town  of  Bedford. 

There  are  five  springs:  "Mineral,"  Sulphur,  Chaly- 
beate, Limestone,  and  Sweet. 

The  "Mineral,"  or  Anderson  Spring,  is  the  chief  one, 
and  has,  according  to  Dr.  F.  A.  Genth,  the  following 
composition  i 

Analysis. — Temperature,  68°  F.;  specific  gravity, 
1.029.    One  gallon  of  231  cubic  inches  contains  : 

Carbonate  of  calcium 8.47132  grains. 

Carbonate  of  magnesium 0.59130  ^^ 

Carbonate  of  iron 0.04669  " 

Carbonate  of  manganese trace. 

Sulphate  of  strontium .' 0.00725  " 

Buliihate  of  calcium 90.45613  " 

Sulphate  of  magnesium 38.08.368  " 

Sulphate  of  sodium 0.60824  " 

Sulphate  of  potassium 0.29682  " 

Chloride  of  lithium faint  trace. 

Chloride  of  sodium ..; 0.53476  " 

Phosphate  of  calcium 0.02248  " 

Sulphide  of  hydroRen 0.00596  " 

BilioioBcid 0.16943  " 

Carbonic  acid  (free) 1.27347  " 

140,50533     " 

George  B.  Fowler. 

BEDFORD  ALUM  SPRINGS,  VIRGINIA.  Location, 
Bedford  County,  Va.;  Post-Office,  New  London,  Camp- 
bell County,  Va. 

Access. — By  Norfolk  &  Western  Railroad  to  Forest ; 
thence  by  stage  to  the  Springs,  about  five  miles  distant, 
near  New  London,  in  the  adjoining  county. 

Analysis  (Professor  William  Gilliam). — One  pint  con- 
tains : 

Sulphate  of  potassa 1.270  grains. 

Sulphate  of  magnesia 1.583      ** 

Sulphate  of  lime 2.334      " 

Sulphate  of  alumina 0.905      " 

Sulphate  of  protoxide  of  iron 2.933      " 

Sulphuric  acid  (free) 2.497      " 

11.521      " 

Therapeutic  Pkopbkties. — This  is  a  chalybeate- 
alum  water  of  old  repute,  and  is  much  frequented  for  the 
cure  of  diseases  of  the  skin  and  mucous  membranes. 

This  spring  is  situated  in  the  Blue  Ridge  Mountain  re- 
gion of  Virginia,  and  is  about  twenty -five  miles  from  the 
"  Peaks  of  Otter,"  5,300  feet  above  the  sea.       G.  B.  F. 

BEDFORD  SPRINGS,  KENTUCKY.  Location,  Trim- 
ble County,  Ky.;  Post- Office,  Bedford,  Trimble  (bounty, 
Ky. 

Access. — By  Louisville  &  Nashville  Railroad,  Louis- 
ville, Cincinnati  &  Lexington  Division,  to  Campbells- 
burg,  eight  miles  ;  thence  by  stage  to  the  Springs  ;  or  by 
Jefferson,  Madison  &  Indianapolis  Railroad,  Madison  Di- 
vision, to  Madison,  Ind. ;  thence  by  turnpike,  ten  miles, 
to  Springs. 

Analysis  (Dr.  Robert  Peters). — Chloride  of  sodium, 
bicarbonate  of  magnesia,  bicarbonate  of  lime,  sulphate  of 
sodium,  carbonate  of  lithium,  carbonate  of  soda.  Re- 
action, alkaline  to  test-paper. 

There  are  two  springs,  "  The  Bedford  "  and  "  The  Ep- 
som." They  are  of  similar  chemical  composition,  except 
that  there  is  a  larger  proportion  of  sulphate  of  magnesia 
in  the  Epsom  water. 

The  Bedford  saline  water  issues  from  a  hydraulic  layer 
of  four  or  five  feet  between  strata  of  blue  limestone,  and 
is  collected  in  a  basin  of  the  same  material. 

The  Epsom  water  flows  from  calcareous  clay,  formed 
by  the  disintegration  of  the  earthy  beds  overlying  the 
limestone. 

The  Bedford  water  contains  no  carbonic  gas,  has  no 
odor,  is  clear,  pure,  and  pleasant  to  the  taste.  The  or- 
dinary drinking-water  of  the  place  is  a  clear,  cool,  free- 
stone water. 

Thekapeutic  Properties. — The  Bedford  waters  are 
extremely  popular  among  the  physicians  and  people  of  the 
South  and  Southwest.     They  are  resorted  to  for  the 


cure  of  catarrhal  diseases  of  the  alimentary  canal  and 
urinary  organs,  and  are  useful  in  rheumatism  and  gout. 
The  climate  is  healthful,  having  an  average  summer  tem- 
perature of  75°  F.  There  are  pleasant  walks  and  drives 
through  the  neighboring  countiy.  Churches  of  various 
sects  and  schools  are  found  at  Bedford  and  Campbells- 
burg.  The  Bedford  Springs  Hotel,  lately  refitted  and 
furnished,  has  accommodations  for  one  hundred  and 
seventy-five  guests. 

History. — The  springs  were  discovered  by  Noah 
Parker  in  1837,  and  have  remained  in  possession  of  the 
family.  In  1888  they  were  opened  to  the  public,  and 
have  ever  since  retained  their  reputation. 

George  B.  Fowler. 

BELLADONNA  (BelladonntB  Folia,  Belladonnm  Badix, 
U.  S.  Ph.,  B.  Ph.  ;  Folia  Belladonnm,  Ph.  G.  ;  Beladone, 
Codex  Med.,  root,  leaves,  seed).  Atropa  Belladonna 
Linn.  ;  Order,  Solanacem,  is  a  rather  unsightly  and  heavy, 
disagreeable-smelling,  perennial  herb  (from  sixty  to  one 
hundred  and  twenty  centimetres — two  to  four  feet — in 
height),  with  an  upright  stem,  terminating  in  three 
spreading  and  forked  branches.  The  stem  is  smooth, 
the  branches,  when  young,  glandular,  hairy.  The  leaves 
are  normally  alternate,  but  by  the  alternate  suppression 
of  internodes,  those  in  the  upper  portions  of  the  plant 
are  approximated  in  ill-matched  pairs,  consisting  of  one 
large  and  one  small  leaf,  arising  near  each  other,  not  op- 
posite. They  are  ovate  or  oblong,  pointed  at  the  apex, 
and  tapering  below  into  a  short  petiole  ;  they  are  entire, 
smooth,  and  thin.  The  larger  leaves  are  from  fifteen  to 
twenty  centime- 
tres (six  to  eight 
inches)  in  length, 
the  smaller  not 
more  than  half  as 
large.  The  flow- 
ers are  technically 
terminal,  but  ap- 
parently lateral, 
on  recurved  pe- 
duncles, solitary, 
of  a  dull  brown- 
purple  color,  and 
are  about  two  and 
a  half  centime- 
tres long.  Calyx 
five-parted,  bell- 
shaped,  in  fruit 
large  and  open ; 
corolla  tubular 
bell-shaped,  with 
a  five-notched 
apex  imbricated 
in  the  bud.  Sta- 
mens, five ;  ovary 
free,  two-celled,  many-ovuled. 


Fio.  400.— Belladonna.    Flowering  branch 
(Baillon.) 


Fruit  a  spheroidal,  black, 
shining,  many-seedeS  berry,  from  one  and  a  half  to  two 
centimetres  in  diameter.  Seeds  small  (one-third  centime- 
tre long,  =  one-eighth  inch),  flattened,  kidney-shaped, 
light-colored,  scrobiculate.  Root  thick  and  fleshy,  light- 
colored. 

Belladonna  is  a  native  of  Central  and  Southern  Europe 
and  Western  Asia.  It  is  considerably  cultivated  for  medi- 
cinal use  in  Europe,  and  occasionally  in  the  United  States, 
where  it  has  also  become  sparsely  naturalized ;  nearly 
all  that  used  here,  however,  is  imported  from  Europe. 
The  wild  plants  are  said  to  be  the  most  active. 

Belladonna,  although  a  European  plant,  is  not  of  great 
antiquity  as  a  medicine  ;  at  least  it  cannot  bo  recognized 
among  those  described  by  the  oldest  writers  on  this  sub- 
ject. From  the  beginning  of  the  fifteenth  century  down, 
however,  it  is  frequently  referred  to  as  a  poison,  and 
sometimes  as  a  medicine.  For  the  past  hundred  years  it 
has  been  pretty  regularly  mentioned,  and  more  or  less 
used,  but  never  very  commonly  until  its  usefulness  in 
examinations  and  treatment  of  the  eye  opened  for  it  a 
new  and  important  field.  It  has  been  a  panacea  among 
the  homoeopathists  from  the  foundation  of  their  school. 
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Fig.  401.— Belladonna.  Fruit ; 
about  two-thirds  of  the  nat- 
ural size.    (Baillon.) 


Description.— The  seeds  are  not  much  employed,  and 
are  sufficiently  described  above.  The  leaves  have  the 
form  and  size  given  above,  and  are,  when  dried,  thm  and 
brittle,  brownish  green  above,  grayish  green  below,  with 
fine  punctations  indicating  oxalate  of  calcium  concre- 
tions ;  the  younger  leaves  are  finely  hairy,  the  older 
smooth.  They  have  a  weak  odor  and  a  bitter  disagreeable 
taste.  Belladonna  leaves  should  be  collected  in  the  sum- 
mer, at  the  height  of  vegetation,  and  carefully  dried  in 
the  shade  ;  they  become  worthless  by  long  keeping.  The 
dried  root  is  from  three  to  five  centimetres  (1-2  inches) 
or  more  in  diameter,  and  up  to  twenty  or  thirty  centi- 
metres in  length,  tapering,  curved,  occasionally  branched, 
with  a  light-yellowish  or  grayish-brown  and  longitud- 
inally wrinkled  surface.  It  is 
usually  split  to  facilitate  dry- 
ing, and  is  then  in  strongly  re- 
curved pieces.  Within,  its  color 
is  yellowish  white.  The  woody 
ring  is  narrow,  its  cells  thin- 
walled,  its  vessels  large.  The 
bark  and  pith  of  the  main  root 
are  thick  and  starch-laden  ;  the 
branches  have  no  pith ;  the 
whole  structure  is  light  and  not 
fibrous,  and  the  fracture  short 
and  transverse.  The  broken 
surface  is  mealy  with  the  abun- 
dance of  starch.  The  taste  is  slowly  bitter,  and  strongly 
acrid.  The  best  roots  are  from  young  adult  plants. 
Those  which  are  six  or  seven  years  old,  especially  hollow, 
woody,  tough,  and  decayed  pieces,  should  be  rejected. 
It  should  be  collected  in  spring  or  fall. 

Composition.  —  The  principal  constituent,  atropine 
(Atropina,  U.  8.  Ph.),  was  discovered  in  1833,  simultane- 
ously and  independently,  by  Mein  in  the  root,  and  by 
Geiger  and  Hesse  in  the  herb,  of  belladonna.  A  number 
of  methods  for  separating  it  are  in  use,  all  of  them  some- 
what complicated.  The  following  outline,  essentially 
that  of  Proctor,  will  serve  as  an  example.  An  alcoholic 
tincture  is  made  from  the  root,  and  subjected  to  a  first 
purification  by  treatment  with  slaked  lime.  Then  it  is 
neutralized  with  diluted  sulphuric  acid,  by  which  means 
the  lime  is  precipitated,  and  a  sulphate  formed  with  the 
atropine.  J'he  solution  is  then  filtered  and  evaporated  to 
a  syrupy  consistence,  diluted 
with  water,  and  filtered 
through  a  wet  filter  to  re- 
move fats,  etc.  It  is  then 
shaken  with  chloroform, 
which  completes  the  removal 
of  these  substances,  without 
dissolving  the  atropine  sul- 
phate, which  is  insoluble  in 
chloroform.  The  watery  so- 
lution is  decanted,  and  finally  treated  to  a  second  portion 
of  chloroform  ;  the  mixed  liquids  are  made  alkaline  again 
by  means  of  caustic  potash,  which  decomposes  the  sul- 
phate of  atropine  and  thus  liberates  the  alkaloid  itself, 
which  is  soluble  in  chloroform  and  is  removed  by  that 
agent  from  the  water.  The  liquids  are  again  separated, 
and  the  atropine-chloroform  solution  evaporated  to  dry- 
ness ;  the  alkaloid  is,  at  last,  crystallized  from  absolute 
alcohol.  It  is  a  colorless,  white,  crystalline  alkaloid,  per- 
manent in  the  air ;  soluble  in  six  hundred  parts  of  cold 
water,  and  in  sixty  of  ether  ;  in  alcohol  and  chloroform 
freely  so.  It  has  a  bitter  and  acrid  taste,  and  no  odor. 
Atropine  forms  crystalline  salts.  One  of  these,  the  sul- 
phate {At/ropinm  Sulphas,  U.  S.  Ph.),  is  generally  used  in- 
stead of  the  pure  alkaloid,  in  consequence  of  its  free  solu- 
bility in  water  (ns^j-).  It  is  less  soluble  in  alcohol  {-^s), 
but  sufficiently  so  for  all  pharmaceutical  or  medical  pur- 
poses. By  the  action  of  hot,  concentrated  sulphuric 
acid,  and  also  by  other  means,  atropine  is  decomposed 
into  a  similar  but  less  active  alkaloid  tropine,  and  tropic 
acid,  and  from  these  can  be  again  synthetically  pre- 
pared. With  tropine,  also,  a  series  of  interesting  salts 
with  various  aromatic  acids  may  be  formed,  one  of  which 
is  of  some  practical  use,  namely,  Homatropine  or  oxyto- 


Fio.  403.— Section  of  the  same. 


lyltropine,  a  combination  of  tropine  with  amygdalic  acid. 
The  hydrobromate  of  homatropine  is  especially  adapted 
to  use  as  a  simple  mydriatic  in  cases  in  which  the  pupil  is 
to  be  dilated  simply  for  examination,  since  its  effect  passes 
by  very  much  sooner  than  that  of  atropine.  It  is  a  per- 
manent, but  easily  soluble  salt.  The  next  most  imporant 
alkaloid  is  hyoscyamine,  which  is  the  characteristic  constit- 
uent of  Henbane  or  Hyoscyamus.  Its  action  in  general  is 
the  same  as  that  of  atropine,  and  as  it  exists  in  Belladonna 
only  in  minute  quantity  its  description  will  be  deferred 
until  Henbane  itself  is  considered.  Bellaidonnine  is  a  more 
doubtful  constituent,  and  may  be  an  impure  mixture  of  the 
above.  The  percentage  of  atropine  varies  much,  according 
to  different  observers,  but  may  be  stated  as  about  one-half 
of  one  per  cent,  in  both  the  dried  leaves  and  root.  Com- 
mercial atropine  is  a  mixture  of  atropine  and  hyoscy- 
amine.    The  leaves  contain  also  asparagin. 

The  action  of  Belladonna  is  essentially  that  of  its  prin- 
cipal alkaloid  ;  the  other  constituents  are  so  small  in 
quantity,  or  so  Inert  in  comparison,  that  they  may  be  en- 
tirely ignored  in  this  connection.  Hyoscyamine  even  if 
present  in  appreciable  amount,  would  scarcely  modify  its 
action,  as  the  two  alkaloids  are  nearly  identical  in  medical 
properties. 

The  intense  physiological  activity  of  atropine  has 
quite  naturally  made  it  a  favorite  subject  of  study  with 
experimental  physiologists,  and  its  literature  is  rich  and 
interesting,  if  not  always  harmonious.  The  following 
resume  covers  only  the  most  striking  and  practical  points, 
and  those  most  generally  accepted.  For  further  details, 
the  reader  is  referred  to  works  upon  therapeutics.  One 
of  the  first  items  of  interest  to  be  noted  is  the  great  differ- 
ence which  exists  in  the  sensitiveness  of  different  kinds  of 
animals  to  its  influence.  To  none  is  it  so  obnoxious  as  to 
man ;  to  some  it  is  scarcely  deleterious.  Herbivorous  ani- 
mals in  general  (horses,  asses,  etc. )  can  eat  belladonna  leaves 
in  considerable  quantity  with  impunity.  Rabbits  can  be 
fed  exclusively  upon  them  for  weeks,  and  until  their  very 
flesh  is  poisonous  to  man,  without  serious  symptoms. 
They  require  a  dose  of  atropine  ten  times  as  large  as 
would  be  fatal  to  a  man,  to  kill  them.  Many  birds  resist  its 
action  remarkably,  and  their  pupils  are  not  dilated  by  it. 
Young  animals  bear  it  in  larger  proportionate  doses  than 
adult  ones ;  children  than  men.  In  general,  animals  whose 
nervous  system  is  most  highly  developed  suffer  more  from 
its  action  than  lower  forms.  Atropine  is  easily  intro- 
duced into  the  system  by  various  channels ;  the  lungs, 
stomach,  rectum,  vagina,  and  even  the  skin,  are  capable 
of  absorbing  it,  and  are  all  frequently  made  use  of  in  its 
administration.  Subcutaneously  it  acts  as  quickly  as 
morphine  given  in  the  same  way,  and  produces  but  little 
local  inflammation.  Upon  the  eyeball,  it  passes  through 
the  cornea  in  a  few  minutes  in  sufficient  amount  to  make 
itself  manifest.  Finally,  it  is  said  to  be  capable  of  re- 
absorption  from  the  bladder,  into  which  it  has  been  elimi- 
nated, a  point  to  be  borne  in  mind  in  cases  of  poisoning. 
Continued  use  of  it  begets  a  certain  degree  of  tolera- 
tion. 

Atropine  acts,  in  one  way  or  another,  upon  all  parts  of 
the  nervous  system,  as  well  as  directly  or  indirectly  upon 
the  unstriped  muscles  and  secreting  organs.  The  name 
mydriatic  (^juuSpfSo-is),  which  is  given  to  it  and  other  soli- 
naceous  products  in  therapeutic  classifications,  refers  only 
to  one  of  a  number  of  functional  disturbances  which  it  is 
capable  of  causing,  and  must  not  be  taken  as  expressing 
its  general,  or  even  most  important  physiological,  ac- 
tion. As  a  convenient  basis  of  classification  it  has  a  cer- 
tain use.  In  a  word,  it  may  be  said  to  be  an  exciter  of 
the  nervous  centres,  and  at  the  same  time  depressant  to 
the  nerves  themselves  and  their  peripheral  connections ; 
thus  combining  two  kinds  of  action  antagonistic  in  their 
nature,  and  causing  divers  series  of  symptoms,  accord- 
ing to  the  relative  intensity  of  its  impression  upon  one  or 
the  other  of  the  structures  mentioned.  The  symptoiBS 
depend,  in  part,  upon  the  animal  experimented  upon  (in 
frogs,  for  instance,  the  paralyzing  action  Is  more  intense ; 
in  mammals,  the  excitant),  and  in  part  upon  the  size  of 
the  dose.  To  repeat  slightly  more  in  detail,  its  exciting 
influence  has  been  observed  in  the  spinal  column,  where 
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it  is  shown  by  the  development  of  convulsions ;  in  the  cere- 
brum, producing  delirium ;  in  the  cardiac  centres,  affecting 
the  action  of  the  heart ;  in  the  respiratory  centres,  and  in 
the  sympathetic  ganglia.  On  the  other  hand,  it  dimin- 
ishes the  conductibility  of  the  nerves  themselves,  and  so 
far  disguises  the  impression  which  it  has  made  upon  the 
nerve-centres.  The  motor  nerves  feel  its  influence  first 
and  most  fully,  the  sensitive  fibres  later.  The  vagus  shares 
in  the  general  paralysis  of  the  efferent  nerves,  but  the 
accelerator  nerves  of  the  heart,  and  the  sympathetic  nerves 
in  general,  are  probably  less  paralyzed  than  those  of  the 
cerebro-spinal  system.  Finally,  it  reduces  the  irritability 
of  the  unstriped  muscles  (intestine,  bladder,  uterus,  etc.), 
and  diminishes  the  activity  of  the  secreting  glands  in  gen- 
eral (in  the  throat,  skin,  etc.).  Its  action  upon  the  iris  is  of 
the  greatest  medical  interest,  in  consequence  of  the  practical 
value  which  it  has  for  the  oculist.  This  consists,  after  small 
doses,  in  a  simple  dilatation  of  the  pupil ;  after  larger  ones, 
in  paralysis  of  the  power  of  accommodation  as  well.  Both 
these  effects  may  be  produced  by  internal  administration, 
and  are,  indeed,  recognized  as  the  first  and  most  charac- 
teristic symptoms  of  poisoning  by  belladonna.  They  are 
essentially  local  in  their  character,  however,  and  are 
better  produced  by  the  topical  application  of  this  medi- 
cine to  the  eye  itself.  When  atropine,  or  its  derivatives, 
are  used  in  this  way,  its  effects  upon  the  eye  may  be  grad- 
uated with  the  greatest  nicety  from  a  scarcely  perceptible 
dilatation  of  the  pupil  to  the  most  complete  paralysis  of 
the  intra-ocular  portions  of  the  motor  oculi  nerve.  Its  ac- 
tion here  corresponds  in  character  with  the  action  as  mani- 
fested upon  the  rest  of  the  nervous  system.  In  man,  a 
characteristic  bright-red  flush  often  makes  its  appearance 
after  large,  and  occasionally  after  very  small,  medicinal 
doses.  The  writer  has  seen  it  more  frequently  in  chil- 
dren than  in  adults.  It  always  appears  upon  the  cheeks, 
and  may  spread  to  other  parts  of  the  body ;  it  is  a  smooth, 
bright,  well-defined  erythema,  passing  off  in  a  few  hours, 
usually  without  desquamation  or  any  disorder  of  sensa- 
tion ;  it  often  encircles  the  mouth,  enclosing  a  white  area 
around  the  lips,  which  is  quite  characteristic.  .  Dizziness, 
confusion  of  thought,  hallucinations,  and  mild  or  wild 
delirium,  indicate  different  degrees  of  stimulating  action 
Upon  the  cerebrum.  The  bodily  temperature  is  raised  by 
full  medical  doses.  The  excessive  dryness  of  the  throat. 
Which  is  one  of  the  most  distressing  symptoms  of  atropine 
poisoning,  is  due  to  the  cessation  of  secretion  there. 

With  the  above  r&sume  of  its  action  the  medicinal  uses 
of  belladonna  will  appear  rationaL  Some  of  its  effects, 
such  as  the  spinal  irritant  (convulsions)  and  the  cerebral 
stimulant  in  high  degree  (delirium),  are  not  brought  out 
in  medicinal  doses ;  and  others,  while  often  present,  like 
the  dryness  of  the  throat,  are  disadvantageous,  or  only 
useful  as  a  gauge  of  the  amount  of  impression  produced. 
1.  As  an  antispasmodic  it  has  been  used  with  benefit 
in  a  number  of  diseases,  when  the  relaxation  of  spasm  or 
diminishing  the  irritability  of  nerves  and  muscles  is  de- 
sired. Such  conditions  are  found  in  asthma,  whooping- 
cough,  colics,  dysmenorrhoea,  rigidity  of  the  os  uteri  in 
labor,  vaginismus,  infantile  incontinence  of  urine,  etc. 
In  all  these  diseases  belladonna  has  been  of  undoubted 
benefit.  Often,  it  must  be  confessed,  it  has  failed  more 
or  less  completely.  In  epilepsy,  for  which  it  has  been 
largely  used,  it  has  probably  but  little  value.  In  chronic 
constipation  it  is  often  very  useful,  not  as  a  cathartic 
itself,  but  as  a  corrigent  to  some  active  laxative.  For  its 
sedative  effect  the  more  locally  belladonna  can  be  ap- 
plied the  more  efficient  it  will  prove  ;  thus  in  asthma  it 
is  best  inhaled  (smoke,  spray) ;  for  uterine  and  rectal 
cases,  given  a!s  an  ointment  or  suppository  ;  in  neuralgia, 
injected  into  the  painful  part,  etc.  By  this  means  greater 
excess  of  local  over  central  effect  is  produced.  3.  As 
a  stimulant  to  the  circulation  and  respiration  (for  these 
results  both  appear  and  are  usually  both  wanted  together) 
large  doses  are  required,  and  the  conditions  are  not 
often  present  when,  with  all  its  drawbacks  (choking, 
thirst,  mydriasis,  etc.),  it  is  desirable  ;  but  when  they  are 
present,  as  in  excessive  collapse,  with  failing  pulse  and 
respiration,  with  reduction  of  temperature  and  cold  per- 
spiration, life  is  in  danger,  and  atropine  may  be  the  means 


of  saving  it.  There  is  no  other  medicine  which  so  com- 
pletely antagonizes  these  symptoms  as  this.  Such  col- 
lapse may  occur  in  the  course  of  disease  as  a  result  of 
accident,  or  ia  poisoning  by  opium.  The  writer  believes 
that  he  has  seen  two  cases  in  which  atropine  used  in 
this  way  was  the  means  of  saving  life.  One  was  a 
case  of  typhoid  fever,  complicated  by  lobar  pneumonia, 
in  which  the  patient  had  a  sudden  collapse  ;  the  pulse 
had  fallen  to  between  forty  and  fifty,  and  could  hardly 
be  felt ;  the  respirations  were  not  more  than  eight  in  a 
minute ;  he  was  covered  with  cold  perspiration,  was 
cyanotic,  and  could  scarcely  speak.  Alcohol  was  not  re- 
sponded to.  He  was  given  a  moderate  dose  of  atropine 
sulphate,  which  brought  the  pulse  and  respiration  percep- 
tibly up  in  a  few  minutes,  and  after  a  repetition  of  the  dose 
the  perspiration  diminished,  and  later  disappeared  ;  the 
temperature  had  been  down  to  ninety-six,  but  rose  after 
the  atropine  to  nearly  normal  in  an  hour  or  two.  The 
collapse  returned  after  several  hours,  but  was  again  over- 
come by  the  medicine.  The  second  case  was  one  of  col- 
lapse after  a  secondary  amputation  of  the  thigh,  in  a  pa- 
tient who  had  lost  much  blood  in  successive  hsBmorrhages 
(he  was  a  bleeder) ;  the  symptoms  were  similar  to  those 
^bove  given,  excepting  that  the  temperature  was  not  so 
much  lowered.  Both  men  were  believed  to  be  dying.  In 
such  cases  it  should  be  given  suboutaneously. 

Atropine  is  used  in  ophthalmic  practice,  both  as  a  rem- 
edy and  as  a  means  of  diagnosis :  for  the  latter  purpose, 
sometimes  to  dilate  the  pupil  sufficiently  for  a  full  view 
of  the  interior  of  the  eye,  sometimes  to  paralyze  the 
power  of  accommodation,  and  thus  facilitate  a  careful 
examination  of  its  refraction,  etc.  For  these  purposes 
the  smallest  doses,  that  is,  the  weakest  solutions  that  will 
answer  the  required  purpose,  should  be  applied  to  the 
conjunctiva  ;  a  drop  or  two  of  a  solution  made  with  one 
or  two  parts  of  sulphate  of  atropine  in  ten  thousand  of 
water,  will  dilate  the  pupil  sufficiently  for  an  examina- 
tion of  the  fundus,  etc.,  without,  it  is  said,  having  much 
effect  upon  the  power  of  accommodation  ;  to  impress  this 
function  a  solution  of  four  or  five  parts  in  a  thousand  is 
required.  The  dilatation  of  the  pupil  begins  in  a  few 
minutes  after  the  application,  the  paralysis  of  accommo- 
dation after  an  hour  or  so.  It  requires  from  three  to  fif- 
teen days,  according  to  the  amount  of  disturbance  pro- 
duced, for  the  functions  to  become  normal  again.  The 
eye  should  therefore  not  be  atropinized  vrithout  good 
reason — a  week  or  two  of  time  is  sometimes  unnecessarily 
lost,  for  a  patient  who  is  in  business,  by  an  injudicious  or 
not  needed  application,  to  make  an  examination  easy, 
which,  with  a  little  more  care  or  skill,  could  be  well 
enough  done  without  it. 

Therapeutically  it  is  employed  in  a  number  of  diseases 
where  rest,  a  soothing  effect,  and  a  reduction  of  intra- 
ocular pressure  is  desired  ;  some  forms  of  conjunctivitis, 
ulcerations  of  the  cornea,  ophthalmia  neonatorum,  spas- 
modic disorders  of  the  accommodating  power,  and  glau- 
coma, are  examples.  But  its  mydriatic  power  is  the  key- 
note to  its  greatest  and  every-day  usefulness  in  ophthalmic 
therapy.  In  iritis  it  is  of  the  highest  importance  to  keep 
the  inflamed  iris  still,  relaxed,  and  free  from  friction  and 
pressure,  also  to  hold  it  where  it  shall  not  be  in  danger  of 
forming  inflammatory  adhesions.  Atropine  does  this  to 
an  ideal  extent,  and  may  be  compared  to  a  splint  for  a 
broken  limb  in  its  usefulness.  The  disease  is  shortened 
and  greatly  mitigated  by  its  application.  It  is  not,  how- 
ever, a  specific,  and  should  be  accompanied  with  the  anti- 
rheumatic or  antisyphilitic  treatment  which  the  nature 
of  the  case  further  indicates. 

Belladonna  has  been  extensively  used  empirically  for  a 
great  variety  of  diseases,  as  may  be  seen  by  consulting 
the  older  works  upon  medicine.  None  of  these  uses  have 
stood  the  test  of  experience,  excepting  those  which  may 
be  explained  by  its  physiological  actions.  As  a  prophy- 
lactic in  scarlet  fever  its  action  is  probably  merely  a 
moral  one.  It  certainly  sometimes  relieves  the  minds  of 
those  taking  it,  even  when  they  are  distinctly  told  that  it 
has  no  value  in  this  respect.  The  doses  employed  for  this 
purpose  are  generally  very  small. 

Administkation.— Neither  the  root  nor  the  leaves  are 
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usually  given  in  substance,  although  there  appears  to  be  no 
good  reason  for  not  doing  so,  as  the  dose  is  small,  and 
they  are  certainly  as  uniform  as  the  Galenical  prepara- 
tions made  from  them ;  the  dose  of  the  leaves,  when 
given,  is  also  stated  to  be  larger  than  that  of  the  root— 
which  seems  hardly  logical,  since  the  alkaloidal  strength 
averages  in  each  about  the  same.  The  leaves  are,  how- 
ever, an  uncertain  and  perishable  drug,  and  might  well 
be  spared.  Their  maximum  dose,  according  to  the  Ger- 
man Pharmacopoeia,  is  two  decigrammes  (0.3  G_m.  =  gr. 
iij.),  or  not  more  than  six  decigrammes  per  dum ;  the 
real  dose  is  a  tentative  one,  to  be  increased  until  its  eflfects 
are  noticed. 

Preparations.— From  the  leaves  are  made :  an  alco- 
holic extract  (Mctractum  Belladonnm  Alcoholieum,  U.  S. 
Ph.),  so  named  to  distinguish  it  from  the  English  extract 
made  from  the  fresh  leaves.  The  dose  is  uncertain ;  one 
and  a  half  centigramme  (one-fourth  grain),  introduced  into 
the  stomach  or  rectum,  will  sometimes  affect  the  throat 
and  pupils,  and  may  be  taken  as  an  average  to  start  from. 
The  ointment  (Unguenium  BelladonncB,  U.  S.  Ph.),  con- 
sisting of  extract  -^g,  benzoinated  lard  and  alcohol  -ftf,  is 
much  used  as  a  sedative  application  to  the  rectum  and 
uterus.  The  tincture  (Tmctura  Belladonnce,  U.  S.  Ph.), 
strength  -rHAr,  dose  one  to  two  grammes  (1  to  2  Gm.  = 
IH.xv.  ad  XXX.). 

From  the  root  are  made  ;  an  abstract  (Abstractum  Bella- 
donnm, U.  S.  Ph.),  strength  ^,  a  fluid  extract  {Extractum 
Belladonnm  Pluidum,  U.  S.  Ph.),  strength  \,  dose  one  or 
two  decigrammes  (0.1  to  0.3  Gm.  =  ITLjss.  ad  iij.),  which  is 
the  most  uniform  preparation.  The  liniment  (Linimentum, 
Belladonna,  D.  S.  Ph.)  is  the  fluid  extract  with  five  per 
cent,  of  camphor.  For  the  oiflcinal  plaster*  {Emplastriim 
Belladonna,  U.  S.  Ph.),  an  alcoholic  extract  is  maide 
from  one  hundred  parts  of  the  root,  and  then  mixed  with 
enough  resin  plaster  to  make  the  amount  weigh  one  hun- 
dred parts. 

'  Atropine  and  its  sulphate  (Atropina,  Airopina  Sulpliaa, 
U.  S.  Ph.),  are  both  officinal,  but  the  latter  only  is  used 
for  dispensing,  on  account  of  its  solubility.  It  is  a  per- 
fectly uniform  and  trustworthy  preparation,  and  in  the 
writer's  opinion  is  always  to  be  preferred  for  internal  ad- 
ministration. Dose,  one  milligramme  (0.001  Gm.  =  gr.  /ij). 

Homatropine  acts  like  atropine  upon  the  eye,  but  its 
effects  are  more  transient,  passing  over  in  a  day  or  two — 
a  peculiarity  that  makes  it  very  valuable  for  simple  ex- 
aminations. A  solution  containing  four  or  five  parts  of, 
say  the  HydrobromaU  of  Homatropine,  in  a  thousand  of 
distilled  water,  is  one  of  suitable  strength.  Solutions  of 
both  atropine  and  homatropine  are  apt  to  develop  fun- 
gous growthsj  and  to  become  injured  by  them ;  this  may  be 
prevented  by  adding  one  part  in  a  thousand  of  thymol,  or 
two  in  a  thousand  of  carbolic  acid,  when  they  will  keep 
indefinitely. 

Allied  Plants. — Atropa  Belladonna  is  the  principal 
medicinal  plant  of  the  order  Solanaeem,  and  the  centre  of 
a  small  group  of  poisonous  plants  of  remarkably  similar 
qualities ;  but,  besides  these,  the  order  contains  other 
members  of  the  greatest  economic  value  and  interest,  and 
supplies  also  some  beautiful  flowers. 

The  order  is  a  large  one,  containing  over  twelve  hun- 
dred species,  generally  inhabitants  of  warm  latitudes, 
especially  of  South  and  Tropical  America,  but  having  a 
few  representatives  in  the  temperate  portions  of  Europe 
and  America.  Its  qualities  are  always  suspicious,  and 
sometimes  intensely  poisonous,  yet  a  few  most  valuable 
articles  of  food  are  supplied  by  it.  Its  active  principles 
are  usually  alkaloids,  but  there  are  some  notable  excep- 
tions to  this,  like  Capsicum.  The  following  synopsis 
will  serve  to  illustrate  the  variety  and  richness  of  the 
order : 

1.  Lyeopersicum  eaculentum  Dunal,  the  common  To- 
mato.    The  leaves  are  said  to  contain  Solanim. 

3.  Solanum  tuberosum  Linn.,  the  Potato.  Contains 
Solanine  in  its  fruits,  etc. 

*  The  belladonna  plaster  so  extensively  found  in  tlie  pharmacies  of 
the  United  States,  already  made  and  spread,  is  not  the  officinal  one.  but 
id  made  with  a  basis  of  caoutchouc. 


3.  Solanum  nigrum  Linn. ,  Deadly  Nightshade.    Con- 
tains Solanine. 

4.  Solanum  Dulcamara  Linn.,  Bittersweet.    Contains 
Solanine  and  Dulcamarine. 

5.  Solanum  esmlenta  Dunal,  the  Bg^  Plant. 

6.  Physalis  Alkekengi  lAnn.    Contains  "  Physalin." 

7.  Capsicum  annuurn  Linn.,  I  Red  Peppers.    Contain 

8.  Capsicum  fastigiatum  Bl. ,  )  ,  ^^ 

a  trace  of  Solanine,  but  owe  their  chief  qualities  to  an 
intensely  acrid  substance  called  Capsaicin. 

9.  Lycium  "  Matrimony.''    Cultivated  for  ornament 

10.  Atropa  Belladonna  Linn.,  Atropine  and  Hyoseya 
mine. 

11.  Datura  Stramonium  Linn. ,  Myoscyamine  (Daturine), 


til  VjIlilWi. 

13.  Syoscyamus  niger  Linn.,  Henbane.  Hyoscya/mim, 
Hyoscine,  Atropine. 

13.  Jficotiana  Tabacum'Linn.,T6bax:co.    Nicotine. 

14.  Petunia  Ornamental  plants. 

15.  MeremAergta,  [  ^ 

16.  Duboisia  Myroporoides,  Hyoscyamine  (Duboisine), 
etc. 

Allied  Drugs. — Nos.  11,  13,  and  16  in  the  above  list 
have  about  the  same  properties  as  belladonna.  Some  of 
'the  others  resemble  it  in  certain  points,  but  not  so  nearly. 
Besides  these,  there  are  no  drugs  having  exactly  such  a 
combination  of  effects  upon  the  animal  system.  It  has, 
however,  one  or  two  remarkable  antagonists  in  certain 
respects  :  Physostigma  contracts  the  pupil  as  actively  as 
the  medicine  under  consideration  dilates  it,  and  is  fre- 
quently used  to  overcome  its  action.  The  respiratory 
and  cardiac  stimulating  powers  of  belladonna  antagonize 
the  paralysis  of  these  organs  in  deep  opium  narcosis,  and 
it  occasionally  proves  serviceable  in  cases  of  poisoning  by 
that  drug.  W.  P.  Bolles. 

BELLADONNA,  POISONING  BY.  The  atropa  bella- 
donna is  a  member  of  the  well-marked  natural  order 
SolanaceEe,  which  includes  so  many  species  having  distinct 
physiological  activity.  Since  the  plant  does  not  grow 
wild  in  this  country,  poisoning  only  occurs  from  the  use 
of  the  medicinal  preparations,  but  numerous  cases  are 
recorded  by  foreign  observers  in  which  different  parts 
of  the  plant  have  caused  fatal  effects.  Even  the  ender- 
mic  application  of  belladonna  has  caused  marked  symp- 
toms. 

The  symptoms  produced  by  toxic  doses  of  the  prepara- 
tions of  belladonna  usually  manijEest  themselves  within 
an  hour,  and  are  marked  and  characteristic.  They  are 
heat  and  dryness  of  the  mouth  and  throat,  increasing  to  a 
feeling  of  burning  or  constriction,  difficulty  of  swallow- 
ing, giddiness,  nausea  and  vomiting,  frequently,  but  not 
invariably  ;  great  mental  excitement,  delirium,  and  hallu- 
cination, often  decidedly  maniacal  or  hysterical.  The  cir- 
culation is  decidedly  affected,  the  pulse  being  (juickened, 
the  face  becoming  red  and  turgid,  and  in  some  instances  a 
scarlet  eruption  has  appeared  over  the  body.  Dilatation 
of  the  pupil,  with  insensibility  to  light  and  impairment 
of  vision  are  usual  and  important  symptoms.  The  men 
tal  symptoms  often  take  the  form  of  wild  and  uncontrol 
lable  laughter.  The  following  case,  admitted  into  Guy's 
Hospital,  detailed  by  Taylor  ("Treatise  on  Poisons"), 
illustrates  very  well  the  clinical  history  of  a  case  of  bella 
donna  poisoning.  The  patient,  a  boy,  aged  fourteen,  had 
eaten  soon  after  breakfast  about  thirtjr  belladonna  berries. 
In  about  three  hours  it  appeared  to  him  as  if  his  face  wa.s 
swollen,  his  throat  became  hot  and  dry,  vision  impaired, 
objects  appeared  double,  and  seemed  to  revolve,  and  run 
backward.  His  hands  and  face  were  flushed  and  his 
eyelids  swollen  ;  and  occasional  flashes  of  light  were  ex- 
perienced. He  tried  to  eat,  but  could  not  swallow  on 
account  of  the  state  of  his  throat.  In  endeavoring  to 
walk  home  he  staggered,  and  felt  giddy  whenever  he  at- 
tempted to  raise  his  head.  He  was  incoherent,  frequently 
counted  his  money,  and  did  not  know  the  silver  from  the 
copper  coin.  His  eyes  had  a  fixed  and  brilliant  look,  lie 
could  neither  hear  nor  speak  plainly,  and  was  very  thirsty; 
he  caught  at  imaginary  objects  in  tlie  air.     There  was 
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headache,  but  no  vomiting  nor  purging.  These  symptoms 
were  much  the  same  nine  hours  after  the  taking  of  the 
poison.  The  pupils  were  so  strongly  dilated  that  there 
was  merely  a  narrow  ring  of  iris  ;  the  eyes  were  quite  in- 
sensible to  light,  the  eyelids  did  not  close  when  the  hand 
was  passed  suddenly  over  them,  but  the  nerves  of  com- 
mon sensation  were  unaffected.  The  pulse  was  ninety, 
feeble,  and  compressible.  He  continued  in  this  state  for 
two  days,  but  gradually  recovered. 

Fatal  cases  usually  terminate  in  coma,  less  frequently 
in  convulsions. 

The  activity  of  belladonna  is  due  principally  to  the 
alkaloid  atropia  (atropine),  which  is  distributed  through- 
out the  plant ;  but  the  leaves  and  root,  especially  the  latter, 
contain  it  most  abundantly.  According  to  Wormley 
("  Micro-chemistry  of  Poisons  ")  the  average  amount  pres- 
ent is  not  more  than  one-third  of  one  per  cent.  In  the 
pure  state  it  is  one  of  the  most  potent  poisons  known,  the 
medicinal  dose  being  limited  to  about  the  sixtieth  of  a 
grain,  generally  in  the  form  of  the  sulphate.  Cases  of 
poisoning  by  the  alkaloid  are  rare  ;  they  are,  of  course, 
similar  in  clinical  history  to  that  detailed  above.  There  is 
a  close  resemblance  between  atropia  and  the  so-called 
daturia — the  alkaloid  extracted  from  stramonium.  Some 
authorities  regard  them  as  identical. 

The  treatment  of  belladonna  (or  atropia)  poisoning  is 
both  direct  and  physiological.  Free  evacuation  of  the 
stomach  by  means  of  emetics,  or  the  stomach-pump, 
should  be  resorted  to ;  as  antidotes,  animal  charcoal  or 
tannic  acid  may  be  given.  The  former  has  been  found 
efficacious  by  actual  experiment  on  the  human  subject ; 
it  acts  by  absorbing  the  alkaloid  •  tannic  acid  renders  it 
insoluble.  Both  these  agents  are,  however,  only  tempo- 
rary, they  do  not  set  aside  the  necessity  for  evacuating  the 
stomach  or  using  other  remedies.  Since  physostigmia — 
the  active  principle  of  the  Calabar  bean — and  also  morphia 
cause  contraction  of  the  pupil,  they  have  been  naturally 
suggested  as  physiological  antidotes  to  atropia,  and  clin- 
ical experience  has  borne  out  this  view.  The  hypo- 
dermic use  of  these  agents  should  therefore  be  cautiously 
employed,  the  condition  of  the  pupil  and  the  general  nerv- 
ous symptoms  being  used  as  guides  to  the  medication. 

A  fair  proportion  of  the  recorded  cases  of  belladonna 
poisoning  have  recovered  under  treatment.  "When  a  fatal 
result  takes  place,  no  special  or  characteristic  post-mor- 
tem appearances  are  discoverable. 

There  are  no  striking  or  easily  applied  chemical  tests 
for  atropia.  It  may  be  identified  by  its  physiological  ac- 
tion, dilatation  of  the  pupil.  Servry  Leffmann. 

BENNE  OIL  (Oleum  Sesami,  V.  S.  Ph.),  Sesamumin- 
dieum  Linn.  ;  Order,  Pedaliaceai,  is  an  erect  hairy  annual, 
from  sixty  to  one  hundred  and  twenty  centimetres  (3  to 
4  feet)  in  height,  with  various-shaped,  ovate  or  lanceolate 
serrated  leaves  (the  lower  ones  often  three-lobed  or  cleft), 
and  small,  rose-colored,  irregular  ilowers.  The  capsule  is 
velvety,  pointed,  falsely  four-  (normally  two-)  celled,  with 
numerous  seeds.  The  latter  are  the  source  of  the  oil,  of 
which  they  contain  from  sixty  to  seventy  per  cent. 

The  Benne  plant  is  a  native  of  Africa,  and  probably 
also  of  Asia,  but  is  not  found  in  an  indubitably  wild 
state,  having  been  cultivated  on  both  these  continents 
from  a  remote  period.  It  has  been  introduced  further 
into  all  tropical  countries,  and  is  extensively  produced 
for  the  sake  of  its  seeds,  which  are  used  in  various  ways 
for  food,  as  well  as  ground  and  pressed  for  the  oil.  Its 
cultivation  in  the  Southern  United  States  is  attributed  to 
the  negroes,  who  are  said  to  have  brought  the  seeds  from 
Africa  (Wood).  The  introduction  of  the  oil  into  the 
Pharmacopoeia  may  serve  to  encourage  its  manufacture 
and  use  in  the  United  States,  but  the  principal  oil  crop  of 
the  South  must  necessarily  be  from  the  seed  of  the  cot- 
ton plant,  which,  as  a  by-product  of  cotton-farming,  is 
produced  in  enormous  quantity. 

Benne  oil  is  a  light-yellow,  limpid  oil,  of  a  bland,  agree- 
able taste,  and  no  odor.  Its  specific  gravity  is  about 
0.920.  At  about  the  freezing-point  of  water  it  begins  to 
be  cloudy  ;  at '23°  F.  it  solidifies.  Treated  with  sul- 
phuric and  nitric  acids  it  turns  first  green,  then  brownish 


red.  It  is  not  really  a  drying  oil,  but  has  some  of  the 
qualities  of  the  drying  oils. 

Uses. — It  has  no  medical  properties  not  common  to  all 
the  fats,  and  is  simply  to  be  regarded  as  an  article  of  food 
so  far  as  its  internal  use  goes.  In  countries  where  it  is 
abundant  it  is  put  to  all  the  uses  of  other  oils — food, 
fuel,  etc.  Used  externally  in  liniments,  ointments,  and 
plasters,  it  is  a  fair  substitute  for  the  more  expensive 
olive  oil. 

Allied  Plants. — The  genus  and  order  are  both  small, 
and  contain  no  other  plants  of  special  interest.  Botan- 
ically  they  are  related  to  the  Bignoniaeea. 

Allied  Deugb. — All  the  simple  fixed  oils  (see  Olive 
Oil).  The  leaves  of  Benne  are  very  mild  and  mucilagin- 
ous, and  demulcent  drinks  may  be  made  from  them  hav- 
ing the  qualities  of  quince,  flaxseed,  slippery  elm,  muci- 
lages, etc.  W.  P.  Bolles. 

BENZENE.  Benzene,  also  called  benzol,  is  the  simplest 
hydrocarbon  of  the  aromatic  series,  having  the  formula 
C«He.  It  is,  thus,  a  definite  chemical  compound,  and 
must  be  carefully  distinguished  from  bennn,  a  composite 
substance  obtained  as  a  distillate  from  coal-oil  (see  Ben- 
zin).  Benzene  or  benzol  is  a  thin,  colorless  fluid,  very 
volatile  and  very  inflammable,  and  when  pure,  of  a  not 
disagreeable  aromatic  odor.  It  is  practically  insoluble  in 
water,  but  dissolves  in  four  parts  of  alcohol.  It  majr  be 
obtained  by  distilling  a  mixture  of  benzoic  acid  and  lime, 
or  by  fractional  distillation  of  the  material  known  as 
coal-na/pMha,  a  derivate  of  coal-tar. 

Benzene  is  of  more  pharmaceutical  than  medicinal  val- 
ue. In  the  former  regard  its  notability  is  its  extensive 
solvent  power,  such  comparatively  insoluble  substances 
as  india-rubber,  gutta-percha,  sulphur,  phosphorus,  iodine, 
many  resins,  and  many  alkaloids  dissolving  readily  in  it. 
Physiologically,  benzene  has  little  local  effect,  but  taken 
internally  determines  intoxication,  coma,  and  anaesthesia. 
Like  carbolic  acid,  to  which  in  chemical  constitution  ben- 
zene is  closely  related,  it  is  antiseptic  and  destructive  to 
the  life  of  parasites.  It  has  been  §iven  internally  in  doses 
of  a  few  drops  in  dyspepsia,  associated  with  fermentation 
of  the  ingesta,  and  also  in  trichinosis,  but  is  rarely  em- 
ployed and  is  not  officinal  in  the  U.  S.  Pharmacopoeia. 

Edward  Curtis. 

BENZIN.  Underthe  title  Benzinum,  Benzin,  the  U.  S. 
Pharmacopceia  rriakes  officinal  the  substance  commonly 
known  as  pei/roleum  benzin  or  petroleum  ether.  It  is  thus 
defined  and  described:  "A  purified  distillate  from 
American  petroleum,  consisting  of  hydrocarbons,  chiefly 
of  the  marsh-gas  series  [CbHu  ;  CeHu,  and  homologous 
compounds],  having  a  sp.  gr.  from  0.6V0  to  0.675,  and 
boiling  at  50°  to  60°  C.  (132°  to  140°  F.).  Benzin  should  be 
carefully  kejgi  in  well-stopped  bottles  or  cans  in  a  cool 
place,  remote  from  lights  or  fire.  A  tran-^parent,  color- 
less, diffusive  liquid,  of  a  strong  characteristic  odor, 
slightly  resembling  that  of  petroleum,  but  much  less  dis- 
agreeable ;  neutral  in  reaction  ;  insoluble  in  water,  solu- 
ble in  about  six  parts  of  alcohol,  and  readily  so  in  ether, 
chloroform,  benzol,  and  fixed  and  volatile  oils.  It  is 
highly  inflammable,  and  its  vapor,  when  mixed  with  air 
and  ignited,  explodes  violently"  (U.  S.  Ph.). 

Much  confusion  arises  from  the  similarity  in  name  and 
general  appearance  between  this  substance— a  mixture  of 
hydrocarbons  of  the  marsh-gas  series— and  the  chemical 
body  benzene  or  benzol  (CsHe),  a  single  hydrocarbon  of 
the  aromatic  series  (see  Benzene).  The  two  articles  must 
be  carefully  distinguished. 

Benzin  is  not  used  in  medicine,  but  is  useful  to  the 
pharmacist  for  its  solvent  powers  over  fats,  resins,  volatile 
oils,  and  other  bodies.  Edward  Curtis. 

BENZOIC  ACID  AND  BENZOATES.  Benzoic  Acid, 
HCHbOs,  formerly  known  as  flowers  of  benzoin,  is  a 
monatomic  acid  of  the  aromatic  series,  existing  ready 
formed  in  a  number  of  balsams  and  gum-resins,  notably 
in  benzoin,  and  also  easily  obtainable,  artificially,  by  de- 
composition of  hippuric  acid  and  of  derivates  of  toluol. 
The  benzoic  acids  of  commerce  are  derived  from  all  three 
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of  these  sources,  but  the  principal  supplies  are  from  the 
former  two.  Benzoic  acid  from  benzoin  is  characterized 
by  a  special  degi-ee  of  lightness  and  fluffiness,  and  by  a 
distinct  benzoin  odor.  The  acid  derived  from  hippuric 
acid  is  manufactured  out  of  the  urine  of  cows  and  horses, 
and  formerly  was  distinguishable  by  a  urinous  odor,  but  as 
ax  present  made  is  quite  pure  and  entirely  free  from  such 
smell.  The  acid  from  this  source  is  commonly  known, 
commercially,  as  German  benzoic  acid. 

Benzoic  Acid  is  officinal  in  the  TJ.  S.  PharmacopoBia 
under  the  title  Acidum  Benzoicum,  Benzoic  Acid.  The 
source  of  the  article  is  not  prescribed.  The  acid  is  thus 
described:  "White,  lustrous  scales,  or  friable  needles, 
permanent  in  the  air,  having  a  slight  aromatic  odor  of 
benzoin,  a  warm,  acid  taste,  and  an  acid  reaction.  Solu- 
ble in  500  parts  of  water  and  in  3  parts  of  alcohol,  at  15° 
C.  (59°  F.)  ;  in  15  parts  of  boiling  water,  and  in  1  part  of 
boiling  alcohol ;  also  soluble  in  3  parts  of  ether,  in  7  parts 
of  chloroform,  and  readily  soluble  in  disulphide  of  carbon, 
benzol,  benzin,  and  oils.  When  strongly  heated,  the 
acid  is  completely  volatilized.  .  .  .  The  acid  is  freely 
soluble  in  solutions  of  potassa,  soda,"  or  ammonia.  .  .  . 
The  acid  should  not  have  an  odor  resembling  that  of  bit- 
ter almonds,  or  of  stale  urine  "  (U.  S.  Ph.).  Prom  the 
above  remarks  concerning  the  proper  odor  and  absence 
of  odors  of  the  officinal  acid,  it  may  be  inferred  that  the 
intention  is  to  recognize  only  the  article  obtained  from 
benzoin.  And  since  the  acid  of  that  source  can  now  be 
had  quite  cheap,  there  is  no  reason  for  the  use  in  medi- 
cine of  the  other  varieties,  although  it  is  proper  to  say 
that  an  acid  made  from  horse-urine,  if  free  from  smell,  is 
perfectly  pure  and  decent  for  medicinal  prescription. 
Benzoic  acid  from  toluol,  characterized  by  an  odor  like 
that  of  bitter  almonds,  is  probably  not  pure,  and  is  un- 
advisable  for  medical  use. 

As  to  effects  upon  the  animal  system,  benzoic  acid  is 
locally  irritant  to  sensitive  surfaces,  its  concentrated  va- 
por, if  inhaled,  causing  violent  sneeziing  and  coughing, 
and  even  bronchial  inflammation.  Yet,  when  swallowed, 
benzoic  acid  is  singularly  innocent.  Even  gram  doses 
cause  but  a  feeling  of  abdominal  warmth  and  increase  of 
bronchial  mucus,  and  serious  derangement  is  scarcely 
possible  by  any  likely  dosage,  intentional  or  accidental. 
The  medicinally  important  action  of  benzoic  acid  is  upon 
the  urine.  Under  the  influence  of  the  drug,  given  by  the 
mouth,  an  acid  urine  tends  to  be  of  increased  acidity,  an 
alkaline  to  become  acid,  and  a  urine  prone  to  decompose 
before  voidance  to  lose  such  tendency.  The  increased 
acidity  of  urine  determined  by  benzoic  acid  is  mainly  ac- 
counted for  by  the  presence  in  the  secretion  of  hippuric 
acid,  undoubtedly  derived,  by  chemical  change,  from  the 
benzoic  acid  itself.  This  conversion  of  benzoic  into  hip- 
puric acid  is  probably  wrought  in  the  kidneys  (Meissner 
and  Shepard).  Arrest  of  putrefaction  in  %iries  by  ben- 
zoic acid  is  probably  simply  an  example  of  the  general 
antiseptic  action  of  the  drug.  Opposite  statements  have 
been  made  by  investigators  concerning  the  influence  of 
benzoic  acid,  taken  medicinally,  upon  urinary  excretion 
of  urea  and  uric  acid,  some  finding  the  proportion  of  one 
or  other  of  these  excreta  to  be  lessened,  and  others  ob- 
serving the  same  to  be  unaffected. 

Besides  the  action  upon  the  urine,  benzoic  acid  is  im- 
portant for  its  antiseptic  power,  in  which  it  probably 
stands  on  a  par  with  salicylic  acid. 

The  therapeutic  applications  of  benzoic  acid  are  princi- 
pally the  internal  giving  of  the  acid  under  its  own  form 
for  the  acidifying  of  the  urine  in  cases  where  that  secre- 
tion tends  to  be  alkaline  and  unduly  phosphatic,  or  for 
the  prevention  of  decomposition  of  the  urine  in  the  blad- 
der in  cases  of  vesical  catarrh.  The  acid  may  also  be 
used  as  an  antiseptic.  In  saline  combination,  principally 
as  sodium  benzoate,  benzoic  acid  has  also  been  employed 
in  acute  rheumatism,  as  an  innocent  but  therapeutically 
effective  substitute  for  salicylic  acid  or  the  salts  thereof 
(Senator),  and  in  pulmonary  consumption,  diphtheria, 
scarlet  fever,  and  other  diseases  of  that  category.  In  the 
latter  applications,  however,  the  reputation  of  the  medi- 
cine is,  at  the  present  writing,  decidedly  on  the  wane. 
For  its  legitimate  use  in  urinary  disorders,  benzoic  acid 


may  be  given  several  times  daily  in  doses  of  from  0.65  to 
3.00  Gm.  (ten  to  thirtj  grains),  administered  in  pill  form 
with  soap  as  the  excipient,  or  given  in  mixture.  Free  solu' 
tion  of  benzoic  acid  in  water  can  be  determined  by  the  addi- 
tion of  four  parts  of  sodic  phosphate  or  one  and  a  half  part 
of  borax.  Solutions  for  antiseptic  purposes  should  range 
from  two  per  cent,  strength  upward,  solution  in  water 
being  effected  by  the  additions  just  cited. 

Bbnzoatbs. — Such  of  the  benzoates  as  are  used  in 
medicine  being  employed  for  the  sake  of  the  benzoic  acid 
of  their  composition,  their  discussion  belongs  to  this  place. 
The  benzoates  officinal  in  the  U.  S.  Pharmacopoeia  are  the 
sodic,  litliic,  and  ammonie  salts. 

Bodie  Bcmoate,  NaCTHjOj,  HjO.  This  salt  is  officinal 
as  Sodii  Benzoas,  Benzoate  of  Sodium,  and  is  described  as 
"a  white,  semi-crystalline  or  amorphous  powder,  efflores- 
cent on  exposure  to  air,  odorless,  or  having  a  faint  odor 
of  benzoin,  of  a  sweetly  astringent  taste,  free  from  bitter- 
ness, and  having  a  neutral  reaction.  Soluble  in  1.8  part 
of  water  and  in  45  parts  of  alcohol  at  15°  C.  (59°  P.) ;  in 
1.3  part  of  boiling  water  and  in  30  parts  of  boiling  alco- 
hol. When  heated,  tlie  salt  melts,  emits  vapors  having 
the  odor  of  benzoic  acid,  then  chars,  and  finally  leaves  a 
blackened  residue  of  an  alkaline  reaction,  which  imparts 
to  a  non-luminous  flame  an  intense  yellow  color,  not  ap- 
pearing more  than  transiently  red  when  observed  through 
a  blue  glass"  (U.  S.  Ph.).  The  salt  should  be  kept  in -well- 
stopped  bottles.  Sodic  benzoate  is  made  by  treating 
a  sodic  carbonate,  in  hot  saturated  aqueous  solution, 
with  benzoic  acid,  and  the  quality  of  the  salt  will  be  de- 
termined by  the  quality  of  the  benzoic  acid  used  in  its 
manufacture.  The  article  described  by  the  Pharma- 
copoeia is  intended  to  be  made  from  benzoin-benzoic 
acid.  Specimens  made  from  hippuric-benzoie  acid  and 
from  toluol  benzoic  acid  have  been  found  to  be  less  freely 
soluble  in  water  than  the  above,  and  to  yield  pale-yellow 
and  turbid  solutions  of  an  acrid,  bitter  taste,  and  of  an 
odor  of  horse-sweat  or  of  bitter  almonds,  according  to  the 
source  of  the  benzoic  acid. 

Physiologically,  sodic  benzoate  is  about  as  harmless  as 
a  salt  can  be,  but  has  been  found  to  produce  fully  the 
curative  action  of  benzoic  acid  itself  in  acute  rheuma- 
tism, and  has  been  loudly  vaunted  as  of  wonderful  avail 
in  pulmonary  consumption,  diphtheria,  etc.  It  has  been 
given  internally  in  doses  amounting  to  from  5.00  to  20.00 
Gm.  (75  to  300  grains)  a  day,  without  serious  derange- 
ment, and  for  pronounced  effect  in  acute  rheumatism  the 
fullest  limit  of  such  dosage  may  be  necessary.  In  diph- 
theria, inhalations  of  atomized  spray  and  insufflations  of 
the  powdered  salt  upon  the  diphtheritic  patch  have  also 
been  practised. 

Lithic  Benzoate,  LICtHsOj.  The  salt  is  offlcinal  as 
Lithii  Benzoas,  Benzoate  of  Lithium.  It  is  thus  de- 
scribed :  "  A  white  powder,  or  small,  shining  scales,  per- 
manent in  the  air,  odorless,  or  having  a  faint  benzoin- 
like odor  ;  of  a  cooling  and  sweetish  taste,  and  a  faintly 
acid  reaction.  Soluble  in  4  parts  of  water  and  13  parts 
of  alcohol  at  15°  C.  (59°  F.) ;  in  3.5  parts  of  boiling 
water,  and  in  10  parts  of  boiling  alcohol.  When  heated, 
the  salt  fuses ;  at  a  higher  temperature  it  chars,  emits  in- 
flammable vapors  having  a  benzoin-like  odor,  and  finally 
leaves  a  black  residue  of  an  alkaline  reaction,  and  impart- 
ing a  crimson  color  to  a  non-luminous  flame  "  (U.  S.  Ph.). 
Lithic  benzoate  is  made  by  direct  decomposition  of  lithic 
carbonate  of  benzoic  acid ;  and,  as  in  the  case  of  the  mak- 
ing of  sodic  benzoate,  benzoin-benzoic  acid  should  be  used 
for  the  manufacture. 

Lithic  benzoate  is  an  innocent  salt,  seemingly  yielding 
to  a  certain  degree  similar  results  to  benzoic  acid  itself 
in  urinary  affections  (see  under  Benzoic  Acid,  ante).  It 
has  been  used  in  such  conditions  in  the  place  of  the  un- 
combined  acid,  in  doses  of  from  1.00  to  3.00  Gm.  (15  to 
30  grains)  several  times  daily. 

Ammonie  Benzoate,  NH,,  CtHsOj.  The  salt  Is  offlcinal 
as  AmTnonii  Benzoas,  Benzoate  of  Ammonium.  It  is  thus 
described :  "  Thin,  white,  four-sided,  laminar  crystals, 
permanent  in  the  air,  having  a  slight  odor  of  benzoic 
acid,  a  saline,  bitter,  afterward  sligihtly  acrid  taste,  and 
a  neutral  reaction.    Soluble  in  5  parts  of  water  and  in  28 
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parts  of  alcohol  at  15°  C.  (59°  F.) ;  in  1.2  part  of  boil- 
ing water  and  7.6  parts  of  boiling  alcohol.  When 
strongly  heated  the  salt  melts,  emits  vapors  having  the 
odor  of  ammonia  and  of  benzoic  acid,  and  is  finally 
wholly  dissipated"  (U.  S.  Ph.).  The  salt  is  made  by 
adding  benzoic  acid  to  water  of  ammonia,  and  again,  as 
with  the  foregoing  salts,  benzoin-benzoic  acid  should  be 
used  in  the  making. 

Ammonic  benzoate  is  an  innocent  salt,  and  affects  the 
urine  after  the  manner  of  benzoic  acid  itself.  It  is  used 
in  place  of  the  acid  in  urinary  disorders  (see  Benzoic  Acid, 
above),  in  doses  of  from  1.00  to  '3.00  Gm.  (15  to  30  grains) 
several  times  daily.  It  amoxmts,  medicinally,  to  a  soluble 
form  of  benzoic  acid,  and  can  be  readily  made  extempor- 
aneously in  solution  by  chemically  saturating  benzoic 
acid  with  water  of  ammonia.  Let  the  amount  of  benzoic 
acid  to  be  prescribed  be  mixed  with  a  little  water,  then 
neutralized  with  water  of  ammonia,  and  the  whole 
brought  to  a  desired  volume  of  solution  by  further  ad- 
dition of  water  (Squibb).  Edwoird  Curtis. 

BENZOIN  (Benzmnum,  U.  S.  Ph.,  Br.  Ph.;  Benme, 
Ph.  6. ;  Bevjoin,  Codex  Med. ;  Siam  and  Sumatra  varie- 
ties ;  Gum  Benjamin,  English  trade  name).  The  deriva- 
tion of  this  familiar  word  is  thus  curiously  traced  by  the 
authors  of  the  "  Pharmacographia  :  "  "  The  word  Java 
was  at  that  period  (fourteenth  century)  a  designation  of 
Sumatra,  or  was  even  used  by  the  Arabs  to  signify  the 
islands  and  productions  of  the  Archipelago  generally. 
Hence  came  the  Arabic  name  L/ubdn  Jdm,  i.e.,  Java 
^awA»?M!«ns«, corrupted  into  Benjatm,  Benjiii,  Bemui,  Ben- 
zoe,  and  Benzoin,  and  into  the  still  more  vulgar  English 
Benjamin" 

The  botanical  source  of  Sumatra  Benzoin  was  first  made 
known  by  Dryander ;  the  sources  of  Siam  and  Penang  ben- 
zoins are  still  in  doubt,  but  most  probably  belong  to  the 
same  genus,  if  they  are  not  really  identical  with  the  plant 
yielding  the  first-named  variety,  viz.,  Styrax  Benzoin  Dry- 
ander. This  is  a  medium-sized  tree,  with  a  trunk  as  thick 
as  a  man's  body,  and  a  fine  spreading  crown.  The  branches 
and  the  under  sm-face  of  the  leaves  are  velvety  or  hairy, 
the  hairs  often  stellate.  The  leaves  are  of  medium  size, 
simple,  alternate,  petiolate,  ovate-acuminate,  nearly  or 
quite  entire.  The  flowers  are  two  and  a  half  millimetres 
long,  in  small  terminal  and  axillary  cymes.  They  are 
regular,  bell-shaped,  perfect ;  calyx  five-toothed,  or  nearly 
entire  ;  corolla  spreading,  five-parted.  Stamens  ten,  in- 
serted on  the  corolla  and  united  at  the  base  ;  ovary  nearly 
free,  three-celled  at  the  base,  the  cells  communicating  with 
each  other  above.  Seeds  several ;  fruit  globular,  one- 
celled,  one-seeded  by  the  abortion  of  the  remaining  ovules. 
The  tree  contains  an  abundance  of  resinous  fliiid,  which  is 
found  mostly  in  the  middle  layers  of  the  bark  and  in  the 
medullary  rays  of  the  stem.  It  grows  in  Sumatra, 
Java,  Borneo,  and  the  Malaysian  Islands.  In  the  former 
it  is  planted  and  rudely  cultivated  for  benzoin.  It  has 
also  been  introduced  into  Brazil,  where  it  flourishes  and 
yields  its  resin. 

Benzoin  is  not,  so  far  as  a  European  knowledge  of  it 
goes,  a  very  ancient  medicine.  It  was  noticed  by  an 
Arabian  traveller  in  the  middle  of  the  thirteenth  century, 
but  the  first  portion  reached  Europe,  as  a  present  to  one  of 
the  Doges  of  Venice,  about  a  hundred  years  later.  For 
one  or  two  centuries  more  it  was  only  an  occasional  rarity ; 
but  with  the  more  direct  communication  with  the  East, 
brought  about  by  the  East  India  Company,  and  Spain  and 
Portugal,  it  came  more  regularly  and  abundantly,  and  for 
the  past  nundred  years  has  been  comparatively  plentiful 
and  cheap. 

The  trees  in  Sumatra  are  planted  around  the  borders 
of  rice  fields,  and  are  allowed  to  grow  without  interference 
until  they  are  five  or  six  years  old,  and  have  a  diameter 
of  twenty  centimetres.  Then  the  bark  is  gashed  and  a 
white,  resinous  sap  flows  out,  and  hardens  into  large 
white  tears.  The  best  sort  of  benzoin  is  produced  by 
these  young  trees,  for,  gi'adually,  as  the  tree  is  drained 
year  after  year,  the  resin  becomes  inferior  and  brownish. 
After  about  twenty  years  only  the  smallest  yield  of  very 
dark  balsam  is  obtained  ;  then  the  trees  are  felled,  and  the 


final  crop  is  obtained  by  splitting  and  scraping  the  wood. 
In  Siam  the  trunks  are  said  to  be  beaten,  by  which  means 
the  resin  is  made  to  flow  into  the  contused  tissues,  and  it 
is  afterward  collected  by  stripping  o£E  the  bark.  Neither 
of  the  above  accounts  is  very  full  or  satisfactory,  and  no 
explanation  is  given  of  the  peculiar  mixture  of  tears  and 
matrix  which  the  balsam  usually  displays.  This  is  prob- 
ably the  result  of  pouring  the  darker  balsam,  in  a  soft 
state,  into  heaps  or  masses  of  the  harder,  light-colored 
tears,  or  in  some  way  running  them  together. 

Among  the  Malays,  who  collect  it,  benzoin  is  graded  in 
three  sorts — the  best  in  light  lumps  or  tears  from  the 
younger  trees,  the  second  quality  from  the  older,  and  the 
third  obtained  by  scraping  the  wood  of  those  which  have 
been  cut  down.  These  grades  have  received  the  barbaric, 
but  expressive,  names  of  head,  belly,  siuAfoot  benzoin. 

Benzoin  is  usually  imported  in  boxes,  into  which  it  has 
evidently  been  put  in  a  more  or  less  soft  condition.  It 
varies  considerably  in  appearance,  but  consists  essentially 
of  opaque  white  or  light  brown,  so-called  tears,  embedded 
in  a  gray,  brown,  or  amber-colored  and  translucent  (Siam 
variety)  mass,  and  mixed  with  a  variable  amoimt  of  bark 
and  chips.  The  relative  amount  of  the  above  por- 
tions varies  greatly,  and  witli  it  the  price  of  the  drug. 
Some  fine  samples  consist  of  tears  only,  either  loose  or 
merely  agglutinated  together  in  a  porous  mass ;  others, 
apparently  of  the  gray  resin  only ;  and  finally,  samples 
are  occasionally,  seen  consisting  mostly  of  sawdust  and 
bark.  It  is  always  dry  and  brittle  when  it  arrives  here, 
breaking  with  a  dull,  resinous  fracture.  It  has  a  weak, 
"balsamic"  odor,  increased  by  wai-ming,  and  has  very 
little  taste.  In  our  markets  it  is  usually  divided,  accord- 
ing to  the  country  whence  it  comes,  into  two  or  three 
varieties.  The  cheapest,  and  by  far  the  most  abundant 
of  these,  is  Sumatra  Benzoin.  It  comes  in  solid,  ponder- 
ous blocks  (casts  of  the  boxes  in  which  it  is  packed), 
bearing  a  striking  resemblance  to  very  coarse  brownish- 
gray  Scotch  granite,  or  to  the  interior  of  the  bars  of 
mottled  Castile  soap.  The  white  lumps  are  from  the  size 
of  a  nutmeg  down  to  that  of  a  pinhead,  averaging,  per- 
haps, as  large  as  peas,  but  variable ;  in  some  specimens 
they  are  very  minute,  and  even  apparently  absent,  in 
others  large  and  conspicuous.  The  interstitial  mass  has 
a  mixed-gray  color.  Both  portions  become  browner  by 
age.  Old  pieces  exposed  to  light  and  air  assume  a  gen- 
eral yellowish-brown  surface  color,  in  which  it  is  difficult 
to  distinguish  the  tears  from  the  matrix.  This  variety  is 
less  fragrant  than  the  following  ones,  but  is  the  one  usu- 
ally used  for  medical  purposes,  at  least  in  this  country. 
Penang  Benzoin,  often  spoken  of  as  a  variety  of  the  above, 
resembles  it  in  appearance,  but  is  often  much  handsomer, 
with  large,  well-defined  white  spots,  and  gray  matrix. 
Its  odor  is  distinctive,  resembling  that  of  styrax,  from 
which  peculiarity  it  is  sometimes  called  styrax-smelling 
benzoin.  Siam  Benzoin  is  comparatively  rare  and  costly, 
being  valued  from  four  to  eight  times  higher  than  the 
Sumatra.  Inferior  sorts  of  it  resemble  this  variety  in  ap- 
pearance, but  sire  browner  and  more  fragrant ;  they  are 
often  quite  dirtf .  The  finest  examples  consist  of  entirely 
separate,  or  only  loosely  cohering  tears,  often  as  large  as 
almonds,  sometimes  much  larger.  At  first  they  are  white 
and  opaque,  but  become  cinnamon-brown  and  slightly 
translucent  upon  the  surface  by  exposure.  The  odor  is 
delicious  and  vanilla-like.    It  is  mostly  used  as  a  perfume. 

Benzoin  gives  up  a  little  benzoic  acid  to  water,  but  is 
otherwise  insoluble  in  it ;  it  is  freely  and  completely  sol- 
uble in  alcohol  and  in  potash  solution  (impurities  ex- 
cepted), but  only  partially  so  in  ether.  It  consists  of  ben- 
zoic (and  sometimes  cinnamic)  acid,  several  resins,  and  a 
minute  portion  of  essential  oil. 

Benzoic  Acid  (Acidum  Benzoicum,  U.  S.  Ph.)  was  known 
more  than  two  hundred  years  ago  as  Flm-es  Benzoe.  It 
exists  free  in  Benzoin,  to  the  extent  of  from  fourteen  to 
eighteen  per  cent.,  and  may  be  obtained  by  washing  the 
resin  with  lime-water,  or  by  distillation.  That  obtained 
in  the  latter  way  always  retains  the  odor  of  the  drug,  and 
is  the  kind  required  by  the  Pharmacopoeia ;  probably  to 
prevent  the  substitution  of  the  cheaper  German  acid,  pre- 
pared from  the  urine  of  horses  and  cattle,  for  that  pre- 
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pared  from  tlie  "gum."  It  is  in  pearly  wliite,  flaky- 
scales,  or  in  needles  ;  with  an  agreeable  odor,  and  a  faintly 
sour,  rather  warm  and  aromatic  taste.  It  dissolves  spar- 
ingly in  water,  and  freely  in  the  other  pharmaceutical 
liquids  (alcohol,  ether,  oils,  etc.).  It  is  easily  volatilized, 
its  vapor  pleasant  smelling  but  irritating  to  the  bronchi. 
Several  salts  of  the  acid  are  used  in  medicine.  The 
amorphous  resina  of  Benzoin  are  at  least  four  in  number, 
and  yield  a  further  amount  of  benzoic  acid  by  destructive 
distillation.  An  alcoholic  varnish  of  fine  lustre,  but  hav- 
ing little  body,  is  made  from  these  resins  (or  f rwn  Benzoin 
itself)  for  cabinet  uses.  The  essential  oil  (styrol  ?)  is  in 
very  minute  quantity.  Many  lots  of  benzoin  contain  a 
considerable  amount  of  cinnamic  acid, — indeed  specimens 
have  been  found  to  yield  only  this  acid,  and  no  benzoic. 
Sumatra  and  Penang  varieties  generally  contain  it ;  the 
new  Palemb  Benzoin  is  said  to  be  free  from  it.  The 
Pharmacopoeia  requires  a  drug  containing  no  cinnamic 
acid.  It  is  doubtful  if  this  requirement  is  complied  with. 
The  tears  are  said  to  contain  less  benzoic  acid  than  the 
gray  resin,  their  melting  point  is  also  a  little  lower  ; 
otherwise  no  chemical  difference  is  known  between  them. 
Siam  Benzoin  contains  a  little  vanillin  in  addition  to  the 
other  constituents. 

Action  and  Uses. — Benzoin  itself  is  never  given  in- 
ternally in  sufficient  doses  to  arouse  anjr  special  physio- 
logical disturbance.     Of  its  various  constituents,  the  acid 
is  probably  the  only  one  having  any  activity  ;  and  even 
this  can  be  taken  in  comparatively  large  amounts,  without 
producing  any  more  interesting  phenomena  than  nausea, 
vomiting,  feeling  of  warmth  in  the  bowels,  increase  of 
pulse,  etc.     It  undoubtedly  will  reduce  the  temperature. 
Given  in  fatal  doses  to  warm-blooded  animals,  the  follow- 
ing symptoms  have  been  observed :  trembling,  convul- 
sions, paralysis,   first  of   the   extremities,  later   of  the 
entire  body ;  vomiting,  gastric  haemorrhages ;  at  first  ac- 
celeration, and  finally,  retardation  and  depression  of  the 
circulation  and  respiration,  collapse,  death  by  asphyxia. 
The  dose  required  was  ttouo  of  the  weight  of  the  animal. 
Benzoic  acid  is  easily  absorbed  and  eliminated,  mostly 
from  the  kidneys — traces  of  it  being  found,  however,  in 
the  secretions  of  the  skin  and  salivary  glands.     It  does 
not  appear  to  be  decomposed  in  the  blood,  but  in  its  pas- 
sage through  the  kidneys  it  unites  with  some  nitrogenous 
material,  and  is  eliminated  as  hippuric  acid.     The  manner 
in  which  this  is  done,  the  source  of  the  nitrogen,  and  the 
therapeutic  value  of  the  procedure,  are  unsettled  points. 
That  it  does  increase  the  acidity  of  the  urine  in  phospha- 
turia,  and  that  it,  at  least  in  some  cases,  is  beneficial  in 
chi-onic  vesical  catarrh  is  generally  admitted.     Benzoin 
has  long  been  used  as  a  preservative  for  lard  and  oint- 
ments ;  but  its  general  antiseptic  value,  as  shown  by  its 
poisonous  action  upon  bacteria  and  other  microscopic 
agents  of  putrefaction,  was  first  observed  by  Dougall  in 
1872,  since  which  time  it  has  been  extensively  used,  both 
experimentally  and  therapeutically,  with  this  view.     A 
solution  of  one  part  in  a  thousand,  has  been  found  suffi- 
cient to  prevent  the  development  of,  and  one  of  four  parts 
per  mille  to  destroy,  bacteria  and  micrococci.     Since  this 
discovery  Benzoin  and  its  acid  have  been  used  in  many 
diseases  which  are  known  or  suspected  of  having  some 
relation  to  the  development  of  micro-organisms,   gene- 
rail};  with  good,  if  not  very  striking,  results.     In  diph- 
theria, in  erysipelas,  in  inflammation  of  the  bladder  with 
decomposing  urine,  and  in  gonorrhcea,  it  is  worth  tiying. 
As  a  local  remedy  for  washing-out  the  bladder,  vaginal 
injections,  and  surgical  dressings,  it  has  undoubted  value. 
Empirically  it  has  been  used  for  rheumatism,  in  cough- 
mixtures  as  an  expectorant,  also  in  nocturnal  emissions, 
etc.,  but  for  such  purposes  is  obsolete.     The  fumes  of 
benzoic  acid  are  sometimes  inhaled  in  the  treatment  of 
chronic  bronchitis.     Pastiles  may  be  made  with  benzoin 
for  the  same  purpose.     Benzoin  is  an  ingredient  of  the 
incense  used  in  Roman  Catholic,  Greek,  and  other  relig- 
ious ceremonies. 

Preparations.— Benzoin  itself  can  be  given  in  sub- 
stance as  a  pill  or  powder,  or  as  an  emulsion,  made  by  rub- 
bing it  up  in  water  or  syrup.  From  two  to  four  grammes 
would  be  a  fair  dose  ;  it  is,  however,  almost  never  given  in 


such  a  manner.  The  Tincture  (Tinctura  Bensoini,  U.  8 
Ph.,  strength  i),  and  the  Compound  Tincture  {linciura 
Benzoini  Gomposita,  U.  S.  Ph.  :  Benzoin,  13 ;  Purified 
Aloes,  2  ;  Storax,  8 ;  Balsam  of  Tolu,  4 ;  alcohol,  enough 
to  make  a  hundred)  are  mostly  used  externally ;  the  lat- 
ter is  essentially  the  old  Balsa/mum,  IVaumaticum,  and 
under  various  other  names,  as  "Friar's"  or  "Wade's" 
Balsam,  "Jesuits'  Drops,"  etc.,  has  lon^  been  a  favorite 
vulnerary.  Within  a  few  ^ears  this  tmcture  has  been 
used  as  an  antiseptic  dressing  in  minor  surgery.  For 
small,  clean  cuts  and  wounds  that  can  be  left  undis- 
turbed until  they  are  well ;  for  the  openings  of  compound 
fractures  that  need  only  to  be  sealed ;  for  cuts,  or  opera- 
tions of  small  size  that  have  been  stitched,  and  where 
healing  by  flrst  intention  is  expected,  there  is  no  better 
dressing.  But  for  large  granulating  surfaces,  or  for  large 
j  wounds  of  any  kind,  it  is  not  very  comfortable  or  safe. 
As  it  is  not  miscible  with  water,  the  parts  should  be  made 
aseptic,  and  carefully  dried  by  some  suitable  means  be- 
fore its  application.  Then  a  dressing  of  absorbent  cotton 
and  bandages  should  be  put  on  dri/,  and  when  all  is  done 
the  Compound  Tincture  should  be  poured  upon  it  until 
it  is  saturated.  When  this  has  become  dry  it  may  be 
again  filled  with  tincture,  and  then  again,  or  until  it 
dries*  into  a  hard  crust  over  the  wound,  where  it  may  re- 
main as  long  as  the  injury  appears  to.  be  doing  well,  or 
until  it  is  recovered  from.  When  the  dressing  needs 
changing  it  should  be  softened  vrith  alcohol,  not  water, 
after  which  it  can  be  easily  unrolled. 

Benzoinated  Lard  {Adeps  Bensoinatus,  U.  S.  Ph.)  con- 
sists of  lard  that  has  been  melted  with  a  little  Benzoin, 
which  acts  as  a  preservative.  All  preparations  in  which 
Lard  is  used  are  made  with  it. 

Benzoic  Acid  (Aoidum  Bensoicum,  U.  8.  Ph.)  or  rather 
its  salts  {Ammonii,  Sodii,  Lithim  Benzoas,  U.  S.  Ph.), 
are  frequently  used  internally.  The  acid  itself  is  not  so 
often  prescribed,  on  account  of  its  insolubility  in  water. 
The  ammonium  and  sodium  compounds  may  be  taken 
to  represent  it  almost  exactly.  The  Lithium  Salt  contains 
a  full  dose  of  that  base  in  addition.  From  one  to  two 
grammes  of  either  may  be  given,  of  the  two  first  even 
more.  For  rinsing  the  bladder  a  one  per  mille  solution 
of  the  acid  is  strong  enough  ;  for  surgical  washes  a  satur- 
ated one  (one  to  five  hundred). 

Allied  Plants. — The  botanical  relations  of  Benzoin 
are  not  particularly  interesting  from  a  medical  point  of 
view.  The  order  is  a  small  tropical  one,  of  which  Styrax 
is  one  of  the  principal  genera.  This  genus  comprises 
about  sixty  species  of  trees  and  shrubs,  most  of  which  are 
natives  of  tropical  parts  of  Asia  and  South  America. 
Several  of  them  yield  resinous  or  balsamic  products.  S. 
officinale  Linn.,  a  small  tree  of  the  Levant,  is  the  source  of 
the  true  Styrax  of  Dioscorides,  no  longer  used.  8.  aureum 
and  one  or  two  other  Brazilian  trees  yield  resins,  which 
are  collected  there  for  home  use.  S.  subdeniieulata  Miq. 
of  Sumatra,  is  suspected  also  to  be  a  source  of  Benzoin. 

Allied  Drugs. — The  nearest  related  drugs  are  the 
other  balsams,  properly  so  called.  These  are  Tolu,  Peru, 
Siyrax,  Aearoides,  etc.,  and  are  characterized  by  theit 
mild  and  agreeable  odor,  and  by  the  presence  of  either  Ben- 
zoic or  Cinnamic  Acid.  Wider  removed,  but  still  to  be 
classed  with  them  in  manjr  respects  are  the  gum-rosins : 
Myrrh,  Olibanum,  Ammoniac,  etc. ;  and  still  farther  away 
stand  the  turpentines,  and  the  so-called  balsams  of  Mr, 
Copaiba,  Qurjun,  etc.,  none  of  which  contains  benzoic 
acid.  'This  acid  is  found,  on  the  other  hand,  in  numerous 
other  plants  and  products,  where  it  is  an  incidental  con- 
stituent. Thus  it  is  found  in  Dragon's-blood,  Sweet-fa^ 
root,  Mecampane,  the  oils  of  Cinnamon,  Bergamot,  in  Clm>e- 
fruiis.  Vanilla,  etc.  It  is  further  formed  by  the  decom- 
position of  oil  of  bitter  almonds,  and  other  fragrant  sub- 
stances, and  is  also  largely  manufactured  from  horses' 
urine  and  from  Naphtalin  for  use  in  the  arts. 

The  following  more  or  less  related  substances  are  used 
as  antiseptics  :  Thymol,  Greasote,  Methyl,  Salicylic  AcU, 
Salicin,  Phenol  (Carbolic  Acid),  etc.,  but  none  of  them 
equals  in  germicide  iDower  the  Bichloride  of  Mercury, 
which  at  present  stands  at  the  head  of  the  list  of  antisep 
tics.  w.  P.  Bolles. 
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BERCK-SUR-MER.  A  sea-coast  village  in  the  Depart- 
ment of  Pas-de-Calais,  France,  lying  upon  the  shore  of 
the  English  Channel.  This  place  is  only  mentioned  in 
order  to  call  attention  to  the  sea-si^e  hospital  there  existing, 
and  having  accommodations  for  five  hundred  patients. 
Lombard  tells  us  in  his ' '  Trait6  de  Climatologie  M6dicale," 
vol.  iv.,  p.  604,  that  this  hospital  was  established  in  1870, 
in  consequence  of  the  excellent  results  in  the  treatment  of 
cases  of  scrofula  and  rickets  obtained  at  the  hospital,  con- 
taining one  hundred  beds,  that  had  been  founded  at  this 
place  by  the  city  of  Paris  for  the  use  of  the  poor.  The 
present  hospital  contains  eighty  beds,  intended  for  the 
children  of  such  parents  as  can  afford  to  pay  the  small 
sum  of  one  franc  eighty  centimes  (thirty-six  cents)  per 
diem  for  their  board,  lodging,  and  medical  treatment.  The 
idea  of  founding  such  establishments  for  the  benefit  of 
poor  children,  the  victims  of  scrofula  and  kindred  diseases, 
appears  to  have  originated  with  the  Italians ;  and  Dr. 
Lombard  alludes  (op.  cit. ,  pp.  602,  603)  to  no  less  than 
eight  such  charitable  institutions  existing  upon  the  Medi- 
terranean and  Adriatic  shores  of  the  Italian  peninsula. 
The  reports  of  these  hospitals,  he  tells  us,  show  excellent 
results  from  this  most  admirable  and  commendable  char- 
ity. At  Biarritz  and  at  Cette,  as  well  as  at  Berck-sur-Mer, 
the  French  have  made  more  provision  for  this  class  of 
patients.  H.  R. 

BERGAMOT,  OIL  OF  {Oleum  Bergamii,  U.  S.  Ph.  ; 
Bergamote,  Codex  Med.,  the  rind  of  the  fruit).  The  Ber- 
gamot  tree,  Citrus  Bergwmia  Risso,  Order,  Butaeece,  is  a 
small  evergreen,  very  much  like  the  bitter  orange  in 
almost  all  respects,  but  the  leaves  are  obovate,  with  nar- 
rowly winged  petioles,  and  the  flowers  are  smaller  and 
fewer.  It  is  not  known  in  a  wild  state — indeed,  it  was 
not  known  at  all  until  about  two  hundred  years  ago,  when 
it  appeared  in  the  south  of  Europe.  There  is  no  doubt  it 
is  a  hybrid  or  cross  of  some  kind,  probably  between  the 
bitter  orange  and  the  lemon  or  citron.  The  fruit  is  about 
as  large  as  a  small  orange,  and  has  the  same  general  struct- 
ure. It  is  rounded,  pear-shaped,  about  as  broad  as  long, 
with  a  broad,  flat,  or  even  depressed  apex ;  the  skin  is 
soft,  smooth,  yellow,  and  very  fragrant.  The  pulp  is 
sour  and  bitter. 

Bergamots  are  raised  in  the  vicinity  of  Reggio,  in  the 
south  of  Italy,  and  Sicily,  and  the  oil  is  exported  from 
Messina  and  Palermo.  This  is  collected  mechanically  by 
rupturing  the  vesicles,  sometimes  by  the  old  sponge  pro- 
cess used  with  oranges  and  lemons  in  obtaining  their  oils, 
but  more  generally  now  by  a  sort  of  hand-mill,  into  which 
the  fruits  are  put  whole,  and  rolled  and  rubbed  against  a 
series  of  knives,  which  cUt  or  scrape  the  surface  and  so 
liberate  the  oil.  It  flows  to  the  bottom  of  the  mill,  and 
out  through  suitable  apertures.  One  hundred  fruits  yield 
two  and  a  half  or  three  ounces  of  the  oil  (Fliickiger). 

It  is  a  thin,  mobile,  pale-green,  or  greenish  liquid,  with 
a  very  fragrant,  pleasant  odor,  and  a  bitter,  aromatic  taste. 
Its  specific  gravity  is  0.85  to  0.88 ;  its  reaction  slightly  sour. 
It  consists  of  one  or  two  terpenes  and  related  oxygenated 
oils.  Like  the  essential  oils  in  general,  it  dissolves  readily 
in  alcohol,  chloroform,  ether,  and  fats,  and  only  very 
sparingly  in  water.  The  green  color  is  due  to  chlorophyl. 
The  medical  properties  of  Oil  of  Bergamot  are  those  of 
essential  oils  in  general,  but  it  is  never  used  internally. 
On  the  other  hand,  its  delicious  odor  has  made  it  a  uni- 
versal favorite  in  perfumes  and  toilet  preparations.  The 
world-renowned  Cologne  water  has  it  as  its  principal  in- 
gredient, modified  by  othei-  aurantiaceous  oils.  There  are 
numerous  formulae  for  making  it ;  one  is  officinal  {Bpiritus 
Odoraius,  U.  S.  Ph.),  and  given  below : 

"  Oil  of  Bergamot 16  parts. 

Oil  of  Lemon 8    " 

Oil  of  Rosemary    8    " 

Oil  of  Lavender  Flowers 4    " 

Oil  of  Orange  Flowers 4    " 

Acetic  Ether 3    " 

Water 158    " 

Alcohol 800    " 


1,000  parts. 


"  Dissolve  the  oils  and  the  acetic  ether  in  the  alcohol, 
and  add  the  water.  Set  the  mixture  aside  In  a  well- 
closed  bottle  for  eight  days,  then  filter  through  paper  in  a 
well-covered  funnel." 

It  improves  by  being  kept  for  several  months. 

Allied  Plants. — See  Dkange. 

-Allied  Dbugs. — Inferior  products  are  obtained  by 
distilling  the  rinds,  and  even  the  leaves  of  the  tree  ;  they 
are  used  as  substitutes  or  adulterants  of  the  better  oil. 
Citric  acid  is  obtained  from  the  pulp.         W.  P.  Bolles. 

BERIBERI.  Synonyms;  Hydrops  Asthmaticus (Rogers, 
1808) ;  Synclonus  beriberia  (Mason  Good) ;  Beriberia. 

Definition. — "  A  disease  characterized  by  ansemia, 
anasarca,  degeneration  of  muscular  tissue,  effusion  into 
serous  cavities,  debility,  numbness,  pain,  and  paralysis  of 
extremities,  especially  the  lower ;  precordial  anxiety, 
pain,  and  dyspnoea ;  scanty  and  high-colored  urine,  and, 
in  some  cases,  drowsiness  or  sleepiness.  Beriberi  occurs 
in  a  chronic  and  an  acute  form,  in  the  latter  often  prov- 
ing rapidly  fatal  from  exhaustion,  syncope,  or  the  forma- 
tion of  cardiac  or  pulmonary  coagula  "  (Fayrer). 

Etymology. — 1.  The  word  beri  is  stated,  in  the  Sin 
ghalese  language,  to  imply  weakness,  debility,  or  disease. 
The  repetition  of  the  word  ieri  conveys  the  idea  of  greater 
intensity.  3.  From  the  Hindu  word  BJieree  (a  sheep), 
from  the  fancied  resemblance  of  the  gait  of  patients  suf- 
fering from  this  disease  to  that  of  sheep.  3.  A  Hindu  word 
BTierihsri,  signifies  a  sore  or  swelling.  4.  The  disease 
being  prevalent  among  African  and  Arab  sailors,  it  has 
been  suggested  (Carter)  that  the  derivation  is  from  Bhari, 
a  sailor  ;  Bahr,  the  sea,  and  Bhayr,  shortness  of  breath. 

Geographical  Distribution. — Beriberi  occurs  en- 
demically  in  Ceylon,  India,  Malabar  Coast,  and  in  the 
Northern  Circars  between  13°  and  30°  north  latitude — ex- 
tending inland  some  forty  or  fifty  miles — Burmah,  and  the 
Malayan  Peninsula.  Madras  appears  to  be  the  southern 
limit  of  the  disease.  It  is  prevalent  among  the  crews  of 
ships  trading  to  ports  in  the  Persian  Gulf,  Red  Sea,  coast 
of  Africa,  Bay  of  Bengal,  Singapore.  It  has  been  ob- 
served also  in  South  America,  Japan,  and  Australia. 

Pathology. — It  appears  most  probable  that  Beriberi 
is  essentially  the  same  disease  as  pernicious  anaemia,  modi- 
fied by  climatic  influences.  The  majority  of  symptoms 
are  directly  or  indirectly  the  result  of  anaemia,  those  re- 
ferable to  the  nervous  system  being  the  result  of  a 
supply  to  the  spinal  cord  of  blood  poor  in  quality  ;  hence 
the  peculiar  form  of  paralysis  which  occurs  in  the  later 
stages  of  the  disease.  Inflammatory  changes  do  not 
occur  in  any  of  the  organs. 

Etiology. — It  has  been  stated  that  beriberi  is  found 
in  warm  climates  only,  and  that  it  is  essentially  endemic, 
its  distribution  extending  not  more  than  sixty  miles  from 
the  shore.  It  occurs  independently  of  miasmatic  influ- 
ences. Malaria,  by  inducing  a  general  cachexia,  may  in- 
directly predispose.  It  is  necessary  for  the  development 
of  beriberi  that  the  patient  should  have  resided  from  eight 
to  ten  months  in  the  district  where  it  prevails. 

The  disease  usually  attacks  adults,  and,  by  preference, 
those  who  follow  sedentary  occupations.  The  intem- 
perate, and  those  debilitated  from  any  cause,  are  espe- 
cially liable.  It  is  more  prevalent  among  natives  than 
among  Europeans.  Malcolmson  thought  that  more  Mus- 
sulmans than  Hindus  were  attaqked. 

Anatomical  Characters.— The  principal  morbid 
change  is  serous  eft'usion,  causing  oedema,  at  first,  of  the 
lower  extremities,  afterward  of  the  whole  body,  with 
effusion  into  serous  cavities,  most  frequently  into  the 
pericardium  (Aitken).  The  kidneys  are  enlarged,  anaemic, 
and  softened.  The  paralysis  usually  present  is  accounted 
for  by  the  alterations  found  in  the  spinal  cord,  there  being 
minute  effusion  into  its  substance,  as  well  as  pressure  by 
superabundant  fluid  upon  its  surf  ace. 

Symptoms.— Most  writers  are-agi-eed  in  describing  three 
varieties  of  the  disease— the  acute,  the  subacute,  and  the 
mild  form.  It  will  suffice  in  this  limited  space  to  describe 
but  one  form,  the  acute. 

The  disease  sets  in  usually  with  rapidly  increasing 
anaemia  and  general  anasarca.     There  is  a  sensation  of 
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numbness  in  the  feet  and  legs,  which  renders  the  gait  un- 
steady, and  which  is  soon  followed  by  paralysis  of  the 
lower  extremities.  Haematemesis  and  melaena  occasion- 
ally occur,  the  bowels  being  usually  constipated.  There 
is  disturbance  of  the  heart's  action,  dyspnoea,  and  palpita- 
tion. The  pulse  is  frequent  and  shabby.  Ansemic  mur- 
murs are  sometimes  present.  The  circulation  is  feeble, 
the  extremities  cold  ;  the  urine  is  scanty,  dark,  its  specific 
gravity  1.020  to  1.040.  Albumen  and  sugar  are  not 
present. 

This  acute  form  of  beriberi  has  been  known  to  have 
proved  fatal  in  a  few  hours,  but  most  commonly  its  dura- 
tion is  prolonged  over  several  weeks.  A  fatal  result  oc- 
curs, in  most  instances,  suddenly,  with  symptoms  of 
rapid  effusion  into  serous  cavities,  the  immediate  cause  of 
death  being  thrombosis  of  the  pulmonary  vein. 

The  acute  often  supervenes  upon  the  mild  form,  or 
attacks  those  who  are  suffering  from  any  cause  of  general 
debility. 

In  the  acute  form  the  fatality  is  very  great,  but  in  the 
milder  varieties  recovery  often  occurs. 

Among  European  soldiers  in  India,  the  ratio  of  mor- 
tality or  death  to  admissions  from  beriberi,  is  about 
twenty-six  per  cent.,  and  among  Sepoj's  it  is  nearly 
fourteen  per  cent.  In  jails  the  percentage  is  as  high  as 
36.5  (Waring,  quoted IjyAitken). 

Tkeatmbnt. — Of  this  little  can  be  said.  The  measures 
for  the  prevention  of  beriberi  consist  chiefly  in  protect- 
ing the  body  from  exposure  to  the  weather,  from  cold  as 
well  as  from  malarial  emanations.  Tonics  and  stimulants 
are  indicated,  though  iron  and  quinine  fail  in  their  specific 
action.  For  the  relief  of  the  oedema  and  dropsical  effu- 
sions, diaphoretics  and  diuretics  should  be  given. 

R.  L.  MacDonnell. 

BERKELEY  SPRINGS.  Location  and  PosPOffice, 
Berkeley  Springs,  Morgan  County,  "W.  Va.,  via  Balti- 
more &  Ohio  Railroad,  to  St.  John's  Run  Station,  where 
coaches  will  be  found  to  convey  guests  to  the  Springs, 
two  and  a  half  miles  distant. 

There  are  five  principal,  and  numerous  smaller,  springs, 
discharging  in  the  aggi-egate  about  two  thousand  gallons 
of  water  per  minute,  of  the  uniform  temperature  of  74°  F. 
They  are  situated  in  a  narrow  valley,  800  feet  above  the 
sea-level,  and  issue  from  the  base  of  a  steep  ridge  of 
sandstone  of  various  degrees  of  hardness,  rising  about  450 
feet  above  the  valley. 

Analysis. — All  the  springs  appear  to  be  of  a  similar 
composition,  as  only  a  general  analysis  is  given,  as 
follows  :    One  pint  contains  (A.  A.  Hayes,  M.D.)  : 

„  Grains, 

Calcium  carbonate 0.625 

Sodium  chloride .".','!,'  0.112 

Calcium  chloride '..",'.'.'.'.'.  0.026 

Magnesium  sulphate .'..'.'."*'.*  0.045 

Calcium  crenate *  0.455 

Ferrous  crenate [[[[  o!oiO 

Perrons  silicate '..'.,','.'.'.'.['..  o[o80 

Loss '.'....'..'.  O.'OOS 

Total 1.361 

The  flow  is  so  copious  that,  after  supplying  the  numer-' 
ous  private  baths  and  large  swimming  pools  for  both 
sexes,  it  is  utilized  for  milling  purposes,  further  down  the 
valley.  In  the  neighborhood,  issuing  from  the  base  of 
the  same  ridge,  are  several  other  springs  possessing  valu- 
able tonic  qualities. 

Therapeutic  Pbopbbtibs.— These  are  valuable  ther- 
mal waters,  and,  used  in  the  form  of  baths,  have  proved 
efficacious  in  cases  of  rheumatism  and  neuralgia.  'Taken 
internally  they  are  diuretic  and  tonic. 

HiSTOBY.— The  medicinal  qualities  of  these  springs 
were  first  made  known  to  the  early  settler.?  in  Virginia  bv 
the  Indians,  who  had  resorted  to  them  for  relief  ftom  va- 
rious ills,  especially  rheumati.sm.  In  1777,  the  General 
Assembly  of  Virginia  having  passed  an  Act  for  that  pur- 
pose, the  town  of  Bath  at  the  Warm  Springs  was  laid  off 
and  among  purchasers  of  lots  were  Generals  Washington 
and  Gates,  Baron  Fairfax,  and  other  notables  of  the  pei-iod 

Ihe  hotel  accommodations  are  excellent,  and  facilities 
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for  bathing  and  recreative  amusement  are  provided.  The 
surrounding  country,  mountainous  and  extensively  cov- 
ered with  primeval  forests,  affords  delightful  drives  and 
walks.  There  is  also  excellent  hunting  and  fisUng.  The 
air  is  pure  and  salubrious,  the  temperature  during  the  day 
averaging  about  ten  degrees  below  the  record  in  cities 
nearer  the  coast,  while  the  nights  are  cool  enough  to 
make  a  blanket  very  agreeable. 

The  village  contains  churches  of  various  denominations 
and  good  schools.  George  B.  Fowler. 

BERKSHIRE  HILLS.  The  hilly  country  lying  between 
the  nearly  parallel  ranges  of  the  Hoosac  ana  Taconic 
Mountains,  in  the  extreme  western  part  of  the  State  of 
Massachusetts,  has  long  been  noted  for  the  beauty  of  its 
scenery  and  for  the  general  healthf  ulness  of  its  climate,  and 
has  become,  in  consequence,  a  very  favorite  and  fashion- 
able resort,  more  particularly  for  dwellers  in  the  cities  of 
Boston  and  New  York  desiring  to  escape  from  the  heat  and 
vitiated  air  of  a  large  town  during  the  summer  months. 
Not  only  do  many  such  persons  possess,  in  and  about 
the  chief  towns  of  this  region,  handsome  and  attractive 
homes,  where  they  reside  during  the  warmer  months  of 
the  year,  Imt  a  considerable  number  of  the  wealthier 
class  reside  in  this  neighborhood  throughout  the  entire 
course  of  the  year. 

The  Hoosac  range  of  hills  vary  in  height  between  1,200 
and  1,600  feet,  while  Greylock,  the  highest  peak  of  the 
Taconics,  rises  some  3,500  feet  above  the  sea-level.  The 
summer  climate  of  the  Berkshire  country  is  cool,  and  it 
is  claimed  that  at  all  seasons  a  protection  is  here  enjoyed 
against  the  dampness  brought  by  easterly  winds  from 
the  Atlantic  and  by  westerly  winds  from  the  Great  Lakes, 
a  good  part  of  their  load  of  moisture  being  deposited  by 
these  winds  upon  the  Hoosac  Mountains,  which  form  the 
eastern,  and  upon  the  Taconic  Mountains,  which  form 
the  western,  boundary  wall  of  the  region. 

The  length  of  the  Berkshire  Hill  country  is  about  fifty 
miles  from  north  to  south  ;  its  breadth  from  east  to  west 
is  about  fifteen  or  twenty  miles.  The  following  remarks 
on  the  healthfulness  of  the  country  are  quoted  from  a 
paper  written  by  Dr.  J.  F.  A.  Adams,  of  Pittsfleld,  read 
before  the  Berkshire  District  Medical  Society,  December 
27,  1883,  and  recently  circulated  in  pamphlet  form; 
"  The  registration  reports  show  that  the  mortality  from 
consumption  is  less  in  Berkshire  than  in  any  other  county 
of  the  State,  being  but  little  more  than  half  what  it  is  in 
some  of  the  maritime  counties,  and  physicians  know  that 
of  the  cases  which  do  occur  here,  tJie  great  majority  are 
factory  operatives,  whose  mode  of  life  renders  them  pecu- 
liarly liable  to  this  disease.  .  .  .  The  dry  atmosphere 
tends  also  to  the  prevention  of  rheumatism,  which  is  very 
prevalent  along  the  seaboard.  For  children  the  air  is  ex- 
tremely favorable,  cholera  infantum,  the  summer  scourge 
of  cities,  being  rarely  seen,  and  other  summer  diseases 
are  comparatively  mild.  .  .  .  Although  malaria  was 
for  many  years  quite  unknown  in  Berkshire,  it  has,  since 
1877,  existed  in  a  few  low  places  adjacent  to  reservoh'S  or 
swamps.  It  is  now,  however,  fast  disappearing,  and  the 
indications  are  that  it  will  soon  become  extinct.  Those 
localities  which  under  any  circumstances  would  naturally 
be  selected  for  a  healthful  residence  have  not  been  in- 
vaded, excepting  here  and  there  in  the  immediate  vicin- 
ity of  some  marshy  spot,  and  we  need  not  regard  this 
tDinpoTary  and  localized  prevalence  as  an  objection  to 
taking  up  a  residence  in  Berkshire.  No  part  of  the  world 
possesses  a  more  enchanting  summer  and  autumn  than 
Berkshire." 

The  winters  in  the  Berkshire  Hill  region  are  decidedly 
cold,  as  the  figures  given  below  will  show  ;  but.  they  are 
spoken  of  by  the  writer  just  quoted  as  being  "  delightful, 
with  a  dry,  crisp,  stimulating  atmosphere,  and  plenty  of 
snow. "  The  severity  of  its  winter  seasons  would  certainly 
seem  to  exclude  the  Berkshire  country  from  the  list  of 
places  to  be  recommended  as  specially  fitted  for  the  resi- 
dence of  phthisical  jiatients  during  the  colder  months  of 
the  year,  but  the  universal  testimony  borne  by  residents 
and  by  visitors  as  to  the  purity  and  the  bracing  effect  of 
its  atmosphere,  would  seem  to  recommend  this  region  as  a 
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place  of  summer  sojourn  not  only  for  persons  suffering 
from  incipient  phthisis,  but  for  those  whose  general  health 
lias  suffered  Impairment  by  overwork  and  by  prolonged 
residence  in  the  vitiated  air,  and  amid  the  social  and  busi- 
ness excitement,  of  a  great  city ;  while  for  some  persons 
who  are  merely  "threatened  with,"  or  who,  perhaps, 
may  have  already  manifested  in  slight  degree  the  com- 
mencing lesions  of  pulmonary  phthisis,  and  who  can- 
not go  to  such  places  as  the  Riviera,  Davos,  Aiken,  Cali- 
fornia, etc.,  a  continued  residence  among  the  Berkshire 
Hills,  winter  and  summer,  would  be  likely  to  check,  and, 
perhaps,  to  aiTest  permanently,  the  progress  of  the  dis- 
ease. For  such  persons  it  would  be  a  matter  of  no  small 
importance  that,  over  and  above  its  beautiful  scenery 
and  its  pure  air  and  generally  healthful  climate,  this  par- 


ticular region  is  superior  to  most  similar  sections  of  the 
United  States,  in  that  it  presents  throughout  the  year  the 
attraction  of  good  social  advantages,  a  good  percentage 
of  its  resident  population  being  persons  of  cultivation  and 
refinement. 

The  short  tables  herewith  subjoined  are  extracted  from 
those  published  in  "  Smithsonian  Contributions  to  Knowl- 
edge," Nos.  277  and  223.  Table  A  gives  the  latitude, 
longitude,  height  above  sea-level,  and  average  monthly, 
seasonal,  and  year^  temperature  of  five  of  the  chief  towns 
or  villages  of  the  Berkshire  Country  ;  Table  B  shows  the 
extreme  range  of  temperature  throughout  a  series  of  years 
at  one  of  these  places  (William  st own) ;  Table  C  presents 
the  figures  for  the  average  rainfall,  in  inches,  at  the  same 
place.  Huntington  Bicharda. 


TABLE  A. 


Town. 


HiDEdsle.... 

Lenox 

Kttsfield 

Biolimond... 
Williamstown 


4a»87'i7S°08' 
B"a)';W18' 

«°43'  TS'IS' 


1,360 
1,000 
1,084 
1,100 


84.18  21.15 
22.77il6.77 
__..23_" 
S1.S0!24.17 
21.68,22.92 


23.87 
29.92 
28.20 


42.08  SS.65 
S7.24  51.51 

34.41 

44.0157.83 
43.60  55.78 


64.76  69.59 
63.27  64.92 
64.42  67.28 
68.18  71.57 
65.56  69.66 


66.27  58.54 
64.36  54." 
64.32  57.33 
68.70  62.22 
66.52,58.81 


43.08 
42.86 
49.11 
49.55 


83.00 
32.79 
31.10 


23.17 
21.93 
26.17 
25.60 
25.28 


39.87 
39.56 


44.22 
43.44 


66.87  44.87 
64.18  43.42 
65.34,45.85 
69.48  49.27 
67.25:47.36 


22.82 
20.49 


23.86 


43.61 
41.91 


46.71 
45.33 


Period  of  Observations. 


July,  '68. 
Jan.,  '37. 

1851. 
Jan.,  '59. 


Deo.,  "70 
Dec.,  '38 


Dec,  '70 
Dec.,  '70 


TABLE  B. 

1  i 

i 

i 

1 

1 

1? 

1 

1 

i 

i 

i 

Period  of  Observations. 

WilliamBtown  .. 

61 
-30 

61 

71 
-12 

K7 
17 

9S 
2ti 

95 
35 

97 
43 

96 
39 

95 
35 

85 
13 

1-i 

-3 

59 
-19 

Tear  of  extreme  teat,  1820.  * 
Year  of  extreme  cold,  1835. 

January,  1816.                December,  1870. 

»  Also  in  1825  and  1826. 
TABLE  C. 


t 

1 

i 
\ 

1 

1 

1 

I 

■I 

■i 

1 

1 

o 

1 

1 

ra 

OQ 

t 
10.56 

7.76 

^ 

Period  of  Observations. 

Begins.                  Ends. 

WilUamstows . 

48=43' 

7813' 

686 

2.47 

1.89 

2.4S 

3.09 

3.94 

2.94 

4.79 

5.02, 

i.58 

8.60 

3..38 

3.40 

9.51 

12.75 

40.68 

Sept.,  1854.       Dec,  1867. 
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ment,  to  whom  the  Bermuda  Islands  belong.  Hamilton 
harbor,  although  by  no  means  so  large  as  that  of  St. 
George's,  is,  nevertheless,  navigable  to  vessels  of  many 
tons  burthen,  and  is  the  port  of  entry  for  the  steamers  of 
the  Quebec  Steamship  Company,  plying  between  Ber- 
muda and  New  York. 

From  the  various  accounts  of  the  Bermudas  which 
the  writer  has  examined,  he  would  infer  that  the  town  of 
Hamilton  and  its  neighborhood  were  to  be  preferred  as  a 
place  of  residence  by  invalids  resorting  to  the  islands,  the 
streets  of  their  other  chief  town,  St.  George's,  being  gen- 
erally very  narrow  and  its  drainage  rather  defective, 
while  the  hotel  accommodations  of  the  former  town  ap- 
pear to  be  superior  to  those  afforded  by  the  latter. 

The  porous  limestone  rock,  underlying  the  thin  layer 
of  surface  soil  which  covers  the  islands,  rapidly  absorbs 
all  the  water  which  falls  upon  them  from  the  clouds,  so 
that  no  marshes  are  to  be  found  anywhere  throughout 
the  extent  of  the  Bermudas.  Streams  of  running  water 
and  wells  are  equally  absent,  and  rain-water  alone  consti- 
tutes the  supply  for  drinking  and  for  washing  purposes. 
The  character  of  the  soil  is  especially  suited  to  the  con- 
struction of  good  roadways,  hard  and  smooth,  and  de- 
lightful drives  abound  in  every  direction.  The  facilities 
for  fishing  and  for  yachting  are  also  unsurpassed.  The 
existence  of  the  important  naval  station  at  St.  George  s, 
insures  to  the  Bermudas,  at  all  seasons,  an  amount  ot 
social  gayety,  and  a  resident  population  possessing  a  de- 
gree of  cultivation,  not  generally  to  be  found  in  places 
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having  so  small  a  numljer  of  inhabitants,  and  situated  so 
far  from  the  greater  centres  of  civilization.  Such  bemg 
the  character  of  Bermuda  society,  it  is  no  surprise  to 
learn,  as  we  do  from  the  writer  in  Appletons  Hand- 
book of  "Winter  Resorts,"  that  at  the  town  of  Hamilton 
"  there  are  good  schools."  ,  .      ,       ^        ,       e 

In  their  general  appearance  and  m  the  character  ot 
their  scenery  and  vegetation,  the  Bermuda  Islands  re- 
semble their  rather  distant  and  more  southerly  neighbors, 
the  West  Indies.  Owing,  however,  to  their  much  greater 
distance  from  the  equator,  the  climate  of  the  Bermudas 
is  rather  cooler  than  that  of  the  Antilles,  and  their  vege- 
tation is  much  less  distinctively  tropical.  The  elevation 
of  the  surface  of  the  islands  above  sea-level  is  by  no 
means  great,  at  no  point  exceeding  two  hundred  and  sixty 
feet,  and  they  do  not,  therefore,  possess  the  beauty  of 
outline  and  dreamily  picturesque  appearance  character- 
istic of  so  many  of  the  West  India  Islands.  Indeed,  to 
judge  solely  from  certain  pictures  of  them  which  the 
writer  has  seen  (for  he  has  never  had  the  pleasure  of  visit- 
ing the  Bermudas),  a  general  view  of  the  whole  group, 
when  loolied  at  from  a  distance,  would  be  suggestive  of 
the  Thousand  Islands  of  the  St.  Lawrence  put  out  to  sea 
rather  than  of  the  tropical  islands  of  the  Caribbean  and 
Gulf  of  Mexico.  When  we  read,  however  (in  the  "En- 
cyclopaedia Britannica"),  that  "  the  citron,  sour  orange, 
lemon,  and  lime  grow  wild"  in  Bermuda,  that  "  the  ole- 
ander bush,  with  all  its  beauty,  is  almost  a  nuisance,"  so 
profusely  does  it  grow,  and  that  "  coffee,  indigo,  cotton, 
and  tobacco  are  of  spontaneous  growth ; "  and  when, 
moreover,  we  are  told  (by  the  writer  in  Appletons'.  "  Hand- 
book," quoting  from  Imrpei-'s  Magazine)  that  the  mango, 
guava,  papaw,  pomegranate,  flg,  avocado  pear,  custard- 
apple,  and  banana  "all  grow  readily"  in  Bermuda,  and 
that  "  tamarind,  tamarisk,  palmetto,  cocoanut,  india- 
rubber,  mahogany,  and  calabash  trees  are  quite  com- 
mon," it  is  evident  that  any  resemblance  which  these 
islands,  when  seen  from  a  distance,  may  bear  to  the  little 
Canadian  fresh-water  archipelago,  would  disappear  im- 
mediately upon  a  close  inspection,  and  that  the  Bermudas 
are  isles  of  the  "sunny  South"  in  very  truth,  and  only 
superficially  resemble  the  distant  Thousand  Islands  of 
Canada. 

The  nearest  approach  to  a  detailed  and  exhaustive  ac- 
count of  the  Bermudan  climate  which  has  met  the  eye 
of  the  writer  is  to  be  found  in  Dr.  Julius  Hann's  very 
excellent  "  Handbuch  der  Klimatologie."'  On  pages  608 
and  609  of  this  work  the  following  data  of,  and  remarks 
ui)on,  the  climate  of  Bermuda  are  given  : — 

At  St.  George's  (Lat.  32°  23'  N.,  Long.  64°  40'  W.)  the 
mean  temperature  of  January,  according  to  Dr.  Hann,  is 
61.8°  F.;  that  of  April  is  64.6°  F.;  that  of  August  is  80° 
F.;  that  of  October,  73.2°  F.;  while  for  the  whole  year 
the  average  temperature  is  69.6°  P.  July  has  a  mean 
temperature  cooler  than  that  of  August  by  one-half  a 
degree  centigrade  (=  0.9°  F.),  or,  in  other  words,  its 
mean  temperature  is  79.1°  F.  February  and  January 
have  the  same  mean  temperature  (viz.,  61.8°  F.),  while 
the  month  of  March  is  slightly  cooler  (61.7°  P.).  The 
average  yearly  extremes  of  temperature  are  91.4°  F.  and 
42.8°  P.  The  relative  humidity  figure  (80  per  cent.)  in- 
dicates a  decidedly  moist  climate,  and  in  this  factor  of 
climate  there  is  but  little  variation  in  the  Bermudas 
throughout  the  course  of  the  year.  The  sky  is  apt  to  be 
largely  covered  by  clouds,  the  figures  showing  the  per- 
centage of  sky  surface  thus  covered,  deduced  from  an 
average  of  the  observations  made,  being  64.0  for  the  year, 
70.0  for  the  winter  season,  and  53.0  for  the  month  of  Au- 
gust. The  annual  rainfall  is  50  inches  (on  Ireland  Island 
54.72  inches),  and  this  total  amount  is  pretty  evenly 
distributed  throughout  the  twelve  months  of  the  year,  the 
month  of  October  being,  however,  the  most,  and  the 
months  of  April  and  June  the  least,  rainy,  The  figures 
for  the  separate  months  are  not  given  by  Dr.  Hann. 
Quoting  from  an  anonymous  writer  in  the  Nautical  Mag- 
azine, he  describes  the  climate  of  the  Bermudas  as  "  one 
of  the  most  debilitating  to  be  found  in  the  whole  world, 
being,  as  it  were,  a  mixture  of  the  fogs  of  Newfoundland 
with  the  siroccos  of  Madeira."    This  writer  goes  on  to 


give  a  detailed  account  of  the  effects  produced  by  the 
warm  fog  upon  the  wearing  apparel  of  the  traveller  visit- 
ing  Bermuda  during  the  prevalence  of  a  southerly  wind 
which  forcibly  recalls  what  many  who  have  crossed  the 
Atlantic  in  mid-summer  would  recognize  as  having  fallen 
within  the  domain  of  their  personal  experience.  Such 
veritable  Turkish-bath  weather  is  not  unpleasant  to  some 
persons,  but  it  can  hardly  be  considered  as  especially 
health-producing.  Another  writer  quoted  by  Dr.  Hann 
speaks  of  the  month  of  June  as  being  the  most  agreeable 
of  all  the  twelve  in  Bermuda,  while  the  heat  during  the 
four  months  from  July_  to  October,  inclusive,  is  very  op- 
pressive, especially  during  the  two  months  of  August  and 
September ;  but  he  adds  that  sickness  is  less  common  at 
this  particular  season  than  during  any  other  portion  of 
the  year,  with  the  exception  only  of  the  winter  season. 
This  exception  is  a  very  important  one  for  the,  considera- 
tion of  invalids  and  their  physicians,  as  it  is  only  during 
the  colder  months  of  the  year  that  invalids  from  the  so- 
called  temperate  regions  of  the  earth  would  be  likely  to 
think  of  visiting  the  Bermuda  Islands. 

The  writer  last  mentioned,  as  quoted  by  Dr.  Hann, 
tells  us  that  snow  occasionally  falls  in  the  Bermudas ;  but 
it  is  very  easy  to  believe  him  when  he  adds  that  it  "  never 
remains  on  the  ground  for  axty  length  of  time. "  For  some 
residents  of  the  northern  portion  of  the  United  States  to 
whom  our  winter  "  blizzards  "  are  especially  trying,  it 
will  be  perhaps  consoling  to  reflect  that  before  the  north- 
west wind  can  reach  Bermuda,  it  must  pass  over  many 
miles  of  ocean  and  over  a  wide  expanse  of  the  heated 
waters  of  the  Gulf  Stream,  and  the  writer  in  the  Nautical 
Magazine  (the  first  one  quoted  by  Dr.  Hann)  informs  us 
that  this  wind  "  is  at  all  seasons  a  pleasant  one"  in  Ber- 
muda, and  that  it  does  not  seem  to  acquire  moisture  upon 
its  way  thither.  Dr.  Hann  himself  has  further  words  of 
consolation  for  these  haters  of  the  northwest  wind  in  the 
statement  made  by  him,  to  the  effect  that  "  the  prevailing 
direction  of  the  wind "  (at  Bermuda)  "is  southwesterly ; 
in  winter  more  northerly  ;  in  summer  and  autumn,  south- 
erly." A  third  writer  quoted  by  Dr.  Hann  (J.  M.  Jones) 
is  authority  for  the  statement  that  during  the  summer 
months  the  night  temperature  in  Bermuda  is  cooler  by 
only  three  or  four  degrees  Fahrenheit  than  is  the  temper- 
ature at  noon.  He  also  bears  witness  to  the  debilitating 
effect  of  the  Bermuda  summer  climate,  but  says  that  "it 
is  not  the  continuous  heat  by  day  and  by  night,  nor  yet 
the  frequent  occurrence  of  calms  at  this  season,  which 
make  the  climate  so  debilitating,  but  rather  it  is  the 
southwest  wind  which  then  prevails,  and  which  saturates 
the  atmosphere  with  moisture  to  such  a  degree  as  to 
make  one  feel  as  if  he  were  in  a  vapor  bath.  Persons  who 
have  resided  for  many  years  in  the  West  India  Islands, 
under  the  refreshing  influence  of  the  '  dry  trade-winds,' 
testify  that  the  summer  climate  of  the  Bermudas  gives  the 
impression,  to  the  feelings  at  least,  of  being  much  warmer 
than  that  of  the  West  Indies,  and  that  it  has  a  more  ener- 
vating effect  upon  them  than  anything  which  they  have 
ever  experienced  further  south." 

Although,  with  the  exception  of  the  very  damp  and 
warm  period,  comprised  chiefly  within  the  two  months 
of  August  and  September,  the  degree  of  elevation  at- 
tained by  the  thermometer  in  Bermuda  may  indicate  a 
moderate  summer  temperature,  and  although  the  com- 
bined features  of  its  climate  may  indeed  render  the  place 
an  agreeable  residence  for  many  persons  during  the  warm- 
er portion  of  the  year,  nevertheless,  in  view  of  its  great 
humidity,  the  summer  climate  can  hardly  be  considered 
desirable  for,  and  is  little  likely  to  be  sought  by,  invalids 
dwelling  in  the  United  States.  To  many  such  persons, 
on  the  other  hand,  its  mildness  and  its  comparative 
equability  may  well  recommend  the  climate  of  these 
islands  for  residence  during  the  whole  or  during  a  portion 
of  the  winter  and  spring  seasons.  There  is  little  doubt  that 
to  all  persons  coming  to  Bermuda  from  the  severely  cold 
and  very  changeable  winter  weather  of  the  Northern 
United  States,  the  weather  of  the  "Isles  of  Summer' 
would  appear  by  comparison  delighfuUy  warm  and  very 
free  from  sudden  changes  of  temperature  ;  nevertheless, 
lest  too  great  and  too  absolute  a  standard  of  equability 
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should  be  expected  by  such  would-be  refugees  from  our 
own  inclement  winter  weather,  it  may  be  well  to  remind 
them  that  the  Bermudas  are  extra-  and  not  intra-tropioal 
islands.  Appletons'  "Handbook  of  Winter  Resorts,"  in 
describing  the  winter  climate  of  Bermuda,  tells  us  that 
"the mean  temperature  in  winter  is  60"  F.  and  the  ther- 
mometer rarely  records  40°  F.  ;  but  rain  falls  copiously 
during  the  winter  months,  and  violent  storms  are  fre- 
quent. At  such  times  the  variations  of  temperature  are 
Budden  and  marked,  and  the  air  becomes  surcharged 
with  a  penetrating  moisture."  As  protection  against 
the  dampness,  the  writer  in  Ha/rpei''s  Magazine,  quoted  in 
this  same  "  Handbook,"  advises  invalids  to  use  care  in 
selecting  for  residence  such  houses  as  are  properly  pro- 
vided with  appliances  for  artificial  heating.  J.  M.  Jones 
(quoted  by  Hann)  also  speaks  of  the  frequent  occurrence 
of  gales  of  wind  during  the  winter  season  at  Bermuda,  and 
even  alludes  to  a  degree  of  cold  sufiiciently  severe  for  the 
formation  of  hoar-frost  and  of  thin  ice,  which  visited  the 
island  upon  one  occasion  (December  34,  1840).  This  for- 
mation of  ice  in  Bermuda  appears,  however,  to  have  oc- 
curred but  once,  and  the  cold  weatier  which  induced  it 
was  accompanied  by  a  clear  sky  and  a  north  wind.  In 
other  words,  it  seems  to  have  been  an  instance  of  the 
partially  successful  crossing  of  the  Gulf  Stream  by  a 
"blizzard."  How  bitterly  cold  this  wind  must  have 
been  before  reaching  the  Gulf  Stream  and  before  leaving 
the  continent  of  North  America  it  is  painful  to  reflect. 

Concerning  the  general  healthfulness  of  the  Bermudas 
the  writer  in  the  "  Encyclopaedia  Britannica "  speaks  as 
follows  :  "  The  climate  of  the  Bermudas  has  a  reputation 
for  unhealthiness  which  is  hardly  borne  out,  for  the  ordi- 
nary death-rate  is  only  23  per  1,000.  Yellow  fever  and 
typhus,  however,  have  on  some  occasions  raged  with  ex- 
treme violence,  and  the  former  has  appeared  four  times 
within  the  space  of  thirty  years."  The  writer  in  Ma/rper's 
Magazine,  already  several  times  alluded  to,  is  disposed  to 
attribute  these  visitations  from. yellow  fever  "rather  to 
imperfect  drainage  and  defective  quarantine  regulations 
than  to  any  predisposing  causes  in  the  climate,"  and 
further  remarks  that  at  present  "  the  enactment  of  strict 
quarantine  laws,  which  are  rigidly  enforced  upon  all 
vessels,  goes  far  toward  preventing  the  introduction  of 
epidemics  from  other  places." 

Lombard  classes  the  Bermudas  as  "among  the  most 
healthful  of  the  English  colonies,"  and  commends  the 
climate  for  invalids,  and  especially  for  cases  of  pulmonary 
phthisis.  Weber  commends  the  climate  for  cases  of 
laryngeal  and  bronchial  catarrh,  but  says  that  it  is  less 
beneficial  in  cases  of  phthisis.  By  others  the  Bermudan 
climate  has  been  declared  to  be  serviceable  to  some  cases 
of  rheumatism,  of  asthma,  and  to  certain  forms  of  nervous 
disease  ;  but  for  phthisical  patients,  excepting  only  some 
cases  in  the  very  earliest  stages  of  the  disease,  the  common 
opinion  seems  to  be  that  Bermuda  is  not  well  suited,  its 
climate  being  much  too  damp  and  too  relaxing.  A  short 
trip  to  Bermuda  during  the  spring  months  is  doubtless 
most  serviceable  to  such  overworked  dwellers  in  our 
northern  cities  as  can  support  the  sea  voyage  (three  days 
from  New  York)  without  much  discomfort; 

Huntington  Richards. 

BETHESDA  SPRING.  Location  and  Post-0 fflce,yfa.-a- 
kesha,  Waukesha  County,  Wis. 

Access. — By  Chicago,  Milwaukee  &  St.  Paul,  and  Chi- 
cago &  Northwestern  Railways,  to  Waukesha,  sixteen 
mues  west  of  Milwaukee. 

One  pint  contains  (C.  F.  Chandler)  : 

Grains. 

Sodium  carbonate 0.109 

Magnesium  carbonate 0.918 

Perroue  carbonate 0.004 

Calcium  carbonate 1.478 

Sodium  chloride 0.145 

Potassium  sulphate 0.057 

Sodium  sulphate 0.068 

Sodium  phosphate trace 

Alumina 0.015 

Silica 0.093 

Organic  matter 0.248 

Total 3.134 


Thebapetjtical  Pkopbrties. — This  is  a  sparkling  and 
agreeable  water,  and  though  devoid  of  any  unusual  min- 
eral ingredient,  it  has  a  well-founded  reputation  as  a  very 
useful  agent  in  establishing  diuresis  and  promoting 
healthy  nutrition.  It  is  chiefly  useful  in  congestive  and 
inflammatory  diseases  of  the  abdominal  and  pelvic  vis- 
cera, such  as  indigestion,  albuminuria,  cystitis,  etc. 

These  springs  are  located  in  a  valley  famed  for  its 
beautiful  scenery  and  diversified  attractions.  The  cli- 
mate isi)f  a  bracing  character,  with  a  mean  temperature, 
in  summer,  of  68°  P.,  and  in  winter  of  20°  F.  The  aver- 
age rainfall  is  about  thirty  inches.  Hotel  accommoda- 
tions are  good  and  ample. 

The  village  ia  a  thriving  place  of  about  4,000  inhabi- 
tants, with  churches  of  different  denominations  and  sev- 
eral first-rate  schools.  Besides  the  village,  which,  during 
the  season,  is  gay  and  lively,  and  a  park  of  thirty  acres 
at  the  springs,  there  are  numerous  lakes,  from  six  to  ten 
miles  distant.  They  are  accessible  by  fine  drives,  and 
furnish  good  fishing  and  boating. 

History. — Since  1868,  when  a  well-known  gentleman, 
suffering  from  diabetes  mellitus,  accidentally  discovered 
the  curative  qualities  of  these  waters  for  his  malady,  the 
reputation  of  the  springs  has  steadily  grown.    Q.  B.  F. 

BETHLEHEM,  N.  H.  The  village  of  Bethlehem, 
situated  in  the  northern  portion  of  the  State  of  New 
Hampshire  (Grafton  County),  about  twenty  miles  west 
of  Mount  Washington,  has  acquired  considerable  reputa- 
tion as  a  summer  health-resort,  especially  for  persons 
suffering  from  hay  fever.  The  population  of  the  town, 
according  to  the  United  States  Census  of  1880,  was  1,400. 
Its  surroundings  are  attractive,  affording  opportunities 
for  the  making  of  pleasant  excursions  to  the  neighboring 
mountains.  It  commands  a  fine  view  of  the  principal 
peaks  of  the  White  Mountain  range.  It  has  a  cool,  dry, 
and  healthful  summer  climate,  lies  at  a  considerable  ele- 
vation (1,459  feet)  above  sea-level,  and  affords  excellent 
hotel  accommodations.  The  water-supply  and  drainage 
of  the  hotels  are  said  to  be  good.  Among  the  many  at- 
tractive resorts  which  abound  throughout  the  whole 
White  Mountain  district  of  New  Hampshire,  the  so-called 
"Switzerland  of  America,"  this  town  of  Bethlehem  is 
selected  for  especial  mention  by  the  writer,  chiefly  be- 
cause, up  to  tlie  present  time,  it  is  the  only  one  concern- 
ing the  summer  climate  of  which  he  is  in  possession  of 
any  reliable  data.  The  brief  table  given  below,  and 
showing  the  temperature,  relative  humidity,  and  prevail- 
ing wind,  at  Bethlehem,  during  the  two  months  of  July 
and  August  and  the  first  week  of  the  month  of  Septem- 
ber, was  kindly  furnished  by  Dr.  W.  H.  Geddings,  of 
Aiken,  S.  C,  its  figures  being  deduced  from  observations 
extending  over  a  period  of  several  years  which  were  made 
by  Dr.  Geddings  during  his  annual  visit  to  this  place. 

An  article  from  the  pen  of  this  gentleman  concerning 
the  summer  clknate  of  Bethleliem,  which  appeared  orig- 
inally in  the  columns  of  the  Boston  Medical  and  Surgical 
JouttmI  (1879),  and  the  greater  portion  of  which  has  since 
been  reprinted  in  a  little  pamphlet  entitled,  "Bethlehem 
as  a  Resort  for  Health  and  Pleasure  "  (a  copy  of  which 
pamphlet  was  kindly  furnished  to  the  writer  by  Dr. 
Geddings),  contains  more  detailed  information  respecting 
the  Bethlehem  summer  climate,  and  gives  a  table  show- 
ing the  number  of  days  during  which  an  invalid  may 
remain  in  the  open  air  during  the  whole,  or  during  a 
part  of  each  day,  etc.  The  doctor's  observations  of  the 
weather,  from  this  particular  point  of  view,  were  made 
during  the  months  of  July  and  August,  1878  and  1879, 
and  he  sums  up  the  result  of  his  observations  as  follows : 
"  Out  of  sixty-two  days  the  invalid  can  with  safety  re- 
main out  of  doors  during  the  whole  of  fifty  and  during  a 
portion  of  six,  while  out  of  the  whole  number  of  days  in 
the  two  months  there  were  only  four  and  a  half  on  which 
the  weather  was  of  such  a  nature  as  to  necessitate  his 
confinement  within  doors  during  the  whole  day.  In  pre- 
paring this  table,  in  addition  to  rain,  very  cool  and  windy 
weather  was  taken  into  consideration."  Dr.  Geddings 
states  as  the  result  of  his  observations,  that  the  summer 
climate  of  Bethlehem  "is  cool,  and  consequently  tonic, 
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aim^U  of  BefliUhem,  N.  H.— Latitude  44°  16',  longitude  71°  41'.— Period  of  Obsenatwm:  July  Augmt,  ani 
first  week  of  September,  1878,  1879,  1881,  1883,  and  lS84^Mm>ation  of  Place  above  the  Sea  Level,  1,459  feet-Mam 
of  Observer  W.  H.  Geddings,  M.D.,  P.  0.  Address,  Bethlehem,  N.  H.,  and  Aiken,  S.  U. 


JuJy 

August 

September  iBt  to  7th. 


Mean  temperature  of  months 
at  the  hours  of 


65.46 
64.07 
64.85 


2  p.m. 

Degrees. 
73.63 
78.15 
73.66 


69.95 
66.48 


Mean  temperature 
for  period  of  ob- 
servation. 


Highest. 

Degrees. 

70.49 


68.12 


Lowest. 

Degrees. 

65.27 


III 


84 
85 
78 


li 


III 


57 
52 
56 


K 


Absolute  maximum 
temperature  for 
period. 


Highest. 
Degrees. 


90 
80 


Absolute  minimum 
temperature  for 
period. 


Higheat. 
Degrees. 

67 

54 


Lowest. 
Degrees. 

ta 

47 

54 


Percent. 
68 
60 


'I 


s.w, 
S.W. 

S.W. 


*  The  relative  humidity  observations  are  for  only  two  years,  1879  and  1884,  no  observation  having  been  made  in  the  intermediate  years. 


in  its  character,  liable,  like  all  mountain  climates,  to  sud- 
den changes  ;  but  that,  for  all  this,  the  daily  range  of 
temperature  is  remarkably  small,  that  it  is  very  dry,  and 
that  the  prevailing  winds  are  of  a  pleasant  character." 

Suntingion  Siehards. 

BETONY,  WOOD  (Betoine,  Codex  Med.,  leaves). 
Siaahys  Betoniea  Benth.  (Betoniea  offioinalis  Linn.), 
Order,  LaHatm,  is  a  perennial  herb,  thirty  to  sixty  centi- 
metres (one  or  two  feet)  high,  with  purple-red  flowers, 
and  long-stemmed,  mostly  radical  leaves.  These  are  from 
five  to  eight  centimetres  in  length  (two  to  three  inches), 
oblong  crenate,  heart-shaped,  at  the  base,  and  hairy.  The 
plant  is  a  native  of  Europe,  growing  in  pastures  and 
woods.  The  leaves,  when  fresh,  have  a  faint,  disagree- 
able odor — which  mostly  disappears  upon  drjing — and  a 
bitter  astringent  and  nauseous  taste. 

Betony  in  former  times  had  a  high  reputation  for  a  va- 
riety of  troubles  ;  at  present  it  is  not  in  use.  Dose  of  the 
dried  leaves  as  a  "nervine,  expectorant,  sudorific,"  etc., 
from  one  to  three  grammes  (gr.  xv.  ad  gr.  xlv.).  The 
root  is  said  to  be  emetic. 

Allied  Plants.  —  Several  other  species  of  Stachys 
have  similar  unpleasant  properties,  and  have  been  used. 
All  are  now  neglected.  For  a  notice  of  the  order,  see 
Peppermint. 

Allied  Dbugs. — Horehound,  Lycopus,  Motherwort, 
and  other  bitter  Labiates  ;  Thoroughwort  and  other  bit- 
ter Oompositce,  besides  many  others.  W.  P.  Bolles. 

BIARRITZ, — A  sea-coast  town  in  the  extreme  south- 
western portion  of  France,  in  the  Department  of  the 
Basses  Pyrenees,  lying  upon  the  shore  of  the  Bay  of 
Biscay,  some  five  miles  distant  from  Bayonne  (Lat.  43° 
27'  N.,  Long.  1°  37'  W.).  At  the  present  day  Biarritz  is 
well  known  as  a  fashionable  seaside  resort,  possessing  an 
excellent  beach  with  a  good  surf,  and  having  abundant 
and  comfortable  hotel  accommodations  and  an  agreeable 
climate.  It  is  much  resorted  to  by  visitors  from  all  parts  of 
France  and  from  other  countries  during  the  bathing  sea- 
son, which  not  only  comprises  the  summer  months,  but 
also  extends  much  later  into  the  autumn  than  is  the  case 
with  similar  seaside  stations  lying  farther  to  the  north. 
Although,  as  we  are  told  by  Dr.  Bennet  ("  "Winter  and 
Spring  on  the  Shores  of  the  Mediterranean,"  5th  edition, 
1875,  p.  606),  the  town  of  Biarritz  "has  long  been  re- 
sorted to  by  the  inhabitants  of  Bayonne  and  of  the  Py- 
renean  district,  in  summer,  for  its  excellent  sea-bathing ; " 
yet,  as  this  author  goes  on  to  say,  "it  was  all  but  un- 
known to  fame  until  the  Empress  Eugenie  brought  it 
into  notice  by  making  it  her  marine  autumnal  residence." 
As  an  evidence  of  its  present  popularity  we  read  in  the 
"Encyclopaedia  Britannica"  that  "the  permanent  popu- 
lation of  Biarritz,  according  to  the  census  of  1871,  was 
3,164;"  while,  on  the  other  hand,  "the  autumn  visitors 
are  estimated  at  from  13,000  to  15,000."  The  coast  at 
Biarritz  is  decidedly  rocky  and  very  picturesque,  being 
in  this  respect  as  different  as  possible  from  the  low-lying 


and  purely  sandy  shores  of  the  Department  of  the  Lan- 
des,  which  border  the  Bay  of  Biscay  farther  to  the  north. 
To  the  vast  extent  of  sand-covered  country  constituting 
the  greater  portion  of  this  Department  (Landes),  and 
comprising  in  all  an  area  of  some  3,700  square  mile? 
(Bennet,  op.  cit.),  the  climate  of  Biarritz  is  doubtless  in- 
debted for  at  least  a  part  of  that  dryness  and  of  that  mild- 
ness in  winter  for  which  it  is  celebrated.  The  summer 
heat  at  Biarritz  is  tempered  by  the  prevailing  westerly 
winds,  which  blow  from  the  Atlantic.  The  situation  of 
the  town,  directly  upon  the  shore  of  the  ocean,  is  also  an- 
other element  in  insuring  to  it  a  mild  and  a  compara- 
tively equable  temperature  during  the  winter  months. 
Its  climate  at  this  season  is  very  similar  to  that  of  Area- 
chon,  which  has  already  been  described  in  preceding 
pages  of  this  Handbook  (see  Arcahon).  The  reputation 
of  Biarritz  as  a  winter  resort  is  of  still  more  recent  date 
than  is  its  great  popularity  as  a  summer  bathing  station, 
and  doubtless  depends  in  a  measure  upon  the  latter.  As 
explained  by  Dr.  Bennet,  the  very  extensive  preparations 
for  the  entertainment  of  summer  and  autumn  guests  have 
a  tendency  to  cheapen  considerably  the  cost  of  living  in 
Biarritz  during  the  colder  months  which  follow;  and 
this  cheapness  of  living  is  offered  by  the  doctor  as  an  in- 
ducement, and  in  many  cases  a  most  important  induce- 
ment, to  attract  thither  a  class  of  invalids  requiring  a 
place  of  residence  for  the  winter  season,  which  offers  the 
advantage  of  a  mild  and  equable  climate  unaccompanied 
by  the  high,  and  too  often  exorbitant,  cost  of  living 
which  frequently  prevails  at  such  sanitaria.  "It  is  im- 
possible," says  this  author,  "that  a  town  situated  on  the 
boisterous  Bay  of  Biscay  can  be  equal  in  point  of  climate 
to  the  Riviera  undercliff,  or  to  the  east  coast  of  Spain, 
in  cases  of  severe  disease  in  which  the  best  climate  that 
can  be  found  is  required.  But  still  there  must  be  many 
cases  in  which  the  sunshine  and  mild  temperature  of  the 
southwestern  coast  of  France  may  be  sufficient.  More- 
over, the  question  of  expense  is  often,  unfortunately,  a 
paramount  consideration."  Another  class  of  persons  to 
whom  Dr.  Bennet  proposes  a  sojourn  at  Biarritz  (and  in 
this  instance  a  sojourn  not  during  the  winter,  but  during 
the  bathing  season)  are  such  residents  in  the  British  Isles 
as  have  been  for  various  reasons  unable  to  resdrt  to  the 
seaside  stations  of  their  own  country  during  the  months 
of  July  and  August.  "  Those  who  cannot  resort  to  our 
own  coasts  in  July  and  August,  and  to  whom  a  mild  or 
warm  temperature  is  essential,  have  thus  the  opportunity 
of  still  enjoying  at  Biarritz  summer  sea-bathing  at  a  time 
when  with  us  both  the  sea- water  and  the  external  atmos- 
phere are  becoming  chilly."  (The  time  referred  to  by 
the  doctor  in  the  above-quoted  passage  is  the  autumn 
season,  the  two  months  of  September  and  October,  of 
which  he  had  just  been  speaking.) 

Pull  and  detailed  statistics  for  the  climate  of  Biarritz 
the  writer  is  unable  to  present.  'The  following  state- 
ments, both  general  and  particular,  respecting  the  climatr 
ic  features  of  the  place  have  been  culled  from  the  pages  of 
various  authors,  and  are  herewith  presented  to  the  reader. 
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The  mean  winter  temperature  at  Biarritz  is  given  by- 
Weber  (Ziemssen's  "  Handbuch  der  Allgsmeinen  The- 
rapie")  as  6°  to  8°  C.  (==42.8°  to  46.4°  P.).  The 
"  Dictlonnaire  Usuel  des  Sciences  Medicales"  gives  the 
figures  of  the  three  months  of  January,  February,  and 
March  for  a  single  year  (1868)  as  follows  :  January, 
40.26°  F.;  February,  40.91°  F.;  March,  44.62°  F.  The 
mean  of  these  would  be,  of  course,  41.93°  F.,  a  decidedly 
lower  figure  than  that  just  given  on  Weber's  authority, 
and  indicating  for  the  winter  of  1868  a  temperature  prob- 
ably below  the  normal,  especially  if  we  take  into  account 
that  this  figure  (41.93°  F.)  is  the  mean  for  January,  Feb- 
ruary, and  March,  and  not  for  the  three  months  of 
winter,  viz.,  January,  February,  and  December.  The 
average  spring  temperature  is  placed  by  Weber  at  from 
11°  to  12°  C.  (=51.8°  to  53.6°  F.) ;  that  of  the  summer 
season  at  about  64.4°  F.  Dr.  Bennet  refers  to  observa- 
tions of  the  temperature  made  at  Biarritz  by  the  Rev. 
Mr.  Crow  during  the  winter  of  1863.  The  average  of 
this  gentleman's  observations  "  made  at  8  a.m.  on  a  north 
wall "  during  January  of  that  year  was  about  45°  F. ;  the 
highest  temperature  being  63°  F.,  the  lowest  30°  F.  "  In 
February  there  was  some  very  cold  weather.  .  During 
seven  days  the  highest  temperature  was  34°  F.  (at  8  A.M.), 
the  lowest  24°  F.  With  the  exception  of  that  week,  the 
weather  was  glorious,  the  thermometer  after  January 
varying  from  48°  to  63°  F."  (Bennet,  op.  cit,  page 
612).  Lombard  speaks  of  the  climate  of  Biarritz  as  being 
a  moist  one,  and  Weber  gives  its  relative  humidity  as 
about  80.0  per  cent.  This  is  no  more  than  we  should 
naturally  expect  in  a  place  lying  so  directly  upon  the 
shore  of  the  ocean,  aiid  so  exposed  to  sea-winds.  "  Biar- 
ritz," says  Dr.  J.  Burney  Yeo,  "lies  exposed  to  all  the 
fury  of  the  Atlantic  winds,  and  has  no  protection  like 
the  pine  forest  of  Arcachon"  ("  Health  Resorts  and  their 
Uses,"  London,  1882,  p.  263).  "The  wind,  when  it 
Mows  from  the  southwest  or  northwest,  is  often  furious" 
(Bennet,  op.  at.).  The  annual  rainfall  is  given  by  Weber 
as  49.21  inches.  Concerning  the  rainfall  during  the 
winter  season,  we  read  in  Dr.  Rennet's  book  that  "Dr. 
Chapman,  an  English  physician,  who  long  practised  at 
Biarritz,  stales  that  the  average  rainfall  during  three 
years  for  the  seven  winter  months,  from  the  beginning  of 
October  to  the  end  of  April,  was  25.81  inches  on  seventy- 
six  days. 

The  sky  at  Biarritz  is  usually  clear  ("Diet.  Us.  des 
Sc.  Mdd."). 

Concerning  the  class  of  invalids  likely  to  be  benefited 
by  a  stay  at  Biarritz  during  the  winter  months,  it  may  be 
said  that  in  the  main  they  would  be  such  cases  as  would 
be  improved,  or  it  may  be  even  cured,  by  residence  at  the 
not  far  distant  resort  of  Arcachon,  to  which  reference  has 
already  been  made  in  this  article.  But  it  must  be  borne 
in  mind  that  Arcachon,  lying  as  it  does  some  miles  back 
from  the  Atlantic  coast,  surrounded  by  extensive  sand- 
dunes,  and  sheltered  in  some  measure  from  the  severity 
of  sea-winds  by  pine  forests,  is  necessarily  a  somewhat 
dryer  and  a  more  protected  spot  than  is  Biarritz.  Dr.  J. 
Burney  Yeo  declares  (pp.  cit.,  page  263)  that  the  winter 
climate  of  Biarritz  is  "more  bracing  and  less  mild "  than 
is  that  of  Arcachon,  and  "  is  by  no  means  so  well  suited 
to  cases  of  chest  disease."  It  is,  however,  he  adds,  "well 
suited  to  some  forms  of  nervous  exhaustion  and  irrita- 
bility." Dr.  Bennet  speaks  pretty  much  to  the  same 
effect  concerning  the  climatotherapy  of  Biarritz.  He 
considers  the  place  far  less  suited  to  consumptive  invalids 
than  the  dryer,  milder,  and  more  sheltered  resorts  lying 
along  the  Genoese  Riviera  and  upon  the  Mediterranean 
coast  of  Spain,  but  regards  it  as  probably  quite  as  well, 
or  even  better,  adapted  for  such  cases  than  are  the  famous 
resorts  of  the  Isle  of  Wight  and  of  other  parts  of  the 
English  south  coast. 

In  conclusion,  it  may  be  remarked  that  over  and  above 
its  excellent  hotel  accommodations,  the  neighborhood  of 
Biarritz  abounds  in  comfortable  and  attractive  villas, 
often  surrounded  by  gardens,  and  situated  at  various 
points  close  to,  or  even  directly  upon,  its  picturesquely 
rocky  shores. 

Huntington  Ricluirds. 
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BIBIRU  BARK  {Nectandrx  Cortex,  Br.  Ph.  ;  Bebeeru, 
Greenheart,  etc.).  The  bark  of  Nectandra  Rlwdioei, 
Schomburg,  Order,  Laurinem ;  a  fine  forest  tree,  with  a 
tall,  straight  stem,  attaining  a  height  of  twenty-five  or 
thirty  metres  (75  to  90  feet).  It  has  thick,  evergreen, 
coriaceous,  oval  leaves,  and  small  axillary  clusters  of 
white  flowers.    The  fruit  is  large,  one-seeded. 

The  Greenheart  tree  is  a  native  of  British  Guiana, 
where  it  is  highly  prized  as  a  source  of  the  best  ship  tim- 
ber. It  was  proposed  as  a  febrifuge,  and  its  alkaloid 
pointed  out  by  Dr.  Rodie,  of  Demerara,  about  fifty  years 
ago. 

The  bark  is  imported  in  large,  long,  heavy,  flat  pieces, 
from  one-half  to  one  centimetre  in  thickness  (one-fifth  to 
two-fifths  inch).  It  is  hard  and  brittle,  breaking  with  a 
coarse,  fibrous  fracture ;  it  is  grayish-brown  externally, 
cinnamon-brown  and  striated  upon  its  inner  surface.  Ks 
cells  are  seen  under  the  microscope  to  be  thickened,  those 
of  the  liber  curiously  dentated.  It  has  a  strong  bitter 
taste,  without  aroma — an  unusual  thing  for  any  member 
of  the  order  Laurinem. 

The  bitterness  of  this  substance  is  due  principally  to 
the  alkaloid  buxine  (bibirine,  bebeerine  (not  berberine), 
nectandrine,  etc.),  which  it  contains  to  the  extent  of  one- 
half  or  one  per  cent.  It  also  contains  one  or  two  other 
alkaloids,  and  tannin.  The  wood,  which  is  also  bitter, 
contains  a  similar  base  to  that  in  the  bark.  The  seeds  are 
sometimes  made  use  of  as  a  source  of  starch.  The  im- 
pure buxine  of  Nectandra  is  an  article  of  commerce,  and 
generally  known  as  bebeerine.  It  is  a  gray  or  brownish 
amorphous,  bitter  substance,  permanent  in  the  air,  and 
very  insoluble  in  water  (-BTfcrij)-  One  or  two  of  its  salts, 
especially  the  sulphate  and  hydrochlorate,  are  also  to  be 
had,  and  should  be  preferred  for  administration  on  ac- 
count of  their  free  solubility. 

The  bark,  and  especially  the  alkaloid  and  its  salts,  have 
been  offered,  and  to  some  exteni  employed  as  a  febrifuge 
and  antiperiodic  ;  that  is,  as  a  substitute  for  quinine, 
but  in  reasonable  doses  they  fall  far  short  of  that  medicine 
for  the  purpose.  They  are,  however,  good  simple  bitter 
tonics  (the  bark  is  astringent  as  well),  and  fair  duplicates 
of  those  named  below.  Doses :  a  useful  dose  of  the  bark 
would  be  large  and  disagreeable.  Buxine  or  its  salts  may 
be  given,  as  a  tonic,  in  pills  or  solution,  up  to  two  to  four 
decigrammes  (0.2  to  0.4  =  gr.  iij.  ad  vj.),  as  a  febrifuge, 
up  to  one  or  two  gram.mes  (gr.  xv.  ad  xxx.). 

Allied  Plants. — See  Cinnamon. 

Allied  Drugs. — For  a  list  of  buxine-containing  bit- 
ters, see  Box.  As  a  tonic  it  may  be  compared  with  the 
berberine  group — see  Baebbkhy.  Also  with  the  pure  bit- 
ters— see  Gentian,  etc.  It  is  scarcely  to  be  compared 
to  Cinchona  as  an  antiperiodic. 

W.  P.  Bolles. 

BIG  BONE  SPRINGS.  Location  and  Post-Office,  Big 
Bone  Springs,  Boone  County,  Kentucky. 

Access. — By  Louisville,  Cincinnati  &  Lexington  Divi- 
sion of  the  Louisville  &  Nashville  Railroad,  to  Walton, 
thence  by  stage  to  Springs. 

Analysis.— " Geology  of  Kentucky"  states  the  con- 
stituents of  these  waters  to  be :  chloride  of  sodium,  sul- 
phate of  magnesia,  sulphate  of  soda,  sulphate  of  alumina, 
bicarbonate  of  lime,  bicarbonate  of  magnesia,  carbonate 
of  soda,  and  sulphuretted  hydrogen  gas. 

Therapeutic  Properties.-— This  is  an  alkaline-sul- 
phur water  of  local  reputation.  In  the  absence  of  a 
quantitative  analysis,  it  is  impossible  to  say  more. 

G>  P.  P. 

BILE.  Properties  and  Chemical  Behavior  op 
Bile.— The  bile  of  man,  as  obtained  by  O.  Jacobsen  from 
a  fistula,  was  clear,  greenish-brown,  with  a  tinge  of  yel- 
low, of  neutral  reaction,  and  specific  gravity  of  1.01.  In 
the  newly -born  it  is  more  viscid  than  later.  The  smell  in 
man  is  insipid  ;  in  the  ox,  almost  aromatic.  The  taste  of 
bile  is  always  strongly  bitter  ;  its  reaction  neutral  or  alka 
line.  It  may  be  diluted  with  water  without  turbidity, 
and  when  shaken  foams. 

The  salts  of  the  bile-acids  are  sometimes  known  as ' '  Crys- 
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tallized  Gall."  Acetic  acid  precipitates  mucin  from  bile, 
and  strong  mineral  acids  the  resinous  bile-acids  them- 
selves, glycocholic  being  the  major  constituent.  When 
bile  is  shaken  with  chloroform,  carbon  bisulphide,  benzol, 
etc.,  yellow  and  brown  coloring  matters  pass  over  into 
the  solvent. 

The  Putrbpaction  of  Bile. — The  reaction  of  bile 
changes  from  neutral  to  alkaline  under  putrefaction, 
which  with  suitable  temperature  easily  arises.  It  gets 
stinking  and  vibrios  are  abundant.  Later  the  reaction 
becomes  acid,  which  for  a  time  increases,  and  taurin  ap- 
pears, also  sodium  sulphate  ;  while  in  fresh  bile  sulphuric 
acid  is  scarcely  demonstrable.  The  products  of  the  putre- 
faction of  bile  are :  carbonic  acid,  sulphurous  and  sul- 
phuric acids ;  volatile  and  non- volatile  fatty  acids ;  earthy 
phosphates  ;  ammonia,  and  trimethylamin. 

Constituents  of  Bile. — The  bile  is  distinguished 
from  all  animal  fluids  by  its  distinctly  recognizable  and 
demonstrable  chemical  properties  ;  its  constituents  having 
each  a  distinct  chemical  individuality.  Normal  bile  con- 
tains :  bile  acids,  pigments,  fats,  soaps  (alkaline  palmi- 
tates,  stearates,  oleates),  cholesterin,  lecithin,  mucin,  traces 
of  urea,  the  usual  inorganic  salts,  and  carbon  dioxide. 

Gholin  or  Neurin  is  to  be  considered  as  a  decomposition 
product  of  lecithin,  and  mucin  as  the  product  of  the 
secretion  of  the  glands  of  the  gall-bladder. 

The  Bile-acids  do  not  occur  free,  but  combined  with 
potassium,  and  especially  sodium.  They  are  glycocholic 
and  taurocholic,  or  tauringallic,  which,  upon  boiling  with 
an  acid,  split  oi  in  the  one  case  glycocoll  or  glycin,  and 
in  the  other  taurin. 


Glycocholic 
Ca.HisNOe  +  H2O  : 


Cholollc     +       Glycin. 

CiHioOs  +  CjHsNOs 


Taurocholic  =  Taurin. 

C„H„NSO,  +  HjO  =  CaiH.oO.  +  CjHjNSO,. 

Recognition  of  the  Bile-acids. — This  is  best  ef- 
fected by  Pettenkofer's  reaction.  Pour  a  portion  of  the 
fluid  to  be  tested  (after  the  removal  of  albumen)  into  a  por- 
celain dish,  add  carefully  two-thirds  of  its  volume  of  con- 
centrated sulphuric  acid,  and  then  a  few  drops  of  a  ten 
per  cent,  solution  of  cane-sugar,  upon  which  a  tine,  dark 
purple-red  color  appears.  The  addition  of  sulphuric  acid 
is  to  be  made  in  such  a  manner  that  the  temperature  will 
not  rise  above  70°  C.  Grape-sugar  or  fruit-sugar  may  be 
used  instead  of  cane-sugar.  The  color  is  lasting.  The 
test  is  not  infallible,  for  many  other  substances  give  it — 
among  these  albuminous  bodies. 

All  of  the  bile-acids  and  their  sodium  salts,  with  the 
exception  of  hyoglycocholic,  turn  the  plane  of  polariza- 
tion to  the  right. 

Qlycopholie  Add,  CaeHiaNOa.  This  acid  occurs  abun- 
dantly in  combination  with  sodium  in  ox-gall,  but  less  so 
in  the  bile  of  the  carnivora.  It  may  be  obtained  in  fine 
white  needles  and  star-shaped  groups  of  needles.  Their 
taste  is  at  first  sweetish,  but  afterward  very  bitter.  They 
redden  litmus,  and  at  100°  C.  melt  to  colorless  glycocho- 
lonic  acid.  This  acid  is  but  slightly  soluble  in  cold,  more 
so  in  hot,  water ;  easily  in  alcohol  and  acetic  acid ;  with 
difficulty  in  ether. 

Polarization  :  acid  =  +  29.0° 

sodium  salt  =  -|-  25.7°  (Hoppe-Seyler). 

OlyeocJwlate  of  Sodium,  Cs,H,2NaNOo,  is  made  by  dis- 
solving glycocholic  acid  in  sodium  carbonate.  It  is  very 
soluble  in  water.  The  salts  of  potassium,  ammonia 
barium,  lead,  and  silver  are  also  known.  By  decomposi- 
tion glycocholic  acid  yields  glycocoll  or  glycin  (amido- 
acetic  acid),  NHj— CH2— COOH,  which  maybe  obtained 
in  colorless  crystals  (prisms). 

ParaglycocluHie  Add  (paracholic),  CjbH^NOb,  is  an  iso- 
mer of  glycocholic  acid,  discovered  by  Strecker  in  ox- 
gall, but  is  distinguished  by  its  insolubility  in  boiline 
water.    '  ° 

Qhjcocholonic  Acid  (cholonic  of  Mulder  and  Strecker), 
CseHiiNOs,  is  glycocholic  minus  one  molecule  of  HaO' 
It  is  insoluble  in  cold  water  and  ether. 
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GhdloglycochoUc  Add,  CjoHi^Oi,  and  GlycodyiWn  AiM 
CsjHsoNOi,  need  only  be  mentioned.  ' 

Oholio  Add,  C34H40O6.  This  acid  is  not  found  in  fresh 
bile,  but  in  the  alimentary  canal  as  a  result  of  digestion 
and  in  putrefying  bile  as  a  result  of  chemical  decomposi- 
tion. It  may  also  be  obtained  from  the  native  bile-acids 
by  treatment  with  mineral  acids,  alkalis,  or  the  action  of 
ferments. 

It  occurs  in  both  an  amorphous  and  a  crystalline  form 
which  show  different  degrees  of  solubility.  It  forms 
salts  with  alkalis,  barium,  lead,  silver,  iron,  copper,  mer- 
cury, etc. 

When  water-free  its  polarization  is  +  50° ;  with  ^ 
molecules  of  water,  +  35°,  The  anhydrides  of  cholic 
acid  are  dyslysin  and  choloidic  acid. 

Taurocholic  Acid,  C2eH45NS07  (choleic  acid  of  Strecker 
and  Demarcay).  It  is  most  abundant  in  the  bile  of 
the  carnivora  and  of  fishes.  It  may  be  obtained  iiji  the 
form  of  fine  glistening  needles,  which,  however,  soon 
deliquesce  in  the  air.  This  acid  is  much  less  stable  than 
glycocholic.  It  is  soluble  in  water  and  alcohol,  strongly 
acid,  and  decomposed  even  by  boiling.  It  also  turns  the 
plane  of  polarization  to  the  right,  but  not  so  strongly  as 
glycocholic  acid.  It  forms  numerous  salts,  of  which  the 
principal  is  the  taurocholate  of  potash,  Ca»Hj»KNS07, 
found  in  the  bile  of  many  fishes,  often  almost  exclu- 
sively ;  the  taurocholate  of  sodium,  C2eH4,NaHS07,  is 
easily  got  from  dog's  bile.  The  salts  of  barium  and  lead 
are  also  known. 

Taurin,  CsH'NSOs,  may  be  obtained  colorless  and  per- 
fectly pure  in  brilliant  columns  of  the  monoclinic  system. 
Its  reaction  is  neutral ;  it  has  no  marked  taste ;  remains 
unaltered  in  the  air,  and  may  be  heated  without  change 
up  to  240°  C.  It  is  soluble  in  water,  especially  warm 
water,  but  not  in  strong  spirit  or  ether.  It  is  isomeric 
with  amidoissethionic  acid 

CHsNH, 

CHsSCOH. 

The  exact  destiny  of  taurin  in  the  animal  economy  is  not 
known,  but  there  is  good  reason  to  believe  that  it  is  ab- 
sorbed jfrom  the  alimentary  canal  and  profoundly  changed. 

GholesUrin,  C26H44O  and  CaeH440,  HjO.  This  sub- 
stance is  very  widely  distributed  in  the  animal  kingdom, 
and  also  occurs  in  plants.  It  may  be  obtained  in  thin 
plates,  colorless,  glistening  like  mother-of-pearl,  and  of 
the  monoclinic  system  ;  also  in  leaves  and  scales.  When 
crystallized  from  chloroform  or  petroleum  instead  of 
ether,_  as  above,  it  appears  in  glistening  needles.  Choles- 
terin is  soluble  in  acetic  ether,  carbon  bisulphide,  wood- 
spirit,  glacial  acetic  acid,  benzol,  toluol,  petroleum,  oil  of 
turpentine  ;  but  is  insoluble  in  water  and  dilute  acids 
and  alkalis  ;  somewhat  soluble  in  soap  solutions ;  in 
watery  solutions  of  the  bile  acids  and  their  salts ;  also  in 
fats  and  oils  ;  which  latter  facts  are  of  great  importance 
in  the  animal  economy. 

Its  polarization  is  —  32°  (Hoppe-Seyler).  Its  molecu- 
lar constitution  is  unknown.  It  occurs  in  many  patho- 
logical fluids,  gall-stones,  etc.,  to  which  reference  will  be 
made  elsewhere. 

The  BiLE-coLomNG  Mattbbs. — Bilirubin  (biliphsein, 
cholepyrrhin,  bilifuloin  ?),  CoHibNsOs.  This  pigment 
occurs  in  the  bile  of  man,  the  hog,  the  dog,  etc.  It  oc- 
curs in  a  crystalline  form  in  old  blood  extravasations,  etc. 
It  doubtless  composes  much  of  the  so-called  haematoidin : 
while  it  constitutes  in  part  the  coloring  matter  of  the 
blood-serum,  at  least  in  the  horse  (Hammarsten).  It  is 
very  abundant  in  certain  kinds  of  gall-stones,  united  with 
lime  (Bramson),  especially  those  from  oxen  and  hogs. 
Bilirubin  is  an  amorphous,  orange  powder ;  when  in 
crystalline  form  it  is  darker.  It  is  soluble  in  chloroform, 
less  so  in  carbon  bisulphide,  slightly  in  benzol,  petro- 
leum, glacial  acetic  acid,  alcohol,  ether,  turpentine  oil ; 
also  with  ease  In  alkalis,  alk.  carbonate,  and  ammonia. 
It  has  no  characteristic  spectrum. 

BUiverdin,  CioH,8Nj04,  occurs  in  the  bile  of  oxen  and 
other  herbivora,  of  the  frog,  and  many  cold-blooded  ani- 
mals.   It  is  to  be  considered  as  an  oxidation  product  ol 
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bilirubin.  It  also  occurs  in  the  placenta,  and  in  the  con- 
tents of  the  alimentary  canal ;  but  only  in  traces  in  gall- 
stones. It  occurs  as  a  dark-brown  amorphous  powder,  also 
in  rhombic  plates,  and  is  insoluble  in  water,  ether,  pure 
chloroform,  carbon  bisulphide,  benzol ;  easily  soluble  in 
proof-spirit,  wood-spirit,  glacial  acetic  acid,  and  in  chloro 
form.  Like  bilirubin,  its  alkaline  solution  is  changed 
by  nitric  acid,  undergoing  a  series  of  oxidations  repre- 
sented by  a  succession  of  colors — blue,  violet,  red,  and, 
finally,  yellow.    It  has  no  characteristic  spectrum. 

Mifuscin  occMrs  often  in  connection  with  bilirubin,  but 
its  genetic  relation  to  the  latter  is  not  known. 

mlvpraain  and  Bilihumin  have  been  found  in.  gall-, 
stones. 

Bilirubin  and  Biliverdin  form  with  nascent  hydrogen 
hydrobilirubin  ;  with  nitric  or  nitrous  acid  a  series  of 
oxidation  products,  which  are  observed  in  the  application 
of  Gmelin's  test.  A  series  of  colored  bodies  are  formed  by 
the  action, of  bromine  which  are  not  oxidation  products, 
but  combinations  with  bromine. 

EydrobiliniMn,  Cs2H4oN40,.  Jaffe  found  a  coloring 
matter  ,in  febrile  urine  which  he  called  Urobilin ;  this  is 
probably  identical  with  hydrcftjilirubini  Maly  produced 
it  artificially  from  bilirubin.  This  pigment  gives  a  dark 
band  in  the  spectrum  between  b  and  H.,  ,  It  arises  In  the 
alimentary  canal,  probably  by  the  action  of  nascent  hy- 
drogen on  bilirubm ;  it  can  certainly  be  demonstrated  in 
the  faeces.  Hoppe-Seyler  obtained  a  similar,  if  not  an 
identical,  pigment  from  blood,  which  suggests  some  re- 
lation between  the  blood  and  bile-pigment. 

■  Gmelin's  Test.^-'W\iea  a  drop  of  crude  nitric  acid, 
which  mostly  contains  some  nitrous  acid,  is  added  to  a 
fluid  containing  bile,  upon  a  porcelain  surface,  a  series  of 
colors  appear  in  rapid  and  tolerably  uniform  succession. 
Of  these,  the  essential  ones  are  green  and  violet,  which 
should  be  more  permanent  than  the  others.  The  ex- 
planation of  this  reaction  has  already  been  given  above. 
The  oxidation  products  are  :  cholecyanin  or  bllicyanin, 
corresponding  to  the  blue  ring;  bilipurpurin,  to  the 
dark-red ;  and  choletelin  to  the  yellow.  The  essential 
green  is,  of  course,  biliverdin. 

Composition  of  Bile. — Of  Man. — The  following  table 
presents  at  a  glance  the  composition  of  bile  as  the  results 
of  quantitative  analyses : 


Fbbrichb, 

GOBTTF-B  ERANEZ. 

In  1,000  puts  BUe. 

■go 

ill 

1   . 

n 
-J 

IS 

<<> 

.a 

^  . 

il 
1^ 

II 

o  s  s 

t3 

Vi 

< 

Water 

860.0 

140.0 

1US.8 

3.3 

1.6 

2B.6 

6.5 

i.5 

S.0 

1.8 

o.a 

Trace. 

8B9.2 

140.8 

91.4 

9.2 

2.6 

■29.8 

7.7 

2.0 

2.5 

2.8 

0.4 

Trace. 

822.7 
177.3 
107.9 

(■47.3 
22.1 
10.8 

898.1 
101.9 
66.6 

30.9 

14.5 
6.3 

908.7 
91.3 

828.1 

Solids.. i. 

171.9 

Alknline  bile-salts 

Tat.... 

Cholesterin 

Mhcm  and  coloring  matters . . 
Mineral 

23.9 

Sod.  chloride 

Earthy  phosph 

Iron  oxide 

The  bile-acids  of  the  bile  of  man  are  very  imperfectly 
known,  but  glycocoU  and  taurin  are  united  with  them, 
and  the  presence  of  bilirubin  and  hydrobilirubin  have 
also  been  demonstrated  in  the  bile  of  man. 

Gall-stones  may  be  divided  as  follows : 

1.  Cholesterin  stones,  white  or  yellow  in  color,  and 
composed  almost  wholly  of  cholesterin. 

2.  Bilirubin  lime-stones,  from  yellowish  red  to  brown  ; 
non-crystalline ;  easily  pulverized,  and  abounding  in 
bilirubin. 

3.  Dark  green,  or  black  stones,  small,  often  of  metallic 
appearance  ;  without  cholesterin ;  cholesterin  and  biliru- 
bin. 

4.  Inorganic,  concentric  in  structure,  made  up  of  cal- 
cium carbonate,  or  earthy  phosphates. 


Action  of  Bile  on  the  Food-stuffs  of  the  Chyle 
OF  THE  Stomach,  and  thbib  Physiological  Signifi- 
cance,— 1.  Action  on  Albuminous  Bodies. — Bile  seems 
to  have  no  digestive  power  whatever  over  these,  for  when 
all  the  bile  is  drained  away  through  a  fistula,  the  albu- 
minous matters  are  as  fully  digested  as  before. 

2.  On  Carbohydrates,  the  bue  has  also  not  the  slight 
est  action. 

3.  On  Fats  it  does  exercise  a  slight  solvent  action ; 
a  slight  emulsifying  power,  joining  with  fatty  acid 
soaps ;  it  dissolves  solid  soaps,  which  may  facilitate  in 
turn  the  emulsion  of  fats.  The  passage  of  fats  through 
membranes  is  more  rapid  when  they  are  kept  moistened 
with  bile  or  a  solution  of  bile  salts. 

4.  On  {he  Chyme  of  the  Stomach. — In  so  far  as  the 
bile  being  neutral  or  alkaline  tends  to  neutralize  the 
acidity  of  the  gastric  juice,  it  retards  digestion.  But  if 
bile  is  added  to  a  fluid  in ,  which  gastric  digestion  is  pro- 
ceeding, a  precipitate  occurs,  consisting  qf  parapeptone, 
peptone,  and  bile-salts;  these,  however,  maybe  redis-, 
solved  in  an  excess  of  bile.  This  precipitation  is  favor- 
able to  digestion,  as  will  be  seen  later  (see  Digestive 
Juices). ,    ;       , 

The  Antiseptic  Action  of  Bile. — When  the  bile 
is  not  poured  into  the  alimentary  canal,  decomposition, 
to  which  there  is  a  natural  tendency,  proceeds  more  rap- 
idly ;  gases  appear  abundantly,  and  decomposition  pro- 
ducts may  be  detected  in  the  breath  ;  this  condition  may 
lead  to  marasmus  and  early  death,  without  local  disease. 
Bile  itself  has  a  tolerably  ready  tendency  to  decomposi- 
tion, but  not  nearly  to  the  same  extent  as  pancreatic 
secretion  (Maly  :  "  Chemie  der  Galle,"  in  Hermann's 
"  Handbuch  der  Physiologic  ").  T.   Wesley  Mills. 

BIOLOGY.  Everyone  knows,  from  personal  observa- 
tion and  experience,  that  all  objects  in  Na,ture  may  be , 
arranged  in  two  great  groups,  viz.,  living  things  and 
lifeless  things.  Moreover,  it  is  the  universal  testimony 
of  olbservation  and  reflection  that  the  differences  between 
living  matter  and  lifeless  matter  are  so  great  as  to  be 
fairly  called  enormous.  Nevertheless,  it  is  not  generally 
understood  that  the  various  branches  of  human  know- 
ledge may  be  classified  according  as  they  pertain  to  the 
one  or  the  other  of  these  great  groups  ;  nor  that  at  this 
point  of  view  a  new  science — biology^ — has  arisen,  which 
is  so  ambitious  as  to  claim  for  itself  the  whole  field  of 
living  matter.  The  classification  to  which  reference  is 
made  turns  upon  the  differences  which  have  been  men- 
tioned, and  which  will  be  discussed  later,  and  regards  all 
sciences  as  ei^er  biological  (/9io?,  life,  ^0701;,  a  discourse)  or 
aMological.  For  example,  zoology,  botany,  anatomy, 
physiology,  pathology  and  the  other  medical  sciences, 
sociology,  psychology,  history,  etc.,  are  sciences  pertain- 
ing to  living  tilings,  and  therefore'  biological ;  while 
mathematics,  astronomy,  geology,  mineralogy,  etc.,  are 
obviously  abiological.  Still  others,  as  physics  and  chemis- 
try, are  concerned  now  with  living  and  now  with  lifeless 
matter,  and  are  therefore  members  of  both  groups.  Such 
sciences  deal  not  so  much  with  the  qualifying  property, 
viz. :  life,  as  with  the  common  substance-matter  which  is 
found,  of  course,  in  both  groups. 

The  point  of  view  which  has  been  thus  far  occupied 
would  be  of  but  little  importance,  however,  if  its  only 
result  were  a  new,  and  it  must  be  admitted,  a  somewhat 
imperfect,  taxonomy.  It  is  chiefly  significant  because  it 
is  the  starting-point  of  a  new  and  aspiring  science,  bi- 
ology.   , 

Biology,  as  the  word  implies,  is  life-  science  ;  but  because 
life  is  never  found  apart  from  living  matter,  biology  be- 
comes practically  the  science  of  living  matter,  and  hence 
of ,  living  things— both  plants  and  animals.  It  is  neces- 
sary, so  great  is  the  misapprehension  upon  this  point,  to 
insist  that  biology  is  concerned  with  every  detail  of  every 
living  thing,  whether  plant  or  animal,  whether  high  in 
the  scale  like  mammals  and  seed-plants,  or  lowly  forms 
like  protozoa  and  protophytes.  The  stnicture,  the  habits, 
the  forms,  the  functions,  the  origin,  and  the  fate  of  living 
matter  in  health  or  in  disease,  wherever  found,  constitute 
the  domain  of  biology. 
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Historically  speaking,  biology  is  a  synthetic  science, 
having  sprung  from  the  union  of  zoology  and  botany, 
under  which  familiar  forms  it  has  long  been  studied.  But 
although  the  term  had  been  employed  by  Treviranus  and 
others  previous  to  1850,  it  is  only  within  a  few  years  that 
it  has  been  widely  adopted  as  the  title  of  an  experimental 
science,  including  both  the  older  sciences  of  zoology  and 
botany.  As  distinguished  and  developed  from  these 
branches  of  knowledge,  biology  is  characterized  by  its 
breadth,  since  it  includes  them  both,  and  especially  by 
the  fact  that  biologists  insist  upon  the  essential  and  sub- 
stantial identity  of  living  matter  in  composition,  struct- 
ure, and  function,  whether  found  in  plants  or  in  animals  ; 
hence,  also,  upon  a  close  relationship  between  these  great 
groups  of  living  things.  In  other  words,  biologists  main- 
tain that  plants  and  animals  have  substantially  the  same 
chemical  composition,  are  constructed  in  essentially  the 
same  way,  and  that  they  fulfil  in  a  fundamentally  iden- 
tical manner  the  various  functions  of  respiration,  nu- 
trition, digestion,  assimilation,  and  reproduction.  These 
facts  once  established,  biologists  proceed  to  draw  the  con- 
clusion that  so  remarkable  an  identity  or  similarity  argues 
some  definite  relationship,  and  to  offer  the  hypothesis 
that  the  resemblances  are,  as  a  rule,  fundamental  and  an- 
cestral, while  the  differences  are,  as  a  rule,  secondary  and 
acquired.  The  similarity  between  plants  and  animals  had 
by  no  means  escaped  the  earlier  naturalists,  but  it  failed 
to  receive  its  due  weight,  largely,  no  doubt,  owing  to  the 
prevalent  ideas  of  the  origin  of  species  by  special  crea- 
tion. With  the  fall  of  this  doctrine,  and  the  rise  of  the 
theory  of  evolution,  the  attention  which  had  been  unduly 
fixed  upon  the  differences  between  species  was  turned  to- 
ward their  resemblances  ;  and  when  this  was  done  room 
was  speedily  found  for  a  new  science,  viz. ,  biology. 

Living  Matter  or  Protoplasm.  Life. — Certain 
fundamental  properties  of  living  matter  common  to  plant.: 
and  animals,  but  not  observed  in  lifeless  matter,  must 
now  be  pointed  out.  Biologists  are  indebted  to  Huxley 
("Encyclopaedia  Britannica,"  ninth  edition,  vol.  iii.,  p. 
679,  article  "  Biology  "),  for  the  clearest  and  best  statement 
which  exists  regarding  these  distinctive  properties.  They 
are  important  enough  to  be  assigned  the  first  rank  among 
the  fundamental  principles  of  the  science,  and  stand  as 
follows : 
"  The  distinctive  properties  of  living  matter  are  : 
"  1.  Its  cJiemieal  composition.  Containing,  as  it  invari- 
ably does,  one  or  more  forms  of  a  complex  compound  of 
carbon,  hydrogen,  oxygen,  and  nitrogen,  the  so-called 
protein  (which  has  never  yet  been  obtained  except  as  a 
product  of  living  bodies),  united  with  a  large  proportion 
of  water,  and  forming  the  chief  constituent  of  a  substance, 
which,  in  its  primary  unmodified  state,  is  known  as 
protoplasm. 

"3.  Its  unimrsal  disintegration  and  waste  by  oxidation  : 
and  its  concomitant  reintegration  by  the  intussusception  of 
new  matter.  A  process  of  waste  resulting  from  the  de- 
composition of  the  molecules  of  the  protoplasm,  in  virtue 
of  which  they  break  up  into  more  highly  oxidated  pro- 
ducts, which  cease  to  form  any  part  of  the  living  body, 
is  a  constant  concomitant  of  life.  There  is  reason  to  be- 
lieve that  carbonic  acid  is  alwaj^s  one  of  these  waste  pro- 
ducts, while  the  others  contain  the  remainder  of  the 
carbon,  the  nitrogen,  the  hydrogen,  and  the  other  ele- 
ments which  may  enter  into  the  composition  of  the  proto- 
plasm. 

'•  The  new  matter  taken  in  to  make  good  this  constant 
loss  is  either  a  ready-formed  protoplasmic  material,  sup- 
plied by  some  other  living  being,  or  it  consists  of  the 
elements  of  protoplasm  united  together  in  simpler  com- 
binations, which  consequently  have  to  be  built  up  into 
protoplasm  by  the  agency  of  the  living  matter  itself.  In 
either  case,  the  addition  of  molecules  to  those  which  al- 
ready existed  takes  place,  not  at  the  surface  of  the  living 
mass,  but  by  interposition  between  the  existing  molecules 
of  the  latter.  If  the  process  of  disintegration  and  recon- 
struction which  characterize  life  balance  one  another,  the 
size  of  the  mass  of  living  matter  remains  stationary, 
while,  if  the  reconstructive  process  is  the  more  rapid,  the 
living  body  grows.    But  the  increase  of  size  which  con- 
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stitutes  growth  is  the  result  of  a  process  of  molecular 
intussusception,  and  therefore  differs  altogether  from 
the  process  of  growth  by  accretion,  which  may  be  ob- 
served in  crystals,  and  is  effected  purely  by  the  external 
addition  of  new  matter  ;  so  that,  in  the  well-known  aphor- 
ism of  LinnsBus,  the  word  '  grow,'  as  applied  to  stones, 
signifies  a  wholly  different  process  from  what  is  called 
'  growth '  in  plants  and  animals. 

"  3.  Its  tendency  to  undergo  cyclical  changes.  In  the 
ordinary  course  of  nature,  all  living  matter  proceeds  from 
pre-existing  living  matter,  a  portion  of  the  latter  being 
detached  and  acquiring  an  independent  existence.  The 
new  form  takes  on  the  characters  of  that  from  which  it 
arose  ;  exhibits  the  same  power  of  propagating  itself  by 
means  of  an  offshoot ;  and  sooner  or  later,  like  its  pre- 
decessor, ceases  to  live,  and  is  resolved  into  more  highly 
oxidated  compounds  of  its  elements. 

"  Thus  an  individual  living  body  is  not  only  constantly 
changing  its  substance,  but  its  size  and  form  are  under- 
going continual  modifications,  the  end  of  which  is  the 
death  and  decay  of  that  individual ;  the  continuation  of 
the  kind  being  secured  by  the  detachment  of  portions 
which  tend  to  run  through  the  same  cycle  of  forms  as 
the  parent.  No  forms  of  matter  which  are  either  not 
living,  or  have  not  been  derived  from  living  matter,  ex- 
hibit these  three  properties,  nor  any  approach  to  the  re- 
markable phenomena  defined  under  the  second  and  third 
heads." 

The  peculiar  properties  of  living  matter  thus  described 
some  years  ago  by  Huxley  have  never  since  been  better 
stated.  Nor  has  the  progress  of  science  made  any  con- 
siderable changes  in  these  fundamental  principles  need- 
ful. No  link  of  connection  between  the  living  and  the 
lifeless  world  has  yet  been  found  ;  and  the  extended  study 
of  living  matter  tends  rather  to  ehiphasize  the  differences 
between  them  than  to  suggest  that  lifeless  matter  is  ever 
changed  to  living  matter  except  by  the  agency  of  pre- 
existent  life.  The  above  quotation  has  been  introduced 
at  this  point  simply  to  show  how  definite  and  how  legit- 
imate is  the  field  that  biology  occupies.  Biologists  have, 
obviously,  at  present,  more  than  enough  to  do  in  their  own 
peculiar  sphere.  Nevertheless,  they  view  with  profound 
concern  the  work  of  chemists  and  physicists  upon  mat- 
ter— the  basal  fabric  of  the  living  not  less  than  of  the 
lifeless  world.  For  the  solution  of  the  final  problem— life 
itself — if,  indeed,  it  shall  ever  be  solved,  more  knowledge 
of  elemental  matter  and  more  conti'ol  over  it  will  doubt 
less  be  required.  At  present  life  itself  cannot  be  (Compre- 
hended, still  less  defined.  Apart  from  the  phenomena  of 
consciousness,  and  taking  a  purely  physical  point  of  view, 
it  appears  to  be  a  state  or  a  condition  into  which  certain 
elements  of  lifeless  matter  may  pass  under  the  inlluence 
of  pre-existing  life,  and  in  which,  combined,  they  so- 
journ for  a  time,  exhibiting  peculiar  powers.  These 
powers  constitute  vitality.  The  condition  is  the  living 
condition.  Once  out  of  it,  matter  is  as  truly  lifeless 
again  as  is  the  copper  wire  of  an  electric  circuit  devoid  of 
electric  currents,  after  its  connection  with  the  battery  is 
broken. 

(See  Matter,  Living  and  Lifeless.) 

FiJNDAMBNTAL  PRINCIPLES  OP  BioLO&Y. — Among  the 
innumerable  facts  which  pertain  to  biology  we  may  select 
several  which  are  of  so  fundamental  and  so  general  a 
character  as  to  be  worthy  of  special  mention. 

1.  lAmng  matter,  whether  animal  or  vegetal,  is  clearly 
distinguishable  from  lifeless  matter  by  (a)  its  mmylwlogy  and 
(b)  its  physiology. 

For  example,  a  single  morphological  feature— its  pe- 
culiar chemical  composition  (vide  supra) — serves  to  sepa- 
rate living  from  lifeless  matter  ;  while  among  distinctive 
physiological  features  we  need  instance  only  the  peculiar- 
ities pointed  out  above  by  Huxley,  viz.,  the  habits  of 
oxidation,  intussusception,  and  cyclical  change. 

2.  All  living  things,  whether  animal  or  vegetal,  are, 
broadly  speaking,  morplwlogicaUy  alike. 

This  fact  was  slow  in  coming  to  the  light.  Living  mat- 
ter is  universally  admitted  to  occur  in  masses  commonly 
described  as  "  living  organisms."  These  usually  exhibit 
definite  "  organs"  or  parts,  and  these  organs  are  plainly 
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not  homogeneous,  but,  in  the  higher  forms  at  any  rate, 
resolvable  into  "tissues."  Nevertheless,  so  striking  are 
the  visible  differences  between  the  higher  plants  and 
animals,  that  the  less  obvious  likenesses  of  structure  were 
hut  slowly  recognized.  Indeed,  the  microscope  was  in- 
dispensable in  order  to  prove  that  in  all  these  cases  the 
tissues  are  never  homogeneous,  but,  on  the  contrary, 
composed  of  distinct  units  called  "cells."  It  is  to-day 
possible  to  go  still  further,  and  to  assert  that  even  the 
cells  are  not  homogeneous,  but  that  they  differ  greatly, 
though  identical  in  this  :  that  in  every  cell  there  is  more 
or  less  of  a  complex  substance  independently  discovered 
in  plant-cells,  where  it  was  called  protoplasm,  and  in 
animal-cells,  where  it  was  called  sajrcode.  At  present 
this  substance  is  considered  to  be  essentially  the  same, 
wherever  found,  and  is  known  as  protoplamn. 

In  a  word,  it  may  be  said  that  living  matter  occurs  in 
masses  commonly  described  as  living  organisms ;  these 
are  composed  of  various  parts,  which  are  often  so  devel- 
oped as  to  constitute  organs  and  tissues  ;  the  organisms 
themselves  being  always  composed  of  one  or  more  cells, 
and  the  cells  consisting  essentially  of  protoplasm.  All 
living  matter  is,  therefore,  essentially  pivtopUwn  in  one 
form  or  another.  But  protoplasm  never  fails  to  contain 
protein,  a  definite  chemical  compound  made  up  of  the 
well-known  elements,  carbon,  hydrogen,  oxygen,  nitrogen, 
and  sulphm-. 

Hence  it  appears  that  biology  is  justified  in  claiming 
that  all  living  matter  is  morphologically  alike. 

3.  All  Ivomg  things,  wTiether  vegetal  or  animal,  are, 


Space  will  permit  but  a  partial  elucidation  of  this 
sweeping  proposition.  Two  functions  have  already  been 
discussed  in  the  quotation  from  Huxley,  viz.. :  first,  uni- 
versal disintegration  of  living  matter  by  oxidation,  and 
its  reintegration  by  intussusception,  giving  rise  to  the 
wonderful  phenomena  of  growth  and  repair,  and,  second, 
the  universal  tendency  to  cyclical  change  (reproduction). 
So  also  in  respect  to  alimentation  (the  fteding  function) ; 
circulation  (the  distribution  of  food  to  the  organic  units 
of  the  mass,  and  the  collection  of  waste  matters) ;  excre- 
tion (the  process  of  elimination  of  the  effete  matters) ;  in 
all  these  cases  living  matter,  when  carefully  and  broadly 
considered,  will  be  found  to  be  essentially  the  same  in  its 
actions. 

Biologists  further  maintain,  in  view  of  the  foregoing 
principles,  that  the  resemblances  between  living  things 
are  evidently  greater  than  the  differences  between  them, 
and  more  fundamental.  That,  therefore,  the  likeness  is 
to  he  interpreted  as  primary,  wliile  the  difference  is 
secondary  only  ;  and  they  adopt  provisionally  the  theory 
of  descent  and  relationship  through  a  common  ances- 
try, as  affording  the  best  explanation  of  the  likenesses 
between  living  things  ;  while  the  familiar  facts  of  varia- 
tion, selection,  and  inheritance  sufficiently  explain  the 
differences. 

In  this  necessarily  brief  sketch  of  biology  it  is  im- 
possible to  go  further.  Enough  has  been  said  to  show 
the  scope  of  the  subject,  and  to  give  a  passing  glimpse 
into  its  wide  territory.  It  must  suflice,  in  conclusion,  to 
give  an  idea  of  the  modern  arrangement  of  the  subdi- 
visions of  biology. . 

The  Biological  Sciencbs. — The  classification  of  the 
biological  sciences,  commonly  adopted,  does  not  include 
all  those  which  fall  under  the  strict  definition.  History 
and  some  of  the  medical  sciences,  for  example,  are  not 
yet  generally  recognized  as  really  biological.  This  is  to 
ne  deplored,  especially  in  the  latter  case,  as  the  medical 
sciences  are  so  closely  related  to  biology  that  benefits 
could  not  fail  to  arise  from  a  recognition  of  the  mutual 
relationship.  From  a  list  which  includes  already  anatomy, 
histology,  embryology,  physiology,  psychology,  and 
sociology,  there  is  no  good  reason  for  excluding,  for  in- 
stance, pathology,  particularly  since  the  germ  theory  of 
disease  has  assumed  so  important  proportions. 

General  Biology  is  now  widely  studied  as  an  introduction 
to  the  subject,  and  with  a  view  to  defending  and  extend- 
ing the  fundamental  principles. 

(Consult  Huxley  and  Martin's  "Practical  Biology," 


BIOLOGY. 

The  science' 
of  life,  i.  e., 
of  living  mat- 
ter or  living 
things. 


r  MOBPHOLOOT. 

The  science 
of  form ;  and 
including  the 
composition  and 
structure  of  liv- 
ing things. 


Physiology. 

The  science 
of  function,  i.e., 
of  the  actions, 
habits,  and 
workings  of  liv- 
ing things  in 
the  most  gen- 
eral sense,  e.  g., 
the  interaction 
of  living  matter 
and  its  euviron- 
.meut. 


BOTANX. 

The  science 
of  vegetal  lii. 
ing  matter. 


New  York,  Macmillan  &  Co. ;  and  Herbert  Spencer's 
^Principles  of  Biology,"    New  York.  D.  Appleton  & 

The  relations  of  the  acknowledged  danghter-sciences 
are  8how^  in  the  annexed  scheme,  to  which  brief  and 
therefore  somewhat  imperfect  definitions  have  been 
aaded.  (J^  or  detailed  accounts  of  these  sciences,  see  Zool- 
ogy, Botany,  Physiology,  etc.) 

Anatomy. 

Tho  science  of 
the  gross  ar- 
rangement o  f 
the  parts. 

MiatoloQff. 

Microscopic 
anatomy. 

Taxonomj/. 

The  classifl- 
cation  of  living 
things. 

Embryology. 

The  science 
of  the  develop- 
ment of  living 
things  from  the 
parent,  especi- 
ally in  the  ear- 
lier stages. 

Distribution. 

The     science 
of  the  disposi- 
tion   of    living 
matter  in  space 
i.  and  time. 

Phi/8iologi/. 

The  apecial 
study  of  the 
functions  of  the 
individual  i  n 
health  and  in 
disease  :  hence 
including  FatA- 
ology. 

Psychology. 

The  science 
of  mind. 

8o<^ologv. 

The  study  of 
the  mutual  rela- 
tions of  aggre- 
gates oE  living 
things. 

WUliam  T.  Sedgwick. 

BIOPLASSON,  a  term  introduced  by  Elsberg  for  the 
protoplasm.  In  consequence  of  the  observation  of  the 
intercellular  bridges  by  which  the  protoplasm  of  adjacent 
cells  is  in  many  tissues  connected,  Heitzmann  has  de- 
nied the  existence  of  cells  and  asserted  that  the  body  con- 
sists of  a  network  of  protoplasm.  Elsberg  has  adopted 
this  strange  theory  and  introduces  bioplasson  for  proto- 
plasm, a  term  which  it  is  necessary  to  note  only  because 
it  is  used  by  a  small  circle  of  American  writers.  That 
Heitzmann's  theory  is  erroneous,  on  account  of  its  evident 
exaggeration,  hardly  needs  demonstration.  That  fine  pro- 
toplasmatic bands  connect  the  adjacent  cells  of  certain 
tissues,  both  in  plants  and  animals,  is  now  well  established  ; 
but  this  does  not  in  any  way  invalidate  the  cell  doctrine. 
Even  if  it  were  true,  which  it  is  not,  that,  as  Heitzmann  ap- 
parently claims,  all  tissues  consist  of  a  network,  this  would 
not  do  away  with  cells  as  the  unit  of  organization.  The 
fatal  objection  to  Heitzmann's  view,  however,  is  the  fact 
that  the  union  of  cells  is  secondary,  for  during  the  seg- 
mentation of  the  ovum  the  cells  are  completely  separated, 
and  the  connection  between  them  does  not  exist  until  con- 
siderably later  in  the  course  of  development.  "What  Heitz- 
mann considers  as  primary  is,  therefore,  secondary  ;  his 
theory  has  been  almost  unanimously  rejected  by  histolo- 


ZooLoaT. 

The  scienc& 
of  animal  liv- 
ing matter. 
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.Elsberg :  Notice  of  the  BioplasBOn  Doctrine.    Trans.  Amer.  Med.  Assoc, 

Heitzmann  :  Microscopical  Morphology.  8vo.  New  York,  1883.  (Pre- 
sents Heitzmann'B  theories  in  extenso,  but  displays  a  stranRe  disregard 
o£  contemporary  research. )  ^,      ■,      ry    -ir-     j 

Gharles  8.  Minot. 

BIRCHDALE  SPRINGS.  Location  and  PosUOffiee,  Con- 
cord, Concord  County,  N.  H. 

Access.— By  the  various  railroads  running  to  Concord. 
The  springs  are  about  four  miles  distant. 

There  are  four  springs,  only  one  of  which,  "  The  Con- 
cord," has  been  analyzed. 

Analysis  (C.  F.  Chandler).— One  pint  contains : 

Grain. 

Carbonate  of  soda 0.016 

Carbonate  of  magnesia ^-^om 

Carbonate  of  iron 0.084 

Carbonate  of  lime 0.182 

Chloride  of  sodium 0.047 

Sulphate  of  potassa 0-008 

Sulphate  of  soda 0.032 

Phosphate  of  soda O.OCl 

Alumina 0.014 

Silica 0.116 

Organic  matter 0.084 

0.696 

Thbrapetjtic  Properties. — The  analysis  shows  this 
to  be  a  mild  chalybeate  water.  O.  B.  F. 

BIRTHS,  STATISTICS  OF.  The  official  statistics  of, 
births  in  the  United  States  are  very  much  less  complete 
than  in  England  or  the  continental  countries  of  Europe. 
While  in  England  full  information  can  be  obtained  from 
the  annual  report  of  the  Registrar-General,  in  this  coun- 
try one  is  dependent  on  the  irregular  and  somewhat  scat- 
tered reports  of  State  and  City  bureaus  of  vital  statistics. 

The  figures  in  the  following  tables  refer  to  the  number 
of  births  actually  reported,  which  number  falls  somewhat 
short  of  the  reality. 

The  number  of  still-births  reported  is  very  much  be- 
low the  actual  number,  accurate  records  of  still-births 
being  very  uncommon. 

Statistics  op  the  Annual  Birth-rate. 

United  States,  in  Different  States. 


Connecticut . . 
Massachusetts 

Michigan 

New  Jersey . . . 
Rhode  Island . 
Vermont . .   . . 


For  the  year 
ending 


Nov.  30,  1883 
Dec.  81,  1882 
Deo.  31,  1876 
June  .30, 1883 
Deo.  31,  1881 
Dec.  31,  1876 


Total  number 
of  births. 


14,938 
47,155 
45,172 
24,430 
6,761 
7,212 


Ratio  to  1,000 
of  population. 


25.7 
21.6 
24.4 
21.8 


The  average  for  these  States  is  23.5  births  annually  for 
each  1,000  inhabitants. 

United  States,  ih  Diffebent  Cities. 


For  1878. 

I- 

11 

it 

For  1883. 

Philadelphia,  Pa... 
Washington,  D.  C. 
Milwaukee,  Wis.... 
New  Haven,  Ct.... 

Mobile,  Ala 

Concord,  N.  H 

18,.346 

3,791 

8,004 

1.905 

608 

236 

20,9 
23.6 
24.3 
81.7 
16.2 
17.3 

NewYork,N.T... 
Brooklyn,  N.  Y... 
Baltimore,  Md.... 

Boston,  Mass 

Cincinnati,  0 

Richmond,  Va.,.. 
St.  Louis,  Mo..... 

28,972 
11,250 
7,904 
11,302 
7,956 
1,939 
8,835 

21.9 
18.0 
16.8 
28.2 
28.4 
27.8 

sa.o 

The  average  for  these  cities  is  20.4  births  annually  for 
each  1,000  inhabitants.  The  largest  ratio  occurred  in 
New  Haven,  Ct.,  where  it  was  31.7  to  each  1,000  inhabi- 
tants, and  the  smallest  in  Mobile,  Ala.,  where  it  was  only 
15.2  to  each  1,000  ;  but  in  the  latter  city  the  returns  prob- 
ably fall  much  below  the  actual  number. 


FoBEiGN  Countries,  fob  1882. 


1 

II 

1. 

11 
Sg, 

1' 

England  &  Wales.. 

889,014 
126.182 
122,648 
65,070 
59,388 
184,300 
867,841 
622,226 

33.7 
33.3 
24.1 
32.4 
30.9 
29.4 
38.9 
44.6 

Switzerland 

German  Empire... 

82,689 

1,702,248 

1,035,557 

146,454 

176,346 

9.35,666 

1,061,094 

599,786 

28.8 

37.3 

The  Netherlands . . 
Belgium    

24.8 
■37.1 
36.4 

Italy 

Hungary ■. 

Spain  (1870). 

The  general  average  in  the  continental  countries  is 
34.1  births  annually  to  every  1,000  of  population.  The 
smallest  ratio  is  in  France  (24.8),  while  the  largest  is  in 
Hungary  (44.6). 

In  England  the  birth-rate  was  somewhat  higher  in  1877 
than  in  later  years,  it  then  reaching  36.3  to  every  1,000  of 
population. 

FOEEiGN  Cities,  fob  1878. 


'  u 

h 

st 

s 

■S'3 
I? 

51 

0  S. 

129jl84 
13,710 
7,341 
9,613 
5,740 
55,324 
9,490 
7,669 
15,813 
44,073 
7,629 

33.3 
38.0 
34.0 
30.2 
32.0 
27.3 
29.7 
27.1 
31, a 
42.6 
36.2 

Heidelberg j , 

Vienna 

90S 
27,670 
8,188 
10,968 
1798 
8,764 
6,402 
4,976 
8,678 
25,026 

DR6 

!inn 

Edinburgh 

Dublin 

Copenhagen 

Amsterdam ' 

Geneva  

36.8 
360 

Brussels          

9B1 

Paris 

Alexandria  (B^ypt) 
Montreal  (Canada) . 
Havana  (Cuba) .... 
Melbourne  (Aus.):. 

41.1 

Marseilles 

476 

19,9 

33,6 

Berlin 

415 

In  the  above  table  the  smallest  ratio  (19.9)  is  found  in 
Havana,  and  the  largest  (47.6)  in  Montreal ;  the  average 
is  36.6  births  annually  for  every  1,000  of  population. 

It  is  stated  by  one  writer  that  in  European  cities  of 
200,000  inhabitants  the  annual  birth-rate  is  about  7,000, 
or  28.5  births  to  each  1,000  of  population. 

The  Bath  of  Males  to  Females  in  the  Annual  BirfhrraU. 
United  States. 


For  the  year 
ending 

■si 
|i 
gs 

105.7 
105.9 
108.0 

For  the  year 
ending 

Is 

|i 

Connecticut... 
Massachusetts. 
Michigan 

Nov.  30, 1883 
Dec.  31,  1882 
Dec.  31,  1876 

Rhode  Island 
Vermont  .... 

Dec.  31,  1881 
Dec.  31, 1876 

107.3 
108.8 

The  average  in  these  States  is  107.1  male  births  to  every 
100  female  births. 

Eholand. 

From  1837  to  1847,  the  average  was  105  male  births  to 
100  female  births. 

From  1868  to  1877,  the  average  was  103.9  male  births 
to  every  100  female  births. 

In  1877,  the  ratio  was  103.6  male  births  to  100  female 
births. 

In  1882,  the  ratio  was  103.8  male  births  to  100  female 
births. 

In  the  report  of  6,476  births,  by  Dr.  Bailey,  the  ratio, 
is  found  to  be  103.1  male  births  to  100  female  births 
("  Lond.  Obstet.  Soc.  Trans."). 

In  another  report  of  2,247  births,  by  Dr.  Cowles,  the 
ratio  is  105.3  males  to  100  females  ("Trans.  Med.  Soc. 
of  the  State  of  New  York,"  1881). 
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Statistics  of  the  Annual  Still-birth  Bate. 
Uhited  States,  in  Diffebent  States. 


Connecticut  — 
HasBoohueetts. 
Bhode  Island . 
Vermont...,  . 


For  the  year 
ending 


Nov.  80, 1888 
Deo.  31, 188S 
Deo.  81,  1881 
Deo.  31,  1876 


Total  number  of 
still-births. 


386 

1,486 

364 

188 


Percentage  of 
all  births. 


3.5 
8.1 
8.8 
2.6 


The  average  for  these  States  is  3  per  cent,  of  all  births. 

IThited  States  ih  Diefebent  Citibb, 


For  1878. 

II 
■3  " 

■s 

fi 

For  1883. 

1° 

Philadelphia,  Fa.... 
Washington,  D.C... 

MHwaukee,  Wis 

New  Haven,  Ct 

Mobile,  Ala 

908 
407 
171 
64 
108 
8 

4.8 
10.7 

S.6 

3.3 
17.7 

3.3 

New  York,  N.T 

Brooklyn,  N.  Y 

Baltimore,  Md 

Boston,  Mass 

Cincinnati,  0 

Bichmond,  Va 

St.  Louis,  Mo 

3,697 

1,082 
701 
509 
410 
164 
709 

8.9 
9.6 
8.8 
4,5 
5.1 

Concord,  N.  H 

8.4 
8.0 

The  average  number  of  still-births  for  these  cities  is  7.6 
per  cent,  of  all  the  births  reported.  The  largest  propor- 
tion occurred  in  Brooklyn,  where  it  reached  9.6  per  cent. 
The  smallest  occurred  in  Boston,  where  it  was  4.5  per 
cent. 

FOBEiair  COUNTBIES. 

In  the  "  Transactions  of  the  London  Obstetrical  So- 
ciety," vol.  xiv.,  there  is  found  the  following  table  of  the 
still-birth  rate  in  1869  : 


Percentage  of 
aU  births. 

^ 

Percentage  of 
all  births. 

6.64 
4.72 
4.63 
4,49 
4.46 

4.83 

Belgium 

Hanover 

Bavaria 

Austria 

4.00 
3.74 

Saxony .  .  . 

1.64 

Italy 

1.94 

The  average  number  of  still-births  in  these  countries  is 
8.95  per  cent,  of  all  births. 

In  the  same  journal  is  found  the  following  table  for  the 
year  1871: 


' 

Ferceniag'e  of 
aU  births. 

Percentage 
of  all  births. 

3.29 
2.64 

4.43 

4.22 

Mecklenburg-Bchwerin 
Schleswig  and  Holstein 

3.70 

4.60 

.    The  average  number  of  still-births,  according  to  this 
table,  is  3.64  per  cent,  of  all  births. 

FOBSIGN  Cities,  fob  1878. 


^ 

II 

•s 

868 
723 
905 

1,7B1 
864 

1,552 

6.3 
7.6 
5.9 
3.9 

4.7 
4.9 

■    88 
388 
988 
206 
196 

4.8 

Marseilles 

Alexandria  (Bgypt). 

4.6 

Naples 

2.7 

Berlin 

Havana  (Cuba) 

4.2 

3.0 

Vienna 

In  the  foregoing  table  the  smallest  ratio  (3.0)  occurred 
in  Montreal,  and  the  highest  (7' 6)  in  Marseilles.  The  aver- 
age ratio  for  these  cities  is  4.8  per  cent,  of  all  births. 

In  St.  Petersburg,  in  1807,  the  number  of  still-births 
reported  was  equal  to  0.7  per  cent,  of  all  births  ;  in  Rus- 
sia generally  it  was  equal  to  0.8  per  cent. 

In  1822  the  general  average  of  several  continental  dis- 
tricts was  1  still-birth  to  30  living-births. 


The  reports  of  the  Dublin  Lying-in  Asylum  show  that 
6.3  per  cent,  of  the  births  in  that  institution  were  still- 
births. 

Dr.  West  (Lancet,  1859)  says  that  in  England  4  per 
cent,  is  the  ratio  of  still-births  in  country  practice ;  Dr. 
Anderson  Smith  says  it  is  4.9  per  cent. 

Statistics  of  Sex  in  Still-births. 

In  Italy,  in  1869,  the  total  number  of  still-births  re- 
ported was  14,209 ;  of  these  8,269  were  males  and  5,940 
females ;  the  ^eater  size  of  the  male  children  probably 
explains  the  disproportion. 

In  the  State  of  Connecticut,  out  of  386  still-births,  301 
were  males  and  121  were  females  ;  the  sex  of  64  was  not 
reported. 

Of  1,485  still-births  in  Massachusetts,  807  were,  males 
and  603  females  ;  in  76  the  sex  was  not  reported. 

Of  646  still-births  in  Michigan,  356  were  males  and  258 
females  ;  in  32  the  sex  was  not  reported. 

(For  statistics  of  multiple  births,  see  article  on  Super- 
fcEtation.)  William  S.  Murray. 

BISMUTH.  1.  General  Medicinal  Propeeties  of 
Compounds  of  Bismuth. — Experiments  upon  animals 
have  shown  that  impregnation  of  the  blood  with  bismuth 
produces  poisonous  effects  generally  similar  to  those 
wrought  by  other  heavy  metals.  So  far,  however,  as 
the  medicinally  used  compounds  of  bismuth  are  con- 
cerned, these  can,  if  pure,  be  given  with  great  freedom 
without  constitutional  disturbance — a  fact  commonly,  and 
probably  correctly,  accounted  for  by  the  great  insolubil- 
ity of  these  compounds,  by  reason  or  which  the  dose  fails 
of  absorption.  Poisoning,  it  is  true,  does  occasionally 
follow  a  prescription  of  bismuth,  but  in  such  cases, 
when  investigation  has  been  made,  the  article  dispensed 
has  been  pretty  surely  found  contaminated  with  arsenic, 
a  contamination  dangerously  common  with  the  poorer 
grades  of  bismuth  subnitrate.  As  regards  local  action, 
soluble  bismuth  compounds  are  mildly_  astringent  and 
irritant,  and  insoluble  preparations  soothing  and  healing ; 
partly,  perhaps,  by  specific  action  during  slow  conver- 
sion to  soluble  forms,  and  partly  by  a  mechanical  sheath- 
ing of  the  parts  while  the  compound  is  still  in  insoluble 
condition.  Taken  internally,  bismuth  compounds  allay 
gastric  pain  or  nausea,  and  tend  to  check  diarrhoea. 

2.  The  Medicinally  used  Compounds  op  Bismuth. 
— The  compounds  of  bismuth  officinal  in  the  U.  8.  Phar- 
macopoeia are  basic  bismuth  nitrate  and  carbonate,  and  a 
composite  scale  preparation  containing  the  citrate. 

Bam  Bismuth  Nitrate,  BiONOa,  HsO.  This  salt,  the 
magistery  of  bismuth  formerly  so-called,  or  white  bismuth. 
is  officinal  as  Bismuthi  Subnitras,  Subnitrate  of  Bismuth. 
It  is  "a  heavy,  white  powder,  permanent  in  the  air,  odor- 
less and  almost  tasteless,  showing  a  slightly  acid  reaction 
when  moistened  on  litmus  paper,  and  insoluble  in  water 
or  alcohol.  When  heated  to  redness,  the  salt  gives  ofE 
moisture,  and  afterward  nitrous  vapors,  leaving  a  yel- 
low residue  which  is  soluble  in  nitric  or  in  hydro- 
chloric acid,  and  which  is  blackened  by  hydrosulphuric 
acid  "  (U.  S.  Ph.).  This  salt  should  not  be  prescribed  with 
potassic  iodide,  nor  with  the  carbonates  of  the  alkalis. 
Poor  quality  specimens  are  apt  to  contain  variable  pro- 
portions of  arsenic,  even  enough,  it  may  be,  to  cause  dis- 
tinct poisoning  in  therapeutic  doses.  To  detect  this  con- 
tamination, treat  the  specimen  with  sulphuric  acid, 
evaporate  to  dryness,  dissolve  the  residue  in  hot  distilled 
water,  and  test  the  solution  by  Marsh's  test  for  arsenic. 

Subnitrate  of  bismuth  produces  the  effects  of  the  in- 
soluble bismuth  compounds  already  described,  and  is  the 
principal  medicinal  preparation  of  the  metal.  The  only 
peculiarities  of  its  action  are  the  production  of  a  gar- 
licky oddr  to  the  breath  of  the  taker,  and  a  blackening  ot 
the  stools,  the  salt  is  given  internally  in  doses  of  wide 
range,  from  0.30  Gm.,  to  2.50  or  even  4.00  Gm.  (from 
five  grains  to  a  drachm),  taken  as  a  powder  or  suspended 
in  mucilage.  Externally  it  is  used  freely  as  a  dusting- 
powder  in  excoriations  and  sores,  or,  suspended  in  water, 
ten  per  cent,  admixture,  in  the  so-called  antiseptic  treat 
ment  of  wounds. 
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Bade  Bismuth  Carbmate,  (BiO)2C03,H,0.  This  salt  is 
officinal  as  Bismuthi  Subcarhonas,  Subcarbonate  of  Bis- 
muth. It  is  "a  white,  or  pale  yellowish- white  powder, 
permanent  in  the  air,  odorless  and  tasteless,  and  insolu- 
ble in  water  or  alcohol.  When  heated  to  redness  the  salt 
loses  moisture  and  carbonic  acid  gas,  and  leaves  a  yellow 
residue  which  is  soluble  in  nitric  or  in  hydrochloric 
acid,  and  which  is  blackened  by  hydrosulphuric  acid" 
(U.  S.  Ph.).  ,.  ^ 

Subcarbonate  of  bismuth  is  substantially  a  duphcate  ot 
the  subnitrate  in  all  its  properties,  and  may  be  used  for 
the  same  purposes  and  in  the  same  manner  as  the  latter 
salt. 

Bismuth  Citrate,  BiCsHsO,.  This  salt  is  officinal  un- 
der title  Bismuthi  Oiiras,  Citrate  of  Bismuth,  solely  for 
the  purpose  of  making  the  next-to-be-named  compound. 
Citrate  of  bismuth  is  made  by  boiling  the  subnitrate  in  a 
solution  of  citric  acid.  It  is  "  a  white  amorphous  pow- 
der, permanent  in  the  air,  odorless  and  tasteless,  insolu- 
ble in  water  and  alcohol,  but  soluble  in  water  of  ammo- 
nia" (U.  S.  Ph.).  By  dissolving  this  salt  in  water  of  am- 
monia, filtering,  evaporating  to  a  syrupy' consistence,  and 
spreading  the  syrupy  fluid  on  glass  plates  to  dry,  a  dry 
film  breaking  up  into  scales  is  obtained,  analogous  to 
the  scale  preparations  of  iron.  These  scales  are  officinal 
under  the  title  Bismuthi  ei  Ammonii  C'itras,  Citrate  of 
Bismuth  and  Ammonium.  They  appear  as  "  small,  shin- 
ing, pearly  or  translucent  scales,  becoming  opaque  on  ex- 
posure to  air,  odorless,  having  a  slightly  acidulous  and 
metallic  taste,  and  a  neutral  or  faintly  alkaline  reaction. 
Very  soluble  in  water,  and  but  sparingly  soluble  in  al- 
cohol "  (U.  S.  Ph.).  The  compound  should  be  kept  in 
small  tightly-stoppered  bottles,  and  away  from  the  light, 
for,  on  exposure,  it  loses  ammonia,  and  then  fails  to  dis- 
solve wholly  in  water.  The  chemical  composition,  as  in 
the  case  of  the  analogous  preparations  of  iron,  is  ob- 
scure ;  some  regard  the  scales  as  containing  a  true  double 
citrate  of  the  bases,  and  others  consider  them  as  a  mere 
admixture. 

This  preparation  is  unique  as  being  a  soluble  com- 
pound of  bismuth.  It  is  used  internally  for  diarrhoea, 
and  proves  astringent  and  mildly  irritant.  The  dose 
ranges  from  0.06  to  0.20  6m.  (one  to  three  grains). 

Edward  Curtis. 

BISMUTH,  POISONING  BY.  The  two  most  impor- 
tant compounds  of  bismuth  are  the  subnitrate  (basic 
nitrate,  magistery  of  bismuth)  and  the  subcarbonate. 
These  preparations  are  extensively  used,  in  doses  of  0.65 
to  3.9  grammes  (10  to  60  grains),  or  more,  in  the  treatment 
of  diarrhoea  and  other  forms  of  intestinal  irritation.  The 
subnitrate  of  bismuth  was  considered  an  active  poison  by 
many  of  the  earlier  writers,  who  state  that  symptoms  of 
gastro-enteritis  frequently  follow  its  administration  in 
doses  of  1.9  to  7.7  grammes  (0.5  to  3  drachms)  daily.  A 
case  is  recorded  in  which  7.7  grammes  of  this  substance, 
administered  to  an  adult,  caused  severe  symptoms  of  irri- 
tant poisoning,  followed  by  death  on  the  ninth  day.  At 
the  post-mortem  examination,  the  tonsils,  uvula,  pharynx, 
and  epiglottis  were  found  gangrenous ;  the  oesophagus 
and  stomach  were  very  red,  and  the  whole  intestinal 
canal  was  red,  and  here  and  there  gangrenous,  especially 
at  the  rectum  (Christison). 

As  the  subnitrate  and  subcarbonate  of  bismuth  are 
used  very  freely  without  anj  bad  results,  it  is  doubtful 
if  they  can  be  considered  irritants  even  in  comparatively 
large  doses.  The  best  authorities  of  the  present  day 
generally  agree  in  attributing  the  effects  noticed  by  the 
earlier  writers  to  impurities  in  the  drug  or  to  some  other 
cause.  The  preparations  of  bismuth  have  frequently  been 
found  to  contain  arsenic  in  the  form  of  arseniate  of  bis- 
rnuth.  Dr.  Taylor  found  arsenic  in  three  samples  of  sub- 
nitrate of  bismuth  out  of  five  examined  by  him ;  Dr. 
Rogers,  in  eight  samples  out  of  ten.  Herepath  examined 
fourteen  samples  and  found  arsenic  in  all.  Salisbury 
found  arsenic  in  thirteen  samples  out  of  eighteen  ;  he  also 
examined  five  samples  of  the  subcarbonate  of  bismuth 
and  found  arsenic  in  all. 
There  can  be  no  doubt  that  the  symptoms  produced  by 


subnitrate  of  bismuth  have  been  sometimes  due  to  the 
arsenic  which  it  contains,  as  in  the'  following  cases :  A 
physician  had  occasion  to  place  himself  upon  a  treatment 
of  subnitrate  of  bismuth.  After  a  day  or  two  he  noticed 
a  puflBness  about  the  eyes,  and  gastro-intestinal  irritation. 
These  symptoms  disappeared  when  the  use  of  the  bismuth 
was  discontinued,  but  reappeared  upon  the  renewal  of 
the  medicine.  The  bismuth  was  found,  upon  analysis, 
to  contain  arsenic  (Fullerton).  Twenty-six  grammes  (400 
grains)  of  subnitrate  of  bismuth  was  administered  to  a 
child,  ten  months  old,  over  eleven  consecutive  days,  for 
a  moderately  severe  attack  of  inflammatory  diarrhoea. 
After  one  week  there  was  pufflness  of  the  limbs  and  face  ; 
the  child  became  severely  ill,  fretted,  moaned,  and  was 
very  restless  ;  the  diarrhoea  became  suddenly  worse.  The 
conjunctiviE  were  slightly  injected,  the  tongue  was  dry, 
the  pulse  rapid,  the  skin  hot  and  dry.  There  was  no  ec- 
zema. The  urine  was  free  from  albumen.  The  symp. 
toms  disappeared  when  the  medicine  was  discontinued. 
The  bismuth  was  found,  upon  analysis,  to  contain  0.150 
per  cent,  arsenic  acid.  Another  sample  was  found  to 
contain  0.340  per  cent,  arsenic  acid  (Underbill).  This  is 
the  largest  amount  of  arsenic  which  has  been  found  in 
any  of  the  preparations  of  bismuth,  so  far  as  the  writer 
has  been  able  to  learn. 

The  presence  of  arsenic  in  these  preparations  is  ex- 
plained by  the  fact  that  the  ores  of  bismuth,  from  which 
they  are  manufactured,  contain  arsenic.  The  processes 
employed  for  their  manufacture  are  intended  to  remove 
all  but  the  slightest  trace  of  arsenic.  Up  to  a  compara- 
tively recent  date  this  result  was  frequently  not  attained. 
At  the  present  time,  however,  greater  care  is  taken  in 
their  preparation,  and  it  is  only  rarely  that  either  the  sub- 
nitrate or  subcarbonate  of  bismuth  are  found  to  contain 
more  than  the  merest  trace  of  arsenic. 

It  has  been  stated  that  subcarbonate  and  subnitrate  of 
bismuth  containing  0.139  per  cent,  arsenic  did  not  pro- 
duce symptoms  of  poisoning  when  administered  to  dogs 
in  doses  of  fifteen  to  thirty  grammes  (Parral  and  Garnier). 
It  is  possible,  therefore,  that  the  bad  effects  which  have 
been  caused  by  these  preparations  are  to  be  attributed,  in 
some  cases  at  least,  to  other  causes.  Idiosyncrasy  has 
been  suggested.  Monneret  thinks  they  may  be  due,  in 
certain  cases,  to  an  exacerbation  of  the  trouble  for  which 
the  bismuth  was  administered.  It  has  been  suggested 
that  an  excess  of  free  acid  in  the  stomach,  or  acid  salts, 
administered  simultaneously  with  the  subnitrate,  may,  in 
some  cases,  have  converted  the  latter  to  a  soluble  poison- 
ous salt  of  bismuth.  Sobernheim  explains  the  poisonous 
effects  in  the  fatal  case  related  by  Christison,  by  suppos- 
ing that  the  bitartrate  of  potassium,  which  was  admin- 
istered with  the  subnitrate  of  bismuth,  converted  the  latter 
to  an  acid  nitrate,  which  is  shown  by  experiments  on 
animals  to  be  an  irritant  poison.  Herbelin  has  found 
considerable  free  nitric  acid  in  subnitrate  of  bismuth. 
The  presence  of  this  acid,  or  of  the  normal,  or  acid  nitrate, 
in  specimens  which  have  been  carelessly  prepared,  may 
also  explain  some  of  the  symptoms  which  have  been  ob- 
served. Lead  has  been  detected  in  subnitrate  of  bismuth 
(Carnot,  Chapins,  Linossier),  but  the  amount  was  small, 
and  it  does  not  appear  that  the  symptoms  which  have 
been  observed  in  any  case  can  be  attributed  to  it.  It  is 
noticeable  that,  with  improved  methods  of  manufacture 
and  greater  care  in  carrying  them  out,  cases  of  poisoning 
by  these  preparations  have  become  exceedingly  rare,  if, 
indeed,  they  occur  at  all.  No  cases  have  been  reported 
during  the  past  few  years.  Thia  fact  tends  to  confirm 
the  belief  that  the  cases  which  have  been  reported  were 
due  to  some  of  the  causes  which  have  been  mentioned, 
rather  than  to  any  direct  poisonous  action  of  the  prepara- 
tions themselves. 

Preparations  of  bismuth  are  frequently  administered  in 
the  treatment  of  gastro-enteritis  caused  by  the  metallic 
irritants.  The  discovery  of  arsenic  in  the  subnitrate  of 
bismuth  thus  administered  has  been  sufficient  to  invalidate 
the  results  of  the  chemical  analysis  in  certain  cases  of 
alleged  poisoning  by  arsenic,  in  which  the  amount  of 
arsenic  detected  in  the  organs  was  small  (Rogers,  Reese). 
The  attempt  to  account  for  the  presence  of  arsenic  in  the 


504 


REFERENCE  HANDBOOK   OF  THE  MEDICAL   SCIENCES. 


Blsmutli. 
BlttersTveeti 


body,  by  suggesting  that  it  may  have  come  from  the  bis- 
muth administered,  is  frequently  made.  It  is  important, 
therefore,  whenever  these  preparations  are  given  in  cases 
of  suspected  poisoning,  to  preserve  a  sample  for  subse- 
quent analysis  if  necessary. 

The  subcarbonate  of  bismuth,  if  pure,  is  undoubtedly 
as  free  from  irritant  properties  as  is  the  subnitrate.  It  is, 
however,  more  soluble  than  the  subnitrate,  and  is,  there- 
fore, more  liable  to  become  converted  into  a  soluble  salt 
of  bismuth  by  the  acids  of  the  gastric  juice,  or  by  acid 
salts  if  these  are  administered  simultaneously  with  it. 
As  the  soluble  salts  of  bismuth  are  poisonous,  the  sub- 
nitrate would  appear  to  be  the  safer  preparation  when 
large  doses  are  to  be  administered,  or  when  the  adminis- 
tration is  to  be  continued  for  a  long  time. 

Under  the  name  "  pearl  white"  the  subnitrate  of  bis- 
muth is  used  to  a  considerable  extent  as  a  cosmetic.  The 
subcarbonate  and  oxychloride  of  bismuth  are  sometimes 
used  for  the  same  purpose.  There  is  no  evidence  to  show 
that  they  are  absorbed  through  the  skin,  or  that  they  pro- 
duce, if  pure,  any  injurious  consequences,  aside  from 
stopping  up  the  pores  and  thus  interfering  with  the 
healthy  action  of  the  skin.  Bismuth  preparations  con- 
taining arsenic  or  lead  might,  however,  produce  injurious 
effects  when  used  as  cosmetics. 

Experiments  on  animals  show  that  the  soluble  salts  of 
bismuth  are  poisonous.  The  action  of  the  following  salts 
has  been  investigated  :  the  nitrate  (Orflla),  the  citrate  of 
bismuth  and  ammonia  (Stefanowitch,  Lebedoff,  Feder- 
Meyer,  Mory),  the  acetate  (Bricka),  and  the  tartrate  of 
bismuth  and  potassium  (Rabuteau).  The  symptoms 
which  follow  the  administration  of  these  salts  do  not 
differ  materially  from  those  produced  by  the  metallic 
Irritants  generalhr.  The  most  constant  post-mortem  ap- 
pearances are  inflammation  of  the  stomach  and  intestines, 
and  a  more  or  less  extensive  fatty  degeneration  of  the 
liver,  kidneys,  and  heart.  Lebedoff  states  that  the  gly- 
cogen disappears  from  the  liver  after  the  long-continued 
administration  of  the  citrate  of  bismuth  and  ammonia. 
iThe  red  blood-corpuscles  in  animals  poisoned  by  this 
Dompound  present  a  finely  granular  appearance,  and 
masses  of  small  free  granules  may  be  seen  in  the  serum. 
These  appearances  point  to  the  destruction  of  the  blood- 
corpuscles  (Feder-Meyer). 

Abim-ption  and  Miminaiion. — When  subnitrate  of  bis- 
muth is  administered,  the  greater  part  is  separated  with 
the  fsBces ;  either  unchanged  or  in  the  form  of  sulphide. 
A  part  is  absorbed.  Orflla  detected  bismuth  in  the  liver, 
spleen,  and  urine  of  dogs  to  which  the  subnitrate  had 
been  administered.  Bergeret  and  Mayengon  state  that, 
when  the  subnitrate  is  administered,  bismuth  can  always 
be  detected  in  the  urine  after  a  few  hours.  They  also 
detected  it  in  the  serous  exudation  of  dropsy.  When  a 
few  grains  are  given  to  rabbits,  it  can  be  found,  in  from 
twenty  to  thirty  minutes,  in  the  urine,  spleen,  blood,  and 
muscles,  and  even  eight  days  after  the  administration  can 
be  detected  in  all  the  tissues.  They  detected  traces  in  the 
liver  and  kidneys  of  a  man  who  had  taken  one  gramme  of 
the  subnitrate  five  days  before  death,  but  failed  to  find 
it  in  the  body  of  a,  woman  who  died  sixty -two  days  after 
the  ingestion  of  two  grammes  (quoted  by  H.  C.  Wood,  Jr.). 

After  the  administration  of  the  soluble  salts  of  bismuth, 
the  metal  has  been  detected  in  the  urine,  fseces,  saliva, 
stomach,  liver,  spleen,  and  bones.  It  can  be  detected  in 
the  liver  many  months  after  the  last  administration 
(Bricka).  It  is  eliminated  with  the  urine,  fseces,  and, 
according  to  Dubinski,  with  the  saliva. 

William  B.  Mills. 

BISTORT  (Biatorte,  Codex  Med.,  the  rhizome  ;  Poly- 
gonum  Btatorta  Linn.  ;  Order,  PolygonaBem).  A  peren- 
nial European  herb  with  a  thick  tortuous  rhizome,  and  a 
slender,  upright,  simple  stem.  The  leaves  are  mostly 
radical  and  long-petioled,  lanceolate,  tapering  above  and 
decurrent  below  ;  two  or  three,  which  arise  from  the 
flowering  stem  at  a  distance  from  the  ground,  are  short- 
petioled  or  "sessile,"  with  sheathing  petioles.  The  stem 
bears  a  single  spike-like  cluster  of  small  rose-colored, 
slightly  irregular  flowers  ;  the  fruit  is  a  small,  three-cor- 


nered, pointed,  shining  achenium,  with  one  albuminous 
(starchy)  seed. 

The  "rhizome  is  covered  with  rootlets,  as  large  as  the 
little  finger,  from  fl'^e  to  flfteen  centimetres  long  (2  to  6 
inches),  somewhat  flattened,  transversely  wrinkled,  vari- 
ously, often  excessively,  once  or  twice  doubled  upon 
itself  (Latin,  bu,  torqueo,  tortum ;  Germ.,  Schlangenwunel). 
When  dry  it  is  hard  and  brittle,  dark  brown  externally, 
reddish-brown  within,  with  a  single  circle  of  well-marked 
woody  bundles  ;  taste,  astringent ;  odor,  slight. 

Chemical  composition :  Galli-tannic  (twenty-one  per 
cent.)  and  gallic  acids,  starch,  and  less  important  sub- 
stances. 

Use. — Bistort  has  been  a  well-known  and  considerably 
used  astringent.  The  large  proportion  of  tannic  matters 
entitle  it  to  rank  high  in  this  rather  numerous  class  of 
medicines.  Of  course  it  is  vastly  exceeded  in  this  respect 
by  the  various  galls,  and  has  no  advantage  over  the  tannic 
acid  so  easily  prepared  from  them.  It  is,  therefore,  now 
but  little  used.  It  has  also  been  employed  as  a  source  of 
starch. 

Dose,  one  or  two  grammes  (gr.  xv.  ad  xxx.). 

Allied  Plants. — The  genus  Polygonum  is  a  very 
large  one  and  contains  a  number  of  familiar  plants, 
mostly  weeds.  Astringency  is  a  common  quality  in  it. 
The  water-pepper  of  Europe,  P.  liydropifper  Linn.,  and 
our  smartweed,  P.  hydropiiperoides  Michx.,  are  acrid  and 
irritant  when  fresh,  like  the  buttercups,  reddening  and 
inflaming  the  skin,  a  property  which  they  owe  to  foly- 
ganic  acid,  according  to  Mr.  0.  J.  Rodemacher.  ' '  Prince's 
Feather,"  P.  orientate,  is  cultivated  for  ornament  in  Coun- 
try gardens. 

Buckwheat,  Fayopyrum  eseuknium  Monch,  was  in- 
cluded in  the  genus  by  Linn6.  For  a  notice  of  the  order 
see  Rhubarb. 

Allied  Drugs. — The  astringents  in  general,  tormen- 
tilla,  avens  (Geum),  alum  root  (Heuc?iera),  and  stargrass 
(Aletris),  resemble  it,  especially  by  being  just  about  as 
good  and  just  about  as  obsolete.  Crane's  bill  ( Geranium), 
blackberry  root  (Bubm),  hardack  (Spircea)  are  indigen- 
ous plants  of  similar  value,  still  in  use  in  America.  See 
Ntitgalls.  W.  p.  Bollea. 

BITTERSWEET   (Dulcamara,  U.   S.   Ph.,   Br.   Ph.  ; 

Douce  a/mire.  Codex  Med.),  Solanum,  Bulcojma/i'a  Linn.; 
Order,  Solanacem. 

A  familiar  straggling  or  climbing,  half  woody,  some- 
what velvety,  perennial  vine,  with  a  weak,  soft  stem,  dull 
green  alternate  leaves,  and  spreading,  extra-axillary 
cymes,  of  pretty  star-shaped  flowers.     The  leaves  are 


Fig.  403.— Bittersweet.    Plant  rednoed  and  flower  enlarged.  (Baillon.) 

variable,  the  lower  heart-shaped,  the  middle  and  upper 
ones  ovate  or  lanceolate,  tapering  above,  and  often  irreg- 
ularly and  unsymmetrically  cleft  or  lobed  at  the  base. 
The  flowers  are  perfect  and  regular,  about  one  and  one- 
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fourth  centimetre  (half  an  mch)  across.  The  calyx  is 
ihort  and  inconspicuous,  the  corolla  has  a  very  short  tube, 
and  five  lanceolate  pointed,  lilac  blue,  spreading  lohes. 
At  the  hase  of  each  lobe  are  two  small  greenish-yellow 
spots,  forming  all  together  a  circle  of  ten  at  the  throat  of 
the  corolla.  Stamens  five,  with  very  short  filaments,  and 
large  projecting  bright  yellow  syngenesious  anthera. 
Pistil  one,  style  longer  than  the  stamens,  ovary  two-celled, 
many-ovuled.  Fruit  an  oval,  shining  berry,  about  a 
centimetre  long,  and  green,  light  ^reen,  yellow,  orange, 
and  scarlet,  according  to  age  and  ripeness.  The  flowers 
and  fruit  of  all  colors,  which  may  be  seen  on  the  vine  at 
the  same  time  during  the  summer  and  fall,  make  it  an 
attractive  decoration  for  the  walls  and  bushes  over  which 
It  grows. 

Dulcamara  is  a  native  of  Europe  and  parts  of  Asia,  but 
It  has  made  itself  perfectly  at  home  in  the  pastures  and 
waste  places  of  this  country.  The  stem  is  the  part  gen- 
erally collected  for  medicinal  use.  That  of  the  younger 
branches  is  dull  green,  slightly  angular,  and  has  a  large 
pith  ;  that  of  older  stems  has  a  gray  bark,  and  is  usually 
hollow.  The  stem  is  always  slender,  even  when  two  or 
three  metres  long,  seldom  exceeding  one  or  two  centi- 
metres (two-fifths  to  four-fifths  of  an  inch)  in  thickness. 
The  Pharmacopoeia  requires  the  younger  branches  (which 
should  be  gathered  in  the  spring  or  fall),  and  describes 
them  as  "  About  a  fourth  of  an  inch  (six  millimetres)  or 
less,  thick,  cylindrical,  somewhat  angular,  longitudinally 
striate,  more  or  less  warty,  usually  hollow  in  the  centre, 
cut  into  short  sections.  The  thin  bark  is  internally  pale 
greenish,  or  light  greenish-brown,  marked  with  alternate 
leaf -scars,  and  internally  green ;  the  greenish  or  yellowish 
wood  forms  one  or  two  concentric  rings.  Odor  slight, 
taste  bitter,  afterward  sweet." 

The  composition  of  Dulcamara  is  not  very  definite.  Its 
most  characteristic  constituent  is  dulcamarin,  discovered 
in  1852  by  Wittstem,  and  at  first  thought  to  be  an  alka- 
loid, but  afterward  shown  not  to  be  one  by  Geissler.  It 
is  a  yellow,  amorphous  powder,  having  the  combination 
of  tastes  (bitter  and  afterward  sweet)  which  has  given  to 
the  plant  its  name.  It  is  sparingly  soluble  in  water,  freely 
so  in  alcohol  and  acetic  acid,  but  insoluble  in  ether  and 
chlorofonn.  Treated  with  diluted  mineral  acids,  sugar 
and  "dukamaretin"  result.  Solanine  is  doubtfully  pres- 
ent in  Bittersweet  in  a  minute  quantity ;  according  to 
Schoonbroodt,  it  is  not  solanine  itself,  but  a  substance 
which  produces  it  by  decomposition,  which  really  exists 
in  the  plant.  It  is  further  to  be  doubted  whether  Sola- 
nine  of  Bittersweet  is  exactly  like  that  of  the  potato  and 
other  plants  of  the  genus.  &tonme  itself  is  a  glucoside, 
splitting  into  sugar  and  " solanidine"  under  the  u.sual 
treatment. 

This  medicine  has  been  in  occasional  use  since  the  mid- 
dle ages,  but  has  no  verj  decisive  record.  Its  reputed 
efficacy  in  "mad  dog  bites,"  "gout,"  "scrofula,"  and 
"  skin  diseases,"  does  not  give  much  clue  to  its  useful- 
ness, if  it  have  any.  Its  close  relation  to  a  number  of 
deleterious  solanine-bearing  plants  has  made  its  reputa- 
tion suspicious,  but  the  records  of  injury,  from  the  green 
plant  even,  are  very  few  ;  from  the  dried,  almost  none. 
A  large  quantity  of  a  decoction  made  from  a  peck  of  the 
stems,  has  been  taken,  followed  only  by  transient  numb- 
ness, dryness  of  the  mouth,  and  paralysis  of  the  tongue  ; 
in  medicinal  doses,  it  can  scarcely  be  said  to  have  any 
physiological  action.  The  amount  of  solanine,  especially 
in  old  stalks,  is  very  small.  Of  the  action  of  dulcamarin, 
the  writer  has  no  knowledge.  Given  in  copious  hot  de- 
coction. Bittersweet  is  probably  diaphoretic  and  diuretic, 
and  is  still  occasionally  used  in  chronic  rheumatism,  as 
well  as  in  psoriasis  and  some  other  chronic  skin  diseases. 
Dose— five  to  ten  grammes  (gr.  Ixxv.  ad  cl.).  A  fluid  ex- 
tract is  made  (Extractum  Ihdeamarm  Fluidum,  U.  S. 
Ph.),  but  an  extemporaneous  decoction  is  probably  a 
better  form. 

Allied  Plants. — Solanum  is  the  type-genus  of  the 
order,  and  contains  more  than  seven  hundred  plants, 
mostly  inhabitants  of  the  warmer  parts  of  the  earth.  The 
potato  and  egg-plant  belong  to  it,  the  tomato  is  scarcely 
removed  from  it.     On  the  other  hand,  it  contains  many 


poisonous  and  disagreeable  plants,  like  the  Deadly  Night, 
shade,  Solanv/m  nigrum  Linn.;  parts  also  of  even  its 
edible  representatives  are  poisonous,  like  the  leaves  of  the 
tomato  and  the  stalks  and  sprouts  of  the  potato. 

Solanine  is  the  characteristic  alkaloid  of  the  genus,  and 
has  been  detected  in  most  of  its  members  where  it  has 
been  sought  for.  It  undoubtedly  occurs  in  many  others, 
as  well  as  in  some  of  the  related  genera.  It  was  dis- 
covered by  Desfosses  in  the  berries  of  deadly  night- 
shade in  1820,  and  shortly  after  by  various  observers 
in  potato  balls  and  sprouts,  in  Bittersweet,  in  tomato 
leaves,  and  several  solanums  which  are  common  Eu- 
ropean weeds.  It  is  usually  prepared  from  potato 
sprouts,  and  is  a  white,  crystalline,  exceedingly  insolu- 
ble substance  of  active  poisonous  properties,  of  a  ner- 
vous-depressant character.  It  is  hard  to  harmonize  the 
different  experiments  made  with  it  in  detail,  but  it  ap- 
pears to  produce  depression  of  the  circulation,  dyspncea, 
vomiting,  and  either  cramp  or  debility  in  the  extremities. 
The  stimulation  of  the  cardiac  and  respiratory  functions, 
and  the  mydriasis  of  atropine  appear  to  be  wholly  ah- 
sent.  Solanine  is  not  used  in  medicine,  but  doses  of  two 
decigrammes  (0.2,  gr.  iii.)  have  been  taken  experiment- 
ally, with  the  above  and  other  unpleasant  effects.  For 
a  notice  of  the  order  Solanacese,  see  Bblladonna. 

Allied  Dbuqs. — The  so-called  alteratives. 

W.  P.  BolUs. 

BLACKBERRY  {Bubus,  U.  S.  Ph.).  Three  species  of 
Bubus  are  admitted  into  the  Pharmacopoeia  under  this 
title:  1.  Bubus  villoius  Alton;  Order,  Mosctcece,  Rubea, 
the  familiar  High  Blackberry,  is  a  very  variable  plant. 
It  has  a  stout,  more  or  less  prismatic  stem,  often  flve- 
angled  and  channelled,  upright  or  oblique  and  arching, 
from  one  to  three  metres  in  length  (three  to  ten  feet), 
branching  freely  near  the  top  into  a  one-sided  head,  and 
dying  partly  back,  like  the  roses,  in  the  winter.  It  is 
armed  with  prickles  to  the  top  ;  those  of  the  trunk  and 
larger  branches  are  recurved,  and  ven^  stout  and  sharp. 
The  leaves  are  quinate,  pubescent ;  leaflets  ovate,  pointed, 
sharply  serrate ';  petioles  and  midribs  prickly  beneath. 
Flowers  in  axillary,  many-flowered,  pyramidal  racemes. 
Fruit  large,  from  one  and  a  fourth  to  two  and  a  half 
centimetres  long  (one-half  to  one  inch),  oblong  or  cylin- 
drical, consisting  of  numerous  small,  black,  shining 
drupes,  crowded  on  a  long,  soft  receptacle.  The  taste  of 
the  fruit,  when  fully  ripe,  is  sweet,  with  a  slightly  mawk- 
ish, mulberry-like  flavor.  The  Lawton  Blackberry  is  a 
cultivated  variety,  with  very  large,  juicy,  and  agreeable 
fruits.  3.  The  low,  or  creeping  Blackberry,  Dewberry, 
Bubus  canadenm  Linn. ,  has  a  round,  slender,  prostrate 
and  rooting,  sparingly  branching  stem,  with  fewer  and 
weaker  prickles,  and  ternate  leaves.  The  racemes  are 
fewer  flowered,  and  the  flowers  larger  than  the  preceding. 
The  fruit  is  shorter,  as  broad  as  long,  and  consists  of 
fewer,  larger,  and  very  sweet  and  juicy  drupes.  3. 
Bubus  trimalis  Michx,  is  a  southern  species,  with  pro- 
cumbent stem,  evergreen  leaves,  and  almost  solitary 
flowers.  All  the  above  are  natives  of  the  United  States ; 
their  use  as  a  medicine  is  also  confined  to  this  country. 
The  berries  of  the  first  two  are  common  dessert  fruits, 
and  are  also  manufactured  into  jams,  syrups,  and  even 
wines,  which  have  a  popular  reputation  for  being  astrin- 
gent ;  the  leaves  are  astringent,  but  not  much  used. 

"  Blackberry  root"  consists  of  the  bark  of  the  root  of 
either  of  these  species  (that  of  Bubus  mlloaus  is  what  the 
writer  has  oftenest  seen).  It  is  in  tough,  flexible  bands, 
reddish  brown  or  ash-colored  externally,  pale  brown  on 
the  inner  side  ;  the  smaller  roots  are  often  entire,  but  as 
the  wood  is  inert,  samples  consisting  of  the  bark  alone 
should  be  preferred.  The  taste  is  strongly  astringent, 
slightly  bitter  ;  odor,  none. 

Constituents :  Some  form  of  tannic  acid,  and  a  '^ery 
little  bitter  principle. 

Uses. — Blackberry  root  is  a  pleasant  and  efficient  as- 
tringent ;  its  tonic  properties  are  usually  mentioned,  but 
must  be  very  slight.  It  is  applicable  to  the  same  condi 
tions  as  the  allied  Rosacese  referred  to  below,  and  has 
about  the  same  value.    Nearly  every  coimtry  has  its  list 
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of  indigenous  astringents,  whose  use  seldom  extends  be- 
yond its  borders,  not  because  they  are  not  good,  but  be- 
cause they  are  all  of  about  equal  value.  In  the  aggregate 
they  are  much  more  often  given  than  pure  tannic  or  gallic 
acids,  but  whether  with  good  reason  or  not,  it  is  difficult 
to  say.  Blackberry  is  not  best  given  in  substances,  as  the 
dose  involves  a  good  deal  of  woody  tissue,  but  for  com- 
putation the  dose  of  it  may  be  assumed  as  from  two  to 
four  grammes  (gr.  xxx.  ad  3  i.).  The  fluid  extract  {Ex- 
traetum  Bubi  Fluidum,  U.  8.  Ph.)  represents  it  entirely, 
strength  \  ;  from  this,  a  syrup  (Syrupus  Bubi,  U.  S.  Ph., 
not  BuM  Idmi),  strength  i,  is  made,  which  is  pleasant, 
and  may  be  taken  when  the  large  amount  of  syrup  is 
not  an  objection. 

Ai/MED  Plants. — Bubus  is  a  large  genus,  comprising 
more  than  a  hundred  species,  inhabiting  mostly  the  tem- 
perate and  tropical  zones  of  the  northern  hemisphere. 
They  include  numerous  kinds  of  "blackberries,"  in  which 
'  the  receptacle  (core)  falls  away  with  the  fruit,  and  also 
the  raspberries  (see  Rubus  lD.a;us),  thimbleberries,  etc., 
in  which  the  drupes  separate  in  a  mass  from  the  recep- 
tacle, as  little  hollow  cups  or  domes.  Biibus  Odoratus 
Linn.,  of  the  Western  States,  with  large  handsome  pink 
flowers,  is  occasionally  cultivated  for  ornament.  Astrin- 
gent leaves  and  roots,  and  acidulous,  sweet  fruits,  are  com- 
mon characteristics  of  the  genus.  The  Spiraeas,  straw- 
berries, potentillas,  etc.,  are  neirfiboring  genera,  gener- 
allv  with  astringent  qualities.  For  a  note  of  the  entire 
order,  see  Roses. 

Allied  Drugs. — See  Ntjtgalls.  W.  P.  Bolles. 

BLACK  DEATH,  a  great  pestilence  of  the  fourteenth 
century,  which  devastated  Asia,  Europe,  and  Africa. 
The  principal  symptoms  were  the  outbreak  of  inflamma- 
tory boils  and  buboes,  and  the  formation  of  black  spots 
upon  the  skin  (petechise) ;  hence  the  disease  was  called, 
in  the  north  of  Europe,  the  Black  Death  ;  but  in  Italy, 
from  the  very  great  fatality,  la  Mortaglia  Grande,  or  the 
Great  Mortality.  The  black  death  was  modified  oriental 
plague. 

The  best  clinical  history  of  the  disease  is  that  of  Guy 
of  Chauliac,  who  saw  the  black  death  at  Avignon,  in 
1348,  and  again  in  1360.  The  attack  varied  in  different 
cases,  but  usually  it  set  in  with  fever  and  a  haemorrhage, 
most  commonly  from  the  nose,  but  frequently  from  the 
lungs  or  stomach.  This  loss  of  blood  was  in  many  cases 
of  such  severity  as  to  carry  the  patient  ofl  in  two  or  three 
days.  After  the  hsemon'hage  had  ceased  the  characteristic 
boils  and  buboes  appeared,  attacking  the  lymphatic  glands 
of  the  groin  and  axilla,  as  well  as  the  skin  of  the  surface 
generally.  It  was  soon  noticed  that  the  disease  was 
highly  contagious,  and  that  the  virus  was  present  in  the 
evacuations  of  the  sick. 

In  the  East,  the  symptoms  diflered  somewhat,  and  in- 
flammation of  the  lungs  was  said  to  have  complicated 
the  disease. 

Boccaccio  has  left  us  a  graphic  account  of  the  "great 
mortality"  as  it  appeared  in  Florence.  The  disease  "  in 
the  spnng  of  the  foregoing  year  (1347)j  began  to  show 
itself  in  a  sad  and  wonderful  manner  ;  and  different  from 
what  it  had  been  in  the  East,  where  bleeding  from  the 
nose  is  the  fatal  prognostic  ;  here  there  appeared  certain 
tumors  in  the  groin,  some  as  big  as  a  small  apple,  others 
as  an  egg ;  and  afterward  purple  spots  in  most  parts  of 
the  body  ;  in'some  cases  large  and  but  few  in  number,  in 
others  less  and  more  numerous,  both  sorts-  the  usual 
messengers  of  death."  Almost  all  attacked  died  within 
the  first  three  days,  for  the  most  part  entirely  without 
fever. 

In  Germany,  the  hsemorrhages  were  absent,  the  whole 
course  of  the  disease  being  milder,  though  the  chronicles 
of  Strasburg  state  that  in  the  year  1349,  16,000  died  in 
that  city. 

The  disease  in  England  resembled  that  described  as  oc^ 
curring  in  Avignon.  There  were  haemorrhages  followed 
by  the  outbreak  of  boils  and  buboes.  It  was  some  time 
after  the  outbreak  of  the  plague  in  England,  that  it  was 
discovered  that  incision  of  the  buboes  permitted  the  out- 
flow of  pus,  and  favored  recovery. 


The  black  death  first  appeared  in  Dorsetshire,  then  at 
tacked  Devon  and  Somerset,  and  rapidly  proceeded  to 
Gloucester,  Oxford,  and  London.  The  mortality  was  very 
great.  Contemporary  writers  report  that  but  one  in  ten 
of  the  inhabitants  escaped. 

The  crews  of  ships  carried  the  disease  to  Norway  and 
Sweden,  where  it  raged  with  still  greater  severity  than  in 
Southern  Europe.  Finally,  two  years  after  its  first  ap- 
pearance in  Europe,  it  found  its  way  to  Russia. 

The  Causes  op  the  Black  Death. — Various  causes 
have  been  assigned  to  the  many  plagues  and  pestilences 
of  the  middle  ages.  In  the  light  of  our  present  experience 
it  may  confidently  be  stated  that  malhygiene  was  the  one 
and  only  cause.  The  fourteenth  was  probably  the  dirtiest 
century  in  the  history  of  Europe,  and,  as  a  consequence, 
in  it  occurred  the  greatest  loss  of  life. 

Among  the  causes  mentioned  by  historians  were  at- 
mospheric disturbances,  which  were  said  to  have  occurred 
in  the  few  years  preceding  the  actual  outbreak  of  the 
plague.  There  was  a  great  drought  in  China  in  1333,  fol- 
lowed by  extensive  floods,  Hecker  believed  that  China 
was  the  birthplace  of  the  black  death.  There  were  also 
records  of  mighty  earthquakes  in  1336.  On  January  35, 
1348,  Greece,  Italy,  and  neighboring  countries  were  much 
shaken.  From  China  the  black  death  passed  through 
Central  Asia,  along  the  north  shore  of  the  Caspian  Sea, 
thence  north  of  the  Black  Sea  to  Constantinople,  which 
was  then,  as  it  is  now,  the  distributing  point  of  infection 
for  all  Europe. 

MoKTALiTT. — Allowance  being  made  for  exaggeration, 
the  records  show  a  very  great  loss  of  life  during  the  years 
of  prevalence  of  the  pestilence.  It  was  reported  to  Pope 
Clement  at  Avignon,  that  throughout  the  East,  probably 
with  the  exception  of  China,  33,840,000  people  had  fallen 
victims  (Barnes).  Hecker  collected  the  following  figures 
from  some  of  the  more  credible  contemporary  histories  ; 
There  died  in  Florence  of  the  black  plague,  60,000  ;  in 
Venice,  100,000  ;  in  Marseilles,  in  one  month,  16,000  ;  in 
Paris,  50,000  ;  in  St.  Denis,  14,000  ;  in  Avignon,  60,000  ; 
in  Strasburg,  16,000  ;  in  London,  100,000  ;  in  Norwich, 
51,100. 

The  measures  adopted  for  the  suppression  of  the  dis- 
ease were  in  keeping  with  the  intelligence  of  the  period. 
The  Paris  Faculty  gave  it  as  their  opinion  that  the  plague 
was  the  result  of  poisonous  emanations  from  the  waters 
and  that  prevention  might  be  accomplished  by  burning 
large  quantities  of  vinewood,  green  laurel,  or  any  other 
green  wood,  with  the  addition  of  wormwood  or  chamo- 
mile. 

The  separation  of  the  sick  from  the  healthy  seems  to 
have  been  practised  only  among  the  wealthier  classes. 

B.  L.  MaeDonnell. 

BLADDER  OF  THE  MALE.  Anatomy.— The  Urin- 
ary Bladder  (vesica  urinaria)  is  a  membrano-muscular 
sac  which  serves  as  a  reservoir  for  the  urine  that  escapes 
constantly  from  the  kidneys.  It  is  oval  in  shape,  and  lies 
immediately  behind  the  symphysis  pubis,  with  its  long 
diameter  horizontal  when  the  body  is  erect.  Its  posterior 
wall  is  in  relation  with  the  rectum  in  man,  and  with  the 
uterus  and  upper  portion  of  the  vagina  in  woman.  The 
antero-posterior  diameter  is  consequently  shorter  in 
woman,  but  the  lateral  portions  of  the  organ  are  so  much 
more  distensible  than  in  man  that  the  female  bladder  has 
nearly  the  capacity  of  the  male. 

The  bladder  is  usually  described  as  having  an  apex,  a 
body,  a  fundus  or  base,  and  a  neck. 

The  apex,  which,  when  the  or^an  is  empty,  reaches 
barely  to  the  top  of  the  symphysis  pubis,  is  carried  up- 
ward and  forward  as  theurine  collects,  until,  in  an  over- 
distended  bladder,  it  may  rise  high  into  the  abdominal 
cavity,  in  which  case  it  usually  inclines  to  the  right  side. 
It  is  attached  to  the  umbilicus  by  a  fibro-muscular  cord, 
the  remains  of  the  urachus  (ligamentum  vesico-umbilicale 
medium).  The  body  of  the  bladder  rests  in  front  upon 
the  posterior  surface  of  the  pubes,  and  upon  the  internal 
obturator  muscles.  "When  distended,  it  rises  agamst  the 
anterior  abdominal  wall.  Its  sides  are  connected  with 
the  umbilicus  by  the  fibrous  cords  which  are  the  obhter- 
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ated  portions  of  the  hypogastric  arteries  (hgamenta 
vesico-umbilicalia  lateralia,  chordse  umhihcales). 

The  peritoneum  clothes  all  of  that  portion  of  the  hlaO- 
der  wall  posterior  to  the  insertion  of  the  urachus,  and 
reaches  down  upon  the  sides  as  far  as  the  obliterated 
hypogastric  arteries.  Posteriorly  it  is  reflected  on  to  the 
rectum  from  a  line  just  above  the  entrance  of  the  ureters. 
All  of  the  bladder  wall  below  and  in  front  of  these  pomts 
is  devoid  of  serous  covering,  rhe  fundus  (base  or  floor) 
of  the  bladder  is  directed  downward  and  backward.  It 
rests  in  the  male  upon  the  rectum,  and  has  attached  to  it 
on  either  side  a  seminal  vesicle  and  vas  deferens.  These, 
commencing  on  the  sides  and  running  forward  toward 
the  prostate,  form,  with  the  recto-vesical  fold  of  the  peri- 
toneum, a  triangular  space.  Within  this  triangle,  which 
is  easily  reached  by  the  finger  in  the  rectum,  the  bladder 
is  covered  neither  by  peritoneum  nor  by  other  important 
structure.  (In  rare  cases  the  peritoneum  may,  when  the 
bladder  is  empty,  reach  down  to  or  even  partly  over  the 
prostate.)  When  the  bladder  is  distended,  the  recto- 
vesical fold  of  peritoneum  is  lifted  up,  and  this  triangular 
space  is,  by  so  much,  increased  in  extent. 

The  so-called  neck  of  the  bladder  has  no  real  anatomical 
existence,  i.e.,  the  bladder  does  not  become  funnel-shaped 


Fio.  404. — (After  Braune.)  1,  Cavity  of  the  bladder  (the  dotted  line 
alHO  marks  the  fold  of  peritoneum  in  front  of  the  bladder) ;  3,  pubic 
bonn  ;  3,  urethra ;  4,  prostate  gland ;  5,  ejaculatory  duct ;  6,  seminal 
vesicles;  7,  rectum. 

or  narrow  as  it  approaches  the  urethral  opening.  If  the 
expression  "  neck  of  the  bladder"  is  to  be  preserved,  the 
prostatic  urethra  should  properly  bear  this  name. 

The  bladder  is  held  in  place  by  numerous  ligaments. 
Of  these  the  obliterated  urachus  (ligamentum  vesico-um- 
bilicale  medium)  and  hypogastric  arteries  (ligamenta 
vesico-umbilicalia  lateralia)  have  been  already  described. 
Besides  these,  there  are  the  pubo-prostatic.  ligaments 
(ligamenta  pubo-prostatica,  media  et  lateralia),  which  ex- 
tend backward  from  the  pubes  to  the  prostate  and  con- 
tiguous portion  of  the  bladder,  and  a  rather  loose  fascia 
between  the  rectum  and  the  bladder,  which  serves  to 
steady  the  latter  when  full,  and  is  known  as  the  fascia 
recto-vesicalis.  There  are  besides  five  false  ligaments, 
two  posterior,  two  lateral,  and  one  superior.  These  are 
merely  folds  of  the  peritoneum  wfcere  it  is  reflected  from 
the  bladder  to  the  rectum,  the  sides  of  the  pelvis,  and  the 
umbilicus. 

Upon  section,  the  bladder  is  seen  to  be  lined  with  a 
soft,  pink  mucous  membrane,  which,  when  the  viscus  is 
empty,  is  thrown  into  irregular  folds.  The  interlacing 
bundles  of  muscular  fibres  cause  also  little  prominent 
lines  to  stand  out.  This  prominence  of  the  muscular 
fibres  is  best  seen  in  a  bladder  which  has  become  hyper- 


trophied  in  consequence  of  some  obstruction  to  the  easy 
passage  of  the  urine.  At  the  part  of  the  bladder  most 
dependent  in  the  upright  position  is  the  orifice  of  the 
urethra,  around  which  the  mucous  membrane  is  thrown 
into  little  longitudinal  folds.  This  internal  meatus  of 
the  urethra  is  not  at  the  bottom  of  a  funnel-shaped  de- 
pression, but  when  the  bladder  is  full,  opens  fiush  upon 
the  evenly  rounded  wall.  The  orifices  of  the  ureters  lie 
in  the  fundus  of  the  bladder,  about  one  and  a  fourth 
inch  apart,  and  the, same  distance  bejiind  the  urethral 
opening.  The  ureters  take  a  slanting  course  in  their  pas- 
sage through  the  bladder  wall,  and  run  for  about  half  an 
inch  between  the  muscular  and  mucous  coats,  thus  form- 
ing a  sort  of  valvular  arrangement  which  serves  to  pre- 
vent the  regurgitation  of  urine  through  them.  This  tri- 
angular portion  of  the  bladder  wall  lying  between  these 
three  openings  is  known  as  the  trigone  (trigonum  Lieu- 
taudii).  The  mucous  membrane  covering  this  portion  is 
more  intimately  adherent  to  the  underlying  tissues  than 
that  lining  the  rest  of  the  organ,  and  consequently  re- 
mains smooth  when  the  bladder  is  contracted.  The  trigone 
on  the  inside  of  the  bladder  overlies  very  closely  the  triangle 
already  mentioned  as  formed,  on  the  outside,  by  the  vesi- 
culse  seminales  and  the  recto-vesical  fold  of  peritoneum. 
From  the  middle  of  the  line  joining  the  orifices  of  the 
ureters  a  slight  elevation  extends  forward  toward,  and 
sometimes  into,  the  orifice  of  the  urethra.  This,  known 
as  the  uvula  vesicm,  is  caused  by  a  thickening  of  the  sub- 
mucous tissues.  It  is  generally  indistinct,  but  sometimes 
well  developed. 

The  wall  of  the  bladder  contains  four  layers.  The 
serous  or  peritoneal  coat  covers  the  posterior  surface  and 
top  of  the  bladder,  from  the  entrance-points  of  the  ureters 
to  the  attachment  of  the  urachus,  and  is  reflected  from  it 
upon  the  parts  about.  Next  beneath  the  serous  comes  the 
muscular  coat  made  up  of  unstriped  muscular  fibres, 
which  may  be  described  in  three  layers — an  external 
layer  of  longitudinal  fibres,  a  layer  of  circular,  and  a  deep 
layer  of  longitudinal  fibres.  The  outer  longitudinal 
fibres,  which  are  known  as  the  detrusor  urinm  muscle, 
take  their  origin  in  front  from  the  pubes  (musculi  pubo- 
vesicales),  and  from  the  prostate  ;  behind  they  arise  from 
the  prostate  in  the  male,  from  the  vagina  in  the  female. 
Starting  from  these  fixed  points,  the  fibres  spread  out  over 
the  anterior  and  posterior  surfaces  of  the  bladder,  and  in- 
terlace over  its  summit  and  sides.  A  few  fibres  are  con- 
tinued up  along  the  urachus.  The  middle  circular  layer 
is  thin,  and  over  the  upper  part  of  the  bladder  the  fibres 
interlace  in  a  rather  irregular  manner ;  they  become  more 
circular  in  the  lower  part  of  the  organ,  and  at  the  junction 
of  the  bladder  and  prostate  they  form  a  firm  encircling 
band  which  runs  over  insensibly  into,  and  cannot  be  really 
separated  from,  the  circular  fibres  of  the  prostate. 

Though  bearing  the  name  of  sphincter  vencai,  this  band, 
according  to  Henle,  does  not  play  the  part  of  a  sphincter, 
but  this  function  is  performed  by  the  prostate.  The  third 
or  deep  longitudinal  layer  is  thin  and  irregular  in  arrange- 
ment, and  nes  just  below  the  mucous  membrane.  Be- 
tween the  muscular  coat  and  the  mucous  membrane  is 
interposed  a  layer  of  areolar  tissue,  containing  many  elas- 
tic fibres  and  blood-vessels. 

The  mucous  membrane  is  soft  and  smooth.  It  is  cov- 
ered with  several  layers  of  flat  and  round  epithelial  cells, 
and  contains  numerous  mucous  glands,  especially  In  the 
part  adjacent  to  the  urethral  opening.  The  glands  are 
provided  with  cylindrical  epithelium. 

The  bladder  derives  its  blood-supply  mainly  from 
branches  of  the  internal  iliac  arteries.  The  superior  vesi- 
cal arteries,  which  are  the  remaining  pervious  portions  of 
the  hypogastric  arteries,  are  direct  branches  of  the  inter- 
nal iliacs.  The  inferior  vesical  arteries  are  given  off  from 
the  anterior  division  of  the  internal  iliac.  In  the  female 
the  uterine  arteries  also  send  branches  to  the  bladder. 

The  veins,  which  form  complicated  plexuses  about  tho 
neck,  sides,  and  base  of  the  bladder,  empty  into  the  in- 
ternal iliac  veins. 

The  lymphatics  follow  the  course  of  the  arteries  and 
veins.  The  nerves  are  derived  from  the  hypogastric 
plexus  of  the  sympathetic,  and  from  the  sacral  plexus  of 
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the  cerebro-spinal  system.  The  filaments  derived  from 
the  former  source  are  distributed  to  the  body,  those 
from  the  latter  source  to  the  base  and  neck  of  the  organ. 
Physiology. — The  bladder  serves  simply  as  a  reser- 
voir for  the  urine  which  is  brought  to  it  through  the 
ureters  from  the  kidneys.  As  it  becomes  distended,  the 
internal  sphincter  relaxes,  or,  according  to  some  authori- 
ties, is  pulled  apart  by  the  fibres  of  the  detrusor  urinae 
muscle  which  are  inserted  into  it.  When  it  opens,  the 
urine  enters  the  pars  prostatica  urethrse,  and  is  then 
only  held  back  by  the  cut-ofE  muscle  of  the  urethra 
(musculus  compressorius  urethras,  known  also  as  the  ex- 
ternal sphincter).  The  pressure  of  the  urine  in  this  deep 
portion  of  the  urethra  induces  an  almost  irresistible  de- 
sire to  micturate.  When  the  will  finally  allows  the  com- 
pressor muscle  of  the  urethra  to  relax,  the  passage  for  the 
urine  is  open,  and  the  contraction  of  the  bladder  wall,  es- 
pecially of  the  detrusor  urinse  muscle,  empties  the  organ. 
The  act  of  micturition  is  also  helped  by  the  pressure  of 
the  abdominal  muscles. 

Embbyology. — The  urinary  bladder  is  formed  from 
the  portion  of  the  allantois  that  is  shut  within  the  body 
by  the  closure  of  the  umbilicus,  and  it  consequently  re- 
mains connected  with  the  navel  by  the  upper,  obliterated 
portion  of  the  allantois  (urachus).  When  the  umbilicus 
closes,  the  bladder  and  rectum  form  together  one  cloaca, 
and  are  gradually  separated  by  a  partition  wall  that  grows 
down  between  them,  and  ultimately  forms  the  perineum. 

Malpokmations. — The  development  of  the  bladder 
may  be  arrested  at  various  stages  in  its  progress.  Occa- 
sionally the  septum  which  divides  the  rectum  from  the 
bladder  is  wholly  or  partially  wanting,  so  that  they 
freely  communicate  with  each  other,  or,  in  extreme  cases, 
form  together  a  large  pouch  (cloaca)  into  which  the  in- 
testine and  ureters  open.  This  condition  of  things  may 
be  associated  with  imperforate  anus.  Entire  absence  of 
the  bladder  has  been  reported,  in  which  case  the  ureters 
opened  directly  into  the  urethra. 

The  most  common  fault  of  development,  however,  is 
the  absence  of  the  anterior  vesical  wall.  This  deformity, 
known  as  exstrophy  of  the  bladder,  is  far  more  common  in 
males  than  in  females.  It  consists  in  a  failure  of  union 
of  the  two  halves  of  the  body  along  the  abdominal  sur- 
face. The  anterior  wall  of  the  bladder,  and  the  abdom- 
inal wall  over  it,  are  wanting,  and  the  pubic  bones  are 
generally  separated  by  a  considerable  interval.  The  pos- 
terior vesical  wall  is  consequently  exposed  to  the  air, 
and  is  pressed  forward  by  the  intestines  behind  it,  thus 
forming  a  prominent  tumor  which  may  reach  the  size  of 
the  palm  of  the  hand.  This  bulging  bladder  wall,  owing 
to  the  constant  irritation  to  which  it  is  subjected,  is  much 
reddened  and  inflamed,  and  is  usually  covered  with 
stringy  alkaline  mucus.  In  the  lower  part  of  this  pro- 
truding mass  may  be  seen  the  openings  of  the  ureters, 
which  are  revealed  by  the  constant  little  jets  of  urine  es- 
caping from  them.  They  are  sometimes  much  dilated. 
The  rudimentary  penis,  which  is  always  in  a  condition  of 
complete  epispadias,  usually  exists  merely  as  a  slight 
prominence,  but  may  be  of  considerable  size.  It  some- 
times even  retains  a  considerable  power  of  erection,  a 
point  to  be  considered  in  the  fitting  of  an  apparatus.  In 
connection  with  exstrophy  are  associated  not  infrequently 
hernisB  of  one  or  both  sides. 

If  the  fault  of  development  be  not  so  extensive  as  in 
complete  exstrophy,  the  abdominal  walls  may  unite  en- 
tirely up  to  the  umbilicus,  which  fails  to  close  and  leaves 
a  fistulous  communication  with  the  bladder  through  the 
still  patent  urachus.  An  even  lesser  degree  of  the  same 
deformity  is  represented  by  a  prolongation  of  the  bladder 
up  into  the  lower  portion  of  the  urachus.  Sometimes 
the  canal  may  be  shut  off  from  the  bladder  and  form  a 
cyst,  or  a  series  of  cysts. 

The  sufEering  in  a  case  of  complete  exstrophy  is  usu- 
ally very  great. 

Plastic  operations  are  sometimes  successful  in  covering 
in  the  greater  part  of  the  bladder  wall,  leaving  a  fistulous 
opening,  usually  of  considerable  size,  from  which  the 
urine  constantly  escapes,  and  over  which  a  urinal  must  be 
worn.    Of  the  plastic  operations,  the  one  devised  by  Pro- 


fessor Bigelow  is  the  best.  It  consists  in  the  dissection 
of  the  mucous  membrane  from  the  exposed  bladder  wall, 
and  the  implantation  of  a  flap  from  the  neighborhood 
over  the  denuded  surface.  The  raw  surfaces  adhere  and 
obliterate  the  bladder,  leaving  only  a  small  opening  oppo- 
site the  ureters.  Sonnenburg  advises,  in  children,  the  sim- 
ple removal  of  the  bladder  mucous  membrane  down  to  the 
ureters,  leaving  the  surface  to  granulate  and  heal  over. 

As  a  urinal  is  always  a  necessity  in  any  event,  it  is 
generally  advisable  to  fit  one  over  the  exstrophied  blad- 
der at  the  outset,  without  subjecting  the  patient  to  the 
discomforts  and  dangers  of  an  operation.  The  rubber 
urinals  manufactured  for  these  cases  are  unsatisfactory, 
as  they  press  upon  and  irritate  the  mucous  membrane. 
The  best  form  is  a  silver  or  German  silver  shield,  which 
arches  over  and  protects  the  bladder,  with  a  dependent 
portion  into  which  the  urine  runs,  and  which  communi- 
cates by  a  tube  with  a  rubber  bottle  strapped  against  the 
leg.  In  order  to  get  a  well-fitting  apparatus,  it  is  a  good 
plan  to  have  first  made  a  flexible  metallic  ring,  large 
enough  to  encircle  the  bladder.  This  is  then  bent  and 
adapted  to  the  inequalities  of  the  surface,  and,  finally,  the 
edge  of  the  shield  is  fitted  and  soldered  to  it.  The  whole 
is  held  in  place  by  a  belt  and  perineal  band. 

Besides  these  malformations  due  to  defective  develop- 
ment, there  are  sacculated  bladders  in  which,  occasion- 
ally, the  sacculi  may  even  exceed  the  bladder  in  size. 
They  are  formed  by  hernias  of  the  mucous  coat  through 
the  interstices  of  the  muscular  fibres,  and  may  be  recog- 
nized by  the  absence  of  a  muscular  coat  over  them.  The 
bladder  may  also  be  divided  into  chambers,  by  partitions 
springing  out  from  the  walls. 

Hernia  of  the  Bladdeh. — This  displacement  may 
be  congenital  or  acquired.  Like  other  hernias,  it  is  some- 
times brought  about  by  violence  or  over-exertion.  It 
may  appear  at  any  of  the  orifices  in  the  lower  abdomen 
through  which  other  hernias  occur.  The  most  common 
forms  are  inguinal  in  men,  and  vaginal  or  femoral  in 
women.  The  hernial  sac  usually  contains  also  portions  of 
intestine  and  omentum,  but  may  be  occupied  by  a  part 
of  the  bladder  alone.  The  portion  of  the  bladder  in  the  sac 
is  usually  not  covered  by  peritoneum,  although  exception- 
ally it  may  be.  The  presence  of  the  bladder  in  a  hernial 
sac  is  sometimes  brought  about  by  its  adhesion  to  the  in- 
testine or  omentum,  which  then  drags  it  down  with  it. 
M.  Berger  observed  a  case  of  inguinal  hernia  in  which 
a  portion  of  the  bladder  wall  was  drawn  into  the  sac  by 
adherent  omentum.  The  bladder  was  opened  by  mistake, 
but  was  closed  again  by  sutures,  and  the  vesical  wound 
fastened  close  to  the  inguinal  opening.  Some  days  later 
a  fistula  fonned,  which  discharged  urine  intermittently, 
and  closed  spontaneously  at  the  end  of  two  months. 

Inflammation  may  occur  secondarily  in  a  cystocele,  it 
being  the  result  of  stagnation  and  consequent  fermenta- 
tion of  urine. 

The  diagnosis  is  to  be  made  by  the  aid  of  the  catheter, 
the  tumor  being  emptied  when  the  urine  is  drawn  from 
the  bladder.  Pressure  on  the  tumor,  too,  hastens  the 
flow  of  the  urine. 

The  treatment  consists  in  returning  the  hernia  if  possi- 
ble. If  this  cannot  be  done  the  sac  should  be  supported 
by  a  suspensory  bandage,  and  the  escape  of  the  urine 
should  be  aided  by  pressure  during  micturition. 

Wounds  of  the  Bladdek. — The  protected  situation 
of  the  bladder  renders  it  little  liable  to  injury.  In  fract- 
ure of  the  pelvis,  a  sharp  point  or  fragment  of  bone  may 
penetrate  its  wall,  or  it  may  be  injured  by  gunshot 
wounds,  or  by  puncture  with  a  sharp  instrument.  The 
treatment  of  this  class  of  cases  will  be  considered  more  at 
length  under  "Rupture of  the  Bladder."  The  bladder 
may  also  be  wounded  Ijy  the  unskilful  use  of  instruments 
in  lithotrity,  or  may  be  incised  by  accident  during  ovari- 
otomy, hysterectomy,  or  other  abdominal  operation.  In 
this  latter  case,  if  at  once  carefully  stitched  up,  the  wound 
usually  heals  without  serious  trouble.  The  operation  of 
lithotomy,  or  the  removal  of  a  tumor  from  the  vesical 
wall,  naturally  leaves  a  wound  of  the  bladder,  which  is 
to  be  treated  by  free  drainage  and  careful  antiseptic  irri- 
gation. 


509 


Bladder. 
Bladder. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


RtrPTtTRB  OF  THE  BLADDER. — Ruptures  of  the  blad- 
der are  either  idiopathic  or  traumatic.  According  to 
their  location,  they  may  be  also  classed  as  intraperitoneal 
and  extraperitoneal.  Among  the  extraperitoneal  are  to 
be  reckoned  the  partial  and  the  subperitoneal. 

Idiopathic  ruptures  usually  occur  in  bladders  altered  by 
disease.  A  long-continued  obstruction  to  the  passage  of 
the  urine,  as  from  a  stricture  or  enlarged  prostate,  favors 
the  formation  of  little  hernise  of  the  mucous  membrane 
through  the  meshes  of  the  muscular  tunic,  and  an  over- 
violent  strain  during  some  exertion,  or  in  the  effort  to 
empty  the  bladder,  may  rupture  one  of  these  little  thin 
diverticula.  The  vesical  wall  is  also  sometimes  weakened 
by  ulceration,  simple  or  malignant,  and  is  thus  rendered 
especially  liable  to  give  way.  During  labor,  the  distended 
bladder  may  be  ruptured  by  compression  between  the 
abdominal  wall  and  some  part  of  the  child  or  instrument 
used  in  the  birth.  The  rent  in  this  case  may  be  either 
into  the  vagina  or  peritoneal  cavity. 

Rupture  of  the  healthy  bladder  is  rarely  produced,  ex- 
cept by  external  violence  in  the  form  of  a  blow  or  crush. 
Probably  it  is  sometimes  also  brought  about  by  great 
muscular  exertion  when  the  bladder  is  distended,  even 
though  it  be  healthy.  In  traumatic  ruptures,  the  bladder 
is  almost  always  full  at  the  time  of  the  traumatism. 

Great  violence  to  the  hypogastrium  is  capable  of  pro- 
ducing a  tear  in  the  anterior  wall  of  an  empty  bladder. 
This  accident  is  to  be  explained  as  follows :  The  force 
applied  to  the  hypogastrium  carries  the  upper  portion  of 
the  bladder,  which  is  attached  to  the  abdominal  wall  by 
the  peritoneum  and  urachus,  violently  backward.  The 
lower  part  of  the  bladder  is  held  by  the  prostate,  which  is 
fixed  by  the  pelvic  fascia,  and  consequently  a  rent  occurs 
in  the  anterior  vesical  wall  just  above  the  prostate.  This 
is  often  accompanied  by  a  considerable  stripping  up  of 
the  peritoneum.  Intraperitoneal  rupture  uncomplicated 
can  only  occur  when  the  bladder  is  full. 

Symptoms.— l^'han  a  rupture  occurs  a  feeling  of  giving 
way  or  of  a  tear  is  often  experienced.  If  the  bladder  has 
been  painfully  stretched  by  long  retention,  the  first  feel- 
ing may  be  of  relief.  Soon,  however,  pain  follows,  and  is 
referred  to  the  whole  abdomen  or  to  the  pelvic  region. 
This  is  followed  in  the  majority  of  cases  by  shook  and 
inability  to  walk.  There  may  be  desire,  but  want  of 
ability,  to  micturate.  Catheterism  is  usually  easy,  but 
obtains  only  a  little  bloody  urine  ;  not  infrequently,  on 
pushing  the  catheter  further  "  second  escape  of  fluid  is 
obtained. 

Many  of  these  symptoms  may,  however,  be  wanting. 
The  pain  is  sometimes  not  very  great ;  micturition  may  be 
possible,  though  even  then  usually  diflacult.  The  catheter 
may  draw  clear  urine. 

The  treatment  of  rupture  of  -the  bladder  has  probably, 
until  very  recently,  been  too  conservative  in  character! 
Rivington  and  Reginald  Harrison  both  favor  a  perineal 
incision  as  .soon  as  the  diagnosis  is  made.  If  by  explora- 
tion with  the  finger  the  rent  is  found  to  be  extraperi- 
toneal, a  drainage-tube  of  good  size  should  be  introduced 
throu^  the  perineal  wound.  For  an  extraperitoneal 
rent,  Rivington  advises  further  suprapubic  incision  to 
prevent  urinary  infiltration.  RiWngton's  advice,  in  case 
of  an  intraperitoneal  rent,  is  that  the  abdomen'  be  im- 
mediately opened  and  cleansed,  the  rent  being  left  to  heal 
by  Itself,  or  sewed  up  according  as  future  experience 
shall  dictate.  Harrison  does  not  advise  the  performance 
of  laparotomy  unless  there  is  evidence  of  considerable 
hajmorrhage,  or  unless  tiere  is  diflSculty  in  providing 
satisfactory  drainage.  The  favorable  results  obtained  by 
suture  of  clean-cut  wounds  of  the  bladder  would  certainly 
encourage  the  hope  of  success  from  sewing  up  rents  after 
paring  away  ragged  edges. 

TuMOKS  OF  THE  BLADDER.— Tumors  of  the  bladder 
may  be  classified  as  follows,  in  the  order  of  their  fre- 
quency : 

Papilloma,  carcinoma  (carcinoma  papillosum,  epitheli- 
oma), myoma,  fibroma,  sarcoma. 

Papillai-y  tumors  form,  according  to  Professor  Guvon 
nine-sixteenths  according  to  Sir  Henry  Thompson,  six- 
tenths,  of  all  the  new  growths  of  the  bladder.     They  are 
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made  up  of  verjr  vascular  branching  papillis,  clothed  with 
irregularly  cylindrical  epithelium.  They  are  either 
pedunculated  or  sessile,  and  upon  their  character  in  this 
respect  depends  the  diificulty  of  their  removal.  Their 
favorite  seat  is  in  the  neighborhood  of  the  trigonum,  and 
they  may  attain  the  size  of  a  pigeon's  egg,  or  even  larger 
They  give  rise  to  intermittent  haematuria,  which  may 
finally  become  quite  constant  and  severe.  Occasionally 
by  their  pressure,  they  cause  obstruction  to  micturitioi 
or  to  the  entrance  of  urine  through  the  ureters.  Finally 
cystitis  is  usually  associated  with  them.  The  hsematuria 
may,  however,  exist  for  a  number  of  years  before  other 
symptoms  appear.  Although  benignant  in  their  charac- 
ter, they  finally  cause  death  by  the  changes  that  they 
bring  in  their  train.  That  they  may  take  on  a  carcino- 
matous character  seems  also  borne  out  by  facts. 

Treatment  should  consist  in  a  radical  removal,  if  possi- 
ble. Thompson  favors  opening  the  bladder  by  the  median 
perineal  incision  into  the  membranous  urethra,  with  sub- 
sequent dilatation  of  the  prostatic  portion.  Guyon,  on  the 
other  hand,  prefers  the  suprapubic  operation.  He  holds 
that  by  this  incision  less  important  structures  are  in- 
jured, and  a  better  opportunity  is  offered  for  thorough 
investigation  of  the  bladder  and  careful  removal  of  the 
new  growth.  If  this  operation  is  selected  it  should  be 
performed  in  the  manner  described  by  Petersen  (see 
Lithotomy).  The  tumor  itself  may  be  twisted  off  with 
forceps  if  it  be  pedunculated,  or  scraped  away  with  a  sharp 
spoon  if  sessile. 

Primary  carcinoma  of  the  bladder  occurs  either  in  the 
form  of  papillary  cancer,  in  which  an  indurated  cancer- 
ous base  is_  covered  by  papillae  resembling  those  of  the 
simple  papilloma,  or  as  an  epitheliomatous  ulcer  with 
hard  indurated  base  and  edges.  Scirrhus  is  rarely  met 
with,  as  is  also  an  encephaloid  form  of  disease. 

The  symptoms  resemble  those  of  papilloma,  but  are 
sooner  or  later  associated  with  severe  lancinating  pains  in 
the  bladder  and  its  neighborhood.  The  cancerous  ca- 
chexia is  often  very  marked. 

The  treatment  is  palliative.  An  incision  in  the  peri- 
neum gives  the  opportunity  to  confirm  the  diagnosis,  and 
often  to  remove  considerable  portions  of  the  growth  with 
great  relief  of  pain.  This  incision,  too,  by  affording  ade- 
quate drainage,  saves  the  patient  from  the  pain  of  mic- 
turition, which  is  often  very  severe  when  fragments  of 
the  growth  are  passing.  The  subsequent  history,  if  the 
immediate  effects  of  the  operation  are  recovered  from,  is 
of  the  slow  generalization  of  the  cancer  with  symptoms 
varied  according  to  the  organs  implicated,  the  liver  being 
almost  invariably  the  seat  of  secondary  deposits. 

The  myomata  and  fibromata  can  hardly  be  considered 
separately,  as  they  usually  occur  in  a  mixed  form,  myo- 
fibroma or  flbro-myoma  containing  both  fibrous  and  mus- 
cular elements.  They  are  very  rare.  Gussenbauer  and 
Volkmann  have  both  met  with  and  removed  tumors  of 
this  character.  Gussenbauer's  patient  recovered,  while 
Volkmann's  died.  Tumors  of  this  class  may  give  rise  to 
symptoms  of  obstruction,  but  do  not,  as  a  rule,  cause 
hsematuria  or  cystitis. 

Prima/ry  sarcoma  is  extremely  rare.  The  author  has 
seen  tumors  of  the  prostate  and  bladder  secondary  to  a 
round-celled  sarcoma  of  the  testis. 

Besides  the  regular  tumors  mentioned  above  cysts  may 
rarely  occur.  They  are  sometimes  congenital  and  con- 
tain hair,  bones,  etc. 

Neuroses  of  the  Bladder.— ^asm  of  the  bladder 
when  not  due  to  inflammation,  is  probably  in  the  great 
majority  of  cases  dependent  upon  an  increased  sensibility 
of  the  prostatic  urethra  (neuralgia  of  the  neck  of  the  blad- 
der), causing  by^  reflex  action  an  excessive  contraction  of 
the  detrusor  urinse  muscle.  (See  Diseases  of  the  Pros- 
tate.) 

Paralysis  of  the  bladder  is  usually  consequent  upon 
some  disease  or  injury  of  the  nervous  system.  The 
lesion  may  exist  in  peripheral  nerve-trunks,  or  may  be 
located  either  in  the  reflex  or  in  the  motor  centre  (spinal 
cord  or  brain).  Very  rarely  it  occurs  functionally,  as"a 
result  of  reflex  irritation. 
The  loss  of  power  may  be  total  or  partial.    "When  the 
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paralysis  Is  complete,  which  occurs  usually  in  conneotion 
with  paraplegia,  the  sphincters,  both  voluntary  and  in- 
voluntary, are  also  paralyzed,  and  after  the  accumulation 
of  the  urine  produces  a  tension  in  the  bladder  great 
enough  to  overcome  the  resistance  in  the  urethra,  a  leak- 
ing of  the  overflow  commences.  As  sensation  is  lost 
in  these  cases  the  distention  of  the  bladder  and  escape  of 
the  urine  is  often  not  perceived  by  thb  patient. 

If  the  paralysis  comes  on  slowly,  as  it  may  do  in  cases 
of  spinal  sclerosis  and  in  Pott's  disease,  it  first  makes  it- 
self known  by  the  diminution  in  the  force  of  the  stream, 
and  the  increase  in  the  time  occupied  in  urination.  When 
the  paralysis  is  extreme  the  pressure  of  the  abdominal 
muscles  furnishes  almost  the  only  driving  power,  and 
the  stream  dribbles  perpendicularly  from  the  meatus. 

As  the  act  of  urination  becomes  more  and  more  incom- 
plete the  amount  of  residual  urine  slowly  increases,  until 
finally  the  bladder  becomes  distended  and  the  overflow 
begins  to  escape,  either  intermittently  or  constantly.  In 
either  case  a  partial  power  of  urination  may  be  preserved. 

When  the  distention  becomes  extreme,  the  pressure  is 
transmitted  back  to  the  kidneys,  and  may  be  so  gi-eat  as 
to  cause  suppression  of  urine  and  uraemia. 

Besides  this  true  paralysis,  dependent  on  nervous  le- 
sions, there  is  also  occasionally  a  partial  or  temporary 
loss  of  power,  dependent  upon  general  disturbances  of 
the  nervous  system,  such  as  hysteria,  nervous  prostration, 
and  the  debility  following  sexual  excesses. 

Atony  of  the  bladder,  by  which  is  understood  a  weak- 
ness or  loss  of  contractile  power  of  the  muscular  coat,  is 
not  infrequently  seen  as  a  result  of  over-stretching,  which 
may  be  brought  about  by  excessive  voluntary  retention, 
or  may  be  the  result  of  obstruction  in  the  prostate  or  ure- 
thra. This  loss  of  power  is  not  dependent  upon  any 
interference  with  the  nervous  supply  to  the  bladder,  but 
is  analogous  to  the  enfeebled  condition  induced  in  any 
voluntary  muscle  which  is  persistently  kept  upon  the 
stretch. 

The  diagnosis  of  paralysis  or  of  atony  of  the  bladder, 
when  existing  in  any  marked  degree,  is  usually  not  difiB- 
cult,  although  sometimes  the  constant  escape  of  urine 
from  an  over-filled  bladder  leads  to  the  erroneous  idea 
that  true  incontinence  exists.  This  mistake  will  be 
avoided  by  an  examination  of  the  hypogastrium,  where 
the  bladder,  if  full,  will  be  easily  detected.  Any  doubt 
as  to  the  character  of  a  central  tumor  above  the  pubes 
should  lead  to  the  passage  of  a  catheter. 

Atony  of  the  bladder,  if  dependent  upon  some  condi- 
tion that  can  be  relieved,  may  be  recovered  from.  The 
chance  of  a  favorable  termmation  is,  however,  much 
more  doubtful  in  old  and  worn-out  subjects. 

True  paralysis  may  depend  upon  some  nervous  lesion 
(meningitis,  apoplexy,  syphilitic  inflammation),  which 
admits  of  more  or  less  complete  recovery.  In  the  major- 
ity of  cases  the  loss  of  power  is  permanent.  The  cystitis, 
however,  which  is  its  most  uncomfortable  accompaniment, 
may  be  kept  under  control  by  proper  care. 

The  treatment  in  cases  of  paralysis  and  atony  should 
consist,  first,  in  the  systematic  use  of  a  catheter.  The 
bladder  ought  to  be  emptied  at  least  as  often  as  once  in 
the  twenty-four  hours  when  the  loss  of  power  is  partial, 
while  in  complete  paralysis  this  should  be  done  four  or 
five  times  a  day.  In  addition  to  this,  irrigation  should 
be  regularly  employed,  especially  when  cystitis  has  al- 
ready started.  If  the  loss  of  power  be  partial,  the  wash- 
ing may  be  done  with  cold  solutions,  which  have  a 
stimulating  influence  upon  the  detrusor  muscle.  Cold 
bathing  of  the  abdomen  and  sacral  region  may  similarly 
be  of  service. 

Electricity  is  sometimes  used  with  advantage.  One 
electrode  should  be  placed  over  the  sacrum,  and  the 
other  just  above  the  symphysis  pubis,  in  the  perineum,  or 
within  the  bladder  itself. 

Besides  these  local  measures  of  treatment,  the  strength 
of  the  patient  should  be  supported  as  far  as  possible  by 
regulation  of  the  diet,  by  exercise,  and  even  by  change 
of  climate  if  it  seem  wise. 

Strychnia  and  ergot  are  both  thought  to  have  a  bene- 
ficial effect  upon  the  muscular  wall  of  the  bladder ;  and 


general  tonics  are  of  use  by  their  efl:ect  upon  the  general 
system. 

When  the  power  of  retention  is  lost,  a  urinal  becomes 
a  necessity. 

Inflammation  of  the  Bladder  (Cystitis).— This  is 
the  most  common  morbid  affection  of  the  bladder,  and  is 
the  ordinary  accompaniment  of  many  other  diseased  con- 
ditions, such  as  calculus,  tumors,  etc. 

The  exciting  causes  of  cystitis  may  be  grouped  under 
the  following  heads : 

1.  Direct  injury,  which  may  be  the  result  of  violence 
fromwithout,  often  associated  with  fracture  of  the  pelvis, 
and  is  also  not  infrequently  caused  by  severe  operations 
(lithotomy,  obstetrical  or  gynaecological  procedures).  In 
child-birth  the  pressure  of  the  head  may  alone  sufiSce  to 
set  up  cystitis.  The  long-continued  pressure  of  a  neigh- 
boring tumor  or  of  the  gravid,  displaced  uterus,  is  also  to 
be  mentioned  here.  The  injury  may,  on  the  other  hand, 
be  received  within  the  bladder  from  a  stone  or  other 
foreign  body,  or  from  the  introduction  of  instruments 
(catheters,  lithotrites,  etc.).  The  mechanical  over-stretch- 
ing of  the  bladder  i)y  too  long  retention  of  urine  may 
be  regarded  as  a  direct  injury,  and  occasionally  causes 
cystitis. 

3.  Irritation  of  urine  altered  by  drugs  or  otherwise.  Of 
the  drugs  capable  of  setting  up  an  inflammation  when 
taken  internally,  may  be  mentioned  cantharides,  turpen- 
tine, cubebs,  and  copaiba.  Stimulating  injections  are 
occasionally  responsible  by  direct  irritation.  Acid  con- 
centrated urine  is  sometimes  sufficiently  irritating  to 
cause  a  cystitis ;  especially  is  this  the  case  if  it  contain 
minute  crystals  of  uric  acid,  or  oxalate  of  lime.  The 
change  in  the  urine,  however,  which  most  commonly 
causes  inflammation  of  the  bladder  is  the  alkaline  fer- 
mentation. This,  like  other  fermentative  processes,  is  due 
to  the  action  of  lower  organisms  (micrococci  urese).  The 
urea  is  decomposed  and  carbonate  of  ammonium  is 
formed,  and  this  extremely  pungent,  irritating  salt  is  the 
active  .agent  in  producing  cystitis.  Ordinarily  two  con- 
ditions are  necessary  to  bring  about  alkaline  fermentation 
in  the  bladder.  First,  stagnation  of  urine,  and  secondly, 
the  introduction  of  gei-ms.  Of  these,  the  necessary  con- 
dition is  the  last,  without  which  fermentation  cannot  take 
place.  Stagnation  is,  however,  so  important  an  adjunct, 
that  in  its  absence  the  introduction  of  germs  is  often  with- 
out effect.  The  reason  of  which  is,  that  if  the  bladder 
thoroughly  empties  itself  at  each  micturition,  the  germs 
are  expelled  before  they  have  time  to  set  up  fermentation. 
If,  however,  any  residue  remains  in  the  bladder,  the  mi- 
cro-organisms propagate  themselves  in  it,  and  the  fermen- 
tation speedily  takes  place. 

The  most  common  method  in  which  germs  reach  the 
bladder,  is  upon  instruments  which  have  not  been  thor- 
oughly disinfected  ;  but  clean  instruments  may  carry  on 
into  the  bladder  impurities  which  are  present  in  the  an- 
terior part  of  the  urethra,  in  the  vagina,  or  upon  the 
vulva.  Lesions  obstructive  to  micturition  (stricture,  en- 
larged prostate)  act  secondarily  to  favor  fermentation, 
both  by  giving  rise  to  residual  urine,  and  by  necessita- 
ting the  use  of  instruments. 

3..  Extemdon  of  inflammation  from  neiglihoring  parts. 
Cystitis  due  to  extension  of  gonorrhoeal  inflammation 
from  the  urethra  is  usually  confined  to  the  region  about 
the  internal  urethral  opening  (so-called  neck  of  the  blad- 
der). This  extension  of  inflammation  may  take  place 
during  the  acute  attack  of  gonorrhoea,  and  is  usually  to 
be  referred  to  some  indiscretion  or  want  of  care.  Indul- 
gence in  alcoholic  drinks,  in  sexual  intercourse,  in  too 
much  exercise — in  short,  anything  which  aggravates  the 
urethral  inflammation  may  precipitate  an  attack  of  cysti- 
tis. It  should  likewise  be  borne  in  mind  that  the  chronic 
condition  of  inflammation  of  the  deep  urethra,  frequently 
left  as  a  sequel  to  gonorrhoea,  is  prone  to  sudden  ex- 
acerbations. Many  so-called  idiopathic  cases  of  cystitis 
are  probably  to  be  explained  in  this  way. 

Inflammations  of  the  prostate,  vagina,  rectum,  pelvis 
of  the  kidney,  peritoneum,  and  pelvic  cellular  tissue,  may 
also  by  direct  extension  implicate  the  bladder. 

4.  Cystitis  is  very  eommmi  in  connection  with  diseases 
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or  injuries  of  the  nervous  system.  la  the  majority  of 
cases  it  is  preceded  by  paralysis  of  the  bladder,  and  is 
doubtless  dependent  upon  the  fermentation  of  the  urine 
caused  by  its  retention,  and  the  consequent  use  of  in- 
struments. Its  exceptionally  rapid  appearance,  how- 
ever, suggests  the  possible  role  played  by  the  trophic 
nerves  in  its  occurrence. 

5.  Cystitis  also  appears  as  a  complication  in  other  dis- 
eases, such  as  the  eruptive  fevers,  puerperal  fever,  pyae- 
mia, and  septicaemia,  typhoid,  and  variola.  Its  occur- 
rence in  connection  with  rheumatism  is  probably  to  be 
referred  to  the  action  of  an  exceptionally  irritating  urine. 
Cystitis  is  further  often  ascribed  to  the  action  of  surface 
chill  (catching  cold).  In  a  majority  of  the  cases,  however, 
thought  to  be  due  to  this  cause,  there  is  some  predispos- 
ing condition  (latent  inflammation  in  the  deep  urethra  or 
prostate,  etc.),  which  is  lighted  up  by  exposure. 

Pathology. — The  pathological  appearances  vary  with 
the  severity  of  the  inflammation.  In  simple  catarrhal 
cystitis,  the  mucous  membrane  is  more  or  less  swollen 
and  reddened,  with  the  minute  vessels  sometimes  visibly 
injected.  This  redness  is  usually  most  marked  on  the 
summits  of  the  folds  or  rugae,  which  may  be  studded 
with  punctate  haemorrhages  if  the  inflammation  has 
been  of  considerable  intensity.  Streaks  of  viscid  mucus 
cover  to  a  greater  or  less  degree  the  inflamed  surfaces. 
These  appearances  may  be  confined  to  the  neighborhood 
of  the  urethral  opening  (partial  catarrh,  catarrh  of  the 
neck  of  the  bladder),  or  may  be  diffused  over  the  whole 
mucous  membrane  (universal  catarrh).  Even  in  this  lat- 
ter case,  however,  the  evidences  of  inflammation  are 
usually  most  marked  about  the  urethra  and  trigone. 

A  loss  of  the  superficial  epithelium  (erosion)  sometimes 
occurs,  and  this  is  occasionally  associated  with  the  for- 
mation of  false  membrane  (croupous  inflammation).  A 
severe  inflammation  sometimes  leads  to  ulceration  which 
may  be  diphtheritic  in  character.  Rarely  sloughing  of 
considerable  portions  of  the  mucous  membrane,  and  also 
of  the  muscular  coat,  follows  long  retention.  "When  in- 
flammation extends  to  the  deeper  layers  of  the  bladder 
the  tissues  are  much  thickened  and  infiltrated  with  pus] 
which  may  lead  to  the  formation  of  abscesses.  These 
may  extend  outward  through  the  surrounding  cellular 
tissue,  and  open  spontaneously  into  the  vagina,  rectum 
neighboring  coil  of  intestine,  or  into  the  peritoneal  cavity' 
Occasionally,  however,  they  perforate  the  mucous  mem- 
brane and  open  into  the  bladder  itself. 

When  an  opening  is  established  between  the  bladder 
and  a  neighboring  cavity,  as  the  vagina  or  rectum  the 
constant  escape  of  urine  allows  contraction  of  the  blad- 
der, and  It  becomes  little  more  than  a  passage  through' 
wliich  the  urine  escapes. 

A  long-standing  chronic  catarrh  causes  a  brown  or  sray 
discoloration  of  the  mucous  membrane,  often  with  con- 
siderable dilatation  of  the  veins,  especially  about  the 
urethral  opening.  The  surface  is  covered  with  muco-pus 
which  IS  often  extremely  viscid  and  adherent.  The  mu- 
cous membrane  and  parts  beneath  are  much  thickened  and 
infiltrated.  If  an  obstruction  has  been  the  primary 
cause  of  trouble,  the  muscular  coat  of  the  bladder  is 
gi-eatly  hypertrophied  and  forms  interfacing  bands  which 
stand  out  like  the  columnae  carneae  of  the  heart  (vessie  i 
colonne)  At  the  same  time  that  the  bladder  is  thus 
thickened,  it  is  often  also  dilated  (eccentric  hypertrophy) 
Little  hernioe  of  the  mucous  membrane,  between  the 
tibies  of  the  muscular  coat,  are.  not  infrequent.  Lastly 
inflammation  of  the  bladder  may  be  tuberculous  in  char- 
acter in  which  case  the  mucous  membrane  of  the  biad- 
aer,  the  prostate,  ureters,  and  even  the  pelves  of  the  kid- 
neys may  be  the  seat  of  characteristic  ulcerations 

Clmieal  Hutory.-In  cystitis  the  most  prominent,  al- 
Thf»  vnr^!='°^'  !T™P'T  ^^^fm'Mnt  desire  to  urinate. 
frinlln  r®'^"^  m  degree,  from  a  slightly  increased 
frequency  of  micturition  which  escapes  notice  to  an  al- 
most constant,  painful  tenesmus  of  the  bladder  compe  - 

io^dW  .rV^'T'"^  ^^"""'^  ^''''=11  °°'y  accomplish  the 
Inl  1^!  "  ^^"^  '^'■'^P'  "' ""  *™<^-  This  symptom  is  in  no 
sense  pathognomonic,  as  it  is  common  to  all  affections 
which  increase  the  irritability  of  the  neck  of  tL  bladder 
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The  sympton  next  in  importance  is  pain.  This  may  be 
very  slight,  and  felt  only  just  before  and  at  the  end  of 
micturition.  It  may,  however,  be  almost  constant  and 
severe  in  character.  The  pain  is  ordinarily  referred 
either  to  the  hypogastrium,  the  perineum,  or  the  end  of 
the  penis,  but  when  severe,  assumes  a  lancinating  char- 
acter, shooting  down  the  thighs,  through  the  lumbar  and 
sacral  regions  and  to  the  testicles.  Pain  referred  to  the 
hypogastrium,  especially  if  accompanied  by  tenderness 
in  that  region,  is  usually  indicative  of  inflammation  af- 
fecting the  body  of  the  bladder.  When  the  neck  of  the 
bladder  is  the  seat  of  intensest  inflammation,  the  pain  is  re- 
ferred to  the  perineum  and  to  the  end  of  the  penis.  These 
two  prominent  symptoms  are  usually  accompanied  by 
some/CTe?*  in  cases  of  acute  universal  cystitis.  In  inflam- 
mation of  the  neck  of  the  bladder  fever  may  be  present 
but  is  often  slight  or  entirely  wanting.  In  chronic  cys- 
titis there  is  ordinarily  no  febrile  reaction.  Retention  of 
urine  occurs  rarely  as  a  symptom  ;  it  is  most  common  in 
gonorrhoeal  cystitis,  and,  when  it  occurs,  is  evidence  of 
considerable  inflammation  in  the  deep  urethra,  with  often 
spasmodic  contraction  of  the  constrictor  urethrae  muscle. 
Constipation  is  almost  always  present,  and  difficult 
movements  of  the  bowels  may  greatly  aggravate  the  pain 
in  the  bladder. 

Oases  of  chronic  cystitis,  dependent  upon  conditions 
which  cannot  be  removed,  run  a  protracted  course  with 
many  ups  and  downs.  Errors  in  diet,  exposure  to 
cold,  over-exercise,  or  any  excess  in  alcoholic  liquors  or 
in  sexual  excitement,  bring  fresh  accessions  of  inflamma- 
tion, which  are  recovered  from  with  ever-increasing  difS- 
culty,  especially  at  an  advanced  age.  Finally,  some  seri- 
ous complication,  such  as  inflammation  of  the  pelvis  and 
secreting  portion  of  the  kidney,  ulceration,  possibly  diph- 
theritic, of  the  bladder  wall,  formation  of  an  abscess, 
septicaemia  or  uraemia,  appears  and  quickly  closes  the 
scene. 

The  character  of  the  urine  is  of  great  importance  in 
supplying  information  as  to  the  condition  of  the  bladder. 
In  a  mild  case,  the  urine  may  be  acid  and  but  slightly 
cloudy.  When  the  urine  is  allowed  to  stand  for  some 
time  a  light  sediment  separates,  consisting  of  muco-pus, 
with  usually  a  considerable  number  of  flat  epithelial  cells. 
As  the  cystitis  increases  in  severity,  the  urine  becomes 
more  and  more  turbid,  from  the  increasing  amount  of 
pus,  and  in  addition  to  the  squamous  surface  epithelium, 
rounded  cells,  derived  from  the  deeper  layers  of  the  blad- 
der mucous  membrane  and  from  the  neighborhood  of  the 
urethra,  make  their  appearance.  If,  finally,  alkaline  fer- 
mentation occurs,  the  urine  acquires  a  pungent  ammonia- 
cal  smell,  and  the  pus  assumes  a  thick  ropy  consistency. 
Bacteria  are  also  present  in  great  number,  giving  a  cloudy 
appearance  to  the  urine  even  after  the  pus  has  settled  out 
of  It.  Strongly  ammoniacal  urine  causes  the  pus-cells  to 
swell  to  several  times  their  natural  cize,  and  flnally  to 
Q'ssolve.  Casts,  if  present,  are  similarly  dissolved,  a  fact 
which  should  be  borne  in  mind  when  examining  for  evi- 
dence of  coincident  kidney  disease.  Blood-corpuscles 
may  be  present  in  cases  of  cystitis  of  some  severity,  but 
m  ammoniacal  urine  are  quickly  dissolved.  The  blood- 
pigment  in  this  case  imparts  a  brown  or  smoky  color  to 
the  urine,  which  is  quite  characteristic. 

Occasionally  considerable  quantities  of  blood  may  be 
passed  and  easily  recognized.  Besides  these  organized 
cells,  many  crystalline  forms  are  found  in  the  urine  of 
cystitis.  In  strongly  acid  urine,  crystals  of  uric  acid  or 
oxalate  of  lime  are  not  infrequent.  If  they  are  in  consid- 
erable quantity,  and  especially  if  of  large  size,  they  may 
be  suspected,  as  the  possible  exciting  cause  of  the  inflam- 
mation. In  ammoniacal  urine,  the  crystals  usually  found 
are  those  of  triple  phosphate  and  urate  of  ammonia,  with 
which  are  often  associated  amorphous  phosphates  in  a 
fine  granular  form.  If  the  bladder  inflammation  takes 
on  a  diphtheritic  character,  bits  of  discolored  diphtheritic 
membrane  may  appear  in  the  urine.  Gangrene,  or  exten- 
sive gangrenous  inflammation  of  the  bladder  wall,  wliicli 
IS  usually  the  result  of  severe  injury,  long-continued  press- 
ure, or  of  the  breaking  down  of  a  new  growth,  gives  the 
urine  an  excessively  fetid  character.     The  admixture  of 
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Wood,  more  or  less  decomposed,  gives  it  a  brownish, 
smoky,  or  green  color,  and  the  sediment  contains  much 
granular  matter  and  large  granular  corpuscles,  besides 
the  various  cells  and  crystals  found  in  severe  cystitis. 
Occasionally,  especially  as  a  result  of  long-continued  press- 
ure, considerable  portions  of  the  mucous  membrane  are 
thrown  off,  and  may  be  recognized  as  such  in  the  sedi- 
ment. In  the  case  of  a  sloughing  new  growth,  charac- 
teristic forms  (villi)  can  frequently  be  recognized  under 
the  microscope. 

Hypertrophy  of  the  bladder  is  a  common  accompani- 
ment of  cystitis.  It  appears  in  two  forms,  eccentric 
hypertrophy,  or  hypertrophy  with  dilatation,  and  concen- 
tric, or  hypertrophy  with  contraction.  If  an  obstruction 
to  micturition  is  so  great  that  the  detrusor  urinse  muscle  is 
not  of  sufficient  strength  to  empty  the  bladder,  the  gradu- 
ally accumulating  urine  causes  such  a  dilatation,  that  the 
bladder  is  to  be  felt  as  a  tumor  above  the  pubes,  reaching 
often  nearly  to  the  umbilicus.  Under  these  circumstances, 
micturition  may  take  place  regularly  and  in  apparently 
sufficient  quantity,  but  it  is  in  fact  merely  an  overflow, 
which  leaves  behind  it  a  residuum  of  urine,  the  amount  of 
which  can  be  ascertained  by  the  passage  of  a  catheter  im- 
mediately after  micturition.  Finally,  when  this  condition 
of  over-stretching  has  become  so  extreme  as  to  deprive 
the  bladder  wall  of  its  contractile  power,  the  regular  act 
of  urination  ceases  almost  entirely,  and  the  urine  trickles 
away  constantly.  This  condition  of  overflow  is  some- 
times called  retention  with  incontinence,  and  is  easily 
recognized  by  the  presence  of  the  full  bladder  above  the 
pubes. 

Concentric  hypertrophy  is  brought  about  by  the  ex- 
istence of  some  obstruction  to  the  passage  of  the  urine, 
with,  at  the  same  time,  a  condition  of  irritability  which 
induces  constant  efforts  at  urination.  The  effect  of 
this  is  a  thickening  of  the  muscular  coat,  with  a  diminu- 
tion of  the  cavity  of  the  bladder.  This  state  of  things 
may  be  recognized  if  an  attempt  be  made  to  wash  out  the 
bladder,  as  the  introduction  of  but  a  small  quantity  of 
fluid  brings  on  an  expulsive  cramp,  which  not  infre- 
quently throws  out  the  soft  rubber  catheter  together  with 
the  water.  The  thick  and  hardened  condition  of  the 
bladder  wall  is  sometimes  to  be  felt  and  appreciated  by 
a  rectal  or  vaginal  examination. 

Interstitial  (parenchymatous)  cystitis  causes  a  train  of 
symptoms  much  more  severe  than  those  occasioned  by  a 
simple  catarrhal  inflammation.  There  is  ordinarily  high 
fever,  sometimes  accompanied  by  chills.  The  inflamma- 
tory infiltration  of  the  bladder  walls  stiffens  them,  and  by 
hindering  their  contractions,  makes  complete  expulsion 
of  the  urine  impossible.  The  ureters,  or  the  urethra,  may 
be  obstructed  by  abscesses,  or  by  inflammatory  swelling 
about  their  orifices.  If  an  abscess  breaks  into  the  blad- 
der, the  appearance  of  a  greatly  increased  quantity  of  pus 
in  the  urine  is  followed  by  a  decided  improvement  in  symp- 
toms. If  the  opening  takes  place  into  the  intestine,  the 
symptoms  also  improve,  although  they  may  speedily  re- 
sume their  serious  character  if  the  intestinal  contents  get 
into  and  infect  the  abscess  cavity.  If  the  pus  finds  its 
way  into  the  perivesical  connective  tissue,  it  may  work 
outward  and  point  either  above  the  pubes  or  in  the  peri- 
neum, in  which  case  its  approach  to  the  surface  is  her- 
alded by  preceding  oedema  and  induration.  Occasion- 
ally, perforation  takes  place  into  the  peritoneal  cavity, 
and  speedy  collapse  and  death  is  the  consequence.  Infil- 
tration of  urine  is  a  very  rare  consequence  of  inflammatory 
rupture  of  the  bladder  wall.  When  it  occurs,  it  causes 
usually  an  extensive  oedema  of  the  scrotum,  perineum, 
and  lower  abdominal  region.  The  skin  over  it  quickly 
becomes  dusky  in  color,  and  sloughing  of  the  cellular  tis- 
sue soon  follows,  accompanied  by  very  grave  symptoms 
of  a  low  febrile  character. 

Diagnosis. — The  diagnosis  of  a  cystitis  is  usually  a  mat- 
ter of  tolerable  ease,  if  the  symptoms  and  the  condition 
of  the  urine  are  carefully  inquired  into. 

Pure  neuroses  of  the  neck  of  the  bladder,  which  may 
cause  similar  subjective  symptoms,  do  not  cause  the  alter- 
ations in  the  urine  which  accompany  inflammation. 

Pyelitis,  which  also  gives  rise  to  pus  in  the  urine,  is  to 
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be  distinguished  by  the  existence  of  nephritic  symptoms, 
and  by  the  presence  in  the  urine  of  pear-shaped  cells  f  rorn 
the  pelvis,  and,  occasionally,  of  casts  from  the  cortex  of 
the  kidney.  Cystitis  occurs,  however,  not  uncommonly 
with  pyelitis,  so  that  the  symptoms  of  the  two  diseases 
may  complicate  each  other. 

Urethritis  is  usually  to  be  distinguished  by  the  symp- 
toms, and  by  the  presence  of  a  urethral  discharge.  Oc- 
casionally, however,  an  inflammation  in  the  deep  urethra 
may  present  features  of  similarity  with  cystitis.  If,  in 
such  cases,  the  urine  is  passed  in  two  portions,  which  are 
received  in  different  vessels,  the  pus  will  be  contained  in 
the  first  part  if  the  urethra  alone  be  affected. 

Cystitis  of  the  neck  of  the  bladder  is  to  be  distin- 
guished from  universal  cystitis  by  the  excessive  character 
of  the  vesical  tenesmus,  as  contrasted  with  the  other 
symptoms,  and  by  the  presence  of  a  few  drops  of  blood 
squeezed  out  at  the  end  of  micturition. 

Prostatitis  resembles  in  many  symptoms  a  partial  cysti- 
tis. The  pain  of  prostatitis  is,  however,  referred  to  the 
rectum  more  than  is  the  case  in  cystitis.  The  test  of 
passing  the  urine  in  two  portions  reveals  that  the  inflam- 
mation is  anterior  to  the  bladder,  and,  finally,  palpation 
of  the  enlarged  hot  and  tender  prostate  through  the  rec- 
tum completes  the  diagnosis.  The  coincidence  of  pros- 
tatitis with  cystitis  is  not  uncommon,  and  should  always 
be  considered. 

The  character  of  the  urine  gives,  as  has  been  shown, 
valuable  inf orniation  as  to  the  severity  and  character  of 
the  inflammation.  Croupous,  diphtheritic,  and  gangre- 
nous cystitis  can  generally  be  merely  suspected,  although 
shreds  of  tissue  may  sometimes  be  obtained  and  put  the 
matter  beyond  doubt.  Interstitial  cystitis  may  sometimes 
be  definitely  made  out  when  the  posterior  bladder  wall  is 
affected,  and  can  be  felt  through  the  rectum.  The  blad- 
der may  even  form  a  defined  tender  tumor,  which  can  be 
felt  from  without.  Usually,  however,  this  condition  can 
only  be  surmised  from  the  history  and  the  severity  of  the 
general  symptoms.  The  formation  and  opening  of  an  ab- 
scess would  be  confirmatory. 

Prognosis.  — Acute  cystitis,  when  not  dependent  upon 
some  previously  existing  chronic  condition,  runs  a  fairly 
short  course,  and  with  proper  care,  recovery  may  be 
looked  for  in  from  two  to  three  weeks.  The  inflamma- 
tion rarely  reaches  a  severity  to  seriously  threaten  life. 
Chronic  cystitis,  if  dependent  on  some  curable  condition 
(stone,  stricture,  etc.),  may  be  recovered  from  after  the 
removal  of  the  exciting  cause,  provided  that  the  long 
duration  of  the  maMy  has  not  induced  permanent  or- 
ganic changes  in  the  bladder  wall. 

Advanced  age  and  a  weak  constitution  are  extremely 
unfavorable  to  a  hopeful  prognosis.  When  the  disease 
is  the  result  of  some  condition  which  cannot  be  removed 
(enlarged  prostate,  tuberculosis,  inoperable  tumor,  etc.), 
recovery  cannot  be  expected,  although  a  considerable 
amelioration  of  symptoms  may  be  accomplished  by  ap- 
propriate and  thorough  treatment.  The  appearance  of 
phlegmonous,  diphtheritic,  or  gangrenous  inflammation, 
with  or  without  the  formation  of  abscesses,  or  infiltration 
of  urine,  renders  the  prospect  of  recovery  a  matter  of  ex- 
treme doubt. 

Prophylaxis. — Many  cases  of  cystitis  could  no  doubt  be 
avoided  by  intelligent  care.  Careful  management  of  an 
acute  gonorrhoea,  or  of  a  stricture  or  enlarged  prostate, 
would  often  enable  the  patient  to  escape  the  cystitis 
which  they  so  frequently  induce.  The  most  important 
prophylactic  measure,  however — important  because  so 
constantly  neglected — is  a  thorough  observance  of  anti- 
septic precautions  in  any  and  all  operative  procedures 
upon  the  bladder.  Thorough  cleansing  of  instruments 
after  use  is  not  sufficient,  they  should  be  subjected  to 
antiseptic  treatment  immediately  before,  as  well  as  imme- 
diately after  they  are  used.  Especial  care  should  be  di- 
rected to  cleaning  out  the  space  in  the  catheter  below  the 
eye,  as  this  pocket,  difficult  to  rinse  out,  frequently  re- 
tains a  little  decomposing  urine  or  mucus.  It  will  be  a 
fortunate  day  when  catheters  are  habitually  made  with- 
out this  dead  space  in  the  end.  Other  instruments  (litho- 
trites,   etc.)  possess  equally  fatal  cracks  and  crevices. 
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Lastly,  an  antiseptic  lubricant  must  be  selected  wMch 
retains  its  antiseptic  qualities  for  a  considerable  time. 
Glycerine  is  aseptic,  but  is  a  poor  lubricant.  Carbolized 
oil  is  unfortunately  irritating  to  the  urethra,  and  is  not 
thoroughly  aseptic  (Koch).  Eucalyptus-oil,  combined 
with  olive-oil,  vaseline,  or  castor-oil,  in  the  proportion  of 
one  part  to  twenty,  is  perhaps  as  satisfactor;y-  as  anything. 
Treatment. — In  acute  cystitis,  whether  universal  or  par- 
tial, the  thing  of  first  and  greatest  importance  is  rest. 
Rest  should  be  absolute  in  bed,  in  a  horizontal  position, 
or  with  the  hips  slightly  raised.  The  bladder,  irritated 
and  intolerant  of  its  contents,  should  be  soothed  by  full 
doses  of  some  anodyne  to  lessen  as  much  as  possible  its 
over-excitability,  and  to  quiet  its  constant  spasmodic  ac- 
tivity. The  anodyne  is  usually  best  administered  in  the 
form  of  a  suppository,  a  favorite  combination  being 
opium  or  morphine,  with  either  hyoscyamus  or  bella- 
donna. Not  infrequently,  however,  it  will  be  found 
wise  to  give  the  anodyne  by  the  mouth,  as  rectal  absorp- 
tion is  slow  and  sometimes  unsatisfactory.  If  the  pain 
is  due  mainly  to  the  spasmodic  action  of  the  bladder,  hy- 
oscyamus or  belladonna  sometimes  suflBces  to  relieve  it, 
and  when  either  of  these  is  efficient  it  is  preferable  to 
opium,  which  is  objectionable  from  its  constipating  prop- 
erties, even  when  it  does  not  disagree  with  the  stomach. 
If,  however,  hyoscyamus  or  belladonna  do  not  control 
the  pain,  opiates  should  at  once  be  resorted  to  ;  and  these 
should  be  given  in  full  doses,  as  a  really  curative  effect  is 
to  be  expected  from  the  relief  of  spasm. 

Poultices  or  embrocations  over  the  hypogastrium  and 
perineum  will  often  be  of  use,  and,  if  well  applied,  will 
accomplish  more  than  a  hot  hip-bath,  which  is  commonly 
used,  but  which  has  only  a  transient  effect.  A  hip-bath, 
if  given,  should  be  very  hot,  and  the  patient  should  be  in 
it  for  but  a  few  minutes  (four  to  five  at  the  outside),  as 
the  necessary  position,  if  maintained  for  any  length  of 
time,  favors  congestion  of  the  pelvic  organs,  and  to  a 
gi-eat  extent  counteracts  the  otherwise  good  effects  of  the 
heat. 

To  modify  the  urine  and  render  it  less  irritating,  wa- 
ter and  demulcent  drinks  should  be  given  in  considera- 
ble quantities,  and  an  alkaline  diuretic  usually  renders 
valuable  aid  in  this  direction.  Some  salt  of  potash,  nota- 
bly the  citrate,  is  usually  chosen  for  this  purpose.  It 
may  often  be  advantageously  combined  with  a  vegetable 
diuretic,  buchu  and  triticum  repeus  being,  perhaps,  the 
best  of  this  class,  although  uva  ursi,  pareira  brava,  and 
others  have  deservedly  some  reputation.  Buchu  is  best 
given  in  the  form  of  an  infusion,  of  which  1  iv.  to  J  vj. 
should  be  administered  per  diem.  A  good  combination 
is  made  by  dissolving  citrate  of  potash  in  the  infusion,  so 
that  J  j.  contains  gr.  xv.  of  the  salt.  This  often  does 
admirable  service  in  quieting  irritability  of  the  bladder. 
Triticum  repens  may  be  given  in  the  form  of  fluid  ex- 
tract, or  as  a  decoction,  of  which  a  pint  should  be  taken 
in  the  course  of  the  twenty -four  hours. 

Besides  this  strictly  medicinal  treatment,  the  diet  should 
be  carefully  regulated,  only  bland,  unirritating  articles  of 
food  being  allowed.  Alcohol,  in  every  form,  should  be 
interdicted,  and  tea  and  coffee  should  be  avoided,  or 
taken  very  much  diluted.  The  bowels  are  to  be  kept 
gently  open,  and  especial  care  in  this  direction  is  needed 
when  opiates  are  being  used. 

While  the  inflammatory  process  is  being  combated  in 
this  manner,  the  exciting  cause  of  the  cystitis  should  be 
sought  for  and,  if  possible,  removed.  If  an  irritating 
diuretic  is  being  taken  it  should  be  stopped.  A  rheu- 
matic or  other  constitutional  cause,  should  receive  appro- 
priate treatment.  Retention  of  urine,  if  it  exists,  should 
be  relieved  by  the  use  of  a  catheter.  When,  however, 
the  cause  of  the  cystitis  is  one  which  requires  an  opera- 
tion for  its  removal  (calculus,  stricture,  etc.),  it  is  usually 
best,  unless  in  case  of  emergency,  to  defer  interference 
until  the  acute  sta^e  of  the  disease  is  past. 
_  If  the  inflammation  is  so  severe  as  to  involve  surround- 
ing parts,  and  to  give  rise  to  pericystitis,  the  appearance 
of  abscesses  must  be  watched  for  w-ith  great  care,  as  their 
early  detection  and  evacuation  is  of  cardinal  importance. 
Ordinarily  an  acute  cystitis  yields  to  careful  treatment, 


and  recovery  is  complete.  If,  however,  owing  to  neglect 
or  to  the  existence  of  some  unrelieved  cause,  the  attack 
does  not  quickly  pass  off,  but  continues  in  a  chronic 
form,  other  measures  of  treatment  must  be  adopted.  If 
a  calculus  or  tumor  exists,  it  must  be  removed  ;  a  stricture 
must  be  dilated  ;  retained  urine  dependent  upon  enlarged 
prostate,  hernia,  atony,  or  paralysis,  must  be  systemati- 
cally drawn  off. 

Almost  all  cases  of  subacute  or  chronic  cystitis,  espe- 
cially when  associated  with  foul,  decomposing  urine, 
are  to  be  greatly  benefited  by  thorough  irrigation; 
and  this  measure  may  even  be  employed  in  acute  cases  if 
the  urine  assumes  a  fetid  character. 

When  properly  performed  this  washing  out  of  the 
bladder  usually-  does  much  good,  but  if  done  carelessly 
or  improperly  it  may  cause  serious  harm. 

Sir  Henry  Thompson  directs  that  no  more  than  two 
ounces  of  fiuid  shall  be  thrown  into  the  bladder  at  one 
time.  This  rule  is  a  good  one  in  cases  of  acute,  cystitis, 
or  when  the  bladder  is  greatly  contracted  or  especially 
irritable.  In  many  chronic  cases,  however,  it  is  not  only 
safe,  but  wise,  to  somewhat  distend  the  bladder  with  the 
injected  fluid,  the  object  being  to  spread  out  the  folds  of 
the  mucous  membrane  so  as  to  insure  the  thorough  re- 
moval of  fermenting  mucus  and  the  contact  of  the  irri- 
gating fluid  with  all  parts  of  the  bladder  wall.  If  the 
injection  is  made  slowly,  the  bladder  ordinarily  tolerates 
the  distention  well. 

With  regard  to  the  injecting  apparatus,  a  syringe 
forces  the  fluid  in  with  irregular,  intermittent  force,  and 
imperfections  in  the  valves  make  it  often  a  matter  of  un- 
certainty whether  the  proper  amount  has  flowed  into  the 
bladder  or  not.  These  disadvantages  are  avoided  by  the 
use  of  a  fountain-syringe,  and  if  a  clear  glass  bottle  is 
used  as  the  reservoir,  it  can  be  easily  kept  clean,  and  the 
exact  amount  of  the  fluid  which  flows  into  the  bladder 
can  be  readily  seen  and  exactly  measured  Iby  a  scale 
fastened  upon  the  side  of  the  bottle.  The  force  of  the 
stream  is  to  be  regulated  by  adjusting  the  height  of  the 
reservoir  above  the  bladder.  This  should  never  be  greater 
than  from  one  to  two  feet,  or  the  bladder  may  be  subjected 
to  a  dangerous  strain.  It  is  also  important  to  stop  in- 
jecting the  moment  the  patient  feels  the  least  desire  to 
micturate. 

The  simplicity  of  this  apparatus  is  of  great  advantage 
in  point  of  cleanliness,  and  patients  quickly  learn  to 
manage  it  for  themselves. 

The  catheter  used  should  be  of  soft  rubber,  if  such  can 
be  introduced  ;  if  not,  that  form  which  passes  with  least 
irritation  is  the  best,  whether  bulb-pointed  or  coudk, 
gum-elastic  (English)  or  silver.  A  double-current  catheter 
IS  less  good  than  one  with  single  calibre,  for  the  con- 
tinuous stream  does  not  cleanse  the  bladder  so  quickly  as 
is  done  by  alternate  filling  and  emptying,  and  the  neces- 
sarily small  size  of  the  escape-tube  in  a  double  instru- 
ment prevents  the  ready  exit  of  thick  pus  or  mucus. 
Many  drugs  are  added  to  the  injection-fluid,  either  with 
the  object  of  disinfecting  the  contents  of  the  bladder  or 
of  acting  topically  upon  the  mucous  membrane.  A  few 
of  the  most  serviceable  mixtures  may  be  mentioned. 

For  disinfecting  purposes,  to  coWect  foul,  decompos- 
ing urine,  carbolic  acid  may  be  used  in  a  one-fifth  to 
one-half  per  cent,  solution ;  corrosive  sublimate  in  a 
one  two-hundredth  per  cent,  solution  ;  boracic  acid  in 
a  one  to  two  per  cent,  solution ;  phenyle  in  a  one-fifth 
per  cent,  solution.  The  addition  of  a  teaspoonful  of 
glycerine  to  every  four  ounces  of  the  solution  renders 
the  antiseptic  less  irritating.  As  a  soothing  application, 
with  slight  antiseptic  action,  borax  (biborate  of  soda)  is 
often  used  in  a  three  to  five  per  cent,  solution.  This  is 
perhaps  the  most  generally  useful  mixture  for  bladder 
irrigation,  and  may  always  be  employed,  unless  there  is 
some  decided  indication  for  another  drug.  Chlorate  of 
potash  is  sometimes  used  with  advantage  in  a  one  to  three 
per  cent,  solution. 

Occasionally,  when  the  secretion  of  pus  or  mucus  is 
very  abundant,  astringents  are  required,  and  zinc  sulphate 
in  a  one-tenth  to  one  per  cent,  solution,  acetate  of  lead 
in  a  one-twentieth  to  one-tenth  per  cent,  solution,  or  per- 
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manganate  of  potash  in  a  one-tenth  to  three-tenths  per 
cent,  solution  may  be  employed. 

In  phosphaturia  very  dilute  hjrdrochloric  or  nitric  acid 
(one  or  two  drops  of  strong  acid  to  the  fluid  ounce  of 
water)  may  assist  by  their  solvent  and  astringent  action. 

Lastly,  we  come  to  speak  of  nitrate  of  silver,  which, 
if  properly  used,  is  productive  of  much  good,  but  if 
abused  or  improperly  emplojred  may  do  decided  harm. 

An  obstinate  chronic  cystitis  which  does  not  yield  to 
milder  measures  is  sometimes  greatly  benefited  by  the 
use  of  a  weak  solution  (one-tenth  to  one-fifth  per  cent.) 
of  nitrate  of  silver.  This  gives  the  best  results  when  it 
is  used  every  second  or  third  day,  some  milder  injection 
being  substituted  on  the  intermediate  days.  The  amount 
of  pus  is  usually  very  decidedly  diminished  by  these  ap- 
plications. 

Occasionally,  it  happens  that  adhesive  mucus  so  clogs 
the  eye  of  the  catheter  as  to  prevent  the  escape  of  the 
urine.  This  may  be  removed  by  attaching  a  rubber  tube 
full  of  water  to  the  catheter  and  then  dropping  its  free 
end  into  a  vessel  upon  the  floor.  The  weight  of  this 
column  of  water  usually  exerts  sufficient  suction  to  draw 
out  the  obstructing  mucus. 

In  chronic  cystitis,  the  local  treatment  is  more  to  be 
relied  upon  than  medication.  Some  remedies,  however, 
have  a  decided  power  to  modify  the  course  of  the  disease. 

Of  these,  besides  the  vegetable  and  alkaline  diuretics 
spoken  of  in  connection  with  acute  cystitis,  we  may  men- 
tion benzoate  of  soda  and  benzoate  of  ammonia,  both  of 
which  have  the  property  of  correcting  undue  alkalinity 
of  the  urine,  and  of  arresting  fermentation.  Dose  of 
either,  from  five  to  twenty  grains,  t.i.d.  Eucalyptus 
has  a  similar  power  of  modifying  fermentation,  and  its 
efficiency  is  highly  praised  by  Bartholow.  Diuretics  of 
a  stimulating  character,  such  as  copaiba,  cubebs,  tur- 
pentine, and  cantharides,  are  used  with  occasional  good 
effect  in  inveterate  chronic  cystitis,  but  they  are  uncer- 
tain in  their  action  and  may  do  harm. 

In  the  majority  of  cases  the  measures  that  have  been 
suggested  will  accomplish,  if  not  a  cure,  at  least  a  palli- 
ation of  symptoms  which  brings  comparative  comfort  to 
the  patient ;  occasionally,  however,  a  case  is  met  with  in 
which  the  bladder  has  suffered  such  decided  organic 
changes  that  the  passage  of  the  urine  through  it,  with  its 
alternations  of  expansion  and  contraction,  is  sufficient  to 
keep  up  an  aggravated  inflammation.  In  spite  of  every 
care  the  patient  begins  to  suffer  ff om  hectic,  and  death 
seems  imminent. 

Under  such  circumstances  cystotomy  holds  out  a  last 
hope.  An  opening  through  the  perineum,  by  providing 
drainage  and  rest  to  the  bladder,  allows  it  time  and  oppor- 
tunity to  recover  itself.  This  treatment  was  first  ap- 
plied to  a  case  of  this  sort  by  the  late  Dr.  Willard  Parker, 
of  New  York,  in  the  year  1850. 

The  necessary  opening  may  bo  made  either  laterally 
through  the  prostate,  as  in  lithotomy,  or  may  enter  the 
membranous  urethra  through  the  middle  line,  and 
through  this  opening  the  prostatic  urethra  may  be 
readily  dilated  with  the  finger  so  as  to  admit  the  intro- 
duction of  a  good-sized  tube.  The  latter  method  has 
the  advantage  of  injuring  no  important  structures,  where- 
as the  former  promotes  more  thoroiigh  drainage.  When- 
ever an  incision  through  the  perineum  is  practised  it 
should  be  made  the  opportunity  for  a  thorough  explora- 
tion of  the  bladder,  as  an  unsuspected  cause  for  the  cys- 
titis may  sometimes  be  found. 

Stoke  in  the  Bladder. — The  stones  which  are  com- 
monly found  in  the  bladder  may  be  roughly  divided  into 
uric  acid,  oxalate  of  lime,  and  phosphatic  calculi.  A 
stone  composed  wholly  of  any  one  of  these  constituents 
is,  however,  not  common,  the  usual  condition  being  a 
mixed  form,  in  which  a  uric  acid  or  oxalate  of  liine  nu- 
cleus is  covered  by  a  phosphatic  crust ;  sometimes  a  suc- 
cession of  layers  may  be  formed  by  alternating  deposits  of 
different  components.  The  phosphates  are  almost  always 
combined  with  alkaline  urates  and  carbonates.  Other 
substances,  such  as  cystin  and  xanthin,  in  rare  instances 
form  concretions  in  the  bladder. 

For  purposes  of  surgical  classification,  calculi  may  be 


divided  into  those  which  form  in  an  acid,  and  those 
which  form  in  an  alkaline  urine.  The  former  class  in- 
cludes the  uric  acid  and  oxalate  of  lime  stones,  while  the 
soft  concretions,  composed  mainly  of  phosphates,  belong 
to  the  latter. 

The  formation  of  calculi  in  acid  urine  is  dependent 
upon  some  disturbance  of  the  general  system  which 
leads  to  the  too  great  excretion  of  solids,  which  are  de- 
posited out  of  the  urine  before  it  is  voided.  On  the  other 
hand,  it  is  a  matter  of  the  rarest  occurrence  for  urine  to 
be  excreted  with  such  an  excess  of  alkaline  constituents 
as  to  cause  their  separation  in  the  form  of  a  concretion. 

The  formation  of  phosphatic  stones  is  almost  invariably 
the  result  of  inflammatory  conditions  in  the  urinary  tract, 
leading  to  alkaline  fermentation  of  the  urine. 

Calculi  may  form  in  any  part  of  the  urinary  apparatus. 
When  they  originate  in  the  kidney  they  usually  find  their 
way,  sooner  or  later,  into  the  bladder.  This  may  be  ac- 
complished .painlessly,  or  may  be  accompanied  by  severe 
pain  (nephritic  colic). 

After  reaching  the  bladder  they  either  pass  out  through 
the  urethra  and  cause  no  further  trouble,  or  they  remain 
and  gradually  increase  in  size,  until  their  presence  is  re- 
vealed by  the  symptoms  they  give  rise  to.  Their  deten- 
tion in  the  bladder  is  rendered  extremely  probable  when 
some  obstruction  to  micturition  has  caused  dilatation  with 
residual  urine,  or  when  sacculation  of  the  bladder  exists. 
A  stone  thus  retained  in  the  bladder  continually  grows  by 
accretion.  So  long  as  the  urine  remains  unchanged,  the 
character  of  the  stone  continues  the  same  ;  when,  how- 
ever, the  urine,  formerly  acid,  becomes  alkaline  from  the 
occurrence  of  fermentation,  the  soft  salts  (phosphates, 
etc.)  are  deposited  on  the  hard  basis  of  calcic  oxalate,  or 
uric  acid. 

Stones  usually  occur  singly,  but  sometimes  many,  up 
to  several  hundreds,  are  found  in  one  bladder. 

Single 'calculi  are  moulded  into  a  more  or  less  oval 
form  by  attrition  of  the  vesical  walls.  The  surface  may 
be  tolerably  smooth,  as  is  often  the  case  with  uric  acid 
calculi,  or  rough  and  granulated,  as  is  more  commonly 
seen  in  phosphatic  stones  ;  and  finally,  those  composed  of 
oxalate  of  lime  are  usually  covered  with  rough,  often 
sharp  projections,  giving  them  a  knobby,  irregular  out- 
line, which  has  suggested  their  distinctive  name  of  mul- 
berry calculi. 

When  many  calculi  exist  together  in  the  bladder,  they 
are  usually  smoothed  and  faceted  by  mutual  attrition. 

Stones  vary  greatly  in  size  and  consistency.  Very 
large  concretions  were  much  more  common  formerly  than 
now,  when  they  come  earlier  to  operation. 

Phosphatic  stones  are  usually  soft  and  friable,  though 
they  may  sometimes  have  considerable  hardness.  Uric 
acid  makes  firmer  calculi,  which  are,  however,  tolerably 
brittle.  The  hardest  stones  are  those  made  of  oxalate  of 
lime,  and  they  may  occasionally  resist  any  but  the  most 
powerful  lithotrites. 

Stone  in  the  bladder  is  often  hereditary.  A  gouty  or 
rheumatic  diathesis,  by  favoring  the  production  of  acid 
urine,  fosters  the  tendency  to  stone. 

The  habitual  use  of  liquids  or  articles  of  food  that 
easily  ferment  and  give  rise  to  acidity  may  increase  the 
chances  of  stone  formation.  That  the  quality  of  the 
drinking-water  (presence  of  lime  salts)  has  any  infiuence 
is  not  proved. 

The  geographical  distribution  of  stone  seems  to  be  in- 
dependent of  any  climatic  or  geologic  influences. 

Dr.  Keyes  believes  that  the  prevalence  of  stone  in  cer- 
tain localities  is  to  be  in  great  measure  accounted  for  by 
the  hereditary  nature  of  calculous  disease,  fostered  by 
more  or  less  close  intermarriage. 

Thompson  states  that  stone  is  common  in  the  children 
of  the  poor,  but  rare  among  old  persons  ;  whereas  among 
the  rich  this  state  of  things  is  reversed  and  the  children 
are  exempt,  while  their  elders  are  oftener  afflicted. 

Symptoms. — The  symptoms  of  stone  in  the  bladder  are  : 
First,  pam.  This  is  especially  severe  at  the  end  of  mictu- 
rition, when  the  bladder  wall  closes  down  upon  the  rough 
surface  of  the  calculus.  The  pain  is  referred  either  to  the 
end  of  the  penis,  or  to  the  perinevun  and  rectum.    It  is 
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usually  much  inGreased  by  violent  movements  or  jolting, 
as  in  riding.  Secondly,  frequency  of  micturition,  which 
may  or  may  not  be  diminished  by  rest  in  bed.  Thirdly, 
Jmmaturia.  The  presence  of  blood  in  the  urine  is  inter- 
mittent. The  water  may  be  of  a  wine-red  or  smoky 
color,  or  the  blood  may  be  contained  in  the  last  few 
drops  of  urine  passed.  Haemorrhage  is  likely  to  appear 
after  exercise  or  jolting.  When  these  important  symp- 
toms are  present,  mquiry  will  often  discover  a  history  of 
previous  attacks  of  renal  colic,  or  of  the  appearance  of 
gravel  in  the  urine. 

As  confirmatory  symptoms  may  be  mentioned,  sudden 
stoppage  of  the  stream  in  the  midst  of  micturition,  caused 
by  the  stone  falling  against  the  urethral  opening,  and  in 
children  an  elongated  prepuce,  owing  to  constant  pull- 
ing in  the  effort  to  relieve  pain  felt  at  the  head  of  the 
penis. 

A  bimanual  examination  between  the  hand  over  the 
pubes  and  the  finger  in  the  rectum  will  often  reveal  the 
presence  of  a  stone  of  any  size. 

The  diagnosis  is  rendered  complete  by  a  thorough  ex- 
ploration of  the  bladder  with  a  sound.  For  this  purpose 
a  metallic  instrument  should  be  .used,  with  a  short  beak 
curved  to  an  angle  of  about  135°,  which,  by  allowing 
freedom  of  motion  in  the  bladder,  makes  a  much  more 
thorough  examination  possible  than  with  an  ordinary 
curved  catheter.  Sometimes  a. stone  that  evades  the 
sound  may  be  caught  in  a  lithotrite,  and  its  presence  thus 
demonstrated.  The  lithotrite  also  affords  the  most  ac- 
curate method  of  determining  the  size  of  a  stone ;  and  by 
dropping  and  seizing  it  again  several  times  the  dimen- 
sions may  be  measured  in  several  diameters.  When  a 
stone  is  caught  in  the  lithotrite,  it  should  be  firmly  held, 
and  the  instrument  with  the  stone  in  it  should  then  be 
used  for  a  further  search,  to  determine  whether  more 
than  one  stone  be  present. 

It  is  well  during  an  exploration,  especially  in  a  diflScult 
case,  to  vary  the  amount  of  water  in  the  bladder,  as  a 
concretion,  difRcult  of  detection  in  a  full  bladder,  may  be 
easily  found  in  an  empty  one,  and  mee  versa. 

Occasionally  it  happens  that  in  a  sacculated  or  other- 
wise misshapen  bladder  a  calculus  will  evade  detection 
by  most  thorough  and  skilful  sounding.  For  these  cases 
Professor  Bigelow  has  pointed  out  the  value  of  the  lith- 
olapaxy  pump  and  tube.  The  current  of  water  searches 
out  and  brings  the  calculus  to  the  tube  with  a  character- 
istic click  which  cannot  be  mistaken  or  overlooked. 

Examination  by  the  sound  may  be  rendered  difficult  by 
stricture  of  the  urethra,  which,  if  not  passable  for  an  in- 
strument of  fair  size,  will  require  dilatation,  divulsion,  or 
division  with  the  urethrotome. 

Enlarged  prostate  may  greatly  increase  the  difficulties  of 
sounding,  both  by  the  resistance  it  offers  to  the  entrance 
of  the  instrument,  and  by  reason  of  the  sacculation  of  the 
bladder  behind  the  prostate  in  which  the  stone  may  escape 
detection.  This  source  of  error  is  usually  to  be  avoided 
if  a  sound  with  a  short  beak  be  used  and  so  rotated  that 
the  point  sweeps  the  base  of  the  bladder.  To  accompli-sh 
this  manoeuvre  the  handle  of  the  sound  or  searcher  must 
be  well  depressed  between  the  thighs,  as  otherwise  its 
point  catches  on  the  floor  of  the  bladder.  The  finger  in 
the  rectum  may  materially  assist  in  this  investigation.  A 
bar  at  the  internal  urethral  orifice  may  cause  difficulties 
similar  to  those  incident  to  an  enlarged  prostate. 

Sacs  and  diverticula  of  the  bladder  occasionally  make 
the  detection  of  a  stone  by  the  sound  alone  very  difficult, 
though  often  a  careful  search  will  finally  carry  the  in- 
strument into  contact  with  some  part  of  the  calculus. 

Extreme  sensitiveness  will  often  make  an  examination 
impossible  without  the  aid  of  an  anaesthetic. 

The  sources  of  error  which  must  be  considered  in 
sounding  are  prostatic  concretions,  rough  projections  of 
the  bladder-wall,  which  may  be  covered  with  phosphatic 
deposits,  and  new  growths  which  may  be  similarly  en- 
crusted. 

A  practised  touch  will  usually  lead  to  a  decision  be- 
tween these  conditions.  The  grating  over  a  prostatic 
concretion  is  felt  before  the  bladder  is  reached,  and  in  a 
case  in  which  the  doutbtful  sensation  is  felt  within  the 


bladder,  a  conclusion  may  usually  be  reached  by  the  pas. 
sage  of  a  lithotrite  and  grasping  of  the  stone  if  one  exists. 

Prophylaxis.— Soft  phosphatic  stones  are,  as  has  been 
said,  dependent  usually  upon  a  local  condition  of  in- 
flammation of  the  bladder,  and  any  treatment,  by  irriga- 
tion or  otherwise,  which  reduces  this  inflammation, 
lessens  the  chances  of  stone  formation.  Uric  acid  and 
oxalate  of  lime-stones,  on  the  other  hand,  are  of  constitu- 
tional origin,  and  indicate  faults  of  assimilation  and 
tissue-change  which  are,  in  a  degree,  amenable  to  con- 
stitutional treatment. 

When  a  tendency  to  uric  acid  formation  is  evinced  by 
the  appearance  of  crystals  in  the  urine,  or  by  any  symp- 
toms indicating  a  gouty  diathesis,  efforts  should  be  made 
to  counteract  this  tendency  by  strict  attention  to  the  pa- 
tient's habits  with  regard  to  food  and  exercise.  Sugar  in 
every  form  is  harmful  in  these  cases,  as  are  also  all  fatty 
articles  of  food,  and  these  should  accordingly  be  avoided. 
Over-indulgence  in  stimulating  highly  seasoned  dishes 
should  be  interdicted.  Wine  should  be  given  up,  and  if  the 
stimulant  effect  is  needed,  spirits,  largely  diluted,  should 
be  preferred.  Systematic  exercise  should  be  taken ;  if 
possible  sufficiently  violent  to  excite  moderate  perspira- 
tion, and  the  skin  should  be  cared  for  by  regular  bathing 
and  vigorous  rubbing.  If  the  patient  be  constipated  his 
Ijowels  should  be  regulated,  and  this  may  well  be  done 
by  a  morning  glass  of  Friedrichshall  or  Carlsbad  water. 
Thompson  recommends  a  long  course  of  saline  waters 
for  these  patients  with  uric  acid  tendencies,  and  regards 
their  effect  as  due  to  a  stimulant  action  on  the  liver. 
Whatever  the  rationale  of  their  use,  they  are  of  undoubted 
benefit  when  a  constipated  habit  exists. 

Lastly,  general  tonics,  such  as  strychnine  and  quinine, 
may  be  of  great  service  when  the  general  health  is  de- 
bilitated. Alkaline  diuretics  by  correcting  the  over- 
acidity  of  the  urine  relieve  local  symptoms ;  but  without 
the  addition  of  general  treatment  the  acidity  returns 
quickly  upon  their  disuse. 

Treatment. — After  the  formation  of  a  stone  too  large  to 
pass  through  the  urethra,  its  removal  can  only  be  accom- 
plished by  some  mechanical  expedient,  The  solvent  ac- 
tion of  alkaline  or  other  remedies  has  never  been  shown 
to  destroy  a  stone  that  had  been  proved  to  exist. 

The  choice  of  the  operation  appropriate  to  each  case  is 
to  be  decided  both  by  the  character  of  the  stone  and  by 
the  condition  of  the  urinary  organs. 

In  children  the  small  size  of  the  urethra  makes  the  use 
of  crushing  instruments  both  difficult  and  dangerous,  and 
as  children  usually  do  well  after  lithotomy  (mortality 
about  six  per  cent.)  this  operation  is  to  be  preferred  for 
them. 

After  puberty,  the  urethra  soon  attains  a  size  sufficient 
to  allow  the  use  of  instruments,  and  the  treatment  is  then 
to  be  selected  according  to  the  rules  which  hold  in 
adults. 

The  crushing  of  stone — lithotrity — became  a  recognized 
operation  in  1824,  through  the  efforts  of  Civiale,  who, 
although  operating  with  _  inferior  instruments,  obtained 
successes  which  demonstrated  the  possibility  of  pulver- 
izing stones  with  instruments  introduced  through  the 
urethra. 

After  that  time  the  operation  was  greatly  improved 
in  technique,  and  largely  displaced  the  earlier  operation 
of  lithotomy.  (For  the  history  of  its  development,  see 
under  the  head  of  Lithotrity.) 

In  1879  Professor  Henry  J.  Bigelow  published  a  paper 
introducing  the  operation  of  litholapaxy  (lithotrity  at  one 
sitting,  rapid  lithotrity),  and  so  quickly  did  this  proced- 
ure ^ain  in  favor,  that  within  a  year  or  two  of  the  pub- 
lication of  his  first  article,  it  was  a  generally  established 
practice ;  and  the  old  operation  of  lithotrity,  without 
complete  evacuation,  had  become  a. thing  of  the  past. 

Professor  Bigelow  showed  that  the  tolerance  of  the 
bladder  to  instrumentation  is  much  greater  than  had  been 
supposed,  and  demonstrated  the  fact  that  there  is  less 
danger  in  an  operation,  even  long  and  tedious,  which  re- 
sults in  the  complete  evacuation  of  a  stone,  than  in  the 
usual  short  and  repeated  sittings  for  its  more  gi'adual 
removal. 
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In  short,  he  proved  that  the  greatest  danger  of  litho- 
trity  is  not  from  the  use  of  instruments,  but  from  the 
subseqtient  irritation  of  the  mucous  membrane  by  the 
fragments  left  in  the  bladder.  To  facilitate  the  rapid 
crushing  and  removal  of  stones,  he  also  introduced  im- 
proved instruments,  'which  will  be  described  under  the 
head  of  Litholapaxy. 

With  these  instruments  it  is  now  possible  to  dispose  of 
many  stones  that  would  formerly  have  been  thought  be- 
yond the  reach  of  lithotrity,  and  it  suffices  to  say  that 
litholapaxy  should  be  employed  in  all  adult  stone-patients, 
except  in  cases  falling  under  the  following  exceptions  : 

1.  A  very  large  and  hard  stone  may  resist  every  at- 
tempt at  crushing. 

3.  A  stone  may  have  as  a  nucleus  a  foreign  body,  such 
as  a  piece  of  necrosed  bone  or  a  bullet,  too  hard  to  crush, 
and  too  large  to  come  through  a  tube. 

3.  An  encysted  stone  may  be  out  of  reach  of  the  lithotrite. 

4.  Some  writers  consider  that  stricture  of  the  urethra 
may  prohibit  litholapaxy.  This  cannot  often  happen,  for 
strictures,  however  close,  yield  readily  to  divulsion,  which 
may  be  immediately  followed  by  the  crushing  and  evac- 
uation of  the  stone.  I  have  so  often  seen  these  two 
operations  successfully  done  together  upon  an  etherized 
patient,  that  I  can  but  think  this  the  best  practice., 
while  it  economizes  time,  it  saves  the  patient  much  need- 
less manipulation. 

5.  False  passages  may  exist,  which  so  interfere  with 
the  introduction  of  instruments,  that  the  dangers  of  the 
operation  are  greatly  enhanced,  and  the  question  of  lithot- 
omy is  to  be  entertained. 

6.  The  hip  may  be  anchylosed,  in  a  position  which  in- 
terferes with  the  use  of  instruments. 

In  any  of  these  exceptional  cases,  a  cutting  operation 
may  be  required,  and  a  consideration  of  the  various 
methods  of  performing  such  operations  will  be  found 
under  the  head  of  Lithotomy.  Arthur  T.  Cabot. 

BLADDER  AND  URETHRA  OF  THE  FEMALE.     The 

bladder  and  urethra  of  woman  a;re  subject  to  all  the  dis- 
eases and  other  abnormal  conditions  observed  in  the  male. 
Hence  these  parts  are  the  subject  of  inflammations,  of 
tumors,  benign  and  malignant,  and  of  displacements. 
Calculi  and  foreign  bodies  are  not  rarely  found  in  the 
bladder  of  woman.  That  adjacent  organ,  the  uterus, 
with  its  frequent  changes  of  size,  and  its  numerous  pertur- 
bations from  the  performance  of  natural  functions,  entails 
on  the  bladder  much  irritation  and  disease.  There  are, 
therefore,  numerous  peculiarities  which  demand  a  special 
consideration  of  disease  and  abnormality  as  they  occur  in 
the  female  bladder  and  urethra. 

Malformations  of  Bladdbk,  and  TJkethra. — These 
conditions,  though  rare,  are  occasionally  met  with.  They 
are  easy  enough  of  explanation  if  the  mode  of  develop- 
ment of  the  parts  be  considered.  The  urethra  may  be  ab- 
sent entirely  or  in  part.  Partial  absence  may  be  of  either 
the  internal  or  external  portion.  The  parts  may  be  in  a 
condition  of  complete  closure  or  atresia.  A  case  of  mal- 
formation, which  recently  presented  itself  to  the  writer, 
will  be  of  interest.  The  patient,  an  unmarried  woman,of 
twenty-five,  came  to  the  University  Dispensary  for  Diseases 
of  Women,  complaining  of  incontinence  of  urine  of  a  few 
months'  duration.  There  were  no  evidences  of  present 
or  past  pregnancy,  but  a  history  of  amenorrhoea  for  a  few 
months.  The  vagina  and  uterus  were  normal.  At  the  site 
of  the  urethra,  between  the  pubes  and  anterior  vaginal  wall, 
was  a  wide  pit  or  cloaca,  the  edges  of  which  were  abraded, 
but  not  ulcerated.  At  the  bottom  of  this  was  an  open- 
ing leading  directly  into  the  bladder.  This  opening  was 
bounded  by  a  cockscomb-like  fringe  which  afforded  to 
the  woman  partial  retentive  power.  She  was  evidently 
of  loose  habits,  and  the  explanation  which  suggested  itself 
was  that  by  accident,  during  sexual  intercourse,  the  male 
organ  had  entered  the  bladder.  This  would  account  for 
the  acquired  incontinence  which  she  asserted  most  posi- 
tively to  be  of  only  a  few  months'  duration.  This  in- 
contmence  of  urine  was  not  complete,  but  existed  only 
in  the  upright  position.  Complete  atresia  of  the  urethra 
is  a  rare  condition,  observed,  of  course,  at  the  birth 


of  the  child.  Such  children  are  usually  born  dead. 
The  result  is  enormous  distention  of  the  belly,  due  to 
distention  of  bladder,  ureters,  and  kidney.  The  abdomi- 
nal enlargement  may  be  sufficient  to  interfere  with  de 
livery.  'The  most  frequent  anomaly  of  the  bladder  is 
a  defect  of  the  anterior  wall,  which  is  absent  to  a 
greater  or  less  extent.  It  is  associated  with  defective 
development  of  adjacent  organs  and  parts.  Both  um- 
bilicus and  anus  lie  nearer  to  the  symphysis  pubis  than 
usual.  In  the  slighter  forms  it  is  merely  a  Assure  or  small 
opening.  Or  the  genitals,  urethra,  lower  part  of  the  ab- 
dominal wall,  and  symphysis  pubis  may  be  normally  de- 
veloped, and  the  defect  consist  in  absence  of  the  anterior 
vesical  wall  above,  near  the  level  of  the  umbilicus  ;  or 
from  persistence  of  the  urachus,  urine  may  escape  by  a 
variable-sized  opening  at  the  umbilicus.  The  most  ex- 
treme degree  is  that  in  which  the  whole  anterior  wall  of 
the  bladder  is  wanting,  and  the  cleft  space  of  the  abdomi- 
nal wall  is  occupied  by  a  projecting  exuberant  red  mass, 
the  mucosa,  and  other  coats  of  the  posterior  wall.  It  is 
wrinkled,  thickened,  puckered  at  the  edgep  and  shades 
into  the  integument  at  the  margin.  At  the  'ver  border, 
the  orifices  of  the  ureters  are  easily  recognized  by  the 
visible  escape  of  urine.  They  are,  indeed,  sometimes 
much  dilated  and  may  contain  calcuU.  In  this  form  the 
symphysis  pubis  is  absent,  the  pubic  bones  being  con- 
nected by  fibrous  bands.  "The  urethra  is  entirely  absent. 
The  clitoris  is  widely  cleft,  the  labia  entirely  absent  or 
imperfectly  developed  and  separated.  The  writer  was  re- 
cently consulted  for  such  a  case,  similar  in  every  particu- 
lar to  that  just  described.  The  object  was  to  ascertain  if 
by  a  surgical  operation  marriage  might  be  rendered  feasi- 
ble. The  most  important  malformations  are  the  result  of 
retention  of  urine  from  atresia  or  absence  of  the  urethra, 
or  from  accumulations  of  fluid  in  the  allantois  preventing 
the  closure  of  the  ventral  fissure. 

The  symptoms  are  involuntary  escape  of  urine  and  the 
inconvenience  arising  from  the  sensitive  vulnerable  tumor. 
Although  the  life  of  infants  is  endangered  by  this  condi- 
tion, many  survive  and  attain  a  good  age. 

The  prognosis  is  unfavorable.  Operative  treatment  does 
not  promise  much.  It  often  fails  entirely.  The  indica- 
tions are  to  replace  the  protruding  posterior  wall,  and  to 
cover  it  by  large  flaps  dissected  from  the  abdominal  wall 
on  either  side,  inverting  them,  epidermis  inward,  and  unit- 
ing them  with  sutures  over  the  middle  line.  A  urethra 
may  be  formed  on  a  similar  principle,  but  inasmuch  as  a 
sphincter  cannot  be  formed,  the  patient  does  not  acquire 
retentive  power.  Flaps  thus  formed  contract  exceedingly. 
They  must,  therefore,  be  made  very  much  larger  than 
the  surface  to  be  covered.  In  successful  cases,  the  bladder 
is  enclosed,  and  prolapse  of  the  wall  prevented.  The  cav- 
ity of  the  bladder  may  increase,  and,  if  a  urethra  be 
formed,  it  may  be  closed  temporarily  with  some  kind  of 
clamp,  or,  short  of  this,  the  possibility  of  adapting  some 
kind  of  receptacle  is  greatly  increased.  In  the  slight 
form,  in  which  only  a  fistula  of  the  urachus  exists,  the 
urethra  being  perfect,  the  prognosis  is  good.  There  is 
little  difficulty  in  closing  the  upper  opening.  Another, 
much  rarer  malformation,  is  the  double  bladder.  A  ver- 
tical septum  divides  the  organ  into  two  chambers.  The 
catheter  might  diagnose  the  condition,  but  the  finger,  after 
dilatation  of  the  urethra,  would  be  much  more  certain. 

Before  proceeding  to  describe  diseased  conditions  of 
the  urethra,  it  will  be  well  to  speak  of  the  methods  of 
examination  of  that  canal.  The  female  urethra  may  be 
examined : 

1.  By  the  sound. 

3.  By  the  speculum,  of  which  various    forms  have 


Fig.  405.— Skene's  Urethral  Speculum. 


been  devised.  Emmet  uses  a  miniature  Sims'  speculum 
Skene  has  devised  an  instrument  somewhat  resembling  a 
Sims'  speculum,  but  with  a  depressor  attached  (Pig.  405). 
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He  has  also  modified  Folsom's  nasal  speculum  for  the 
same  purpose.    The  same  authority  has  devised  an  en- 
doscope-speculum,  which  he  claims  to  have  found  in- 
valuable in  the  investigation  of  bladder  and  urethral  dis- 
ease in  women.    The  following  is  his  description :  "This 
instrument  is  composed  of  three  parts.    A  glass  tube 
(a.  Fig.  407,  3)  is  shaped  like  the  ordinary  test-tube  used 
tjy  chemists,  except  that  the  mouth    is  a  little   more 
flaring.     The  second  part  (J,  Fig.  407,  3)  is  composed 
of  two  pieces,  a  mirror  and  the  arrangement  which  holds 
it.    A  piece  of  very  thin  silver  plate  is  made  to  fit  nearly 
the  whole  length  of  the  inside  of  the  glass  tube,  and  over 
about  one-third  of  its  circumference.     To  one  end  of  this 
arrangement  the  mirror  is  attached  at  an  angle  of  about 
one  hundred  degrees.     At  the  other  end  a  delicate  han- 
dle projects  at  an  obtuse 
angle.    This  part  of  the  in- 
strument looks  like  a  sec- 
tion of  a  tube  that  has  been 
divided  into    three  equal 
parts  by  lon^tudinal  sec- 
tion, with  a  mirror  attached 
at  one  end,  and  a  handle  at 
the  other.     This  piece  is 
made   perfectly  black  on 
the    inside,    and    answers 
two  purposes — it  holds  the 
min-or,  and  when  placed 
in  position  for  use  darkens  one  side  of  the  glass  tube. 
It  will  be  seen  that  the  mirror  can  be  moved  fonvard  or 
backward,  and  turned  around,  so  that  when  the  tube  is 
introduced  into  the  urethra  or  bladder,  the  exposed  inter- 
nal surfaces  can  be  brought  into  view  by  moving  the  mir- 
ror while  the  tube  remains  stationary.     Fig.  407,  1,  shows 
the  glass  tube  placed  inside  of  a  fenestrated  hard-rubber 
speculum  ;  and  Fig  407,  3,  shows  the  glass  tube  inside  of 
a  speculum  that  is  open  and  bevelled  at  the  end.     These 
specula  are  used  in  making  applications  to  the  urethra 
and  bladder.    .     .     . 

"The  method  of  using  this  instrument  is  as  follows  : 
The  tube,  with  the  mirror  inside,  is  introduced  into  the 
urethra,  and  bladder  also,  if  an  examination  of  the  latter 
be  desired.  Li^ht  is  then  thrown  into  the  tube  by  the  aid 
of  a  concave  mirror  ;  this  shows  that  portion  of  the  in- 
terior of  the  urethra  or  bladder  which  is  opposite  the 


Fio.  406.— Skene  and  Folsom's  Ure- 
thral Speculum. 


Pio.  407.— Skene's  Endoscope-Speoulum. 

mirror,  and  by  moving  the  mirror  backward  and  forward 
the  whole  of  the  parts  to  be  examined  are  brought  to 
view  in  regular  succession," '  Sunlight,  or  a  good  lamn 
may  be  used.  ^' 

3.  By  dilatation  of  the  urethra.  Tliis  operation  will  be 
described  in  a  subsequent  part  of  this  article  in  connec- 
tion with  the  diseases  in  the  treatment  of  which  it  is 
found  useful. 

4.  By  Emmet's  button-hole  incision  of  the  urethra 
fortius  operation  etherization  of  the  patient  is  necessary 
bhe  IS  then  placed  in  Sims'  position,  and  a  Sims'  specu- 
luni  introduced  to  expose  the  vaginal  aspect  of  the 
urethra.  For  making  the  incision.  Dr.  Emmet  has  de- 
vised an  instrument  on  the  principle  of  the  button-hole 
scissors.  The  part  which  enters  the  urethra  is  round 
like  a  sound  ;  the  vaginal  blade  has  a  portion  removed) 
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so  as  to  begin  the  incision  about  a  quarter  of  an  inch 
from  the  outer  orifice  of  the  urethra.  'The  incision  is 
then  extended  back  nearly,  but  not  quite,  to  the  vesical 
end  of  the  urethra.  If  the  latter  were  included,  inconti- 
nence  of  urine  would  be  the  result,  and  this  'must  be 
avoided.  The  knife  or  scissors  may  be  used.  In  the 
latter  case,  a  full-sized  curved  sound  is  to  be  first  passed 
into  the  urethra,  and  there  held.  With  a  tenaculum  the 
tissues  on  the  vaginal  surface  are  caught  up  and  steadied 
while  an  incision  is  made  down  to  the  sound.  The  in- 
cision is  then  extended  with  straight  pointed  scissors 
The  line  on  the  vaginal  aspect  must  be  nearly  one-third 
longer  than  that  through  the  urethral  mucosa.  'The  finger, 
or  a  small  speculum,  can  now  be  easily  passed  into  the 
bladder  without  fear  of  the  patient  losing  retentive  power. 


Fig.  408.— Emmet's  Scissors  for  Button-hole  Operation  ol  the  tTreth™. 


If  the  object  be  merely  exploration  of  the  canal  and  no 
ulterior  one  of  treatment,  the  opening  is  to  be  immediately 
closed  by  sutures.  If  desirable  to  allow  the  opening  to 
remain  for  after-treatment,  then  the  edges  of  the  va^ilal 
and  urethral  mucosa  are  to  be  united  with  sutures.  The 
after-treatment  consists  of  large  hot-water  vaginai  injec- 
tions twice  daily,  followed  by  application  of  carbonate  of 
zinc  ointment.  The  next  cut  illustrates  the  appearances 
of  the  completed  operation. 

When,  after  a  few  months,  a  cure  of  the  diseased  con- 
dition has  been  effected,  the  opening  is  to  be  closed  by 
paring  the  edges  and  suturing  them. 

Anomalies  op  Fobm  and  Position  of  the 
Ukbthra.  Gbnebal  Dilatation  is  most  commonly 
produced  by  the  male  organ,  in  coitus,  in  cases  of  im- 
perforate hymen  or  narrow  vagina.  Other  causes  are 
spontaneous  expulsion  of  calculi,  or  the  extrusion  of  tu- 


Fio.  409.— Emmet's  Button-hole  Operation  on  the  Urethra. 


mors  of  the  bladder  or  of  the  bladder-coats,  a  pro- 
cess of  inversion.  In  this  condition  the  parts  concerned 
may  or  may  not  be  inflamed  or  abraded,  ulcerated,  or 
fissured.  It  is  somewhat  remarkable  that  incontinence 
of  urine  has  not  existed  in  the  majority  of  such  cases. 
The  mucosa  of  the  whole  circumference  of  the  urethra 
may  undergo  a  process  of  dilatation  or  hypertrophy, 
and  be  extruded  from  the  outer  end  of  the  canal.  This 
obstructs  the  flow  of  urine  and  excites  tenesmus  of  the 
bladder,  which,  in  turn,  aggravates  the  original  condi- 
tion. "  Ultimately,"  says  TBmmet,  "the  whole  urethral 
canal  becomes  displaced  and  pressed  forward,  or  rolled 
out  by  a  prolapse  of  the  superabundant  tissue  at  the 
neck  of  the  bladder." 

Treatment.— In  general  dilatation  there  are  sometimes 
no  symptoms,  and  then  treatment  is  unnecessary.    When 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Bladdera. 
Bladder, 


the  condition  is  due  to  coitus,  the  patient  consults  a  phy- 
sician because  of  sterility,  when,  on  examination,  the  true 
nature  of  the  case  becomes  apparent.  It  is  far  otherwise 
when  incontinence  of  urine  results.  Here  the  plight  of 
the  patient  is  indeed  sad.  For  the  relief  of  the  condition 
cauterizations  of  the  whole,  or  a  part  of  the  membrane, 
have  been  practised  with  varying  success.  Chromic  acid 
and  nitrate  of  silver  have  been  used  with  success  ;  so  also 
astringent  injections  of  tannin  or  sulphate  of  copper. 
The  astringent  selected  may  be  applied  in  the  form  of  a 
bougie  made  with  gelatine. 

Partial  Dilatation. — Urethrocele  or  diverticulum 
urethrae  afEects  the  posterior  wall  a  few  millimetres  above 
the  orifice.  It  is  to  be  diagnosed  by  passing  a  sound  or 
catheter  into  the  urethra.  It  sinks  into  a  cavity  or  pouch. 
The  little  finger  coaxed  into  the  urethra  more  certainly 
diagnoses  the  condition.  The  symptoms  are  painful  mic- 
turition and  involuntary  escape  of  urine.  The  urethra 
becomes  inflamed  from  retention  of  a  small  quantity  of 
urine,  which  becomes  stale.  Treatment  consists  in  excis- 
ing an  oval-shaped  portion  of  the  whole  thickness  of  the 
urethro-vaginal  wall.  The  edges  are  then  brought  to- 
gether with  sutures. 

Stricture  of  the  female  urethra  is  much  rarer  than 
the  conditions  just  mentioned.  The  principal  causes  are 
injuries  to  the  urethro-vaginal  septum,  as  in  difficult 
labors,  gangrenous  vaginitis,  and  urethral  chancre.  Each 
of  these  causes  operates  by  cicatricial  contraction.  A 
rarer  cause  is  to  be  found  in  tumor  of  the  urethra.  In 
vesico-vaginal  fistula  the  urine  all  escapes  by  the  un- 
natural opening,  and  the  urethra  contracts. 

Sym/pioms. — -Diminution  of  the  size  of  the  stream,  or 
escape  of  urine  guttatim ;  ultimately  vesical  catarrh, 
hypertrophy  of  the  coats  of  the  bladder,  and  prolapsus  of 
vaginal  walls  from  repeated  straining.  Th'eatment  con- 
sists in  hot  water  vaginal  douches,  and  the  use  of  gradu- 
ated bougies  or  catheters.  The  patient  must  be  warned 
of  the  tendency  to  relapse  and  of  the  importance  of  early 
return  for  treatment.  For  this  condition  (stricture), 
which  he  finds  to  be  very  rare.  Dr.  Emmet  asserts  that  it 
is  necessary  to  perform  his  button-hole  operation  directly 
over  the  strictui'e,  and  after  the  parts  have  healed,  to  re- 
form the  urethra  to  the  extent  of  the  normal  urethra, 
which  he  claims  may  be  easily  done. 

Displacements  of  the  Urethra. — The  displacement 
may  be  in  almost  any  direction,  but  the  most  important 
is  a  prolapse  of  the  mucona  and  tissue  underlying  it. 
The  part  thus  displaced  appears  at  the  orifice  as  a  red- 
dish swelling.  It  may  proceed  from  the  upper  or  lower 
part  of  the  canal  or  involve  its  whole  circumference. 
The  most  common  cause  is  labor.  The  loose  movable 
tissues  are  forced  down  by  the  advancing  head  of  the 
child.  The  symptoms  are  obstruction  to  the  flow  of 
urine  and  tenesmus  of  the  bladder.  The  straining  in- 
creases in  its  turn  the  prolapsus.  Ultimately,  the  coats 
of  the  bladder  near  its  neck  may  roll  out  through  the  di- 
lating urethra.  The  pressure  causes  cedema  of  the  tis- 
sues, cystitis  results  speedily,  and  ultimately  disease  of 
the  kidneys  ensues.  Treatment  is  surgical.  The  pro- 
lapsed part  is  to  be  removed.  If  it  affect  the  anterior 
wall  of  the  urethra  near  the  orifice,  it  is  to  be  gently 
drawn  out,  secured  by  a  double  ligature  in  two  sections, 
and  the  parts  cut  off.  When  the  whole  circumference  of 
the  urethral  lining  is  prolapsed,  the  treatment  just  de- 
scribed will  not  apply,  else  stricture  of  the  urethra  must 
result  from  the  inevitable  contraction  of  the  raw  surface 
left.  Emmet  treats  such  cases  in  the  following  manner  : 
An  opening  is  to  be  made  in  the  base  of  the  bladder,  to 
let  the  urine  drain  ofC  as  fast  as  it  reaches  the  organ. 
This  gives  complete  rest  to  the  bladder  and  hypertrophied 
tissues  of  the  urethra.  The  prolapsed  tissues  are  to  be 
returned  vdthin  the  bladder,  by  passing  a  full-sized  steel 
sound.  It  is  then  removed  by  a  rotatory  movement, 
while  the  fingers  make  firm  pressure  upward  and  back- 
ward, along  the  urethra.  This  is  is  to  be  repeated  from  time 
to  time,  and,  after  each  application,  Churchill's  solution 
of  iodine  is  to  be  applied,  to  make  the  tissues  shrink. 
This  can  be  well  done  through  a  conical  ear-speculum, 
introduced  as  close  to  the  neck  of  the  bladder  as  possible. 


After  the  urethra  has  been  restored  to  its  normal  condi- 
tion, the  vesico-vaginal  fistula  may  be  closed.  For  the 
immediate  removal  of  the  excess  of  tissue  Emmet  has 
devised  the  following  operation : »  The  patient  being 
placed  in  Sims'  position,  and  a  Sims'  speculum  intro- 
duced, a  large-sized  polished  sound  is  passed  into  the 
urethra,  and  held  by  an  assistant.  An  incision,  about 
three-fourths  of  an  inch  in  length,  is  made  on  the  vaginal 
surface  of  the  canal.  This  incision  must  not  involve 
either  extremity  of  the  urethra.  In  depth,  it  extends 
nearly,  but  not  quite  through  to  the  sound,  which,  how- 
ever, ought  to  be  seen  shining  through.  The  loose  mem- 
brane is  then  caught  by  a  tenaculum  and  pulled  through, 
until  all  the  excess  is  thus  removed  from  the  urethra. 
The  opening  is  then  closed  with  sutures,  which  transfix 
and  engage  the  loose  membrane,  lying  between  the  edges 
of  the  wound.  The  excess  of  tissue  is  now  cut  off,  and 
the  sutures  secured.  Union  takes  place  with  tolerable 
certainty,  and  results  in  permanent  adhesion  of  the  lining 
membrane  along  the  line  of  sutures.  Such  an  operation 
cures  the  patient,  if  the  original  cause  of  straining,  which 
led  to  the  extrusion  of  the  urethral  and  vesical  mucosa, 
be  removed.  Such  cause  may  be  a  cystitis,  fissure  at  the 
neck  of  the  bladder,  fissure  of  the  anus,  etc. 

Downward  displacement  of  the  whole  urethra  occurs 
as  a  part  of  the  protruded  structures  in  cystocele,  and 
in  procidentia  uteri  et  vaginae.     Its  treatment  is  involved 


Fig.  410. — Operation  for  Radical  Cure  of  Prolapsus  of  Urethral  Mucos3a. 
.  (From  Emmet.) 

in  that  of  these  conditions.  Upward  displacement  occurs 
as  a  result  of  the  upward  dragging  of  tumors,  and  some- 
times during  pregnancy.  It  may  not  be  treated  as  a  sep- 
arate lesion. 

Urethritis. — It  may  be  acute  or  chronic,  with  or  with- 
out hypertrophy  and  ulceration.  These  conditions  may 
be  due  to  causes  inherent  in  the  constitutional  state  of  the 
woman.  Unhealthy  urine,  as  when  it  is  concentrated, 
ammoniacal,  bacterial,  or  containing  fragments  of  diph- 
theritic membrane  or  blood,  is  often  the  cause.  Diseases 
of  the  kidneys  and  bladder,  therefore,  often  inflame  the 
urethra.  Urethritis  often  results  from  extension  of  in- 
flammations, simple  or  specific  (gonorrhoea),  of  the  vulva 
and  vagina  or  cervix  uteri.  It  is  a  by  no  means  rare  com- 
plication of  the  specific  fevers,  small-pox,  scarlet  fever, 
typhus,  measles,  etc.  Mechanical  causes  are  labor,  natural 
as  well  as  instrumental ;  coitus  ;  the  introduction  of  the 
catheter  and  sound  ;  falls  or  kicks  on  the  part ;  and  the 
introduction  of  foreign  bodies,  so  often  practised  by  hy- 
sterical, prurient,  and  insane  women.  The  symptoms  are, 
deep  red  color,  swelling  and  secretion  of  the  mucosa,  and 
in  the  severer  forms  itching  or  smarting,  and  scalding  mic- 
turition. The  discharge  is  at  first  mucus,  and  later  con- 
tains an  admixture  of  pus  or  blood.  A  number  of  red 
points  about  the  orifice  of  the  urethra  indicate  the  open- 
ings of  follicles,  not  previously  conspicuous,  mto  which 
the  inflammation  has  extended.  Among  these,  the 
glands  described  by  Skene,'  on  the  floor  of  the  urethra, 
are  notable.  Ordinarily  their  openings  are  just  within 
the  urethra,  but  when  inflamed  they  protrude  and  ap- 
pear outside  the  meatus.     When  the  discharge  is  not 
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visible  it  may  be  made  to  exude  by  pressure  along  the 
vaginal  surface  of  tbe  urethra.  In  doubtful  cases  the 
gonorrhoea!  form  is  to  be  suspected  when  the  inflamma- 
tion is  severe,  the  secretion  profuse  and  purulent,  when 
the  disease  shows  a  marked  tendency  to  invade  neighbor- 
ing folds  or  extensions  of  the  mucous  membrane,  and 
when  it  is  difficult  of  cure.  The  symptoms  of  extension 
to  the  bladder  are  often  present.  Over-frequent  micturi- 
tion may,  however,  be  due  to  reflected  irritation.  In  the 
later  or  chronic  stages  redness  and  secretion,  as  well  as 
all  the  other  symptoms,  are  less  intense.  In  the  chronic 
form  the  mucosa  may  be  thickened  and  infiltrated  with- 
out pain  or  tenderness.  ,  The  prognosis  is  much  more 
favorable  than  in  the  male.  The  symptoms  are  less 
severe  and  the  cure  more  rapid,  on  account  of  the  shorter 
urethra. 

Treatment. — It  is,  in  the  main,  the  same  as  in  the  male. 
In  the  mildest  forms  it  is  scarcely  called  for.  In  the 
acute  and  severe  forms  it  should  consist  of  rest  in  bed, 
avoidance  of  coitus,  a  bland  diet  composed  largely  of 
milk  diluted  with  potash  water,  or  mucilaginous  and  al- 
kaline drinks  to  dilute  the  urine.  Linseed  tea  is  one  of 
the  best.  Tepid  sitz-baths  and  linseed-tea  vaginal  injec- 
tions are  very  useful.  Emmet  strongly  advises  hot- water 
vaginal  and  urethral  douching.  At  a  later  stage  a  solu- 
tion of  nitrate  of  silver  of  a  strength  varying  from  ten  to 
thirty  grains  to  the  ounce,  cautiously  injected  or  applied 
by  a  camel's-hair  pencil  or  applicator  with  cotton-wool, 
or  a  probe  coated  with  solid  silver  nitrate,  will  be  found 
very  efficacious.  These  applications  are  very  painful, 
but  a  preliminary  application  of  a  four  to  eight  per  cent, 
solution  of  hydrochlorate  of  cocaine  will  very  much 
lessen  the  pain.  The  application  is  to  be  repeated  in 
from  three  to  six  days,  if  necessary.  Professor  Winckel, 
of  Munich,'  advises  cold  vaginal  injections  and  com- 
presses, or  the  introduction  of  pieces  of  ice  -s^thin  the 
vagina.  Urethral  injections  are  not  so  useful  as  in  the 
male,  on  account  of  the  difficulty  in  retaining  the  fluid 
a  sufficiently  long  time.  The  balsamic  remedies,  cop'aiba 
and  cubebs,  are  useful  in  the  later  stages.  Quinine  and 
iron  are  often  necessary  to  complete  the  cure. 

When  the  glands  described  by  Dr.  Skene,  in  the  floor 
of  the  urethra,  are  inflamed,  it  may  be  necessary  to  de- 
vote special  attention  to  them  ere  they  can  be  cured. 
The  protrusion  of  their  orifices  from  the  urethra  often 
simulates  caruncle,  and  Dr.  Skene  himself  has  made  the 
mistake  of  confounding  the  two  affections.  This  fact 
may  account  for  the  reputed  tendency  of  caruncle  to  re- 
cur.   The  proper  treatment  is  to  inject  the  follicle  with 

a  few  drops  of  a  solution 
of  silver  nitrate  or  other 
astringent,  or,  if  this  fail, 
to  slit  them  up  and  cau- 
terize their  whole  tract 
with  solid  silver  nitrate. 
Neoplasms  of  thb 
Ueethea. — A  variety  of 
new  growths  occurs  in 
the  female  urethra  ;  and 
much  more  frequently 
than  in  the  male.  They 
have  been  incorrectly 
lumped  together  as  "car- 
uncle, spongy  excres- 
cence, "  etc.  Winckel  has 
conveniently  grouped 
Jhcm  according  to  their 
minute  structure,  and  the 

Flo.  411.— Carnnclcs  of  Orifloe  o(  Ure-   particular        histological 

thra.  (After  Sir  J.  T.  simpaon.)  element  of  the  mucosa, 
from  which  they  spring. 
Hence  there  are  growths  in  which  the  papillary  element 
predominates— condylomata ;  growthsin  which  the  glands 
are  enlarged  or  diseased— retention  cysts,  myxo-adenoma- 
ta,  and  mucous  polypi ;  growths  in  which  the  connective 
tissue  is  concerned— fibroma  and  sarcoma ;  growths  com- 
posed of  altered  blood-vessels  —  angioma  and  varix  ; 
growths  in  which  both  papillse  and  blood-vessels  are  in- 
volved—vascular tumors  and  polypi ;  growths  in  which 
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the  epithelial  element  predominates — epithelioma  and  car- 
cinoma. Condylomata  are  warty-like,  red  or  dull-red,  in- 
sensitive, pedunculate,  not  bleeding  easily,  and  usually 
projecting  from  the  urethra  singly  or  in  clusters.  Reten- 
tion-cysts do  not  always  project,  but  they  may  be  pedun- 
culate. The  fibromata  are  very  rare,  but  may  attain  the 
size  of  a  goose-egg.     Sarcoma  is  rare  ;  Fig.  412  represents 

a  case  from  Bei- 
gel.  Varices  are 
dilated  veins,  and 
produce  bluish - 
red,  painless,  com- 
pressible swell- 
ings. The  most 
important  of  all 
the  neoplasms  of 
the  female  urethra 
are  the  vascular 
growths  or  poly- 
pi, called  by  Win- 
ckel papillary  pol- 
ypous angioma. 
They  are  of  the 
size  of  from  that 
of  a  hemp-seed  up 

Fio.  412.— Sarcoma  TJrethrsB.  (Prom  Belgel.)  tO  that  of  a  hazel- 
nut, bright  red 
and  bleeding  easily  by  touch,  often  exceedingly  sensitive, 
and  composed  of  blood-vessels  and  papillse,  and  may  af- 
fect any  portion  of  the  urethra.  Lupous  and  cancerous 
growths  are  rare,  and  usually  secondary  to  uterine  can- 
cer. It  is  well  to  remember,  in  this  connection,  that  syph- 
ilitic ulceration  may  affect  the  urethra. 

Symptoms  of  Urethral  Growths. — They  are  not  rarely  ah- 
sent,  or  consist  only  of  slight  burning  sensations.  This  is 
especially  true  of  small  condylomata,  fibromata,  retention- 
cysts,  and  mucous  polypi.  If  they  grow  to  any  size  the 
symptoms  become  miore  marked,  and  consist  of  itching, 
pricking,  and  burning,  with  vesical  disturbance.  Micturi- 
tion is  sometimes  distressingly  painful.  In  the  case  of  tu- 
mors of  considerable  size,  the  urethra  becomes  dilated,  in- 
flamed, eroded  and  fissured,  or  ulcerated.  The  pain  may 
radiate  to  the  hips,  sacrum,  thighs,  and  feet.  It  is  in- 
creased by  exertion,  walking,  standing,  and  at  the  men- 
strual periods.  Sometimes  there  is  such  general  hyper- 
sesthesia  of  the  vulva  as  to  prevent  sitting  or  coitus.  It 
is  a  cause  of  vaginismus  and  sterility.  Masturbation  and 
abnormal  sexual  excitement  sometimes  result.  Rarer  con- 
sequences are  convulsions  and  serious  disturbance  of 
general  health  from  pain,  loss  of  rest,  and  chronic  dis- 
charge of  catarrhal  and  bloody  fluids.  If  there  be  reten- 
tion of  urine  the  bladder  and  kidneys  suffer.  The  stream 
of  urine,  when  not  completely  obstructed,  is  often  thin, 
parted,  and  mixed  with  blood. 

Diagnosis. — Careful  examination  usually  at  once  de- 
cides the  question.  Pain  and  tenesmus  of  the  bladder, 
and  painful  sitting,  are  symptoms  which  demand  im- 
peratively an  examination.  When  the  growths  are  in  the 
deeper  part  of  the  urethra  compression  of  the  urethra 
forward  may  bring  a  pediculated  growth  to  the  orifice. 
A  urethral  speculum,  and  a  bright  light,  as  from  a  la- 
ryngoscope mirror,  may  reveal  the  growth.  Dilatation 
of  the  urethra  may  be  necessary.  This  should  be  done 
under  ether,  or  after  the  application  of  cocaine,  which 
for  such  purposes  finds  most  valuable  applications.  Dur- 
ing the  process  of  dilatation  the  growth  may  not  be  easily 
distinguished.  Emmet's  button-hole  operation  is  a  much 
better  procedure  for  both  the  diagnosis  and  removal  of 
the  tumor.  A  most  careful  and  thorough  examination  of 
such  cases  ought  to  be  made,  as  otherwise  the  radiating 
pains  may  be  attributed  to  uterine  disease. 

Cawsafoora. ^Urethral  neoplasms  are  found  at  all  ages, 
even  at  birth.  They  are  most  frequent  in  married  women. 
Chronic  inflammatory  and  congestive  conditions  of  the 
urethra  strongly  predispose  to  their  formation. 

Course  and  Prognosis. — The  majority  may  be  extirpated 
with  more  or  less  of  ease  and  certainty,  and  do  not  tend  to 
recur.  Such  are  condylomata,  fibromata,  mucous  polypi, 
and  cysts.    Polypi  are  sometimes  detached  spontaneously 
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and  escape  with  the  stream  of  urine.  The  angiomata,  on 
the  other  hand,  on  account  of  the  pain  and  intense  irri- 
tation they  cause,  and  the  strong  tendency  to  recur,  are 
more  unfavorable.  These  latter  are  happily  exceptional, 
for  they  embitter  the  life  of  the  sufferer.  Lupus,  epithe- 
lioma, and  carcinoma  are,  as  a  rule,  incurable. 

Treatment. — The  absence  of  symptoms  or  complaint, 
and  of  any  element  of  danger  in  many  urethral  growths, 
renders  interference  unnecessary.  For  those  situated  near 
the  orifice  of  the  urethra,  the  treatment  is  removal  with 
blunt-edged  scissors,  and  cauterization  of  the  raw  surface 
with  a  point  of  dull,  red-hot  iron  or  nitric  acid.  The 
growth  itself  only  is  to  be  removed.  To  remove  any  of 
the  mucosa  of  the  urethra  may  lead  to  stricture.  For 
those  situated  in  the  upper  part  of  the  canal  preliminary 
dilatation  or  button-hole  incision  of  the  urethra  will  be 
necessary.  Then  the  scissors  or  a  short  Simon's  or  Volk- 
mann's  spoon,  of  small  size,  will  be  necessary.  Hsemor- 
rhage  may  always  be  arrested  by  the  dull,  red-hot  iron 
point,  or  by  pressure  with  the  finger.  For  epithelioma 
and  other  malignant  growths,  free  excision  must  be  prac- 
tised. If  the  neck  of  the  bladder  is  not  interfered  with, 
there  need  be  no  fear  of  incontinence  of  urine.  When 
extirpation  is  not  possible,  the  patient,  on  general  prin- 
plns,  must  be  made  as  comfortable  as  possible. 

Foreign  Bodies  in  the  Urethra. — These  have  been 
found  to  be  of  the  greatest  possible  variety.  They  may 
come  from  the  interior  of  the  patient's  own  body,  or  be 
introduced  from  without.  To  the  first  class  belong  in- 
testinal contents,  gall-stones,  contents  of  dermoid  tumors, 
such  as  hair,  teeth,  bone ;  parts  of  extra-uterine  f oeta- 
tions,  hair  and  bones ;  vesical  and  renal  calculi ;  parts  of 
the  bladder-walls,  as  when  the  mucosa  becomes  exfoli- 
ated. In  the  second  class  maybe  mentioned  hair-pins 
and  other  pins,  bits  of  pencil,  bits  of  wood,  ears  of  grain, 
bits  of  catheter,  etc.  The  symptoms  are  pain  and  diffi- 
culty in  making  water,  or,  for  a  time,  complete  obstruc- 
tion of  the  urethra.  Careful  examination  by  Inspection 
and  vaginal  palpation  and  by  the  sound  leads  to  a  diag- 
nosis. For  the  extraction  of  such  foreign  bodies,  the 
urethra  may  require  dilatation  or  excision  from  the  vagi- 
nal surface.  After  removal  of  the  offending  body,  the 
opening  may  be  closed  with  silk  or  metallic  sutures,  and 
will  readily  unite. 

Neuralgia  of  the  urethra  has  been  described.  There 
can  be  no  doubt  that  if  such  symptoms  as  pain  and 
spasm  of  the  urethra  exist,  independently  of  local  lesion 
or  irritation,  they  may  be  properly  spoken  of  as  of  neu- 
ralgic origin.  Such  cases,  however,  are  exceedingly  rare, 
and  must  be  regarded  with  suspicion  ;  they  should  be 
admitted  to  exist  only  after  careful  and  repeated  exami- 
nation has  excluded  all  other  causes.  "The  treatment 
most  likely  to  give  relief  is  diluent  and  demulcent  drinks, 
to  render  the  urine  bland  and  unirritating,  warm  sitz- 
baths  and  vaginal  douches,  and  anodyne,  rectal,  or  vagi- 
nal suppositories.  The  use  of  metallic  sounds  of  full 
size,  passed  through  the  urethra,  is  likely  to  do  much 
good. 

Displacements  op  the  Bladder. — The  organ  may 
be  displaced  in  any  direction,  and  it  may  be  inverted 
completely  through  the  urethra.  The  pressure  or  trac- 
tion of  ovarian  and  uterine  tumors,  or  of  the  gravid 
uterus,  may  cause  upward  displacement.  Retroflexion 
and  retroversion  of  the  uterus,  especially  when  gravid, 
produce  upward  and  backward  traction  on  the  posterior 
wall  of  the  bladder.  The  lateral  displacements  may  be 
a  result  of  adhesions  or  hernia,  inguinal  or  femoral. 
Such  displacements  are  attended  with  symptoms  directly 
in  proportion  to  the  extent  to  which  the  urethra  is  com- 
pressed or  stretched,  and  thereby  evacuation  of  urine,  by 
natural  effort  or  by  catheter,  interfered  with.  The  ure- 
thra and  bladder  are  thus  apt  to  become  inflamed.  These 
displacements  usually  disappear  on  removal  of  the  cause. 

Vaginal  Oystoeele. — This  is  the  most  important  and 
most  frequent  form  of  displacement  of  the  bladder.  It 
always  constitutes  a  portion  of  the  structures  displaced, 
and,  indeed,  is  usually  the  flrst  to  descend,  in  procidentia 
uteri.  Cystocele  is  degcent  of  the  base  of  the  bladder, 
and,  with  it,  of  the  anterior  vaginal  wall. 


Came*.— These  are  mainly  the  conditions  incident  to 
pregnancy  and  labor.  The  bladder  is  in  these  conditions 
loosened  in  its  attachments,  hyperaemic,  and  irritated  by 
pressure.  During  the  second  stage  of  labor  it  is  apt  to  be 
displaced  by  the  advancing  head.  Relaxation  of  the  vulva 
and  vagina,  and  laceration  of  the  perineum  conduce  to 
cystocele.  If  the  parts  be  thus  predisposed,  exertion,  as  in 
lifting,  straining  at  stool,  etc.,  may  suddenly  or  gradually 
induce  it.  Calculus  of  the  bladder,  sinking  to  the  lower 
part  by  its  weight  or  by  becoming  sacculated,  may  cause 
cystocele.  In  the  mildest  degree  there  is  merely  descent 
of  the  floor  of  the  bladder.  In  a  more  marked  form  the 
organ  is  of  hour-glass  form,  the  connection  of  the  urethra 
with  the  viscus  being  at  the  hour-glass  contraction.  In 
complete  cystocele  the  whole  bladder  is  outside  the  pel- 
vis, and  the  urethra  then  corresponds  to  the  neck  of  a 
bottle  in  the  upright  position.  In  time  cystocele  is  com- 
plicated by  thickening  and  softening  of  the  structures  of 
the  bladder  from  stasis  and  oedema,  and  direct  hyper- 
trophy of  the  muscular  coat.  The  mucosa  is  hypersemic 
■and  catarrhal.  The  ureters  may  become  obstructed  and 
dilated,  with  resulting  hydronephrosis  and  uraemic  symp- 
toms. 

^loB  symptoms  are  a  part  of  those  of  prolapse  of  the  uterus 
and  vagina.  There  is  difficulty  and  discomfort  in  making 
water ;  this  is  sometimes  impossible  till  the  prolapsed 
part  has  been  replaced.  Such  symptoms  may  be  absent ; 
they  are  more  certain  if  the  urine  be  catarrhal  and  am- 
moniacal.  In  rare  cases  cystocele  of  the  distended  blad- 
der has  impeded  labor,  and  cases  are  reported  in  which, 
it  being  impossible  to  pass  the  catheter  and  so  remove  the 
obstruction,  it  has  been  punctured  by  a  lancet,  the  labor 
then  terminating  rajDidly.  Ultimately,  in  many  cases, 
adhesions  form  in  the  pelvic  peritoneum  about  the  blad- 
der (pericystitis),  which  may  render  it  impossible  to  re- 
place the  prolapsed  organ. 

Diagnoiis  is  easy.  In  the  standing  position  a  pouch  or 
smooth,  elastic  swelling  of  the  anterior  vaginal  wall  de- 
scends. In  the  lying  position  it  may  be  absent,  but  an 
effort  of  forcing  will  readily  cause  it  to  protrude.  When 
protrusion  of  the  organ  has  taken  place,  a  curved  sound 
passed  through  the  urethra  can  be  made  to  enter  the  pro- 
truded pouch. 

Prognosis  must  be  guarded. 

Vaginal  cystocele  may  usually  be  palliated  by  the  use  of 
pessaries,  tampons,  and  other  treatment,  but  this  is  often 
irksome  to  the  patient.  The  only  radical  treatment  is  by 
operation.  Marion  Sims,  Emmet,  Simon,  Hegar,  and 
others,  have  devised  operations,  very  ingenious,  often  suc- 
cessful, but  not  always  permanent  in  their  results.  The 
indications  in  treatment  are  replacement  and  retention. 
The  former  is  easy,  the  latter  often  diflicult.  In  the  ma- 
jority of  cases  there  is  some  descent  of  the  uterus  as  well 
as  of  the  bladder,  and  this  must  be  treated  at  the  same  time. 
Any  relaxed  or  inflamed  condition  of  the  vagina  is  to 
be  first  removed  as  far  as  possible.  This  is  to  be  done  by 
applications  of  solutions  of  iodine  or  silver  nitrate — of 
the  former  Churchill's  solution  (75  grs.  iodine  and  90  grs. 
of  potassium  iodide  in  one  fluid  ounce  of  rectified  spirit), 
of  the  latter  thirty  to  forty  grains  to  the  ounce  of  water 
are  to  be  selected.  This  is  to  be  followed  by  a  glycerine 
tampon  ;  in  the  intervals  hot-water  vaginal  douching  or 
linseed-tea  injections  are  to  be  used  ;  subsequently  astrin- 
gent vaginal  injections  of  decoction  of  oak-bark  or  of 
solution  of  alum  should  be  employed.  Tampons  of  cot- 
ton-wool, wool-wadding,  or  oakum  saturated  with  a 
solution  of  alum  and  boracic  acid,  or  of  carbolic  acid  in 
glycerine  (5.  Pulv.  aluminis,  §ss.;  acid,  boracic,  3  j-; 
glycerinee,  I  x.,  after  a  formula  of  Dr.  Bell,  of  Glasgow), 
are  very  useful  and  even  curative  in  their  tendency.  The 
patient  herself  may  be  taught  to  insert  these  tampons, 
and  they  may  be  worn  two  or  three  days  without  be- 
coming offensive.  A  variety  of  pessaries  have  been 
used,  and  occasionally  with  advantage.  The  Hodge 
pattern  certainly  sometimes  answers  well.  Oreenhalghs 
modification,  which  consists  in  the  attachment  of  elastic 
transverse  bars,  is  valuable.  The  transverse  bars  help 
to  retain  the  prolapsed  pouch.  Skene  highly  commends 
a  pessary  devised  by  himself  (Fig.  413).    (For  further 
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Fic.  413.— Skcne^s  Cystocele  Pessary, 


consideration  of  this  subject,  including  the  various  op- 
erations for  narrowing  the  vagina  and  otherwise  curing 
prolapsus  uteri,  see  article  Displacements  of  the  Uterus 
and  Vaginal  Walls.)    A  very  rare  form  of  displacement  of 

the  bladder  is  in- 
version through 
the  urethra.  Of 
this  affection 
Winckel  has 
found  only  throe 
cases  on  record. 
In  all  of  them  it 
presented  the  ap- 
pearance of  a 
vivid  red,  round 
swelling,  project- 
ing from  the  lower  part  of  the  pelvis.  Before  replacement 
is  attempted,  if  there  be  much  inflammation  and  swelling, 
it  may  be  necessary  to  reduce  this  by  warm  baths,  sooth- 
ing fomentations  with  narcotics,  opiate  enemas,  etc.  Re- 
placement is  to  be  effected  by  finger-pressure  or  by  a  well- 
oiled,  large-sized  catheter.  The  knee-elbow  position  will 
much  favor  replacement.  Anaesthesia  may  be  necessary. 
To  retain  the  organ  a  catheter,  if  it  can  be  borne,  may  be 
kept  in  the  bladder.  Pressure  on  the  urethra  from  the 
vagina,  by  means  of  tampons,  or  a  colpeurynter,  or  other 
vaginal  pessary,  may  succeed  better.  Adhesive  plaster 
has  been  successfully  adapted  with  the  same  object  in 
view.  Attempts  have  been  made  to  effect  a  radical  cure 
by  cauterization  of  the  vesico-urethral  orifice  and  neck  of 
the  bladder,  and  by  astringent  injections. 

RuPTTJHE  OP  THE  Bladdbb. — This  formidable  accident 
rarely  occurs  in  any  but  the  distended  condition  of  the 
organ,  and  is  the  result  of  violence.  The  greater  the  dis- 
tention the  less  the  force  necessary  to  cause  mpture.  A 
fall  on  the  abdomen,  a  blow  or  a  kick  on  the  hypogas- 
trium,  have  been  the  common  causes.  The  distention  of 
the  organ  from  retroflexion  or  retroversion  of  the  gravid 
uterus,  and  that  so  frequently  following  labor,  are  in- 
stances of  the  special  predispositions  of  the  sex.  The 
commonest  and  most  dangerous  site  of  rupture  is  at  the 
fundus  and  posterior  wall  of  the  bladder,  where  it  is  cov- 
ered with  peritoneum.  But  the  anterior  wall  may  also  be 
ruptured.  In  the  first  instance,  the  urine  flows  into  the 
peritoneal  cavity  with  almost  certainly  fatal  results.  In 
tlie  second,  it  flows  into  the  cellular  tissue,  and  may  infil- 
trate this  to  a  great  extent,  even  to  the  navel.  The  symp- 
toms come  on  promptly  and  consist  of  a  sensation  of 
something  having  given  way,  violent  pelvic  and  abdom- 
inal pain,  vesical  tenesmus,  inability  to  pass  urine,  tym- 
panites, nausea,  vomiting,  cold  sweat  with  urinous  odor, 
collapse,  and  speedy  death.  The  prognosis  is  very  bad.' 
Of  97  cases  collected  by  Winckel  only  6  recovered. 
Fifty  per  cent,  died  in  5  days ;  thirty  per  cent,  in  5  to 
10  days,  the  remainder  in  10  to  20  days.  The  most 
favorable  cases  are  those  of  anterior  rupture,  in  which 
there  is  urinary  infiltration  of  the  cellular  tissue,  but  no 
mvolvement  of  the  peritoneum.  Suppuration  usually  re- 
sults, but  if  the  urine  and  products  of  inflammation  be 
promptly  evacuated  by  free  incisions  the  woman  mav  eet 
well.  •'  * 

Treatment.— 'Vfhen  the  history  and  symptoms  are  clear 
the  catheter  is  to  be  passed.  If  fluctuation  be  detected 
m  the  hypogastrium,  incisions  must  be  freely  made  to 
allow  the  escape  of  urine  and  products  of  consequent  in- 
flammation ;  then  the  urethra  is  to  be  rapidly  dilated  to 
admit  the  finger,  and,  the  rent  having  been  found  a 
catheter  is  to  be  passed  through  it  to  evacuate  the  fluids 
there  present ;  then  a  suitable  drainage-tube,  with  wings 
IS  to  be  introduced  through  the  rent  and  retained  If  the 
progress  of  the  case  be  favorable  this  is  to  be  exchanged 
later,  for  a  smaller  one.  ' 

Abdominal  section  and  drainage  is  a  mode  of  treatment 
which  majr  be  indicated,  and  is  certainly,  in  suitable  cases 
quite  justifiable,  in  view  of  its  great  success  in  analogous 
conditions.  If,  in  the  subsequent  course  of  the  case,  there 
be  evidences  of  encysted  fluid  fell  through  the  posterior 
vaginal  cul-de-sac,  it  must  be  evacuated  and  the  cavity 
drained.    Hypodermatic  injections  of  ether  or  brandy  are 
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indicated  for  the  collapse,  while  opium  must  be  given  to 
allay  pain  and  arrest  the  movements  of  the  abdominal 
and  pelvic  viscera. 

Tumors  op  the  Bladdbr-walls. — The  neoplasms  of 
the  bladder  are  mucous  polypi,  polypoid  hypertrophy 
and  cysts  of  the  mucosa,  papilloma,  fibroid  tumors 
fibromyoma,  sarcoma,  carcinoma,  and  tubercle.  They 
do  not  differ  from  the  same  growths  in  the  male.  The 
symptoms  are  similar — frequent  and  painful  passing  of 
water,  which  may  be  in  a  fine  stream  or  drop  by  drop  • 
haemorrhage  is  a  common  and  most  important  symptom  •' 
sensations  of  weight,  pressure,  or  actual  pain  in  the  loins' 
sacral  region,  thighs,  or  along  the  urethra,  are  common! 
These  symptoms  are  commonly  worse  at  the  menstrual 
periods.  The  urine  may  be  bloody,  purulent,  offensive, 
and  ammoniacal ;  fragments  of  the  growth  may  be  passed 
by  the  urine,  and  under  the  microscope  may  afford  valu- 
able indications.  Secondary  disease  of  the  bladder-coats, 
ureters,  and  kidneys  is  common.  Death  may  occur  from 
anaemia,  haemorrhage,  uraemia,  or  peritonitis,  but  the 
duration  of  the  case  may  be  many  years — nineteen  years 
in  one  case  on  record.  In  the  case  of  the  benign  growths, 
appetite  and  digestion  often  remain  lair,  in  spite  of  the 
great  sufferings  of  the  patient. 

The  diagnom,  except  by  dilatation  of  the  urethra  or 
vaginal  cystotomy  and  introduction  of  the  finger,  is  not 
easy.  Persistent  heematuria,  with  or  without  the  other 
^mptoms,  would  justify  these  modes  of  exploration. 
The  first  step  to  the  removal  of  the  growth,  when  prac- 
ticable, would  thus  also  have  been  taken.  Removal  of 
portions  of  the  growth  with  the  curette,  and  examination 
with  the  microscope,  may  afford  valuable  information. 

Prognosis. — In  the  benign  tumors  this  is  fairly  good. 
Certain  of  them  may  be  safely  removed,  and  usually  with- 
out any  fear  of  recurrence.  Such  are  polypi  and  papil- 
loma. Tuberculosis  may  last  from  one  to  two  years.  The 
malignant  growths  seldom  last  more  than  a  year. 

Treatment. — In  the  case  of  polypi  and  papilloma  re- 
moval is  the  only  proper  treatment.  The  urethra  is  to 
be  dilated  or  the  bladder  opened  by  incision  of  its  base 
through  the  anterior  vaginal  wall.  A  pair  of  forceps, 
the  finger-nail,  a  snare,  ligature,  or  the  curette,  as  the 
case  may  indicate,  is  then  to  be  used.  The  operation  by 
incision  of  the  bladder  has  the  great  merit  over  dilata- 
tion of  the  urethra  that  it  attains  the  object  in  all  cases. 
This  cannot  be  said  of  dilatation  of  the  urethra.  The 
occurrence  of  the  not  very  rare  permanent  incontinence 
of  urine  after  the  latter  operation  renders  it  a  procedure 
which,  though  easy  of  performance,  is  to  be  regarded 
with  suspicion.  After  cystotomy,  moreover,  haemor- 
rhage from  removal  of  the  growth  and  the  attendant 
cystitis  may  be  more  easily  dealt  with.  The  incision 
may  be  a  mere  longitudinal  incision,  or  it  may  be  T- 
shaped,  as  the  necessities  of  the  case  may  require.  It 
may  be  closed_  immediately  or  left  open,  for  a  time,  bo 
that  the  cystitis  so  often  present  may  be  allowed  to  get 
well  or  may  receive  proper  treatment.  For  this  purpose, 
Dr.  T.  A.  Emmet  speaks  highly  of  the  value  of  injections 
of  large  quantities  of  hot  water  into  the  bladder  through 
the  incision.  All  these  procedures  must  be  conducted  with 
the  greatest  gentleness.  For  the  control  of  hematuria, 
rest  in  bed,  ice  in  the  vagina,  bladders  of  ice-water  to  the 
hypogastrium,  vesical  injections  of  solutions  of  silver 
nitrate,  half  a  grain  to  the  ounce  of  water,  or  one 
fluidrachm  of  tincture  of  perchloride  of  iron  to  four 
fluidounces  of  water,  may  be  employed.  As  internal 
a.stringents,  tincture  of  perchloride  of  iron,  turpentine, 
dilute  sulphuric  acid,  fluid  extract  of  ergot,  and  gallic 
acid  are  all  useful.  They  must  be  given  in  full  doses, 
when  necessary.  The  addition  of  opium  will  often 
be  indicated.  Belladonna  is  often  a  most  useful  sed- 
ative. '  Either  of  these  drugs  is  often  best  given  by 
suppository  in  the  rectum.  In  case  of  retention  of  urine 
the  catheter  must  be  used,  but  always  with  the  greatest 
gentleness.  Myomata  and  fibromata  are  very  rare,  and 
unless  pedunculate  are  difficult  of  removal.  The  malig- 
nant growths  are  susceptible  of  palliation  only.  Narcotics 
must  be  used  in  suflScient  doses  to  control  the  pain  and 
vesical  tenesmus.     The  artificial  vesico-vaginal  fistula 
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may,  however,  be  feasible  as  the  most  efficient  means  for 
the  relief  of  the  latter  symptom,  as  the  coats  of  the  blad- 
der are  thereby  completely  set  at  rest. 

Inflammation  of  the  Bladder  (Cystitis). — Morbid 
Anatomy. — In  the  first  stage,  or  mildest  form,  hyperaemia 
of  the  mucosa  is  noticed.  This  frequently  leads  to  bleed- 
ing. Persistence  of  hyperaemia  leads  to  increased  secre- 
tion— catarrh.  If  the  urine  now  become  septic  (it  is 
especially  apt  to  become  so  if  mucus  be  present),  the 
croupous  form  of  cystitis  may  result.  In  still  more  severe 
forms— such  as  may  result  from  foul  catheters,  and  from 
diphtheritic  inflammation  with  extension  to  the  muscu- 
lar and  sei'ous  coats — parenchymatous  cystitis  and  peri- 
cystitis may  be  found.  In  the  worst  forms,  abscess  and 
gangrene  or  sloughing  of  the  bladder-walls  may  obtain. 
In  bad  cases  all  the  anatomical  lesions  here  enumerated 
may  be  present,  illustrating  the  successive  steps,  from  the 
mild  beginning  to  the  advanced  stages  of  the  most  severe 
form.  In  the  stage  of  congestion  the  mucosa  is  bright 
red  from  gorging  of  minute  blood-vessels.  These  easily 
give  way  and  bleeding  in  varying  amount  ensues.  The 
bleeding  may  occur  into  the  substance  of  the  tissues — 
ccehymosis.  Blood  poured  into  the  bladder  may  escape 
with  the  urine,  or  coagulate  and  form  a  clot  which  be- 
comes gradually  broken  up  and  partly  decolorized,  and 
is  expelled  as  shreds.  Varicosity  of  the  veins  may  exist 
in  chronic  congestion  or  during  pregflancy.  The  tend- 
ency to  hseinorrhage  thiis  produced  is  very  obvious. 

Vesical  catarrh  may  be  acute  or  chronic.  In  the  acute 
form  at  first  the  vessels  of  the  mucosa  are  gorged,  but 
the  epithelium  is  entire.  In 
parts,  however,  it  soon  be- 
comes separated.  As  the 
acute  stage  subsides  the  red- 
ness ceases  to  be  general,  it 
becomes  patchy,  and  a  slimy 
mucus  covers  the  membrane. 
Patches  of  slaty  discoloration 
appear.  These  are  due  to 
changes  in  blood  previously 
extravasated.  By  a  continu- 
ance of  the  process,  the  dis- 
ease becoming  chronic,  swell- 
ing with  polypoid  hyperplasia 
of  the  membrane  results.  The 
process  extends  to  the  other 
structures  —  connective  tis- 
sue, muscular  coat,  and  even 
peritoneal  investment.  In  the 
presence  of  muco-purulent 
secretion,  decomposition  of  the  urine  with  generation  of  • 
carbonate  of  ammonia  readily  ensues.'  This  renders  the 
urine  alkaline,  and,  as  a  consequence,  precipitation  of 
earthy  phosphates  takes  place  and  this  precipitate  is  de- 
posited on  the  ridgy  prominences  of  the  folds  of  the 
swollen  mucosa.  Ulceration  is  an  early  consequence 
of  this  condition,  but  the  muscular  coat  resists  it  for  a 
time;  in  severe  cases,  however,  it  is  undermined,  and 
strands  or  bridges  of  muscular  fibre  appear  in  the  blad- 
der. The  peritoneal  coat  is  thickened  and  hyperaemic, 
and  presents,  on  its  surface,  band-like  adhesions  extend- 
ing to  adjacent  viscera  and  parts.  Septicaemia  from  ab- 
sorption through  ulcers  is  not  rare.  Perforation  and 
infiltration  of  urine  may  ensue  from  extension  of  the 
ulcerative  process.  In  the  worst  forms  of  inflammation 
gangrene  ensues.  The  muscle  is  paralyzed.  The  blad- 
der is  distended  with  a  chocolate-colored  fluid,  consist- 
ing of  urine  with  an  admixture  of  pus,  altered  blood, 
and  urinary  sediment.  The  croupous  and  diphtheritic 
forms  merit  a  word  or  two  of  special  comment.  They 
may  be  partial  or  general.  In  the  croupous  form  a  layer 
of  exudation  of  fibrine  with  leucocytes  invests  the  sur- 
face of  the  mucosa,  in  part  or  in  whole,  forming  a  cast 
of  the  organ.  In  true  diphtherltis  vesicae  the  exudation 
extends  into  the  substance  of  the  mucosa,  and,  it  may 
be,  even  to  the  muscular  and  serous  coats.  In  either 
form  the  partial  or  complete  separation  of  the  vesical  mu- 
cosa may  result,  and  in  certain  cases  on  record  a  com- 
plete cast  of  the  bladder  has  been  expelled  with  great 
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pain  and  distress.  Fig.  414  represents  a  remarkable  case 
described  by  Schatz.  It  was  one  of  cystitis  with  gan- 
grene and  separation  of  a  sac  consisting  of  the  mucous 
membrane,  connective  tissue,  and  part  of  the  muscular 
coat,  from  the  rest  of  the  bladder-wall ;  it  occurred  with 
retroflexion  of  the  gravid  uterus. 

Sympioma. — These,  though  usually  pronounced  enough, 
are  sometimes,  according  to  Emmet,  quite  insidious  in 
their  onset.  In  simple  vesical  catarrh  the  patient  com- 
plains of  sensations  of  pressure,  pain  of  varying  intensity, 
and  frequent  straining  attempts  to  pass  water.  Fever  is 
absent.  The  urine  is  turbid,  brown  from  blood,  opaque 
from  mucus  and  pus,  or  dense  and  whitish  from  triple  or 
amorphous  phosphates.  In  mild,  favorable  cases  the 
symptoms  subside  in  from  ten  to  fourteen  days,  and  the 
membrane  becomes  normal.  If  the  disease  advances  and 
ulcerative  changes  take  place,  the  jsain  and  tenesmus  be- 
come more  violent.  The  pain  is  explained  by  the  spas- 
modic squeezing  together  of  the  tender  coats  of  the  blad- 
der as  it  becomes  empty.  Such  pain  may  not  only  be 
pelvic  or  perineal,  it  frequently  radiates  to  the  sacrum, 
umbilicus,  or  breast.  The  changes  in  the  urine  are  im- 
portant. At  first  of  normal  reaction  and  specific  gravity, 
it  is  apt  to  become  of  low  specific  gravity  and  alkaline 
reaction.  The  alkali  is  partly  that  of  mucus,  but  is 
mainly  ammonia  from  decomposition  of  urea.  This  is  a 
result  of  the  retention  of  urine,  and  also  of  the  introduc- 
tion of  bacteria,  as  by  foul  catheters  and  in  other  w^ys. 
In  chronic  cases  the  odor  is  not  only  intensely  ammo- 
niacal,  but  also  exceedingly  fetid  from  decomposition  of 
organic  material.  The  sediment  in  acute  cases  is  light 
and  flocculent,  consisting  of  muco-pus  and  triple  and 
amorphous  phosphates.  In  chronic  cases  it  is  heavy, 
brown  or  dirty  yellow,  and  consists  of  pus,  blood,  epi- 
thelium, shreds  of  tissue,  and  crystals.  If  the  alkalinity 
be  excessive,  the  mucus  is  very  ropy  or  stringy,  adhering 
to  the  sides  or  bottom  of  the  vessel.  When  the  kid- 
neys are  involved,  in  addition  to  the  other  microscopic 
elements,  there  are  renal  tube-casts.  These  may  be 
either  small,  light  granular,  hyaline,  epithelial,  bloody, 
or  darkly  granular  in  character.  In  the  course  of  cys- 
titis some  disturbance  of  adjacent  parts  may  occur.  1  he 
uterus,  as  a  matter  of  course,  from  its  position  most 
frequently  suffers.  Subinvolution,  congestion,  and  leu- 
corrhoea  are  not  rare.  Pelvic  peritonitis  land  cellulitis 
are  also  complications,  or  rather  the  result  of  extension 
of  the  inflammation  or  of  perforation  or  gangrene  of  the 
whole  bladder-wall.  Well-marked  symptoms  indicate 
these  complications.  In  chronic  cases  systemic  poison- 
ing, from  renal  disease  pre-existing  or  set  up  second- 
arily, or  from  absorption  of  putrid  urine  through  ulcer- 
ated or  abraded  patches  in  the  bladder,  is  a  common 
occurrence.  Uraemia  is  indicated  by  a  soporific  condi- 
tion, headache,  vomiting,  and  diarrhoea.  Septicaemia  is 
indicated  by  chills,  high  temperature,  and  sweating  in 
the  best  marked  cases.  In  cases  of  diphtheritic  cystitis 
there  may  be  retention  of  urine,  and  the  introduction  of 
a  catheter  may  fail  \o  draw  off  any  urine.  This  is  due 
to  obstruction  of  the  holes  of  the  instrument  by  the  false 
membrane. 

Diagnosis.— In.  every  case  presenting  the  symptoms 
just  described  the  practitioner  ought  to  make  a  careful 
examination  of  the  pelvic  organs.  This  examination 
ought  to  be  digital,  bimanual,  and  by  the  vaginal  specu- 
lum. The  urethra  must  be  explored  for  tumors  and 
inflammation.  It  may  be  necessary  to  pass  the  catheter 
and  to  use  a  bladder-sound.  The  urine  must  be  care- 
fully examined  for  albumen,  epithelium,  casts,  pus-  and 
blood-cells,  crystals,  flakes  of  epithelium,  or  shreds  of 
membrane.  The  conditions  with  which  cystitis  is  most 
apt  to  be  confounded  are :  urethritis  and  other  diseases 
of  the  urethra  ;  fissure  of  the  neck  of  the  bladder ;  dis- 
placements of  the  uterus,  as  prolapsus,  especially  when 
complicated  with  cystocele ;  retroversion  and  antever- 
sion ;  perimetritis  and  parametritis,  in  which  case  there 
is  probably  epi-  or  peri-cystitis ;  pregnancy,  and  certain 
neuroses  In  all  these  affections  or  conditions  micturi- 
tion may  be  frequent  and  painful.  The  urine  is  not,  how. 
ever,  specially  changed,  nor  is  vesical  tenesmus  a  symp. 

523 


Bladder. 
Bladder. 


KEFERBNCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


torn,  unless,  as  is  quite  possible,  cystitis  actually  coexists. 
Fissure  of  the  bladder-neck  is  to  be  recognized  by  dilata- 
tion of  the  urethra,  and  exploration  with  finger  ana 
endoscope,  or  probably  better  still,  by  Emmet  s  method 
of  button-hole  incision  of  the  urethra,  and  subsequent 
exploration  of  the  neck  of  the  bladder.  In  vesical  neu- 
rosis the  urine  is  healthy,  and  the  disturbance  of  mic- 
turition very  variable  in  degree,  or  even  at  times  entirely 
absent.  In  diseases  of  the  urethra  tenesmus,  as  a  rule, 
is  absent.  The  pain  and  burning  are  felt  during  the  act 
of  micturition,  which  is  not  over  frequent,  as  the  bladder 
may  be  tolerant  of  a  large  quantity  of  urine.  The  pres- 
ence of  pus  in  the  urine  is  not  of  itself  to  be  regarded  as 
certain  evidence  of  cystitis.  It  may  come  from  a  neigh- 
boring abscess  which  has  perforated  the  bladder,  or  from 
the  kidney,  etc.  A  tumor  in  the  loin  and  intermittent 
flow  of  pus  in  large  quantity  are  symptoms  of  pyelitis. 
In  urgent  cases,  when  the  diagnosis  remains  doubtful 
after  the  less  radical  methods  of  examination  have  been 
tried,  the  urethra  must  be  dilated,  and  the  bladder  ex- 
plored by  the  finger  or  endoscope.  In  this  way  tu- 
mors and  calculi  may  be  certainly  excluded  or  discov- 
ered, and  the  first  step  will  have  been  taken  for  their 
removal  or  for  other  therapeutic  measures.  The  possi- 
bility of  permanent  incontinence  of  urine  following  this 
operation  leads  certain  eminent  authorities  to  prefer  vag- 
inal cystotomy,  by  which  an  opening  is  established 
through  which  the  bladder  may  always  be  thoroughly 
explored.  The  fistula  thus  produced  is  much  more 
certainly  remediable  by  operation  than  is  the  injury 
which  may  be  inflicted  by  dilatation  of  the  urethra.  It 
has,  further,  the  great  merit  of  being  curative  in  its  re- 
sults, as  well  as  useful  for  diagnostic  purposes. 

Etiology  of  Cystitis. — The  causes  are  various.  It  is  cer- 
tainly true  that  cold  is  a  common  cause.  Chilling  of  the 
general  surface,  but  especially  of  the  hypogastrium  and 
feet,  exerts  a  powerful  influence  in  this  direction.  Over- 
distention  by  itself,  or  associated  with  cold,  as  during 
a  long  cold  drive,  is  another  common  cause.  From  mo- 
tives of  delicacy,  from  neglect,  or  from  a  lack  of  suitable 
accommodations,  women  often  suffer  seriously  from  over- 
distention  of  the  bladder.  Rheumatic  and  gouty  condi- 
tions of  the  system  certainly  predispose  to  vesical  inflam- 
mation. The  commonest  causes  are,  however,  probably 
those  incident  to  pregnancy  and  parturition.  Retrover- 
sion of  the  gravid  uterus  favoring  the  retention  of  urine 
and  over-distention  of  the  bladder  is  a  common  cause 
of  cystitis.  This  need  not  excite  wonder  if  we  reflect  upon 
the  conditions  present.  During  the  later  stages  of  preg- 
nancy, and  especially  during  labor,  the  mucosa  is  hyper- 
ffimic  and  congested,  and  it  may  be  abraded  through  press- 
ure by  the  presenting  part  and  also  through  over-disten- 
tion. After  labor  the  bladder  is  again  frequently  over- 
distended  from  retention  of  the  urine.  Inattention  on 
the  part  of  the  midwife  or  accoucheur  may  easily  per- 
mit such  a  distention  of  the  bladder  to  become  exces- 
sive— a  condition  which  of  itself  may  cause  cystitis.  But 
if  to  this  be  superadded  the  ungentle  or  unskilful  use 
of  the  catheter,  the  danger  is  greatly  increased,  for  abra- 
sions of  the  mucosa  of  the  swollen  and  often  displaced 
urethra  and  bladder  are  thus  easily  produced.  Cystitis 
is  not  rarely  produced  by  the  frequent  use  of  the  catheter, 
as  after  perineum  operations  and  laparotomy.  "Winckel 
believes  the  mucous  membrane  of  the  bladder  to  be  the 
part  of  the  body  most  sensitive  to  septic  poison.  If  this 
be  true,  and  there  is  no  reason  to  doubt  it,  the  danger  of 
foul  catheters  is  obvious.  Experiments  on  animals  have 
shown  that  septic  or  alkaline  urine  does  not  cause  much 
irritation  if  the  vesical  mucosa  be  sound  ;  but  if  it  be 
abraded,  then  severe  cystitis  results.  The  disease  may 
also  be  excited  by  an  inflammation  of  the  adjacent  vagina, 
uterus,  peritoneum,  or  cellular  tissue.  Gonorrhoea  fre- 
quently thus  extends  to  the  bladder  through  the  urethra. 
Cancer  of  the  uterus  and  vagina  often  invade  the  bladder. 
Abscesses  occasionally  burst  into  it  and  produce  inflamma- 
tion. This  is  also  true  of  extra-uterine  gestation  sacs,  der- 
moid cysts  of  the  ovary,  and  suppurating  ovarian  cysts. 
The  eruptive  fevers,  typhus,  small-pox,  scarlet  fever,  and 
measles  are  sometimes  complicated  with  cystitis,  especially 


the  croupous  form.  Injuries,  other  than  thosamentioned 
as  incident  to  labor,  such  as  blows  or  falls  over  the  blad- 
der, especially  if  it  •  be  distended,  may  prove  to  be  the 
starting-point.  In  this  connection  Dr.  Skene  draws  at- 
tention to  the  importance  of  regular  emptying  of  the 
bladder,  especially  when  travelling.  Excess  in  sexual 
intercourse,  or  violence  in  the  act,  may  also  operate  as  a 
cause.  Certain  drugs  which  are  excreted  by  the  urine 
may  irritate  and  inflame  the  bladder.  Such  are  alcohol, 
asparagus,  onions,  cantharides,  turpentine,  arsenic,  and 
other  substances. 

Prognosis. — It  is  favorable  in  the  mild  forms,  in  which 
only  simple  hypersemia,  with  bleeding  or  catarrh,  exists. 
Suitable  regimen  and  treatment  lead  to  cure  in  from  ten 
to  fourteen  days.  Quite  different  is  the  prospect  in  the 
croupous,  diphtheritic,  and  gangrenous  forms.  In  these 
the  prognosis  is  always  grave.  The  earlier  the  nature  of 
the  case  is  understood  and  suitable  remedies  are  em- 
ployed, the  better  the  chances  of  cure.  Long  persistence 
of  the  ammoniacal  condition  of  the  urine  is  very  injuri- 
ous. Perseverance  in  suitable  local  treatment  will,  how- 
ever, even  in  these  severe  cases,  frequently  result  in  cure. 
Adhesion  of  the  bladder  to  neighboring  viscera  compli- 
cates the  case  considerably,  as  it  tends  to  prevent  com- 
plete evacuation,  and  renders  necessary  the  use  of  the 
catheter  with  its  attendant  dangers  of  admission  of  air 
and  septic  matters!  Severe  chronic  cystitis,  with  ulcera- 
tion or  sacculation  of  the  bladder,  is  a  most  obstinate  and 
often  incurable  disease. 

Prophylaxis. — Most  of  what  may  be  said  on  this  point, 
has  been  anticipated  in  the  remarks  on  etiology.  It  will 
not,  however,  be  out  of  place  even  at  the  risk  of  repe- 
tition, to  Warn  the  practitioner  of  certain  avoidable  dan- 
gers. The  parturient  and  lying-in  woman  must  be  care- 
fully guarded  against  over-distention  of  (he  bladder.  No 
statement  made  by  patient  or  nurse  on  this  head  is  to 
be  accepted  as  reliable.  The  practitioner  must  examine 
for  himself.  If  the  catheter  be  necessary,  it  must  be  a 
clean  and  new  one,  if  it  be  flexible.  A  metallic  catheter, 
while  not  so  suitable  under  certain  circumstances,  pre- 
sents the  advantage  that  it  may  be  easily  and  thoroughly 
disinfected,  as  by  boiling  water  or  the  flame  of  a  spirit- 
lamp.  A  number  of  small  openings  near  the  end  are  bet- 
ter than  one  or  two  large  ones.  It  not  rarely  happens 
that  in  the  latter  case  the  mucosa  of  the  bladder  is  drawn 
into  the  openings,  and  becomes  abraded  during  the  forci- 
ble withdrawal  of  the  instrument.  A  source  of  danger 
is  the  introduction,  by  means  of  the  catheter,  of  septic 
matter  from  the  discharges  bathing  the  vagina  and  vulva. 
This  may  be  prevented,  however,  by  irrigating  these  parts 
1  with  an  antiseptic  lotion,  immediately  before  the  catheter 
is  introduced. 

Curative  Treatment. — In  all  but  the  very  mildest  cases, 
the  patient  must  be  put  to  bed,  the  skin  got  to  act  gently, 
and  a  mild,  unstimulating,  and  liquid  diet  prescribed.  It 
is  important  to  render  the  urine  as  dilute  and  unirritatinj 
as  possible.  If  it  be  highly  acid,  doses  of  from  ten  to 
twenty  grains  of  the  bicarbonate,  citrate,  or  acetate  of 
potash  in  half  a  tumblerful  of  water,  every  four  hours, 
will  be  useful.  The  same  object  is  attained  by  large 
draughts  of  super-carbonated  potash-water,  ApoUinaris 
water,  linseed  tea,  or  decoction  of  triticum  repens.  Milk 
and  potash-water  form  an  admirable  combination.  A 
milk  diet  alone  greatly  conduces  to  the  cure  of  cystitis. 
It  may  be  taken  cold  or  warm,  skimmed  or  not,  as  the 
patient  may  fancy,  but  must  be  taken  in  large  quantities. 
If  there  be  appetite,  and  if  the  temperature  be  normal,  the 
patient  may  be  allowed  eggs  and  the  lean  part  of  fresh 
meat.  Sauces,  condiments,  spices,  and  seasoned  food  gen- 
erally must  be  avoided.  The  bowels  must  be  kept  regu- 
larly open.  On  the  importance  of  this  point  two  eminent 
authorities,  Skene  and  Winckel,  agree.  For  this  pur- 
pose, salines  are  the  best  laxatives.  Hunyadi,  Vichy, 
Congress,  ApoUinaris,  or  other  mineral  waters,  or  a  tea- 
spoonful  or  two  of  Epsom  salts  in  a  large  glass  of  water 
will  answer  if  taken  fasting.  Skene  reports  having  seen 
a  case  of  cystitis,  of  several  months'  duration,  cured  by  a 
severe  attack  of  cholera  morbus.  Alkalis  must  not  be 
pushed  too  far.     The  indication  is  merely  to  render 
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highly  acid  urine  slightly  alkaline.  Decided  alkalinity  is 
to  be  avoided,  as  this  condition  leads  to  precipitation  of 
phosphates,  and  possible  formation  of  calculi.  Certain 
vegetable  diuretics  are  useful.  Buchu  is  one  of  the  best ; 
the  infusion  is  the  best  preparation.  It  is  a  good  vehicle 
for  the  alkalis,  or  other  necessary  drugs. 

Benzoic  acid,  or  the  benzoate  of  ammonia,  is  a  useful 
medicine  in  cystitis.  It  forms  a  good  combination  with 
infusion  of  buchu.  Pain  and  tenesmus  must  be  con- 
trolled by  narcotics  and  sedatives.  It  is  better  to  avoid 
opium  as  long  as  possible,  and  to  ^ive  only  what  may  be 
necessary  to  control  urgent  symptoms. 

Hyoscyamus,  belladonna,  hops,  or  camphor  may  suf- 
fice. The  bromides  and  hydrobromic  acid  are  often  most 
valuable,  but  must  be  given  in.fuU  doses.  When  opium 
or  morphia  are  needed  the  rectal  suppository  is  to  be  se- 
lected as  the  best  method  of  administration.  When  the 
acute  stage  is  passed,  balsamic  drugs  are  useful.  Those 
to  be  preferred  are  copaiba,  balsam  of  Peru,  tar,  turpen- 
tine, oil  of  sandalwood  ;  compound  tincture  of  benzoin 
is  also  a  good  selection.  The  association  of  much  pus 
and  mucus  In  the  urine,  with  slight  pain,  calls  for  the 
astringents.  The  uva  ursi,  in  full  doses  of  the  decoc- 
tion, is  one  of  the  best.  Mustard  and  linseed-meal  poul- 
tices to  the  hy^ogastrium,  and  copious  hot-water  vaginal 
douching  are  most  useful.  Such  measures  may,  and  of- 
ten do,  suffice  for  the  mild  cases,  but  in  the  severer  forms 
they  often  fail.  In  cases  of  every  grade  of  severity,  when 
the  symptoms  do  not  yield  in  a  few  days,  vesical  injections 
must  be  used,  lest  the  use  of  the  most  efficacious  of  all  the 
remedies  be  unduly  delayed.  The  topical  use  of  remedies 
in  affections  of  the  bladder  is  a  most  valuable  resource, 
provided  the  mode  of  administration  be  skilful ;  otherwise 
the  treatment  naay  be  injurious.  Gentleness  is  all-impor- 
tant, lest  the  urethra  or  bladder  be  abraded,  or  worse  in- 
jured. Forcible  injection  or  much  distention  is  to  be 
avoided.  For  these  reasons  the  fountain-syringe  is  the  best. 

A  cheap  and  efficient  apparatus  is  the  following :  A 
glass  funnel  holding  four  ounces,  one  and  a  half  or  two 
feet  of  rubber-tubing,  and  a  gum-elastic  catheter.  No.  7  or 
8,  English,  shortened  to  eight  inches.  The  rubber-tubing 
is  attached  by  one  end  to  the  funnel  and  by  the  other 
to  the  catheter ;  the  point  of  the  catheter  must  merely 
enter  the  bladder,  lest  by  violent  contact,  from  forcible 
contraction,  or  otherwise,  the  mucosa  be  abraded.  To 
provide  for  this  a  flange  or  guard  of  thin  wood  or  of 
flat  rubber,  one-eighth  inch  thick,  and  perforated,  is 
slipped  over  the  end  of  the  catheter  to  a  distance  of  two 
or  three  inches  from  the  point.  The  apparatus  described 
is  simple,  efficient,  and  cheap.  With  the  necessary  ma- 
terials at  hand,  the  physician  can  get  such  an  apparatus 
ready  in  a  few  minutes.  It  is  the  safest  to  entrust  to  the 
patient  or  attendant  when  this  must  be  done.  The  patient 
lies  on  her  back  ;  the  catheter  is  introduced  ;  the  fluid  is 
poured  into  the  funnel ;  it  is  gently  raised  above  the  level 
of  the  bladder  ;  the  fluid  enters.  After  a  few  minutes' 
contact  with  the  interior  of  the  bladder,  it  is  withdrawn 
by  lowering  the  funnel  below  the  level  of  the  bladder. 

Much  good  is  often  done  by  injections  which  merely 
wash  out  the  bladder.  Plain  warm  water  is  very  useful. 
A  weak  solution  of  sodium  chloride  or  potassium  chlorate 
is  better.  A  strength  of  from  three  to  five  grains  to  an 
ounce  of  water  is  suitable.  A  solution  of  carbolic  acid, 
one  to  sixty,  will  check  suppuration  and  remove  fcetor. 
Certain  astringent  drugs  are  often  useful.  Acetate  of 
lead,  sulphate  of  zinc,  alum,  and  tannic  acid,  each  may  be 
used  in  the  strength  of  from  one  to  three  or  four  grains  to 
the  ounce  of  water.  The  most  valuable  of  all  is  the  silver 
nitrate.  This  is  only  in  keeping  with  what  we  know  of 
its  value  in  inflammations  of  other  mucous  membranes. 
It  has  often  been  used  in  the  strength  of  one  to  two  grains 
to  the  ounce,  but  such  solutions  are  much  less  efficacious 
than  stronger  ones.  The  writer  can  vouch  for  the  efficacy 
and  safety  of  solutions  of  from  twenty  to  forty  grains  to 
the  ounce  ;^one  ounce  of  the  solution  may  be  allowed  to 
flow  into  the  bladder  and  after  a  few  minutes  permitted 
to  escape.  It  causes  severe  pain  for  a  short  time  only, 
as  a  rule.  The  hypodermic  syringe  ought  to  be  at  hand 
in  case  of  necessity. 


The  writer  believes  that  a  sufficiently  early  use  of  these 
strong  vesical  injections  might  obviate  the  necessity  for 
the  operative  procedures  for  the  cure  of  cystitis,  to  be 
presently  described.  As  a  rule  they  ought  to  be  admin- 
istered to  the  patient  lying  in  bed.  The  writer  has,  how- 
ever, administered  them  to  a  patient  in  his  office,  and 
has  sent  her  home  in  a  cab,  without  preventing  the  good  re- 
sults. The  inefficiency  of  the  weaker  solutions,  and  the 
safety  and  efficacy  of  the  stronger  ones,  may  be  explained 
by  partial  precipitation  of  the  silver  salt  by  the  chlorides 
of  the  urine  and  by  the  vesical  mucus.  Mr.  Coulson 
strongly  advises  and  reports  cures  by  injections  of  nitric 
acid — one  dro{)  of  the  strong  acid  to  an  ounce  of  water. 
Dr.  Skene  has  used  two  drops  of  nitro-muriatic  acid  to 
the  ounce.  Anodyne  injections  have  been  used  with 
benefit.  One  to  two  grains  of  morphia  to  the  ounce  of 
water  is  a  suitable  formula  ;  ten  to  fifteen  grains  of 
chloral  to  an  ounce  of  water  is  another. 

In  severe  or  neglected  cases  of  cystitis  all  such  meas- 
ures fail,  and  if  the  patient  is  to  be  cured,  rest,  so  con- 
ducive to  the  recovery  of  every  diseased  organ,  must  be 
secured  to  the  bladder.  This  has  been  sought  in  a  variety 
of  ways.  Drainage  of  the  bladder  by  a  catheter  retained 
in  the  urethra  has,  in  some  cases,  answered  admirably, 
because  of  the  rest  thereby  secured.  But  it  is  only  in  ex- 
ceptional cases  that  at  a  first  attempt  the  urethra  will  thus 
tolerate  the 
presence  of  a 
catheter,  but 
in  many,  af- 
ter persever- 
ing efforts^ 
have  been 
made,  the  ca- 
nal becomes 
tolerant.  Dr. 
Goodman 
succeeded  in 
several  cases 
by  employ- 
ing a  oath-  ^ 
eter,  two 
inches  long, 

bent    to   cor-  jtjg  4i5__(j_  Holt's  Self-retaining  Catheter ;  b,  Skene's 
respond      t  O  Modiflcation. . 

the  curva- 
ture of  the  urethra ;  at  the  lower  or  external  end  there 
is  a  button,  ten-sixteenths  of  an  inch  in  diameter,  and 
at  the  other  a  shoulder  expansion,  varying  from  five-six- 
teenths to  seven-sixteenths  of  an  inch  in  diameter,  per- 
forated with  a  number  of  small  holes.  In  favorable  cases 
this  catheter  is  self -retaining  in  all  positions  of  the  patient. 
In  many  cases  a  perfectly  flexible  rubber  catheter  will  an- 
swer as  well,  or  better.  Pig.  415,  a,  illustrates  Holt's 
self-retaining  catheter,  and  b,  a  modification  of  it  found 
very  useful  by  Dr.  Skene. 

The  modification  consists  in  cutting  the  catheter  into 
strips  near  the  end  ;  these  strips  are  then  made  to  spread 
out  like  an  umbrella,  the  gap  or  space  thus  created  tak- 
ing the  place  of  the  eye  (Fig.  415,  J).  Every  such  in- 
strument must  be  regularly  removed  and  thoroughly 
cleansed.  Rapid  dilatation  of  the  urethra  has,  in  a  num- 
ber of  cases,  cured  cystitis.  It  is  supposed  to  act  by  se- 
curing rest  and  drainage  ;  inasmuch  as  incontinence  com- 
monly follows  for  a  few  days.  But  this  incontinence  is 
sometimes  permanent  and  incurable — a  most  formidable 
objection  to  the  procedure.  None  of  these  measures  se- 
cures the  desired  object  at  all  so  perfectly  as  does  the 
next  to  be  mentioned,  viz.,  vaginal  cystotomy,  or  arti- 
ficial vesico-vaginal  fistula.  The  late  Dr.  J.  Marion  Sims, 
on  one  occasion,  left  open  for  some  months  the  incision 
in  the  vesico-vaginal  septum  through  which  he  had  re- 
moved a  calculus.  The  objects  which  he  had  in  view 
were  rest  of  the  organ  and  facility  for  local  treatment  of 
the  consequent  cystitis.  This  suggested  to  Dr.  Emmet 
the  same  operation  for  obstinate  cystitis,  however  induced. 
To  him  is  due  the  credit  of  having  popularized  a  m9st 
beneficent  procedure,  which  will  lead  to  the  cure  of  cases 
otherwise  incurable.     By  the  opening  thus  made,  the  blad- 
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der-muscle  is  set  completely  at  rest.  The  urine  drains 
away  as  fast  as  it  trickles  from  the  ureters.  The  patient  is 
at  once  relieved  from  pain  and  the  loss  of  rest  from  the  in- 
cessant attempts  to  empty  the  bladder.  Through  the 
opening,  the  bladder  is  regularly  irrigated  with  plain 
warm  or  medicated  water.  "With  proper  precautions  the 
operation  is  not  difficult'  or  dangerous,  and  when  no 
longer  necessary  the  opening  can  be  closed  in  the  ordi- 
nary way.  This  must  usually,  however,  be  delayed  for 
several  months. 

I  will  now  describe  these  two  operations,  both  of  which 
have  been  frequently  alluded  to  in  the  foregoing  descrip- 
tions. Like  most  of  the  procedures  employed  by  the 
gynaecologist  they  are  of  value  both  for  diagnostic  and 
for  curative  purposes. 

Rapid  Dilatation  of  the  Urethra.— This  has  been  per- 
formed in  a  variety  of  ways.  The  outer  end  of  tlie 
urethra  is  the  narrowest  and  least  distensible  part,  and  it 
is  very  apt  to  be  lacerated.  The  late  Professor  Simon,  of 
Heidelberg,  devised  a  set  of  dilators  for  performing  this 
operation.  He  claimed  that  by  these  instruments  the 
danger  of  the  greatly  dreaded  permanent  incontinence 
was  reduced  to  a  minimum.  Such  instruments  are,  how- 
ever, unnecessary.  The  dilatation  may  be  begun  with  a 
uterine  two-bladed  dilator.  When  this  has  commenced 
the  process,  a  series  of  small  rectal  bougies  may  be  made 
to  follow,  till  first  the  little  finger,  and  finally  the  index 
finger,  have  been  gently  coaxed  through  the  urethra  into 
the  bladder.  The  advantage  of  a  finger  in  the  bladder, 
for  purposes  of  diagnosis,  are  obvious.  It  is  not  alone  in 
diseases  of  the  urethra  and  bladder,  but  also  in  many 
conditions  of  the  uterus  that  much  information  may  be 
thus  gained.  From  a  therapeutic  point  of  view  it  will 
suffice  to  mention  that  calculi,  growths,  and  foreign 
bodies  have  frequently  been  thus  removed  with  perfect 
success.  For  this  purpose  it  is  quite  practicable  to  pass 
by  the  side  of  the  finger  a  forceps,  lithotrite,  or  other  in- 
strument of  similar  form  that  may  be  required.  The  great 
objection  to  the  operation  is  the  very  considerable  danger 
of  permanent  incontinence  resulting  from  laceration  of 
the  urethra  at  its  upper  part.  If  the  whole  number  of 
such  cases  could  be  collected  it  would  certainly  be  con- 
siderable. That  care,  skill,  and  experience  cannot  always 
prevent  it  is  shown  by  the  fact  that  the  accident  has  oc- 
curred to  the  most  eminent  surgeons.  The  result  is  a 
most  distressing  infirmity.  Union  of  the  lacerated  sitr- 
faces  may  be  secured,  but  this  will  not  restore  retentive 
power  to  the  bladder. 

Vaginal  Cystotomy. — With  proper  precautions  this  op- 
eration is  neither  difficult  nor  dangerous  of  performance. 

A  sound  is  introduced 
within  the  bladder  and 
its  point  made  to  project 
on  the  anterior  vaginal 
wall  in  the  middle  line 
and  a  little  behind  the 
FiQ.  416.— Bache-Emmet's  PiBtuia-tube.    neck    of    the    bladder. 

The  projecting  tissues 
are  steadied  by  a  tenaculum  and  by  scissors,  and  the 
opening  into  the  bladder  is  made  and  extended  to  about 
an  inch  in  length.  The  point  just  indicated  is  selected 
to  avoid  the  ureters  and  certain  important  blood-ves- 
sels at  the  neck  of  the  bladder.  The  main  difficulty  in 
the  after-treatment  is  to  keep  the  incision  open.  To  obvi- 
ate this  Dr.  Montrose  Fallen  makes  the  incision  by  the 
knife  of  the  thermo-cautery.  Dr.  Bozeman  removes  an 
elliptical  portion  of  the  base  of  the  bladder.  Dr.  Emmet 
formerly  inserted  a  glass  eyelet  into  the  opening.  Dr. 
Bache-Emmet  devised  a  fistula  tube  (Fig.  416),  with  the 
double  object  of  maintaining  the  opening  and  conducting 
awajr  the  urine  to  a  receptacle.  The  object  is  probably 
attamed  with  the  greatest  certainty  by  Dr.  Emmet's  most 
recent  modification  of  the  operation,  which  consists  in 
uniting,  by  fine  carbolized  silk  sutures,  the  edges  of  the 
vaginal  and  vesical  mucous  membrane  in  the  incision. 
Dr.  Emmet  points  out  an  important  source  of  danger  in 
the  use  of  ether  for  the  performance  of  this  operation. 
The  cases  of  cystitis  which  call  for  this  operation  are 
not  rarely  complicated  with  extension  of  the  disease  to 


the  ureters  and  kidneys.  If  the  urine  contain  tube-casts 
ether  is  to  be  avoided  as  dangerous,  and  opium  in  a  full 
dose  is  to  be  used  instead.  The  operation,  if  it  is  to 
cure  the  patient,  must  be  done  before  the  kidneys  have 
become  involved.  It  is  usually  necessary  to  keep  open 
the  fistula  for  several  months — long  enough  to  render 
the  cure  certain.  The  operation  for  its  closure  is  per- 
formed in  the  ordinary  way. 

Vbsico-tjkkthkai.  Fissure. — Such  a  condition  is  be- 
lieved by  certain  authorities  to  be  far  from  rare.  It  is  a 
crack  or  fissure  between  the  folds  of  the  mucosa,  at  the 
point  of  junction  of  the  urethra  and  bladder.  It  presents 
the  appearance  of  an  elongated,  grayish-red,  ulcerated  spot, 
with  the  greater  part  of  its  length  in  the  urethra.  The  great 
suffering  attendant  on  this  condition  is  due  to  irritation  by 
the  urine,  which  excites  painful  spasmodic  contractions. 

Symptoms. — They  are  not  reliable.  They  resemble  those 
produced  by  cystitis  and  urethritis.  The  patient  com- 
plains of  a  constant  feeling  of  desire  to  micturate,  with 
burning  pain  referred  to  the  neck  of  the  bladder.  There 
is  much  straining,  and  after  micturition  the  pain  and  burn- 
ing are  most  intense.  The  diagnosis  is  often  difficult. 
Cystitis  and  urethritis  are  the  conditions  with  which  it 
may  be  confounded,  but  with  which  it  is  also  often  asso- 
ciated, and  which  are  not  rarely  its  cause.  The  absence 
of  the  products  of  cystitis  in  the  urine  would  exclude 
that  disease.  Dr.  Skene  claims  to  have  often  diagnosed 
it  by  his  endoscope.  Emmet  has  never  succeeded  in  thus 
recognizing  its  presence.  For  the  majority  of  observers 
it  will  be  diagnosed  by  excluding  cystitis  and  urethritis 
in  the  presence  of  the  subjective  symptoms  just  described. 
The  causes  are  urethritis  and  cystitis,  which  get  well 
everywhere  except  at  one  point.  The  causes  of  cystitis 
and  urethritis  are,  therefore,  remotely  those  of  fissure. 
Hence  injuries  during  labor,  from  the  catheter,  and  those 
produced  during  the  passage  of  small  calculi,  may  estab- 
lish the  lesion. 

2'reatment. — In  view  of  the  great  suffering  which  at- 
tends the  disease,  this  is  most  important.  Emmet  believes 
in  the  efficacy  of  only  one  remedy,  namely,  rest  to  the 
muscular  coat,  by  opening  the  urethra  in  the  manner  al- 
ready described,  if  the  symptoms  are  not  very  urgent,  or 
if  more  pronounced,  the  bladder,  and  treating  the  case  as 
for  cystitis,  which  condition,  if  it  does  not  exist,  must  in- 
evitably be  produced.  When  the  bladder  has  been 
opened,  the  edges  of  the  wound  are  to  be  held  apart  by  a 
double  tenaculum.  A  laryngeal  mirror  with  flexible  cop- 
per shank  is  then  held  in  the  bladder,  and,  by  a  tenacu- 
lum, the  folds  in  the  mucosa  at  the  neck  are  separated, 
when,  if  a  fissure  exists  it  will  be  seen.  The  subsequent 
treatment  will  be  the  same  as  for  cystitis,  viz.,  injections 
of  hot  water,  and,  in  addition,  a  slight  incision  of  the  fis- 
sure with  a  scalpel,  as  is  practised  in  cases  of  fissure  of 
the  rectum. 

_  Vesical  and  urethral  injections  and  instillations  are  of 
little  or  no  value.  Cauterizations  as  well  as  an  incision 
through  the  urethra,  are  difficult  to  practise.  Dilatation 
of  the  urethra  is  easy  enough  of  performance,  and  is 
sometimes  efficacious.  It  need  not  be  carried  to  any 
great  extent,  such  as  may  entail  the  risk  of  laceration 
or  permanent  incontinence.  Professor  Skene's  method 
is  to  ascertain  that  size  of  sound  which  can  be  passed 
with  ease,  and  then  to  pass  in  succession  three  or  four 
larger  sizes.  This  is  often  sufficient.  The  urine  ought 
to  be  rendered  as  healthy  as  possible  before  the  opera- 
tion, and  so  maintained  afterward. 

Foreign  Bodies  and  Calculi  ov  the  Pemalk 
Bladder. — There  are  three  possible  sources  : 

1.  From  neighboring  parts  and  viscera  from  which  the 
foreign  bodies  find  their  way  inC©  the  bladder  by  perforat- 
ing ulceration.  Such  are  the  contents  of  ovarian  cysts, 
of  dermoid  cysts,  of  extra-uterine  foetation  sacs,  of  loops 
of  the  intestine,  and  of  the  gall-bladder.  From  the  latter 
sources  portions  of  ingested  food,  worms,  etc.,  and  biliary 
calculi  may  reach  the  urinary  bladder.  Echinococci  may 
find  their  way  into  the  bladder  from  neighboring  struc- 
tures in  the  pelvis.  From  the  kidney,  by  way  of  the 
ureter,  renal  calculi  and  portions  of  the  structure  of  the 
kidney  may  come  to  the  bladder. 
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Bladder, 
Bladon  Springs. 


a.  Foreign  bodies  introduced  from  T^ithout.  The 
greatest  possible  variety  of  objects  have  been  found  In 
the  bladder,  having  been  introduced  into  it  by  mastur- 
bating, insane,  and  prurient  vromen.  The  Induction  of 
abortion  appears  to  have  been  the  object  in  certain  cases. 
Hair-pins  and  other  pins,  needles,  bodkins,  tooth-picks, 
pencils,  goose-quills,  and  pieces  of  wood  are  among  the 
objects  which  have  thus  reached  the  bladder.  A  foreign 
body  in  the  bladder,  if  retained  long  enough,  usually  be- 
comes the  nucleus  around  which  the  salts  of  the  urine 
collect  to  fonn  a  calculus.  Fig.  417  represents  a  large 
stone  formed  around  a  hair-pin  ;  it  was  removed  by  va- 
ginal lithotomy  by  Dr.  Angus  McDonald,  of  Edinburgh. 


Fig.  417. — ^Vesical  Calculus  formed  around  a  Hair-pin. 

By  accident,  a  piece  of  catheter  may  break  offl  in  the  blad- 
der during  self -catheterization. 

3.  Foreign  bodies  which  have  formed  in  the  bladder. 
These  consist  of  the  various  forms  of  urinary  calculi,  the 
composition  of  which  is  the  same  as  in  the  case  of  those 
found  in  the  male.  Vesical  calculus  formed  from  renal 
calculus  as  a  nucleus,  or  originating  from  concretions 
formed  in  the  bladder,  is  much  rarer  than  in  the  male. 
The  dilatability  and  shortness  of  the  urethra  usually 
permit  of  their  expulsion  before  they  attain  a  size  which 
prevents  this.  A  large  proportion  of  vesical  calculi  in 
women  have  for  a  nucleus  some  foreign  body  introduced 
from  without.  The  composition  may  be  uric  acid,  phos- 
phates, oxalate  of  lime,  or  cystine.  They  occur  at  all 
ages,  but,  according  to  Winckel,  most  frequently  in  chil- 
dren. Every  variety  of  size  of  calculus,  from  a  grain  of 
sand  to  a  child's  head,  may  be  found.  The  situation  is 
usually  the  deepest  part  of  the  organ  behind  the  trigo- 
num.  The  stone  may  be  encysted  or  may  lie  in  a  pouch. 
If  it  be  of  large  size  or  if  there  be  several  calculi,  a  pro- 
lapse or  cystocele  of  the  bladder  may  result. 

Symptoms. — These  depend  on  the  cause,  form,  and 
other  physical  characters,  the  size  and  number  of  the 
stones  or  other  foreign  bodies,  and  upon  complications. 
When  the  source  is  from  without  the  bladder,  the  sub- 
stance reaching  it  by  perforation,  there  is  a  history  of 
pelvic  peritonitis  with  bladder  irritation  which  may  be  of 
considerable  duration.  On  the  other  hand,  certain  small, 
round,  and  smooth  substances  may  exist  in  the  bladder 
without  producing  any  marked  sjrmptoms.  In  the  case  of 
rough,  heavy,  and  rapidly  forming  stones,  the  symptoms 
are  severe,  and  consist  of  frequent  and  painful  straining 
attempts  to  pass  urine,  which  contains  pus  and  blood. 
Not  rarely  vesico-vaginal  fistula  has  resulted  from  ulcer- 
ation of  the  floor  of  the  bladder.  The  pain  is  not  con- 
fined to  the  hypogastrium,  but  radiates  in  various  direc- 
tions, both  upward  and  downward.  These  paroxysms  of 
pain  occasionally  exist  during  pregnancy,  and  may  com- 
plicate labor  in  a  most  important  way. 

Diagnosis. — The  sound  is  to  .be  passed,  and  one  or  two 
fingers  should  be  introduced  into  the  vagina,  when  the 
stone  or  other  body  may  usually  be  detected.  In  the 
case  of  an  encysted  stone  or  of  substances  which  do  not 
resound  to  the  touch  of  a  metallic  instrument,  this  method 


may  fail.  The  urethra  must  then  be  dilated  and  the 
finger  inserted,  or  the  vesico-vaginal  septum  must  be  in- 
cised ;  and  so,  while  the  diagnosis  is  by  this  means  ren- 
dered certain,  the  operation  for  removal  of  the  offend- 
ing body  is  performed. 

Treatment. — This  consists  in  following  a  single  indica- 
tion— the  necessity  of  accomplishing  a  prompt  removal. 
This  may  be  done  mainly  in  two  ways— through  the 
urethra  after  dilatation,  and  by  way  of  an  incision  made 
through  the  vesico-vaginal  septum.  The  first  method  is 
to  be  resorted  to  only  in  the  case  of  small  friable  stones 
or  other  substances,  and  in  the  absence  of  severe  inflam- 
mation of  the  bladder.  The  amount  of  dilatation  required 
to  permit  of  the  introduction  of  forceps  and  of  the  ex- 
traction of  the  foreign  body  is  so  considerable  that  the 
danger  of  the  terrible  and  irremediable  result,  of  perma- 
nent incontinence  of  urine,  is  very  great.  In  the  case  of 
soft  stones  of  moderate  size  the  lithotrite  may  be  used,  and 
the  fragments  washed  out.  In  all  cases  in  which  the  for- 
eign body  is  of  moderate  or  large  size,  and  especially  when 
the  cystitis  is  severe,  the  method  by  incision  is  to  be  pre- 
ferred ;  the  opening  being  left  open  for  treatment  of  the 
cystitis.  The  mode  of  performance  of  these  operations, 
and  the  subsequent  treatment  of  the  bladder,  have  been 
already  described.  When  a  vesical  cal(;ulus  is  found  in 
a  woman  in  labor  it  ought  to  be  promptly  removed,  as 
otherwise  the  danger  of  serious  injury  to  the  bladder 
during  the  delivery  of  the  child  is  very  great. 

Willicmi  Oa/rdner. 

1  Skene  :  Diseases  of  the  Bladder  and  Urethra  in  Women.    Wm.  Wood 
&  Co.,  1878. 
3  Emmet :  Principles  and  Practice  of  Gynecology,  3d  edition,  1884. 
3  American  Jour.  Obst.,  vol.  xiii.,  page  265. 
*  Billroth's  Uandbuch  der  Frauenkrankheiten,  9.  Abschnltt, 

BLADON  SPRINGS.  Location  and  Post- Office,  Bla.&on 
Springs,  Choctaw  County,  Ala.,  on  the  Tom  Bigbee 
River,  eighty-five  miles  north  of  Mobile,  whence  it  is  ac- 
cessible by  boat. 

These  springs  were  opened  to  the  public  in  1844,  and 
have  long  been  the  favorite  resort  of  the  inhabitants  of 
the  Gulf  States,  Situated  in  the  pine  forest,  and  remain- 
ing open  all  the  year  round,  they  offer  unusual  induce- 
ments to  invalids  from  the  Northern  States.  The  climate 
is  equable,  the  air  dry,  and  the  mean  temperature  of  the 
year  about  50°  F. 

During  the  fall  and  winter  the  shooting  is  excellent, 
the  game  being  deer,  fox,  and  wild  duck.  A  pack  of 
hounds  is  kept  near  by.     There  are  four  springs. 

Analysis. 
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Thbrapbdtic  Pkopbktibs.  These  are  alkaline  waters 
slightly  charged  with  carbonic  acid  gas.  They  are  useful 
in  catarrhal  diseases  of  the  lungs,  alimentary  canal,  and 
urinary  organs.  They  are  diuretic,  and  render  the  urine 
alkaline.  By  their  use  the  appetite  increases  and  the 
general  health  improves. 

There  is  one  large  hotel.  Oeo.  B.  Fowler. 

BLASTODERM.    Blastoderm  is  a  tenn  of  somewhat 
varied  signification  according  to  the  animal  to  which  it 
is  applied,  and,  indeed,  according  to  the  stage  of  develop- 
ment.    The  blastoderm  of  vertebrates  is  different  from 
the  so-called  blastoderm  of   many  invertebrates.     The 
term  is  applied  especially  to  meroblastic  ova,  but  is  also 
used  in  reference  to  the  mammalian  ovum  ;  it  designates 
the  layer  or  layers  of  cells,  which  partially  or  completely 
cover  the  yolk,  and  directly  participate  in  the  formation 
of  the  embryo.  The  blastoderm  may  be  defined  as  the  stratum 
of  cells  resulting  from  segmentation  of  the  omm,  and  not 
belonging  to  tlie  yolk.    We  cannot  enter  into  a  detailed 
comparison  of   the  blastoderm    throughout   the  animal 
kingdom ;  let  it  suffice  to  point  out  that  the  structures 
so-called  are  by  no  means  always  homologous.     Thus,  in 
insects,  segmentation  is  partial  and    produces  a  single 
layer  of  cells  (Fig.  418),  which  gradually  spreads  over  the 
yolk  and  apparently  represents 
only  the  ectoderm.     In  verte- 
brates, however,  the  blastoderm 
is  more  complex,  and  consists, 
in  most  forms,  of  several  layers 
of  cells,  or  rather  at  first  of  a 
thick  stratum  of  cells  not  sepa^ 
rated  into  distinct  layers  until 
later  stages.     The  typical  verte- 
brate blastoderm  can,  perhaps, 
be  best  seen  in  the  eggs  of  bony 
fishes.    The  disposition  has  been 
very  carefully  studied  by  Dr.  C. 
O.  Whitman,  to  whom  I  am  in- 
debted   for   the  accompanying 
semi-diagrammatic  figure  (419) 
of  the  ovum  and  blastoderm  of  a 
^'S^SrM,Sua!*  IStel  ^Tder.  The  ovum  is  surround- 
Bobretzky.)  ed  by  a  vitellme  membrane,  z, 

from  which  it  has  slightly  with- 
drawn, notably  at  the  upper  pole,  where  lies  the  thick 
cap  of  cells  constituting  the  blastoderm,  Bl ;  in  the  stage 
represented  the  outer  layer  of  cells  is  just  becoming 
marked  off  as  a  distinct  layer,  the  ectoderm  ;  underneath 
the  blastoderm  is  the  well-marked  segmentation  cavity, 
s.e.  ;  everywhere  at  the  edge  of  the  blastoderm  lies  the 
segmenting  zone,  kw.,  a  ring  of  granular  protoplasm 
with  rapidly  dividing  nuclei ;  the  cells  resulting  from 
these  divisions  are  added  to  the  edge  of  the  blastoderm, 
which  thus  enlarges  by  peripheral  additions  as  well  as 
by  the  proliferation  of  its  component  cells.  The  segment- 
ing zone  is  prolonged  inward,  forming  the  floor  of  the 
segmentation  cavity,  or  as  it  is  named,  the  subgerminal 
plate,  s.g.  This  plate  grows  in  from  the  preriphery  to- 
ward the  centre  ;  it  contains  nuclei  and  thins  out  from 
the  edge  of  the  blastoderm  inward.  The  segmenting 
zone,  kw.,  is  essentially  the  homologue  of  the  germinal 
wall  of  the  amniota,  which  has  been  described  under 
Area,  but  it  is  sharply  bounded  against  the  yolk,  and  in 
that  respect  differs  from  the  wall  in  the  chick,  because  in 
the  latter  the  germinal  wall  merges  gradually  into  the 
yoiJs. 

In  the  ovum  of  elasmobranchs  (sharks,  etc.),  we  find  at 
the  so-called  close  of  segmentation,  that  the  blastoderm  is 
a  lenticular  mass  of  cells,  a  little  thickened  at  one  point 
where  the  primitive  streak  arises  later,  and  resting  at  its 
edge  upon  the  very  large  yolk,  which  forms  an  encircling 
zone  of  segmentation  around  the  blastoderm  ;  betweeS 
the  mass  of  cells  and  the  yolk  there  is  a  cavity  commonly 
described  as  the  segmentation  cavity.  If  this  designa- 
tion be  correct,  then  the  comparison  with  theteleost  ovum 
IS  direct  and  evident.  It  is  possible,  however,  that  the 
space  under  the  blastoderm  is  not  the  true  segmentation 
cavity,  but  the  entodermic  cavity,  as  maintained  by  Bal- 
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four  ;  in  other  words,  that  the  disposition  of  parts  is  the 
same  as  in  the  birds,  which  we  proceed  to  describe. 

The  birds  and  reptiles  being  very  closely  related  we 
find  very  close  resemblances  between  the  blastoderms  in 
the  two  classes.  The  actual  homologies  of  the  parts  have 
been  worked  out  as  yet  only  in  the  birds,  but  there  can- 
not be  much  doubt  that  essentially  the  same  features  ex- 
ist in  the  blastoderm  of  reptiles.     Duval  has  recently 


Fig.  419.— Ovum  of  a  Plonnder  in  Tranaverae  Vertical  Section  Semi-dia- 
graramatio.  s.  Vitelline  membrane;  kw.,  segmenting  zone  {Keim- 
wall) ;  Bl,  blaatoderm ;  i.e.,  segmentation  cavity ;  s.g.,  subgerminal 
plate ;  gl,  oil-globule  ot  yolk. 

shown  that  in  birds  the  primitive  blastoderm  represents 
only  the  ectoderm,  as  is  the  case  also  with  the  amphibia ; 
it  is  separated  from  the  underlying  yolk  by  a  distinct 
cavity  ;  in  birds  this  cavity  is  very  small,  and  is  overlaid 
by  a  single  row  of  cells,  the  ectodermal  or  primitive  blas- 
toderm ;  the  cavity  is  very  soon  obliterated  by  the  devel- 
opment of  cells  below  it,  and  these  cells,  together  with 
the  outer  layer  first  formed,  constitute  the  secondary 
blastoderm,  which,  therefore,  contains  first  the  young  ec. 
toderm,   and  second,   a  deeper-lying  stratum  of  cellai 


Pia.  420.— Egg  ot  Axolotl  after  Segmentaliion.  Transverse  aeotion.  Bl, 
primitive  or  ectodermal  blaatoderm ;  a.c,  aegmentation  cavity ;  kw, 
(Keimwall)  germinal  wall  j  Yolk,  segmented  yolk.    (After  Bellonei.) 

shown  by  their  subsequent  history  to  be  the  mesoderm 
united  with  part  of  the  entoderm ;  in  other  words,  at  this 
stage  the  mesoderm  and  entoderm  are  not  distinct.  Un- 
derneath this  compound  blastoderm  appears  a  second  cav- 
ity, which  is  not  what  it  has  been  often  called— the  true 
segmentation  cavity — but  is  entodermic,  being  bounded 
by  the  true  entoderm  above  and  the  yolk  below;  the 
yolk,  it  must  be  remembered,  is  modified  entoderm.  In 
birds  (and  probably  reptiles)  the  thick  blastoderm  of  the 
teleost  is  represented  only  by  a  few  cells ;  the  secondary 
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blastoderm  is  another  structure,  consisting  of  two  layers, 
and  developed  later. 

The  similarity  between  the  eggs  of  ganoids  and  of  am- 
phibians permits  us  to  consider  these  two  classes  together. 
At  iirst  sight  the  segmented  ovum  of  an  amphibian  seems 
very  unlike  that  of  the  mesoblastic  vertebrates,  but  if  we 
begin  by  the  study  of  parts  obviously  identical,  I  believe 
that  we  can  determine  the  homologies  of  all  the  parts. 
Fig.  430  represents  a  transverse  section  of  an  ovum  of 
an  axolotl ;  the  membranes  of  the  ovum  are  not  repre- 


ncver  been  thoroughly  studied  by  anyone  with  a  view  of 
elucidating  the  homologies  of  the  parts,  all  investigators 
having  apparently  come  to  a  tacit  agreement  to  neglect 
this  problem.  Van  Beneden,  to  be  sure,  attempted  an  in- 
terpretation by  calling  the  outer  vesicle  the  ectoderm, 
and  the  inner  mass  the  invaginated  entoderm,  thus  defin- 
ing the  whole  as  a  modified  gastrula.  It  has  since  been 
definitely  settled  that  Van  Beneden  was  in  error  in  this. 
Our  knowledge  of  the  changes  that  take  place  in  the  in- 
ner cell-mass,  is  based  almost  wholly  upon  the  study  of 
various  rodents  (rabbit,  guinea-pig,  and  mice),  all 
which  pass,  during  their  early  development,  through 
phases  which  obviously  represent  great  modifications 
of  the  normal  mammalian  ontogeny.  In  the  rabbit 
the  cells  where  the  inner  mass  lies  soon  form  three  lay- 
ers (Fig.  482) ;  these  are  not,  however,  the  three  germ 
layers  ;  for,  as  Rauber  has  shown,  the  two  outer  lay- 
ers form  the  ectoderm,  and  the  third  inner  layer  forms 
the  entoderm ;  the  mesoderm  arises  later.  Here,  then, 
we  reach  a  definite  point  of  comparison  ;  the  whole 
of  this  mass  of  cells  performs  the  role  of  the  secondary 
blastoderm  in  the  chick,  teleost,  and  frog ;  I  therefore 
conclude  that  it  is  the  mammalian  blastoderm.  The 
second  point  to  be  made  is  that  the  so-called  cavity  of 
the  blastodermic  vesicle  is  probably  the  segmentation 
cavity  enormously  enlarged.  Hence  comes  the  third 
point,  that  the  cellular  vesicle  represents  not  the  ecto- 
derm, as  has  hitherto  been  universally  assumed,  but 
the  yolk-sack  hollowed  out.  We  must,  therefore, 
find  a  second,  or  true,  entodermic  cavity  distinct  from 
this  ;  but  the  origin  of  the  entodermic  cavity  is  cur- 
rently stated  to  be  a  transformation  of  the  cavity  of 
the  vesicle  ;  so  that  there  is  no  distinction  between  the 


Fig.  431. — Oviim  of  Babbit ;  ninety-four  hours  after  coitus,  -ffc,  external  cell 
layer ;  <.7re.,  inner  ma5s  of  cells  ;  Z,  zona  pcllucida.  (The  upper  half  repre- 
sents an  optical  section,  the  lower  half  a  surface  view.)  (After  van  Beneden.) 

sented.  The  parts  can  be  readily  compared  with  those 
in  the  teleost ;  the  blastoderm,  Bl,  is  very  large  in  pro- 
portion to  the  whole  ovum,  and  is  composed  of  several 
layers  of  cells,  all  of  which,  belong  to  the  ectoderm,  and 
at  this  .stage  are  found  to  be  multiplying  with  extreme 
rapidity  ;  the  yolk  is  segmented,  and  accordingly  consists 
of  large  cells ;  at  the  edge  of  the  yolk,  kw,  is  the  zone 
where  cells  are  being  added  to  the  blastoderm,  and  which 
is,  therefore,  the  homologue  of  the  germinal  wall ;  the 
segmentation  cavity  is  very  large,  s.c;  the  yolk-cells 
bounding  it  inferiorly  may,  perhaps,  be  homologous  with 
the  nucleated  subgerminal  plate  of  teleosts.  The  segmen- 
tation cavity  is  ultimately  obliterated,  and  a  secondary 
blastoderm,  including  the  three  germ  layers,  is  developed, 
as  described  in  the  article  Foetus,  Development  of.  Un- 
ilerneath  the  secondary  blastoderm  arises  a  second  dis- 


FiQ.  4a8.— Section  of  Babbit's  Blastoderm,  of  five  days  and  four  hours.    Z,  zona  pellu- 
cida ;  JSc,  ectoderm ;  tm^  inner  mass.    (After  Van  Beneden.) 

tinct,  or  true  entodermic  cavity  (Pig.  425).    The  relations 
are  strictly  comparable,  therefore,  to  those  in  the  birds. 

The  mammalia,  according  to  the  descriptions  hitherto 
given,  offer  no  homology  in  the  blastoderm  stage  with 
other  vertebrates.  The  formation  of  the  blastoderm  is  de- 
scribed under  "  Segmentation."  TJJ6  result  of  segmenta- 
tion is  the  so-called  blastodermic  vesicle,  a  hollow  sack 
formed  by  a  single  layer  of  cells  (Fig.  421,  ^c.)  lying  close 
against  the  zona  pellucida  ;  at  one  pole,  where  the  embryo 
IS  subsequently  formed,  lies  a  lenticular  mass  of  cells, 
t.m.  Now,  the  exact  relations  of  this  cell-mass  have 
Vol.  I.— 34 


Fio.  433.— Diagram  of  a  Segmented  Mammalian  Ovum.  £1,  blasto- 
derm; 8.C.,  segmentation  cavity  ;  yoit,  layer  of  cells,  representing  the 
remnant  of  segmented  yolk, 

segmentation  and  the  entodermic  cavities,  a  cpnclusion 

which  is  simply  incredible.     The  solution  of  the  puzzle 

must  come  from  future  investigations. 

For  convenience  of  comparison  with  Figs.  419 
and  420,  the  accompanying  diagram  of  a  mam- 
malian ovum  after  segmentation  is  given.  Ac- 
cording to  the  identification  of  homologies  I  have 
here  hypothetically  advanced,  the  blastoderm, 
Bl,  must  be  entirely  ectodermic,  and  the  true  en- 
toderm must  arise  later  in  connection  with  an  in- 
vagination. As  the  occurrence  of  such  a  process 
is  at  present  a  pure  assumption,  the  venturesome  nature 
of  the  hypothesis  need  not  be  further  emphasized. 

It  appears  to  me  that  the  invagination  of  the  ectoderm, 
to  which  I  hold  the  inner  cell-mass  to  correspond,  is  a 
general  phenomenon  in  the  development  of  placental 
mammals,  and  that  the  remarkable  inversion  of  the  germ- 
layers  in  the  guinea-pig  is  only  a  persistence  of  this  early 
invagination.  It  is  a  law  which,  as  I  pointed  out  several 
years  ago,  holds  throughout  the  animal  kingdom,  that 
the  result  of  segmentation  is  to  produce  two  sets  of  cells, 
one  of  small-sized  cells,  belonging  to  the  ectoderm,  the 


529 


Blastoderm. 
Blastopore. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


other  of  larger  cells,  belonging  to  the  entoderm.  In 
mammals  also  segmentation  produces  the  two  kinds  of 
cells,  but  the  smaller  ones  (ectoderm)  form  the  inner  cell- 
mass.  Van  Beneden  committed  the  mistake  of  calling  it 
entoderm.     It  seems  to  me  clear  that  this  first  invagina- 


X 


f         1 


Fig.  424. — Sections  through  Three  SuccesBive  Stages,  Ovum  of  the  Mole, 
to  show  the  changes  in  the  inner  mass,  i.Tn.  z  and  x  designate  the 
.zona  pellucida ;  j&c,  subzonal  cell  layer,  usually  called  ectoderm,  but 
probably  entoderm  ;  Aj/,  pm-tion  of  the  inner  mass,  which  enters  into 
the  composition  of  the  entoderm  of  later  stages.    (After  Heape.) 

tion  is  ectodermal,  and  so  has  nothing  to  do  with  a  gas- 
trula  invagination.  The  inner  cell-mass  gradually  flat- 
tens out  again  in  most  cases,  but  in  some  mammals  it 
remains  permanently  turned  in  (guinea-pig,  arvicola, 
etc.).  The  process  of  the  flattening-out  of  the  inner  cell- 
mass  is  shown  in  Fig.  424,  which  represents  sections.     In 


Fig.  436.— Egg  of  Axolotl,  Longitudinal  Section.  (After  Bellonci.)  Bl, 
primitive  blastoderm ;  Pr,  accumulation  of  cells,  showing  the  com- 
mencement of  the  secondary  blastoderm;  this  accumulation  corre- 
sponds to  the  primitive  Btreaj[c  of  birds ;  W,  blastopore  and  commence- 
ment of  the  entodennic  cavity. 

the  mole  the  inner  mass  is  nearly  globular,  A,  and  quite 
small  in  proportion  to  the  whole  vesicle.  It  soon  becomes 
lens-shaped,  B,  and  next  separated  into  three  layers,  C, 


the  outermost  of  which  disappears  ;  the  middle  layer  be- 
comes the  ectoderm  of  the  embryo  ;  the  innermost,  part 
of  the  entoderm.  These  changes  are  discussed  in  the 
article  Foetus.  For  the  present  it  must  be  said  that  we 
have  no  clear  notions  as  to  the  passage  of  the  segmented 
mammalian  ovum  into  the  embryo,  because  we  do  not 
know  yet  either  the  history  of  the  segmentation  cavity 
nor  the  origin  of  the  entodermic  cavity. 

CoNCLtrsioNS. — The  blastoderm  of  ft)robably  all)  verte- 
brates passes  through  two  stages  :  the  primary  blastoderm 
consists  of  ectoderm  only,  which  is  separated,  except  at 
its  edges,  from  the  yolk  by  the  segmentation  cavity ;  the 
secondary  blastoderm  is  constituted  by  portions  of  the  three 
primary  germ-layers,  which  overlie  a  second  cavity  be- 
longing to  the  entoderm  and  lying  behind  and  separated 
from  the  segmentation  cavity  ;  the  secondary  blastoderm 
is  the  commencement  of  the  embryo. 

The  history  of  the  changes  in  the  secondary  blastoderm 
is  given  under  Foetus.  We  will  note  here  only  the  nat- 
ure of  the  first  step,  which  is  an  accumulation  of  cells, 
appearing  at  the  posterior  end  of  the  blastoderm,  and 
which  is  known  in  the  higher  vertebrates  by  tlie  name  of 
the  primiiwe  streak.  It  is  almost  the  first  step  toward 
the  addition  of  inner  layers  to  the  ectoderm  or  primary 
blastoderm,  and  it  remains  recognizable  for  a  considerable 
period  at  the  hind  region  of  the  blastoderm  or  germinal 
area. 

(The  substance  of  this  article  and  the  illustrations  are 
borrowed  from  an  unpublislied  embryological  work.) 
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BLASTOPORE.  In  the  lower  vertebrates,  notably  in 
the  Ganoids,  Cyclostomata,  and  Amphibia,  there  appears 
during  the  formation  of  the  entodermic  cavity  a  small 
opening  at  the  posterior  edge  of  the  blastoderm.  This 
opening  leads  directly  into  the  entodermic  cavity,  and  is 
known  as  the  blastopore.  It  persists  during  early  em- 
bryonic life.  This  opening  is  best  seen  in  a  longitudinal 
section  (Pig.  426).  The  blastoporic  opening  leads  into  a 
descending  canal,  which  directly  communicates  with  the 
posterior,  or  caudal,  end  of  the  entodermic  space,  which 
lies  between  the  yolk,  Vi,  and  the  dorsal  entoderm,  Ent. 
The  appearances  of  the  ova  of  the  lamprey,  or  of  any 
amphibian,  at  a  corresponding  stage,  are  closely  similar 
to  those  of  Fig.  426. 

The  blastopore  is  also  found  in  reptiles,  birds,  and 
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mammals,  but  the  recognition  of  its  occurrence  in  these 
fonns  was  long  hindered  by  the  fact  that  it  does  not  exist 


Fia,  426.~LongLtudinml  Section  of  an  Ovum  of  the  Sturgeon  after  the 
formation  of  the  Entodermic  Cavity.  Ee^  ectoderm ;  Mes^  mesoderm  ; 
Ent^  entoderm ;  Bl,  blastopore ;  Al^  diverticulum  of  the  digestive 
tract;  Ft,  yolk.    (After  Salensky.) 

at  first  as  a  canal.    The  blastopore  is  the  external  open- 
ing of  a  tube  passing  through  the  primitive  streak,  or  the 


the  primitive  streak  would  become  a  solid  mass  of  cells. 
This  is  the  condition  we  actually  find  in  the  amniota, 
Pig.  437,  A.  Now,  since  the  primitive  streak  really  is 
morphologically  the  thick  walls  of  the  blastopore,  the 
homologies  are  not  altered  by  the  temporary  disappear- 
ance of  the  canal,  especially  as  the  canal  reappears  as 
such  in  later  stages,  at  first  as  a  pit  upon  the  external 
surface,  Fig.  427,  B,  U  ;  this  pit  soon  becomes  a  complete 
perforation,  Fig.  437,  C,  bl. 

It  is  a  remarkable  but  very  common  phenomenon  in 
vertebrate  development  to  encounter  tubular  organs  ex- 
isting temporarily  as  solid  cell-masses  in  the  embryo. 
This  occurs  with  most  glands,  the  Wolffian  duct,  the 
vagina  of  man,  the  urethra  in  the  penis,  the  nares,  the 
meatus  auditorius  externus,  the  posterior  part  of  the  me- 
dullary canal  in  the  axolotl,  the  intestines  of  teleosts, 
etc.  There  is,  therefore,  nothing  specially  remarkable  in 
the  temporary  absence  of  the  blastoporic  lumen,  and  the 
want  of  an  opening  is  not  a  valid  argument  against  the 
homology  of  the  amniote  blastopore  with  that  of  the  am- 
phibia and  similar  forms. 

The  true  blastopore  is  distinct  from  the  anus  of  Rus- 
coni  of  the  amphibia  (see  under  Germ  Layers).  (For  the 
relation  of  blastopore  to  the  nervous  system,  see  Neuren- 
teric  Canal.) 

The  blastopore  usually  disappears  by  closure,  and  a 
new  posterior  opening,  the  true  or  permanent  anus  ia 


FiQ.  427.-Formation  of  the  Blastopore  in  Lacerta  Muralis.  (After  Weldon.)  A,  B,  0,  longitudinal  sections  of  three  successive  stages  m  the  de- 
velopment of  the  blastoderm,  made  after  its  removal  from  the  yolk ;  D,  transverse  section  of  the  posterior  part  of  a  blastopore  a  uttie  younger 
than  C.  Ec,  ectoderm ;  En,  entoderm ;  Pr,  primitive  streak ;  W,  blastopore ;  CA,  notochord ;  mes,  mesoderm ;  Som,  somatopleure ;  spi,  spiancn- 
nopleure. 

formed.  Miss  Johnson  states  that  in  the  Triton  the  anus  is 
the  persistent  blastopore,  an  observation  of  great  theo- 
retical importance. 
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thick  mass  of  cells  at  the  posterior  end  of  the  blastoderm 
(or  later  embryo).  Now,  if  from  any  cause  the  walls  of 
the  tube  grew  together,  the  lumen  would  disappear,  and 
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BLINDNESS  (Lat.,  Omcitas;  Ger.,  BUndJieit ;  Fr., 
Aveilglemenf).  Amaurosis  is  sometimes  used  synony- 
mously with  blindness,  and  in  selected  cases — whose  cause 
is  obscure,  and  is  located  in  the  nervous  apparatus— this  is 
admissible,  with  the  same  limitations  that  apply  to  blind- 
ness. Blindness  is  a  misleading  term,  being  a  symptom 
only,  and  should  not  be  used  in  scientific  language  (ex- 
cept in  a  generic  sense)  without  a  qualifying  phrase  which 
describes  the  condition  upon  which  it  depends — as  blind- 
ness from  optic  nerve  atrophy.  A  strict  application  of  the 
term  would  include  only  such  eyes  as  are  not  possessed  of 
light  perception.  It  is,  however,  usually  understood  to 
embrace  all  eyes  incapable  of  recognizing  the  outline  or 
shape  of  objects  ;  and  practically  it  should  include  all 
eyes  with  vision  less  than  j^tj,  i.e.,  ability  to  count  fingers 
at  one  foot,,  for  such  individuals  have  to  be  led  around. 

The  GEOGRAPHICAL  DISTRIBUTION  of  blindness  is 
shown  in  Table  I.,  compiled  by  Mayr,  of  Munich,  in  1877. 


Table  I. 

Couiltry. 

Population. 

Total  No. 
of  blind. 

No.  of 
blind  in 
10,000. 

31,631,212 
1,864,496 
1,701.756 
4,168,625 
1,782,621 
20.394,980 
16,417..327 
2,669,147 
3,575,080 
4,529,660 
36,102,921 
16,658,531 
26,413,182 
38,658,371 
1,743,199 

583,686 
906,7.10 
330,460 
305,780 
39,862,133 

31,169 
1,465 
2,.320 
.3,359 
3,891 
11,389 
18,523 
2,032 
1,693 
3,675 
30,214 
17,.379 
26.826 
20,320 
3,629 

861 

8,030 

416 

116 

36,048 

9.85 

Denmark 

7.86 

Norway 

13.63 

8.06 

82.46 

5.56 

Hungary 

12.01 

7.61 

4.46 

8.11 

France 

8  37 

Spain    

11.26 

Italy 

10.16 

United  States  of  America 

6.27 
80  84 

British  Colonies  in — 

619 

West  Indies 

Africa 

3  79 

8  79 

Total 

248,148,446 

215,685 

8  74 

The  population  of  the  United  States  in  the  above  table 
is  taken  from  the  census  of  1870.  The  census  for  1880 
shows  a  population  of  50,155,783  ;  number  of  blind, 
48,928 ;  number  of  blind  in  ten  thousand,  9.73.  A 
striking  difference  is  the  great  increase  of  blindness  in 
the  United  States  in  the  last  decade,  as  is  shown  in  the 
figures  for  1880.  Various  causes  must  be  considered  in 
determining  the  reasons  for  this  increase  in  blindness, 
the  most  important  of  which  are  the  following  :  1.  The 
census  returns  were  more  complete  for  the  last  census 
than  they  have  been  heretofore.  3.  Injuries  more  or  less 
remote  from  the  eye,  sustained  during  the  late  war,  con- 
tinue to  swell  the  ranks  of  the  blind,  and  with  pensions 
in  view  a  considerable  number  make  the  claim  unjustly. 
3.  The  foreign  element  in  our  population  adds  to  the  per- 


centage of  blind  ;  for  natives  of  the  United  States  furnish 
9.13  blind  to  10,000  inhabitants,  while  18.45  blind  are 
found  iu  the  same  number  of  our  foreign  population.  4. 
The  increase  of  manufacturing  interest  and  its  spread  to 
localities  remote  from  competent  professional  care ;  and  5, 
the  increase  of  those  competitive  trades  that  bring  bodily 
and  mental  strain,  which  are  liable  to  produce  changes  in 
the  nervous  system,  in  which  the  eyes  participate. 

The  climatic  influence,  as  illustrated  in  Europe,  is 
shown  in  Table  II.,  from  Magnus,  of  Breslau,  1883. 

Table  II. 

Between  latitudes  30°  and  40°  the  number  of  blind  in  10,000  is  11.09 

"  "  40°     "    60°  "  "  "  8.68 

"  50°      "    60°  •'  "  "  7.65 

"  "  60°     "    70°  "  "  "  18.04 

And  for  the  Western  Continent  the  same  author  gives 
Table  III. 

Table  III. 

Between  latitudes  10°   and  20°  the  number  of  blind  in  10,000  is  22.41 
"  "  20°      "    30°  (vacant). 

"  "  ,80°      "    40°  the  number  of  blind  in  10,000  is    8.96 

"  "  40°     "    50°  "  "  "  6.86 

The  hot  southern  latitudes  are  injurious,  because  of 
their  dry,  sandy  interiors,  and  the  consequent  glare, 
sand,  and  wind,  and  their  moist,  swampy,  miasmatic  bor- 
ders and  water-courses.  The  cold  northern  latitudes  are 
injurious,  because  confinement  in  badly  ventilated  quar- 
ters is  a  necessary  concomitant ;  and,  the  days  being 
short  during  the  long  winters,  the  work  of  the  eyes  is 
crowded  into  a  limited  time,  or  is  prolonged  in  insufB- 
ciently  lighted  rooms,  where  work  becomes  injurious. 
The  most  temperate  zone  presents  the  least  number  of 
these  objections,  hence  we  find  here  the  smallest  percent- 
age of  blindness.  There  are  also  geological  causes  which 
influence  the  percentage  of  blindness — ^for  instance,  it  is 
more  frequent  on  one  side  of  the  Jura  Mountains  than 
on  the  other.  Blindness  is  more  frequent  in  cities  than 
in  rural  districts,  and  this,  too,  aside  from  such  causes  as 
lead  to  blindness  from  injuries  and  trades. 

That  there  are  race  peculiarities  is  shown  by  the  fact 
that  out  of  10,000  Christians,  there  are  only  9.4  blind, 
while  the  same  number  of  Jews  furnishes  13.3  blind. 

One  reason  for  this  large  percentage  of  blindness  in 
Jews,  is  the  great  frequency  with  which  they  suffer  from 
glaucoma.  It  is  said  that  the  sclera  is  more  dense  and 
less  elastic  in  people  of  this  race  than  in  others,  and  that 
this  condition  favors  the  development  of  glaucoma.  It 
has  been  further  claimed  that  dark  eyes  are  more  prone  to 
amaurotic  affections  than  light  ones,  and  that  Jews,  who 
usually  have  dark  eyes,  are  therefore  more  liable  to  suf- 
fer from  blindness.  This,  however,  is  not  borne  out  by 
facts,  for  dark  races  are  usually  possessed  of  deeply  pig- 
mented eyes,  yet  the  percentage  of  blindness  is  not  great 
with  them.  It  should  be  remembered,  however,  that  the 
so-called  amaurotic  affections  constitute  but  a  small  pro- 
portion of  the  causes  of  blindness ;  and  the  fact  should 
not  be  overlooked  that  overcrowding  and  bad  ventila- 
tion are  often  found  in  the  class  to  which  the  majority  of 
Jews  belong — and  such  surroundings  are  prolific  sources 
of  external  inflammations  of  the  eye.  Consanguinity  in 
marriages  is  another  cause  which  renders  the  Jewish  race 
more  prone  to  blindness  than  others.  They,  too,  almost 
invariably  live  in  cities,  where  the  percentage  of  blind- 
ness is  higher  than  in  rural  districts. 

Influence  of  Sex.  — The  United  States  has  a  population 
of  35,518,820  males,  and  34,686,963  females,  which  gives 
a  preponderance  of  871,857  in  favor  of  males.  The  num- 
ber of  blind  males  is  26,748,  and  of  females  23,180,  which 
fives  a  preponderance  of  4,568  in  favor  of  the  male  blind, 
'he  number  of  blind  in  10,000  males  is  10.48,  and  in  the 
same  number  of  females  9.03.  This  difference  is  a  slight 
one,  and  can  be  easily  accounted  for  by  the  accidents 
arising  from  exposure  of  the  eyes  to  the  injurious  influ- 
ences of  the  trades  followed  by  men.  An  interesting  fact 
bearing  upon  this  point  is  the  comparative  diminution  m 
the  percentage  of  blindness  in  males  after  they  reach  an 
age  which  recalls  them  from  pursuits  that  endanger  the 
eyes  to  surroundings  more  nearly  like  those  of  females. 
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Table  IV.,  prepared  by  Magnus  from  the  Prussian  censusy 
Illustrates  this  condition  most  aptly. 


Table  IV. 


No.  of  blind,  1871. 

No.  of  blind,  1880. 

Age. 

Males. 

Females. 

Males. 

Females. 

664 
1,113 
3,572 
5,762 

558 

845 

3,336 

7,100 

573 

898 

3,565 

6,148 

488 

823 

20  to  50  vears 

2,989 

6,975 

See  in  this  connection  Table  VIII.,  for  the  causes  which 
produce  blindness  at  different  ages. 

Table  V.  gives  the  percentage  of  blind  o/_  different  ages 
in  column  3,  and  the  percentage  of  population  at  different 
ages  in  column  3  (Katz),  while  column  4,  which  has  been 
adapted  from  Meyr's  table,  shows  the  number  of  blind  in 
10,000  at  different  ages. 

Tablk  v. 


Age. 


1  to  10  years 

10  to  20  years 

20  to  30  years. 

30  to  40  years 

40  to  BO  years 

50  to  60  years 

60  to  70  years 

70  to  60  years 

80  to  90  years 
90  to  100  years 


Percentage  of 
blind  between 
the  ages  given. 


3.7 
4.6 
9.8 
11.1 
15.2 
17.3 
19.7 
13.5 
04.3 


0.27 


Percentage 

of 
population. 


24.9 

19.9 

16.4 

13.0 

11.1 

7.5 

4.7 

1.8 

0.3 

0.02 


Number  of 
blind  in 
10,000 


1.75 

2.36 

3.25 

3.81 

6.84 

11.50 

26.23 

92.44 

807.00 

373.20 


This  table,  which  is  a  very  interesting  and  instructive 
one,  deserves  attention  for  its  own  merits ;  yet  it  becomes 
more  instructive  when  considered  in  connection  with 
Table  VIII.,  which  gives  the  causes  that  produce  blind- 
ness at  different  ages. 

Influence  op  Oocupation. — The  causes  of  bhndness 
incidental  to  occupation,  may  be  divided  into  two  classes, 
viz. :  Traumatic  and  Non-traumatie. 

Traumatic.— XinAet  this  head  are  included  such  occu- 
pations as  necessitate  exposure  of  the  eyes  to  the  direct 
influence  of  injurious  agents  from  without,  which  result 
from  the  work  performed — as  machinists,  who  are  con- 
stantly exposed  to  flying  bits  of  metal,  which  often  pro- 
duce injury  of  the  eye  and  blindness ;  and  the  same  is 
true  of  blacksmiths,  locksmiths,  stone-cutters,  and  miners. 
The  last  named  are  also  exposed  to  the  dangers  of  pre- 
mature or  careless  explosions.  Cases  of  monocular  blind- 
ness almost  invariably  arise  from  the  causes  just  con- 
sidered. 

Cohn  found  535  men  with  554  blind  cj^es,  and  341 
women  with  446  blind  eyes.  Preference  is  shown  for 
neither  eye.  The  greater  frequency  of  binocular  blind- 
ness in  females  is  another  argument  in  favor  of  the  acci- 
dental occurrence  of  blindness  from  the  injurious  trades 
followed  by  men. 

Non-iraumatic. — Under  this  head  are  included  such  oc- 
cupations as  produce  blindness  indirectly — as  myopia, 
from  over-use  of  the  eyes.  Professional  men,  whose 
duties  necessitate  much  study ;  and  others,  who,  from  ne- 
cessity or  preference,  do  rnuch  reading,  or  much  fine 
work,  which  requires  close  and  long-continued  use  of  the. 
eyes,  are  liable  to  suffer  from  myopia,  and  the  train  of 
symptoms  which  in  this  disease  lead  to  blindness.  Work- 
ers in  lead  are  liable  to  suffer  from  nenro-retinitis,  or 
atrophy  of  the  optic  nerves ;  and  workers  in  india-rubber 
are  exposed  to  the  same  dangers,  from  sulphide  of  car- 
bon. It  is  claimed  that  optic  nerve  atrophy  sometimes 
occurs  in  workers  who  are  exposed  to  the  fumes  of  to- 
bacco, or  of  alcohol.  Soldiers  in  crowded  barracks  are 
apt  to  suffer  from  conjunctival  diseases,  and  the  exposure 
to  wind,  dust,  glare,  and  inclemencies  of  weather,  when 
marching,  may  also  cause  the  same  trouble.  Sailors  who 
are  constantly  exposed  to  the  vicissitudes  of  weather  are 


liable  to  suffer  from  conjunctival  and  other  forms  of  eye- 
disease,  and  their  crowded  quarters  and  often  meagre 
fare  are  also  conducive  to  eye-aflfections. 

Cause  of  Blindness.— Table  VI.  gives  an  anatomical 
grouping  of  the  causes  of  blindness,  compiled  by  Magnus 
from  770  cases. 

Table  VI. 

Per  cent. 

Conjunctiva 16.364 

Cornea 10.650 

Uveal  tract 22.208 

Betina 16.259 

Optic  nerve 22.597 

Glaucoma 12.597 

Congenital  deformities  of  the  eye 2.4ftS 

Unclassifiable  2.857 

Table  VII.,  compiled  by  the  same  author  from  a  study 
of  3,538  cases  reported  by  various  writers,  gives  the  causes 
of  blindness,  arranged  in  pathological  groups,  and  the  per- 
centage of  each  individual  cause. 

Table  VII. 

A, — Congenital  bZindJieas, —  Per  cent. 

AnophthaimuR  and  microphthalmus 1.068 

Megalophthalmus 0.4.35 

Congenital  cataract 0119 

Choroiditis,  congenital 0.158 

Atrophy  of  optic  nerve,  cong 0.751 

Betinitis  pigmentosa  cong 0.751 

Congenital  blindness  with  retinal  atrophy 0.079 

"        tumors 0.0.39 

**        amaurosis,  not  specified 0.237 

B. — AcguiTed  blindness, — (a)  From  idiopathic  diseases  of  the  eye. 

Ophthalmia  neonatorum 10.876 

Trachoma  and  blenorrhGea  of  adults 9.492 

Biphtheritic  conjunctivitis. ■ 0.356 

Diseases  of  the  cornea 8.068 

Irido-choroiditie,  cyclitis,  iritis 8.860 

■   Choroiditis  myopica ■ 0.949 

Choroiditis,  choroido-retinitis 1.107 

Betinitis  pigmentosa,  acquired 1.266 

Betinitis  apoplectica 0.119 

Neuro-retinitis : 0.791 

Detachment  of  retina 4.746 

Glaucoma 8.978 

Idiopathic  optic  nerve  atrophy 7.751 

Tumors  of  the  eye  and  its  surroundings 0.3B6 

tTnclassiflable 3.368 

C. — Acguired  blinaness, — (6)  Injuries. 

Direct  injury  of  the  eye 4.0.34 

Unsuccessful  operations 1.938 

Injuries  of  head 0.277 

Traumatic  sympathetic  ophthalmia , 4.509 

D. — Acquired  blindness. — (c)  The  eye  disease  being  in  consequence  of 
'-  disease  of  the  body. 

Diseases  of  the  eye  from  sj'philis , 0.470 

Gonorrhceal  conjunctivitis 0.910 

Scrofulous  diseases  of  the  eye 0.0.39 

Irido-choroiditis  with  meningitis 1.424 

Atrophy  of  optic  nerve,  cerebral  6.961 

"      "         "     spinal 2.383 

"        '*      *'         *'     or  neuritis  following  hsematcmesis...    0.396 

"        '*      "         *'     after  vomiting,  not  blood.... 0.079 

'*       from  hsemorrhage  from  piles .' 0.039 

"        after  facial  erysipelas 0.079 

*'        with  insanity 0.039 

'*  *'   epilepsy 0.158 

"  "   dysentery 0.079 

Betinitis  nephritica n'n^n 

Diseases  of  the  eye  from  typhus 0.949 

"  "        ''      "     measles 0.633 

"  "        "      "     scarlatma 0.514 

"  "        "      "     variola 2.216 

"  "        "      "     exanthemata? 0.235 

"  "        "      "     heart  disease 0.039 

"  "        "      "     childbirth  and  pregnancy 0.431 

Intoxication  amaurosis n'nao 

Blindness  from  disease  of  the  orbit 0.0d9 

Congenital  anomalies  constitute  nearly  four  per  cent,  of 
the  causes  of  blindness.  The  majority  of  instances  occur 
as  a  result  of  consang-uineous  marriages,  or  where  there 
is  an  hereditary  tendency  toward  defects  of  the  eye,  or 
as  a  result  of  syphilitic  manifestations  in  intra-uterine 
life.  They  are  usually  hopeless— cataract  being  the  only 
cause  in  this  category  amenable  to  treatment. 

The  various  ages  at  which  other  causes  of  bhndness 
arise  are  well  shown  in  table  VIII.,  from  Magnus,  which 

fives  the  percentage  of  causes  at  the  ages  when  they  are 
eveloped. 
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Table  VIII. 


CauBes  of  blindness. 


Ophthalmia  ceouato 
rum 

Trachoma 

Injuries 

Optic  nerve  atrophy 
of  all  forms 

Uveal  tract  with  cho- 
roido-retinitis,  reti 
nitls  p^mentosa... 

Detach  menbof  retina. 

Glaucoma 

Operations 

Corneal  diseases 

Variola 

Measles 

Scarlatina 

Typhus 


Proportion  of  blindness  in  10,000,  and  the  percent- 
age of  its  causes  at  different  ages. 


1.99 

o.di 

0.35 


0.37 
0.01 


0.27 
0.13 
0.13 
0.07 


0.04 

0.04  0.02 


0.26  0.27 


0.11 
0.04 


0.04 
0.04 


0.04 
0.010.04 


0.05 
0.26 


0.10 
0.30 


0.21 
0.28 


0.14  0.1-3  0.27  0.28 
0.07,0.05  0.20  0.24 


0.04  0.02 
..  ,0.02 


O.IS 


0.07,0.15 


0.03 


0.03 


0.13 
0.69 


0.07 
0.19 


0.61 


0.25 
0.11 
0.07 
0.01 
0.05  0.04 
0.02 


0.29 
0.14 
0.27 


0.47 


0.26 


0.49 
0.10 
1.50 

o.'io 


0.12 
0.!2 

0.12 

1.30 
0.25 


The  various  causes  of  blindness,  as  given  in  Table 
VII. ,  will  now  be  considered  individually,  with  such  re- 
marks and  deductions  as  are  of  general  interest. 

(1.)  Ophthalmia  neonatorum  fiirnishes  10.8T6  per  cent. 
of  the  blind,  a  larger  proportion  than  any  other  single 
cause — whicli  in  itself  invests  it  with  grave  importance  ; 
and  this  importance  is  greatly  enhanced,  when  it  is  con- 
sidered that  blindness  from  this  cause  means  an  entire  life 
of  blindness  ;  that  this  disease  can  be  practically  pre- 
vented by  proper  prophylactic  measures ;  and  further, 
that  even  after  it  is  developed,  prompt,  energetic,  and 
appropriate  treatment  will  usually  bring  it  to  a  successful 
termination,  without  impairment  of  sight.  The  simple 
measure  of  washing  the  eyes  of  all  infants  with  warm 
water  as  soon  as  they  are  born,  and  instilling  a  few  drops 
of  a  two  per  cent,  solution  of  silver  nitrate  into  the  con- 
junctival sac,  and  subsequent  attention  to  cleanliness, 
would  almost  banish  this  disease  from  our  lists,  as  has 
been  lately  proven  in  the  Maternity  Hospital  in  Vienna, 
and  other  similar  institutions.  Ophthalm.ia  neonatorum 
is  almost  always  caused  by  the  irritating  discharges  from 
the  vagina,  which  gain  access  to  the  eye  either  during 
birth,  or,  later,  by  the  careless  handling  of  the  infant 
with  unwashed  hands  which  have  been  about  the  vulva. 
And  it  should  be  borne  in  mind  that  these  discharges  may 
produce  inflammation  in  any  conjunctiva  with  which  they 
come  in  contact.  Furthermore,  the  contagiousness  of 
conjunctival  discharges  should  never  be  overlooked,  and 
this  action  should  always  be  explained  to  those  who  have 
to  deal  with  any  form  of  conjunctivitis.  As  a  rule,  the 
contagious  material  from  a  mild  form  of  conjunctivitis 
will  produce  a  slight  attack  in  another  eye,  and  vice  versa 
for  virulent  forms.     Yet  this  is  not  alwaj's  the  case. 

(2.)  Trachoma  and  blennorrhma  of  adults,  with  a  per- 
centage of  9.492,  come  next  in  order  of  importance. 
Trachoma  occurs  chiefly  in  the  lower  walks  of  life,  where, 
from  necessity  or  indifference,  there  is  overcrowding,  bad 
ventilation,  lack  of  cleanliness,  and  a  general  disregard  of 
the  laws  of  hygiene.  It  is  often  seen  in  the  poor  and 
neglected  of  our  city  population,  in  the  crowded  barracks 
of  military  camps,  and  in  the  confined  quarters  of  north- 
ern latitudes.  Its  development  is  favored  by  low  and 
damp  localities,  on  the  one  hand,  and  by  dry  and  sandy 
districts  on  the  other.  The  contagiousness  of  the  secre- 
tion is  also  an  important  element  in  the  spread  of  the  dis- 
ease in  crowded  quarters.  The  presence  of  trachoma, 
even  in  a  mild  form,  renders  an  eye  very  prone  to  take 
on  an  active  form  of  inflammation  (blennorrhoea),  which 
will  assume  epidemic  character  if  conditions  favor  its 
spread,  as  is  seen  in  Egyptian  or  military  ophthalmia. 
Once  developed,  trachoma  becomes  always  an  obstinate, 
and  often  a  serious,  disease  ■,  hence  prophylactic  measures 
against  it  are  of  the  utmost  importance,  and  they  are  to 
be  found  in  a  correction  of  the  sanitary  conditions  referred 


to.  Its  local  treatment  should  be  prompt,  energetic,  and 
persistent. 

Blennorrhoea  of  adults,  may  arise  from  the  same  condi- 
tions that  produce  trachoma,  and  it  is  often  an  outgrowth 
of  the  latter.  It  is  frequently— in  fact  usually— the  re- 
sult of  contagion.  The  discharge  from  any  form  of  con- 
junctivitis, as  also  leucorrhoeal  or  other  irritative  dis- 
charges, gaining  access  to  the  eye  may  produce  the 
disease.  The  observance  of  care  and  cleanliness,  with 
proper  regard  to  hj'giene,  would  cause  both  of  these  dis- 
eases to  disappear,  and  appropriate  treatment  would  cure 
most  cases,  even  after  the  disease  has  developed. 

(3.)  Diphtheritic  Gonjunctimtis. — Diphtheritic  and  mem- 
branous ophthalmia  are  sometimes  caused  by  direct  in- 
fection of  the  conjunctiva  by  diphtheritic  material  from 
the  tliroat  of  another  person,  while  in  other  cases  the 
diphtheritic  process  creeps  up  the  nasal  duct  from  the 
nose,  and  thus  reaches  the  lining  membrane  of  the  eye. 
But  in  the  majority  of  cases  of  diphtheritic  ophthalmia, 
the  disease  is  a  local  one,  in  which  the  inflammation  takes 
on  this  special  form.  No  doubt  there  is  often  something 
peculiar  in  the  patient's  health,  or  in  the  state  of  his  eye- 
tissues,  which  gives  a  proclivity  to  this  particular  patho- 
logical process.  These  cases  are,  for  instance,  seen  with 
particular  frequency  after  measles,  and  less  commonly 
during  or  after  scarlet  fever,  and  are  more  likely  to  occur 
in  children  than  in  adults.  The  existence  of  old,  gran- 
ular disease  of  the  conjunctiva  also  gives  a  strong  ten- 
dency to  a  diphtheritic  type  of  inflammation,  and  the 
same  tendency  is  seen  sometimes  in  a  well-marked 
degree  in  ophthalmia  neonatorum,  and  in  gonorrhoea! 
ophthalmia. 

(4.)  Diseases  of  the  Cornea. — Th^  furnishes  rather  a 
large  contingent  of  blind,  and  it  is  not  to  be  wondered  at 
when  we  consider  that  transparency  and  regularity  of 
curve  of  this  membrane  are  essential  to  good  vision. 
Keratitis,  in  its  various  forms,  may  leave  opacity  suflS- 
cient  to  cause  blindness ;  and  the  same  is  true  of  super- 
ficial ulceration  ;  while  deeper  ulceration  may  lead  to 
prolapse  of  the  iris,  displacement  or  obliteration  of  the 
pupil,  etc.,  and  all  are,  at  times,  liable  to  be  followed  by 
softening  of  the  cornea,  with  development  of  staphy- 
loma, etc.  Hypopyon  keratitis  furnishes  a  larger  num- 
ber of  blind  than  all  other  corneal  affections  put  together. 
Kerato-conus  and  kerato  globus  are  sometimes  causes  of 
blindness. 

(5.)  Irido-clwroiditis,  Oyclitis,  Iritis. — The  different  dis- 
eases enumerated  under  this  heading  are  placed  together, 
first,  because  they  often  combine ;  and,  second,,  because 
the  structure  involved — the  uveal  tract — is  common  to 
each  of  the  several  anatomical  parts  designated.  The 
term  uveitis  is  often  and  advantageously  employed  to  de- 
scribe, collectively,  inflammations  In  these  parts.  Iritii, 
uncomplicated,  rarely  causes  blindness ;  yet  it  may  do  so 
if  the  pupil  becomes  glued  down  to  the  lens,  and  the  pu- 
pillary space  becomes  blocked  with  exudation  {ocdtisum 
of  pupil).  Both  this  condition  and  tfiat  of  exclusion  of 
pupil  (complete  posterior  synechias)  are  very  apt  to  be 
followed  By  secondary  glaucoma.  More  frequently  sy- 
nechias from  previous  inflammation  cause  recurrent  at- 
tacks of  iritis  ;  and  the  inflammatory  process,  extending 
to  the  choroid,  or  to  the  ciliary  body,  or  to  both,  gives 
rise  to  opacities  in  the  vitreous,  and  later  to  detachment 
of  the  retina,  cataract,  etc.  The  trouble  may  begin  in 
the  choroid,  or,  less  frequently,  in  the  ciliary  body,  and, 
extending  to  other  parts,  or  remaining  in  either  locality, 
may  cause  blindness  in  the  same  way. 

(6.)  ClioroidUis  Myopica  (6)  and  Detachment  of  the  Be- 
tina  (11)  will  be  treated  of  together  under  the  head  of  the 
latter,  both  being  considered  as  effects  of  myopia. 

(7. )  Choroiditis,  Retino-choroiditis. — The  choroid  and  re- 
tina are  so  intimately  associated  that  it  is  difficult  to  have 
an  affection  of  one  of  these  structures  without  involve- 
ment of  the  other.  Syphilis,  acquired  or  inherited,  is 
the  usual  cause  ;  and  blindness  is  produced  by  the  for- 
mation of  opacities  in  the  vitreous,  and  disturbance  or  de- 
struction of  the  retinal  elements. 

(8.)  BetinitisPigm^entosa,  Acquired. — Though  this  affec- 
tion may  be  developed  at  almost  any  period  of  life,  it 
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cannot  be  considered  an  acquired  disease,  for  it  occurs 
in  particular  groups  of  individuals  who,  from  hereditary- 
tendencies  or  from  consanguineous  marriages,  show  con- 
genital deficiencies  in  this  and  in  other  ways.  Such  cases 
are  hopeless ;  and  even  when  the  disease  is  recognized  in 
an  early  stage  little  or  nothing  can  be  accomplished  in 
the  way  of  treatment. 

(9.)  Betinitis  Apoplectioa. — The  chief  significance  of 
this  disease  is  the  index  which  it  furnishes  of  the  condi- 
tion of  the  blood-vessels  in  the  brain  ;  for  it  is  usually  but 
a  precursor  of  similar  trouble  within  the  cranium. 

(10.)  Neuro-retinitis,  as  an  idiopathic  affection,  is  al- 
most unknown.  It  usually  occurs  as  an  accompaniment 
of  some  other  disease — as  syphilis,  Bright's  disease,  intra- 
cranial disease,  pregnancy,  cardiac  disease,  etc.,  but  as 
these  diseases  are  specially  considered  as  sources  of  blind- 
ness further  on,  we  are  reduced  to  very  narrow  limits. 
It  must  be  admitted  that  cases  of  neuro-retinitis  are  oc- 
casionally seen  without  apparent  cause.  And  it  is  prob- 
able that  such  vague  causes  as  prolonged  exposure  of  the 
eyes  to  very  bright  light,  with  great  heat,  as  from  the 
glare  of  a  furnace,  or  the  reflection  of  the  sun  from 
the  waters  of  the  tropics,  or  from  excessive  use  of  the 
eyes  by  strong,  artificial  light,  may  produce  the  disease, 
and  thus  lead  to  blindness. 

(11.)  Detachment  of  the  Betina  and  (6)  Clwroiditis 
Myopica. — Myopia,  the  cause  common  to  each  of  these 
conditions,  is  of  great  importance,  and  merits  careful 
consideration.  It  may  be  said  to  be  an  outgrowth  of 
civilization  and  education,  and  it  may  be  taken  as  an 
index  of  the  studious  habits  and  of  the  close  eye-work 
of  a  people.  In  this  present  busy  age  of  progress  and 
competition,  which  calls  for  work  at  high  pressure,  and 
necessitates  the  forcing  process  as  soon  as  school-days  are 
begun,  there  are  many  causes  at  work  which  serve  to 
swell  the  ranks  of  myopes,  and  to  lay  the  foundation  for 
its  future  increase.  The  long  hours  of  confinement  in 
the  school-room,  and  the  lack  of  proper  out-of-door  ex- 
ercise and  fresh  air,  tend  to  cultivate  sedentary  habits, 
and  to  lessen  the  resisting  power  of  the  tissues  of  the 
Ijody.  And  the  close  application  of  the  eyes  at  near 
work,  with  badly  constructed  desks  and  insuflicient 
illumination,  which  necessitate  stooping  over  the  pages 
and  straining  the  eyes,  bring  on  congestion  of  the  fundus 
of  the  eye,  and  thinning  and  bulging  of  the  sclera  at  the 
point  of  least  resistance — the  posterior  pole — and  the  con- 
sequent development  of  myopia.  Tlus  condition,  once 
produced,  is  increased  by  a  continuation  of  the  causes 
which  induced  it ;  and  in  unpromising  subjects,  even  the 
removal  of  these  does  not  put  a  stop  to  it. 

The  development  and  increase  of  myopia  during 
school-life  are  nowhere  better  shown  than  in  the  follow- 
ing table,  taken  from  Puchs  and  prepared  by  Cohn.  The 
village  school  corresponds  to  our  lowest  gi'ade,  and  then 
follow  in  regular  sequence  the  higher  grades,-  until  the 
last  or  university  course  is  reached  : 


Village  school 

Elementary  school  . . 
Zntermediate  school. 

High  school 

Gymnasium  (college) 
University 
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Degree 
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of 

myopia. 

myopia. 

1.4 

V«.4 

6.7 
10.8 

kz 

19.7 
86.3 
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It  was  furthermore  noted  that  the  percentage  of 
myopia  increased  in  each  school  from  class  to  class. 
Among  theological  and  medical  students,  whose  term  of 
study  is  prolonged  beyond  the  ordinary  university  course, 
the  percentage  of  myopia  is  still  further  increased,  reach- 
ing in  the  case  of  theological  students  seventy-eight  per 
cent.  And  in  reference  to  confinement  and  in-door  life 
on  the  one  hand,  and  out-of-door  life  and  exercise  on  the 
other,  Erisman  found  the  percentage  of  myopia  in  resi- 
dent scholars  to  be  forty- two  per  cent.,  and  in  day- 


scholars  to  be  thirty-five  per  cent.  Dor  found  even  a 
greater  difference— thirty-three  per  cent,  against  eighteen 
per  cent. 

Myopia  abounds  among  studious  people,  and  is  almost 
unknown  among  the  ignorant  and  illiterate.  It  is  not 
congenital,  yet  the  tendency  to  its  development  is  cer- 
tainly transmitted  from  parent  to  child.  The  prophy- 
lactic measures  against  myopia  are  of  the  utmost  impor- 
tance. First  and  foremost  are :  A  proper  amount  of 
out-of-door  exercise  during  school-life ;  well  ventilated 
school-rooms,  with  good  illumination,  properly  con- 
structed desks,  so  that  the  light  will  fall  to  best  advan- 
tage upon  the  page,  and  avoidance  of  the  habits  of  stoop- 
ing or  bending  the  head  over  the  work,  and  of  holding 
objects  close  to  the  eyes.  After  the  development  of  my- 
opia, much  can  be  done  for  its  relief  by  the  use  of 
atropine  and  the  wearing  of  properly  selected  glasses.  It 
should  be  remembered  that  myopia  fosters  sedentary  and 
studious  habits  ;  and  it  at  times  becomes  advisable  to  dis- 
continue the  use  of  the  eyes  for  near  work  altogether ; 
and  it  not  infrequently  falls  within  the  province  of  the 
physician  to  decide  upon  the  child's  future  mode  of  life 
and  employment. 

A  few  cases  of  myopia  with  choroiditis  occur  inde- 
pendently of  the  causes  here  ascribed  to  it ;  yet  they  are 
so  infrequent  that  they  may  be  left  out  of  consideration. 
And,  too,  detachment  of  the  retina  is  sometimes  seen  in 
eyes  that  are  not  myopic ;  but  it  rarely  occurs  in  such  as 
a  primary  affection,  and  when  secondary  to  some  other 
pathological  lesion,  that,  and  not  the  detachment,  is  the 
cause  of  blindness. 

(12.)  Olaueoma. — The  importance  of  this  disease,  as  In- 
dicated by  its  quota  of  blind,  is  forcibly  increased,  when 
its  usual  amenability  to  treatment  is  considered.  While  a 
well-marked  case  of  glaucoma  presents  unmistakable 
symptoms  of  the  disease,  which  it  would  be  unpardon- 
able to  overlook,  there  are  other  cases  which  are  obscure 
and  misleading.  The  very  fact  of  this  uncertainty  should, 
however,  put  us  upon  our  guard ;  and  there  are  few 
cases,  indeed,  which  would  run  the  gauntlet  of  careful 
examination  and  close  observation.  Once  recognized, 
prompt  and  energetic  treatment  is  indicated  ;  and  there 
is  no  operation  in  the  whole  range  of  surgery  that  affords 
more  brilliant  results  than  does  iridectomy  in  cases  of 
acute  glaucoma.  Sclerotomy  and  eserine  have  their 
spheres  of  usefulness  ;  and  stretching  the  external  nasal 
nerve  has  recently  been  much  lauded  in  the  treatment  of 
certain  obstinate  forms  of  glaucoma.  Unfortunately  the 
more  obscure  cases  attract  but  little  attention  until  the 
disease  is  far  advanced,  and  medical  advice  is  sought 
only  after  serious  and  permanent  impairment  of  sight 
comes  on.  A  more  thorough  knowledge  of  the  disease 
and  greater  familiarity  with  its  sjrmptoms  by  the  general 
practitioner  will  not  only  insure  its  more  prompt  recog- 
nition, but  will  lead  the  laity  to  a  better  understanding  of 
the  affection,  and  cause  greater  care  in  the  observance  of 
eye  symptoms.  A  few  cases  of  glaucoma  are  strongly 
allied  to  optic-nerve  atrophy,  and  these  are  very  un- 
favorable. 

(13.)  Idiopathic  optic  nerve  atrophy  occurs  most  fre- 
quently in  subjects  who  have  inherited  a  tendency  to 
nervous  disorders.  It  is  often  a  precursor  of  spinal  cord 
or  of  cerebral  disease  ;  and  as  the  length  of  time  which 
may  intervene  between  the  development  of  optic  atrophy 
and  central  changes  is  often  considerable,  the  diagnosis 
is  usually  diflScult  and  uncertain.  The  disease  is  one  of 
the  most  obscure  that  we  have  to  deal  with,  and  the  prog- 
nosis is  unfavorable.  It  is  much  more  frequent  in  men 
than  in  women. 

(14.)  Tummt  of  the  Eye  and  its  Burroundings.— Malig- 
nant diseases,  as  glioma  of  the  retina,  sarcoma  of  the 
choroid,  of  the  ciliary  body,  and  of  the  iris,  and  epithe- 
lioma or  lupus  of  the  conjunctiva,  or  of  the  cornea,  may 
produce  blindness  through  destruction  of  the  globe  by 
their  own  growth  ;  yet  their  chief  importance  is  in  their 
danger  to  life.  Cysts  of  the  iris  may  cause  blindness  by 
increase  in  size,  if  not  removed. 

Gummata  of  the  ciliary  body  and  of  the  sclera  may 
also  produce  blindness  in  the  same  way.    Other  tumors 
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of  the  eye  rarely  cause  blindness.  Tumors  arising  from 
parts  adjacent  to  the  eye  may  produce  blindness,  directly 
by  extension  of  the  disease  to  the  globe,  or  indirectly  by 
pressure  effects  upon  the  globe  or  optic  nerve,  as  is  seen 
in  vascular  and  cystic  tumors  of  the  orbit,  and  in  tumors 
or  distention  of  the  frontal,  ethmoidal,  nasal,  or  maxillary 
sinuses. 

(15.)  Unclassifiable.— The  percentage  here  given  may 
be  taken  as  a  fair  example  of  the  proportion  of  the  blind 
which  present  such  complicated  conditions  as  to  preclude 
classification. 

(16.)  Direct  Injury  of  the  Eyes.— The  more  important 
proportion  of  these  .  cases  occur  in  individuals  whose 
labor  necessitates  exposure  of  the  eyes  to  flying  bits  of 
metal  or  stone,  as  machinists,  workers  in  stone,  miners, 
etc.,  and  in  those  who  have  to  deal  with  explosives,  as 
in  Islasting,  the  manufacture  of  explosive  materials, 
etc.  The  use  of  protective  glasses,  preferably  of  mica, 
which  combines  perfect  transparency  with  considerable 
strength,  is  a  measure  that  would  afford  much  protection 
to  the  eyes,  though  it  has  been  but  little  adopted  by  work- 
men exposed  to  these  dangers. 

A  certain  number  of  cases  occur  from  unavoidable 
and  unforeseen  accidents,  and  of  these,  it  is  unnecessary 
to  treat. 

(17.)  Unsuccessful  Operations. — The  percentage  here 
furnished  certainly  appears  small,  when  it  is  considered 
that  many  eye  operations  are  attended  with  considerable 
risk  to  the  eye,  even  in  the  hands  of  the  most  accom- 
plished operators.  Cataract  extraction — the  most  im- 
portant operation  in  ocular  surgery,  and  at  the  same  time 
the  most  formidable — is  accountable  for  most  cases  of 
blindness,  from  operative  measures.  Performed  late  in 
life,  when  the  process  of  repair  is  impaired  by  age  and 
often  by  disease,  it  is  to  be  wondered  that  the  proportion 
is  not  larger. 

(18.)  Injuries  of  the  head  produce  blindness  through 
lesions  of  the  optic  nerve,  at  or  about  the  optic  foramen. 
It  is  known  that  blows  upon  the  head  may  cause  fracture 
of  the  bones  about  the  apex  of  the  orbit,  or  at  the  optic 
foramen  ;  and  blindness  ensues  from  injury  to  the  optic 
nerve — immediately  if  the  injury  be  severe,  and  more 
.  slowly  if  dependent  upon  secondary  degenerative  changes 
(atrophy).  Meningitis  following  injuries  of  the  head  may 
cause  optic  neuritis  or  atrophy  and  blindness.  And  in- 
juries of  the  angular  gyrus  may  produce  blindness. 

(19.)  Traumatic  Sympathetic  Ophthalmia. — This  is  one 
of  the  most  important  of  eye-diseases,  and,  because  of  its 
Insidious  character  and  its  intractable  and  uncertain 
course,  merits  the  utmost  care  in  its  consideration  at  the 
hands  of  ophthalmologists,  and  general  practitioners  as 
well.  Resulting,  as  it  does,  from  previous  mechanical 
injury  which  has  greatly  impaired  or  entirely  destroyed 
the  fellow-eye,  its  treatment  involves  great  responsibility. 
And  as  it  not  infrequently  happens  that  the  sympathizing 
eye  is  ultimately  left  in  a  worse  condition  than  the  excit- 
ing one,  advice  should  be  well  and  intelligently  consid- 
ered. It  may  appear  within  a  few  weeks,  and  it  may 
not  develop  for  years  ;  and  while  its  prodromata  may  ex- 
tend over  periods  varying  from  weeks  to  months,  it 
sometimes  comes  on  unannounced,  and  quickly  leads  to 
blindness.  Arising  at  times  from  wounds,  apparently 
trivial,  in  the  ciliarjr  region,  it  occasionally  fails  to  appear 
after  extensive  Injury  to  this,  the  vulnerable  zone. 
Treatment  of  the  disease  after  it  has  developed  is  of 
course  important,  and  while  it  is  often  unsatisfactory,  it 
is  always  productive  of  great  good.  The  measure  above 
all  others  to  be  adopted  is  prophylaxis ;  and  this  includes 
the  proper  care  of  the  primarily  Injured  eye,  as  well  at 
the  time  of  the  injury  as  later  on  ;  and  this  of  course  in- 
volves the  question  of  enucleation.  This  is  an  important 
problem,  and  there  are  many  points  to  be  carefully  con- 
sidered before  a  conclusion  is  reached.  It  may  be  stated 
as  a  cardinal  point,  however,  that"  an  eye  so  seriously  in- 
jured in  the  ciliary  region  as  to  preclude  the  possibility 
of  retention  of  sight,  should  be  promptly  removed  ;  for 
such  an  eye  is  not  only  a  useless  organ,  but  is  a  source  of 
constant  menace  to  its  fellow. 
(30.)  Diseases  of  the  Eye  from  %j/t4%'s.— Syphilis  Is  a 
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prolific  source  of  eye-disease,  and  may  cause  almost  any 
form  of  it.  The  inherited  form  of  syphilis,  through  de- 
fective development  or  inflammation  of  the  several  parts 
of  the  eye  during  intra-uterine  life,  may  cause  blindness. 
And  abnormalities  In  the  osseous  development  of  the 
orbit  or  of  the  skull  may,  through  pressure  upon  the 
visual  tract,  cause  optic  neuritis  or  atrophy  and  blindness. 
Diffuse  (parenchymatous)  keratitis — a  disease  of  early  life 
— is  also  occasionally  productive  of  blindness.  Either 
the  inherited  or  the  acquired  form  of  syphilis  may  cause 
blindness  through  kerato-iritis,  iritis,  irido-cyclitis,  irido- 
choroiditis,  choroiditis,  retino-choroiditis,  and  optic  neu- 
ritis or  atrophy.  In  tertiary  syphilis,  gummata — affect- 
ing by  preference  the  sclera  or  the  ciliary  body— may 
produce  destruction  of  the  eye.  And  the  periosteal  or 
bony  lesions  of  this  stage  may  cause,  through  participa- 
tion, or  by  their  pressure  effects,  disease  of  the  eye  or  of 
its  conducting  apparatus,  which  leads  to  blindness.  An 
early  recognition  of  the  specific  taint,  and  prompt  and 
energetic  measures  against  it,  constitute  the  sheet-anchor 
of  success  in  all  diseases  dependent  thereon. 

(31.)  Oonorrhc£al  Conjunctivitis. — This  is  a  most  viru- 
lent form  of  purulent  ophthalmia,  due  to  inoculation  of 
the  conjunctiva  with  the  discharge  from  a  specific  ure- 
thritis or  vaginitis.  The  material  is  conveyed  to  the  eye 
by  accident  or  by  carelessness,  through  unwashed  hands 
in  persons  with  gonorrhoea,  or  in  those  treating  it,  and 
the  use  of  towels  or  of  linen  which  have  become  contam- 
inated. Perfect  cleanliness  and  care,  observed  by  gon- 
orrhoeal  subjects  and  by  their  attendants  and  associates, 
would  expel  this  disease  from  the  category  of  eye  aflee- 
tlons. 

(22.)  Scrofulous  Diseases  of  the  Eye. — The  strumous 
condition  is  a  fruitful  source  of  eye-disease,  yet  the  dis- 
eases to  which  it  most  frequently  gives  rise — ophthalmia 
tarsi,  phlyctenular  troubles,  etc. — seldom  cause  Windness. 
One  of  its  diseases,  however, — cyclo-keratitis — is  a  most 
serious  disease,  and  often  produces  blindness.  It  was 
first  described  by  Dalrymple,  and  is  sometimes  spoken  of 
as  Dalrymple's  disease.  It  is  fortunately  rare.  Lupus  is 
usually  considered  a  strumous  disease,  and  this  may  lead 
to  destruction  of  the  eye — whether  attacking  the  eye  pri- 
marily, or  involving  it  secondarily. 

(33.)  Irido  - clwroiditis  with  Meningitis. —  This  disease 
is  commonly  spoken  of  as  metastatic  choroiditis,  and 
is  caused  by  an  extension  of  inflammation  from  the  head 
to  the  eye  in  simple  meningitis,  or,  as  is  more  frequently 
seen  in  cerebro-.spinal  meningitis,  by  metastasis.  The  dis- 
ease usually  destroys  the  eye,  and  treatment  is,  ordinarily, 
unavailing. 

(34  and  35.)  Atrophy  cf  the  Optic  Nerve  {Cerebral  and 
Spinal). — It  is  often  difiicult,  and  sometimes  impossible,  to 
locate  the  lesion  upon  which  optic  nerve  atrophy  depends, 
and  it  will  be  convenient  to  consider  these  two  forms 
together.  According  to  Galezowski,  who  tabulated  166 
cases  of  optic-nerve  atrophy,  about  fifty  per  cent,  are  due 
to  diseases  of  the  brain  and  spinal  cord  ;  thirteen  per 
cent,  are  traumatic ;  nine  per  cent,  are  due  to  alcoholism ; 
eight  per  cent,  to  syphilis,  and  the  remaining  causes  are 
of  the  most  varied  kind.  And  according  to  v  on  Graefe, 
about  thirty  per  cent,  of  cases  of  primary  atrophy  of  the 
optic  nerve  are  due  to  spinal  disease. 

Cerebral  optic-nerve  atrophy  may  be  consecutive  to  optic 
neuritis  (of  central  origin),  or  it  may  follow  lesion  of  the 
chiasm,  of  the  cerebral  centres,  or  of  the  cortex  about 
the  angular  gyrus,  or  it  may  be  caused  through  pressure 
upon  the  nerve  by  exostosis,  tumor,  or  aneurism ;  narrow- 
ing of  the  optic  foramen  by  hyperostosis,  or  by  pressure 
upon  the  chiasm  from  distention  of  the  third  ventricle. 
Meningitis,  chronic  or  acute,  may  also  cause  atrophy 
without  recognized  neuritis,  etc.  Spinal  atrophy  occurs 
with  locomotor  ataxia,  of  which  it  maybe  the  earliest 
symptom  ;  or  it  may,  as  is  often  the  case,  come  as  a  late 
manifestation  of  the  disease. 

(26. )  Atrophy  of  the  Optic  Nerve,  or  Neuritis  after  Ecmit- 
temesis, — Loss  of  blood  is  occasionally  followed  by  affec- 
tion of  vision,  which  may  be  temporary  or  permanent 
It  is  with  the  latter  that  we  have  to  deal,  and  this  usually 
depends  upon  either  neuritis  or  atrophy.     Clinical  ex- 
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perience  has  taught  that  haemorrhages  from  the  gastro- 
intestinal tract  cause  disturbance  of  vision  more  fre- 
quently than  haemorrhages  from  other  localities  (thirty- 
flve  per  cent).  The  connection  between  the  loss  of  blood 
and  disease  of  the  optic  nerve  has  so  far  received  no  sat- 
isfactory solution.  The  same  connection  probably  exists 
between  atrophy  of  the  optic  nerve  after  bleeding  from,  piles 
(37),  and  after  dysentery  (38). 

(29.)  Atrophy  of  the  optic  nerve  after  vomiting  is  rare, 
and  its  connection  is  obscure.  The  straining  and  conse- 
quent congestion  may  produce  retro-ocular  htemorrhage, 
or  serous  effusion ;  or  it  may  be  due  to  the  connection 
which  exists  between  the  stomach  and  the  corpora  quad- 
rigemina. 

(30.)  Optic  nerve  atrophy  after  facial  erysipelas  is  usu- 
ally caused  by  an  extension  of  the  cellulitis  to  the  tissue 
of  the  orbit,  and  the  resulting  damage  to  the  trunk  of  the 
nerve. 

(31.)  Atrophy  of  the  optic  nerve  with  insanity. — Atrophy 
sometimes  occurs  among  the  insane,  and  most  frequently 
in  subjects  of  general  paresis — though  it  sometimes  occurs 
in  dementia  and  in  other  forms  of  insanity.  It  is  a  degen- 
erative change,  associated  with  similar  lesions  in  the  cen- 
tral nervous  system. 

(33.)  Atrophy  with  Epilepsy. — It  does  not  appear  that 
Idiopathic  epilepsy  has  connection  with  any  form  of  eye- 
disease.  It  is  only  in  such  cases  as  are  dependent  upon 
gross  intracranial  lesions  that  changes  are  observed  in 
the  disk,  and  the  atrophic  changes  here  differ  in  no  way 
from  those  seen  in  the  usual  forms  of  brain  disease. 

(33.)  Retinitis  n^ephritica  occurs  in  about  twenty -five  per 
cent,  of  cases  of  chronic  Bright's  disease.  It  is  more  im- 
portant as  a  means  of  diagnosis  than  as  a  cause  of  blind- 
ness, for  not  infrequently  it  is  the  first  symptom  which 
leads  to  a  detection  of  disease  of  the  kidney.  It  rarely 
causes  blindness,  however,  in  spite  of  the  marked  patho- 
logical changes  that  are  noticeable  in  the  retina,  and  often 
in  the  optic  nerve. 

(34.)  Diseases  of  the  Eye  from  Typlyas. — Loss  of  sight  has 
been  many  times  observed  during  convalescence  from 
typhus  fever,  and,  subsequently,  optic-nerve  atrophy  has 
usually  been  found.  In  some  of  these  cases  cerebral 
symptoms  have  been  observed,  and  in  others  there  was 
none.  Keratitis  is  sometimes  seen,  and  blindness  may  be 
one  of  its  consequences. 

(85.)  Blindness  from  measles  may  be  due  to  optic  neuritis, 
or  it  may  result  from  neglected  diseases  of  the  external 
eye,  i.e.,  conjunctivitis,  keratitis,  etc. 

(36.)  Diseases  of  the  Eye  from  Scarlatina. — The  fre- 
quency with  which  renal  disease  accompanies  scarlet 
fever  renders  affections  of  sight  not  very  rare  conse- 


most  any  part  of  which  may  be  the  seat  of  the  eruption. 
The  most  dangerous  seat  is  the  cornea,  where  ulceration 
often  leads  to  blindness.  Iritis  has  also  been  observed. 
Important  as  the  local  treatment  of  these  disorders  may 
be,  the  prophylactic  measure  of  vaccination  should  super- 
sede them  all,  and  thus  prevent  entirely  the  disease  upon 
which  they  depend. 

(38.)  Diseases  of  the  Eye  from  Heart  Trouble.— The  most 
frequent  cause  of  blindness  from  heart  disease  (valvulai-) 
is  phe  so-called  embolism  of  the  central  artery  of  the 
retina.  This  is  usually  monocular,  but  sometimes  both 
eyes  are  affected.  Thrombosis  of  the  central  vein  of  the 
retina  behind  the  eye,  in  association  with  disease  of  the 
heart,  may  also  produce  blindness.  In  ulcerative  endo- 
carditis retinal  haemorrhages  often  occur,  and  sometimes 
panophthalmitis  is  observed.   ' 

(89.)  Diseases  of  the  Eye  from  Ohildbirth  or  Pregnancy. 
—in  pregnancy  we  are  liable  to  have  albuminuric  reti- 
nitis, and,  following  childbirth,  we  may  have  metastatic 
choroiditis,  or  retinal  haemorrhage  ;  and  Ci3,ses  of  atrophy 
of  the  optic  nerve  are  sometimes  dependent  upon  lactation. 

(40.)  Intoxication  Amaurosis. — Under  this  head  are  in- 
cluded cases  of  blindness  resulting  from  the  abuse  of 
certain  noxious  agents,  chief  among  which  are  alcohol 
and  tobacco.  It  is  claimed  that  the  free  and  long-con- 
tinued use  of  either  of  these  substances  not  infrequently 
leads  to  a  form  of  optic-nerve  atrophy  possessed  of  certain 
distinctive  peculiarities.  There  seems  to  be  good  reason 
for  attributing  such  to  alcohol,  but  the  reasons  in  favor  of 
tobacco  are  not  so  strong. 

(41.)  Blindness  from  Diseases  of  the  Orbit. — Inflamma- 
tory processes  in  the  orbit,  whether  in  the  cellular  tissue 
or  in  the  periosteum  or  bone,  raay  cause  either  simple 
atrophy  of  the  optic  nerve  or  neuritis  and  consecutive 
atrophy.  "With  much  swelling  of  the  orbital  tissue  there 
is  danger  that  the  nutritive  supply  of  the  globe  may  be 
cut  off  by  pressure,  and  that  the  inflammation  or  slough- 
ing which  results  may  produce  blindness.  Tumors  of 
the  orbit  may  act  as  inflammatory  products,  or,  the  dis- 
ease extending  to  the  eye,  may  directly  cause  destruction 
of  this  organ.   ' 

An  important  matter  in  the  consideration  of  the  causes 
of  blindnesss,  is  the  proportion  composed  of  those  whose 
origin  is  unavoidable,  and  the  course  of  which  is  beyond 
control.  If  arranged  under  the  headings  of  Preventable, 
Probably  preventable,  and  Unpreventable  blindness,  we  are 
at  once  struck  with  the  large  number  included  under  the 
first  and  second  headings,  and  the  small  proportion  em- 
braced under  the  last.  Absolute  accuracy  in  this  arrange- 
ment is,  of  course,  not  claimed,  hut  it  will  serve  the  pur- 
pose of  illustrating  the  large  amount  of  blindness  arising 


Table  X. 


Preventable  cauf!e&  ot  blindness. 

Per  cent. 

Ophthalmia  neonatornm 10.876 

Trachoma  and  blenorrhoea 9.492 

Diphtheritic  conjunctivitis 0.356 

Choroiditis  myopica 0.949 

Detachment  of  retina 3.746 

Olancoma 8.000 

Sympathetic  ophthalmia 4.609 

GonorrhcBBl  ophthalmia 0.910 

Diseases  of  eye  from  small-pox 2.216 

Intoxication  amaurosis 0.039 


41.093 


Probably  preventable  blindness. 

Per  cent. 

Diseases  of  the  cornea 4.084 

Direct  injuries  of  the  eye 2.017 

TlnRucceBsful  operations 1.978 

Irido-choroiditis,  cyclitis,  iritis 4.430 

Detachment  of  retina l.tJOO 

Olancoma  0.978 

Unclassiflable 1.681 

Diseases  of  the  eye  from  syphilis 0.238 

Choroiditis,  choiio-retinitis 0.369 

Idiopathic  optic-nerve  atrophy 2.000 

Optic-nerve  atrophy,  cerebral 2.000 

Optic-nerve  atrophy,  spinal 0..S33 

Typhns,  measles,  scarlatina,  etc 1.165 


24.189 


Unpreventable  blindness. 

Per  cent. 

Diseases  of  the  cornea 4.034 

Direct  injuries  of  the  eye 2.U17 

Tumors  of  eye  and  surroundings  0.356 

Irido-choroiditis,  cyclitis,  iritis 4.480 

Injuries  to  the  head , 0.277 

Scrofulous  diseases 0.039 

Unclassiflable 1.681 

Diseases  of  eye  from  syphilis 0.2.Sb 

Choroiditis,  chorio-retinitis 0.738 

Idiopathic  optic  nerve  atrophy 5.751 

Optic  nerve  atrophy,  cerebral 4.961 

Optic  nerve  atrophy,  spinal 2.000 

Typhus,  measles,  etc 1.165 

Irido-choroiditis  with  meningitis 1.424 

Other  causes,  including  3.835  per  cent,  of 

congenital  blindness 5.412 

34.523 


quences  of  the  disease.  Yet  neuro-retinitis  does  occur 
without  the  presence  of  renal  disorder.  Atrophy  of  the 
optic  nerve  may  also  be  the  result  of  scarlatina.  In  ma- 
lignant cases  sloughing  of  the  cornea  has  been  observed, 
and  in  other  cases  keratitis  may  produce  blindness. 

(37.)  Diseases  of  the  Eye  from  Variola. — Variola  may 
cause  neuro-retinitis,  or  atrophy  of  the  optic  nerve  ;  but 
Its  chief  danger  is  from  diseases  of  the  external  eye,  al- 


from  avoidable  causes,  and  such  as  are  amenable  to  treat- 
ment. 

It  may  be  of  interest'  to  state  that  the  first  Institution 
for  the  blind  was  founded  in  Memingen,  by  Weef  VI.,  in 
1178  :  the  second  in  Paris,  by  St.  Louis,  in  1360  ;  the  first 
for  the  employment  of  adult  blind  was  opened  in  Edin- 
burgh, by  Dr.  Johnston,  in  1793.  There  were,  in  1873, 
148  institutions  for  the  blind  in  the  world. 
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There  are  certain  irregular  forms  0/  blindness  which 
will  be  treated  of  under  appropriate  headings  elsewhere, 
and  it  will  be  necessary  to  refer  to  them  here  only  in  a 
general  way.  The  free  exhibition  of  quinine  or  of  sali- 
cylic acid  sometimes  causes  blindness ;  and  it  has  been 
observed  in  rare  instances  to  follow  the  use  of  silver,  of 
mercury,  and  of  lead.  Prolonged  exposure  to  the  fumes 
of  sulphide  of  carbon  may  produce  amblyopia ;  and  the 
fumes  of  osmie  acid  may  bring  about  the  same  condition. 
The  circulation  in  the  blood  of  a  superabundance  of 
urea  is  apt  to  cause  transient  attacks  of  blindness.  And 
in  migraine,  or  sick  headache,  attacks  of  blindness  are  not 
infrequent.  The  attacks  of  blindness  in  the  foregoing 
conditions  of  the  system  are  usually  transient,  aind  per- 
fect recovery  quickly  returns  ;  yet,  if  often  repeated,  per- 
manent impairment  of  sight  may  result,  which,  in  some 
instances,  declares  itself  as  a  low  grade  of  optic  neuritis 
or  atrophy.  Sysierical  amblyopia  is  a  recognized  con- 
dition. It  is  temporary  and  irregular,  and  is  usually  at- 
tended by  other  hysterical  symptoms.  Temporary  blind- 
ness may  occur  as  the  aura  of  an  epileptic  attack.  Cases 
of  word-blindness  have  been  observed  in  individuals  who 
could  talk  and  even  write,  which  were  dependent  upon 
lesions  about  the  angular  gyrus.  Night-blindness  or  moon- 
blindness — hemeralopia — is  a  condition  of  torpor  of  the 
retina,  which  usually  affects  those  who  have  been  long 
exposed  to  bright  lights — as  sailors  or  marching  soldiers, 
in  the  tropics.  Insufficient  food,  either  as  to  quantity  or 
quality,  seems  also  to  be  a  factor  in  the  disease.  Day- 
blindness,  or  nyctalopia,  is  a  form  of  retinal  hyperaes- 
thesia  which  is  also  usually  caused  by  long  exposure  to 
glistening  surfaces  brilliantly  illuminated  by  the  sun. 
Snow-,  or  ice-blindness,  is  a  variety  of  nyctalopia,  though 
there  are  with  this  form  usually  signs  of  conjunctival 
implication.  One-sided  blindness,  or  hemianopsia,  which 
may  exist  in  various  forms,  is  occasionally  seen,  and  it  is 
often  of  importance  in  locating  intracranial  lesions. 
Blindness  from  disuse — amblyopia  ex  anopsia— is  claimed 
by  many  to  result  from  the  long-continued  disuse  of  an 
eye.  Simulated  blindness  can  usually  be  detected,  yet  it 
is  often  done  with  difficulty.  Color-blindness — achroma- 
topsia— may  exist  in  various  forms.  It  is  of  great  im- 
portance, and  receives  ample  consideration  elsewhere. 

James  Lancelot  Minor. 


BLISTER  (Bleb,  Bulla ;  Fr.,  BuUe;  Ger, 
Definition. — A  vesicle  of  the  skin  caused  by  the  sep- 
aration of  the  cuticle  or  epidermis  from  the  rete  muco- 
sum,  and  containing  a  fluid  which  consists  of  serum, 
sometimes  mingled  with  a  greater  or  less  amount  of  blood. 

Etiology. — -Blisters  may  be  classified  in  three  groups. 
First,  idiopathic  blisters,  such  as  are  observed  in  pem- 
phigus, etc.  ;  second,  symptomatic,  as  in  erysipelas, 
herpes  zoster,  etc.,  in  which  the  vesicular  development 
is  but  one  feature  in  the  course  of  an  underlying  and  ex- 
tensive diseased  process,  which  may  pervade  the  entire 
system  of  the  patient ;  and  third,  traumatic  blisters,  such 
as  may  be  observed  to  follow  the  application  of  excessive 
heat  to  the  surface,  or  may  result  from  the  contact  of 
certain  irritating  substances  to  the  skin.  These  sub- 
stances are  called  vesicants. 

The  first  two  varieties  of  blister — the  idiopathic  and  the 
symptomatic  forms — may  be  met  in  conditions  of  great 
depression  of  the  vitality  of  the  integument,  as  in  pru- 
rigo, chilblain,  commencing  moist  gangrene,  etc.,  as 
well  as  during  the  course  of  many  disorders  of  the  skin 
or  of  the  general  system  in  which  the  formation  of  ves- 
icles is  an  accident  and  not  a  usual  accompaniment  of 
the  particular  disorder. 

The  third  variety  is  recognized  as  the  direct  and  im- 
mediate result  of  scalds  and  burns,  and  other  means  of 
eifecting  an  injurious  contact  of  the  surface  of  the  body 
with  excessive  heat,  as  well  as  the  consequence  of  the 
exhibition  by  contact  of  powerful  counter-irritants,  such 
as  cantharides,  ammonia,  mustard,  etc. 

The  group  of  substances  known  as  counter-irritants 
embraces  the  following  classes :  1,  Rubefacients ;  2, 
epispastics,  blistering  agents,  vesicants  properly  so  called. 

Vesicants  are  agents  or  substances  which  produce  such 
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a  degree  of  irritation  when  applied  to  the  skin  as  to  induce 
an  effusion  of  serum  between  the  cutis  vera  and  the  epi- 
dermis, leading  to  the  formation  of  a  sac  containing  fluid 
which  is  called  a  vesicle.  This  group  also  includes  the 
employment  of  the  heated  hammer,  the  moxa,  and  other 
measures  for  the  production  of  a  blister  upon  the  surface 
by  means  of  heat,  for  remedial  purposes. 

The  application  of  a  vesicant  to  the  surface  of  the  body 
usually  awakens  a  series  of  changes  in  the  tissues  of  the 
part,  which  may  be  described  as  follows  :  There  eusues 
at  first  a  comfortable  sensation  of  warmth,  which  in- 
creases more  or  less  rapidly  to  a  feeling  of  intense  heat, 
and  acute  burning  pain  in  the  area  of  skin  to  which 
the  vesicant  has  been  applied.  The  surface  is  raised 
somewhat  above  the  level  of  the  surrounding  skin,  and 
is  generally  reddened  in  color.  If  the  part  be  pressed 
upon  by  the  finger,  the  red  color  immediately  returns  on 
removing  the  pressure.  Soon  after  this,  if  the  vesicant 
be  allowed  to  remain  in  contact  with  the  skin,  minute 
collections  of  fluid  may  be  observed,  which  are  situated 
beneath  the  cuticle,  and  lift  it  away  from  the  rete  mu- 
cosum,  forming  small  vesicles,  and  these,  by  coalescing, 
form  larger  accumulations,  or  the  entire  surface  to  which 
the  vesicant  was  applied  may  be  occupied  by  a  single 
large  sac  of  fluid. 

A  counter-irritant  may  j^roduce  a  varying  result,  ac- 
cording to  the  condition  of  the  part  to  which  it  is  applied, 
and  also  according  to  the  character  of  the  substance  em- 
ployed. Irritation  in  one  part  of  the  body  may  affect 
the  function  or  nutrition  of  other  parts  more  or  less  re- 
mote from  the  seat  of  irritation.  In  like  manner,  stimu- 
lation of  the  surface  may  decidedly  influence  the  circu- 
lation of  underlying  structures. 

The  effect  which  is  produced  by  the  action  of  a  blister 
is  of  two  kinds :  First,  the  blood-vessels  of  the  surface 
are  caused  to  dilate,  allowing  a  more  active  circulation  of 
the  blood  through  the  superficial  tissues,  thus  relieving 
local  vascular  tension,  and  sometimes  modifying  the  cir- 
culation of  the  entire  body  ;  this  action  diminishes,  to  a 
certain  extent,  the  congestion  or  increased  vascular  press- 
ure in  organs  or  parts  lying  deeply  beneath  the  surface, 
and  is  frequently  followed  by  a  marked  amelioration  of 
pain  and  other  symptoms  referable  to  a  diseased  condition 
of  these  structures  ;  second,  the  eilusion  of  serum, which 
follows  the  application  of  a  vesicant,  is  the  means  of  me- 
chanically reducing  the  absolute  amount  of  material  in 
the  affected  part,  by  the  withdrawal  or  removal  of  a  cer- 
tain quantity  of  fluid  from  the  tissues,  thus  relieving  the 
tension  in  the  subjacent  structures  and  diminishing 
swelling,  and  softening  the  textures  beneath  the  surface. 

Blisters  may  thus  be  of  service  in  congestion  of  the 
lungs  or  brain,  or  may  modify  an  inflammatory  process 
connected  with  the  serous  membranes  investing  tlie 
pleural  or  pericardial  cavities. 

All  vesicants  are  primarily  rubefacients,  and  stimulants 
to  the  skin.  Revulsion  and  derivation  are  each  a  form 
of  counter-irritation,  one  of  which  exerts  an  influence  in 
the  immediate  vicinity  of  the  disease,  while  the  other  is 
applied  to  a  remoter  part  of  the  body,  with  the  view  of 
there  arousing  a  second  irritation,  in  the  hope  that  the 
original  disease  may  thereby  be  modified. 

Counter-irritants  should  not  be  applied  directly  over  an 
inflamed  part,  nor  to  loose  and  elastic  surfaces  of  skin, 
such  as  the  scrotum,  eyelids,  or  axilla,  nor  to  the  breast , 
during  pregnancy. 

In  feeble  persons,  or  in  cases  in  which  the  vitality  of 
the  patient  has  been  greatly  reduced,  as  after  sudden  and 
great  loss  of  blood,  in  cholera,  in  the  condition  of  shock, 
etc.,  the  application  of  an  ordinary  vesicant  may  not  he 
followed  by  pain,  owing  to  the  depression  of  the  vital 
forces. 

The  vesicant  should  not  be  left  too  long  in  contact 
with  the  skin,' even  in  the  absence  of  pain,  on  account 
of  the  danger  of  subsequent  sloughing  of  the  integu- 
ment, which  is  often  followed  by  a  deep  and  long- 
standing ulceration,  with  the  ultimate  formation  of  » 
cicatrix  when  healing  is  at  length  accomplished. 
.  Blisters  are  not  admissible  in  the  care  of  children  when 
suffering  from  any  low  or  exhausting  form  of  disease,  H 
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a  blister  has  been  in  contact  with  the  skin  for  a  proper 
length  of  time  -without  producing  any  perceptible  effect, 
it  should  be  removed  lest  a  slough  of  the  part  should 
follow. 

The  primary  action  of  a  vesicant  is  that  of  a  stimulant, 
followed  by  a  greater  or  less  degree  of  depression.  The 
stimulant  effect  is  more  transient  accordingly  as  the  vesi- 
cant is  more  powerful,  and  the  blister  is  more  rapidly 
formed.  The  secondary  depression  is  -more  or  less  pro- 
found according  to  the  length  of  time  during  'which  the 
vesicant  has  been  in  contact  with  the  skin,  the  depth  to 
which  the  irritant  action  has  penetrated,  and  also,  to  a  cer- 
tain degree,  the  state  of  vitality  of  the  tissues  over  which 
it  was  applied. 

A  blister,  when  fully  formed,  should  be  opened,  by 
means  of  a  small  knife  or  a  needle,  at  its  most  dependent 
part,  and  the  serum  allowed  to  escape.  The  cuticle  is 
thus  brought  again  in  contact  with  the  rete  mucosum, 
and  there  is  little  pain  or  discomfort  during  the  period  of 
healing.  In  children  it  is  often  advisable  not  to  open  a 
blister,  as  the  effused  serum  is  the  best  dressing,  for  the 
part,  and  a  new  cuticle  forms  easily  and  painlessly  be- 
neath the  unbroken  blister. 

In  certain  acute  or  chronic  conditions  a  succession  of 
small  blisters  upon  the  surface  over  or  near  the  seat  of 
the  disease  is  followed  by  marked  benefit.  These  are 
commonly  called  "  flying  blisters,"  and  are  of  small  size, 
and  may  be  frequently  repeated,  and  thus  produce  a  con- 
tinuous counter-irritant  effect.  They  are  best  applied  in 
the  form  of  a  ring  of  blistering  material,  like  a  corn- 
plaster,  which  leaves  a  small  point  of  uncovered  skin  in 
the  centre.  Flying  blisters  are  often  of  service  in  affec- 
tions of  the  brain,  especially  those  accompanied  by  con- 
gestion and  effusion,  as  in  chronic  hydrocephalus  and  in 
non-tubercular  meningitis.  Blisters  are  often  of  great 
benefit  in  functional  disturbances  of  the  nervous  system, 
in  which  they  act  as  a  counter-irritant  and  as  a  stimulant. 
They  have  been  known  to  stop  the  spread  of  erysipelas, 
though  how  they  thus  act  is  not  clearly  understood.  In 
cases  of  effusion  in  the  larger  joints,  and  in  the  other 
serous  cavities  of  the  body,  blisters  over  or  around  the 
part  hasten  the  absorption  of  the  effused  fluid.  They 
also  accelerate  the  action  of  certain  medicines,  especially 
those  belonging  to  the  class  of  alteratives,  by  hastening 
the  metamorphosis  of  tissue  and  changing  the  structure 
of  the  parts  to  which  they  are  applied.  The  same  treatment 
has  been  found  beneficial  in  rheumatism.  In  persistent 
nausea  and  vomiting  the  application  of  a  vesicant  to  the 
epigastric  region  sometimes  affords  relief  when  all  other 
means  have  failed.  The  pain  of  pleurodynia  is  often 
mitigated  or  entirely  relieved  by  blistering,  and  many 
other  pains  of  neuralgic  character  are  benefited  by  this 
means. 

When  any  disease  of  the  kidneys  or  bladder  exists, 
cantharides  should  never  be  employed,  on  account  of  the 
danger  from  absorption  of  the  irritant  constituents  of  this 
substance,  and  the  consequent  aggravation  of  the  urinary 
trouble.  In  acute  pericarditis  and  endocarditis  the  appli- 
cation of  small  repeated  blisters  is  often  of  great  service 
in  relieving  pain  and  checking  the  inflammatory  process. 
Vesicants  are  frequently  useful  when  the  reflex  functions 
of  the  body  are  seriously  depressed,  as  in  shock  ;  in  acute 
affections  which  impair  the  powers  of  the  heart  or  lungs ; 
in  sudden  visceral  congestions ;  in  collapse,  faintness,  and 
in  the  lethargy  produced  by  alcohol  or  by  narcotics.  In 
some  forms  of  headache,  in  gastralgia  and  colic,  in  the 
oppression  of  breathing  so  often  observed  in  diseases  of 
the  heart  and  lungs,  and  in  cough  of  reflex  origin  they  are 
often  of  great  service,  as  well  as  in  the  commencing 
stages  of  meningeal  inflammation  of  the  spinal  cord. 

In  applying  blisters  those  portions  of  the  cutaneous 
surface  should  be  avoided  which  are  immediately  over 
superficial  bones,  or  where  pressure  occurs  either  from 
the  clothing  or  from  the  weight  of  the  body.  They  should 
not  be  employed  on  surfaces  in  a  state  of  acute  inflamma- 
tion, nor  in  high  fever. 

Whatever  means  may  be  employed  to  produce  the  ef- 
fusion beneath  the  cuticle,  the  subsequent  treatment  of 
the  vesicle  is  pursued  with  one  of  two  objects  :  either  to 


render  the  injury  to  the  parts  as  transient  as  possible,  and 
to  restore  the  integrity  of  the  cuticle  ;  or  to  establish  a 
permanently  secretmg  surface.  The  former  is  generally 
the  result  which  it  is  desirable  to  obtain  in  the  treatment 
of  blisters  when  employed  to  relieve  sudden  congestions 
or  acute  effusions  in  the  serous  cavities,  or  sudden  attacks 
of  pain  in  the  superficial  regions  of  the  body.  The 
formation  of  a  permanent  secreting  surface  is  generally 
indicated  in  chronic  inflammations  of  the  deeper  struct- 
ures or  organs  in  which  it  is  desirable  to  induce  long- 
continued  counter-irritation,  with  a  certain  amount  of 
local  depletion.  The  inflammatory  process  is  modified 
by  the  neighboring  counter-irritation,  and  a  tendency  to 
restoration  is  induced  in  the  diseased  organs.  There  is  a 
limit  to  the  time  during  which  a  blistered  surface  should 
be  kept  discharging.  When  the  surface  becomes  covered 
with  granulations  and  is  elevated  and  roughened  and 
spongy  in  appearance,  all  irritant  applications  should  be 
discontinued  lest  an  unsightly  and  uneven  cicatrix  be  pro- 
duced. 

Blisters  maybe  produced  by  a  great  variety  of  methods, 
as  has  been  intimated  in  an  earlier  part  of  this  article. 
Among  the  most  useful  means  of  inducing  prompt  vesi- 
cation are  the  following :  A  blister  is  quickly  formed  if 
a  pledget  of  cotton  be  moistened  with  strong  ammonia 
water  and  applied  to  the  skin  beneath  a  wineglass. 
Chloroform  employed  in  a  similar  manner  is  a  speedy 
and  safe  vesicant.  Another  most  useful  method  of  pro- 
ducing a  blister  is  mustard,  either  in  the  form  of  the 
commercial  "leaves,"  or  simply  mixed  with  cool  water 
and  applied  to  the  part  desired. 

A  very  elegant  vesicatory  is  made  by  mingling  the 
active  principle  of  the  vesicating  substance  with  collo- 
dion, when  it  may  be  painted  upon  the  surface,  and  there 
produces  a  blister.  In  this  -way  cantharides  may  be  ap- 
plied to  almost  any  part  of  the  body.  This  is  a  desirable 
form  for  employment  in  the  care  of  children. 

The  hydrate  of  chloral  is  considered  a  useful  agent 
for  inducing  vesication.  It  is  applied  by  confining  the 
vesicant  in  crystals  beneath  a  small  piece  of  adhesive 
plaster.  The  chloral  is  not  afterward  disturbed,  the 
blister  healing  quickly  and  perfectly  beneath  the  adhesive 
plaster. 

There  is  no  doubt  that  the  employment  of  blistering 
agents  in  the  treatment  of  disease  has  fallen  into  unde- 
served disuse.  This  is  a  matter  for  regret,  as  we  possess 
hardly  another  means,  except  the  abstraction  of  blood  by 
venesection,  which  is  now  also  a  neglected  procedure,  of 
so  quickly  and  radically  inducing  a  change  in  the  physi- 
cal and  physiological  condition  of  limited  areas  of  sur- 
face, or  extensive  parts  or  organs,  as  may  be  achieved  by 
the  judicious  use  of  the  various  vesicants ;  and  it  re- 
quires no  prophetic  eye  to  look  forward  to  the  time  when 
this  branch  of  therapeutical  medication  will  be  again  ap- 
preciated by  the  profession.  Albert  N.  Blodgett. 

BLOCK  ISLAND.  This  island  (Lat.  41°  13'  N.,  Long. 
71°  35'  W.),  lying  some  ten  miles  out  at  sea,  and  situated 
about  midway  between  Point  Judith,  on  the  Rhode  Island 
coast,  and  Montauk  Point,  the  eastern  extremity  of  Long 
Island,  is,  with  perhaps  the  single  exception  of  Nan- 
tucket, further  distant  from  the  mainland,  and  conse- 
quently more  thoroughly  exposed  to  purely  maritime  in- 
fluences, than  is  any  other  resort  lying  along  the  Atlantic 
coast  of  the  United  States.  According  to  "  Lippincott's 
Gazetteer,"  the  length  of  the  island,  from  north  to  south  is 
eight  miles  ;  its  breadth,  from  east  to  west  varies  between 
two  and  five  miles.  The  greater  part  of  the  island  is  con- 
siderably elevated  above,  sea  level.  The  rocky  bluffs  ly- 
ing upon  its  southern  and  southeastern  shores  are  said  to 
rise  some  two  hundred  feet  above  the  water,  rendering 
this  part  of  its  coast  exceedingly  picturesque  and  bold  in 
appearance ;  while  an  elevation  of  some  three  hundred 
feet  is  said  to  be  attained  in  some  parts  of  the  interior. 
The  general  surface  of  the  island  by  no  means  consists, 
however,  of  an  uniformly  elevated  table-land,  but  is  decid- 
edly undulating  and  of  uneven  configuration.  On  the 
eastern  shore,  where  the  chief  hotels  are  located,  there  is 
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•a  fine  beach  for  bathing.  The  facilities  for  boating  and 
for  fishing  are  alsosaid  to  be  unsurpassed.  Besides  the 
meagre  account  of  Block  Island  contained  in  the  pages  of 
"  Llppincott's  Gazetteer,"  the  writer  has  hitherto  seen  no 
description  of  the  island,  save  that  contained  in  the  two 
pamphlets  circulated  as  advertisements  of  its  hotels.  In 
these  pamphlets,  however,  there  is  to  be  found  a  long  ex- 
tract from  an  account  of  Block  Island  as  a  health  resort, 
written  by  Dr.  H.  Holbrook  Curtis,  of  New  York,  a  phy- 
sician who  is  in  the  habit  of  passing  his  summers  at  this 
seaside  resort.  The  reputation  of  this  gentleman  is  such 
as  to  give  the  greatest  weight  to  his  comments,  which  are 
based,  moreover,  upon  personal  experience.  In  this  ar- 
ticle, published  originally  in  the  pages  of  the  New  York 
Medical  Becord,  Dr.  Curtis  bears  witness  to  the  excep- 
tional purity  of  atmosphere  existing  at  Block  Island,  to 
the  coolijess  of  the  place  in  summer,  to  the  bracing  and 
remarkably  tonic,  as  well  as  soothing,  eflfect  of  its  climate, 
and  to  the  decided  benefits  attainable  and  attained  by  a 
summer  sojourn  at  this  spot  in  cases  of  nervous  prostra- 
tion, insomnia,  malarial  poisoning,  and  in  some  cases  of 
pulmonary  phthisis.  The  doctor  also  testifies  to  the  good 
.quality,  of  the  water-supply,  the  comfort  of  the  hotels, 
and  tlie  perfect  system  of  drainage  in  vogue  at  the  latter. 
His  article  also  contains  a  table,  showing  the  temperature 
at  noon  for  each  day  of  the  two  months  of  July  and  Au- 
gust, 1880,  as  taken  by  a  gentleman  who  was  staying  at 
Sie  island.  Similar  tables  for  those  two  months  during 
the  years  1881,  1882,  and  1883,  based  also  upon  private 
observations,  are  given  elsewhere  in  the  two  pamphlets 
already  referred  to.  From  the  figures  of  these  four  tables 
the  present  writer  has  deduced  by  calculation  the  follow- 
ing chart,  which  shows  the  average  noon  temperature  for 
.July  and  August,  in  each  of  the  four  years  specified 
(1880,  1881,. 1882,  and  1883),  as  also  the  absolute  maxi- 
mum and  absolute  minimum  noon  temperatures,  the  aver- 
age maximum  and  minimum  at  jioon,  the  absolute  and 
the  average  range,  and  also  the  absolute  and  the  average 
number  of  days  in  each  month  upon  which  the  mercury 
rose  to  80°  F.  or  above,  and  upon  which  it  stood  at  70°  P. 
or  lower,  at  the,  hour  specified.  A  glance  at  this  table 
will  show  not  only  the  coolness,  but  also  the  great  even- 
ness of  the  midday  temperature  at  this  exceptionally  and 
truly  maritirae  resort.  In  conclusion,  it  should  be  re- 
marked that  over  and  above  the  good  bathing,  fishing, 
and  boating  already  mentioned,  it  is  said  that  very  pleas- 
ant drives  are  to  be  had  in  various  directions  about  the 
island,  and  constitute,  together  with  the  music,  dancing, 
etc.,  commonly  found  at  all  large  summer  hotels,  another 
amusement  and  diversion  for  the  visitors  to  Block  Island. 
Dr.  O.  D.  Cheney,  of  Haverhill,  Mass.,  is  also  quoted  in 
the  two  pamphlets  above  referred  to,  his  testimony  cor- 
roborating that  of  Dr.  Curtis,  in  respect  to  the  attractive- 
ness of  Block  Island  as  a  summer  resort,  as  well  as  to  the 
beneficial  effect  upon  invalids  exerted  by  the  climate  of 
the  island. 

Noon  Tempebatubes  at  Blooe  Island. 
(July  and  August,  1880,  1881,  1882,  and  1883.) 
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BLOOD.  The  blood  of  man  and  of  the  vertebrate  ani- 
mals is  an  opaque  fluid,  varying  in  color  from  a  bright 
scarlet  to  a  dark  cherry-red,  according  as  it  is  taken  from 
an  artery  or  a  vein.  Received  in  a  vessel  and  allowed  to 
stand,  certain  changes  take  place  through  which  is  ef- 
fected a  separation  of  some  of  its  principal  constituents 
a  sort  of  spontaneous  analysis,  which  has  at  all  times 
served  as  a  starting-point  for  the  study  of  this,  the  most 
complex  of  the  animal  fluids.  The  first  of  these  changes 
is  that  the  blood  ceases  to  be  fluid,  and  assumes  a  gela- 
tinous consistence,  still,  however,  retaining  the  form  of 
the  vessel  containing  it.  Soon  it  begins  to  withdraw  it- 
self from  the  sides  and  bottom  of  the  vessel,  and  simulta- 
neous with  this  retraction  is  the  appearance  of  a  trans- 
parent amber-colored  fluid  which,  first  exuding  in  drops, 
soon  covers  on  all  sides  the  gradually  contracting  gela'- 
tinous  mass.  The  solid  portion,  which  still  represents  in 
miniature  the  internal  surface  of  the  vessel,  is  known 
as  the  crassamentum,  coagulum,  or  blood-clot ;  the  ex- 
pressed fluid  as  the  blood-serum. 

TiMB  OF  CoAGTOATiON. — The  time  between  the  with- 
drawal of  the  blood  and  its  coagulation  is  variously  stated, 
and  this  discrepancy  is  doubtless  owing  to  the  fact  that 
different  methods  of  determining  the  question  were  em- 
ployed by  each  observer.  When  it  is  recalled  that  the 
coagulation  of  the  blood  is  influenced  by  the  rate  of  speed 
at  which  it  escapes  from  the  blood-vessel,  its  slow  escape 
accelerating  the  formation  of  the  coagulum,  and  vice  versa, 
the  importance  of  absolute  uniformity  in  the  methods  em- 
ployed is  manifest. 

Hewson  states  as  the  result  of  his  experiments,  that  "the 
blood  of  a  dog  and  of  the  human  subject  jellies  out  of  the 
body  nearly  in  the  same  time,  that  is,  it  begins  in  three 
or  four  minutes,  and  is  completed  in  seven  or  eight." 
Nasse  found  the  time  of  the  first  appearance  of  coagula- 
tion in  the  blood  of  man  to  vary  between  one  minute  and 
fifteen  seconds  to  six  minutes,  the  average  in  men  being 
three  minutes  and  forty-five  seconds,  and  in  women  two 
minutes  and  twenty  seconds.  The  time  of  the  first  ap- 
pearance of  exuded  serum  from  the  coagulum  varied 
from  seven  to  sixteen  minutes,  averaging  in  men  eleven 
minutes  and  forty-five  seconds  ;  in  women,  nine  minutes 
and  five  seconds.  Vierordt  gives  as  the  result  of  more 
than  two  hundred  and  fifty  observations,  made  at  different 
periods  of  the  day,  nine  minutes  and  twenty-eight  seconds 
as  the  average  time  of  coagulation.  Although  the  time 
given  by  Vierordt  is  longer  than  that  of  Hewson  or  Nasse, 
yet  the  method  employed  in  his  investigations  was  such 
as  would  be  expected  to  hasten  coagulation.  He  received 
a  small  quantity,  about  two  cubic  millimetres,  of  blood  in  a 
capillary  tube,  stirred  it  repeatedly  with  a  fine  white 
horse-hair,  and  noted  the  moment  in  which  a  coagulum 
formed  on  the  hair. 

Agencies  Inplubncing  Coagulation. — The  effect  of 
age  upon  coagulation,  during  extra-uterine  life  at  least, 
appears  to  be  nil.  Dr.  B.  w!  Richardson  withdrew  the 
blood  from  a  section  of  the  umbilical  cord  of  a  child  at 
term,  and  found  that  in  neither  the  arterial  nor  venous 
blood,  which  were  kept  separate,  was  there  any  coagula- 
tion for  the  space  of  twenty  minutes.  At  the  end  of  that 
time  "  a  feeble  clot  formed,  unattended  with  the  separa- 
tion of  .serum."  In  forty-three  experiments  by  the  same 
observer  upon  the  foetal  blood  of  various  animals,  he 
"  never  found  the  blood  firmly  coagulated,"  and  "  never 
met  with  anything  like  a  separation  of  fibrin." 

In  experiments  upon  the  blood  of  embryonic  chickens, 
Boll  found  no  appearance  of  coagulation  until  the  thir- 
teenth day  of  incubation. 

Coagulation  is  hastened  by  heat— 37.7°  to  48.9°  C.  (lOO" 
to  120  F.)— by  rest,  by  exposure  to  the  air,  by  contact 
with  foreign  substances,  by  the  reception  of  the  blood  in 
shallow  vessels,  and  by  the  addition  of  water  in  amount 
less  than  twice  the  bulk  of  the  blood.  Arterial  blood  co- 
agulates sooner  than  venous.  The  last  portions  of  blood 
withdrawn  from  a  vessel  coagulate  sooner  than  the  first. 
Coagulation  is  hastened  by  starvation  and  other  enfeebled 
states  of  the  system.  Within  the  vessels,  during  life,  it 
is  frequently  caused  by  thickening  or  roughening  of  the 
intima,  due  to  inflammatory  or  degenerative  processes. 
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Of  all  the  causes  which  hasten  the  coagulation  of  the 
blood,  the  most  effective  is  the  multiplication  of  its  point 
of  contact  with  foreign  solid  bodies.  For  example,  the 
introduction  of  a  thread  or  wire  will  determine  the  im- 
mediate formation  of  a  clot  in  blood  in  which,  but  for 
this  interference,  the  process  of  coagulation  would  have 
been  much  longer  delayed.  The  method  employed  to 
defibrinate  the  blood,  namely,  whipping  it  with  a  bundle 
of  sticks  or  wires,  induces  speedy  coagulation,  owing  to 
the  repeated  contact  of  the  blood  with  the  numerous  sur- 
faces of  the  sticks  or  wires,  as  well  as  with  the  air,  which 
is  intimately  mingled  with  the  blood  by  the  operation. 

Coagulation  is  retarded  by  a  temperature  of  0°  C. 

Freezing  the  blood  prevents  its  coagulation,  but  it  will 
immediately  coagulate  when  thawed  ;  the  clot  formed  is, 
however,  loose  and  dark,  and  little  or  no  serum  exudes 
from  it. 

The  addition  of  strong  solutions  of  certain  alkaline  and 
earthy  salts  will  prevent  coagulation.  Among  these  are 
sodium  sulphate,  and,  still  better,  magnesium  sulphate. 
This  is  employed  in  twenty-five  to  twenty-eight  per  cent, 
solution,  of  w'hich  one  part  is  added  to  six  parts  of  blood, 
thereby  completely  preventing  coagulation.  The  same 
result  is  obtained  by  the  addition  to  blood  of  four  per 
cent,  by  weight  of  sodium  chloride. 

If,  after  coagulation  has  been  prevented  by  mixing  a 
salt  with  blood,  water  be  added  to  the  mixture,  a  clot  will 
form.  This  will  occur  also  if  the  salt  be  withdrawn 
from  the  blood  by  dialysis.  Mr.  Gulliver  states  that 
some  horse's  blood  which  he  "  had  kept  fluid  with  nitre 
for  fifty-seven  weeks,  readily  coagulated  when  diluted 
with  water."* 

Contact  with  living  tissues  retards  coagulation.  This 
was  first  demonstrated  by  Hewson  by  confining  a  portion 
of  blood  between  ligatures.  Mr.  Gulliver  subsequently 
found,  in  one  of  his  experiments,  that  blood  confined  in  this 
manner  in  the  jugular  vein  of  a  dog,  was  fluid  at  the  end 
of  five  hours. 

The  addition  of  water  in  amount  greater  than  twice  the 
bulk  of  blood  retards  coagulation. 

Exclusion  from  air  retards,  but  does  not  prevent,  coagu- 
lation, since  a  clot  will  form  beneath  oil  or  mercury.  An 
apparent  exception  to  this  rule  is  that  coagulation  occurs 
rapidly  in  vacuo  ;  but  this  is  due  to  the  bubbling  of  gas, 
by  means  of  which  the  blood  is  brought  more  thoroughly 
in  contact  with  the  walls  of  the  vessel  containing  it. 

In  inflammatory  states  of  the  system,  the  blood  coagu- 
lates more  slowly  than  in  health,  notwithstanding  the 
fact  that  it  is  richer  in  fibrin  than  normal  blood. 

In  death  from  asphyxia,  narcotic  poisons,  and  prussic 
acid,  the  blood  is  found  fluid  or  imperfectly  coagulated 
after  death. 

Separate  Coagulation  of  the  Plasma. — By  arti- 
ficially retarding  the  coagulation  of  the  blood,  a  more 
complete  separation  of  its  component  parts  is  obtained 
than  when  it  is  allowed  to  coagulate  spontaneously. 
Thus,  when  blood  is  received  in  a  long,  harrow  glass 
cylinder  that  has  been  cooled  by  a  freezing  mixture  to  a 
temperature  of  0°  C. ,  and  allowed  to  stand,  there  appear 
in  it  after  from  one  to  two  hours,  provided  this  tempera- 
ture be  maintained,  three  distinct  layers ;  the  lowest, 
dark-red  and  opaque  ;  the  next,  gray,  opaque,  and  much 
narrower,  occupying  about  one-fortieth  the  height  of  the 
entire  blood  column  ;  the  uppermost,  transparent,  yellow- 
ish, and  occupying  almost  one-half  the  entire  column. 

This  uppermost  stratum,  known  as  the  Plasma,  repre- 
sents the  fluid  in  which,  before  the  separation  into  layers, 
certain  bodies  called  the  red  and  white  blood-corpuscles 
were  suspended.  The  former  of  these  contain  the  color- 
ing matter  of  the  .blood,  and  in  virtue  of  their  greater 
specific  gravity,  have  accumulated  at  the  bottom  of  the 
column.  The  latter,  being  of  greater  specific  gravity 
than  the  plasma,  and  less  than  the  red  corpuscles,  have 
arranged  themselves  in  a  layer  between  the  two,  and 
form  the  opaque,  gray  stratum  above  mentioned.  They 
are  also  known  as  white  cells,  or  leucocytes. 

The  plasma  may  be  removed  and  filtered,  provided  the 

*  Note  vii.  in  Hewson's  Works. 


same  low  temperature  be  maintained  during  the  filtration. 
If  the  temperature  be  raised  a  little  above  0°  C,  the 
plasma  coagulates,  and,  in  so  doing,  presents  the  same 
phenomena  as  were  mentioned  under  the  head  of  the  co- 
agulation of  the  blood.  Serum  exudes  from  all  sides  of 
the  coagulum,  which,  in  contracting,  loses  its  transpar- 
ency, and  presents  us  with  a  colorless  clot  composed  of 
Mtn-in  only.  Fibrin  may  also  be  obtained  by  beating  fluid 
blood  or  plasma  with  a  bundle  of  sticks  or  wires,  to 
which  it  will  adhere  in  stringy  masses.  If  thus  obtained 
from  plasma,  the  remaining  fluid  is  pure  serum  ;  if  from 
blood,  there  remains  behind  serum  mingled  with  blood- 
corpuscles,  or  deflbrinaied  blood. 

The  Red  BLOOD-coKPnscLBS. — These  bodies  occupy 
the  lowest  stratum  of  the  column  of  blood  in  which  co- 
agulation has  been  artificially  delayed.  They  are  also 
known  as  the  red  particles  of  the  blood  (Hewson),  blood- 
disks,  blood-globules,  and  blood-cells.  The  term  globule 
is  inappropriate,  since  they  are  not  naturally  globular  ; 
and  since  the  term  cell  is  usually  understood  to  imply  the 
existence  of  a  limiting  membrane,  and  none  such  can  be 
demonstrated  in  these  bodies,  it  should  be  discarded.  Of 
the  remaining  terms,  disk  and  particle,  they  are,  per  ae, 
as  appropriate  as  the  term  corpuscle  ;  but  the  adjective 
corpuscular  may  be  made  use  of,  while  the  same  part  of 
speech,  derived  from  disk  or  particle,  could  not  be  em- 
ployed. It  is  therefore  largely  for  the  sake  of  conven- 
ience that  preference  is  given  to  this  term. 

The  red  corpuscles  in  man  are  flattened  circular  disks, 
with  rounded  edges  and  depressed  centres,  averaging  7.74 
/I  *  in  diameter  {i-^m  inch).  Their  greatest  thickness  is 
1.90  n  (about  Ta^  inch).  Owing  to  the  unequal  refrac- 
tion of  light  produced  by  their  convex  edges  and  concave 
centres,  it  happens  that  when,  under  the  microscope,  their 
edges  are  sharply  deflned,  their  centre  appears  dark,  and 
Dice  versa. 

In  color,  viewed  singly  by  transmitted  light,  they  are  of 
a  very  pale  amber  hue,  so  faint  as  to  be  perceived  with 


Pig.  428.— (From  Ranvier.)  Red  and  WWte  Oorpnsclea  of  Man,  mag- 
nified 1,000  diam.  n.  Full  view  of  red  corpuscle;  6,  profile  view;  c,  in 
rouleaux  ;  a,  three-quarters  view  ;  c,/,  m,  crcnated  corpuscles;  g,  fipher- 
ioal ;  L,  I,  large  and  small  finely  granular  white  corpuscles ;  p,  largq 
coarsely  granular  white  corpuscle ;  n,  free  granulations. 

diflBculty  by  an  untrained  eye.  They  are  best  examined 
in  blood-serum,  or  dried  in  a  thin  layer  on  a  glass  slide. 
This  is  accomplished  by  placing  a  drop  of  blood  upon  a 
glass  slide  and  rapidly  drawing  another  slide  obliquely 
across  it,  so  as  to  spread  out  the  blood  in  the  thinnest 
possible  film.  The  desiccation  is  immediate,  and  the 
specimen  is  permanent.  It  may  be  examined  either  with 
or  without  a  cover-glass. 

The  blood-corpuscles.  Figs.  428  and  429,  are  circular  in 
all  the  mammalia  excepting  the  camel  and  auchenia, 
in  which  genera  they  are  elliptical  as  they  are  also  in 
birds,  amphibia,  and  most  fishes.  Of  the  latter,  a  few  of 
the  Cyclostomata  are  known  to  possess  circular  corpus- 

The  peculiar  optical  properties  of  the  human  blood-cor- 
puscle have  frequently  given  rise  to  the  supposition  that 
it  possessed  a  nucleus.  This  is  disproved,  however,  by  the 
facts  that  while  the  substance  surrounding  the  nucleus, 
in  nucleated  corpuscles— those  of  birds,  reptiles,  and  hsh 
—gives  the  same  reactions  as  does  the  entire  human  cor- 
puscle ;  on  the  contrary,  reagents  which  affect  the  nucleus 

*  The  sign  n  signifies  0.001  millimetre,  and  is  oaUed  micromiUimetre. 
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of  nucleated  corpuscles  have  no  effect  whatever  upon  tlie 
human  corpuscle. 

The  color  of  the  blood-corpuscles  is  due  to  luxmogldbin. 

Their  consistency  has  been,  and  still  is,  a  subject  of 
discussion.  Before  the  time  of  Hewson  they  were  re- 
garded as  liquid  bodies,  and  their  shape  was  thought  to 
be  spherical.  Hewson,  in  demonstrating  that  they  were 
not  spheres,  but  disks,  overthrew  the  theory  of  their  Huid 
consistency ;  for  it  was  considered  an  axiom  that  one  fluid 
mingled  with  another  in  which  it  is  not  soluble,  will  be 
broken  up  into  globules,  provided  the  latter  fluid  be  in 
larger  quantity.  Thus,  if  a  small  amount  of  oil  is  mixed 
with  a  greater  amount  of  water,  the  oil  is  broken  up  into 
globules.  If,  on  the  other  hand,  the  oil  is  in  larger 
amount,  it  is  the  water  that  assumes  the  globular  form. 
Prom  these  well-known  facts  Hewson  argued  that  the 
blood-corpuscles,  in  virtue  of   their  shape,   "must  be 


Norris  has  lately  shown  that  this  does  not  necessarily 
follow.  He  states  that  "  there  are  certain  combinations 
of  organic  substances  which,  when  in  solution  in  water, 
possess  such  antagonistic  relations  to  each  other  that  they 
refuse  to  remain  together  in  the  same  solution,  and,  as  a 
consequence,  the  one  for  which  the  liquid  has  the  great- 
est affinity  will  displace  the  other  ;  nevertheless,  the  dis- 
placed substance  will  retain  to  itself  a  portion  of  the 
water  in  which  it  was  originally  dissolved,  and,  as  a  con- 
sequence of  this,  it  does  not  come  down  in  a  powdery 


Fio.  429.— (Ranyier.)  Corpuscles  of  Prog,  a,  Pull  view  of  red  cor- 
puscle ;  V,  vacuoleR ;  &,  seen  in  profile ;  c,  three-quarters  view  •  ti  k. 
white  corpuscles  quiescent,  m,  with  amoeboid  prolongations ;  p,  fusiform 
cell,  probably  from  lining  membrane  of  artery. 

amorphous  form,  but  in  the  shape  of  liquid  colloid  glob- 
ules or  disks,  as  the  case  may  be." 

By  adding  powdered  gum  acacia  to  a  solution  of  Nel- 
son's opaque  gelatm,  Norris  obtained  a  precipitate  of  bi- 
concave disks,  represented  in  Photograph  40  of  his  work 
on  the  blood,  the  shape  of  which  is  identical  with  that  of 
the  red  blood-corpuscles. 

The  extensibility  and  elasticity  of  the  red  corpuscles 
are  extreme,  and  may  be  observed  in  the  vessels  during 
life.  In  the  web  or  mesentery  of  the  frog,  they  may  be 
observed  to  yield  to  the  least  resistance,  and  to  regain 
their  form  the  moment  the  resistance  ia  removed.  Out- 
side of  the  body  these  physical  properties  of  the  corpus- 
cles may  be  observed  by  mixing  blood  with  a  colloidal 
substance,  such  as  gelatine  or  a  solution  of  glue  On 
allowmg  the  colloid  to  harden  and  making  thin  sections 
ot  It,  the  corpuscles  may  be  observed,  under  the  micro- 
scope, entangled  in  its  meshes,  and  exhibiting  every  pos- 
sible variety  of  form.  When  freed  from  pressure  they 
return  to  their  original  shape.  The  same  phenomena  are 
presented  by  corpuscles  which  take  part  in  the  formation 
of  a  coagulum. 

Notwithstanding  their  great  elasticity,  the  corpuscles 
may  be  broken  into  fragments  by  raising  and  depressing 
the  cover-glass  beneath  which  they  are  examined  Each 
fragment  retains  the  color  of  the    original  corpuscle. 
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When  nucleated  corpuscles  are  thus  treated,  the  nucleus 
often  escapes  entire,  while  the  substance  of  the  corpuscle 
is  broked  up. 

Effect  of  Reagents. — Since  the  time  of  Hewson 
hsematologists  have  devoted  much  attention  to  the  study 
of  the  effect  of  various  substances  upon  the  blood-corpus- 
cles. Hewson  observed  the  action  of  water,  acids  and 
alkalies,  various  salts,  alcohol,  and  urine.  His  experi- 
ments have  been  frequently  repeated,  with  better  methods 
of  observation,  and  to  them  has  been  added  many  more 
of  which  the  principal  are  mentioned  below.  ' 

Ckbnation. — This  peculiar  change  in  the  appearance 
of  the  red  corpuscle  has  been  observed  by  every  one  who 
has  looked  at  blood  under  the  microscope.  It  consists  in 
an  alteration  of  the  contour  of  the  corpuscles,  which 
causes  some  of  them  to  assume  a  stellate  forrn,  while 
others  appear  jagged  and  uneven,  as  if  a  number  of  min- 
ute granules  projected  from  their  surfaces  in  every  direc- 
tion (see  Fig.  438).  The  projection  is  a  passive  one,  due 
to  retraction  of  numerous  portions  of  the  corpuscle.  This 
phenomenon  appears  spontaneously  in  blood  withdrawn 
from  the  vessels,  and  is  first  observed  under  the  micro- 
scope in  the  corpuscles  near  the  edges  of  the  preparation 
The  appearance  is  attributed  to  evaporation  of  the  fluid 
contents  of  the  corpuscles,  and  this  is  undoubtedly  one  of 
its  causes,  though  not  the  only  one,  as  it  is  occasionally 
observed  after  the  addition  to  the  blood  of  water.  Ac 
cording  to  Dalton,  it  is  produced  by  adding  salivate  the 
blood.  It  is  said  to  occur  more  rapidly  in  the  blood  of 
those  suffering  from  febrile  diseases. 

A  number  of  substances  have  the  effect  of  depriving 
the  corpuscles  of  their  coloring  matter,  leaving  them 
pale,  round,  feebly  refracting  bodies.  Their  size  is  also 
slightly  diminished.  The  blood  becomes  lake-colored, 
and  much  less  opaque.  These  effects  are  produced  by 
the  addition  of  water,  powdered  salts,  bile  and  the  biliary 
salts,  ether  and  chloroform,  carbon-disulphide,  alcohol  in 
the  form  of  vapor,  by  freezing  and  thawing,  and  by  the 
serum  of  other  animal  species. 

This  decolorizing  effect  of  ether  and  chloroform  is  in- 
teresting, in  connection  with  the  supposed  hsematogenous 
origin  of  the  jaundice  sometimes  observed  after  the  pro- 
longed administration  of  these  anaesthetics. 

In  order  to  study  the  action  of  acids  and  alkalies  Addi- 
son employed  solutions  of  salts  or  sugar  of  the  specific 
gravity  of  blood-serum,  to  which  he  added  acids  or  alka- 
lies. He  found  that,  up  to  a  certain  point,  no  effect  was 
produced  by  either  acid  or  alkali ,  beyond  this  p6int,  the 
blood-corpuscles  m  the  acid  mixture  became  smooth  and 
brilhant,  and  their  refractive  power  was  increased ;  while 
the  effect  of  the  alkaline  fluid  was 
to  render  them  granulated  and 
rough.  The  same  effects  may  be 
observed  at  the  poles  of  a  battery 
discharging  weak  currents  through 
a  portion  of  blood. 

The  effect  of  heat  upon  the  blood- 
corpuscles  is  peculiar.  At  a  tem- 
perature of  53°  C.  (135.6°  F.),  a 
number  of  indentations  appear  up- 
on their  surface,  which  develop  in- 
to constrictions.  These  either  be- 
come detached  at  once  or,  the 
process  continuing,  they  remain 
attached  for  some  time  to  the  cor- 
puscle in  nodulated  threads,  that 
have  been  compared  to  strings  of 
pearls.  Other  corpuscles  are  beset  with  knob-like  pro- 
jections, which  are  attached  to  them  by  pedicles  of  vari- 
ous length.  When  the  projections  become  detached,  they 
bemn  a  lively  molecular  movement.  The  separated  par- 
ticles at  first  retain  their  coloring  matter,  but  ultimately 
yield  it  to  the  surrounding  fluid  (see  Fig.  430). 

Similar  appearances  are  produced  by  adding  urea  to 
blood,  and  have  been  observed  in  blood  extravasations. 

The  action  of  salts  varies  with  their  degree  of  concen 
tration.  In  moderate  strength,  the  effect  of  sodium  sul 
phate,  ammonium  chloride,  borax,  magnesium  sulphate, 
IS  to  render  the  corpuscles  less  extensible  and  elastic,  and 
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Human  Red  Corpusclea 
Heated  to  52°  C. 
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to  cause  them  to  assume  a  wrinkled,  dentated  appear- 
ance ;  In  weaker  solution  their  eflEect  is  similar  to  that  gf 
water.  When  the  solution  is  of  the  same  specific  gravity 
as  the  blood-serum,  the  corpuscles  may  remain  in  it  for  a 
considerable  time  without  alteration.  On  this  account 
they  are  used  instead  of  serum  for  diluting  the  blood  for 
purposes  of  examination,  and  especially  for  enumerating 
the  corpuscles  with  the  hsemacytometer. 

0»m,ic  acid  preserves  the  form  of  the  red  corpuscle. 
Norris  states,  as  the  result  of  a  series  of  elaborate  experi- 
ments with  this  substance,"  that  its  action  is  confined  to 
the  red  corpuscles,  and  in  exact  proportion  to  the  amount 
of  their  heemoglobin.  It  not  only  fixes  the  form  of  the 
red  corpuscle  and  "locks  up"  its  coloring  matter,  pre- 
venting its  exudation  into  the  surrounding  liquid,  but 
when  its  action  is  prolonged  it  also  effects  certain  changes 
in  its  color.  These  are  the  result  of  the  conversion  of  the 
haemoglobin  into  a  new  body  known  as  methsemoglobin. 

Effect  of  Electricity. — When  a  portion  of  blood  is  in- 
cluded in  the  arc  of  discharge  of  a  Leyden  jar,  and  a 
number  of  discharges  made  to  traverse  it,  it  becomes 
lake-colored  and  transparent,  as  it  does  after  the  addition 
of  water  and  various  other  substances  mentioned  above. 
Simultaneously  with  this  alteration  in  the  gross  appear- 
ance of  the  blood  the  Corpuscles  undergo  a  series  of 
changes  that  terminate  in  their  becoming  colorless,  feebly 
refracting  globules.  The  first  stage  in  the  process  is  an 
incurvation  (Fig.  431,  b)  of  the  outline  of  the  corpuscle, 
which  proceeds  to  the  formation  of  a  rosette-like  body,  c. 
This,  as  the  discharges  are  continued,  comes  to  resemble 
a  horse-chestnut,  d.  Finally,  the  thorn-like  processes  dis- 
appear, leaving  a  colored  globule,  e,  which  ultimately,  /, 
yields  its  coloring  matter  to  the  surrounding  fluid.     The 
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Fig.  431. — (From  BoUett  in  Hermann's  Handbuch  der  Physiologie. ) 
Effect  of  Electric  Discharges  upon  the  Bed  Corpuscle. 

same  effects  are  produced  by  induction  currents.  The 
constant  current,  on  the  other  hand,  is  without  any  such 
effect,  the  only  corpuscles  presenting  any  alteration  being 
those  in  the  immediate  neighborhood  of  the  electrodes. 
The  positive  pole  brings  about  the  same  alterations  in  the 
corpuscles  in  its  vicinity  as  are  induced  by  the  action  of 
acids ;  the  negative  pole,  those  which  are  caused  by  the 
action  of  alkalies. 

The  elliptical  nucleated  corpuscle  undergoes  a  remark- 
able change  on  the  addition  of  water.  It  retains  its 
shape  and  its  even  outline,  but  the  nucleus  becomes  sur- 
rounded by  either  a  spheroidal  mass  or  a  body  with 
pointed  processes,  which  radiate  like  the  spokes  of  a 
wheel  toward  the  periphery  of  the  corpuscle.  In  either 
case  all  the  coloring  matter  seems  concentrated  around 
the  nucleus  and  in  the  processes  radiating  from  it,  the 
remaining  portions  being  homogeneous  and  of  a  glass- 
like transparency.  Brucke,  who  obtained  the  same  ap- 
pearance with  a  two  per  cent,  solution  of  boracic  acid, 
has  called  the  transparent  substance  Oicoid,  the  colored, 
Zooid.  The  latter  is  still  further  distinguished  from  the 
former  by  its  capacity  of  being  stained  with  aniline  blue. 
The  separation  of  the  substance  of  the  elliptical  corpuscle 
into  Oicoid  and  Zooid  may  also  be  accomplished  by 
ammonium  chloride  in  solution. 

Structure  op  the  Red  Corpuscles. — After  the  dis- 
covery of  the  animal-cell  by  Schwann,  the  red  corpuscles 
were  considered  to  be  cellular,  like  the  other  ultimate 
elements  of  the  animal  body.  This  view  was  shaken  by 
the  criticism  that  a  vesicle  with  fluid  contents  floating  in 
another  liquid  would  assume  any  shape  rather  than  that 
of  a  biconcave  disk.  Furthermore,  a  double  contour  has 
never  been  demonstrated  in  the  corpuscles  of  any  animal. 
Finally,  after  the  application  of  those  mechanical  agen- 
cies which  exert  the  most  powerful  disintegrating  action 
upon  the  corpuscles,  such  as  freezing  and  subsequent 
thawing,  electricity,  heat,  urea,  no  shreds  or  folds  of 
membrane  have  been  detected. 
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It  is  still  debated  whether  the  shape  of  the  corpuscle  is 
maintained  by  a  delicate  stroma  or  framework,  the  Oicoid 
of  BiTicke,  in  the  meshes  of  which  the  haemoglobin  is 
contained.  This  is  the  view  maintained  by  Rollett,  and 
ably  contested  by  Norris.  The  latter  regards  the  cor- 
puscles as  fluid,  and  therefore  destitute  of  a  stroma.  He 
considers  that  their  different  constituents  are  combined, 
molecule  for  molecule,  as  are  the  carbon  and  iron  in 
steel,  and  referring  to  the  fact  that  the  iron  may  be  re- 
moved from  steel,  leaving  a  framework  of  carbon,  argues 
that  we  may  as  well  speak  of  a  carbon  stroma  of  steel  as 
of  an  Oicoid  stroma  of  the  red  corpuscle. 

Numeration  op  the  Blood-corpuscles. — Hsematol- 
ogists  are  generally  of  the  opinion  that  no  method  yet 
devised  for  estimating  the  amount  of  the  red  corpuscles 
can  compare  with  that  of  counting  them  in  a  given  dilu- 
tion of  blood.  The  words  of  Kolliker '  upon  this  subject 
retain  their  original  force.  In  speaking  of  the  composi- 
tion of  the  blqpd,  that  well-known  authority  remarks : 
"However  important  it  would  be  to  know  accurately 
the  proportions  of  the  blood-globules  to  the  plasma,  their 
number  and  their  volume,  all  researches  hitherto  have 
failed,  owing  to  the  difBoulty  of  the 
subject ;  and  even  the  most  recent 
statements  of  Schmidt,  according  to 
which  47  to  54  parts  of  moist  globules 
exist  in  100  parts  of  human  blood,  can 
only  be  described  as  approximative. 
One  metJwd  only  can  be  auecessful,  con- 
sisting in  th£  direct  enumeration  of  the 
globules  in  accurately  determined  quan- 
tities of  blood." 

The  above  was  written  at  a  time 
when  Vierordt  was  making  the  first 
counts  of  blood-corpuscles  by  a  method 
which,  in  comparison  with  the  im- 
provements since  made  upon  it,  may 
fairly  be  called  primitive.  In  spite, 
however,  of  the  imperfections  of  his 
method,  Vierordt's  conclusions  as  to 
the  number  of  red  blood-corpuscles 
are  still  almost  universally  accepted. 
He  determined  their  number  to  be, 
for  healthy  blood  (his  own),  5,174,000 
per  cubic  millimetre,  and  the  extraor- 
dinary amount  of  labor  required  to  ob- 
tain sufficient  data  on  which  to  found 
an  average,  may  be  inferred  from  his 
statement  that,  in  order,  by  his  method, 
to  complete  a  single  enumeration, 
nearly  one  week  was  required. 

Vierordt's  method  consisted  in 
spreading  a  known  quantity  of  blood, 
diluted  with  a  gummy  solution,  upon 
a  slide,  allowing  it  to  dry  and  then 
counting  all  the  cells  by  means  of  a 
micrometer  placed  directly  upon  it. 
He  also  diluted  the  blood  with  a 
known  quantity  of  salt  or  sugar  solu- 
tion, but  appears  to  have  always  counted  all  of  the  cor- 
puscles contained  in  the  mixture.  The  labor  of  this 
method  was,  as  above  stated,  immense. 

Welker,  like  Vierordt,  first  obtained  a  known  quantity 
of  blood  by  means  of  a  capillary  tube.  He  then  diluted  it 
with  from  six  hundred  to  fifteen  hundred  times  its  vol- 
ume of  a  solution  of  sodium  chloride,  took  of  this  solution 
a  small  quantity  by  means  of  a  graduated  capillary  pipette 
mingled  it  with  mucilage  upon  a  cover-glass  and  allowed 
it  to  dry.  He  then  placed  the  cover-glass  upon  a  stage 
micrometer  ruled  with  lines  crossing  each  other  so  as  to 
contain  a  number  of  oblong  fields,  each  one  of  which  was 
numbered  so  as  to  facilitate  the  counting.  Welker  s 
modification,  it  will  be  observed,  is  twofold,  consisting 
(1)  in  the  use  of  a  stage  micrometer,  on  which  the  blood 
is  placed  previous  to  counting  the  corpuscles,  and  (3)  in 
counting  the  corpuscles  in  a  fractional  portion  of  a  large 
dilution,  and  by  an  arithmetical  process  calculating  the 
number  of  corpuscles  in  a  millimetre  of  pure  blood. 

The  apparatus  of  Malassez  consists  of  the  mixer  (me- 
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langeur)  of  Potain  aad  an  artificia  capillary  The  mixer 
(Fig.  432)  is  a  glass  capillary  tube,  like  that  of  a  thermome  ■ 
ter,  presenting  near  one  of  its  extremities  a  di  atation  d 
that  contains  loose,  within  its  cavity,  a  small  glass  ball  «. 
The  longer  portion  of  the  capillary  tube  has  a  capacity 
of  exactly  one-hundredth  part  of  the  dilated  portion  Two 
marks,  one  above  (c),  the  other  below  (J),  the  dilatation, 
indicate  the  points  that  exactly  correspond  to  these  pro- 
portions The  longer  portion  of  the  tube  termmates  ma 
point  To  the  shorter  portion,  of  which  the  calibre  is 
somewhat  greater,  is  adjusted  a  rubber  tube.  The  arti- 
ficial  capillary  (Fig.  433)  is  a  fine  capillary  glass  tube 
fastened  to  a  heavy  object-glass.  One  of  its  extremities 
is  raised  and  rounded  in  such  a  manner  that  a  rubber  tube 
may  be  adjusted  to  it.  .  ^    j?  ti 

The  modus  operandi  is  as  follows  •  The  point  ot  the 
mixer  is  placed  in  a  drop  of  blood  and  suction  applied, 
by  the  mouth,  to  the  rubber  tube  until  the  blood  arrives 
at  the  level  of  the  mark  separating  the  long  from  the 
dilated  portion  of  the  tube.  Withdrawing  the  point  ot 
the  mixer  and  cleansing  it  from  any  blood  adhering  to  its 
external  surface,  it  is  next  plunged  in  an  artificial  serum, 
and  aspiration  made  until  the  dilated  portion  of  the  tube 
is  filled  as  far  as  the  mark  indicating  its  superior  limit. 
By  this  means  a  mixture  is  obtained  composed  of  one 
part  of  blood  and  ninety-nine  parts  of  serum.  The  in- 
strument is  now  actively  shaken,  and,  by  means  of  the 
glass  ball  contained  in  the  dilatation,  the  blood  and  serum 
are  thoroughly  commingled.  This  mixture  is  now  intro- 
duced into  the  artificial  capillary  in  the  following  man- 


PlG.  488.— Artifloial  Capillary  of  Malassez. 

ner  •  The  first  portion  of  the  blood  dilution,  namely, 
that  contained  in  the  long  portion  of  the  tube,  is  blown 
out,  after  which  a  drop  is  placed  in  contact  with  the  ori- 
fice (g,  Pig.  433)  of  the  artificial  capillary.  Into  this  it 
either  penetrates  by  capillaiy  attraction,  or  is  drawn  in  by 
suction  through  the  medium  of  the  rubber  tube  fastened 
to  the  other  end  of  the  capillary.  This  latter  is  divided 
into  sections  by  marks  upon  its  surface,  each  section  cor- 
responding to  a  certain  fraction  of  a  cubic  millimetre. 
The  microscope  is  so  adjusted  that,  with  a  given  objec- 
tive and  a  given  length  of  the  draw-tube,  a  quadrilateral 
eye-piece  micrometer  exactly  covers  upon  a  stage  microm- 
eter a  number  of  micromillimetres  corresponding  to  one 
of  the  sections  marked  off  on  the  artificial  capillary.  The 
corpuscles  are  now  counted  in  this  section,  and  their 
number  multiplied  by  the  figure  expressing  the  fraction 
of  a  cubic  millimetre  which  it  represents.  This  figure 
Is  inscribed  upon  the  object-glass  to  which  is  attached 
the  glass  capillary.  This  sum  is  now  multiplied  by  the 
amount  of  the  dilution,  which  is  one  hundred  in  the  case 
supposed,  one  part  of  blood  to  ninety-nine  parts  of  serum, 
and  the  result  is  the  number  of  corpuscles  contained  in  a 
cubic  millimetre  of  pure  blood. 

The  apparatus  of  Malassez  requires  considerable  skill 
in  order  to  obtain  a  correct  measurement  of  the  serum 
which  is  drawn  into  the  mixer  after  the  blood.  It  is  also 
difficult  to  cleanse  the  capillary  tubes  after  using  them. 

*  The  artificial  Berum  is  compoRed  of  a  Bolution,  gum  arabic  Bp.  gr. 
1.U30,  one  volume,  and  equiil  parts  of  RoIutionB  of  sodium  sulphate  aad 
sodium  chloride  having  each  a  sp.  gr.  of  1.02U,  two  volumes. 


The  Hematim^tre  of  Hayem  and  Nachet  is  free  from 
thB  last  mentioned  objections.  With  it,  the  measurementa 
of  blood  and  serum  are  taken  with  separate  pipettes,  to 
which  are  attached  rubber  tubes  with  glass  mouth-pieces 
for  suction.  The  measurement  of  serum  is  first  made 
and  blown  into  a  small  glass  cup.  The  blood  is  then 
carefully  measured  by  means  of  a  graduated  capillary 
pipette  of  glass,  and  blown  into  the  serum,  a  little  suction 
of  the  serum  and  blood  mixture  back  and  forth  clearing 
the  blood  pipette  of  any  adherent  corpuscles.  It  is  then 
rapidly  stirred  with  a  glass  rod,  and  before  it  has  time  to 
settle,  a  drop  of  the  mixture  is  placed  upon  a  glass  slide 
upon  which  is  cemented  a  glass  cell  with  a  circular  open- 
ing, one  centimetre  in  diameter,  the  cell  being  one-fifth 
millimetre  deep.  The  eye-piece  of  the  microscope  con- 
tains a  micrometer  ruled  in  squares,  and  the  draw-tube 
is  so  adjusted  that,  with  a  given  objective,  one  side  of 
the  large  square  measures  exactly  one-fifth  millimetre 
upon  a  stage  micrometer.  The  large  square  is  subdivided 
into  sixteen  smaller  ones  in  order  to  render  the  counting 
easier.  It  is  manifest  that  the  number  of  corpuscles  con- 
tained in  the' large  square  represents  the  number  con- 
tained in  one-fifth  millimetre  cube,  or  in  the  one  hundred 
and  twenty-fifth  of  a  cubic  millimetre.  Therefore,  to  as- 
certain the  number  of  corpuscles  in  a  cubic  miUimetre  of 


Fia.  434.— Artificial  Capillary  as  it  appears  under  the  microscope,  by  100 
diameters.     (From  Ranvier.) 

pure  blood,  the  number  obtained  must  be  multipUed  by 
135  plus  the  amount  of  the  dilution.  For  example,  a 
dilution  commonly  employed  is  that  of  250  parts  of  fluid 
to  one  of  blood  (2  c.mm.  to  500  c.mm.),  and  in  that  In- 
stance the  number  of  corpuscles  contained  in  the  space 
covered  by  the  square  micrometer,  which  represents  one- 
fifth  millimetre  cube,  must  be  multiplied  by  125  x  351, 
or,  in  one  process,  by  31,875.  In  order  to  approach  ac- 
curacy, from  five  to  ten  squares  should  be  counted  and 
the  average  taken. 

A  still  more  convenient  Instrument,  in  many  respects, 
is  the  Hmmacytometer  of  Gowers.  , 

The  following  description  of  the  instrument  and  its 
use,  is  taken  from  an  article  by  Dr.  Gowers  in  The  Lan- 
cet for  December  1,  1877  : 

"  The  haemacytometer  consists  of  (1)  a  small  pipette, 
which,  when  filled  to  the  mark  on  its  stem,  holds  ex- 
actly 995  c.mm.  It  is  furnished  with  an  india-rubber 
tube  and  mouth-piece  to  facilitate  filling  aad  emptying. 
(2)  A  capillary  tube  marked  to  contain  exactly  6  cubic 
mm. ,  with  india-rubber  tube  for  filling,  etc.  (3)  A  small 
glass  jar  in  which  the  dilution  is  made.  (4)  A  glass  stirrer 
for  mixing  the  blood  and  solution  in  the  glass  jar.  (5)  A 
brass  stage-plate  carrying  a  glass  slip,  on  which  is  a  cell, 
one-fifth  millimetre  deep.  The  bottom  of  this  is  divided 
into  one-tenth  millimetre  sjjuares.  Upon  the  top  of  the  cell 
rests  the  cover-glass,  which  is  kept  in  its  place  by  the 
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pressure  of  two  springs  proceeding  from  the  ends  of  the 
Btage-plate.    .    .    . 

"  The  mode  of  proceeding  is  extremely  simple :  995 
c.mm.  of  the  solution  are  placed  in  the  mixing  jar ; 
5  c.mm.  of  blood  are  drawn  into  the  capillary  tube 
from  a  puncture  in  the  finger,  and  then  blown  into  the 
solution.  The  two  fluids  are  well  mixed  by  rotating  the 
Stirrer  between  the  thumb  and  finger,  and  a  small  drop 
Df  this  solution  is  placed  in  the  centre  of  the  cell,  the 
covering-glass  gently  put  upon  the  cell  and  secured  by 
the  two  springs,  and  the  plate  placed  upon  the  stage  of 
the  microscope.  The  lens  is  then  focussed  for  the 
squares.  In  a  few  minutes  the  corpuscles  have  sunk  to 
the  bottom  of  the  cell,  and  are  seen  at  rest  on  the  squares. 
The  number  in  ten  squares  is  then  counted,  and  this  mul- 
tiplied by  ten  thousand  gives  the  number  in  a  cubic  mil- 
limetre of  pure  blood.     .     .     . 

"The  number  per  cubic  millimetre  is  the  common 
mode  of  stating  the  corpuscular  richness  of  the  blood, 
but  by  employing  this  dilution,  and  squares  of  this  size, 
a  much  more  convenient  mode  of  statement  is  obtained. 
Taking  five  million  as  the  average  per  cubic  millimetre 
for  healthy  blood,  the  average  number  in  two  squares 
of  the  cell  is  one  hundred.  These  two  squares  contain 
.00003  c.mm.  of  blood,  and  it  is  proposed  to  take  this 
quantity  as  the  '  hsemic  unit.'  The  number  per  haemic 
unit,  that  is,  in  two  squares  (ascertained  by  counting 
a  larger  number,  ten  or  twenty,  and  taking  the  mean), 
thus  expresses  the  percentage  proportion  of  the  corpus- 
cles to  that  of  health,  or,  made  into  a  two-place  decimal 
the  proportion  which  the  corpuscular  richness  of  the 
Mood  examined  bears  to  healthy  blood  taken  as  purity. 
This  is  a  much  more  simple  method  than  any  hitherto 
used.  The  proportion  of  white  corpuscles  to  the  red,  or 
their  number  per  hsemic  unit,  is  best  ascertained  by  ob- 
serving the  number  of  squares  visible  in  the  field  of  the 
microscope,  and  noting  the  number  of  white  corpuscles 
in  a  series  of  ten  or  twenty  fields.  The  number  of  red 
corpuscles  corresponding  to  the  ten  or  twenty  fields  is 
easily  computed,  and  thus  the  proportion  of  white  to  red 
is  ascertained.  The  normal  maximum  of  white  per  two 
squares  (haemic  unit)  is  three." 

The  great  advantage  of  Gowers'  instrument,  besides 
the  ease  of  the  calculation  and  the  facUity  with  which 
percentages  are 
reckoned,  is  that 
it  can  be  used 
with  any  objec- 
tive or  eye-piece 
without  previous 
adjustmentof  the 
draw-tube. 

For  examining 
the  blood  of  anse- 
mic  individuals, 
I  prefer  it  to  any 
otherinstrument, 
but  in  dealing 
with  rich  blood, 
it  is  not  at  all 
uncommon  to 
meet  with  sixty 
and,  occasional- 
ly, seventy  cor-  ^I"'  435.— Appearance  of  the  Globules  with 
PUSCleS  in  one  of  Hayem  and  Nachet's  Instrument, 

Gowers'  squares  (Fig.  436) ;  and  under  such  circumstan- 
ces it  requires  the  greatest  care  and  patience  in  order  to 
avoid  mistakes,  especially  when  the  corpuscles  are  evenly 
distributed.  When  they  assume  an  arrangement  into 
wreaths  or  lines,  the  work  is  rendered  much  easier  ;  but 
when,  as  frequently  happens,  more  than  sixty  corpuscles 
are  evenly  distributed  in  one  of  Gowers'  squares,  count 
after  count  may  be  made  of  them,  with  each  time  a  dif- 
ferent result.  The  best  that  can  be  done  under  such  cir- 
cumstances is  to  keep  on  counting  the  corpuscles  in  the 
same  square  until  two  results  agree,  at  the  end  of  which 
time  the  observer  is  glad  enough  to  accept  this  number  as 
probably  correct. 
In  my  own  observations  I  have  used  a  combination  of 
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Growers'  pipettes  with  Hayem  and  Nachet's  cell  and  eye- 
piece, which  I  think  possesses  advantages  over  any  sin- 
gle instrument.  In  the  first  place,  the  smaller  squares 
(Fig.  435)  of  the  eye-piece  micrometer  of  Hayem  and 
Nachet  render  the  counting  of  the  corpuscles  a  much 
easier  task ;  and  secondly,  the  Gowers'  dilution  makes  the 
subsequent  calculation  more  simple.  With  this  combina- 
tion the  average  number  of  corpuscles  in  one  oi  the  large 
squares,  and  I 
always  take  an 
average  of  at 
least  five 
squares,  is  mul- 
tiplied by  35, 000 
— a  much  sim- 
pler process 
than  multiply- 
ing by  31,375. 

Thoma  and 
Zeiss'  have 
made  use  of  a 
combination 
composed  of  the 
mUangeur  o  f 
Potain,  and  a 
cell  ruled  on 
the  bottom  in 
squares,  like 
that  of  Gowers. 
One  cubic  mil- 
limetre is  divided  into  four  hundred  squares,  each  ol 
which  is,  of  course,  0.05  mm.  square  The  depth  of  the 
cell  is  0.1  mm.  Four  of  the  squares  represent  0.001  of 
the  diluted  blood,  which,  with  the  dilution  of  100  em- 
ployed, represents  0.00001  c.tnm.  of  pure  blood. 

Abbe,  by  applying  the  theoiy  of  probabilities  to  the  ap- 
paratus used  by  Thoma  and  Zeiss,  has  arrived  at  the  fol- 
lowing conclusions : 

When  four  squares  are  counted,  containing  in  normal 
blood  about  fifty  corpuscles,  there  is  a  probable  error  of 
ten  per  cent.  By  counting  sixteen  squares,  containing 
about  two  hundred  corpuscles,  the  probable  error  is  re- 
duced to  five  per  cent.,  and  a  deviation  of  ten  per  cent, 
has  a  probability  of  only  one-fifth.  By  counting  one  hun- 
dred squares  the  probable  error  is  reduced  to  two  per 
cent.,  and  a  deviation  of  four  per  cent,  has  a  probability 
of  one-fifth  ;  one  of  six  per  cent,  a  probability  of  one- 
twenty-third  ;  one  of  ten  per  cent,  is  only  to  be  expected 
once  in  fourteen  hundred  cases.  By  counting  all  the  four 
hundred  squares  the  probable  error  is  reduced  to  one  per 
cent.,  and  a  deviation  of  four  per  cent,  only  is  to  be  ex- 
pected once  in  one  hundred  and  sixty  instances. 

Other  instruments  for  estimating  the  corpuscular  rich- 
ness of  blood  have  been  designed  upon  the  supposition 
that  the  opacity  of  the  blood  bears  a  fixed  relation  to  the 
number  of  its  red  corpuscles.  The  earliest  of  these  is 
the  globulimeter  of  Mantegazza,  a  description  of  which, 
taken  from  the  Berlin  Klin.  Woehe'mehrifl  for  April  8, 
1878,  is  to  be  found  in  the  New  York  Medical  Mecord  for 
October  5th  of  the  same  year.  It  consists  of  a  parallel- 
walled  glass  receptacle  for  the  blood,  a  turning-disk,  and 
a  stearine  taper.  The  blood,  diluted  with  ninety-six  times 
its  volume  of  a  solution  of  sodium  carbonate,  is  placed  in 
the  glass  vessel,  the  taper  lighted,  and  "the  observer 
looks  at  the  flame  of  the  taper  through  the  openings  in 
the  disk  and  the  blood  in  the  cylinder,  and  the  coiidition 
of  the  blood  is  determined  frona  the  number  of  blue 
glasses  that  must  be  used  before  the  flame  becomes  m- 
invisible."  Professor  Mantegazza  has  determined  that 
each  blue  glass  corresponds  to  one  hundred  and  twenty- 
five  thousand  red  blood-corpuscles,  and  "has  prepared  a 
table  giving  the  number  of  blood-corpuscles  correspond- 
ing to  each  combination  of  glasses  from  one  to  thirty." 

An  objection  to  Mantegazza's  apparatus  and  others  of 
the  sort,  is  to  be  found  in  the  fact  that  the  color  of  the 
blood  does  not  seem  to  be  entirely  dependent  upon  the 
number  of  corpuscles  it  contains,  but  is  greatly  influenced 
by  the  state  of  the  nervous  system.  Claude  Bernard 
found  that  section  of  the  cervical   sympathetic  caused 
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the  blood  in  the  jugular  vein  on  the  side  of  the  section  to 
become  bright,  and  that  galvanization  of  the  superior 
end  of  the  divided  nerve  rendered  it  dark  again,  to  become 
once  more  bright  on  cessation  of  the  galvanization.*  It 
is  impossible  that  these  changes  in  color  could  be  due  to 
immediate  changes  in  the  number  of  the  corpuscles. 
Bernard  remarks  :  "  These  facts  show  us,  therefore,  that 
the  phenomena  of  the  coloration  of  the  blood  are  not,  as 
has  been  supposed,  exclusively  due  to  the  capillary  inter- 
changes of  the  lungs  and  the  general  tissues,  but  that 
they  vary  under  the  influence  of  nervous  action."  If  the 
blood-coloring  matter  were  in  a  state  of  solution  or  sus- 
pension in  the  serum,  an  instrument,  such  as  that  of 
Mantegazza,  might  determine  its  amount  with  a  very 
near  approach  to  accuracy.  By  means  of  a  color-test, 
Neubauer  and  Vogel  have  been  able  to  determine,  with 
sufficient  accuracy  for  all  practical  purposes,  the  quantity 
of  coloring-matter  in  a  given  specimen  of  urine.  As  re- 
gards the  blood,  however,  the  case  is  very  different,  its 
coloring-matter  being  intimately  combined  with  the  sub- 
stance of  the  corpuscles,  so  that  a  change  of  shape  in  each 
of  them,  so  slight  as  so  be  utterly  inappreciable  by  any 
means  at  our  command,  would  be  sufficient  to  effect  a 
decided  change  of  color  in  the  mass.  In  this  connection 
I  may  also  mention  that,  in  the  opinion  of  some  observ- 
ers, the  color  of  the  blood  is  intimately  connected  vdth 
the  proportion  of  its  saline  constituents  "  a  diminution  of 
these  rendering  the  coloring-matter  dark-colored,  while 
an  increase  of  them  has  the  opposite  effect." ' 

Number  of  Blood-cobpuscles  in  Health. — Many 
observations  have  been  made  to  determine  this  point.  As 
above  stated,  Vierordt  gives  the  number  for  his  own  blood 
as  5,174,000  per  cubic  millimetre ;  Welcker,  as  somewhat 
under  5,000,000— about  4,950,000  ;  Cramer,  as  4,726,000  ; 
and  Malassez  gives  a  mean  of  observations  upon  eight 
strong,  healthy  males,  living  in  Paris,  of  4,310,000. 
Hayem  and  Gowers  both  adopt  a  standard  of  5,000,000, 
but  Gowers  states  that  "  in  a  healthy  adult  man  the  num- 
ber may  be  a  little  higher,  in  a  woman  a  little  lower." 

Keyes  thinks  the  standard  of  5,000,000  rather  high. 
On  the  contrary,  my  own  observations  would  lead  me  to  re- 
ga,rd  it  as  about  the  minimum  of  a  healthy  male.  A  num- 
ber of  observations  were  made  by  Dr.  C.  B.  Nancrede 
and  myself  to  determine  this  point.*  For  one  of  us,  an 
average  of  twenty-one  counts  gave  5,566,272  ;  for  the 
other,  twenty-six  counts  give  an  average  of  5,935,862,  the 
difference  seeming  to  depend  upon  weight  and  size. 

My  experience,  in  common  with  that  of  most  observers, 
is  that  the  number  of  blood-corpuscles  in  woman  is  some- 
what below  that  of  man. 

The  effect  of  age  upon  the  number  of  the  blood-cor- 
puscles has  been  studied  chiefly  with  reference  to  the 
periods  of  infancy  and  adult  life.  The  blood  in  old  age 
has  not  received  so  much  attention.  Lupine  observed  in 
the  neonatus  an  increase  in  the  number  of  corpuscles 
during  the  first  twenty-four  hours  of  life  ;  after  the 
second  day,  a  decrease.  Hayem  finds  the  average  num- 
ber of  corpuscles  in  the  new-born  child  greater  than  in  the 
adult,  with  which  agree  the  observations  of  Duperii. 

At  the  suggestion  of  Dr.  James  C.  Wilson,  that  an 
enumeration  of  the  corpuscles  in  the  blood  of  the  neo- 
natus might  throw  some  light  upon  the  pathology  of  ic- 
terus neonatorum,'  I  undertook  a  series  of  observations 
at  the  Maternity  Hospital,  Philadelphia,  with  the  follow- 
ing results  : 

Case  1  was  a  healthy  girl,  weighing  eight  and  one-fourth 
pounds,  born  after  a  natural  labor,  crying  lustily  when 
born  and  free  from  any  symptoms  of  suspended  anima- 
tion. The  blood  was  obtained  by  puncture  of  the  great 
toe,  and  was  venous-looking.  The  first  count  was  made 
two  and  a  half  hours  after  birth  :  Number  of  red  cor- 
puscles per  cubic  millimetre,  6,410,000. 

Second  count,  twenty-four  hours  later,  child  thriving  : 
Number  of  red  corpuscles  per  cubic  millimetre,  5,810,000. 

Third  count,  forty-eight  hours  after  the  last :  Number 
of  red  corpuscles  per  cubic  millimetre,  5,680,000. 

Case  2,  healthy  male ;  weight,  eight  pounds ;  first  count, 
twenty-four  hours  after  birth.  Number  of  red  cor- 
puscles per  cubic  millimetre,  5,925,000.    This  count  cor- 


responds closely  with  count  number  two,  in  Case  No.  1 
which  was  made  about  the  same  time  after  birth.        "   ' 

Second  count,  twenty-four  hours  later  :  Number  oi 
red  corpuscles  per  cubic  millimetre,  5,520,000 

Third  count,  forty-eight  hours  later  :  Number  of  red 
corpuscles  per  cubic  millimetre,  4,870,000. 

Case  B,  Mary  C^— ,  born  5.20  A.M.,  November  5tli 
Count  made  2.30  p.m.,  November  6th,  child  weighed  six 
and  three-fourths  pounds  at  birth,  labor  natural.  Num- 
ber of  red  corpuscles  per  cubic  millimetre,  3,625,000  ■ 
proportion  of  white  cells  to  red,  1  to  145. 

"  This  case  "  (I  quote  from  my  paper  above  cited)  "was 
undoubtedly  one  of  congenital  anaemia.  The  child's  only 
appearance  of  mal-nutrition  was  a  shrivelled  state  of  the 
integuments  of  the  feet,  and  a  less  rosy  color  of  the  skin 
than  normal.  For  a  new-born  child  it  was  decidedly 
pale.  This  shrivelled  state  of  the  skin  emphatically  negar 
tives  the  idea  of  a  relative  anaemia  from  excess  of  fluid. 
The  blood  was  probably  deficient  in  quantity  (oligsemia) 
as  well  as  defective  in  quality  (oligocythsemia).  There 
was  also  a  decided  increase  in  the  number  of  the  white 
cells.  Careful  inquiry  proved  that  there  had  been  no 
haemorrhage  from  the  cord.  As  possibly  bearing  upon 
the  congenital  imperfection  of  this  child,  I  may  mention 
the  facts  that  the  parents  were  themselves  immature— the 
father  being  seventeen  and  the  mother  eighteen  years  old." 

Case  4,   Wm.    S ,   born  November  6th,  5  a.m.  ; 

weight,  six  and  a  half  pounds.  First  count,  November 
7th  :  Number  of  red  corpuscles  per  cubic  millimetre 
4,520,000  ;  white  cells  to  red,  1  to  904. 

Second  count,  November  8th,  11  a.m.  :  Number  of  red 
corpuscles  per  cubic  millimetre,  5,335,000 ;  white  cells 
to  red,  1  to  711. 

Case  5,  Sela  F — — ,  female,  born  November  17th,  8.15 
A.M. ;  weight  seven  pounds  ;  labor  rapid  and  natural ; 
child  healthy-looking.  First  count,  November  19th, 
10.30  A.M.  :  Number  of  red  corpuscles  per  cubic  milli- 
metre, 5,185,000  ;  white  cells  to  red,  1  to  350. 

Second  count,  November  21st,  4  p.m.  :  Number  of  red 
corpuscles  per  cubic  millimetre,  5,495,000  ;  white  cells  to 
red,  1  to  628. 

The  foregoing  observations  demonstrate  that  the  num- 
ber of  the  red  corpuscles  may  either  increase  or  diminish 
during  the  first  few  days  of  life,  and  that,  in  the  new- 
born as  in  the  adult,  there  are  great  individual  variations. 

The  function  of  lactation  performed  by  a  healthy  wo- 
man with  abundant  nutritious  food  does  not  reduce  the 
number  of  the  red  corpuscles. 

I  made  twelve  counts  of  the  blood  of  a  nursing  woman 
whose  child,  then  fourteen  months  old,  had  been  almost 
exclusively  nursed  imtil  it  was  a  year  old,  and  at  the  time 
of  the  counts  was  nursed  eight  or  nine  times  in  the 
twenty-four  hours.  The  twelve  counts  gave  an  average 
of  5,034,583. 

Menstruation  slightly  reduces  the  number  of  the  cor- 
puscles, but  the  loss  is  more  than  made  up  on  the  day 
following  its  cessation. 

Diurnal  Variation  in  the  Number  of  the  Bed 
Blood-corpuscles. — An  average  of  forty -seven  counts 
of  my  own  blood,  made  at  different  periods  of  the  day, 
showed  a  regular  rise  and  fall  in  the  number  of  the  red 
corpuscles,  coinciding  with  variations  in  the  body  tem- 
perature.* 

The  counts  were  made  at  four  different  periods  of  the 
day,  as  follows  :  Eleven,  at  or  about  7  a.m.  ;  thirteen,  at 
or  about  11  a.m.  ;  thirteen,  at  5  p.m.  ;  and  ten,  at  or  about 
9  P.M. ;  and  at  every  count  I  took  the  body  temperature 
by  holding  a  thermometer  in  my  mouth  while  counting. 

The  following  are  the  averages  of  the  whole  series  of 
counts : 

Early  morning.  Forenoon.  Afternoon.  EvenlnB. 

5,834,090.  5,502,077.  5,394,230.       5,498,500. 

Averages  of  the  temperature  observations  : 
Early. morning.  Forenoon.  Afternoon.  Evening. 

98.52.  99.03.  98.88.  98.31. 

*  For  full  details  see  the  writer's  Cartwright  Essay,  entitled  Observa- 
tions with  the  Haamucytometer,  etc.,  published  by  F.  A.  Davis  Atty, 
Philadelphia,  1681. 
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From  these  figures  it  will  be  seen  that  the  greatest  dif- 
ference between  any  two  successive  counts  is  between 
those  of  7  and  11  a.m.,  and,  corresponding  with  this,  it 
will  be  noticed  that,  although  there  is  a  greater  difference 
between  the  temperatures  of  5  and  9  p.m.  than  between 
those  of  7  and  11  a.m.,  the  former  are,  one  of  them,  but 
0.38  above  the  normal,*  and  the  other  0.19  below  it ; 
while  of  the  two  latter,  the  7  a.m.  temperature  is  about 
normal,  and  the  11  a.m.  0.53  ahom.  it.  It  is  coincident 
with  the  rise  above  the  normal  that  the  greatest  destruc- 
tion of  blood-corpuscles  occurs. 

The  results  of  my  temperature  observations  are  decid- 
edly at  variance  with  the  statements  of  E.  Wagner  re- 
garding the  daily  fluctuations.  According  to  that  emi- 
nent authority  the  maximum  is  "  usually  attained  at  the 
fifth  hour  P.M.,"  although  he  goes  on  to  remark  that 
"  the  magnitude  of  this  daily  fluctuation  of  the  animal 
heat,  its  highest  and  lowest  limits,  the  time  of  maximum 
and  of  minimum,  .  .  .  and  the  proportionate  aver- 
age temperature  are  different,  for  unknown  reasons,  in 
some  individuals,  even  if  they  are  in  absolutely  the  same 
extraneous  circumstances." 

I  have  suggested  the  probability  that  these  individual 
differences  of  body -temperature  are  associated  with  cor- 
responding differences  in  the  diurnal  variation  of  the 
number  of  red  blood-corpuscles. 

Diluting  Fluids. — In  my  first  counts  of  blood-cor- 
puscles I  employed,  for  diluting  the  blood,  the  borax- 
urine  solution  of  Keyes,  but  for  more  than  five  years  I 
have  employed  a  solution  of  sulpho-carbolate  of  sodium, 
specific  gravity,  1.030.  I  cannot  endorse  the  statement 
of  Keyes  that  his  borax-urine  fluid  remains  free  from 
bacteria,  nor  do  I  claim  that  the  sulpho-carbolate  solution 
remains  free  from  them  indefinitely.  My  custom  is  to 
prepare  a  considerable  quantity  of  the  solution,  and  occa- 
sionally to  renew  the  supply  in  the  small  vial  of  the  hsema- 
cytometer  case.  In  that  manner  I  am  spared  the  annoy- 
ance of  bacteria.  Their  presence  in  the  fluid  may  amount 
to  more  than  an  annoyance,  for  they  communicate  a 
movement  to  the  corpuscles  sufficient  at  times  to  make 
them  cross  the  boundary  lines  of  the  squares,  and  thus  to 
interfere  with  the  result  of  the  count.  Keyes  has  in- 
vented another  fluid,  made  by  adding  corrosive  sublimate 
in  definite  amount  to  urine,  which  he  prefers  to  any 
other.  Such  a  fluid  would  certainly  remain  free  from 
bacteria,  since  corrosive  sublimate  is  the  most  powerful 
of  all  known  germicides,  but  I  have  never  used  it  on  ac- 
count of  its  property  of  bleaching  the  corpuscles.  I  early 
became  convinced  that  in  blood-counting  the  color  of  the 
corpuscles  was  of  great  assistance,  and  since  Norris' 
claim  to  the  discovery  of  a  colorless  corpuscle,  and  the 
admission  by  some  of  his  opponents  that  the  amount  of 
haemoglobin  in  the  corpuscles  is  variable,  this  becomes 
still  more  important.  "  In  a  case  of  anaemia  that  recently 
came  under  my  observation "  (I  quote  from  a  previous 
paper  of  my  own),  "the  globules,  of  which  at  the  first 
examination  there  was  the  remarkably  small  number  of 
1,330,634  to  the  cubic  millimetre,  varied  greatly  in  size, 
some  of  them  being  so  small  that,  but  for  their  color, 
their  true  nature  might  not  have  been  readily  recognized. 
One  such  case  would,  I  think,  convince  any  observer, 
that,  in  blood-globule  counting,  the  preservation  of  the 
color  of  the  globules  is  more  important  than  that  of  their 
shape." 

weight  op  the  Moist  Blood-cobpubcles. — This  is 
stated  by  the  most  competent  observers  to  be  about  one- 
half  that  of  the  plasma.  The  obstacles  in*  the  way  of  de- 
termining the  question  are  very  great,  owing  first  to  the 
difiiculty  of  isolating  the  corpuscles,  which  readily  pass 
through  very  fine  filters,  and  secondly,  to  the  difiiculty 
of  removing  from  them  the  adherent  plasma  or  serum. 

The  following  method  of  Hoppe-Seyler,  based  upon 
finding  the  relative  weight  of  fibrin  in  the  liquor  san- 
guinis and  in  the  blood,  is  to  be  recommended  in  prefer- 
ence to  any  other.  The  following  clear  description  of 
the  process  is  taken  from  Professor  Gamgee's  "Physio- 

*  By  the  normal  is  here  meant  98,50.  The  term  is  arbitrarily  used,  as 
all  the  temperatures  were  normal. 


logical  Chemistry  :"  "Blood  is  received  in  a  cylindrical 
vessel  which  is  surrounded  with  ice,  and  at  the  same  time 
another  portion  of  thirty  to  fifty  cubic  centimetres  of 
blood  is  collected,  and  the  fibrin  determined  in  it.  .  .  . 
After  an  interval  of  an  hour  or  two,  the  corpuscles  having 
had  time  to  subside  from  the  liquor  sanguinis  in  the  sam- 
ple of  blood  first  collected,  from  thirty  to  fifty  cubic  centi- 
metres of  the  clear  liquid  are  drawn  off  by  means  of  a  cooled 
pipette,  and  placed  in  a  second  apparatus  for  the  extraction 
of  fibrin,  and  the  process  carried  out  exactly  as  in  the 
first  case.  The  amount  of  fibrin  being  known,  the  oper- 
ator is  in  possession  of  the  data  required  to  be  known." 

The  calculation  will  be  understood  by  quoting  the  fol- 
lowing example  from  v.  Gorup-Besanez. 

1.  The  weight  of  fibrin  in  1,000  grammes  of  blood  was 
found  to  be  3.95  Gm. 

3.  The  weight  of  fibrin  in  1,000  grammes  of  liquor  san- 
guinis was  found  to  be  8.07  Gm. 

If  8.07  Gm.  of  fibrin  correspond  to  1,000  Gm.  of  plas- 
ma, to  how  much  plasma  will  3.95  Gm.  of  fibrin  corre- 
spond ? 

8.07  :  1,000  ::  3.95  :  x 


1,000  X  8.95  . 
8.07 


=  486.98. 


Thus  is  found  the  weight  of  plasma  in  1,000  parts  of 
blood,  and  the  weight  of  moist  corpuscles  is  found,  by 
subtraction,  to  amount  to  1,000  —  486.98  =  513.03. 

Chemical  Composition  op  the  Red  Corpuscles. — 
1.  Oxy-h(Bmoglobin.    The  most  important  constituent  of 


Pio.  437.— Crystals  of  HsBmoglobin.     a,  i,  of  man;  c,  of  oat;  d,  of 
Guinea-pig  ;  e,  of  hamster;  /,  of  squirrel.    (Banvier.) 

the  red  corpuscles,  both  in  quantity  and  function,  is  the 
haemoglobin,  formerly  called  also  hsBmato-globulin  and 
hsemato-crystallin.  The  term  hsemoglobin  has  how  en- 
tirely superseded  the  others.  It  is  a  crystallizable,  albu- 
minous substance,  and  always  exists  in  the  body  loosely 
combined  with  oxygen.  It  is  therefore  called  oxy-h»mo- 
globin,  to  distinguish  it  from  the  same  substance  de- 
prived of  its  oxygen  by  reducing  agents.  To  this  latter 
the  term  hsemoglobin,  simply,  is  applied.  _ 

The  crystals  of  oxy-hsemoglobin  are  obtained  with  vary- 
ing facility  from  the  blood  of  different  animals,  most 
easily  from  the  blood  of  the  rat,  Guinea-pig,  and  squirrel ; 
with  the  greatest  difficulty  from  that  of  the  pig,  cow,  and 
frog.    The  blood  of  man  occupies  an  intermediate  posi- 
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tion  with  regard  to  the  facility  witli  which  these  crystals 
may  be  obtained.  From  the  blood  of  the  rat  they  may 
be  obtained  in  a  few  minutes,  in  the  form  of  needle-shaped 
crystals,  by  mixing  one  drop  of  the  blood  on  a  glass  slide 
with  one  drop  of  distilled  water. 

It  may  be  stated  in  general  terms  that  the  crystals  may 
be  obtained  by  the  action  of  the  various  agents  which 
deprive  the  corpuscles  of  their  coloring  matter  and  ren- 
der the  blood  lake-colored ;  such  as  alternate  freezing 
and  thawing,  electricity,  a  temperature  of  60°  C.  (140 
F.)  ;  powdered  salts,  ether  in  substance  or  vapor,  chloro- 
form, and  the  alkaline  salts  of  the  bile.  Putrefaction 
causes  the  formation  of  crystals  of  enormous  size — three 
to  five  centimetres  long,  from  dog's  blood — while,  on  the 
other  hand,  if  the  blood  be  conducted  directly  from  the 
vein  or  artery  into  a  tube  in  which  the  germs  of  putre- 
faction have  been  destroyed  by  heat,  the  formation  of 
microscopic  crystals  is  prevented.  It  would  appear  as  if 
the  process  of  putrefaction  destroyed  substances  which 
are  preventive  of  crystallization. 

The  crystals  of  the  blood  of  man  and  most  of  the 
lower  animals  take  the  form  of  prisms  or  rhombic  plates 
of  a  blood-red  color.  They  all  belong,  as  far  as  known, 
to  the  rhombic  system,  with  the  exception  of  those  of 
the  squirrel,  which  belong  to  the  hexagonal.  They  are 
all  doubly -refracting  and  pleochromatic. 

Ghemieal  Oompontion  of  Oxy-hmmoglobin. — Crystallized 
ox^-hsemoglobin  may  be  dried  at  a  temperature  of  0°  C. 
(32°  P.)  without  decomposition,  and  yields  its  water  of 
crystallization  at  100°  0. 

Hoppe-Seyler  analyzed  the  oxy-hsemoglobin  of  the  dog, 
squirrel,  Guinea-pig,  and  goose  ;  C.  Schmidt  that  of  the " 
dog,  and  Kossel  that  of  the  horse. 

The  following  is  the  mean  percentage  composition  of 
ihe.  various  analyses,  excluding  that  of  the  horse  by 
Kossel,  which  has  been  criticized  by  Hoppe-Seyler  on 
account  of  its  having  been  made  by  a  method  different 
from  that  followed  in  his  own  investigations.  It  gives  a 
much  higher  percentage  of  nitrogen  than  any  of  the 
other  analyses. 
In  100  parts— 


C. 
H  . 

N.. 
Pe., 
S.. 
O.. 


64.00 
7.25 

16.25 
0.42 
0.68 

21.45 


100.00 

It  is  the  only  proximate*  principle  of  the  body  that 
contains  iron.  The  ash  remaining  after  the  combustion 
of  oxy-hsemoglobin  consists  of  pure  oxide  of  iron  and 
smce  all  the  iron  of  the  blood  is  contained  in  the  oxy- 
haemoglobin,  it  follows  that  the  percentage  amount  of 
haemoglobin  m  a  given  amount  of  blood  may  be  deter- 
mined by  the  amount  of  oxide  of  iron  in  its  ash.  This 
may  be  done  by  the  following  equation  : 

Let  m  be  the  iron  in  the  ash  of  100  parts  of  blood,  then 

100  m 


0.43  ' 
0.43  being  the  average  percentage  of  iron  in  oxy-haemo- 

Oy-hEemoglobin  is  slightly  acid,  as  shown  by  its 
reaction  with  litmus  paper  and  by  its  separating  from 
the  blood  in  crystalline  form  at  the  positive  pole  of  a 

DeUrminaUon  of  the  Amount  of  Oxy-hcBmoglobin  by 
Mennsofthe  Color  Te^i. -That  the  color  of  the  blood  is 
tf^^^^l  ^^'"""^^  uP°,°  *''  oxy-hsemoglobin  was  demon- 
strated by  Hoppe-Sevler  when  he  discovered  that  the 
absorption  spectra  of  blood  and  of  a  solution  of  oxv- 
hffimoglobm  are  identical.  Upon  this  fact  is  based  the 
color  test,  first  employed  by  Hoppe-Seyler.  He  prepared 
a  solution  of  pure  hicmoglobin  of  known  stren|tirand 
tZnT^  how  much  water  must  be  added  to^a  given 
amount  of  blood  m  order  that  equal  layers  of  thftwo 
fluids  should  present  the  same  colof .  He  Invented  a  ekss 
receptacle   for  the  two  fluids,  with   parallel  walls.^one 
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centimetre  apart,  which  he  called  the  Haematiuu^ciur 
By  an  elaborate  calculation  he  arrived  at  the  amount  of 
haemoglobin  in  a  given  amount  of  blood.  It  is  unneces 
sary  to  give  any  further  details  of  this  method,  as  at  the 
present  dajf  it  is  little  employed,  on  account  of  the  troubl/< 
of  preparing  and  preserving  the  hsemoglobin  for  thr 
standard  solution. 

It  was  discovered  by  Rajewsky  that  a  solution  of  picro 
carminate  of  ammonia  could  be  made  of  precisely  the 
same  tint  as  a  standard  solution  of  oxy-haemoglobin  He 
compared  the  results  of  the  estimation  of  the  hEemoglobia 
by  means  of  this  fluid  with  those  obtained  by  itoxms 
Seyler's  method,  and  found  them  to  correspond  verv 
closely.  •' 

Malassez  adopted  a  standard  solution  of  picro-carminate 
of  ammonia  for  use  with  his  instrument  for  estimating 
the  amount  of  oxy-hfemoglobin  in  blood.  This  instru- 
ment, called  the  Colm-imetre,  or,  more  frequently  the 
Hsemochromometer,  consists  (1)  of  a  hand  screen  perfor- 
ated with  two  apertures,  before  one  of  which  is  a  mova- 
ble glass  prism  containing  the  standard  solution  •  (2)  a 
Potain  pipette  which  differs  from  the  one  used  for  blood- 
counting  in  that  the  walls  of  the  dilated  portion  are 
parallel.  The  blood  to  be  examined  is  drawn  into  the 
pipette,  up  to  a  certain  mark,  and  then  diluted  with  one 
hundred  parts  of  water,  which  is  drawn  after  the  blood 
into  the  reservoir  in  the  ordinary  manner.  The  reservoir 
containing  the  blood  mixture  is  now  placed  in  front  of  the 
second  opening  in  the  screen,  and  the  two  fluids  com- 
pared. By  altering  the  thickness  of  the  layer  of  the  test 
fluid  by  moving  the  prism  up  or  down,  its  color  is  made 
to  correspond  with  that  of  the  blood  under  examination 
"Then  the  figure  on  the  scale  attached  to  one  side  of  the 
trough  is  read  off,  and  this  indicates,  by  reference  to  the 
table  annexed  to  the  apparatus,  the  points  to  be  deter- 
mined." 

AaS^''rS°'^^^  OToWjMwieter.  —  The  Globinometer  (Fig 
4d8)  of  Gowers,  like  his  Hsemacy  tometer,  has  been  planned 


n  ^  IT  n?'^"'  Globinometer.  E,  wooden  Btand  fmpporting  tubes 
tj  ana  u  ;  d,  tube  containing  (flycerine  jelly  tinte'd  with  pioro-carmine ; 
O,  graduated  tube  in  which  the  blood  is  diluted  with  water;  B,  capil- 
lary pipette,  marked  so  as  to  allow  of  20  cram,  of  blood  being  meas- 
ured ;  P,  needle  for  puncturing  the  finger :  A,  bottle  of  distilled  water. 
(Gamgee.) 

with  special  ref  erenpe  to  an  easy  calculation  of  the  per- 
centage  amount  of  oxy-hsemoglobin  in  a  given  amount 
01  blood,  and  on  this  account  it  deserves  the  preference 
over  all  other  instruments  of  the  sort. 

The  color  of  a  dilution  of  normal  blood  one  hundred 
times  (30  c.mm.  of  blood  to  2  c.ctm.  of  water)  is  taken 
as  the  standard.  "  The  quantity  of  hsemoglobin  is  in- 
dicated by  the  amount  of  distilled  water  needed  to  ob- 
tain the  tint  with  the  same  volume  of  bjood  under  exam- 
ination as  was  taken  of  the  standard.  On  account  of 
the  instability  of  a  standard  solution  of  blood,  tinted  gly- 
cerine jelly  IS  employed  instead.  This  is  perfectly  stable, 
and  by  means  of  carmine  and  picro-carmine  the  exact 
tint  of  diluted  blood  can  be  obtained  " 
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The  apparatus  consists  of  two  glass  tubes,  one  of  which 
contains  a  standard  of  the  tint  of  30  c.mm.  of  blood 
in  2  c.ctm.  of  water  (1  in  100).  The  second  tube  Is 
granulated,  100  degrees  =:  2  c.ctm. 

Twenty  cubic  millimetres  are  measured  in  a  capillary 
pipette,  and  quickly  blown  into  the  graduated  tube  in 
which  has  been  previously  placed  a  few  drops  of  distilled 
water  to  prevent  coagulation.  Distilled  water  is  then 
added,  drop  by  drop,  until  the  tint  is  the  same  as  that  of 
the  standard.  The  number  of  degrees  to  which  the  level 
of  the  fluid  has  reached,  indicates  the  percentage  amount 
of  oxy-hsemoglobin.  For  instance,  if  20  c.mm.  of  blood 
gives  the  standard  tint  at  fifty  degrees  of  dilution,  it  con- 
tains only  fifty  per  cent,  of  the  normal  amount  of  oxy- 
haimoglobin. 

"By  ascertaining  with  the  haemacytometer  the  corpus- 
cular richness  of  the  blood,  we  are  able  to  compare  the 
relation  between  the  number  of  corpuscles  and  the  amount 
of  haemoglobin.  A  fraction,  of  which  the  numerator  is 
the  percentage  of  haemoglobin,  and  the  denominator  the 
percentage  of  corpuscles,  gives  at  once  the  average  value 
per  corpuscle."  Thus,  if  a  specimen  of  blood  contained 
thirty  per  cent,  of  haemoglobin  and  sixty  per  cent  of  cor- 
puscles, the  average  value  of  each  corpuscle  would  be  f  ft, 
or  i  the  normal. 

"  The  instrument  is  only  expected  to  yield  approximate 
results,  accurate  within  two  or  three  per  cent.  It  has, 
however,  been  found  of  much  utility  in  clinical  obser- 
vations." 

Spectrum  of  Oxy-hmmogldbin. — If  a  solution  of  oxy- 
haemoglobin,  of  which  the  strength  neither  exceeds  nor 
falls  below  certain  limits,  be  placed  in  a  glass  vessel  with 
parallel  walls  and  brought  before  the  slit  of  the  spectro- 
scope, two  absorption  bands  make  their  appearance  be- 
tween the  Fraunhofer  lines  D  and  E  (Fig.  439).     Of  the 
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Pig.  439 Spectrum  of  Oxy-h£Bmoglobin.    The  numbers  attached  to  the 

(■cale  indicate  wave-lengths  expreHfled  in  hundred-thousandths  of  a  mil- 
hmetre.  The  letters  indicate  the  lines  of  Fraunhofer.  (KoUett,  in 
"  Hermann^s  Handbuch  der  Physiologic.") 

two  bands,  the  one  nearer  to  the  line  D  is  sharper  in  out- 
line and  narrower  than  the  one  adjoining  the  line  E.  Be- 
sides these  two  bands  there  is  also  an  obscuration  of  the 
red  and  violet  ends  of  the  spectrum,  of  which  the  latter 
is  much  the  more  extensive. 

These  spectroscopic  appearances  are  produced  by  the 
blood  of  all  vertebrate  animals,  and  have  been  shown  to 
proceed  from  the  red  corpuscles,  except  in  the  case  of 
the  Amphloxus,  in  which  animal  the  blood-coloring  mat- 
ter is  found  in  the  plasma. 

The  spectrum  of  oxy-haemoglobin  may  be  obtained  by 
holding  a  rabbit's  ear  between  the  light  and  the  slit  of  the 
spectroscope,  from  the  web  of  the  frog's  foot,  and  by  re- 
flecting light  from  the  surface  of  the  skin. 

Vierordt's  method  of  performing  the  latter  experiment 
consists  in  holding  two  closely  approximated  fingers  be- 
fore the  slit  of  the  spectroscope  and  allowing  direct  sun- 
light to  pass  between  them. 

In  the  spectrum  analysis  of  blood  certain  precautions 
are  necessary.  Thus,  if  the  solution  of  oXy-hseraoglobin 
is  too  strong,  all  light  is  cut  off.  By  diluting  such  a  so- 
lution, a  band  of  red  and  orange  first  appears ;  and  on 
still  farther  dilution  a  narrow  band  of  green  is  visible, 
separated  from  the  band  of  red  and  orange  by  a  broad 
absorption  band.  This,  on  diluting  still  more,  divides 
into  the  two  characteristic  absorption  bands  of  oxy-haemo- 
globin. By  continuing  this  process  of  dilution  the  two 
bands  become  narrower  until  the  one  nearer  the  E  line 
disappears.  Finally  the  other  one  disappears  also,  leav- 
ing the  continuous  spectrum  of  light. 

The  two  absorption  bands  are  seen  most  distinctly 


when  a  layer,  1  ctm.  thick,  containing  1  part  of  oxy- 
haemoglobin  in  1,000,  is  examined. 

Methods  of  determining  the  percentage  of  oxy-ha3mo- 
globln  from  the  spectroscopic  appearances  of  different 
strengths  of  its  solution  were  first  employed  by  Preyer, 
and,  after  him,  by  Vierordt,  Hofner,  and  others.  These 
methods  are  not  so  accurate  as  the  color-tests  of  Hoppe- 
Seylcr,  Malassez,  and  Qowers,  above  described. 

Spectrum  of  HiEMOGLOBiN. — The  oxygen  contained 
in  oxy-hsemoglobin  exists  in  such  loose  combination  that 
it  is  readily  displaced  by  indifferent  gases,  such  as  N  and 
H,  and  still  more  readily  by  substances  that  possess  an 
affinity  for  O.  Among  the  latter  are  ammonium  sulphide, 
iron  filings,  iron  reduced  by  hydrogen,  and  Stokes'  fluid, 
which  is  an  ammoniacal  solution  of  ferrous  sulphate 
slightly  acidulated  with  tartaric  acid.  This  property  of 
oxy-hsemoglobin,  of  readily  yielding  its  oxygen,  was  first 
discovered  by  Professor  Stokes,  who  also  observed  that 
the  reduction  coincided  with  changes  in  its  color  and  in 
its  spectrum.  The  color  changes  from  scarlet  to  purple, 
and  the  spectrum  presents  one  absorption  band  between 
the  Fraunhofer  lines  D  and  E,  where  before  two  were 
visible.  This  band  has  its  darkest  portion  where  the 
green  interspace  existed  between  the  two  bands  (Fig. 
440). 

Reduced  haemoglobin  is  dichrotic,  thick  layers  of  its 
solution  appearing  of  a  dark  cherry-red,  and  thin  layers 
green.  The  same  dichrotism  is  observed  in  venous 
blood. 

Action  of  Carbonic  Oxide,  GO. — When  animals  are  poi- 
soned with  this  gas,  or  when  it  is  passed  through  blood 
or  a  solution  of  oxy-haemoglobin,  it  displaces  the  oxygen 
of  the  blood-coloring  matter  and  takes  its  place  molecule 
for  molecule.  The  combination  thus  formed  is  remark- 
able for  its  stability,  although,  contrary  to  what  was  f or- 
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Fig.  440. — Spectrum  of  Reduced  Hsemoglobin.    (Rollett.) 

merly  supposed,  it  can  be  reduced  by  an  indifferent  gas, 
or  in  a  vacuum.  Its  crystals  are  isomorphous  with  those 
of  oxy-haemoglobin,  but  have  a  slight  bluish  tinge.  Its 
spectrum  is  almost  Identical  with  that  of  0-haemoglobin, 
but  the  two  absorption-bands  are  moved  very  slightly 
nearer  the  violet  end. 

Nitric  Oxide,  NO,  forms  a  still  more  otable  com- 
pound with  haemoglobin.  It  will  displace  carbonic  ox- 
ide. Its  crystals  are  isomorphous  with  the  oxygen  and 
CO  compounds,  and  its  spectrum  is  almost  identical  with 
theirs. 

MBTH^MOGLOBm.— A  product  of  the  decomposition 
of  oxy-haemoglobin  produced  by  exposure  of  blood  to 
air  and  by  the  addition  of  acids,  nitrites,  permanganate 
of  potassium,  and  some  other  substances.  Its  spectrum 
differs  from  that  of  oxy-haemoglobin  by  the  addition  of  a 
new  band  in  the  red. 

Authorities  differ  as  to  the  chemical  composition  of  this 
substance.  Some  regard  it  as  a  higher  degree  of  oxida- 
tion (a  hyperoxlde)  of  oxy-liaemoglobin,  while  Hoppe- 
Seyler  considers  that  it  contains  less  oxygen  than  oxy- 
haemoglobin,  but  more  than  reduced  haemoglobin.  Others 
regard  it  as  a  mixture  of  hamatin  with  a  soluble  albu- 
men. ,     ,- 

The  spectrum  of  methaemoglobin  has  been  seen  by  Mac- 
Munn  "  in  the  urine  of  acute  desquamative  nephritis,  in 
that  of  post-scarlatinal  nephritis,  and  in  the  blackish-brown 
fluid  vomited  in  some  cases  of  haematemesis."    _ 

Hmmatin.—T'ias  substance  is  obtained  by  treating  blood 
with  acetic  acid,  or,  still  more  readily,  by  dissolving  hae- 
min  crystals  (hydrochlorate  of  haematin)  in  a  dilute  solu- 
tion of  potassium  hydrate  and  adding  Iwdrochloric  acid. 
Haematin  is  then  thrown  down  in  a  flocculent,  brovra 
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precipitate.  It  is  amorphous,  and  insoluble  m  water, 
alcohol,  ether,  and  dilute  acids,  but  dissolves  in  solutions 
of  the  caustic  alkalies,  and  is  slightly  soluble  in  alcohol 
rendered  acid  or  alkaline. 

In  alkaline  solution  its  spectrum  contains  one  broad  ab- 
sorption band  covering,  D  Praunhofer.  In  acid  solution 
it  gives  four  absorption  bands. 

Hmmin,  Hydrochloraie  of  Hmmaiin.— This  substance  is 
important  from  a  medico-legal  point  of  view,  on  account 
of  the  readiness  with  which  it  may  be  obtained  from 
minute  quantities  of  blood. 

A  drop  of  blood  is  allowed  to  dry  upon  a  shde  ;  a  small 

quantity  is  then  scrap'ed  off  and  placed  upon  another 

^.  slide;   to    this    pow- 

ab  ^  dered    blood  is  then 

^f^      X.    z^'      i.       m  added  a  small  quantity 

^^  ^  '^'^        *       ■  pf  sodium  chloride ;  a 

few  drops  of  glacial 
acetic  acid  are  next 
added,  a  cover-glass 
applied,  and  the  slide 
held  over  the  flame  of 
.       -J  ^^^  "■  spirit-lamp  until  air- 

*i      '» ^k.       '•^^  bubbles  appear.    Has- 

"  jl -.    ^^  min  crystals  will  be 

■55^  found.     They  are  in 

^     ,„     ,„     .    >   Ti     ■   r,     »  ,       the  form  of  rhombic 

no.  441.-(IUnvier.)    Hssmm  Orj-stals.      ^^^^^  ^^.^  ^^^^^  ^^^_ 

ing  in  color  from  a  bright  yellow  to  a  dark  brownish- 
black.  They  may  be  obtained  from  the  oldest  blood 
stains  by  cutting  out  the  stained  tissue  and  boiling  it  in 
glacial  acetic  acid  containing  a  little  sodium  chloride. 
The  fluid  is  then  evaporated  and  the  crystals  are  deposited. 
After  the  spectroscope  this  is  the  best  test  for  the  presence 
of  blood. 

HmTTwclirmnogen. — This  substance  is  formed  when  re- 
duced haemoglobin  is  decomposed  in  the  absence  of  oxy- 
gen. In  alkaline  solution  its  spectrum  is  identical  with 
that  of  reduced  hsematin.  When  brought  in  contact  with 
oxygen  it  is  instantly  converted  into  hsematin. 

HcBmaloporpliyrin  is  iron-free  hsematin. 

Hmmaloidin  (Fig.  442). — A  product  of  metamorphosis 
of  oxy-hsemoglobin  found  in  old  blood  extravasations 
and  in  the  corpus  luteum,  .        __ 

usually  in  the   form  of  g    %     ^ 

rhomboldal  prisms  of  an  '^g     ^»  A       jl 

orange  or  ruby-red  color,  ^  B     ^^    ^J  j^m 

also  in  amorphous  granu-  „      aa  "^  \  "    ^     v^ 
lar  and  globular  masses.  ^    ,  ^ ^  ^M  ^    ■^    '^^^ 
By    most    physiological    /  f   w  ^^ 
chemists  it  is  considered        »»  _     n^ 
to  be  identical  with  bili-        -    #  m  ^     » -offi: 
rubin.  ^  *        « _J}'3t 

Othek  Constituents  ^/     H  Jgg  Wr 

OF  THE  Red  C0KPD6CLBS.         j^    i»^**  't*'''- 
—  Protagon,  Lecithin.         ^^JK^'^Jj^  ' 
The  existence  of  protagon  F^* 

in  the  red  corpuscles  was  I''0-  442.— (Frey.)    Orystals  of  HKma- 

at  one  time  generally  ac-  '°"™-    O'^inary  f orm. 

knowledged.  The  observations  of  Hoppe-Seyler  and  JU- 
dell  have,  however,  shown  that  the  fatty  phosphorized 
constituent  of  the  red  corpuscles  contains  a  larger  percen- 
tage of  phosphorus  than  does  protagon.  They  consider 
it  to  be  identical  with  lecithin,  a  substance  first  found  in 
the  eggs  of  the  carp  by  Gobley,  and  subsequently  in  the 
brain  by  Diaconow.  Ohokiterin  is  invariably  found  in 
the  red-corpuscles,  and  may  be  separated  from  them  by 
ether. 

Mineral  Constituents.— It  is  impossible  to  deter- 
mine these  with  accuracy,  because  the  corpuscles  cannot 
be  completely  isolated.  It  is  known,  however,  that  they 
are  much  richer  in  potassium  salts  than  the  serum,  and 
that  the  serum  contains  more  chlorine  than  the  corpuscles. 
As  to  the  sulphates  and  phosphates  it  cannot  be  deter- 
mined whether  these  exist  as  such  in  the  corpuscles,  or 
are  the  result  of  oxidation  of  organic  ingredients.  The 
phosphoric  acid  in  the  ash  of  the  corpuscles  is  derived 
from  the  oxidation  of  lecithin.  The  iron  is  derived  en- 
tirely from  hsemoglobin. 


The  White  Corpuscles. 

These  bodies,  known  also  as  leucocytes  and  colorless 
corpuscles,  exist  in  the  blood  of  man  in  the  proportion  of 
one  white  to  about  five  hundred  of  the  red  corpuscles. 
These  figures  are  merely  approximative.  They  are  di- 
minished by  fasting,  and  increased  by  eating.  Their  enu- 
meration is  made  by  the  same  instruments  employed 
for  counting  the  red  corpuscles.  The  proportion  of  one 
white  to  five  hundred  red  would  give  the  former  a  num- 
ber of  ten  thousand  per  cubic  millimetre,  supposing  the 
red  corpuscles  to  be  five  million  per  cubic  millimetre. 

They  are  spherical  granular  masses  of  protoplasm,  des- 
titute of  a  membrane,  containing  one  or  more  nuclei 
and  sometimes  a  number  of  fat  granules.  Their  most  r& 
markable  property  is  the  power  they  possess  of  sponta- 
neous movement,  which  brings  them  into  remarkable 
analogy  with  the  unicellular  rhizopod  known  as  the 
amoeba.     The  movement  has  hence  been  called  amoeboid^ 

They  have  a  diameter  of  about  ten  /t  (tb'btt  in.).  Max 
Schultze  has  described  two  varieties  of  smaller  colorless  cor- 
puscles ;  one  with  a  diameter  less  than  that  of  the  red  cor- 
puscles, and  containing  one  or  two  nuclei ;  the  other  of  the 
same  diameter  as  the  colored  corpuscles,  and  also  nucleated. 

The  white  corpuscles  are  of  lower  specific  gravity  than 
the  red,  as  is  shown  by  their  accumulation  in  a  layer  be- 
tween the  red  corpuscles  and  the  plasma  in  blood  in  which 
coagulation  has  been  delayed  by  a  temperature  of  0°  C. 

Their  adhesiveness  is  so  great  that,  in  a  blood  prepara- 
tion, the  red  corpuscles  can  be  washed  away  by  a  stream 
of  water,  leaving  the  white  corpuscles  attached  to  the  ob- 
ject- and  cover-glasses. 

By  means  of  their  amoeboid  movement  the  white  cor- 
puscles have  the  power  of  penetrating  animal  membranes. 
Thus  they  have  been  observed  to  pass  through  the  shell 
membrane  of  an  egg  that  has  been  placed  in  contact  with 
a  suppurating  surface.  This  phenomenon  is  observed  iu 
the  living  body  by  exposing  a  transparent  membrane, 
such  as  the  mesentery,  to  the  air.  Inflammation  is  set 
up,  and  the  white  corpuscles  pass  gradually  through  the 
walls  of  the  capillaries  and  veins.  This  migration,  fcoown 
as  diapedesis,  is  undoubtedly  the  chief  factor  of  the  in- 
flammatory process.  It  was  first  observed  by  W.  Ad- 
dison in  1843  ;  then  by  Waller  in  1846,  but  was  forgotten 
until  Cohnheim  discovered  it  anew  in  1867.  The  latter, 
by  his  demonstrations  of  its  paramount  importance  in  the 
inflammatory  process,  established  a  new  era  in  patholog- 
ical science. 

Chemical  Composition  oe  the  White  Corpuscles. 
— Owing  to  the  comparatively  small  quantity  of  these 
elements  in  the  blood,  inquiries  as  to  their  chemical  com- 
position are  attended  with  much  greater  diflSculty  than  is 
the  case  with  regard  to  the  red  corpuscles.  The  analyses 
of  the  corpuscles,  as  they  exist  in  healthy  and  leuksemio 
blood,  have  been  supplemented  by  analyses  of  the  leuco- 
cytes as  they  exist  in  pus. 

The  mass  of  the  white  corpuscles  is  undoubtedly  a  pro- 
teid,  and  inasmuch  as  it  is  contractile,  it  is  regarded  by 
some  as  probably  identical  with  the  myosin  derived  from 
muscle. 

Some  of  the  granules  contained  in  the  corpuscles  are 
soluble  in  ether  and  alcohol,  and  are,  therefore,  con- 
sidered to  be  fat-drops,  either  taken  up  into  the  sub- 
stance of  the  corpuscle  from  without,  or  a  product  of 
protoplasmic  metamorphosis. 

They  also  contain  cliolesUrin  and  a  fatty  phosphorus- 
containing  body,  which  is  by  some  regarded  as  protagon, 
by  others  as  lecithin. 

Another  phosphorized  constituent  is  found  in  the  nu- 
cleus, and  is  called  nuclein.  It  was  first  observed  by 
Miescher  in  the  nucleus  of  pus-corpuscles,  afterward  by 
Lauder  Brunton  and  Plosz  in  the  nuclei  of  red  nucleated 
corpuscles  (those  of  birds  and  snakes).  This  substance 
closeljr  resembles  mucin,  and  possesses  the  peculiarity  of 
not  being  acted  upon  by  gastric  juice.  This  property  af- 
fords a  ready  means  of  isolating  it.  Olyeogen  is  also  a 
constituent  of  the  white  corpuscles,  and  may  be  demon- 
strated by  the  mahogany-red  color  induced  by  the  action 
of  a  solution  of  iodine  in  potassium  iodide  and  water. 


550 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Blood. 
Blood. 


The  Plasma  and  Serum  of  the  Blood. 

The  plasma,  or  liquor  sanguinis,  is  the  serum  plus  the 
body  or  bodies  concerned  in  the  production  of  fibrin.  It 
may  be  obtained  comparatively  pure  from  blood — prefer- 
ably that  of  the  horse,  on  account  of  the  slowness  with 
which  it  coagulates — that  has  been  kept  at  a  temperature 
of  0°  C.  until  the  corpuscles  subside ;  or,  mingled  with 
water  and  saline  substances,  by  adding  to  the  blood  cer- 
tain salts  that  prevent  coagulation,  the  most  important  of 
which  are  sodium  and  magnesium  sulphate. 

Its  specific  gravity  scarcely  differs  from  that  of  serum, 
being  from  1.027  to  1.028. 

Its  alkaline  reaction  is  not  so  marked  as  is  that  of  the 
serum  separated  from  it. 

On  raising  the  temperature  of  plasma  above  0°  C,  it 
coagulates  into  a  gelatinous  mass  from  which,  as  it  con- 
tracts, exude  drops  of  serum  until  the  coagulum,  which 
is  comparatively  small  and  colorless  owing  to  the  absence 
of  blood-corpuscles  from  its  meshes,  is  surrounded  on  all 
sides  by  serum. 

Serxjm  may  be  obtained  from  plasma  as  above  men- 
tioned, or  more  commonly  from  blood.  The  process  of 
obtaining  pure  serum  from  blood  is  greatly  facilitated  by 
the  use  of  a  centrifugal  machine.     This  consists  of  a 


Fig.  443.— (Gamgpe.)  Centrifugal  Machine  used  in  the  Laboratory  of 
Owens  College.  A,  an  iron  socket  secured  to  top  of  table  B ;  C,  a 
steel  spindle  carrying  the  turn-table  D  and  turning  freely  in  A ;  B,  a 
flange  round  turn-table  D ;  F  P,  shallow  grooves  on  face  of  D  in 
which  the  test-tubes  are  fixed  by  clamps  G  G ;  H,  a  pulley  fixed  to  end 
of  spindle  C,  and  turned  by  the  cord  K ;  I  I,  two  guide-pulleys  for 
cord  K. 

turn-table  to  which  is  attached  the  tube  containing  the 
blood.  After  a  rapid  rotation  of  half  an  hour  the  clot  is 
found  retracted  to  the  peripheral  end  of  the  tube,  while 
from  the  portion  directed  toward  the  centre  of  the  turn- 
table serum  entirely  free  from  corpuscles  may  be  ob- 
tained (Pig.  443). 

The  serum  obtained  from  the  blood  of  man  while  fast- 
ing is  a  transparent,  pale  yellow  fluid.  After  a  full  meal 
it  is  opaque  and  milky,  owing  to  suspended  particles  of 
fat.  As  above  stated,  it  is  more  alkaline  than  plasma, 
and  of  about  the  same  specific  gravity,  1.038. 

In  1,000  grammes  of  blood  there  are  from  4.40  to  53.5 
grammes  of  serum. 

Albuminous  Bodies  op  the  Serum  and  Plasma. — 
The  most  important  and  abundant  of  these  is 

Serum-albumin. — This  body,  although  presenting  most 
of  the  reactions  of  egg-albumin,  is  not  identical  with  it. 


Serum-albumin  rotates  the  plane  of  polarized  light,  hav- 
ing a  wave-length  corresponding  to  D,  Fraunhofer,  56°  to 
the  left,  while  egg-albumin  rotates  it  but  35.5°. 

Precipitates  of  serum-albumin  by  nitric  and  hydro- 
chloric acids  are  readily  redissolved,  whereas  precipitates 
of  egg-albumin  are  redissolved  with  great  difficulty. 
Finally,  egg-albumin  injected  into  the  veins  appears  un- 
changed in  the  urine,  whereas  no  albuminuria  follows 
the  similar  injection  of  serum-albumin. 

For  a  long  time  serum-albumin  was  considered  to  be 
the  only  albuminous  constituent  of  serum.  It  is  now 
known  that  serum-globulin  or  paraglobulin  (the  fibrino- 
plastic  substance  of  Schmidt)  exists  in  the  blood  of' man 
in  nearly  equal  amount,  and  in  even  greater  amount  in 
the  blood  of  the  horse  and  ox. 

To  obtain  serum-albumin  from  serum  its  serum-globulin 
must  first  be  separated.  This  may  be  accomplished  by 
diluting  serum  with  ten  to  fifteen  times  its  volume  of  ice- 
cold  water,  and  passing  through  it  a  stream  of  COj,  or, 
instead  of  the  latter,  by  the  careful  addition  of  acetic 
acid.  The  serum-globulin  is  precipitated,  and  the  serum- 
albumin  in  solution  may  be  removed  by  filtration.  It  is 
then  neutralized  with  sodium  carbonate,  and  concentrated 
by  evaporation  at  a  temperature  not  exceeding  40°  C. 
(104°  P.),  until  its  specific  gravity  is  about  that  of  undi- 
luted serum  Its  salts  are  then  removed  by  dialysis,  after 
which  it  is  evaporated  at  a  temperature  not  above  40"  C. 

Serum-globulin  is  most  completely  removed  from  serum 
by  the  addition  of  magnesium  sulphate  to  the  point  of 
saturation.  According  to  Hammarsten,  this  salt  precipi- 
tates every  trace  of  serum-globulin  without  exerting  any 
action  upon  serum-albumin. 

The  process  of  dialysis  has  also  been  employed  in 
order  to  obtain  serum-albumin.  If  serum  be  placed  in  a 
dialyser,  the  salts  pass  from  it  by  diffusion,  and  the 
serum-globulin  is  precipitated  from  the  serum-albumin. 
By  no  process  thus  far  employed,  however,  can  serum- 
albumin  be  obtained  absolutely  free  from  mineral  con- 
stituents. 

Serum-albumin,  obtained  by  any  of  the  above  methods, 
is  a  transparent,  brittle,  yellow  substance,  soluble  in  dis- 
tilled water,  from  which  it  may  be  precipitated  by  the 
mineral  acids,  especially  nitric  acid,  by  tauiiic  and  meta- 
phosphoric  acids,  and  by  most  of  the  metallic  salts.  It 
also  separates  in  the  form  of  a  flocculent  precipitate  when 
exposed  to  a  temperature  of  73°  to  75°  C.  (161.6°  to  167° 
P.). 

It  has  been  given  as  a  distinguishing  mark  between 
serum-albumin  and  egg-albumin  that  ether  precipitates 
the  latter  and  not  the  former.  This  statement  requires 
some  modification.  The  action  of  ether  depends  upon  the 
alkalinity  of  the  albumin  solution.  Egg-albumin  naturally 
is  less  alkaline  than  serum-albumin,  and  it  is  found  that 
when  the  salts  are  removed  by  dialysis  from  serum-albu- 
min, the  latter  is  also  precipitated  by  ether. 

Serum-globulin  (Fa/raglobulin — Fibrinoplaatte  Substance 
of  Schmidt).— The  first  two  of  the  above  synonyms  indi- 
cate the  close  resemblance  of  this  body  to  a  proteid  found 
in  the  crystalline  lens,  to  which  was  given  the  name  of 
globulin ;  the  last,  its  supposed  co-operation  in  the  forma- 
tion of  fibrin.  The  methods  of  separating  serum-globulin 
from  serum  have  been  given  under  the  head  of  serum- 
albumin. 

It  is  insoluble  in  pure  water,  but  soluble  in  water  hold- 
ing COs  or  O  in  solution,  soluble  in  dilute  solutions  of 
sodium  chloride,  in  weak  solutions  of  the  alkalies,  and  in 
weak  solutions  of  alkaline  salts.  This  applies  to  the 
fresh  precipitate.  After  standing  under  water  for  some 
time,  it  loses  its  solubility  in  salts.  In  dilute  solution  of 
sodium  chloride  it  coagulates  at  from  68°  to  79°  C.  (154.4 
to  174.3°  F.).  Prom  very  weak  alkaline  solutions  it  is 
precipitated  by  adding  a  minute  quantity  of  sodium 
chloride  ;  on  further  addition  of  the  chloride  the  precipi- 
tate is  redissolved.  In  very  weak  alkaline  solution  it  la 
not  coagulated  by  heat.  »,,     j 

Serum-globulin  arises,  at  least  m  part,  from  the  aa- 
struction  of  the  white  blood-corpuscles. 

Plasma  from  which  the  white  corpuscles  have  been 
separated  by  filtration,  is  found  to  be  poorer  in  serum- 
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globulin  than  plasma  that  has  not  been  filtered,  and,  on 
the  other  hand,  the  white  corpuscles  collected  on  the 
filter  treated  with  a  weak  solution  of  alkali,  yield  a  large 
percentage  of  serum-globulin. 

Solutions  of  serum-globulin  are  not  coagulated  on  the 
addition  of  fibrin-ferment. 

FiBBiN.— Fibrin  is  obtained  from  blood  by  stirring  it 
with  a  glass  rod,  to  which  it  adheres  in  stringy  masses. 
It  is  then  washed  from  adhering  corpuscles  bj;  prolonged 
immersion  in  running  water,  when  it  appears  in  the  form 
of  white  threads  and  flakes  possessing  considerable  elas- 
ticity. It  may  be  observed  under  the  microscope  in  the 
form  of  a  delicate  reticulum  by  allowing  a  drop  of  blood 
to  coagulate  upon  a  slide,  then  washing  it  free  from  red 
corpuscles  by  a  gentle  stream  of  water,  and  placing  upon 
the  colorless  film  a  drop  of  a  strong  solution  of  magenta. 
By  this  process  the  white  corpuscles  are  not  removed, 
and  from  them  radiate  the  delicate  filaments  of  fibrin. 
These  filaments  are  so  delicate  and  transparent  that,  but 
for  the  staining,  they  would  be  made  out  with  difiiculty. 

Fibrin  is  insoluble  in  pure  water,  but  "  soluble  in  a  six 
per  cent,  solution  of  potassium  nitrate,  if  digested  with  it 
for  some  time  at  a  temperature  of  30°  or  40°  C.  (86°  to 
104°  F.).  It  is  similarly  soluble  in  solutions  of  sodium 
chloride,  and  in  a  ten  per  cent,  solution  of  magnesium 
sulphate.  The  solutions  of  fibrin  in  the  neutral  salts  are 
coagulated  by  heating  to  60°  or  65°  C.  (140°  to  149°  F.), 
by  the  addition  of  acids  and  of  alcohol,  and  by  the  addi- 
tion of  powdered  magnesium  sulphate." 

On  the  addition  of  acetic  acid  and  dilute  mineral  acids 
(5  per  1,000  HCl),  it  swells  up  into  a  transparent  jelly-like 
mass  which  is  insoluble.  In  more  dilute  solution  of  HCl 
(1  per  1,000),  it  dissolves  after  digestion  for  a  few  hours 
at  a  temperature  of  40°  C.  (104°  P.).  By  this  process  it 
is  converted  into  acid  albumin  or  syntonin.  In  the  fresh, 
moist  state,  it  decomposes  solutions  of  hydric  peroxide, 
HaOj  with  the  liberation  of  O. 

Fibrin  has  the  following  composition  ■  0  52.6 .-  H,  7.0  ; 
N,  17.4;  S,  1.2;  0,21.8. 

FiBRiNOGBN. — Fibrinogen  is  a  constituent  of  the  plas- 
ma, but  is  absent  from  serum.  It  is  also  found  in  the 
liquids  of  serous  cavities,  such  as  ihe  pericardium,  peri- 
toneum, and  pleura ;  also  in  the  flie'd  of  hydrocele.  The 
plasma  is  distinguished  from  the  other  fluids  mentioned, 
by  being  spontaneously  coagulallo.  This  is  due  to  the 
fact  that,  besides  fibrinogen,  it  also  contains  serum-glob- 
ulin ;  whereas,  of  the  others,  serum  contains  serum-glob- 
ulin but  no  fibrinogen,  and  the  remainder  contain  fibrin- 
ogen but  no  serum-globulin. 

Fibrinogen  is  soluble  in  weak  solutions  (five  to  eight 
per  cent.)  of  sodium  chloride,  but  precipitated  by  solu- 
tions containing  twelve  to  sixteen  per  cent,  of  salt ;  where- 
as serum-globulin  is  not  precipitated  by  sodium  chloride, 
unless  its  solution  is  of  a  strength  of  more  than  twenty 
per  cent.  These  properties  afford  a  means  of  separating 
the  two  substances. 

Hammarsten's  method  of  obtaining  fibrinogen  is  as 
follows  : 

Fresh  blood  is  mixed  with  one-third  its  volume  of  a 
saturated  solution  of  magnesium  sulphate.  It  is  then  fil- 
tered, or,  better  still,  submitted  to  the  action  of  a  centri- 
fugal machine,  in  order  to  free  it  from  corpuscles.  To 
the  salted  plasma  is  now  added  an  equal  volume  of  & 
saturated  solution  of  sodium  chloride,  which  causes  an 
abundant  flaky  precipitate.  This  is  separated  by  filtra- 
tion, redissolved  in  a  six  to  eight  per  cent,  solution  of 
NaCi;  and  again  precipitated  by  adding  an  equal  volume 
of  a  saturated  solution  of  NaCl.  By  repeating  this  process 
several  times,  fibrinogen  may  be  obtained  absolutely  free 
from  serum-albumin  and  serum-globulin,  but  containing 
from  1  to  1.5  per  cent.  NaCl. 

Solutions  of  fibrinogen  in  NaCl  coagulate  at  a  tempera- 
ture of  52°  to  55°  C.  (135.6°  to  131°  F.).  In  weak  alkaline 
solution  it  coagulates  at  56°  to  58°  C.  (132.8°  to  136.4°  F.). 

Pr6d6rique  has  demonstrated  that  fibrinogen  exists  as 
such  in  the  blood  by  confining  blood  with  ligatures  in  a 
portion  of  the  jugular  vein,  and  heating  it  to  56°  C. 
(133.8°  F.).  A  proteid  substance  (fibrinogen)  separates, 
and  th^  blood  is  no  longer  coagulable.     The  amount  of 


fibrinogen  that  separates  from  the  plasma  of  horse's  blood, 
at  a  temperature  of  56°  C,  is  given  by  Fr^d^rique  as 
0.4299  per  cent. 

The  Formationof  Fibrin. — In  1881,  Dr.  Andrew  Buch- 
anan, of  Glasgow,  discovered  that  certain  serous  fluids  of 
the  healthy  body— those  of  the  pericardium,  pleura,  and 
peritoneum — also  certain  transudates,  the  products  of  dis- 
ease, such  as  the  fluids  of  hydrocele  and  ascites,  all  of 
which  are  not  spontaneously  coagulable,  will  coagulate 
on  the  addition  of  blood-serum,  or  "washed  blood-clot" 
{i.e.,  a  clot  deprived  of  its  red  corpuscles  by  wiishing),  or 
even  of  pieces  of  muscle,  nerve,  or  connective-tissue.  Of 
these  substances  he  found  that  washed  blood-clot  was 
most  efficacious  in  inducing  coagulation,  and  he  states 
that  if  dried  and  pulverized,  or  placed  in  alcohol,  it  may 
be  kept  for  many  months  without  losing  its  coagulating 
power. 

Buchanan  concluded  that  this  property  of  washed 
blood-clot,  which  consists  of  fibrin  and  entangled  white 
corpuscles,  is  inherent  in  the  latter  bodies.  This  is  de- 
monstrated by  the  fact  that  the  bufEjr  coat  of  the  blood  of 
the  horse,  which  is  very  rich  in  white  corpuscles,  has  a 
far  greater  coagulating  power  than  equal  portions  taken 
from  the  lower  layers  of  the  coagulum.  Buchanan  com- 
pared this  action  of  washed  blood-clot  and  of  the  other 
substances  mentioned,  in  inducing  coagulation  in  liquids 
that  do  not  coagulate  spontaneously,  to  the  action  of  ren- 
net upon  milk. 

These  most  interesting  observations  of  Buchanan  were 
entirely  lost  sight  of,  until  the  facts  were  rediscovered  in- 
dependently by  Professor  A.  Schmidt,  of  Dorpat,  in  1861. 

Schmidt  endeavored  to  isolate  from  serum  the  sub- 
stance to  which  is  due  its  coagulating  power,  and  believed 
that  it  was  identical  with  the  serum-globulin  that  he  ob- 
tained from  diluted  serum  by  passing  through  it  COi. 
He  also  separated  fibrinogen  from  transudates,  and  de- 
monstrated that  mixing  the  two  bodies  in  weakly  alkaline 
solution  results  in  the  production  of  fibrin.  Hence  he 
concluded  that  fibrin  was  a  product  of  the  union  of  these 
two  proteids,  and  that  when  a  liquid  containing  fibrinogen 
did  not  coagulate  spontaneously,  it  was  due  to  the  ab- 
sence of  fibrinoplastin  (serum-glolDulin).  He  ascertained 
later  that  both  bodies  are  present  in  the  fiuid  of  hydro- 
cele, which  is  not  spontaneously  coagulable,  and  that  it 
may  be  made  to  coagulate  by  adding  to  it  blood  or  blood- 
serum.  It  thus  appeared  evident  that  a  third  factor  was 
necessary  to  coagulation,  and  by  further  research  Schmidt 
separated  from  the  serum  a  soluble  substance  which  he 
designates  as  fibrin-ferment. 

Mbrin-ferment  is  obtained  by  diluting  serum  with 
ten  to  twenty  times  its  volume  of  alcohol,  and  allowing  it 
to  stand  in  a  stoppered  bottle  for  several  weeks  (prefer- 
ably months).  The  efEect  of  this  is  to  coagulate  the  pro- 
teid matters  of  the  serum.  The  coagulum  is  dried, 
powdered,  treated  with  distilled  water,  and  filtered, 
The  filtrate  contains  the  so-called  fibrin-ferment  in  solu- 
tion. Such  a  solution  added  to  a  liqoid  containing 
fibrinogen  and  serum-globulin,  which  does  not  coagulate 
spontaneously,  such  as  the  fluid  of  hydrocele,  will  often 
rapidly  give  rise  to  a  coagulum. 

Schmidt  ascribes  the  origin  of  the  fibrin-ferment  to  a 
destruction  of  the  white  corpuscles,  which,  according  to 
him,  takes  place  with  great  rapidity  after  blood  is  with- 
drawn from  the  vessels.  He  adduces,  in  support  of  his 
view  as  to  the  origin  of  the  ferment,  the  fact  that,  in 
cooled  plasma  from  which  the  white  corpuscles  have  been 
removed  by  filtration,  coagulation  is  retarded.  That  it 
is  not  entirely  prevented  he  ascribes  to  the  supposition 
that  an  ice-cold  temperature  will  not  altogether  prevent 
the  decomposition  of  the  white  corpuscles,  and  the  con- 
sequent development  of  ferment.  Another  observation  of 
Schmidt's,  tending  to  prove  that  the  coagulation  of  the 
blood  is  dependent  upon  the  presence  of  the'  white  cor- 
puscles is  that,  in  the  blood  of  the  horse  in  which  the 
corpuscles  have  had  time  to  settle  by  the  maintenance  of 
a  temperature  of  0°  C,  coagulation  is  most  complete  in 
that  portion  in  which  the  white  corpuscles  are  most 
abundant.  By  counting  the  leucocytes  in  the  plasma  of 
horse's  blood,  and  afterward  in  the  serum  of  the  same, 
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Schmidt  has  demonstrated  that  there  is  a  disappearance 
of  these  bodies  during  the  act  of  coagulation,  and  has  de- 
termined its  amount.  He  found  that  the  plasma  con- 
tained 14,909  leucocytes  per  cubic  millimetre,  the  maxi- 
mum being  17,980,  the  minimum  12,320.  These  figures  are 
based  on  eleven  enumerations.  In  nine  instances  he 
counted  thejeucocytes  in  the  serum,  and  found  an  aver- 
age of  4,233,  the  maximum  being  5,080,  the  minimum 
2,000  per  cubic  millimetre  ;  77.7  per  cent,  of  leucocytes 
had  disappeared  in  the  coagulum. 

Schmidt  also  counted  fhe  red  corpuscles  in  blood  be- 
fore and  after  its  defibrination.  The  average  of  the 
counts  of  red  corpuscles  in  living  blood  was  5,317,000. 
In  deflbrinated  blood  it  was  5,156,000,  a  difEerence  of 
only  thirty  per  cent.  This  disappearance  of  the  leuco- 
cytes is  not,  he  argues,  a  mechanical  entanglement  in  the 
meshes  of  the  fibrin,  for,  were  this  the  case,  there  would 
be  no  such  difEerence  in  the  percentage  of  disappearance 
between  the  red  and  the  white  corpuscles.  Besides, 
on  examining  a  coagulum  under  the  microscope,  the 
red  corpuscles  are  seen  entangled  in  the  meshes  of  the 
fibrin,  while  of  the  white  not  a  trace  remains  but  a  few 
greatly  altered  cells ;  the  vast  majority  of  them  have  dis- 
appeared in  the  formation  of  the  clot. 

Schmidt's  theory  of  coagulation  is,  that  it  depends  upon 
the  union  of  two  bodies,  fibrinogen  and  fibrinoplastin 
(serum-globulin),  under  the  influence  of  a  ferment,  and 
he  considers  that  both  the  ferment  and  the  fibrinoplastin 
are  derived  from  the  white  blood-corpusoles. 

Later,  Hammarsten  has  contended  that  serum -globulin 
is  not  a  necessary  factor  in  the  act  of  coagulation,  and 
that  when  coagulation  follows  its  addition  to  a  solution  of 
fibrinogen,  it  is  because  of  its  having  contained  the  fer- 
ment. He  has  prepared  fibrinogen  entirely  free  from 
serum-globulin,  and  produced  coagulation  by  the  addition 
of  fibrin-ferment  alone.  He  admits  that  the  presence  of 
serum-globulin  increases  the  yield  of  fibrin,  and  will 
sometimes  induce  coagulation  in  a  transudation  when  the 
addition  of  the  ferment  has  failed  to  do  so  ;  but  he  has 
shown  that  other  substances,  such  as  CaCU  and  casein, 
will  have  the  same  effect,  and,  therefore,  he  considers 
serum-globulin  to  be  a  non-essential  factor  in  the  act. 
This  theory  is  almost  identical  with  that  of  Dr.  Andrew 
Buchanan. 

Other  views  of  the  cause  of  the  coagulation  of  the  blood 
are  those  which  refer  it  to  changes  in  some  of  its  morpho- 
logical elements. 

A  valuable  contribution  of  this  nature  has  been  made 
hyL.  C.  Wooldridge,  B.  Sc,  London,  in  a  communica- 
tion to  the  Royal  Society  ("  Proc.  Roy.  Soc,"  No.  314, 
1881).  This  observer  found  that  after  completely  isolat- 
ing the  cells  of  the  lymphatic  glands  by  a  process  given 
in  his  paper,  and  adding  to  them  simple  chemical  re- 
agents, such  as  a  ten  per  cent,  solution  of  common  salt, 
the  cells  were  changed  into  a  substance  having  the  macro- 
scopic appearance  and  chemical  behavior  of  fibrin,  and, 
under  the  microscope,  showed  a  distinctly  fibrous  ground- 
substance,  in  which  the  nuclei  of  the  cells  were  embed- 
ded, the  cells,  as  such,  having  entirely  disappeared. 

The  following  quotations  from  Wooldridge's  paper  will 
give  an  idea  of  the  nature  of  his  researches  : 

"  The  two  components"  Cof  fibrin)  "which  arise  from 
the  white  blood-corpuscles  are,  according  to  Schmidt, 
paraglobulin  and  fibrin-ferment.  The  recent  researches 
of  Hammarsten  have  made  it  very  probable  that  para- 
globulin is  not  directly  concerned  in  the  production  of 
fibrin.  If  this  is  true,  and  if  the  views  of  Schmidt  con- 
cerning the  participation  of  the  white  corpuscles  be  also 
correct,  the  latter  must  necessarily  play  only  a  very  sub- 
ordinate part,  that  is,  they  must  be  mere  ferment  produc- 
ers." .  .  .  "The  generally  received  view  as  to  the 
course  of  events  in  the  normal  coagulation  of  the  blood 
is  as  follows  :  Very  soon  after  leaving  the  body  the  white 
corpuscles  die  ;  as  a  consequence  of  this  they  break  up, 
and  thereby  give  rise  to  the  ferment  and  paraglobulin. 
The  fibrinogen  is  pre-existent  in  the  plasma.  According 
to  this  view,  then,  the  essential  element  in  coagulation  is 
the  death  of  the  white  blood-corpuscles.  The  results  of 
my  experiments  are  totally  opposed  to  this  view." 


Wooldridge  injected  a  large  quantity  of  dead  lymph- 
cells,  obtained  from  the  lymphatic  gland,  into  the  blood  of 
a  living  dog,  both  in  its  normal  state  and  after  being  pep- 
tonized,* without  any  marked  influence  upon  the  func- 
tions of  the  animal.  No  sign  whatever  of  emboli  was 
detected  by  post-mortem  examination.  (2.)  "A  dog  was 
peptonized  ;  five  minutes  later  a  small  quantity  of  blood 
was  removed  and  divided  into  two  portions  ;  to  the  one 
lymph-cells  were  added.  It  coagulated  immediately,  ex- 
actly like  normal  coagulation.  The  other  portion  re- 
mained uncoagulated  for  hours."  Prom  these  and  other 
experiments,  Wooldridge  concludes  that  coagulation  is 
caused  by  a  change  in  the  plasma,  and  has  nothing  to  do 
with  the  vital  properties  of  the  cells,  and  that  the  conver- 
sion of  the  white  cells  into  fibrin  is  quite  independent  of 
the  presence  of  any  fibrinogen  substance.  "  Fibrinogen 
is  present  in  living  plasma,  yet  the  dead  cells  produce  no 
coagulation.  Fibrinogen  was  absent  from  the  peptone 
plasma,  which  still  gave  practically  unlimited  quantities 
of  fibrin  with  lymph-cells."  "There  are,"  says  he,  "two 
essential  processes  in  the  coagulation  of  the  blood,  one  of 
which  has  been  hitherto  entirely  wrongly  appreciated  or 
overlooked.  This  latter  process  is  that  the  dead  plasma 
converts  the  white  corpuscles  directly  into  fibrin.  At  the 
same  time,  however,  that  this  occurs,  a  substance  is  lib- 
erated from  the  cells  which  converts  the  fibrinogen  also 
into  fibrin.  This  is  the  other  process.  The  substance 
which  is  liberated  from  the  cells  is  fibrin  ferment." 

Dr.  Richard  Norris,  of  Birmingham,  ascribes  the  for- 
mation of  fibrin  to  changes  in  bodies  intermediate  be- 
tween the  lymph-cells  and  the  red  blood-corpuscles,  many 
of  which  have  the  same  refractive  index  as  the  serum, 
and  are,  therefore,  invisible  when  suspended  in  that  fluid. 
When  the  serum  is  withdrawn  from  these  bodies  by 
methods  fully  described  by  Norris  in  his  work  on  the 
"Physiology  and  Pathology  of  the  Blood,"  they  readily 
come  into  view.  Norris'  work  is  illustrated  by  photo- 
graphs which  show  the  transformation  of  these  bodies 
into  fibrin. 

On  the  other  hand,  Hayem  and  Bizzozero  deny  the  ex- 
istence of  the  colorless  corpuscle  of  Norris,  which  they 
regard  as  a  red  corpuscle  deprived  of  its  haemoglobin  by 
artificial  methods,  and  attribute  the  formation  of  fibrin  to 
a  transformation  of  elements  of  the  blood  to  which  they 
give  the  names,  respectively,  of 

H.«;matobla8T8  and  Bltjtplattchbn. — These  bodies 
have  been  observed  by  Donne  and  described  by  him 
under  the  title  globulins,  although  so  imperfectly  that  the 
term  has  never  carried  with  it  an  exact  signification  ;  by 
Andral,  Zimmermann,  Max  Schultze,  Riess,  Beale,  Osier, 
Vulpian,  Ranvier,  and,  perhaps,  others.  They  form  the 
component  parts  of  certain  gi-anular  particles  commonly 
observed  in  blood  withdrawn  from  the  vessels  by  micro- 
scopists,  although  first  accurately  described  by  Max 
Schultze,  and,  therefore,  known  as  Schultze's  granule 
masses.  They  are  more  numerous  in  the  young  than  in 
the  adult  animal,  and  fliay  be  readiljr  seen  in  the  blood- 
vessels of  the  young  rat,  as  first  pointed  out  by  Osier 
("  Proc.  Roy.  Soc,"  June  18, 1874),  by  snipping  out  a  piece 
of  the  subcutaneous  tissue  and  examining  it  m  salt  solu- 
tion. 

Of  the  writers  above  mentioned,  Ranvier,  Hayem,  and 
Bizzozero  have  assigned  to  the  bodies  in  question,  a  promi- 
nent part  in  the  act  of  coagulation.  At  a  meeting  of  the 
Society  de  Biologic,  held  February  1,  1873,  Ranvier  de- 
scribed them  in  detail  and  concluded,  from  a  study  of 
their  histo-chemical  reactions,  that  they  were  particles  of 
fibrin  which  operate  as  centres  of  coagulation,  just  as  a 
crystal  of  sodium  sulphate  placed  in  a  solution  of  the 
same  salt  will  act  as  a  centre  of  crystalline  deposit.  He 
acknowledged  that  he  was  unable  to  determine  whether 
the  granulations,  as  he  called  them,  exist  as  such  in  the 
circulating  blood,  but  considered  it  highly  probable  that 


*  "  The  most  convenient  way  of  obtaining  plasma  from  dog  8  bloort  is 
to  inject  a  solution  of  peptone  into  the  blood  of  the  living  animal.  If  the 
animal  be  bled  five  or  ten  minntes  after  the  injection  of  thepepton^  the 
blood  does  not  coagulate.  (This  fact  was  discovered  by  Dr.  Adolf 
Schmidt,  Mulheim.)  By  means  of  the  cenlrifugal  machine  the  blood- 
corpuscles  can  bo  separated  from  the  plasma"  (Wooldridge,  Joe.  at.). 
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they  do,  since  they  are  seen  immediately  after  blood  is 
withdrawn  from  the  body  {Gazette  Med.,  1873,  p.  94). 
At  the  same  meeting  M.  Vulpian  remarked,  that  he  had 
already  called  the  attention  of  the  society  to  these  bodies 
which  he  had  constantly  observed  in  the  blood  of  patients 
at  the  Piti6  Hospital,  especially  in  cases  of  typhoid  fever 
and  erysipelas.  In  such  patients  they  are  far  more  nu- 
merous than  the  white  cells,  and  in  certain  cases  of  ery- 
sipelas their  number  approached  that  of  the  red  cor- 
puscles. Similar  observations  as  to  the  abundance  of 
these  elements  in  cachectic  states  of  the  system  had  been 
previously  made  by  Riess.  In  consequence  of  a  move- 
ment of  these  bodies,  which  Vulpian  believed  to  be  of  an 
active  character,  he  called  them  grains  sarcodiques. 

By  far  the  greater  portion  of  our  knowledge  concern- 
ing the  blood-plates  has  been  furnished  by  Hayem  and 
Bizzozero  ;  by  the  former  in  several  articles  m  \hsArcMves 
de  Physiologie,  for  1878  and  1879,  and  by  the  latter  in  an 
elaborate  article  in  Virchow's  Archw,  Bd.  90.  They  can 
be  readily  seen  in  the  circulating  blood  of  the  Guinea-pig 
by  carefully  stretching  a  portion  of  the  mesentery  over 
a  ring  of  cork  fastened  to  a  glass  slide,  the  animal  having 
been  previously  rendered  motionless  by  chloral  or  chloro- 
form, or  they  may  be  observed  in  the  blood  of  man  by 
placing  a  drop  of  a  three-fourths  per  cent,  salt  solution 
tinted  with  methyl  violet  upon  the  finger,  puncturing 
with  a  needle  through  the  fluid,  and  pressing  the  blood 
directly  into  it. 

The  following  fluid  is  also  recommended  by  Hayem 
for  the  study  of  these  very  perishable  bodies.     It  has  the 


Fia.444.— Fibrinous  Beticulam  of  Human  Blood.  (Hanvicr.)  a.  "  Plbrin- 

IZ.  ??,''""«"'?"  "l'"°°''"?fe'5?J'  *™™"S:  the  oeitrc  of  a  ret  ouUrTys- 
tem  ;  6,  reticular  fibres.    (500  diameters.) 

property  of  fixing  their  form  and  preserving  them  unal- 
tered for  a  considerable  time.  One  drop  of  blood  should 
be  mmgled  with  from  twenty  to  one  hundred  of  the 
fluid  :  Distilled  water,  100 ;  sodium  chloride,  1 :  sodium 
sulphate,  5  ;  mercuric  bichloride,  0.50. 

The  blood-plates  are  not  products  of  the  degeneration 
ot  white  corpuscles,  as  some  have  supposed,  for  their  form 
IS  coastant,  not  that  of  irregular  particles  of  disintegra- 
tion Their  chemical  constitution  is  also  different  for 
while  the  white  corpuscles  retain  their  form  and  contrac- 
tility for  a  considerable  time,  the  blood-plates  begin  to 
alter  as  soon  as  they  are  withdrawn  from  the  vessels  and 
in  a  tew  moments  are  unrecognizable.  They  appear  to 
stand  in  a  constant  relation  to  the  red  corpuscles  so  far 
as  their  size  is  concerned.  Thus  they  are  larger  in  man 
and  m  the  dog  than  in  the  lamb  and  ^Guinea-pig,  the  red 
corpuscles  being  larger  in  the  two  first-named  animals 
and  m  animals  with  nucleated  red  corpuscles  the  blood- 
plates  are  also  nucleated. 

.2J^''''\'^^^^^^.  Wood-plates  withdrawn  from  the  ves- 
sels than  they  begin  to  change  their  appearance  by  a  di- 
vision into  two  portions,  a  peripheral,  grayish,  and  finely 
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granular,  and  a  central,  more  strongly  refractive,  vitre- 
ous-like portion.  The  peripheral  substance  is  remarkable 
for  its  viscosity,  through  which  property  it  adheres  to 
neighboring  plates,  sometimes  in  star-.shaped  or  chapelet 
like  forms,  from  the  borders  of  which,  as  well  as  from 
individual  plates,  proceed  a  great  number  of  exceedinslv 
fine  prolongations,  which  cross  each  other-  in  various 
directions  and  form  an  irregular  network  of  which  the 
starting-point  is  undoubtedly  the  blood-plates  (Fig.  444) 
These  appearances  are  coincident  with  the  coagulation  of 
the  blood ;  and  those  agents  which  prevent  or  retard  co- 
agulation also  prevent  or  retard  these  morphological 
changes  of  the  blood-plates.  Of  these  agencies  are  to  be 
mentioned  a  temperature  of  0°  C.  (33°  F.),  saline  solutions 
especially  sodium  and  magnesium  sulphates,  and  natural 
serosities,  such  as  liquor  amnii  and  dropsical  effusions 

■In  the  living  animal  the  fact  that  the  blood-plates  are 
the  chief  factors  in  the  formation  of  a  thrombus  may  be 
■  readily  demonstrated  by  puncturing  or  slightly  cauteriz- 
ing the  wall  of  a  mesenteric  vessel.  The  blood-plates 
collect  at  the  irritated  portion,  and  speedily  form  a  throm- 
bus, in  which  are  entangled  a  number  of  white  corpus- 
cles, the  blood-plates,  however,  being  largely  in  excess 
The  same  results  are  produced  in  larger  vessels  by  trans^ 
fixing  them  with  ligatures. 

Both  Hayem  and  Bizzozero,  while  insisting  that  the 
blood-plates  are  the  cause  of  the  coagulation  of  the  blood 
do  not  deny  that  other  substances  may  have  a  coagulat- 
ing power,  although  they  suggest  that  fluids  possessing 
this  power  in  which  no  blood-plates  are  visible,  may  yet 
contain  the  products  of  disintegration  of  these  very  de- 
structible bodies.  Such  a  fluid  is  saliva,  and  in  it  the 
blood-plates  are  speedily  destroyed.  Bizzozero  remarks 
at  the  conchision  of  his  interesting  paper  that  his  experi- 
ments speak  far  more  in  favor  of  the  coagulative  power 
of  the  blood-plates  than  for  that  of  the  white  corpuscles, 
but  do  not  exclude  the  participation  of  the  latter  in  the 
process.  That  the  white  corpuscles  do  participate  seems 
incontestible  to  the  writer  in  view  of  the  experiments  of 
Wooldridge. 

From  the  foregoing  remarks  it  will  appear  manifest 
that  while  the  subject  of  the  coagulation  of  the  blood  is 
still  incomplete,  the  whole  tendency  of  modern  research 
IS  to  associate  it  with  changes  in  certain  morphological 
elements  of  the  blood,  particularly  the  blood-plates  and 
white  corpuscles.  The  term  blood-plate  has  been  em- 
ployed in  preference  to  hsematoblast,  because  the  latter 
not  only  implies  a  view  with  regard  to  the  physiological 
destiny  of  these  bodies  which  is  thus  far  in  need  of  con- 
firmation, but,  in  addition,  has  been  applied  to  a  variety 
of  morphological  elements,  thereby  giving  rise  to  much 
confusion.  Thus,  besides  the  use  to  which  it  has  been 
put  by  Hayem,  it  has  been  employed  by  Rindfieisch  to 
designate  the  nucleated,  red  marrow-cells  (the  cellules 
hemogloMques  of  Malassez),  and  has  been  applied  to  the 
vaso-formative  cells  of  Ranvier,  and  also,  by  Creighton, 
to  the  connective  tissue-cells,  from  which  he  observed  red 
corpu.scles  to  spring  by  a  process  of  budding  in  certain 
sero-sanguineous  cysts  of  the  neck  (Jour.  o/Anat.  and 
PJiys.,  vol.  xiv.,  1880). 

NON-ALBTJMINOUS     CONSTITXJBNTS     OF     THE     PLASMA 

(ExTRACTiTB  Mattebs).— /?«£?«?■.— Glucosc  is  Constantly 
present  in  the  serum.  Its  percentage  is  increased  by  a 
diet  of  starch  and  sugar,  but  it  is  formed  independently 
of  the  food,  as  proved  by  the  fact  that  after  several  days 
lasting  Its  amount  is  but  slightly  diminished. 

Urea.—'ShQ  amount  of  urea  varies  between  0.02  and 
0.04  per  cent. 

Besides  urea  are  also  found  creatin,  creatinin,  carbamio 
acid,  uric  and  hippuric  acids. 

Fat  is  constantly  found.  After  several  days'  fast  its 
quantity  is  from  0.5  to  0.7  per  cent.  On  a  fatty  diet  it 
rises  to  1.25  per  cent. 

Oholesterin  is  also  a  constant  ingredient  and  increases 
under  a  fatty  diet. 

Lecithin  exists  in  the  serum  as  well  as  in  the  red  cor- 
puscles. 

Succinie  aci^  is  found  in  small  amount,  according  to 
Meissner. 
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The  serum  is  more  or  less  yellow,  and  in  thick  layers, 
often  reddish,  when  there  is  not  a  trace  of  haemoglobin 
to  be  found  in  it.  This  color  depends  upon  a  series  of 
pigments,  of  which  the  nature  of  one  only  is  known. 

This  is  Gholepyrrin,  the  coloring  matter  of  the  bile. 

Salts  of  the  Serum. — The  senim  contains  somewhat 
less  of  salts  than  the  liquor  sanguinis,  on  account  of  the 
withdrawal  of  part  of  the  calcium  and  magnesium  phos- 
phates in  the  act  of  coagulation.  Sertoli  gives  the  follow- 
ing as  the  result  of  his  analyses  : 

One  thousand  parts  of  serum  yield  : 

GrammeB. 

Sodium  chloride 5..^9 

Sodium  sulphate 0.24 

Disodinm  hydric  phosphate  (NajHP04) 0.05 

Na,  calculated  as  Na^O  (existing  as  carbonate  or  bi- 
carbonate)    1.16 

Potassium  sulphate 0.414 

Origin  of  the  Red  Blood-cobpusclbs. 

The  blood,  while  retaining  a  definite  composition,  is,  as 
regards  its  ultimate  elements,  the  most  unstable  of  the 
animal  tissues.  Products  of  metamorphosis  of  the  red 
corpuscles  are  continually  forthcoming  in  the  coloring 
matters  of  the  urine  and  bile,  while,  in  the  function  of 
menstruation,  more  or  less  blood  is  directly  removed  from 
the  vessels.  In  pathological  states  the  entire  mass  of  the 
blood,  or  one  or  more  of  its  constituents,  may  be  greatly 
diminished,  and  yet,  sooner  or  later,  if  the  diseased  con- 
dition be  removed,  its  normal  amount  and  composition 
are  restored.  The  question  of  restoration  of  loss  of  water, 
albumins,  and  salts,  presents  little  or  no  difficulty,  but 
that  concerning  the  manner  and  place  of  regeneration  of 
the  red  corpuscles,  has  been,  and  still,  in  great  part,  con- 
tinues to  be,  one  of  the  most  perplexing  problems  of 
physiology. 

In  the  earliest  periods  of  embryonic  life,  white  nucle- 
ated blood-corpuscles  alone  are  found,  which  very  soon 
acquire  a  reddish  tint,  due  to  the  acquisition  of  hsemo- 
globin.  They  are  derived  from  the  central  cells  of  the 
newly  formed  heart  and  blood-vessels,  which  are  at  first 
solid  cords  in  the  mesoblastic  layer  of  the  embryo.  In 
these  cords  a  channel  is  formed  by  the  detachment  of  the 
central  cells  and  the  secretion  of  a  fluid  plasma.  These 
embryonic  blood-oorpuscles  are  spherical  and  average 
about  ytmtt  inch  in  diameter.  They  multiply  by  sub- 
division until  the  period  at  which  lymph  is  poured  into 
the  blood  by  the  thoracic  duct,  at  which  time  they  begin 
to  be  mingled  with  colored  non-nucleated  disks.  From 
this  time  on  the  lymphatic  system,  in  which  are  cer- 
tainly included,  so  far  as'  blood  formation  is  concerned, 
the  spleen,  lymphatic  glands,  and  red  bone-marrow,  per- 
haps also  the  thymus,  thyroid,  and  supra-renal  glands, 
is  the  sole  source  of  newly  formed  blood-corpuscles. 

In  1868  Professor  Neumann,  of  Konigsberg,  first  called 
attention  to  certain  cells  of  the  red  marrow,  identical  in 
appearance  with  the  nucleated  red  globules  of  the  mam- 
malian foetus.  A  month  later  the  observation  was  con- 
firmed by  Bizzozero,  who  announced  besides  that  he  had 
seen  in  the  marrow  every  form  of  transition  between  the 
white  blood-cells  and  the  nucleated  red  marrow-cells. 
The  fact  of  the  existence  of  these  cells  has  been  substan- 
tiated by  numerous  observers,  and  the  red  marrow  of  the 
bones  is  now  universally  regarded  by  histologists  as  a 
hcEmatopoietic  organ.  Nevertheless,  there  are  different 
theories  as  to  the  origin  of  the  red  nucleated  cells,  and 
their  conversion  into  the  red  non-nucleated  corpuscle. 

1.  As  to  the  latter  point,  Neumann  considered  the  con- 
version to  consist  in  a  gradual  disappearance  of  the  nu- 
cleus, while  Rindfleisch  is  of  opinion  that  it  is  extruded. 
The  latest  contribution  to  this  subject  is  by  Malassez, 
who,  in  an  elaborate  illustrated  article  in  the  Arch,  de 
Phys.,  2  serie,  t.  ix.,  1883,  describes  the  process  as  one  of 
protoplasmic  budding  from  the  periphery  of  the  cells. 
This  observation  of  Malassez  has  received  a  remarkable 
confirmation  from  the  domain  of  pathology.  In  the 
Journal  of  Anat.  and  Phys.,  vol.  xiv.,  1880,  Creighton 
describes  a  process  of  blood  formation  which  he  observed 
to  take  place  in  the  interior  of  certain  sero-sanguineous 
cysts  of  the  neck.    These  cysts,  in  their  solid  portions. 


had  all  the  characteristics  of  sarcomata,  but  their  central 
cavities  contained  red  blood-corpuscles  that  were  evi- 
dently derived  by  gemmation  from  the  embryonic  cells 
lining  their  walls.  Creighton  regards  blood  formation  as 
the  earliest  and  most  deeply  rooted  function  of  the  meso- 
blastic layer,  of  which  the  memory  is  retained  during  the 
whole  life  of  the  individual.  When  from  any  cause  the 
cells  of  this  layer  return  to  their  embryonic  condition, 
their  primary  blood-making  function  is  resumed. 
'  3.  As  to  the  origin  of  the  red  nucleated  marrow-cells. 
They  were  at  first  regarded  by  Neumann  and  Bizzo- 
zero, as  the  result  of  a  transformation  of  the  white  blood- 
corpuscles,  but  later  both  these  observers  expressed  them- 
selves upon  this  point  with  greater  caution.  Malassez 
demonstrates  that,  with  proper  modes  of  procedure,  no 
transitional  forms  are  to  be  found,  and  that  the  behavior 
of  the  white  blood-corpuscles  toward  chemical  reagents 
and  staining  fluids  is  very  different  from  that  of  the  red 
nucleated  cells,  not  to  mention  their  different  optical 
properties.  He,  therefore,  decidedly  rejects  such  a  mode 
of  origin,  and  derives  the  red  nucleated  cell  from  certain 
larger  marrow-cells  containing  little  or  no  haemoglobin 
and  in  which  the  nucleus  is  either  barely  perceptible  or 
quite  invisible  ;  in  the  latter  case,  he  considers  the  nucleus 
to  be  diffused  throughout  the  protoplasm.  He  calls 
this  cell  the  primitive  haemoglobic  cell,  or  proto-haemo- 
blast.  In  the  course  of  its  development,  the  nuclear  sub- 
stance condenses  and  a  thin  layer  of  protoplasm  encircles 
it.  At  this  stage  the  nucleus  is  very  faintly  colored  bj' 
staining  substances,  such  as  hsematoxylin  and  picrocar- 
min.  Gradually  the  nucleus  contracts,  and,  at  the  same 
time,  stains  more  deeply,  and  coincident  with  these  nu- 
clear changes  the  surrounding  protoplasm  loses  its  gran- 
ular aspect  and  becomes  perfectly  hyaline,  elastic,  and 
rich  in  haemoglobin ;  in  short,  acquires  all  the  characters 
of  the  red  blood-corpuscle.  Malassez  considers  the  nu- 
cleus of  these  cells  to  be  of  a  fluid  consistency,  and,  there- 
fore, to  take  a  passive  part  in  the  changes  above  described, 
which  are  all  due  to  the  activity  of  the  protoplasm. 

These  observations  regarding  the  haematogenic  func- 
tion of  the  medullary  substance  acquire  a  still  greater 
significance  when  considered  in  connection  with  the  dis- 
covery by  Hover  that,  in  the  red  marrow,  the  blood  from 
the  arteries,  instead  of  traversing  a  capillary  system, 
passes  into  the  veins  through  the  medium  of  a  system  of 
lacunas  destitute  of  walls,  and  thus  comes  directly  in  con- 
tact with  the  cells  above  described.  This  anatomical  ob- 
servation of  Hoyer  has  been  confirmed  by  Rindfleisch. 

Another  mode  of  blood  formation  in  the  marrow  is  by 
means  of  giant  cells  (myeloplaxes),  in  the  interior  of 
which  red  blood-corpuscles  are  developed.  This  mode  of 
blood  formation  has  been  observed  by  Foa  and  Salvioli 
in  the  marrow,  as  well  as  in  the  spleen,  liver,  and  lymph- 
glands  of  the  embryo  and  foetus.  It  has  been  observed 
and  fully  described  by  Ranvier  as  occurring  in  the  omen- 
tum of  young  rabbits,  and  has  been  studied  by  Heitz- 
mann  in  cartilages  in  course  of  ossification  and  in  in- 
flamed bone.  Malassez  and  Ch.  Monod  {Arch,  de  Phys., 
3  s6rie,  t.  v.,  p.  389)  have  also  observed  the  same  processes 
in  certain  myeloid  tumors  which  they  term  angioplastio 
sarcomas.  There  are  a  number  of  facts  tending  to  prove 
that  the  so-called  giant  cell  is  concerned  in  the  new  for- 
mation of  blood,  and,  in  consequence,  the  term  angioblast 
has  been  proposed  for  these  bodies  by  Brodowsky. 

To  the  spleen  is  also  ascribed  a  share  in  haematogenesis. 
The  same  transition  forms  are  found  as  in  the  bone-mar- 
row, and  the  same  lacunae  between  the  arteries  and  veins 
are  still  more  readily  demonstrated.  Counts  of  the  blood 
in  the  splenic  artery  and  vein  show  that  the  latter  is 
richer  in  red  corpuscles. 

The  lymphatic  glandular  system,  however,  is  probably 
chiefly  concerned  in  blood  formation.  From  this  source 
fresh  elements  are  continually  introduced  into  the  circula- 
tion. It  was  observed  by  the  late  Professor  J.  H.  Ben- 
nett, of  Edinburgh,  that  "in  chyle  taken  from  the 
thoracic  duct  there  are  also  biconcave  flattened  disks 
exactly  resembling  the  colored  blood-disks  in  size  and 
form,  but  destitute  of  color."  This  observation  has  been 
confirmed  and  greatly  extended  by  Professsor  Richard 


555 


Blood. 
Blood. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Norris,  of  Birmingham,  who  describes  these  bodies  under 
the  name  of  the  "  advanced  lymph-disks,"  that  is.  the 
ultimate  cellular  product  of  the  lymphatic  glands.  They 
are  the  free  nuclei  of  the  uninuclear  cells  of  these  glands. 
In  the  Wood  these  disks,  by  the  gradual  acquisition  of 
htemoglobin,  become  converted  into  the  red  corpuscles. 
Norris  claims  that  identical  elements  are  furnished  by  the 
spleen,  marrow,  thymus,  and  thyroid  glands,  and  this 
process  he  terms  the  major  process  of  blood  formation. 
The  white  corpuscles  of  the  blood  he  considers  to  be 
lymph-cells  which  have  entered  the  blood  in  an  immature 
state.  Their  nuclei  are  eventually  liberated,  become 
colored,  and  develop  into  perfect  red  corpuscles.  This 
latter  process  he  terms  the  minor  process  of  blood  forma- 
tion. 

M.  Hayem  claims  for  his  "  hsematoblasts  "  the  principal 
share  in  blood  formation,  and  bases  his  claim  upon 
the  following  facts :  1.  The  resemblance  of  the  two  in 
external  appearance,  particularly  as  regards  the  occasional 
biconcave  form  of  the  "  hsematoblasts."  3.  The  fact 
that  some  of  the  "hsematoblasts"  contain  haemoglobin. 
3.  Their  scarcity  in  health  as  compared  with  their  great 
increase  in  certain  diseases,  especially  in  ansemic  con- 
ditions and  after  blood-letting.  4.  The  presence  in  the 
blood  of  minute  biconcave  red  corpuscles,  which  he  re- 
gards as  transitional  forms. 

According  to  Hayem,  the  hsematoblasts  average,  in 
healthy  blood,  255,000  per  cubic  millimetre,  i.e.,  forty 
times  more  than  the  white  corpuscles,  and  twenty  times 
less  than  the  red. 

On  the  other  hand,  Norris  admits  the  presence  of  red 
nucleated  cells  in  the  marrow  (cellules  hemoglobiques  of 
Malassez,  hsematoblasts  of  Rindfleisch),  but  argues  that 
their  numbers  are  entirely  too  small  to  warrant  their  being 
regarded  as  anything  more  than  the  remnant  of  an  em- 
bryological  mode  of  hsematogenesis.  He  also  claims  that 
the  "hsematoblasts"  of  Hayem  (the  Blutplattchen  of 
Bizzozero)  are  products  of  disintegration  of  his  colorless 
corpuscle. 

Although  the  subject  of  blood  formation  is  as  yet  in 
embryo,  its  development  within  the  last  few  j'ears  has 
been  remarkable,  and  there  is  every  reason  to  hope  that 
ere  long  it  will  be  as  thoroughly  understood  as  any  other 
function  in  the  animal  economy.    Frederick  P.  Henry. 

'  Lancet,  August  18,  18&3. 

"  Manual  of  Mio.  Anat.  (Am.  ed.),  p.  704. 

3  See  Hermann's  Handbucli  der  Physiologie,  Bd.  iv.,  Theil  1,  p.  2fi. 

*  Liquides  de  ToTganisme,  p.  268. 

'  Copeland's  Diet,  of  Med.,  New  York,  vol.  i.,  p.  228. 

«  See  paper  on  Blood-cell  Counting  in  the  Boston  Medical  and  Surgical 
Journal,  April  10,  1879,  by  Drs.  F.  P.  Henry  and  C.  B.  Nancrede. 

^  See  paper  entitled  A  Contribution  to  the  Study  of  Icterus  Neona- 
torum, by  Frederiolc  P.  Henry,  M.D.,  Archives  of  Medicine,  October, 
1883. 

BLOOD,  AIR  IN  THE.  Circulatory  troubles  from  the 
presence  of  intra-vascular  gases  have  been  the  object  of  a 
great  number  of  experiments ;  few  subjects  in  experi- 
mental pathology  have  been  so  frequently  studied  ;  none 
is  so  classical,  and  none  perhaps  has  been  more  labored 
and  less  advanced.  The  question  is  not  confined  to  cases 
in  which  air  from  without  has  entered  the  vessels ;  the 
facts  are  of  equal  importance,  no  matter  whether  the  gases 
found  after  death  are  developed  spontaneously  during 
life  in  the  interior  of  the  vascular  system,  or  have  been 
introduced  into  it  by  mechanical  means. 

A  bibliographic  review  furnishes  no  plausible  explana- 
tion to  account  for  the  symptoms  caused  by  the  entry  of 
air  into  the  blood,  and  it  is  easy  to  see,  from  the  conclu- 
sions of  different  experimenters,  that  the  mechanism  of 
such  accidents  is  far  from  being  estabUshed  scientifically. 
Prom  the  earliest  days  of  medicine  our  forefathers  were 
more  or  less  acquainted  in  an  empirical  way  with  the 
development  of  intra-vascular  gases.  To  explain  these 
accidents,  till  the  seventeenth  century,  they  made  in- 
sufflation on  animals.  The  question  was  then  medical 
and  physiological.  The  theories  prevailing  in  recent 
times  were  then  put  in  circiilation,  but  in  a  hypothetical 
way,  like  all  empirical  explanations.  Some  admitted 
cerebral  apoplexy ;  others  sustained  paralytic  arrest  of 
the  heart;  while  others  indicated  the  theory  of  pulmonary 
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obstruction.  In  the  present  century  the  anatomieo- 
physiological  school  developed  the  cerebral  theory,  which 
was  admitted  until  1813,  when  a  cardiac  theory  was  sus- 
tained. The  question  became  surgical,  and  really  practi- 
cal in  1806,  with  a  case  observed  on  a  horse,  and  in  1818 
the  first  case  of  spontaneous  entrance  of  air  in  the  human 
subject  was  observed.  Subsequently  the  cardio-mecliani- 
cal  theory  was  distinctly  formulated,  and  was  sustained 
and  admitted  as  a  classic  explanation  for  a  long  time,  until 
replaced  gradually  by  the  pulmonary  theory,  which  was 
gradually  admitted  from  1850,  although  the  cardiac  theoiy 
had  its  partisans.  In  1837-38  the  latter  theory  was  up- 
held by  the  Prench  Academy  of  Medicine  in  a  long  dis- 
pute, that  resulted  in  many  opinions  but  few  facts.  In 
later  years  a  new  reaction  occurred  with  the  cardio- 
chemical  theory,  dating  from  1863,  and  in  the  mixed 
cardio-cerebral  theory  of  1878.  It  thus  appears  that  the 
manner  in  which  the  presence  of  intra-vascular  gases  in 
the  system  exerts  a  prejudicial  effect  is  still  a  matter  of 
speculation.  There  is,  moreover,  little  coincidence  of 
opinion  among  writers  as  to  the  immediate  cause  of  death 
in  such  accidents.  One  high  authority  says  that  death 
is  from  apoplexy  ;  another,  equally  high,  says  it  is  essen- 
tially asphyxia ;  while  a  third  says  syncope,  and  a  fourth 
emphysema.  It  is  not  satisfactorily  demonstrated  that 
either  death  of  the  brain,  arrest  of  the  heart,  or  pulmon- 
nary  obstruction  accounts  for  the  symptoms  attributable 
to  the  presence  of  air  or  gas  in  the  blood.  These  unde- 
cided points  are,  however,  of  less  consequence  than  the 
phenomena  observed  when  a  gaseous  body  is  present  in 
the  circulation,  no  matter  whether  the  gas  be  developed 
spontaneously  in  the  system  or  introduced  by  some  arti- 
ficial means. 

The  presence  of  intra-vascular  gas  may  be  owing  to  an 
abdominal  lesion,  as  a  wound  of  the  intestines,  or  it  may 
be  caused  by  putrid  and  gangrenous  fermentation,  and  by 
cadaveric  gases  developed  in  the  tissues.  Among  num- 
erous instances  in  which  air  is  found  in  the  veins  after 
death  are  said  to  be  deaths  from  strychnia,  from  hydro- 
phobia, and  from  chloroform.  It  is  thought  to  have  oc- 
curred from  ulceration  of  the  caecum,  gangrene  of  the 
great  toe,  and  as  the  result  of  gaseous  decomposition  of 
clots  left  in  the  uterine  cavity  after  labor. 

The  writer  knows  of  a  case  of  traumatic  paraplegia 
with  a  large  sacral  bed-sore,  in  which  air  was  found  in 
the  vena  cava  ten  hours  after  death.  Air  may  enter  the 
blood  by  inspiratory  efforts  that  increase  the  intra- 
thoracic pressure,  and  produce  a  consecutive  increase  of 
the  endosmotic  current,  with  a  diminution  of  exosmosis. 
After  profuse  uterine  or  other  lisemorrhages  a  certain 
development  of  intra-vascular  gases  may  result  as  a 
trouble  of  the  osmotic  pulmonary  exchanges.  Atmos- 
pheric air  may  also  enter  the  veins  spontaneously  during 
a  surgical  operation.  With  a  view  to  experimentation,  it 
has  often  been  forcibly  introduced  into  the  vascular  sys- 
tem of  animals,  and  the  different  experimenters  have 
reached  conclusions  almost  as  inconclusive  as  their  re- 
searches have  been  diffuse.  Much  better  studied  are  the 
curious  phenomena  resulting  from  variations  of  pressure, 
that  have  their  point  of  departure  in  modifications  of  the 
solubility  of  oxygen  in  the  blood,  and  in  the  increase  or 
decrease  of  the  pulmonary  endosmosis.  These  phe- 
nomena exist  during  the  rapid  variations  of  pressure  to 
which  submarine  divers  and  workmen  in  compressed  air 
are  subjected,  and  expose  them  to  grave  accidents. 
A  workman  coming  suddenly  out  of  a  caisson  with  an 
increased  quantity  of  oxygen  in  his  blood  may  experience 
immediate  cardiac  symptoms  from  arterial  gaseous  em- 
boli, or  the  sudden  decompression  may  so  compromise  the 
circulation  that  the  quantity  of  oxygen  is  insufficient  to 
nourish  the  vitality  of  the  tissues,  in  consequence  of 
which  slow  medullary  symptoms  sometimes  occur,  with 
the  establishment  of  a  necrobiotic  centre  and  gradual 
death  of  the  nervous  elements,  and  final  arrest  of  the 
circulation.  Numerous  references  to  such,  accidents 
abound  in  the  medical  annals,  not  only  of  our  own,  hut 
of  foreign  countries,  and  doubtless  many  physicians  may 
recall  the  necrobiotic  survivors  of  the  Brooklyn  Bridge, 
and  of  other  great  constructions  necessitating  prolonged 
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labor  in  compressed  air.  Aeronauts  do  not  suffer  from 
the  sudden  variations  of  pressure  to  which  they  are 
subjected,  because  the  circulation  more  readily  accommo- 
dates itself  to  the  gradual  change  of  pressure  in  passing 
through  the  atmosphere  than  through  a  dense  medium 
like  water.  However,  among  many  explanations  to  ac- 
count for  "balloon  sickness,"  is  the  insutflcient  counter- 
balancing of  the  heart's  action. 

Facts  having  relation  to  the  pathogeny  of  vascular 
pneumatosis — which  is  still  Incomplete — have  been  ob- 
served in  experiments  on  animals,  during  accidents 
occurring  in  surgical  operations,  and  at  the  necropsies 
of  cases  that  have  resulted  fatally  after  the  sudden  en- 
trance of  air  into  the  veins.  Among  the  physiological 
phenomena  caused  by  compressed  air  all  observers  have 
noted  the  diminution  in  the  number  of  heart-beats  and  of 
the  respirations,  and  an  increased  amplitude  of  the  latter. 
But  it  is  decompression  and  not  compression  that  pro- 
duces serious  consequences.  Animals  placed  in  a  glass 
jar  and  subjected  to,  say  ten  pressures,  die  almost  instantly 
on  being  restored  to  normal  pressure.  The  process  is 
explained  as  follows  :  On  being  restored  to  normal  press- 
ure the  gases  with  which  the  animal's  blood  is  super- 
saturated become  liberated  somewhat  after  the  same 
manner  as  when  a  cork  is  drawn  from  a  champagne 
bottle  ;  the  oxygen  with  which  the  blood  was  charged  by 
the  compression  combines  readily,  but  the  nitrogen  is  at 
once  set  free,  and  carrying  with  it  carbon  dioxide  on 
being  disengaged,  forms  gaseous  emboli  that  arrest  the 
circulation  and  cause  instant  death.  Another  order  of 
symptoms  from  decompression  is  found  in  the  mixed 
cases  not  immediately  fatal,  but  attended  by  a  peculiar 
cardiac  rattling  and  immediate  paralysis  almost  general. 
Men  engaged  in  various  industries,  as  marinis  diving  and 
sinking  piers  for  bridges,  do  not  suffer  from  a  pressure  of 
one  or  two  atmospheres.  Such  a  pressure  is  rather  bene- 
ficial to  some ;  but  when  greater  depth  and  higher  press- 
ure have  to  be  sustained,  symptoms  of  intolerable  itching 
may  occur  with  violent  pains  in  the  muscles  and  joints 
that  have  done  most  work  ;  there  may  be  transient  par- 
alysis of  the  lower  extremities,  but  more  often  it  is  per- 
sistent and  fatal,  and  finally  sudden  death  may  occur. 
The  accidents  that  take  place  in  a  pressure  above  five  or 
six  atmospheres  have  for  their  cause  poisoning  by  oxygen. 
In  the  case  of  divers,  death  never  occurs  at  the  bottom 
of  the  sea,  but  on  coming  to  the  surface.  The  depth  at 
which  men  may  work  with  safety  depends  on  the  ap- 
paratus employed  and  on  certain  precautionary  measures. 
Bell-divers  may  work  at  a  depth  of  from  thirty  to  sixty 
feet,  and  helmet-diving  may  be  carried  on  safely  at  a 
depth  of  one  hundred  and  fifty  feet.  An  English  diver 
has  made  seven  descents  in  two  hundred  and  one  feet  of 
water,  and  remained  under  forty-two  minutes  with  a 
pressure  of  eighty-seven  pounds  to  the  square  inch.  Yet 
three  out  of  four  divers  at  Swatow  are  reported  to  have 
suffered  from  curious  paralytic  affections,  With  symptoms 
resembling  those  of  antero-lateral  spinal  sclerosis,  in  con- 
sequence of  working  at  a  depth  of  only  one  hundred  and 
forty-four  feet ;  and  a  company  of  twenty -four  divers  in 
the  Grecian  Archipelago  in  one  year  lost  ten  men,  of  whom 
three  died  suddenly,  and  the  others  becoming  paralytic 
succumbed  a  few  months  afterward.  Men  working  in 
the  compressed  air  cylinders  used  in  building  the  St. 
Louis  bridge  were  taken  with  paralysis  of  the  lower 
limbs  at 'a  depth  of  sixty  feet.  The  excavation  being 
carried  to  a  depth  of  one  hundred  and  ten  and  a  half 
feet  below  the  summer  water-level  of  the  river,  the  press- 
ure was  fifty  and  fifty-one  pounds  to  the  square  inch ; 
and  of  three  hundred  and  fifty-two  men  subjected  to  the 
pressure  thirty  were  seriously  affected  and  twelve  died. 

Gases  mixed  with  the  arterial  blood,  acting  mechani- 
cally and  slowing  on  the  capillary  circulation,  produce 
cerebral  anasmia  with  excitation  of  the  grand  sympa- 
thetic, or  better,  bulbo-meduUary  ansemia,  and  con- 
secutively necrobiosis  of  the  nervous  elements  with  or 
without  haemorrhage.  Although  the  capillary  trouble  is 
general,  the  nervous  element,  being  more  sensitive,  is 
alone  altered ;  the  arrest  of  nervous  functions  resulting 
in  consecutive  respiratory  arrest  and  ultimate  arrest  of 


the  circulation.  General  excitation  of  the  grand  sym- 
pathetic, augmentation  of  tension,  rejaxE^tion  of  the 
sphincters,  etc.,  with  slowing  of  the  heart,  are  symptoms 
entirely  opposed  to  those  that  occur  on  the  .entrance  of 
air  into  the  veins,  where  there  is  a  fall  of  tension  with 
acceleration  of  the  heart.  Gas  in  the  arteries  is  a  relative 
trouble,  and  produces  paralytic  symptonis  only  when  in- 
troduced in  large  quantity ;  when  liberated  or  evolved  in 
small  quantity  it  leads  to  nc  appreciable  trouble.  "The 
introduction  of  air  into  the  carotid  leads  to  death  from 
paralysis  of  motion  and  of  sensation,  from  rhythmical  con- 
vulsions, and  from  spasms  of  the  respiration.  Injections 
of  air  into  the  abdominal  aorta  always  bring  about  symp- 
toms of  paraple^a.  The  passage  of  air  into  the  circle  of 
Willis  by  injection  into  a  collateral  of  fhe  carotid  leads  to 
paralysis  of  motion  and  sensation,  with  predominance  of 
the  signs  on  one  side  or  the  other,  and  to  sensorial  dis- 
turbances. The  action  of  air  in  the  arterial  system  mani- 
fests itself  by  mecha,nlcal  krrest  of  tlie  circulation  in  cer- 
tain capillary  regiohs,  and  principally  in  the  more  delicate 
ones  of  the  central  nervous  system.  Gas  in  the  veins  is, 
however,  a  cardiac  functional  trouble,  causing  immediate 
arrest  of  the  circulaition  and  consequent  death  of  the 
organs.  Dogs,  horses,  and  other  animals  are  killed  in- 
stantly if  air  be  injected  into  the  veins  suddenly  ;  but  if 
it  be  injected  slowly,  a  large  quantity  can  be  borne  with- 
out fatal  effect.  From  numerous  observations  on  animals 
in  which  air  has  been  forcibly  introduced  into  the  venous 
system,  it  appears  that,  at  first,  there  is  a  diminution  of 
the  aortic  wave  with  cardiac  acceleration.  Later  a  more 
considerable  fall  of  tension  occurs  ;  respiration  is  ac- 
celerated, and  there  is  syncope,  with  fall,  cry,  etc.  After- 
ward the  aortic  wave  is  absent,  or  nearly  so ;  there  are 
muscular  contractions,  convulsions,  and  cerebral  anaemia  ; 
then  bulbar  anaemia  and  infrequent  respirations.  Ab- 
sence of  tension  follows,  with  death  of  the  brain  and. 
arrest  of  the  respiration,  and  last,  cardiac  arrest.  The 
spontaneous  introduction  of  air  into  the  veins  may  sud- 
denly arrest  a  surgical  operation  with  dangerous  symp- 
toms and  fatal  results,  especially  if  the  operation  be  in 
the  region  of  the  cervico-thoracic  veins.  During  the 
course  of  an  operation  on  the  neck,  the  face,  or  in  the 
axilla,  after  an  accidental  or  a  self-inflicted  wound  of 
these  regions,  or  on  opening  a  cerebral  sinus,  the  hepatic 
veins,  and  in  animals  the  spinal  canal,  a  peculiar,  char- 
acteristic hissing,  gurgling  sound  is  heard  if  air  be  intro- 
duced by  the  thoracic  aspiration,  and  the  patient,  per- 
haps, with  a  sudden  scream,  falls  faint  and  insensible  ;  a 
tetanic  convulsion  may  occur,  and  death  is  almost  in- 
stantaneous. Sudden  and  startling  accidents  of  this  kind 
have  occurred  not  only  after  operations  on  the  summit  of 
the  thorax,  but  after  amputations  at  the  shoulder-joint, 
upon  opening  an  abscess  of  the  thigh,  and  in  uterine 
sui'ger'y.  In  most  of  the  reported  cases  of  the  introduc- 
tion of  air  into  the  veins  the.  effects  have  been  sudden  and 
appalling.  On  opening  a  vein  in  the  neck,  the  axilla,  or 
a  large  cervical  absorbent  vessel,  patients  have  been 
known  to  tremble  and  die  suddenly,  without  either  sigh, 
groan,  or  struggle.  Among  other  physical  signs  that 
have  been  noticed  during  such  accidents  are  a  bubbling, 
thrilling,  rasping  sensation  conveyed  to  the  hand  on  ap- 
plying it  to  the  chest;  a  loud,  churning  noise  in  the 
breast  synchronous  with  the  ventricular  systole ;  a  scarcely 
perceptible  pulse,  and  widely  dilated  pupils.  "The  air  in 
such  cases  enters  the  open  veins  by  the  suction  action 
caused  by  the  inspiratory  expansion  of  the  lungs,  which 
empties  the  veins  and  causes  their  contents  to  pass  into 
the  right  side  of  the  heart,  instead  of  the  lungs.  The 
walls  of  the  ventricle  contracting  on  an  elastic  gas,  or  a 
frothy  mixture  of  gas  and  blood,  and  not  on  an  incom- 
pressible liquid,  the  cardiac  mechanism  is  disturbed,  there 
is  a  reflux  of  blood  into  the  veins,  the  wall  of  the  ventricle 
is  distended  in  virtue  of  the  intra-  and  extra-venous  differ- 
ence of  pressures,  and  a  sort  of  acute  systole  with  tricuspid 
insufficiency  causes  prompt  arrest  of  pulmonary  action. 
Fatal  arrest  seems  to  be  caused  not  by  want  of  air  in  the 
lungs,  but  want  of  blood  in  the  pulmonary  vessels.  The 
introduction  of  air  into  veins  at  a  greater  distance  from 
the  heart  is  just  as  dangerous,  but  these  vessels  not  being 
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under  the  immediate  influence  of  the  respiratory  organs 
as  are  the  oervico-thoracic  veins,  thus  explains  the  in- 
frequency  of  the  occurrence.  The  mechanical  con- 
ditions calculated  to  cause,  the  entrance  of  air  into  the 
patulous  mouths  of  the  uterine  veins  exist  after 
delivery.  Air  may  enter  the  circulation  through  the 
uterine  sinuses  after  delivery  and  produce  its  character- 
istic effects.  Rabbits,  with  successive  inversions  of  the 
uterus  after  parturition,  have  been  observed  to  die  sud- 
denly from  the  effects  of  vascular  pneumatosis.  The 
fact  that  air  may  enter  the  veins  of  the  hurnan  subject 
through  the  uterus  is  now  unquestioned  in  medical 
science.  The  accident  may  occur  not  only  after  parturi- 
tion, but  in  uterine  carcinoma,  after  uterine  injections, 
and  after  blowing  air  into  the  uterus  to  produce  contrac- 
tions and  abortion.  The  former  habit  of  injecting  carbon 
dioxide  into  the  uterus  had  to  be  abolished  on  account  of 
the  fatal  effects  following  its  entrance  into  the  circulation. 
The  possible  introduction  of  air  into  the  veins  by  means 
of  the  air  pessary  renders  its  use  objectionable  under  cer- 
tain circumstances.  The  mechanical  conditions  under 
which  air  obtains  entrance  into  the  uterine  veins  in  such 
cases  are  the  same  as  for  the  more  dangerous  region. 
Respiratory  movements  being  transmitted  to  the  uterus 
by  the  flux  and  reflux  of  the  intestines,  inspiration  emp- 
ties the  veins  and  aspiration  will  occur  at  its  neck  if  it 
do  not  contract  sufficiently  to  close  the  orifices  of  the 
open  vessels.  It  is  estimated  that  two-thirds  of  the  pa- 
tients to  whom  these  accidents  happen  die ;  one-half  in  a 
few  minutes,  and  the  others  after  a  few  hours  or  several 
days.  It  is  stated  that  after  recovery  from  the  immediate 
symptoms  there  is  a  tendency  to  bronchitis  or  pneumonia, 
but  this  assertion  has  been  doubted  by  some. 

The  manner  in  which  death  occurs  from  the  introduc- 
tion of  air  into  the  blood,  although  of  little  practical  con- 
sequence, has  been  fully  as  much  discussed  as  the  more 
evident  and  interesting  fact  that  air  in  the  heart  proves 
fatal.  The  proximate  cause  of  death  still  admits  of  an 
acceptable  explanation.  Most  of  the  theories  of  experi- 
menters to  account  for  the  fatality  are  open  to  objections 
more  or  less  weighty,  and  many  of  them  are  physiolog- 
ically incomprehensible  when  taken  in  connection  with 
the  kymographic  tracings  obtained  during  experiments 
on  animals  and  with  the  facts  observed  at  the  necropsy. 
It  seems,  however,  that  the  circulation  is  always  the  first 
and  the  only  function  that  is  directly  modified.  Immediate 
fall  of  tension,  by  arrest  of  the  aortic  wave,  constitutes  the 
initial  trouble,  and  coincides  with  the  disturbance  of  the 
heart's  action.  All  the  general  troubles  consecutive  on 
the  entrance  of  air  are  symptoms  of  arrested  circula- 
tion following  the  primitive  and  constant  trouble,  arrest 
of  the  aortic  wave,  and  have  no  special  relationship  to  the 
entrance  of  air  alone.  In  fact,  late  writers  assert  that  the 
introduction  of  air  into  the  venous  system  is  almost  al- 
ways without  danger,  for  the  air  only  kills  in  so  far  as  it 
makes  an  equilibrium  by  its  tension  to  the  contractile 
power  of  the  right  heart,  which  may  be  estimated  at  the 
pressure  of  a  column  of  water  thirty-five  centimetres 
high  ;  that  this  tension  is  not  really  a  phenomenon  in- 
herent to  the  cardiac  and  respiratory  mechanisms,  as  au- 
thors think,  but  is  simply  produced  by  the  aid  of  the 
injecting  apparatus  by  the  operator  himself;  and  that 
primitive  distention  of  the  heart  cannot  produce,  by  the 
fact  alone,  the  dangerous  symptoms  attributable  to  the 
entrance  of  air,  which  are  nothing  more  nor  less  than 
the  result  of  artificial  experimentation. 

The  signs  observed  after  death  following  the  introduc- 
tion of  air  into  the  veins,  have  a  general  similarity.  Air, 
or  a  spumous  mixture  of  air  and  blood,  is  found  in  the 
right  heart,  and  bubbles  are  found  in  the  cerebral  venous 
sinuses,  in  the  large  venous  trunks,  and  in  the  arteries. 
Experimental  verification  may  be  made  in  the  case  of 
a  decompressed  cat  or  other  small  animal.  In  decom- 
pressed animals  there  is  also  a  general  uniformity  in  the 
post-mortem  appearances,  which  confirm  the  disengage- 
ment of  free  gas  in  the  circulatory  system.  The  blood  of 
all  parts  of  the  body  gives  off  bubbles  under  mercury  ; 
and  by  aid  of  the  microscope  bubbles  are  discovered  en- 
tangled in  the  capillaries.    There  is,  besides,  an  entire 


absence  of  haemorrhage  into  the  brain  or  spinal  cord. 
Further  necroscopic  appearances  in  surgical  cases  are 
venous  engorgement  and  paleness  of  the  lungs.  "  The  con- 
ditions vary  when  life  has  been  prolonged  after  the  acci- 
dent. Air  may  then  be  found  in  the  left  heart  and  sys- 
temic arteries,  a  frothy  mixture  of  air  and  blood  in  the 
right  heart,  the  systemic  veins,  the  pulmonary  arteries, 
and  their  branches.  Excessive  proportion  of  blood  in 
the  systemic  veins  over  that  of  the  lungs  and  arteries 
seems  to  establish  the  fact  that  the  circulation  is  arrested 
in  the  right  heart.  The  causes  of  death  appear  to  bo 
enormous  distention  of  the  right  chambers  of  the  heart 
hinderance  of  the  pulmonary  circulation  from  viscosity  of 
the  air,  and  compression  of  the  brain  by  air  shut  up  in 
the  encephalic  veins. 

The  entrance  of  air  into  the  veins  during  a  surgical 
operation  is,  perhaps,  not  so  common  nowadays  as  it  was 
before  the  introduction  of  anaesthesia,  and  the  cases  are 
rare  in  comparison  with  the  number  of  operations  that 
seem  to  favor  the  accident.  Tet  the  possibility  of  such 
an  occuiTcnce  is  of  sufficient  importance  to  be  borne  iu 
mind,  particularly  in  operations  on  that  part  of  the  neck 
known  as  the  dangerous  region,  and  it  should  be  guarded 
against  in  bronchotomy,  in  transfusion  of  blood,  and 
even  in  hypodermic  medication,  which  may  be  followed 
by  alarming  symptoms  on  the  forcible  introduction  of  a 
small  bubble  of  air  from  the  syringe.  The  accident  is, ' 
doubtless,  favored  by  deep  inspirations,  by  the  lowered 
condition  of  the  vital  powers  during  or  at  the  close  of  an 
operation,  by  the  morbid  condition  of  the  parts  through 
which  the  veins  pass,  by  spasmodic  contraction  of  the 
muscles,  and  by  structural  changes  in  the  veins  them- 
selves. Other  circumstances  favoring  the  accident  are 
traction  and  position,  either  of  which  may  convert  the 
vein  during  an  operation  into  an  open-mouthed,  gaping 
tube. 

The  means  to  prevent  the  dangers  attributable  to  the 
entrance  of  air  into  the  veins  during  an  operation,  and  the 
treatment  to  be  pursued  in  such  an  event  being  detailed  in 
surgical  manuals,  their  reproduction  here  would  be  but  a 
needless  repetition  of  well-known  operative  maxims  and 
of  the  resources  generally  opposed  to  syncope.  On  this 
point  we  are  reduced  to  the  painful  condition  of  a  police 
judge  facing  a  criminal  against  whom  there  is  no  evi- 
dence. Indeed,  it  is  doubted  by  some  whether  air  ever 
enters  spontaneously  into  the  wounded  veins,  except  in 
very  small  quantity,  and  the  sudden  deaths  attributable 
to  spontaneous  entry  of  air  into  the  veins  in  a  surgical 
operation  are  equally  doubted. 

But  the  phenomena  of  compression  and  of  decompres- 
sion have  been  better  studied,  and  the  fact  that  the.advan- 
tages  offered  by  compressed  air  are  applicable  to  a  wide 
range  of  engineering  operations,  makes  the  safety  of 
workmen  engaged  in  these  operations  a  question  of  more 
practical  hygienic  importance. 

Most  of  the  dangers  incident  to  workmen  in  compressed 
air  may  be  averted  or  considerably  lessened  by  the  adop- 
tion and  enforcement  of  judicious  prophylactic  measures. 
Something  like  military  control  should  be  had  over  the 
men  employed,  who  should  be  selected  after  the  manner 
of  recruits.  As  a  general  rule,  they  should  be  between 
twenty  and  forty  years,  and  all  fat  men,  drunkards,  and 
those  having  any  affection  that  may  be  aggravated  by  the 
action  of  compressed  air  should  be  rejected.  The  men  are 
not  to  descend  into  the  caisson  fasting,  nor  while  suffering 
from  coryza.  Intermittent  fever,  rheumatism,  or  any  affec- 
tion of  the  heart  or  breast.  The  spells  of  work  below  should 
not  consist  of  more  than  two,  of  six  hours  each,  in  the 
twenty-four,  and  new  hands  should  at  first  have  but  two 
turns  below  of  two  hours,  which  may  be  gradually  in- 
creased. It  has  been  shown  that  the  symptoms  have  im- 
mediately lost  their  gravity  and  frequency  on  diminishing 
the  working  hours,  and  on  slowing  the  decompression. 
The  locking  out,  which  is  really  the  exciting  cause  of  the 
symptoms,  is  not  to  be  done  hurriedly,  and  the  air-lock 
shovild  be  at  the  top  rather  than  at  the  bottom  of  the  shaft. 
The  danger  from  ascending  a  long  flight  of  stairs  imme- 
diately after  quitting  the  air-lock,  may  be  averted  by  sub- 
stitutmg  a  steam  lift,  as  was  done  iu  the  St.  Louis  and 


558 


EEFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Blood, 
Blood. 


the  New  York  caissons.  On  coming  out,  the  men  should 
be  provided  with  hot  drink,  a  hot  bath,  and  warm  cloth- 
ing, and  they  should  rest  in  a  dormitory  provided  for  the 
purpose.  There  should  also  be  placed  at  their  disposal  a 
sufficient  quantity  of  warm  water  for  bathing  purposes. 
The  hot  bath  has  been  objected  to  by  some  American 
physicians,  but  lately,  during  the  work  on  the  new  grav- 
ing docks  at  Toulon,  which  necessitated  a  great  deal  of 
prolonged  submarine  labor,  its  use  has  been  found  one  of 
the  most  efficacious  of  hygienic  measures.  In  addition  to 
cleansing  away  the  mud,  etc. ,  with  which  the  men  are 
always  more  or  less  soiled  in  coming  from  the  caisson, 
the  hot  bath  was  found  to  relieve  fatigue,  and  to  regulate 
and  revive  the  circulation.  It  was,  moreover,  useful  in 
treating  the  pains  and  other  accidents  caused  by  decom- 
pression. It  is  important  that  regularity  in  sleep  and 
other  matters  of  personal  hygiene  should  be  observed, 
and  there  should  be  plenty  of  meat  and  coflEee  at  meals. 
Warmth  may  be  introduced  by  means  of  a  steam-coil,  as 
was  done  in  the  New  York  caisson  of  the  Brooklyn 
Bridge,  and  the  vitiation  of  the  atmosphere  may  be 
greatly  remedied  by  the  use  of  the  electric  light. 

The  greater  part  of  the  symptoms  produced  during 
compression  are  of  so  little  gravity  as  not  to  merit  notice, 
and  generally  vanish  on  return  to  the  open  air.  Pain  in 
the  ears  may  be  made  to  disappear  mechanically  by  clear- 
ing the  Eustachian  tubes  by  the  movements  of  degluti- 
tion, and  by  strong  expiration,  the  mouth  and  nose  being 
closed.  If  the  pam  persists  it  is  usually  relieved  by  the 
introduction  of  a  dossil  of  lint  or  cotton  soaked  in  laud- 
anum. Headaches,  and  in  general  all  pains  resulting 
from  compression,  yield  rapidly  to  the  local  application 
of  anodynes. 

Unhappily,  the  more  serious  results  of  decompression 
are  not  so  easily  dealt  with.  Congestion  of  the  deep 
viscera,  of  the  encephalon  and  spinal  centres,  during  com- 
pression and  at  the  moment  of  decompression,  are  now 
generally  admitted  by  authors,  as  well  as  the  presence  of 
gas  in  the  blood,  which  reappears  in  a  free  state  under 
the  influence  of  decompression,  and  occasions  symptoms 
comparable  to  those  produced  by  the  injection  of  air  into 
the  veins.  Haemorrhagic  imminence  and  tendency  to 
emphysema  translate  themselves  into  facts  in  the  hsemor- 
rhages  and  emphysemas  observed  in  ascending  high 
mountains,  in  balloon  ascents,  and  in  the  sudden  exit 
from  a  caisson,  or  from  a  deep-sea  pressure.  Persons 
familiar  with  deep-sea  dredging  have  seen  flsh  burst  on 
coming  to  the  surface,  and  a  dog  has  been  observed  to  be- 
come absolutely  cylindrical  from  subcutaneous  emphy- 
sema following  instantaneous  decompression.  Attributing 
sufficient  intensity  to  the  expansive  force  of  gases  thus  set 
free,  a  decompressed  man  is  somewhat  in  the  situation  of 
a  bottle  of  water  charged  with  carbon  dioxide,  and  the 
disengagement  taking  place  in  the  substance  of  the  tissues 
and  in  the  sanguineous  liquid  lead  to  the  conclusion  that 
the  exaggerated  tension  may  account  for  the  haemorrhage 
and  lesion  of  the  cord  with  consequent  paralysis,  and 
other  troubles  observed  among  the  accidents  of  decom- 
pression. 

The  treatment  of  these  cases  will  depend  upon  the 
sjTnptoms  and  their  severity.  To  relieve  the  pains  in  the 
limbs  the  patient  should  be  put  in  a  hot  bath,  and  mas- 
sage energetically  applied,  with  a  view  to  increase  circu- 
lation and  facilitate  absorption  of  the  air-bubbles  and  dis- 
appearance of  the  capillary  emboli.  On  coming  out  of 
the  bath  the  patient  should  be  rubbed  with  some  sedative 
solution,  in  order  to  bring  on  rubefaction  and  consequent 
derivation  by  the  skin.  An  effort  should  be  made  to 
bring  about  abundant  perspiration  by  wrapping  in  a  warm 
blanket  and  administering  some  hot  drink,  or  the  acetate 
of  ammonia.  Drachm  doses  of  ergot  have  been  used 
with  benefit  in  relieving  the  pains.  In  case  of  paralysis 
the  best  means  to  re-establish  the  circulation  and  to  com- 
bat congestion  is  by  recompression.  Light  cases  are  cured 
by  gradual  recompression,  followed  by  very  slow  decom- 
pression. A  special  apparatus  built  for  the  purpose  can 
he  connected  with  the  pipe  that  conveys  air  from  the  con- 
densers to  the  caisson.  Good  results  may  also  be  obtained 
by  inducing  an  energetic  derivation  and  a  depletion  of 


Pio.  44S.— Posterior  Ontline  ot  Dog's 
Heart  in  Systole  and  Diastole,  a.,  aorta; 
/>.,  pulmonary  artery.    (After  Hesse.) 


the  deep  organs  by  the  use  of  cups  to  the  lumbar  region, 
and  the  application  of  the  exhausting  apparatus  to  the 
lower  extremities.  Irving  0.  Basse. 

BLOOD,  CIRCULATION  OF  THE.  The  ciixulation  of 
the  blood  is  its  rhythmical  and  continuous  movement  in 
one  direction  through  the  heart,  arteries,  arterioles,  capil- 
laries, and  veins.  The  fundamental  cause  of  the  circula- 
tion is  the  difference  between  the  hydrostatic  pressures 
existing  in  these  various  channels  ;  the  greater  this  dif- 
ference the  more  rapid  the  blood-current  becomes. 

(For  a  more  complete  understanding  of  the  subject,  the 
articles  upon  the  Composition  of  the  Blood,  and  Anatomy 
and  Development  of  the  Heart  and  Blood-vessels  should 
be  consulted.) 

The  uses  of  the  circulation  are  :  1,  to  distribute  oxygen 
through  the  system  ;  3,  promote  nutrition  ;  3,  remove 
waste  products ;  and  4, 
equalize  the  body  tem- 
perature. 

The  course  of  the  cir- 
culation starting  (for 
example)f  rom  the  right 
ventricle,  is  through 
the  pulmonary  artery 
to  the  capillaries  of  the 
lungs,  through  the  four 
pulmonary  veins  to  the 
left  auricle,  thence  into 
the  left  ventricle,  from 
which  the  blood  is 
forced  into  the  aorta 
and  passes  through  the 
arteries,  arterioles,  and 
capillaries  in  the  vari- 
ous parts  of  the  body ; 
returning  by  the  veins 
to  the  right  auricle,  it  re-enters  the  right  ventricle,  when 
the  circuit  is  repeated.  The  short  course  through  the 
lungs  is  spoken  of  as  the  "lesser  circulation,"  and  the 
course  through  the  system  at  large  is  the  "  greater  circu- 
lation." 

The  principal  agent  in  propelling  the  blood  is  the  rhyth- 
mical contraction  of  the  heart,  which  is  repeated,  upon  the 
average,  seventy-two  times  a  minute  in  the  adult  male. 
Accessory  agents  are  :  1,  the  contraction  of  the  arteries 
and  of,  3,  the  muscles  among  which  the  veins  lie  ;  3,  as- 
piration of  the  chest ;  4,  capillary  attraction ;  5,  osmosis 
caused  by  chemical  tissue-change. 

The  Hbakt. — Changes  in  Form. — If  the  heart  of  a  calf 
or  other  mammal  be  exposed  and  kept  beating  while  arti- 
ficial respiration 
is  maintained,  a 
very  rapid  peri- 
staltic movement 
will  be  seen  to 
pass  from  the 
cardiac  end  of 
the  vena  cava 
over  the  auricles 
to  the  ventricles. 
At  the  same  time 
the  transverse 
diameter  of  the 
heart  is  short- 
ened by  about 
one-third  (Figs. 
445,  446),  the  an- 
tero-posterior  is 
shortened  by 
about  one-half 
(Figs.  447,  448, 
Hesse) ;  and  the  long  diameter  is  shortened  very  slightly 
(Curtis)  (Figs.  447,  448),  by  the  ventricular  contraction 
and  by  the  descent  of  the  base  of  the  heart,  which  is  im- 
mediately pulled  up  again  by  the  elasticity  of  the  great 
vessels  arising  from  it.  The  base  of  the  heart  changes 
from  an  irregular  oval  to  a  circle.  After  a  brief  pause 
called   the    "diastole,"  this   process   is  repeated.    The 
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Fig.  446.— Outline  of  Base  of  Dog's  Heart  in  Sy- 
stole and  Diastole,  p.a.,  pulmonary  artery  ;  a., 
aorta;  l.a.,  left  aurionlo-ventrioular  opening; 
r.a.,  right  tturioulq-ventrioular  opening.  {Alter 
Hesse.) 
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peristaltic  movement  is  so  rapid  that,  unless  the  heart 
beat  very  slov^ly,  it  may  appear  as  a  single  firm  contrac- 
tion of  the  entire  heart-muscle.  This  contraction  is  called 
the  "systole." 

Changes  in  Posiiion.—T>\nmg  the  systole  the  whole 
heart  rotates  slightly  forward  and  inward  on  its  long  axis 
(lateralem  inclinationem  of  Harvey,  1628),  owing  to  the 
spiral  arrangement  of  its  muscular  fibres.  When  the 
blood  is  forced  into  the  aorta  and  pulmonary  artery  it 
elongates  them  by  its  pressure,  and  as  the  heart  is  sus- 
pended by  these  vessels  it  is  said  that  they  thus  depress  it 

downward  and  forward 
at .  that  instant  (Senac), 
giving  a  "reaction  im- 
pulse ; "  V.  Ziemssen  and 
others  claim  that  the 
heart  moves  upward  and 
to  the  right  during  con- 
traction. The  move- 
ments of  the  heart  have 
been  much  disputed, 
and  this  is  owing  to  the 
altered  conditions  which 
unavoidably  obtain 
when  the  chest-wall  is 
opened.  The  heart  is 
then  free  to  beat  more 
violently  and  move  more 
Pig.  447.— Outline  of  Left  Side  of  Dog's  extensively,  and  the  ne- 
Heart  in  Systole  and  Diastole.  ».o.,  cessitv  for  maintaining 
vena  cava ;  p.rt.,   pulmonary  artery;    „„nfl„,*„i    ««„«i„„+: i° 

o.,  aorta.    (Afte^  Hesse.)  artificial  respiration  in 

all  large  animals  con- 
stantly interferes  with  its  movements  by  the  exaggerated 
motion  of  the  lungs. 

TJie  Impulse-heat. — If  the  heart  be  held  in  the  hand  at 
the  commencement  of  ventricular  contraction,  it  becomes 
suddenly  very  firm,  owing  to  the  pressure  of  the  cardiac 
muscle  upon  the  practically  incompressible  blood  within 
the  ventricles,  and  it  is  this  sudden  tension  of  the  ven- 
tricles which  is  felt  through  the  chest-wall  where  the 
right  ventricle  comes  in  contact  with  it,  usually  in  the 
fifth  left  intercostal  space,  about  five  centimetres  below 
the  nipple  and  1.2  ctm.  to  2  ctm.  nearer  the  sternum 
than  the  nipple.  The  exact  point  varies  considerably 
with  changes  in 
the  position  of 
the  chest.  This 
impulse-beat  is 
usually  termed 
the  "apex- 
beat."  It  is, 
however,  dis- 
puted whether 
the  apex  itself 
normallystrikes  r.v. 
against  the 
chest-wall,  o  r 
whether  the  im- 
pulse is  caused 
by  the  portion 
of  the  right  ven- 
tricle   immedi-  

ately  above  the  fig.  446.— Anterior  Outline  of  Dog's  Heart  in  Sys- 

apex.    A  needle  t"'^  "nd  Diastole,    a.,  aorta;  p.o.,  pulmonary 

placed     in     the  5'J'«''y  ;''•''■>  right  ventricle;  ;.».,  left  ventricle. 

^                 ,  (After  Hesse.) 

apex    shows 

merely  a  vibratory  thrill  without  change  of  position.  C. 
Ludwig  and  Kiwisch  claim  that  the  apex  does  strike  the 
chest-wall  with  each  cardiac  contraction. 

When  the  /leart-musole  contracts,  its  fibres  shorten  in 
long  diameter  and  lengthen  in  transverse  diameter. 
These  fibres  are  striated  and  have  a  peculiar  anastomosis 
(consult  article  Anatomy  of  Heart).  It  is  not  known 
whether  their  contraction  is  simple,  or  of  a  compound 
tetanic  nature  ;  it  is,  however,  eight  to  ten  times  as  long 
as  the  contraction  of  a  skeletal  muscle,  but  neither  tetanus 
nor  tonus  can  be  maintained  for  any  length  of  time. 
When  the  ventricles  beat  feebly  they  contract  more 
slowly, 
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The  nene-supply  of  the  heart  is  derived  from  the  (1) 
cardiac  branches  of  the  vagus,  which  receives  some  fila- 
ments from  the  accessorius  (Ranke) ;  (3)  branches  from 
the  superior  and  inferior  laryngeal  nerves ;  (3)  the  last 
cervical  ganglion  (often  the  three  cervical  ganglia) ;  (4) 
the  first  dorsal  ganglion  ;  (5)  from  branches  of  the  pul- 
monary plexus,  chiefly  on  the  right  side  ;  and  (6)  occasioa- 
ally  a  branch  from  the  descending  part  of  the  hypoglossus 
(Luschka). 

Inl/ra-eardiac  ganglia  are  found  in,  1,  the  septum 
atriorum  and  around  the  coronary  arteries  ;  2,  the  auri- 
culo- ventricular  groove  (Bidder's  ganglion),  and,  3,  around 
the  entrance  of  the  vena  cava  into  the  auricle.  Remak's 
ganglion  occurs  in  the  frog,  and  probably  in  other  ani- 
mals, in  the  sinus  venosus.  The  most  careful  search  has 
revealed  no  ganglia  in  the  ventricular  septum  or  apex. 
These  ganglia  are  probably  automatic  (Remak),  inhibi- 
tory (v.  Bezold,  Traube,  Burdon-Sanderson),  and  accel- 
erating in  function.  This  has  been  largely  determined 
by  the  varied  action  of  cardiac  poisons,  especially  alka- 
loids. (See  "Dxiblui  Journal  of  Medical  Sciences,  October 
1888.) 

The  ganglia  are  never  macroscopic,  but  consist  of 
scattered  unipolar  cells,  with  a  few  which  are  bi-polar 
(Schweigger  Seidel).  They  are  all  in  more  or  less  inti- 
mate connection  with  each  other,  and  with  the  external 
cardiac  nerves.  Excised  fragments  which  include  no 
ganglia,  from  the  hearts  of  batrachians  and  of  certain 
mammals,  will  pulsate  independently  (Stannius) ;  but 
fragments  which  have  ganglia  attached  are  more  readily 
excited  to  contraction  (Landois).  The  strongest  gan- 
glionic centre  lies  in  the  auricular  septum  ;  if  this  be  para- 
lyzed by  opium,  the  cardiac  contraction  is  reversed,  and 
passes  from  ventricles  to  auricles.  If  auricles  and  ven- 
tricles be  separated  by  transverse  incision,  they  pulsate 
independently  aind  at  different  rates. 

Cardiac  Stimuli. — If  the  heart  of  a  cat,  rabbit,  or 
Guinea-pig  be  quickly  removed,  it  will  continue  to  pul- 
sate rhythmically  for  ten  or  fifteen  minutes,  and  under 
favorable  conditions  for  a  much  longer  time.  When  the 
contractions  become  feeble  or  intermittent,  they  may  be 
increased  by  mechanical,  thermic,  electric,  or  chemical 
stimuli — the  latter  may  be  gaseous,  or  solutions  of  vari- 
ous drugs. 

Mxperiments  with  Local  Oardiao  Stimuli. — Tlie  excised 
heart  of  a  terrapin,  which  has  just  ceased  to  beat,  can  be 
made  to  pulsate  again  rhythmically  after  pricking  it  with 
a  needle  at  regular  intervals.  The  excised  heart  is  more 
easily  excited  by  any  stimulus  to  reflex  contraction  ap- 
plied to  its  inner  than  to  its  outer  surface.  Independent 
rhythmical  contractions  of  the  large  veins  emptying  into 
the  auricles  have  been  observed  in  frogs  and  rabbits  after 
excision  of  the  heart.  In  the  mammalian  heart  the  auri- 
cular and  ventricular  muscular  fibres  are  entirely  indl- 
pendent  of  each  other,  and  hence  any  influence  exercised 
by  the  auricles  over  the  ventricles  is  a  purely  nervous 
impulse  (Schelling).  The  apex  of  the  heart,  if  cut  off, 
may  be  stimulated  to  give  a  single  contraction  (Landoie). 
The  heart  entirely  deprived  of  blood  will  still  beat  rhyth- 
mically aside  from  the  body,  and  yet  ligation  of  one 
coronary  artery  in  a  dog  in  two  minutes  causes  the  regu- 
lar cardiac  contractions  to  give  place  to  fibrillar  twitoh- 
ings,  and  that  ventricle  is  first  and  chiefiy  affected  whose 
coronary  artery  has  been  ligated  (See).  There  seems  to 
be  a  certain  amount  of  reserve  energy  in  the  heart  which 
is  called  into  play  to  overcome  the  altered  stimulus  of 
pathological  conditions.  Direct  stimulation  of  the  intra- 
cardiac ganglia  excites  the  excised  heart  to  livelier  action, 
but  brings  it  sooner  to  rest,  when  a  fibrillar  twitching  per- 
sists for  a  while.  The  heart  beats  longest  in  pure  oxygen, 
and  stops  very  soon  in  an  atmosphere  of  chlorine  or  car- 
bon-dioxide. External  pressure  over  the  heart  causes  it 
to  beat  more  vigorously,  or  alters  its  rhythm.  This  is 
noticeable  where  a  distended  stomach  in  flatulent  dys- 
pepsia presses  the  diaphragm  against  the  heart.  A  blow 
on  the  abdomen  will  stop  the  heart  of  a  frog  by  reflex 
inhibition  conveyed  through  the  sympathetic  nerves. 
The  heart  may  be  stopped  by  severe  pain,  or  momentarily 
by  a  full  inspiration  (in  some  persons),  by  altering  the 
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Intra-thoracic  pressure.  Considerable  variations  in  ar- 
terial pressure  have  no  effect  upon  the  pulse-rate  of  the 
isolated  dog's  heart  (Martin).  Severe  haemorrhage  in- 
creases the  frequency  of  the  pulsations.  Moderate  heat 
applied  to  the  excised  heart  greatly  increases  its  rapidity 
and  force  of  action.  In  fevers,  the  warmer  blood  may  be 
a  cause  of  increased  frequency  of  pulsations.  Cold 
slows  the  action  of  the  heart,  and  at  4°  C.  it  stops  beat- 
ing. Cold  blood  injected  into  the  circulatory  system  of  a 
dog  reduces  the  pulse-rate  decidedly.  Bile-acids,  present 
in  the  circulation,  cause  slowness  and  feebleness  of  heart 
action  (Rohrig,  Ranke). 

(For  further  variations  in  the  rate  of  heart-beats  de- 
pendent upon  age,  sex,  time  of  day,  position,  food,  drink, 
emotion,  temperament,  exercise,  sleep,  atmospheric  press- 
ure, etc.,  consult  article  on  Pulse.) 

The  heart  of  the  dog  has  been  kept  alive  for  many 
hours  (while  still  connected  with  the  lungs)  by  artificial 
respiration  and  blood-supply,  with  an  apparatus  ingeni- 
ously constructed 

I  iKtcUlU..   i 

I 


'OJtoiiM. 


by  Professor  Mar- 
tifl,  at  the  Johns 
Hopkins  Univer- 
sity ;  and  many- 
interesting  experi- 
ments regarding 
the  influence  of 
blood-pressure  on 
the  heart  action, 
etc.,  were  made. 
(Consult  "  Philo- 
soph.  Trans.  Royal 
Soc.,"1883,p.  663, 
and ' '  Studies  from 
Biolog.  Lab.  Johns 
Hopkins  Univer- 
sity," vol.  ii.,  Nos. 
1  and  2,  p.  213.) 

Extrinm  Ner- 
mus  Stirrmli. — If 
the  pneumogastric 
nerve  on  one  side 
be  stimulated 
(Weber  Bros., 
1843),  or  com- 
pressed (Czer- 
mak),  the  rhythm 
of  the 
heart  is 
altered. 
The  con- 
traction 
becomes 
mpre  for- 
cible and 
the  peri- 
od of  rest 
is  pro- 
longed. 
If  the  sti- 
mulus be  increased,  or  applied  to  both  vagi,  the  heart  will 
stop  in  full  diastole.  This  action  is  not  instantaneous,  but 
occurs  after  a  latent  period  (Donders).  If  the  nerves  ex- 
tending to  the  heart  from  the  lower  cervical  and  first  dor- 
sal sympathetic  ganglia  (Pig.  449)  be  stimulated,  the  rapid- 
ity of  the  heart-beats  is  increased  (v.  Bezold).  The  action 
of  the  vagus  is  regarded  as  controlling  or  inhibiting  the 
accelerating  impulses  of  the  cardiac  ganglia,  with  which  its 
terminal  branches,  no  doubt,  connect.  The  vagus  is  the 
trophic  nerve  of  the  heart  (Gaskell,  Eichhorst),  and  a  few 
accelerator  fibres  probably  exist  in  it.  Afferent  impulses 
travel  from  the  heart  to  the  medulla  along  the  cardiac 
branch  of  the  superior  laryngeal  nerve  (nervus  depresso- 
nus)._  Irritation  of  the  central  end  of  this  nerve  diminishes 
arterial  pressure,  but  has  no  effect  on  the  frequency  or 
character  of  the  heart-beats  (Bernstein,  Burdon-Sander- 
son).  A  nerve-centre  exists  in  the  floor  of  the  fourth 
ventricte  which,  when  irritated,  produces  the  same  effect 
as  irritation  of  the  vagus  ;  hence  it  is  called  the  extrorcar- 
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Fio.  449.— Diagram  of  the  Cardiac  Nerve  Uechanism. 
(Modified  from  Teo. ) 


diac  inhibitory  centre.  All  inhibitory  action  upon  the 
heart  is  paralyzed  by  atropina.  A  similar  extra-cardiac 
accelerator  centre  is  described  (v.  Bezold),  which  fur- 
nishes impulses  that  travel  along  the  spinal  cord  to  the 
last  cervical  and  first  dorsal  ganglion,  and  thence  to  the 
heart.  The  cord  itself  is  said  to  act  as  an  accelerator 
centre  (Strieker,  Wagner).  Evidence  is  lacking  of  the 
natural  activity  of  the  accelerator  nerves  (Foster),  and 
they  are  not  antagonistic  to  the  vagi,  although  they  may 
be  controlled  by  it.  In  the  frog  the  heart  is  only  sup- 
plied from  without  by  the  vagus.  These  extra-cardiac 
centres  are  very  near  the  respiratory  centre,  and  it  is 
probable  that  they  too  are  influenced  by  the  amount  of 
oxygen  contained  in  their  blood-supply. 

The  ultimate  cause  of  the  heai-t^beats  is  entirely  un- 
known. The  mechanism  is  seen  to  be  very  complicated, 
and  to  be  only  partially  under  the  control  of  extrinsic 
stimuli. 

Action  of  Auricles  and  Ventricles. — The  two  auricles 
contract  simultaneously ;  before  their  action  is  over,  and 
about  one-tenth  of  a  second  after  it  commences,  the  two 
ventricles  contract  in  unison.  The  ventricular  cbntraction 
occupies  four-tenths  of  a  second,  no  matter  what  the  rate 
of  the  heart-beats  may  be  (Kirke).  In  the  case  of  Frau 
Serafln,  whose  heart  was  exposed  during  life,  von  Ziems- 
sen  and  Ter  Gregorianz  obtained  cardiographic  tracings 
from  the  auricles  which  showed  that  they  kept  on  con- 
tracting for  a  very  short  time  after  the  ventricular  systole 
had  commenced.  In  certain  pathological  conditions  the 
two  ventricles  may  not  contract  quite  synchronously.  In 
the  exposed  heart  of  the  calf  these  phenomena  are  well 
observed.  As  the  heart  beats  more  and  more  slowly, 
there  is  a  marked  interval  between  the  auricular  and  ven- 
tricular contractions,  and  in  many  animals  there  will  be 
two  or  three  auricular  systoles  to  one  ventricular.  The 
ventricles  then  cease  contracting,  and,  next  to  them,  the 
left  auricle  stops  entirely ;  finally,  the  right  auricle  stops 
as  a  whole,  but  a  most  distinct  peristaltic  movement  may 
be  followed  along  the  auricular  appendix  (ultimum 
morens,  Galen,  1550),  which  finally  gives  place  to  a  gentle 
fibrillar  tremor,  and  the  heart  is  at  rest.  Dyspncea,  if  pro- 
longed, makes  the  left  ventricle  beat  feebly  sooner  than  the 
right,  so  that  the  left  side  of  the  heart  becomes  congested. 
This  dams  back  the  blood  into  the  pulmonary  veins,  a 
probable  cause  of  pulmonary  oedema  in  the  death  agony 
(Mayer).  The  left  ventricle  contracts  with  more  than 
double  the  force  of  the  right,  and  its  walls  are  three  times 
as  ttiick,  for  it  has  far  greater  arterial  resistance  to  over- 
come. The  systolic  pressure  of  the  right  ventricle  in  the 
horse  is  35.0  mm.  Hg.,  in  the  left  ventricle  138  mm.  Hg. 
Fick  found  that  in  the  dog  the  systolic  pressure  of  the 
right  ventricle  was  18.0  to  43.0  mm.  Hg.,  and  of  the  left 
ventricle  140.0  mm.  Hg.     These  values  are  only  relative. 

Duration  of  Au/rieular  and  Ventricular  Contraction.— 
With  sixty-five  pulsations  to  the  minute  the  auricular  con- 
traction occupies  0.177  second,  the  ventricular  0.34  sec- 
ond, and  the  diastole  0.4  second.  With  very  rapid 
pulsations  the  ventricular  systole  occupies  only  0.199 
second  (Landois).  The  time  shortened,  however,  in  a 
rapidly  beating  heart  is  usually  said  to  be  mainly  at  the 
expense  of  the  diastole  (Donders,  Chauveau,  Burdon- 
Sanderson). 

The  Aurieulo-ventricular  Valves :  Struciwre. — The  auri- 
cles are  separated  from  the  ventricles  by  valves  which 
open  toward  the  latter.  These  valves  consist  largely  of 
tissue  which  is  the  continuation  of  fibrous  rings  (annuli 
fibrocartilagenei),  to  which  they  are  firmly  attached  ; 
they  also  contain  near  their  auricular  surfaces  a  layer  of 
elastic  elements  derived  from  the  auricles,  and  some 
striped  muscular  fibres  (Reid,  Gussenbauer,  Kurschner). 
These  radiating  muscular  fibres  contract  synchronously 
with  the  auricles,  and  retract  the  valves  toward  the  fibrous 
rings,  and  thus  enlarge  the  opening  for  the  passage  of  the 
blood.  Paladino  says  that  these  fibres  can  also  raise  the 
valves  during  ventricular  systole,  and  also  that  long  fibres 
pass  into  the  valves  from  the  ventricles.  The  concentric 
fibres  at  the  attachment  of  the  valves  have  a  sphinctenc 
action,  and  prevent  too  great  a  strain  upon  them  during 
ventricular  systole  (Landois).    Blood-vessels  have  been 
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found  in  the  valves  only  where  muscular  fibres  exht 
(Langer).  A  lymphatic  network  reaches  toward  the 
centre  of  the  valves  (Eberth,  Belajeff).  The  nerve- 
supply  Si  the  valves  is  not  clearly  demonstrated.  Their 
entire  surface  is  covered  by  a  layer  of  tessellated  epithe- 
lium, a  reduplication  of  the  endocardium. 

The  Cusps  of  the  Valves :  Structure. — Each  of  the  two 
auriculo-ventricular  valves  is  divided  into  several  seg- 
ments or  cusps  which  have  the  general  shape  of  isosceles, 
spherical  triangles,  whose  bases  are  attached  to  the  heart- 
wall  in  nearly  the  same  plane,  and  whose  remaining  sides 
are  free  in  the  lumen  of  the  ventricle.  The  right  auriculo- 
ventricular  valve  is  the  "tricuspid;"  it  has  three  main 
cusps,  and  one  or  two  lesser  ones  in  each  of  the  angles  be- 
tween them  (Fig.  450).      The  left  auriculo-ventricular 


Fig.  450. — Human  TricuRpid  Valve.  Ventricular  surface  spread  out 
fiat.  A,  inferior ;  B,  anterior  ;  C,  septal  segment ;  D  D'  D",  lesser 
segments ;  M,  anterior  papillary  muscle ;  0  O',  papillary  muscles  at- 
tached directly  to  ventricular  septum ;  P,  papillary  muscle  attached  to 
columnse  carnesB ;  R  R'v,  portion  of  r,  ventricular  wall,  showing 
bundles  of  fibres  continuous  with  chordae  tendinese :  X  X',  line  of 
insertion  of  segments  into  auriculo-ventricular  ring. 

valve  (valvula  bicuspidalis)  is  the  "  mitral ; "  in  man  this 
has  one  large  cusp  attached  on  the  side  of  the  aortic  ori- 
fice ;  a  second  one,  about  half  the  size  and  opposite  to 
it,  and  two  or  three  lesser  cusps  (Fig.  451).  The  seg- 
ments of  each  valve  are  made  continuous  with  each  other 
at  their  lines  of  attachment  by  a  portion  of  valvular  tissue 
about  0.3  or  0.4  ctm.  wide. 

Tlie  OhorcUe  Tendinem:  Structure. — The  ventricular 
surface  of  each  segment  afEords  attachment  to  long, 
fibrous  cords,  called  chordie  tendinese,  that  arise  from 
pyramidal  muscles— musculi  papillares— which  project 
from  the  walls  of  the  ventricle  into  its  lumen.  Some  of 
the  pyramidal  muscles  spring  directly  from  the  ventricu- 


?•  fSl.— Human  Mitral  Valve.  Ventricular  surface  spread  out  flat 
A,  largest  cusp  close  to  aortic  valve,  aortic  segment :  B,  next  largest 
cusp,  parietal  segment;  O  C,  lesser  cusps;  M,  anterior  papillary 
muscle ;  P  P',  posterior  papUlary  muscles ;  T  T',  method  of  branching 
ventriod'^  ^"'''™°° '  •''■  ^''  ""*=  "'  insertion  of  cusps  into  aurioulo- 

lar  walls  (Fig.  450,  O  0'),  but  others  are  attached  by 
broad  muscular  bands— columnse  carness- (Fig  450  R  R') 
which  admit  of  great  elasticity.  The  object  of  the  chords 
tendmeis  is  to  restrain  the  segments  of  the  valves  from 
being  pushed  outward  from  the  ventricles  into  the  auri- 
cles during  ventricular  systole.  The  pyramidal  muscles 
are  situated  for  the  most  part  opposite  the  clefts  between 
the  segments,  rather  than  directly  in  line  with  the  seg- 

662 


ments  (Fig.  450,  M,  Fig.  451,  M) ;  this  enables  the  chorda 
to  spread  out  somewhat  after  the  fashion  of  clustered  col- 
umns in  Gothic  architecture,  and  to  send  branches  (Fiff 
451,  T  T')  from  a  single  muscular  pyramid  to  the  mar- 
gins and  ventricular  surfaces  of  two  different  segments 
thus  affording  great  mechanical  advantage.  There  are 
in  each  ventricle' four  principal  musculi  papillares,  and  a 
few  smaller  ones,  and  several  of  these  muscles  are  sur- 
mounted  by  two  to  five  lesser  cones,  from  the  sides  and 
apices  of  which  the  chordse  arise  singly  or  in  erouns  nf 
two  or  three  (Fig.  450,  P,  Fig.  451,11).  At  about  the 
middle  of  their  length  the  chordse  split  into  radiating 
branches,  some  of  which  anastomose  with  each  other 
but  which,  for  the  most  part,  keep  on  bifurcating  until 
after  entering  the  structure  of  the  valve  itself  (Fig.  451 
T  T'),  where  they  form  an  intricate  mesh  work  of  fibres  in- 
terlacing in  all  directions.  The  blood,  in  circulating 
among  the  chordse,  is  thrown  into  a  number  of  vortices 
The  average  length  of  the  individual  chordse  inserted 
into  the  mitral  valve  exceeds  by  one-half  or  three-fourths 
the  length  of  the  tricuspid  chord®.  There  is  a  mechan- 
ical reason  for  this,  in  that  the  mitral  segments  are  very 
unequal  in  size,  and  in  closing  and  opening  they  require 
more  latitude  than  do  the  tricuspid  segments.  They  are 
very  strong ;  a  single  human  chorda,  under  a  strain  of 
over  fifty  pounds,  will  always  tear  out  its  papillary  ori- 
gin or  valvular  attachment  before  it  is  itself  ruptured 
(Thompson).  They  are  very  slightly  elastic ;  the  longest 
chordse  of  the  human  heart  are  3.5  centimetres  in  length 
and  under  a  strain  of  ten  or  twenty  pounds  they  only 
stretch  0.3  to  0.5  centimetre  (Thompson).  The  thickest 
chordse  are  said  (Oehl)  to  con- 
tain a  few  striped  muscular 
fibres. 

The  Ohordm  Tendinea  : 
MecTianism.— The  chordse  are 
always  kept  tense  by  the  ac- 
tion of  the  papillary  muscles. 
During  the  systole  of  the  ven- 
tricles the  size  of  their  cavi- 
ties grows,  of  course,  smaller 
and  smaller,  and  the  points 
of  origin  and  insertion  of  the 
chordse  would  tend  to  ap- 
proach each  other,  and,  there- 
fore, slacken  the  chord®; 
but    the    papillary   muscles 

___^    ___   „^.„„  themselves  contract  and  di- 

Vaive,  Opened'  seen  in  perpen-  minish  in  length,  and  SO  main- 
dicuiar  section,   c  o,  chordffi  ten-  tain  the    proper  tension  bv 

dine»,  folded  somewhat  together,  fl™-nc-in„  rfX-nrn  tlio  nr,ir^t„  nf 
but  still  tense  ;P,  papillary  musl  ?I^^^l.°g  «>^>1  tM  pomtS  Ot 

cie ;  V  V,  two  cusps  of  the  mitral  insertion  01  the  chordse.  (See 
valve,  in  perpendicular  section ;  D.  Macalister  in  British  MeM- 
™u;  °T.!rarro,^^Sa;rtiiTd'\!  <'<^^  Journal,  October  38, 1883, 

reotion  of  the   entering  blood-  P-  o«8-) 

™rrent.  The   Auriculo  -  mntricidar 

Valves :  Mechanism.  —  The 
valves  are  opened  by  the  stream  of  blood  which  pushes 
against  their  auricular  surface.  They  are,  probably,  also 
drawn  down  by  the  chordse  and  papillary  muscles  when 
the  ventricles  relax,  and  they  are  prevented  from  flap- 
ping back  and  adhering  to  the  ventricular  walls  by  the 
tension  of  the  chordse,  which  hold  them  out  a  little  (Fig. 
452).  At  the  same  time  the  chordse  fold  somewhat  to- 
gether, after  the  manner  of  the  ribs  of  an  umbrella. 

The  valves  are  closed  by  the  contraction  of  the  ventri- 
cles, which  presses  the  blood  in  between  the  cusps  and 
the  walls,  and  forces  the  cusps  toward  each  other.  It  is 
also  said  that,  being  lighter  than  the  blood,  they  are 
floated  upon  it  (Pettigrew  and  others).  This  would  hardly 
seem  to  hold  true  in  the  majority  of  animals,  in  which 
the  heart  lies  horizontally.  The  muscular  fibres  attached 
to  the  segments  and  contained  within  them  may  assist  in 
their  closure  (Paladino).  The  auriculo-ventricular  ring 
narrows  during  systole,  and  the  result  is  a  slight  crum- 
pling of  the  cusps,  the  angles  between  the  larger  segments 
being  filled  by  the  lesser  cusps,  which  are  pressed  firmly  " 
into  them.  Hence  it  is  that,  viewing  a  closed  valve  from 
the  auricular  side,  the  line  of  coaptation  of  its  segments  ap 
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pears  very  irregular,  and  in  the  case  of  the  mitral  valve  it 
forms  an  irregular  crescent  (Pig.  453);  moreover,  the 
auricular  surface  of  the  valve  is  not  -perfectly  flat,  but  is 
undulating,  owingto  the  branching  method  of  insertion 
of  the  chordae,  which  allow  of  the  valve  being  unevenly 
stretched,  its  thinner  parts  yielding  more.  The  segments 
do  not  overlap  in  closing,  but  their  auricular  surfaces  are 


Fig.  463.— Mitral  Valve  of  Bullock,  Closed,  as  Been  from  left  auricle, 
showing  line  of  apposition  of  cusps  and  their  uneven  suri'ace.  A^  larg- 
est cusp  ("aortic  cusp  ")  attachei^  near  the  aortic  valve;  £,  next  larg- 
est, or  "  parietal  cusp ;  "  C  C  C'\  lesser  cusps  filling  in  the  angles  be- 
tween the  larger  ones ;  M  Jf^  auriculo-Tentricular  ring. 

pressed  together  for  a  considerable  space  (Pig.  454).  The 
half  of  each  cusp  which  is  most  distant  from  its  attachment 
is  much  thinner  than  the  remaining  portion,  and  a  large 
part  of  this  thin  half  is  pressed  against  the  corresponding 
auricular  surfaces  of  the  opposite  cusps.  The  half  of  the 
largest  mitral  segment  which  is  nearest  to  the  line  of  at- 
tachment is  smooth,  and  the  chordae  are  not  inserted  into 
its  ventricular  surface  (Fig.  451,  A),  an  arrangement 
■which  diminishes  friction  as  the  blood  flows  over  it  into 
the  aorta. 

As  soon  as  the  auriculo-ventiicular  valves  are  closed 
and  the  pressure  in  the  ventricles  becomes  greater  than 
in  the  arteries,  the  blood  con- 
tained within  them  passes  out 
into  the  arteries ;  the  blood 
from  the  left  ventricle  enters 
the  aorta,  the  blood  from  the 
right  ventricle  enters  the  pul- 
monary artery. 

The  arterio -ventricular 
mhies  close  the  openings  from 
the  ventricles  into  the  arteries, 
and  as  the  blood  leaves  the 
ventricles  they  are  pushed 
hack  into  the  arteries.  When 
the  ventricular  systole  is  com- 
pleted the  elastic  recoil  of  the 
arteries  (presently  to  be  ex- 
plained) forces  the  blood  both 
backward  and  forward,  but  a 
portion  of  the  backward-flow- 
ing Wood  enters  little  dilata- 
tions— sinuses  of  Valsalva — 
that  exist  in  the  arterial  walls 
just  behind  the  segments  of  the  arterio-ventricular  valves, 
and  pushes  these  segments  together,  thus  entirely  prevent- 
ing regurgitation  into  the  ventricles.  The  arterio-ventri- 
cular valves  ^re  also  called  "sigmoid"  or  "semilunar." 
They  are  two  in  number,  the  aortic  and  pulmonic,  and  they 
are  alike  in  simplicity  ;  each  has  three  segments  nearly 
equal  in  size,  and  of  the  general  shape  of  isosceles,  spherical 
triangles;  they  are  attached  like  pockets  to  the  arterial 
walls ;  they  are  without  chordse  tendinese  and  their  free 


Fig.  454,  —  Diagram  of  Mitral 
Valve,  Closed,  seen  in  perpen- 
dicular section,  c  c,  chordae 
tendinese ;  P,  papillary  muscle ; 
s,  surface  of  cusps  lying  in  con- 
tact ;  V  V,  perpendicular  section 
through  the  two  largest  cusps ; 
w  M,  outline  of  left  ventricular 
wall.  The  arrows  indicate  the 
direction  of  the  blood -pressure. 


of  a  Closed  Semi- 
lunar Valve,  show- 
ing lines  of  apposi- 
tion of  the  three 
segments. 

-Owing  to  the 


surfaces  do  not  overlap,  but,  like  the  auriculo-ventricular 
segments,  are  the  more  firmly  pressed  in  apposition,  the 
stronger  the  blood-pressure  becomes.  At  the  centre  of 
the  free  margin  of  each  segment  is  a  nodule  of  fibro- 
cartila^e  (corpus  Arantii)  which  is  said  to  prevent  leakage 
at  the  lines  of  apposition,  but  it  is  not  always  present ; 
this  structure  may  also  be  absent  in  the  pulmonic  valve 
(Quain).  The  lines  of  contact  of  the  three  segments  of 
each  valve  radiate  almost  at  equal  angles  from  a  common 
centre  (Fig.  455).  Rarely,  there  may 
be  four  segments  instead  of  three.. 

The  ventricular  walls  during  systole 
crowd  toward  each  other  about  the  at- 
tachments of  the  sigmoid  valves,  and 
afford  them  considerable  support 
(Savory).  The  aortic  valve  is  sur- 
rounded by  a  layer  of  circular  muscular 
fibres  which  have  a  sphincteric  action  ^™-  455.  — Diagram 
(Henle).  It  is  said  to  close  .05  to  .09 
second  earlier  (Landois,  1876)  than  the 
pulmonic  valve,  owing  to  the  greater 
blood-pressure  in  the  aorta. 

The  Cardiaa  Mechanism  as  a  Whole. 
aspiration  of  the  chest  the  auricles  during  diastole  are 
always  under  a  negative  pressure,  and  in  expiration  this 
sinks  to  -10  mm.  Hg.  (Fick).  Therefore  no  resistance 
is  offered  to  the  entrance  of  blood  from  the  large  veins 
while  the  auricles  are  relaxed.  The  venous  blood  then 
pours  into  the  auricles  and  rushes  directly  through  into 
the  ventricles  (Burdon-Sanderson),  which  are  also  relaxed 
and  probably  exert  a  negative  pressure  (Goltz,  Gaule)  or 
suction  force.  The  auricles  become  filled  sooner  than  the 
ventricles,  and  then  contract ;  they  do  not  force  the  blood 
back  into  the  veins  because  of  the  venous  pressure,  and 
because  of  the  sphincteric  muscular  fibres  in  their  wails 
near  the  auricles,  but  onward  into  the  ventricles,  which 
offer  no  resistance.  As  soon  as  the  ventricles  become 
fully  distended  they  contract  and  push  the  blood  which 
they  contain  against  the  auriculo-ventricular  cusps,  forc- 
ing them  tightly  together.  Progress  of  the  blood  back- 
ward into  the  auricles  being  thus  checked,  it  forces  open 
the  arterio-ventricular  valves,  and,  overcoming  the  ar- 
terial pressure,  escapes  into  the  arterial  system.  Under 
normal  conditions  the  contraction  of  the  ventricles  follows 
so  closely  upon  that  of  the  auricles  (in  the  horse  one-tenth 
second  later,  Chauveau),  that  it  appears  to  the  eye  as  a 
single  rhythmical  peristaltic  movement  (see  the  section 
on  "Changes  in  Form").  As  soon  as  the  ventricular 
contraction  is  ended  there  follows  a  period  of  rest,  during 
which  both  auricles  and  ventricles  are  being  immediately 
refilled  preparatory  to  a  repetition  of  their  systole.  As 
the  ventricles  relax,  the  mitral  and  tricuspid  valves 
readily  yield  to  the  entering  blood.  With  each  contrac- 
tion the  ventricles  probably  empty  themselves  completely, 
and  from  each  one  about  180  Gm.  of  blood  (Pick,  Volk- 
mann,  Vierordt)  is  forced  into  the  arteries,  against  an 
arterial  pressure  equal  to  150  mm.  Hg.  The  arteries, 
owing  to  the  elasticity  of  their  walls,  at  first  expand 
on  receiving  this  blood,  but  immediately  thereafter  con- 
tract, and  in  so  doing  force  the  blood  both  toward  and 
away  from  the  heart.  As  soon  as  the  column  of  blood  is 
forced  back  toward  the  heart  it  shuts  down  the  sigmoid 
valves,  and  further  progress  in  that  direction  is  stopped. 
It  must,  therefore,  advance  through  the  arteries.  The 
dark  venous  blood  with  which  the  right  ventricle  is 
filled,  passes  through  the  lesser  circulation  to  the  lungs, 
where  it  becomes  aerated,  and  returns  to  the  left  auricle 
and  ventricle  as  bright  red  arterial  blood. 

(For  the  sounds  of  the  heart,  consult  article  Chest, 
Physical  Examination  of). 

Cardio-pneumaiie  Movement— Becaase  the  heart  alters 
in  size  with  each  pulsation,  it  rhythmically  compresses 
the  adjoining  lung-tissue,  and  it  can  be  readily  demon- 
strated by  the  manometric  flame  that  air  is  thus  expelled 
from  the  lungs  by  the  heart  independently  of  respiratory 
movement.  The  branches  of  the  pulmonary  artery,  as 
they  are  rhythmically  expanded  by  accessions  of  blood 
from  the  right  ventricle,  are  said  to  compress  the  bronchi 
and  assist  in  this  process.    This  "  cardio-pneumatic  move- 
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ment,"  as  it  is  termed,  is  a  factor  in  changing  the  air  m 
the  lungs  of  hibernating  animals  (Landois). 

The  work  of  the  hea/rt  is  the  effort  made  by  the  heart 
to  overcome  the  resistance  of  the  column  of  blood 
contained  in  the  vessels.  This  work  is  estimated  at  124  foot- 
tons  in  twenty-four  hours  (Haughton).  Another  calcula- 
tion makes  it  equivalent  to  204,000  heat-units  in  twenty- 
four  hours  (see  article  Heat).  The  work  of  the  left 
ventricle  is  about  three  times  as  great  as  that  of  the  right 
(Volkmann).  Recent  observations  upon  the  work  of  the 
heart  were  made  by  W.  H.  Howell  and  F.  Donaldson,  at 
the  Johns  Hopkins  University,  and  published  in  the ' '  Phil- 
osoph.  Trans.  Roy.  Soc,"  Part  I.,  1884,  pp.  189, 190.  The 
facts  determined  were  obtained  with  so  much  originality 
and  accuracy,  and  are  of  so  much  scientific  value,  that  a 
brief  summary  of  them  is  quoted  below.  The  experi- 
ments wore  all  conducted  upon  living  dogs,  whose  hearts 
were  isolated  and  kept  beating  in  situ  after  _  Martin's 
method.  (See  the  section  on  "Experiments  with  Local 
Cardiac  Stimuli.") 

"The  most  direct  factor  influencing  the  quantitv  of 
blood  sent  out  from  the  ventricle,  and  hence  the  work  done 
by  the  ventricle,  is  the  intra- ventricular  pressure  by  which 
the  ventricle  is  distended  during  diastole,"  and  since  the 
pressure  of  the  blood  in  the  great  veins  emptying  into  the 
auricle  is  always  at  a  mean  negative  quantity  (Ludwig, 
Volkmann,  Weyrich),  the  force  distending  the  ventricle 
must  be  purely  auricular.  This  statement  is  confirmed 
by  Roy's  work  on  the  frog's  heart  {Journ.  Physiol.,  vol.  i., 
p.  485).  Diminution  of  pulse-rate  causes  an  Increase  in 
the  quantity  of  blood  thrown  out  from  the  ventricle  at 
each  systole,  and  consequently  an  increase  in  the  work 
done  at  each  systole,  and  vice  versa.  The  number  of 
systoles  required  for  all  the  blood  in  the  dog's  body  to 
pass  through  the  left  ventricle  is  estimated  at  fifty-four, 
which  at  a  pulse-rate  of  120  would  require  twenty-seven 
seconds. 

"Variations  of  arterial  pressure  from  58mm.  to  147 
mm.  Hg.,  have  practically  no  effect  whatever  on  the 
quantity  of  blood  sent  out  from  the  ventricle  at  each  sys- 
tole," but  "  the  work  done  by  the  left  ventricle  varies  di- 
rectly as  the  arterial  pressure  against  which  it  works 
within  the  limits  named  above."  Probably  each  ventric- 
ular systole  completely  empties  the  ventricular  cavity. 

"The  work  done  by  the  left  ventricle  at  each  systole 
increases  with  the  venous  pressure,  but  not  proportionally 
up  to  the  point  of  maximum  work."  There  was  found 
to  be  no  constant  relationship  between  the  weight  of  the 
heart  and  its  work. 

"  The  mean  ratio  of  the  maximum  weight  of  blood 
tlirown  out  from  the  left  ventricle  at  a  single  systole  to 
the  whole  body-weight  is  .00117,  or  fix  for  a  mean  pulse- 
rate  of  180  per  minute."  In  a  dog  olE  8,135  Gm.  weight, 
the  outflow  from  the  aorta,  in  cubic  centimetres,  with  each 
systole,  was  8.67.  la  a  dog  of  9,555  Gm.  it  was  9.31. 
When  the  heart-beats  were  only  130  per  minute  (the  aver- 
age normal  rate  in  a  dog),  the  above  ratio  was  found  to 
be  Tin. 

It  seems  "  probable  that  the  left  ventricle  during  life  is 
distended  during  each  diastole  to  about  its  maximum  ca- 
pacity."   (See  also  Roy,  he.  cit.,  p.  453.) 

The  Abtbbibs. — Punciions  of  the  Several  Coats. — The 
external  arterial  coat  is  strong  and  fibrous,  and  guards 
against  rupture.  "When  an  artery  is  ligated,  this  coat  re- 
mains uninjured,  while  the  others  are  usually  torn  (see 
article  Ligatures).  The  muscular  coat  alters  the  calibre 
of  the  arteries,  and  thus  regulates  the  amount  of  blood 
sent  to  any  particular  organ,  and  it  co-operates  with  the 
elastic  tissue  to  adapt  the  vessels  to  the  varying  quantities 
of  blood  which  they  contain.  It  may  assist  slightly  In 
propelling  the  blood-stream.  The  elastic  tissue  of  the  ar- 
teries, 1,  assists  in  restoring  their  proper  calibre  after  it 
has  been  increased  or  diminished  ;  2,  it  protects  them  from 
the  sudden  pressure  of  ventricular  systole ;  3,  it  stores  up 
the  ventricular  force  to  assist  in  propelling  the  blood  dur- 
ing diastole  ;  4,  it  admits  of  extensive  movements  of  the 
arteries  of  the  limbs  without  rupture ;  5,  it  maintains  a 
suflScient  amount  of  resistance  to  the  onward  blood-cur- 
rent to  prevent  the  blood  from  suddenly  running  out  of 


the  aorta  into  the  rapidly  enlarging  channel  of  the  collec- 
tive arteries  and  arterioles.  The  relative  proportion  of 
elastic  tissue  diminishes  as  the  arteries  become  smaller, 
while  the  muscular  coat  is  increased.  The  capacity  of 
the  large  arteries  may  be  more  than  quadrupled  without 
passing  the  limit  of  their  elasticity.  In  the  rabbit  the 
capacity  of  the  pulmonary  artery  may  even  be  increased 
twelve  times  (Roy).  The  carotid  artery  of  the  sheep  will 
withstand  fourteen  times  the  normal  blood-pressure  (Volk- 
mann). The  endothelium  forms  a  smooth  lining  to  lessen 
the  friction  of  the  current.  The  amount  of  this  frictiou 
depends  upon  :  1,  the  lumen  of  the  vessel ;  3,  the  char- 
acter and  specific  gravity  of  the  blood-plasma ;  3,  the 
number  and  character  of  the  corpuscles. 

Effect  of  the  Systole. — With  each  ventricular  systole  the 
sudden  addition  of  a  quantity  of  blood  to  that  already 
contained  in  the  arteries  causes  :  1,  an  expansion  of  the 
arterial  walls  propagated  away  from  the  heart ;  3,  a 
translation  of  the  blood  column  as  a  whole,  called  the 
"blood  current;"  3,  a  transverse  oscillation  of  the  par- 
ticles of  blood,  which  takes  the  form  of  a  wave  travelling 
faster  than  the  current  (six  to  twelve  metres  a  second). 
In  a  rigid  tube  this  movement  could  not  exist  (Power). 

The  "pulse"  is  the  name  of  this  wave,  and  its  volume 
and  strength  depend  upon :  1,  the  force  of  the  systole ;  2, 
the  quantity  of  blood  ;  3,  the  degree  of  elasticity  of  the 
arterial  walls.  Thus  the  pulse  is  quite  independent  of 
the  velocity  of  the  blood-current.  It  usually  disappears 
before  reaching  the  capillaries,  but  when  they  are  greatly 
dilated  the  arterial  pulse  may  extend  to  the  veins,  and 
a  capillary  pulse  may  be  seen  under  the  finger-nails 
(Quincke).  (For  further  consideration  of  this  subject 
see  art.  Pulse.) 

A  vibration  of  the  whole  body  takes  place  synchro- 
nously vdth  the  arterial  pulse,  which  consists  of  four  os- 
cillations to  each  systole  (Gordon,  Landois). 

Tlie  sympathetic  nerves,  supplying  the  arteries  and  ar- 
terioles, transmit  two  kinds  of  impulses,  the  action  of 
which  is  antagonistic,  but  we  are  not  yet  aware  of  any 
corresponding  changes  which  take  place  in  their  ganglia. 
One  of  these  impulses — the  vaso-conslrictor — stimulates 
the  muscular  wall  of  the  vessels  to  contract,  thereby  di- 
minishing their  lumen  ;  the  other  inhibits  (vaso-inhibi- 
tory)  this  action  and  allows  the  arteries  and  arterioles  to 
be  passively  dilated  by  the  blood  to  their  full  limit. 
These  impulses  may  be  centric  or  peripheric  in  theu' 
origin. 

'The  laaso-motor  centre,  which  exeicises  the  principa' 
control,  is  in  the  medulla,  and  extends  four  or  five  milli- 
metres above  the  calamus,  to  within  one  millimetre  of  ths 
corpora  quadrigemina  (Dittmar,  Ludwig). 

This  centre  is  in  constant  action,  either  automatic  or 
reflex.  It  may  be  stimulated  by  excitation  of  any  sen- 
sory nerve  (Burdon-Sanderson)  and  in  other  ways.  Ac- 
cessory centres,  possibly  both  vaso-constrictor  and  vaso- 
inhibitory,  are  found :  1,  in  the  pons  (Brown-S^quard) ;, 
2,  the  cervical  part  of  the  cord  ;  and  3,  in  various  gan- 
glia. Impulses  from  these  centres  travel  down  the  spinal 
cord  and  follow  the  anterior  spinal  nerve-roots,  after 
which  they  reach  the  prsevertebral  sympathetic  ganglia, 
whence  they  are  distributed  to  the  vessels.  The  relation 
of  the  vaso-motor  centres  to  the  cardio-inhibitory,  cardio- 
accelerator,  and  respiratory  centres,  is  probably  an  inti- 
mate one.  They  act  normally  in  unison,  and  no  doubt 
mutually  influence  each  other.  Thus,  during  digestion 
the  mesenteric  arterioles  become  relaxed  and  contain  so 
much  blood  that  the  arteries  would  be  emptied  and  the 
veins  engorged ;  but  an  accelerating  impulse  is  sent  to  the 
heart  through  the  medulla,  and  this  regulates  the  blood- 
current.  Examples  of  centric  vaso-motor  excitation  are 
blushing  or  pallor,  due  to  mental  emotion  ;  the  increased 
vascularity  of  t)ie  cock's  comb  during  cerebral  excite- 
ment, etc. 

Stimulation  of  a  vaso-motor  nerve  may  diminish  the 
constriction  of  the  arterioles  which  it  supplies,  and  yet 
produce  general  contraction  of  arterioles  in  other  parte. 
If  the  nerve  be  cut  -the  vessels  supplied  by  it  dilate,  Ini- 
tation  of  almost  any  nerve  may  cause  arterial  reflex  dila- 
tation, but  arterial  constriction  is  commoner.   Something 
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depends  upon  the  character  of  the  stimulus  and  length  of 
time  through  which  it  is  applied.  In  many  instances  the 
constricting  impulse  seems  to  wear  out  in  time,  or  else 
to  he  overcome  by  Inhibitory  impulses  when  dilatation  fol- 
lows. Familiar  examples  of  peripheric  vaso-motor  ex- 
citation are  the  effects  of  heat  and  cold  upon  the  cutane- 
ous vessels,  the  increased  vascularity  caused  by  rubbing 
the  conjunctiva,  or  by  irritating  any  part  of  the  skin. 
Electrical  and  chemical  stimuli,  such  as  glbnoin,  amyl 
nitrite,  etc.,  readily  influence  the  vaso-motor  centres  and 
nerves.  Diuretics  and  alterations  ip  the  normal  ingredi- 
ents of  the  urine  cause  great  variations  in  the  calibre  of 
the  renal  vessels  which  are  very  elastic,  an  important 
factor  in  the  mechanism  of  urinary  secretion,  which  se- 
.cretion  depends  largely  upon  the  degree  of  expansion  of 
the  renal  vessels.  (C.  S.  Boy  :  "  Proceed.  Cam.  Philo- 
soph.  Soc,"  May  33, 1881 ;  also  Cohnheim :  Yirch.  Arch., 
vol.  xcii.,  p.  424).  The  splanchnic  is  the  most  powerful 
vaso-motor  nerve.  The  proper  balance  of  the  large  num- 
ber of  reflex  impulses,  of  various  sorts,  constantly  passing 
through  the  nervous  system,  is  doubtless  responsible  for 
the  uniformity  of  the  pulse.  "Chills"  are  associated 
■with  vaso-motor  constriction.  A  rhythmical  expansion 
and  contraction  of  various  blood-vessels,  notably  those  of 
the  kidney  and  spleen,  has  been  observed  and  exhibited 
graphically  in  a  series  of  curves  produced  by  an  appara- 
tus made  to  enclose  these  organs  and  register  their  alter- 
ations in  size.  These  curves  difCer  entirely  from  sphyg- 
mographic  and  cardiographic  tracings  (which  see)  and 
are  known  as  the  "  Traube-Hering  curves"  (see  also 
farther  on).  The  movements  are  not  understood,  but 
are  due  probably  to  rhythmical  centric  vaso-motor  stimuli. 
(See  C.  S.  Boy,  Journ.  of  Physiol.,  vol.  iii..  No.  3,  p.  303.) 

Arterial  tonus,  tonicity,  and  resiliency  are  the  names 
often  applied  to  the  vital  contractility  of  the  plain  mus- 
cular fibres  of  the  vessels  under  nervous  or  other  stimu- 
lation, to  distinguish  it  from  simple  elasticity.  After 
an  arteriole  has  exerted  its  elasticity  to  the  utmost,  vital 
contractility  may  diminish  its  lumen  still  further,  and  this 
effect  may  even  persist  many  hours  after  death  (Hunter). 
This  force,  acting  in  constant  opposition  to  the  distending 
force  of  the  blood,  removes  the  arteries  in  many  instances 
from  the  laws  governing  simple  elastic  tubing  through 
which  fluid  is  propelled,  and  adds  to  the  intricacy  of  the 
hydraulics  of  the  circulation.  Foster  says  that  tonus  is- 
an  obscure  rhythmic  contraction  of  the  arterial  wall  which 
is  spontaneous  and  independent  of  blood-pressure.  The 
word  "  tonus"  is  also  used  to  imply  the  average  condition 
of  an  artery  midway  between  complete  contraction  and 
complete  relaxation,  in  which  case  the  vessel  would  be 
said  to  be  of  "  normal  tone."  If  an  artery  be  compressed 
its  distal  portion  contracts  at  first  quickly,  by  virtue  of 
its  elasticity  (the  internal  pressure  being  lessened),  and 
then  more  slowly  when  the  influence  of  vital  contractility 
is  exerted.  The  principal  use  of  tonus  in  arteries  and 
arterioles  is  to  adapt  them  at  all  times  to  the  varying  vol- 
ume of  blood  in  circulation ;  the  smaller  the  artery  the 
greater  is  this  force  (see  above,  the  functions  of  the  mus- 
cular coat).  The  maintenance  of  proper  tonus  depends 
upon  the  balance  of  various  reflexes  (see  above,  vaso- 
motor irritation). 

Arterial  tension  is  the  pressure  exerted  on  the  blood  by 
the  elastic  recoil  of  the  arterial  walls.  It  is  determined 
hy  the  relation  of  the  force  of  the  heart  and  the  resistance 
in  advance  of  the  blood-current.  When  an  artery  is  cut 
across,  its  ends  retract ;  this  is  a  measure  of  the  tension  of 
the  vessel  merely,  and  not  of  its  elasticity  (Savory). 

The  blood-current  initiated  by  ventricular  systole  is  re- 
inforced by  contraction  of  the  elastic  arterial  walls  as 
soon  as  they  recover  from  their  first  sudden  distention, 
which  diminishes  in  proportion  to  the  distance  from  the 
heart.  The  force  thus  exerted  by  the  arteries  depends 
upon  the  amount  of  their  muscular  and  elastic  tissue  as 
stated  above  (see  functions  of  the  arterial  coats).  When 
the  arteries  commence  to  recoil  they  force  the  blood  both 
backward  and  forward,  but  the  backward  current  flows 
between  the  cusps  of  the  aortic  valve  and  the  aortic  wall 
(into  the  sinuses  of  Valsalva),  and  forces  the  cusps  to- 
gether, thereby  preventing  abruptly  any  further  progress 


in  this  direction,  and  a  recoil  of  the  backward-moving 
column  of  blood  is  added  to  the  forward  current  (see 
article  Sphygmograph). 

The  velocity  of  the  arterial  current  is  diminished  hy :  1. 
The  increasing  diameter  of  its  channel,  for  the  collective 
area  of  the  cross-sections  of  the  branches  of  an  artery  is 
always  greater  than  the  area  of  the  section  of  the  artery 
itself  (with  the  exception  of  the  aorta,  common  iliacs,  and 
sacral)  (Quain).  The  current  is  therefore  swifter  in  the 
arteries  than  in  the  arterioles.  3.  The  friction  offered  by 
the  increased  area  of  the  walls  of  the  branching  vessels 
(blood  has  greater  cohesion  than  water).  3.  The  Httle 
whirls  formed  at  the  bifurcations  and  bends  in  the  ves- 
sels. 4.  Very  distensible  arterial  walls,  for  the  more 
rigid  the  tube  the  swifter  the  current.  The  yielding  of 
an  elastic  tube  diminishes  the  velocity  of  the'  current,  but 
increases  the  amount  of  fluid  discharged  (Bobertson, 
Marey). 

The  velocity  varies  in  different  animals,  as  well  as  in 
the  same  animal  at  different  times.  It  is  less  at  night 
than  in  the  day.  In  the  horse,  in  the  carotid,  the  velocity 
is  300  mm.  a  second  (Vierordt,  Volkmann) ;  530  to  120  mm. 
(Chauveau) ;  in  the  maxillary,  165  mm.  a  second ;  in  the 
metatarsal,  56  mm.  (Volkmann).  The  whole  course  of  the 
circulation  is  traversed  in  the  horse  in  from  thirty  to  fifty 
seconds  ;  in  the  rabbit  in  seven  seconds  ;  in  the  dog,  18.03 
seconds ;  in  man,  twenty-three  seconds  (Vierordt).  The 
speed  of  the  current  in  the  largest  arteries  is  not  uniform, 
for  they  are  too  near  the  heart  for  their  blood  to  be  as 
much  influenced  by  the  elastic  recoil  as  in  the  case  of 
distant  vessels,  whose  current  is  regulated  by  the  recoi\ 
of  the  long  "arterial  walls  behind  the  advancing  blood 
column;  the  tendency  of  elastic  tubes  being  to  convert 
intermittent  into  continuous  force.  Thus,  in  the  carotid 
the  speed  varies  from  less  than  150  mm.  a  second  during 
diastole,  to  more  than  500  mm.  a  second  during  systole 
(Chauveau).  In  arterioles  the  speed  is  800  mm.  a  second 
(Volkmann). 

The  ilood-pressure  is  the  pressure  exerted  by  the  blood 
upon  its  vessels,  owing  to  the  momentum  which  it  receives 
from  the  cardiac  systole  and  from  the  elastic  arterial 
recoil.  It  varies  naturally  in  the  various  parts  of  the 
body,  and  the  local  variations  are  frequent  and  may  in- 
clude large  areas ;  but  it  should  be  especially  borne  in 
mind  that  extensive  general  alterations  in  the  blood- 
pressure  of  the  whole  body  cannot  be  made  permanent 
even  by  transfusion  (Cohnheim)^  because  the  action  of  the 
vessels  already  explained  tends  constantly  to  regulate  the 
distribution  of  the  blood,  and,  moreover,  the  kidneys 
assist  by  affording  a  ready  outflow  for  superfluous  fluid 
from  the  blood,  and  transfusion  may  be  carried  to  such 
an  extent  as  to  cause  death  without  previously  perma- 
nently increasing  the  blood-pressure  to  any  great  extent. 
The  pressure  is  normally  greatest  in  the  left  ventricle  and 
aorta,  and  rapidly  diminishes  toward  the  capillaries,  while 
in  the  great  veins  it  becomes  negative. 

The  Manometer  (Poissenille-Hales,  Ludwig,  and  others) 
is  an  apparatus  for  measuring  blood-pressure.  The  sim- 
plest form  at  present  in  use  consists  essentially  of  an 
upright  U-shaped  glass  tube  partially  filled  with  mer- 
cury ;  one  arm  of  it,  containing  a  little  solution  of  bicar- 
bonate of  potassium,  or  similar  salt,  to  prevent  coagulation, 
is  connected  with  a  living  artery,  part  of  the  blood  from 
which  flows  into  this  arm  and  pushes  the  mercurial 
column  before  it  into  the  other  arm.  The  movement  of 
the  mercury  is  readily  measured  graphically  by  a  rod 
which  floats  upon  the  mercury  and  joins  a  lever  and  pen 
outside  of  the  tube.  The  pen  traces  any  oscillations  of 
the  mercury  caused  by  variations  in  blood-pressure  upon 
a  surface  of  paper  kept  in  motion  by  clock-work.  This 
arrangement  is  the  kymographion  of  Ludwig  and  Volk- 
mann. A  double  series  of  oscillations  will  be  thus  ob- 
served, which  are  called  the  "Traube-Hering  curves." 
The  first  are  produced  by  ventricular  systde,  and  a 
column  of  mercury  may  thus  be  made  to  rise  and  fall 
twelve  to  fifteen  millimetres.  The  second  are  of  greater 
amplitude  and  longer  interval,  and  are  synchronous  with 
the  respiratory  movements.  If  respiration  be  quiet,  the 
curve  is  slight,  but  if  active,  it  may  vary  thirty  millimetres 
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in  the  calf  (Curtis).  (See  below,  influence  of  respiration 
on  circulation.)  The  "  mean  blood-pressure  "  of  any  ves- 
sel is  determined  by  the  average  between  the  highest  and 
lowest  of  its  curves  thus  obtained. 

Arterial  blood-pressure  falls  with :  1,  each  diastole  ;  3, 
aortic  valvular  insufficiency,  which  allows  the  blood  to 
flow  backward  into  the  ventricle  ;  3,  loss  of  tonus  in  the 
larger  arteries,  which  admits  of  their  greater  distention  ; 
4,  loss  of  tonus  in  the  arterioles,  whereby  they  offer  less 
resistance  to  the  passage  of  the  blood ;  warmth  applied 
to  the  surface  of  the  body  relaxes  the  arterioles  and  per- 
mits the  larger  arteries  to  empty  their  blood  into  them 
more  readily,  causing  a  fall  in  the  pressure  of  the  larger 
arteries ;  5,  inspiration ;  6,  extensive  hsemorrhage ;  7, 
stimulation  of  the  nervus  depressorius  (see  above,  cardiac 
nerves,  p.  564) ;  8,  division  of  any  vaso-motor  constrictor, 
e.g.,  the  splanchnic.  Arterial  depressor  nerve-fibres  are 
said  to  occur  in  the  vagus  itself,  in  the  cervical  sympa- 
thetic, and  superior  laryngeal  nerves  (Aubert,  Rover). 

Mean  arterial  pressure  is  lower  in  small  than  in  large 
animals,  and  lower  in  very  young  and  very  old  animals 
than  in  those  of  middle  age ;  but  in  a  child  the  pulmonary 
pressure  is  relatively  higher  than  in  the  adult  (Beneke). 
The  pulmonic  vessels  are  very  distensible,  and  the  force 
which  maintains  their  tone  is  slight,  for  the  lesser  circula- 
tion is  less  dependent  on  the  nervous  system  than  the 
greater ;  so,  if  one  branch  of  the  pulmonary  artery  is 
plugged,  aortic  pressure  is  not  necessarily  altered  (Licht- 
heim).  Diminished  atmospheric  pressure  lowers  arterial 
pressure,  as  is  seen  in  cupping ;  this  effect,  however,  like 
many  of  the  circumstances  enumerated  above,  may  be 
very  transient,  owing  to  the  tendency  of  the  vessels  in 
different  parts  of  the  body  to  maintain  an  average  press- 
ure which  shall  be  very  constant ;  thus  cupping  removes 
a  certain  amount  of  resistance  from  the  smallest  vessels, 
and  additional  blood  at  once  enters  them ;  this  blood, 
however,  increases  the  pressure  upon  their  walls,  and 
consequently  their  mean  pressure  may  have  been  little  if 
any  disturbed.  So  it  is  that  many  causes,  which  would 
of  themselves  tend  to  lower  local  pressure,  are  met  by 
simultaneous  changes  in  other  vessels  which  maintain  an 
unvarying  pressure,  although  the  quantity  of  blood  may 
vary  greatly.  Were  it  not  for  the  resistance  of  the  ar- 
terioles, and  for  friction,  the  heart  could  never  overfill 
the  arteries  at  each  systole,  and  the  pressure  in  the  great 
veins  and  arteries  would  tend  to  become  equal.  All  cir- 
cumstances that  decrease  the  difference  between  arterial 
and  venous  pressures  increase  the  venous  pressure,  and 
Tice  wrsa  (Landois).  When  an  artery  is  cut  across,  the 
blood  issues  in  a  continuous  stream  with  rhythmical  ex- 
acerbations of  velocity.  Following  each  ventricular  sys- 
tole, the  blood  spurts  out  with  great  force,  but  during 
diastole  the  flow  is  kept  up  with  less  violence  by  the 
elastic  recoil  of  the  arteries.  In  general,  two  and  a  half 
times  more  blood  issues  from  a  cut  artery  than  from  a 
cut  vein  of  the  same  calibre.  The  total  amount  of  blood 
in  the  body  is  estimated  at  one-thirteenth  of  its  weight. 
If  the  loss  of  blood  equals  two  or  three  per  cent,  of  the 
body-weight,  the  heart-power  fails  (Power).  A  slight 
loss  causes  less  oxygen  to  be  conveyed  to  the  vaso-motor 
centres,  and  a  contracting  impulse  is  probably  sent 
thence  to  the  arterioles  which  maintains  the  normal 
tonus,  although  the  loss  of  blood  itself  tends  to  lessen 
tension. 

Influence  of  Bespiration  on  the  Circulation. — The  heart 
and  large  vessels  are  exposed  to  an  atmospheric  pressure 
which  is  minus  the  influence  of  the  elastic  traction  of  the 
chest.  When  the  chest  expands  in  inspiration,  the  right 
auricle  is  relieved  of  a  certain  amount  of  exlra-cardiac 
pressure,  and  venous  blood  is  sucked  into  it ;  simultane- 
ously the  pressure  upon  the  arteries  in  the  chest  is  les- 
sened and  their  blood  flows  more  slowly.  Conversely,  in 
expiration  the  diminishing  capacity  of  the  chest  increases 
the  pressure  upon  its  contained  organs,  and  the  venous 
flow  into  the  heart  is  retarded,  while  the  arterial  blood  is 
favored  in  its  outward  flow  (Barry).  Both  of  these  fac- 
tors tend  to  raise  arterial  tension.  These  effects  are  modi- 
fied by  the  simultaneous  influence  brought  to  bear  on  the 
vaso-motor  centres  by  blood  of  varying  degrees  of  oxida- 
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tion.  There  is  thus  a  double  aspiration  carried  on  by  the 
chest  and  by  the  heart  itself.  Artificial  respiration  slows 
the  blood-current,  and  may  interrupt  it  (Dogiel),  until 
dyspnoic  stimulation  of  the  respiratory  centre  results 
(Heidenhain).  Expiration  Into  rarefied  air  increases 
mean  blood-pressure  and  inspiration  of  compressed  air 
diminishes  it  (Zuntz).  Opening  the  chest-wall  of  course 
annuls  its  aspiration. 

The  Capillames. — The  capillaries  are  protoplasm  in 
the  form  of  tubes  (Strieker),  and  they  possess  contractile 
power  like  the  arterioles  (v.  Bezold,  Roy),  though  in 
less  degree,  and  they  are  often  surrounded  by  elastic  tis- 
sues which  may  favor  their  contractility.  They  may  be 
themselves  elastic. 

The  velocity  of  the  capillar;/  current  is  several  hundred 
times  slower  than  the  arterial  current,  because  the  veloc- 
ity of  a  current  in  a  tube  is  inversely  as  its  lumen.  In 
the  horse,  if  fifty  seconds  are  allowed  for  the  entire  cir- 
culation cycle,  one  second  is  spent  in  passing  through  the 
capillaries.  The  average  speed  of  capillary  circulation 
in  man  is  six  to  nine  millimetres  a  second  (Vierordt), 
but  in  pulmonary  capillaries  the  blood-flow  is  five 
times  as  rapid  as  in  the  capillaries  of  the  skin.  In  the 
human  lung  the  blood  passes  from  artery  to  vein  in  one 
second  (Draper).  The  average  length  of  the  capillaries 
is  four  millimetres  (Weber),  and  their  united  calibre  is 
estimated  at  seven  hundred  times  that  of  the  aorta  (Vier- 
ordt) ;  but  as  they  are  far  shorter  than  the  arteries,  they 
probably  do  not  contain  very  much  more  blood  (Dalton). 
When  capillaries  are  cut  the  blood  oozes  from  them  and 
collects  in  drops  upon  the  surface  (Malpighi,  1661 ;  Loe- 
venhock,  1668).  Their  walls  proljably  permit  of  free 
osmosis  in  both  directions  (see  art.  Absorption). 

The  red  blood-disks  roll  along  in  the  axillary  current,  oo- 


Pig.  456.— Diagram  of  theCiroiilation  in  the  Web  of  a  Prog's  Foot,  A, 
white  corpuBcleB  passing  tlirough  the  capillary  walls ;  B  S,  epithelial 
cells  of  surrounding  skin  \  C  C  O,  red  corpuscles  bent  and  caught  at 
the  bifurcation  of  a  capillary ;  D  Z),  blood-current  flowing  in  appa^ 
ently  opposite  directions  \  E  E  E^  capillary  vessels  containing  red  and 
white  corpuscles ;  G  Q,  white  corpuscles  loitering  along  the  capillary 
wall. 

cupying  the  greater  part— three-fifths— of  the  centre  of 
the  capillary  tubes  (Fig.  456) ;  the  peripheral  zone  is  called 
' '  Poissenille's  space. "  Their  long  axes  are  mostly  parallel 
with  the  direction  of  the  current,  and  where  a  capillary 
bifurcates  into  smaller  vessels  a  red  corpuscle  not  infre- 
quently becomes  caught  upon  the  projecting  dividing 
wall  (Fig.  456,  0  0  0),  and  balances  there  until  a  fellow- 
disk  or  the  force  of  the  current  twists  it  off ;  thus  the 
importance  of  a  proper  relation  between  the  specific 
gravity  of  the  plasma  and  the  corpuscles  is  obvious.  Oc- 
casionally, upon  entering  a  minute  capillary,  several  cor- 
puscles become  jammed  and  obstruct  the  circulation 
until  pushed  along  by  accumulating  pressure  from  be- 
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hind  ;  the  current,  therefore,  becomes  quite  irregular  in 
velocity  in  the  different  capillaries,  and  at  times  in  in- 
dividual capillaries  it  ceases  for  an  instant,  but  the  aver- 
age speed  in  a  large  number  of  capillaries  is  fairly  uni- 
form. It  sometimes  appears  to  flow  in  two  opposite 
directions,  owing  to  the  crossing  of  the  capillaries  (Fig.  456, 
D  B),  but  the  movement  is  umformly  from  the  arterioles 
to  the  veins. 

The  white  corpuscles,  being  lighter  than  the  red,  are 
crowded  to  the  capillary  wall,  chiefly  to  its  upper  side,  in 
Poissenille's  space  (Hamilton),  and  because  they  are  less 
smooth  and  more  viscid  they  move  ten  or  twelve  times 
more  slowly  than  the  red  disks  (Weber),  and  often  halt  for 
some  time  (Fi^.  456,  G  G).  A  heavy  powder,  or  heavy 
pus-corpuscles  injected  into  the  circulation  will  drive  the 
red  disks  to  the  wall. 

Biapedem  (Addison,  Waller,  Cohnheim)  is  the  phe- 
nomenon, sometimes  witnessed  in  health,  but  better  in 
inflammation,  of  the  passage  of  the  white  corpuscles 
through  a  capillary  wall  into  the  surrounding  tissue. 
Just  how  this  takes  place  is  disputed.  It  has  been  said 
(l)that  the  corpuscle  pushes  a  projecting  arm  through  one 
of  the  spaces  called  "  stomata"  in  the  capillary  wall  (Ar- 
nold), or  (2)  through  the  cement  substance  of  the  adjoin- 
ing margins  of  the  cells  which  form  the  walls  of  a  capil- 
lary, or  (3)  that  it  goes  through  the  cells  at  any  point, 
leaving  no  perforation,  and  then  it  gradually  flows  into 
this  arm  by  an  amceboid  movement  (Fig.  456,  A).  Whether 
this  movement  be  purely  automatic,  or  whether  it  be  a 
sort  of  filtration  of  the  colloid  mass  of  the  white  cor- 
puscles under  blood-pressure  (Herring)  is  undetermined. 
When  half-way  through  the  wall,  it  has  a  dumb-bell 
shape.  The  red  corpuscles  and  other  ingredients  of  the 
blood  may  pass  through  in  inflammation,  and  the  latter 
also  in  health  by  osmosis.  These  various  capillary  phe- 
nomena are  observed  in  a  frog's  tongue,  web,  or  mesen- 
tery, or  in  a  bat's  wing,  rabbit's  mesentery,  etc. ;  and  they 
have  been  studied  in  the  human  lip  (Huter). 

Capillary  attraction  is  certainly  a  factor  in  aiding  the 
blood-flow  from  arterioles  to  veins,  but  very  little  impor- 
tance is  attached  to  it  by  most  physiologists  of  the  present 
time,  who  claim  that  the  vis-a-tergo,  or  energy  of  the 
heart,  is  suflicient  to  propel  the  blood  through  the  entire 
circulation.  There  is  much  to  be  said  upon  both  sides. 
The  chemical  changes  which  take  place  in  each  tissue- 
cell  as  it  draws  its  nutriment  from  the  blood-plasma,  its 
oxygen  from  the  red  blood-disks,  etc. ,  necessarily  implies 
molecular  motion.  Nutritious  molecules,  or  atoms,  enter 
each  living  cell,  and  displace  those  substances  which  are 
no  longer  of  use.  The  aggregate  of  all  this  movement  is 
a  very  considerable  force.  If  two  fluids  of  different 
affinity  are  confined  within  a  capillary  tube,  the  fiuid 
haying  the  greater  affinity  for  the  walls  of  the  tube  will 
drive  the  other  forward.  Arterial  blood  has  great  affinity 
for  the  tissues,  venous  blood  has  little  or  none  (Draper). 
Moreover;  after  removal  of  the  heart  in  some  animals, 
the  arteries  have  been  found  empty,  and  capillary  circu- 
lation has  continued  for  a  while — even,  it  is  said,  after  the 
force  of  elastic  recoil  of  the  arteries  has  been  expended. 
It  has  also  been  observed  in  one  acardiac  child  of  a  twin 
monster.  Movements  of  the  sap  in  plants  are  entirely  de- 
pendent upon  capillary  and  cellular  physical  and  chemical 
forces.  Drugs  injected  into  the  blood  alter  the  rapidity 
of  the  capillary  circulation ;  NaCl  and  NaaSOi  diminish 
its  speed,  while  KI  and  KNO3  increase  it. 

On  the  other  hand,  the  force  of  each  systole — the  work 
of  the  heart — is  estimated  at  one-tenth  greater  than  the 
arterial  resistance  offered,  and  an  equal  force  of  mercurial 
pressure  alone  in  the  cadaver  will  drive  the  blood  around 
the  entire  circulation. 

The  capillary  blood-pressure  is  not  easily  estimated.  In 
the  hand  it  varies  between  twenty-four  and  fifty-four 
millimetres  of  mercury  (Kries).  Substances  in  solution 
enter  both  the  capillaries  and  small  veins  by  absorption, 
against  the  blood-pressure,  by  a  mechanism  which  is  not 
clearly  understood,  but  which  is  no  doubt  controlled  by 
nervous  mechanism ;  for,  when  a  sensory  nerve  is  ex- 
ited, venous  absorption  is  increased  (Goltz). 

The  Veins. — The  veins  have  a  greater  lumen  than  the 


arteries,  both  collectively  and  as  compared  with  corre 
spending  individual  arteries,  and  their  walls  are  thinner, 
but  stronger  and  quite  extensile,  and  they  contain  valves. 
The  jugular  vein  supports  a  column  of  water  148  feet 
high,  and  the  portal  vein  a  pressure  of  six  atmospheres. 
The  aorta  of  a  sheep  ruptures  under  a  pressure  of  72 
kilogrammes,  while  the  vena  cava  supports  80  kilo- 
grammes (Davis).  (See  article  Blood-vessels.)  They  may 
be  drawn  out  for  fifty  per  cent,  of  additional  length 
without  passing  the  limit  of  their  elasticity.  'They  di- 
minish in  collective  area  as  they  approach  the  heart, 
and  their  blood  moves  with  increasing  speed,  the  channel 
being  narrower  and  the  walls  presenting  less  surface  for 
friction. 

The  venous  blood  is  propelled  by,  1,  whatever  remains 
of  the  systolic  force  of  the  heart  and  of  the  pressure  of 
the  arteries  (Ozanan)  after  the  capillaries  have  been  tra- 
versed ;  2,  whatever  capillary  force  exists ;  3,  the  suction 
power  of  the  right  auricle  and  right  ventricle  (?),  which 
must  be  very  slight ;  4,  the  negative  pressure  exerted  by 
the  chest  upon  the  great  veins  contained  within ;  of 
course,  this  ceases  when  the  chest-wall  is  opened  and  the 
lungs  collapse,  and  yet  the  circulation  continues  for 
a  while  under  these  conditions  ;  5,  muscular  action,  which 
compresses  the  yielding  venous  walls  and  drives  the 
blood  forward  in  those  veins  in  which  valves  prevent  its 
backward  course.  The  pressure  of  the  abdominal  viscera 
during  expiration  against  the  large  ab- 
dominal veins  may  aid  their  blood-flow. 

The  valves  of  the  veins  (Fabricius  ab 
Aquapendente),  as  a  rule,  occur  in  the 
longest  veins,  and  they  are  formed  of  semi- 
lunar folds  of  the  tunica  intima  of  the  vein 
(Fig.  457,  B).  In  man  they  have  usually 
two  segments,  in  the  horse  sometimes  three, 
in  some  animals  but  one  (Quain).  The 
veins  of  most  reptiles  and  fish  (which  keep 
largely  a  horizontal  position)  have  no 
valves.  Birds,  and  some  reptiles,  have 
valves  in  the  veins  near  the  auricles,  but  in 
mammals  these  veins  have  no  valves,  and 
their  circular  muscular  fibres  prevent  re- 
flux during  auricular  contraction  by  a 
sphincteric  action  (see  above).  If  press- 
ure be  made  upon  one  of  the  prominent 
veins  of  the  arm  or  forearm,  the  part  of  the 
vein  nearest  the  heart  will  become  empty, 
while  the  distal  portion  continues  to  dis- 
tend, owing  to  the  momentum  of  the  blood- 
current,  until  it  becomes  so  full  that  a  back-  ^^i^*gl{  ^'^n° 
ward  pressure  results,  which  causes  the 
nearest  valve  to  close.  The  blood  crowd- 
ing back  against  the  valve  causes  the  walls 
of  the  vein  to  bulge  out  just  above  its  in- 
sertion, which  gives  a  knotty  appearance 
easily  seen  through  the  integument  (Fig. 
457,  A). 

T!ie  velocity  of  the  venous  current  is  one- 
half  to  three-fourths  less  in  the  large  veins 
than  the  current  in  corresponding  arteries  ;  it  is  greater 
than  the  velocity  of  the  capillary  current,  and  diminishes 
toward  the  heart.  In  the  jugular  vein  of  the  dog  it  is  2.25 
millimetres  a  second  (Volkmann) ;  of  the  horse,  100  milli- 
metres a  second.  If  a  vein  be  cut  across,  a  continuous  and 
regular  stream  issues  from  its  distal  extremity,  which  has 
less  force  than  the  arterial  stream,  whereas  the  proximal 
end  is  at  once  closed  by  atmospheric  pressure,  except 
where  the  vein  is  diseased,  or  held  open  by  adhesions,  or 
by  peculiar  anatomical  structure  or  relations,  as  in  the 
liver  or  neck.  This  condition  admits  of  air  being  sucked 
into  the  veins  sometimes  during  operations  (Valsalva). 
Air  thus  entering  passes  to  the  right  side  of  the  heart, 
where  it  is  churned  into  a  froth  that  enters  the  pulmonic 
vessels,  and  forms  emboli  which  may  be  a  cause  of  death. 

The  vital  conl/ractUity  of  veins  is  less  than  that  of  the 
arteries,  generally  speaking,  but  in  a  bat's  wing  a  venous 
pulsation  may  be  observed  occurring  about  ten  times  a 
minute  and  independent  of  the  heart-beats  (Jones,  Schifl), 
and  there  is  a  pulsation  in  the  vena  cava  of  the  frog  (see 


Closed  at  A  by 
backward  press- 
ure, which  dis- 
tends the  wall  of 
the  vein.  The 
vein  is  laid  open 
at  Bf  to  show  the 
attachment  of 
the  two  seg- 
ments. 
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above).  If  obstruction  exist  to  tbe  circulatiou  in  the 
lungs,  the  right  ventricle  may  not  be  able  to  empty  itself 
completely  into  the  pulmonary  artery,  hence  it  becomes 
overfilled,  and  it  is  said  that  the  tricuspid  valve  does  not 
then  close  tightly,  but  admits  of  regurgitation  into  the 
auricle,  which  in  turn  may  dam  up  the  venous  current 
and  be  a  cause  of  venous  pulsation,  especially  in  the  jug- 
ulars. This  action  of  the  tricuspid  valve  (which  is  still 
disputed  by  some)  is  spoken  of  as  its  "safety-valve  ac- 
tion "  (Hunter,  Wilkinson,  King). 

The  blood-pressure  in  the  several  veins  varies  greatly  and 
diminishes  toward  the  heart,  and  change  of  position 
seems  to  aiter  venous  pressure  more  than  arterial ;  but  the 
great  disadvantage  of  gravity  under  which  the  venous 
blood  has  been  said  to  labor,  as  compared  with  arterial, 
does  not  exist,  because  the  arterial  column  will  support  a 
column  of  fluid  equal  to  its  own  height  if  there  is  no 
marked  difference  in  its  specific  gravity.  The  vessels, 
however,  which  are  lowest  in  the  erect  body  support  the 
weight  of  the  fluid  above  them  (excepting  those  veins 
which  are  able  to  divide  this  fluid  by  valves),  and  there- 
fore oedema  may  be  favored  in  the  legs  and  feet  in 
diseased  conditions,  which  may  disappear  when  the 
patient  lies  down  (see  art.  Anasarca).  The  brachial  cur- 
rent supports  a  column  of  mercury  9  mm.  high;  the 
crura],  11.4  mm.  ;  but  the  pressure  in  all  the  large  veins 
at  the  heart  is  always  negative  (Ludwig,  Yolkmann, 
Weyrich),  and  varies  from  —3  mm.  to  —3  mm.  He.  with 
the  heart-beats,  and  from  —8  mm.  to  —8  mm.  with  the 
respiratory  movements,  this  negative  pressure  being  in- 
creased by  inspiration.  The  mean  negative  pressure  is 
by  some  observers  estimated  at  —10  mm.,  but  probably 
the  variation  between  highest  and  lowest  negative  press- 
ure does  not  exceed  1  mm.  in  ordinary  respiration.  (For 
venous  murmurs  and  venous  valvular  sounds,  see  art. 
Chest,  Physical  Examination  of.) 

The  amotmt  of  blood  distributed  by  the  circulation  to 
the  various  orpns  depends  upon  their  activity,  thus  the 
blood  of  certain  glands  may  be  increased  thirty  or  forty 
per  cent,  during  their  most  active  period.  One-fourth 
part  of  all  the  blood  in  a  rabbit  is  found  circulating  nor- 
mally in  each  of  the  following  divisions  (Ranke) :  1,  pas- 
sive muscles ;  3,  liver ;  3,  circulatory  organs ;  4,  all  other 
parts  together. 
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William  Oilman  Thompson. 

.  BLOOD,  PATHOLOGY  OF  THE.  In  order  to  under- 
stand the  changes  which  occur  in  the  blood  under  patho- 
logical conditions,  a  preliminary  knowledge  of  the  sti-uct- 
ure  and  physiology  of  this  tissue  is  necessary.  For  this 
th   Rl     d'  '^  ^^^^"-'^^  *°  ^^^  ^^*''=1^  °'^  tl>e  Physiology  of 

The  pathological  changes  in  the  blood  have  to  do  with 
variation  m  the  amount  of  blood ;  increase  or  diminution 
m  the  number  of  Its  morphological  elements;  alterations 
element         ''^^  '"  solution  ;  presence  of  abnormal 

An  increase  in_  the  amount  of  blood,  as  a  whole,  its 
composition  remaining  the  same,  is  a  true  plethora.   Such 
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a  condition  is  readily  produced  artificially  in  animals  bv 
injecting  into  a  vein  defibrinated  blood  of  an  animal  of 
the  same  species.  By  this  means  Worm  Mueller  found 
that  a  quantity  equal  to  from  one-half  to  two-thirds  of  the 
amount  of  blood  originally  in  the  animal  could  be  in- 
jected without  injury,  though  if  the  amount  Injected 
equalled  one  to  one  and  a  half  times  the  original  volume  of 
blood,  death  always  followed.  This  artificial  plethora  is 
only  a  temporary  condition,  there  being  a  rapid  return 
to  the  normal  amount  of  blood,  brought  about,  first  by  an 
excretion  of  the  watery  elements  through  the  kidneys,  fol- 
lowed later  by  an  actual  destruction  of  the  excess  of  red 
blood-corpuscles. 

That  a  plethora  vera  exists  in  man  has  not  yet  been 
proven.  Against  the  probability  of  its  occurrence  is  that 
regulatory  power,  just  mentioned,  which  tends  to  dispose 
of  any  blood  in  excess  of  the  normal  amount.  Moreover 
the  ingestion  of  a  superabundance  of  food  does  not  tend 
to  increase  the  amount  of  the  blood,  nor  the  number  of 
corpuscles,  beyond  what  is  considered  as  a  normal  stand- 
ard ;  on  the  contrary,  a  greater  formation  of  fat-tissue  ia 
the  result  observed. 

An  increase  in  the  amount  of  the  blood  from  an  increase 
in  the  watery  element  is  of  very  common  occurrence  as  a 
transitory  condition,  and  occasionally  as  a  permanent  one 
Thus,,  after  drinking  much  fluid,  a  rapid  absorption  of  it 
takes  place  into  the  blood-current,  increasing  the  amount 
of  the  blood.  The  excess  is,  however,  rapidly  gotten  rid 
of  by  the  kidneys  or  skin. 

In  some  pathological  conditions,  especially  in  chronic 
nephritis,  in  which  the  secretion  of  the  watery  element  is 
interfered  with,  its  retention  in  the  blood  may  become 
permanent.  To  this  condition  the  name  of  hydrsemic 
plethora  has  been  given  (see  Anaemia,  Hydrsemia,  etc.) 

A  diminution  in  the  total  amount  of  blood,  oligsemia, 
occurs  after  haemorrhage  ;  but  the  diminution  in  the 
amount  as  a  whole  is  only  transitory,  for,  to  make  up  for 
the  quantity  lost,  sufficient  fluid  is  absorbed  from  the  lym- 
phatics. 

A  diminution  in  the  amount  of  blood  also  occurs  from 
loss  of  the  watery  element.  This  is  seen  in  men  or  ani- 
mals deprived  of  water,  also  in  diarrhoea,  but  most  typi- 
cally in  cholera,  in  -vyhich  disease  the  blood  frequently  be- 
comes of  a  tarry  consistency  from  the  loss  of  serum, 
owing  to  the  enormous  secretion  in  the  intestinal  tract. 

Thus  far  the  changes  spoken  of  have  had  to  do  with  an 
absolute  increase  or' diminution  in  the  total  amount  of 
blood ;  next  will  be  considered  the  relative  changes,  the 
total  amount  remaining  nearly  normal. 

A  relative  increase  in  the  watery  element  of  the  blood 
occurs  as  a  result  of  diminution  of  the  solid  constituents. 
Thus,  after  a  haemorrhage,  as  mentioned  above,  a  diminu- 
tion of  the  blood  as  a  whole  occurs.  The  quantity  lost  is 
quickly  replaced  by  absorption  of  lymph,  but  the  cor- 
puscles are  only  regenerated  very  slowly,  hence  for  some 
time  the  blood  will  be  more  watery  than  usual.  To  this 
condition  the  name  of  hydraemia  is  applied.  (The  re- 
generation of  the  blood  after  hsemorrhage  will  be  fully 
described  in  the  article  Haemorrhage.) 
_  The  watery  element  is  also  relatively  increased  in  cases 
m  which  the  red  corpuscles  are  diminished  from  causes 
to  be  described  later. 

_  A  permanent  hydraemia  is  observed  in  conditions  lead- 
ing to  a  diminution  in  the  amount  of  albumen,  this  form- 
ing one  of  the  most  important  soluble  constituents  of  the 
plasma.  This  loss  may  be  dependent  either  upon  diseases 
like  chronic  diarrhoea  or  suppurative  processes,  or  else 
upon  the  direct  passage  of  the  albumen  from  the  blood 
into  the  urine,  as  in  nephritis.  An  insufficient  supply  of 
food,  starvation,  brings  about  a  similar  condition  of  the 
blood.  The  term  hypalbuminosis  is  also  applied  to  des- 
ignate the  diminished  amount  of  albumen. 

A  hyperalbuminosis,  or  increase  in  the  amount  of  al- 
bumen, occurs  either  as  a  relative  increase,  as  in  the  abun- 
dant loss  of  the  watery  element  in  cholera,  or  as  an  abso- 
lute increase,  in  cases  in  which  much  food  and  but  little 
exercise  are  taken. 

Of  importance  are  the  changes  in  the  morphological 
elements,  the  corpuscles.      An  absolute  increase  in  the 


REFEEENOE  HAKDBOOK  OF  THE  MEDICAL  SCIENCES. 


Blood. 
Blood. 


number  of  red  blood-corpuscles  probably  does  not  occur, 
or  if  at  all,  is  only  transitory.  A  diminution  in  the  num- 
ber of  red  corpuscles,  ansemia,  oligocythaemia,  is  of  yery 
common  occurrence.  Anaemia  exists  after  a  haemorrhage, 
the  extent,  of  course,  being  dependent  upon  the  amount  of 
blood  lost.  In  connection  with  many  chronic  or  wasting 
diseases,  a  marked  diminution  in  the  number  of  red  corpus- 
cles occurs.  To  this  form  the  name  of  consecutive  an83- 
mia  is  applied.  By  the  term  simple  anaemia  is  meant  a 
diminution  in  the  red  corpuscles,  not  dependent  upon  re- 
cognizable disease  of  any  of  the  organs,  and  which  is 
readily  amenable  to  suitable  treatment.  Under  this  head 
comes  a  form  of  anaemia  known  as  chlorosis,  occurring 
mostly  in  girls  soon  after  the  age  of  puberty  (see  Chloro- 
sis). 

Lastly  is  to  be  mentioned  a  form  of  anaemia  known  as 
essential,  idiopathic,  or  progressive  pernicious  anaemia. 
The  pathology  of  this  is  very  obscure,  but,  at  present, 
under  this  head  are  to  be  classed  those  cases  of  anaemia  in 
which  no  primary  disease  of  any  organ  is  discoverable; 
in  which  the  diminution  in  the  number  of  red  blood-cor- 
puscles is  progressive  and  extreme,  often  reaching  500,000 
per  cubic  millimetre ;  and  in  which  treatment  is  of  no 
avaU. 

The  most  striking  factor  in  this  disease  is  the  marked 
pallor  and  exhaustion,  with  a  well-retained  or  abundantly 
increased  panniculus  adiposus.  So  far  as  the  present 
knowledge  goes,  one  cannot  say  whether  the  diminution 
in  the  number  of  red  corpuscles  is  a  primary  or  a  second- 
ary condition.  The  only  change  thus  far  discovered 
■which  may  be  regarded  as  in  any  way  the  cause  of  this 
diminution,  is  the  transformation  of  the  marrow  of  the 
bones  from  a  yellow  to  a  red.  But  as  this  same  condition 
of  the  marrow,  to  a  less  degree,  has  been  found  in  cases 
of  consecutive  anaemia,  the  probability  of  its  being  simply 
a  secondary  change  is  much  increased.  One  series  of 
pathological  changes  which  may  be  considered  to  be  sec- 
ondary to  the. ansemia  is  the  fatty  degeneration,  often  ex- 
tensive, of  the  muscular  substance  of  the  heart  and  of  the 
cells  of  the  kidney  and  liver,  due  to  diminished  supply  of 
oxygen.  Nucleated  red  blood-corpuscles  are  frequently- 
found  in  the  blood,  as  well  as  in  the  bone-marrow.  Their 
presence  is  not  indicative  of  this  special  disease,  as  they 
are  found  in  other  forms  of  anaemia  and  in  leucaemia. 
Their  occurrence  is  associated  either  with  a  rapid  regen- 
eration of  red  corpuscles,  or  else  with  a  prevention  of  the 
complete  transformation  of  white  into  red  corpuscles. 

In  addition  to  the  decrease  in  the  number  of  red  cor- 
puscles in  anaemia,  is  to  be  mentioned  also  the  diminution 
in  the  amount  of  its  important  constituent,  haemoglobin — 
oligochromsemia ;  there  being  a  relative  as  well  as  an  ab- 
solute loss  of  haemoglobin ;  that  is  to  say,  the  haemoglo- 
bin is  lessened  because  the  red  corpuscles  are  diminished  ; 
it  is  further  lessened  because  each  remaining  corpuscle 
contains  less  than  its  normal  amount  of  this  substance. 

In  cases  of  anaemia,  the  diminution  In  the  number  of 
red  corpuscles  is  determined  by  counting ;  the  best  appar- 
atus for  this  purpose  being  that  invented  by  Hayem, 
modified  by  Gowers,  Abbe,  and  Thoma,  and  made  by 
Zeiss,  of  Jena.  The  amount  of  haemoglobin  can  be  deter- 
mined by  Hayem's  haemochromometer. 

Changes  in  the  size  and  form  of  the  red  blood-corpus- 
cles occur.  They  may  be  very  large,  so-called  macro- 
cytes,  seen  in  anaemia  and  in  lead-poisoning.  Their 
origin  is  unknown.  Corpuscles  smaller  than  usual,  mi- 
crocytes,  are  seen  under  various  conditions,  especially  in 
pernicious  anaemia.  Corpuscles  with  irregular  shapes, 
often  with  pointed  processes,  poikolocytes,  are  met  with 
in  pernicious  anaemia.  In  general,  it  may  be  said  that 
extreme  caution  should  be  used  in  inferring  that  varia- 
tions in  the  size  or  shape  of  red  corpuscles  are  due  to 
pathological  processes,  inasmuch  as  any  variation  in  the 
density  of  the  medium  in  which  they  are  examined  from 
that  of  blood  serum,  will  produce  marked  artificial 
changes. 

An  increase  in  the  number  of  the  white  corpuscles,  if 
temporary,  as  in  many  acvlte  diseases  and  in  suppurative 
processes,  is  termed  leucocytosis  ;  if  permanent,  is  termed 
leucaemia,  or  leucocythaemia,  the  former  term  being  the 


better  one.  Leucaemia  is  always  associated  with  a  dim- 
inution in  the  number  of  red  corpuscles. 

The  usual  relation  of  white  to  red  is  about  one  to  three 
hundred,  although  there  is  considerable  variation  within 
normal  limits.  In  leucaemia,  the  ratio  may  be  from  one 
to  twenty,  to  one  to  one.  With  the  increase  in  the  num- 
ber of  white  corpuscles  there  is  always  an  hyperplasia  of 
the  lymph-apparatus  of  the  body,  either  spleen,  lymph- 
glands,  or  marrow  of  the  bones,  singly  or  combined. 
According  as  one  or  the  other  of  these  predominates,  one 
speaks  of  it  as  a  splenic,  lymphatic,  or  myelogenous  foi-m 
of  leucaemia.  This  increase  in  the  size  of  the  lympha- 
tic organs  undoubtedly  plays  an  important  role  in  the 
formation  of  the  increased  number  of  white  corpuscles, 
and  it  is  also  probable  that  the  increase  is  in  part  due  to 
many  of  the  white  corpuscles  not  undergoing  the  ordin- 
ary transformation  into  red  corpuscles ;  but  there  must 
also  be  another  factor  not  yet  understood,  for  in  the  dis- 
ease known  as  pseudo-leucaemia,  or  lympho-sarcoma,  one 
sees  changes  in  the  above-mentioned  organs  which  are 
indistinguishable,  by  any  means  now  used,  from  those  in 
true  leucaemia,  and  yet  there  is  no  increase  in  the  number 
of  white  corpuscles,  though  the  red  are  much  dimin- 
ished.    The  cause  of  leucaemia  is  wholly  unknown. 

The  appearance  of  the  blood  in  gross,  in  advanced 
cases,  is  very  striking :  it  is  so  pale  as  often  to  give  the 
impression  that  the  vessels  are  filled  with  pus.  The  pale, 
clay-colored  clots  in  the  vessels  are  often  covered  with  a 
creamy,  pus-like  layer.  In  the  blood  are  frequently  found 
large  numbers  of  octahedral,  colorless  crystals,  probably 
albuminoid  in  composition,  called,  after  their  discoverer, 
Charcot's  crystals.  (For  the  clinical  account  of  this  dis- 
ease see  article  Leucocythaemia.) 

The  coagulation  of  the  blood,  due  to  the  formation  of 
fibrin,  represents  a  very  important  process. 

According  to  the  views  of  Alexander  Schmidt,  which 
have  now  borne  ten  years'  criticism  without  having  been 
overthrown,  fibrin  does  not  exist  preformed  in  the  blood 
and  held  in  solution,  as  formerly  supposed,  but  owes  its 
origin  to  the  interaction  of  two  substances,  fibrinogen 
and  fibrinoplastin,  in  the  presence  of  a  third  material,  a 
ferment.  Fibrinogen  is  held  in  solution  in  the  plasma, 
while  fibrinoplastin,  or  paraiglobulin,  as  it  is  also  called, 
together  with  the  ferment,  are  held  in  the  white  corpus- 
cles. Further,  it  is  only  upon  the  death  of  the  white 
corpuscles  that  the  fibrinoplastin  and  ferment  are  set  free, 
and  the  former,  by  acting  upon  the  fibrinogen  in  the  pres- 
ence of  the  latter,  yields  fibrin. 

In  blood  outside  the  body,  or  in  the  tissues  outside  the 
vessels,  coagulation  quickly  occurs.  Within  the  vessel, 
during  life,  coagulation  is  prevented  by  two  factors,  in- 
tactness  of  the  endothelial  lining,  and  motion  of  the 
blood ;  of  these,  probably  the  former  is  the  more  im- 
portant. Destroy  the  endothelium,  or  retard  or  stop  the 
motion,  then  coagulation  occurs,  probably  as  a  result  of 
the  death  of  the  white  corpuscles,  and  the  succeeding 
changes  mentioned  above.  Such  a  coagulation  of  the 
blood  in  the  vessels  during  life  is  termed  thrombosis, 
the  clot  a  thrombus.  If  the  blood  is  brought  to  a  com- 
plete stand-still,  as  by  tying  a  vessel,  coagulation  occurs 
up  to  the  point  of  the  giving  off  of  the  first  branch,  the 
thrombus  thus  formed  being  of  a  red  color,  as  it  contains 
all  the  constituents  of  the  blood,— the  red  or  obliterating 
thrombus.  Where  there  is  a  loss  of  the  lining  endothe- 
lium the  white  corpuscles  adhere  to  the  eroded  spot,  and 
by  their  death  produce  fibrin, — the  pale  or  parietal  throm- 
bus. 

Thrombi  do  not  remain  as  masses  of  fibrin,  enclosmg 
or  not  red  corpuscles,  as  the  case  may  be,  but  are  either 
absorbed  as  the  result  of  a  new-formed  connective-tissue 
developing  from  the  wall  upon  which  they  lie— the  so- 
called  organization  of  the  thrombus ;  or,  where  insuffi- 
cient reaction  occurs  in  the  wall  to  form  such  a  tissue, 
fatty  degeneration  takes  place,  beginning  in  the  centre  of 
the  thrombus  and  forming  a  pap-like  mass.  If  septic 
micro-organisms  be  present,  a  form  of  softening  known 
as  septic  or  putrid  softening  occurs.  This  latter  is  seen 
in  thrombi  in  the  veins  of  operation-wounds  or  in  the 
venous  sinuses  of  the  uterus,  where  a  diphtheritic  or  gan- 
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grenous  inflammation  of  the  wounded  surface  is  pres- 
ent. 

At  autopsies  the  arteries  are  usually  found  to  contain  no 
blood,  "while  the  capillaries  and  veins  are  more  or  less  full. 
In  the  capillaries  coagulation  rarely  occurs  post-mortem, 
but  in  the  veins  it  is  the  rule.  If  the  individual  has  died 
of  an  acute  inflammatory  disease,  especially  such  as  in- 
volve the  serous  membranes,  one  finds  abundant  firm,  pale 
coagula,  made  up  almost  wholly  of  fibrin.  In  certain 
cases  the  blood  is  found  to  be  fluid  throughout  the  body  ; 
this  is  most  commonly  seen  in  death  from  suffocation, 
i.e. ,  insuflicient  oxygenation  of  the  blood.  In  septicaemia 
a  like  fluid  condition  of  the  blood  is  observed. 

The  normal  color  of  the  blood  is  dependent  upon  the 
mixture  of  its  constituents,  the  prevailing  red  color  being 
due  to  the  haemoglobin  contained  in  the  red  corpuscles. 

Variations  in  the  color  are  dependent  either  upon 
chemical  changes  in  the  haemoglobin,  or  upon  increase 
or  diminution  of  the  elements,  or  upon  admixture  with 
foreign  substances. 

Haemoglobin  has  a  strong  tendency  to  unite  with  vari- 
ous gases.  Combined  with  oxygen,  it  forms  oxyhaemo- 
globin,  and  gives  the  bright  red  color  of  arterial  blood  ; 
with  a  small  amount  of  carbon  dioxide,  the  dark  red 
color  of  venous  blood  ;  with  an  excess  of  carbon  dioxide, 
as  seen  in  death  from  suffocation,  a  nearly  black  color. 
Hsemoglobin  combined  with  carbon  oxide,  as  seen  in 
cases  of  death  from  the  inhalation  of  the  fumes  of  burn- 
ing charcoal  and  some  kinds  of  illuminating  gas,  gives 
to  the  blood  a  bright  cherry-red  color.  In  the  two 
latter  conditions  mentioned  there  is  also  an  absence  of 
coagulation  post-mortem. 

After  poisoning  by  the  nitrites,  as  nitrite  of  amyl,  the 
blood  is  said  to  be  chocolate-colored. 

Diminution  in  the  amount  of  haemoglobin,  associated 
or  not  with  diminished  number  of  red  coi'puscles,  pro- 
duces a  pale  red  blood. 

The  peculiar  color  of  the  blood  associated  with  an  in- 
crease in  the  number  of  the  white  corpuscles,  has  been 
described  above  in  connection  with  leucaemia. 

The  haemoglobin  is,  sometimes  dissolved  out  of  the  red 
corpuscles,  probably  as  a  result  of  the  destruction  of  the 
latter,  and  is  then  held  in  solution  in  the  serum.  This 
condition  is  known  as  hsemoglobinaemia.  It  has  been 
observed  after  severe  burns ;  after  the  transfusion  of 
foreign  blood  in  men  and  animals ;  after  poisoning  by 
chlorate  of  potash,  arseniuretted  hydrogen,  nitrobenzole, 
and  pyrogallic,  carbolic,  and  sulphuric  acids  ;  in  septi- 
caemia ;  as  a  disease  in  man  in  which,  after  exposure  to 
cold,  an  abundant  flow  of  nearly  black  urine  occurs 
— haemoglobinuria.  This  contains  no  corpuscles,  but 
abundant  haemoglobin  in  solution,  and  it  is  fair  to  as- 
sume that  the  haemoglobin  is  set  free  in  the  circulating 
blood. 

The  color  of  the  blood  in  hsemoglobinaemia  is  that 
known  as  "lake." 

"Various  abnormal  constituents  may  be  found  in  the 
blood.  Among  these  are  small  particles  of  black  pig- 
ment— melanaemia.  This  condition  is  seen  in  severe  cases 
of  intermittent  fever,  the  particles  representing  the  altered 
blood-pigment  set  free  by  the  death  of  the  red  corpuscles. 
Post-mortem  the  liver  and  spleen  are  found  to  contain  a 
large  amount  of  this  melanin. 

Sugar  is  present  normally  in  the  blood  in  very  small 
quantity,  but  in  diabetes  it  is  greatly  increased— melli- 
tsemia.  Occasionally  muscle-sugar — mosit — is  found  in 
the  blood. 

A  substance  known  as  aceton,  a  derivative  of  acetic 
acid,  is  frequently  present  in  the  blood  in  the  later  stages 
of  diabetes — acetonsemia.  It  is  now  generally  held  that 
diabetic  coma  is  due  to  the  action  of  aceton  upon  the 
central  nervous  system. 

Bile  is  frequently  present  in  the  blood,  any  obstruction 
to  its  flow  into  the  intestine  leading  to  a  backing  up  in  the 
liver  and  to  its  absorption  by  the  blood— cholaemia.  The 
biliary  coloring  matter  stains  various  tissues  of  the  body, 
producing  icterus.  Bile  in  the  blood  is  injurious,  owing 
to  its  power  of  dissolving  red  blood-corpuscles  and  set- 
ting free  the  haemoglobin. 


Probably  a  similar  coloring  may  occur  as  a  result  of 
the  formation  of  pigment  directly  from  the  blood,  viz., 
haematoidin,  bilirubin.  If  the  tissues  are  secondarily 
stained  by  these  pigments  the  term  hsematogenous  jaun- 
dice  is  applied. 

After  extensive  haemorrhages  into  the  tissues  or  pre- 
formed spaces  of  the  body,  there  may  be  absorbed  from 
the  effused  blood  haemoglobin  in  the  form  of  disks,  or 
hajmatoidin  in  the  form  of  rhombic  crjrstals,  or  bilirubin 
in  the  form  of  acicular  crystals,  which  find  their  way 
into  the  blood-current  probably  through  the  agency  of 
the  lymphatics. 

When  the  materials  ordinarily  excreted  by  the  kidneys 
are  retained  in  the  blood,  as  a  result  of  disease  of  this 
organ,  the  condition  known  as  uraemia  is  said  to  be  pres- 
ent. 

In  cases  of  septic  inflammatory  processes  of  the  mu- 
cous membrane  of  the  bladder,  the  urea  held  in  solution 
in  the  urine  contained  in  the  bladder  may  be  decomposed, 
giving  rise  to  the  formation  of  ammonia.  This  gas  may, 
in  turn,  be  reabsorbed  by  the  circulating  blood,  producing 
the  condition  known  as  ammonaemia. 

The  term  lithsemia  has  been  much  used  by  clinicians, 
but  whether  lithates  or  urates  are  actually  present  in  the 
blood  in  excess  has  not  been  satisfactorily  proven. 

Fat  may  be  present  in  a  molecular  fonn,  as  after  a 
meal  containing  abundant  fat — chylsemia.  Fat  may  be 
present  in  the  form  of  larger  drops — lipaemia — as  is  seen 
in  diabetes  and  after  extensive  crushing  of  fat-tissue  o^ 
bone-marrow,  the  fat  set  free  being  absorbed  by  the  veins. 

Air  is  found  in  the  blood,  gaining  entrance  through 
wounds  in  the  veins  of  the  neck  or  through  open  uterine 
sinuses,  there  being  a  negative  pressure  in  the  former 
during  inspiration  and  in  the  latter  in  certain  positions 
of  the  pregnant  or  recently  delivered  uterus.  In  such 
cases  the  air  may  be  found  widely  distributed  in  the 
blood-vessels,  but  is  most  abundant  in  the  right  side  of 
the  heart  and  in  the  lungs. 

Fatty-degenerated  endothelial  cells,  as  well  as  cells 
from  new-growths  extending  into  blood-vessels,  are  occar 
sionally  found  in  the  blood. 

Bits  of  detached  valve  of  the  heart,  portions  of 
thrombi  (j.«.,  emboli),  calcareous  plates  from  the  intima 
of  the  aorta  are  also  found  in  the  blood. 

Of  the  animal  parasites  found  in  the  blood  are  to  be 
mentioned  the  fllaria  sanguinis  hominis,  in  the  blood  of 
those  suffering  from  chyluria.  This  is  a,  microscopic 
worm,  occurring  mostly  in  warm  countries,  e.g.,  in  India, 
and  found  in  the  blood  and  urine  of  patients  during  the 
attacks  of  chyluria  and  haematuria. 

The  distomum  haematobium,  discovered  by  Bilharz  in 
Egypt,  is  found  in  the  portal  vein  in  certain  cases  of 
tropical  dysentery.  The  eggs  of  this  parasite  collect  in 
the  mucous  membrane  of  the  ureters,  bladder,  and  large 
Intestine,  leading  to  inflammation  associated  with  haemor- 
rhages and  dysentery. 

Trichinae  and  the  embryos  of  cysticerci  and  echino- 
cocci  are  found,  rarely,  in  the  blood. 

The  relation  of  the  lower  forms  of  vegetable  life,  the 
fungi,  to  the  blood  is  likely  in  the  future  to  be  one  of 
great  importance.  Unfortunately,  at  the  present  time 
very  little  definite  is  known  in  regard  to  this  relation.  It 
has  not  as  yet  been  definitely  determined  whether  micro- 
organisms are  present  in  the  blood  in  health. 

In  regard  to  the  higher  class  of  the  fungi,  the  mould 
fungi,  no  observation  of  their  presence  in  the  blood  of 
man  is  known  to  the  writer. 

Of  the  lower  class  of  the  fungi,  the  so-called  bacteria, 
their  presence  in  the  blood  has  been  determined  with 
certainty  in  but  two  diseases  in  man,  namely,  relapsing 
fever  and  anthrax,  or  splenic  fever.  In  the  former,  at 
the  height  of  the  exacerbation  the  spirillum  discovered 
by  Obermeier  is  found  in  abundance.  In  anthrax,  the 
characteristic  bacillus  anthracis  can  readily  be  made  out 
in  the  blood. 

Certain  authors  claim  to  have  discovered  the  so-called 
bacillus  tuberculosis  in  the  blC)od ;  but  this,  together  with 
the  statements  of  the  finding  of  other  micro-organisms, 
needs  further  substantiation. 
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The  relation  of  micro-organisms  to  the  blood  as  fer- 
ments ;  the  question  of  the  absorption  by  the  blood  of  the 
ferment-products  of  such  organisms,  as  upon  a  wounded 
or  eroded  surface ;  the  question  of  the  absorption  from 
the  intestinal  tract,  by  the  blood,  of  substances  produced 
by  abnormal  fermentation  in  that  canal,  are  of  the  highest 
degree  of  interest.  But  the  imperfect  and  chaotic  state 
of  the  knowledge  of  these  important  factors  prevents  a 
detailed  consideration  of  them  in  an  article  of  this  char- 
acter. W.  W.  Gannett. 


BLOOD-LETTING  (Synon.  :  Bleeding;  Fr.,  Xas 
SaignSe;  Ger. ,  Ser  Aderlass) ;  the  abstraction  of  blood 
from  the  body  for  therapeutic  purposes.  This  may  be 
accomplished  m  either  of  two  ways,  called  local  and  gen- 
eral blood-letting..  By  general  bleeding  is  understood 
the  abstraction  of  Jslood  rapidly  and  in  quantity  from  one 
of  the  larger  vessels.  Local  bleeding  consists  in  the 
gradual  withdrawal  of  blood  from  the  capillaries  of  a 
part  by  means  of  leeches,  scarification,  or  wet  cups. 
General  bleeding  from  a  vein  is  called  venesection  or 
phlebotomy.  It  may  be  performed  upon  any  of  the 
superficial  veins  of  the  body,  but  the  one  most  commonly 
selected  for  the  purpose  is  the  median  cephalic,  or  the 
median  basilic,  lying  over  the  flexure  of  the  elbow  (see  Fig. 
458).  A  fillet  is  tied  tightly  around  the  arm'  immediately 
above  the  elbow  (at  A),  so  as 
to  render  the  veins  turgid  and 
bring  them  prominently  into 
view.  Then,  a  graduated  ves- 
sel for  receiving  and  measur- 
ing the  blood  being  at  hand, 
the  skin  is  stretched  slightly 
over  the  part  and  an  incision 
is  made  into  and  nearly 
through  the  vein,  obliquely 
to  its  axis.  Care  should  be 
taken  not  to  disturb  the  rela- 
tive positions  of  the  skin  and 
vein,  otherwise  when  the  hand 
is  removed  the  skin  will  slide 
over  the  deeper  parts,  form- 
ing a  valvular  opening,  and 
the  blood  will  escape  into  the 
tissues  Instead  of  externally. 
The  incision  should  not  be 
made  too  deep,  because  of  the 
danger  of  wounding  the  brachial  artery  beneath,  thus 
giving  rise  to  a  varicose  aneurism  or  an  aneurismal  varix. 
After  a  sufficient  quantity  of  blood  has  been  withdrawn 
the  fillet  is  removed  and  a  compress  applied  over  the  wound. 
A  vein  In  the  hand  or  the  foot  may  be  opened  in  the  same 
way.  Phlebotomy  from  the  external  jugular  vein,  which 
was  formerly  practised  to  a  considerable  extent,  has  been 
nearly  abandoned,  and  rightly,  because  of  the  inconvenient 
location  of  the  vessel,  and  also  because  of  the  danger  of 
air  entering  the  vein. 

Arteriotomy  is  the  operation  of  bleeding  from  an  ar- 
tery. It  is  practised  but  rarely.  The  temporal  artery  is 
the  one  usually  chosen.  It  should  be  opened  by  an  inci- 
sion at  right  angles  with  its  axis,  and  the  incision  should 
be  made  to  include  only  a  part  of  the  circumference  of 
the  vessel.  When  the  required  amount  of  blood  has  been 
obtained,  the  artery  should  be  divided  completely  across, 
and  the  wound  dressed  in  the  ordinary  way. 

General  blood-letting  was  in  former  times  one  of  the 
most  frequently  employed  therapeutical  measures,  as  it  is 
now  one  of  the  rarest.  It  is  essentially  depleting,  and  is, 
of  course,  to  be  avoided  in  all  asthenic  conditions.  In 
general,  it  may  be  said  to  be  indicated  in  sthenic  febrile 
conditions,  occurring  in  the  previously  robust,  in  which 
there  is  imminent  danger  of  cardiac  paralysis  from  over- 
distention.  It  may  also  be  practised  with  benefit  in  the 
case  of  plethoric  females  suffering  from  amenorrhcea, 
from  suddenly  arrested  menstruation,  or  from  the  disor- 
ders incident  to  the  change  of  life.  It  may  sometimes  be 
possible  to  avert  a  threatened  cerebral  haemorrhage  by 
prompt  and  full  bleeding ;  but  when  once  the  apoplectic 


FlO.  458.— Tho  Snperfloinl  Veins 
of  the  Forearm.  1,  Cubital ;  2, 
radial ;  3,  median ;  4,  median- 
baaillc  ;  5,  median-cephalic  ;  6, 
basilic ;  7,  cephalic  ;  A,  ligature. 


Fig.  469 Glass 

Leech-tube. 


attack  has  occurred,  the  time  for  venesection  is  past,  un- 
less it  be  evident  that  the  hsemorrhage  still  continues. 

Local  blood-letting,  sometimes  called  arteriophlebot- 
omy,  is  employed  to  relieve  congestion  and  inflammation 
when  confined  to  one  organ  or  one  part  of  the  body.  In 
one  or  other  of  its  forms  it  is  frequently  employed  at  the 
present  day,  finding  its  application  in  the  treatment  of 
many  affqctions  for  which  general  bleeding  was  formerly 
prescribed.  Blood  may  be  withdrawn 
directly  from  the  part  inflamed,  or  from 
regions  more  or  less  remote  from  the  lo- 
cal disease. 

Leeches  (see  article  Leech)  are  best  ap- 
plied by  means  of  a  glass  tube  (Pig.  459) 
or  a  paper  cone,  in  which  they  are  placed 
so  that  their  buccal  extremity  will  come 
in  contact  vsdth  the  skin  of  the  part  over 
which  the  tube  is  placed.  "When  they 
refuse  to  take  hold,  they  may  be  induced 
to  do  so  if  the  skin  be  moistened  with  a 
drop  of  milk  or  of  blood.  An  excellent 
method  of  causing  them  to  bite  is  to  rub 
the  skin  for  a  few  seconds  with  a  little 
sugared  water ;  they  will  then  be  found 
to  take  hold  with  avidity.  If  it  be  de- 
sired, the  flow  of  blood  may  be  kept  up, 
after  the  leeches  have  dropped  off,  by 
means  of  warm  fomentations.  Occasion- 
ally the  leech  bites  continue  to  bleed  long 
after  the  animals  have  loosened  their  hold, 
requiring  a  compress  or  the  application  of 
styptics  to  the  wound.  This  is  particu- 
larly apt  to  occur  in  children  and  young 
adolescents,  and  the  surgeon  should  never 
in  such  cases  leave  his  patient  until  the 
h£Emorrhage  is  arrested.  A  neglect  of 
this  precaution  has  been  followed  by 
serious  consequences.*  If  the  leeches  refuse  to  let  go 
after  they  are  filled,  they  may  be  forced  to  do  so  by 
sprinkling  them  with  a  little  salt.  Leeches  may  be  used 
again  after  three  or  four  months,  but  it  is  preferable  to 
employ  fresh  ones  in  each  case.  The  loss  of  blood  from 
leeching  often  causes  considerable  depression,  out  of  pro- 
portion to  the  actual  amount  of  fluid  withdrawn.  On 
this  account  rest,  and  the  avoidance  of  exertion,  are  ad- 
visable for  some  hours  after  the  operation. 

Scarifications  may  be  made  with  the  ordinary  thumb 
lancet,  or  with  a  little  machine  called  the  scarificator 
(see  Pig.  460).  This  instrument  is  so 
constructed  that,  by  pressing  upon  a 
knob,  a  number  of  small  blades,  from 
six  to  twenty,  are  forced  down  into  the 
subcutaneous  tissues.  The  blades  have 
not  only  a  downward,  but  also  a  for- 
ward, movement,  by  reason  of  which 
not  only  a  puncture,  but  a  true  incision 
of  the  part  is  accomplished.  The  depth 
to  which  the  knives  descend  is  regulated 
by  means  of  a  screw,  so  that  any  degree 
of  scarification,  from  a  mere  scratch  of 
the  skin  to  a  row  of  deep  incisions,  may 
be  obtained.  Warm  fomentations  may 
be  employed  to  promote  the  haemorrhage 
after  this  operation. 
The  flow  of  blood  may  be  very  materially  augmented 
by  the  application  of  cupping-glasses  over  the  incisions. 
This  is  the  procedure  known  as  cut-cupping  or  wet- 
cupping.  The  cups  should  be  first  applied,  and  then, 
when  the  tissues  are  deeply  congested,  they  are  incised 
by  the  lancet  or  the  scarificator,  and  the  cups  are  again 
applied.  Several  different  instruments  have  been  de- 
vised, by  means  of  which  the  integument  may  be  scari- 

*  An  explanation  of  the  difBcnlty,  oocaBionally  experienced,  in  arresting 
hsemoiThage  after  leech-bites,  is  afforded  by  Professor  Hayoraft,  who 
found  that  the  leech  secretes,  from  its  sucker  and  gullet,  a  juice  which 
prevents  the  coagulation  ol  the  blood.  It  has  even  been  suggested  that 
this  juice  might  be  used  in  the  operation  of  immediate  transfusion  to 
prevent  clotting,  a  small  quantity  being  introduced  into  the  Mood  cur- 
rent ol  the  donor  a  short  time  prior  to  the  commencement  of  the  opera 
tion. 
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Pio.  461.  — Cupping- 
glass.  (One -third 
natural  size.) 

its  blood  supply. 


fled  without  removing  the  cupping-glass.  These  are 
sometimes  called  artificial  leeches.  They  are  all  more  or 
less  complicated  and  expensive,  although  saving  consid- 
erable time  and  trouble. 

Another  procedure,  closely  allied  to  blood-letting,  and 
in  many  cases  preferable  to  it,  is  the  temporary  with- 
drawal of  blood  from  the  general  circulation  or  from  a 
certain  region.  It  may  take  the  place  of  general  bleeding 
in  cases  in  which  the  latter  may  seem  indicated,  but  m 
which,  owing  to  the  weakened  condition  of  the  patient,  its 
ultimate  results  would  be  likely  to  be  far  from  beneficial. 
The  temporary  withdrawal  of  blood  in  large  quantity 
from  the  general  circulation  is  accomplished  by  applying 
a  ligature  around  one  of  the  limbs,  so  as  to  obstruct  the 
flow  of  blood  through  the  efferent  vessels.  The  ligature 
should  not  be  made  so  tight  as  to  compress  the  principal 
artery  of  the  limb,  as  that  would  de- 
feat the  object  aimed  at,  but  should  be 
only  snug  enough  to  shut  off  the  re- 
turning current  of  blood  through  the 
veins,  at  least  the  superficial  ones. 
One  limb,  or  several,  may  be  treated 
according  to  the  amount  of  blood  that 
it  is  desired  to  withhold.  In  this  way 
the  overdistended  heart  is  relieved  of 
its  embarrassment  temporarily,  and  is 
given  time  in  which  to  recuperate  be- 
fore being  called  upon  again  to  propel 
the  entire  mass  of  the  circulating  fluid. 
A  local  inflammation — an  inflamed 
joint  for  example — may  often  be  great- 
ly beneflted  by  cutting  off  in  large  part 
This  is  done  by  making  compression, 
digital  or  mechanical,  of  the  afferent  artery  when  it  is  ac- 
cessible. This  compression  need  not  be  constant,  but 
should  be  maintained  for  several  minutes  at  a  time  at  fre- 
quent intervals  during  the  twenty-four  hours. 

Another  and  more  common  means  of  reducing  conges- 
tion of  a  part  is  by  cupping.  By  this  procedure  the  blood 
is  drawn  to  the  surface,  and  the  hypersemia  of  the  subja- 
cent organs  or  contiguous  regions  of  the  body  is  relieved. 
Cupping  may  be  performed  with  an  ordinary  drinking- 
glass  or  tin  cup,  in  which  the  handle  does  not  project 
above  the  rim,  but  it  is  more  conveniently  done  with  cups 
or  glasses  made  for  the  purpose.  The  air  within  the  cup 
is  rarefied  by  burning  in  it  a  few  drops  of  alcohol  or  a 
little  paper,  and  then,  immediately  the  flame  is  extin- 
guished, the  cup  is  inverted  and  applied  firmly  and  evenly 
to  the  integument.  The  same  purpose  is  accomplished 
by  holding  the  glass  for  a  few  seconds 
over  the  flame  of  a  spirit-lamp.  Tl 
rim  of  the  cup  should  be  greased  v 
a  little  vaseline  or  oil,  so  as  to  mak 
more  thoroughly  air-tight  as  it  r 
upon  the  skin.  It  is  also  advisabl 
moisten  the  skin  just  before  the  c 
are  applied ;  and  they  should  never  ue 
placed  over  bony  prominences  or  ine- 
qualities of  the  surface,  because  of  the 
impossibility  of  excluding  the  air. 
Hairy  parts  should,  of  course,  be  shaved 
before  an  attempt  is  made  to  apply  cups. 
Another  kind  of  cup  is  made,  in  which  I'm.  462.— Cupping- 
the  air  is  exhausted  by  means  of  a  small  I""?!;  '^'"i,  ^'''^"° 
air-pump ;  or  the  rounded  end  of  the     5uib  "    °' 

^ass  is  attached  to  a  rubber  bulb  (see 
Fig.  463),  and  the  air  is  rarefied  by  applying  the  cup  with 
the  bulb  compressed,  and  then  allowing  it  to  expand. 

Cupping  is  employed  very  frequently  in  acute  inflam- 
mations of  the  brain,  lungs,  and  kidneys.  In  renal  con- 
gestion especially,  the  application  of  a  number  of  wet  or 
dry  cups  to  the  lumbar  region  is  often  of  signal  service. 
In  cerebral  disease  the  cups  may  be  applied  to  the  nucha, 
and  in  pulmonary  inflammation  to  the  chest-walls.  Cup- 
ping of  the  temples  in  acute  inflammation  of  the  conjunc- 
tiva is  frequently  of  beneflt. 

Hot  foot-baths,  poultices,  mustard-plasters,  and  other 
forms  of  counter-irritation,  owe  much  of  their  eflicacy  to 
the  fact  that  they  cause  a  temporary  congestion  of  the 
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parts  to  which  they  are  applied,  thus  relieving  hyperse- 
mia in  other  more  or  less  remote  regions. 

Thomas  L.  Stecbnan. 

BLOOD-PRESSURE,  Agents  that  Lowkr.  Although 
agents  that  lower  the  blood-pressure  are  extensively  used 
at  the  present  time  in  the  treatment  of  a  variety  of  dis- 
eases, they  have  not  as  yet  received  any  distinctive  appel- 
lation ;  nor  are  they,  as  a  distinct  class,  described  in  any 
work  on  therapeutics. 

It  is  the  object  in  this  article  to  group  together  the 
mor«  prominent  of  these  agents,  to  describe  their  action 
on  the  circulation,  and  to  point  out  in  what  particular 
pathological  states  they  are  indicated. 

The  following  will  be  described  under  this  heading : 
the  different  nitrites,  nitro-glycerine,  chloral  hydrate,  and 
cannabis  indica.  The  actions  of  blood-letting  and  a  dry 
diet  in  this  direction  will  also  be  alluded  to. 

There  are  three  nitrites  which  possess  this  power  in  an 
eminent  degree  ;  they  are  the  nitrite  of  amyl,  and  the 
sodium  and  potassium  nitrites.  Although  it  has  not 
been  actually  demonstrated,  it  is  highly  probable  that  all 
nitrites  possess  in  a  greater  or  less  degree  a  similar  action 
on  the  circulation. 

Nitrite  of  Amtl. — When  from  three  to  ten  drops  of 
the  nitrite  of  amyl  are  inhaled  there  almost  immediately 
setsin  violent  action  of  the  heart.  The  pulse  rises  rapidly 
to' one  hundred  and  fifty  or  more  beats  in  the  minute ;  the 
face  and  neck  become  markedly  flushed  ;  vessels  previ- 
ously invisible  become  visible,  the  temporal  artery  often 
attaining  double  its  usual  size ;  there  is  marked  visible 
pulsation  of  the  carotids ;  the  retinal  vessels  also  be- 
come dilated,  as  can  be  demonstrated  with  the  ophthal- 
moscope. Persons  vary  much  as  to  their  susceptibility  to 
the  action  of  the  nitrite  of  amyl.  While  three  drops 
usually  bring  about  the  symptoms  described,  it  is  not  un- 
common to  find  persons  who  require  more  than  double 
that  amount.  The  writer  has  met  a  woman  who  required 
to  inhale  two  grammes  ( 3  ss.)  before  any  flushing  of  the 
face  or  increased  cardiac  action  took  place. 

It  is  said  that  even  a  fraction  of  a  drop  is  capable  in 
some  people  of  giving  rise  to  the  full  effects  of  the  drug. 
This  capriciousness  in  the  action  of  the  amyl  nitrite  is 
not  always  explainable  by  changes  in  its  chemical  com- 
position ;  although  there  is  no  doubt  that  the  drug  de- 
teriorates when  long  kept. 

The  flushing  of  the  face,  the  giddiness,  and  the  head- 
ache are  due  to  dilatation  of  the  arterioles.  This  is 
brought  about  by  the  direct  action  of  the  nitrite  on  the 
muscular  walls  of  the  vessels.  There  are  two  factors  in 
operation  in  bringing  about  the  quickened  circulation : 
We  have  first,  owing  to  the  great  dilatation  of  the  ar- 
terioles, a  demand  made  on  the  heart  to  fill  these  vessels  ; 
the  second  factor  in  the  production  of  the  rapidity  of  the 
heart's  action  is  the  depressing  influence  exerted  upon 
the  ends  of  the  vagus  in  the  heart  by  the  nitrite.  Of 
these  two  factors  the  former  is  the  more  important,  as  it 
is  the  more  active.  The  lowering  of  the  blood-pressure  is 
the  direct  result  of  the  dilatation  of  the  arterioles. 

From  these  actions  of  the  nitrite  on  the  circulation  it 
follows  that  it  diminishes  the  resistance  to  the  discharge 
from  the  left  ventricle. 

The  ventricle  has  not  only  less  work  to  accomplish, 
but,  owing  to  the  rapidity  of  the  circulation,  it  has  more 
power  to  accomplish  it.  It  is  especially  this  marked 
power  that  this  drug  possesses  in  diminishing  the  resist- 
ance to  the  onward  flow  of  the  blood-stream  that  makes 
it  so  useful  in  angina  pectoris. 

It  appears  to  be  generally  accepted  that  the  great  ma- 
jority of  cases  of  true  angina  pectoris  are  due  to  an 
actual  starving  of  the  nervous  mechanism  of  the  heart, 
through  a  cutting  ofl'  of  the  blood-stream  by  spasm  of  the 
coronary  arterioles. 

The  terrible  pain  is  simply  an  expression  of  the  want 
of  nourishment  to  the  organ.  The  great  merit  of  not 
only  explaining  the  true  pathology  of  these  cases,  but 
also  of  applying  to  their  relief  nitrite  of  amyl,  belongs  to 
Lauder  Brunton.'  He  has  shown  that,  during  the  par- 
oxysm of  angina,  the  blood-pressure  rises  and  the  pulse 
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becomes  quick,  and  that  there  is  only  a  very  slight  dif- 
ference in  the  pressure  during  the  systole  and  diastole. 
As  the  pressure  rises  during  an  attack  of  angina,  severe 
pain  comes  on  in  the  region  of  the  heart,  and  when  the 
pressure  falls  the  pain  disappears.  It  seems  clear,  there- 
fore, that  there  is  a  direct  connection  between  the  rise 
in  the  blood-pressure  and  the  anginal  attacks.  That  the 
former  stands  to  the  latter  in  a  causative  relation  is 
further  evidenced  by  the  marked  and  quick  relief  which 
occurs  when  the  nitrite  is  inhaled  during  a  paroxysm. 
The  only  possible  way  in  which  this  drug  can  act  is  by  low- 
ering the  blood-pressure.  This  is  an  example  of  the  Hip- 
pocratic  maxim  that  the  action  of  the  remedy  sometimes 
enables  us  to  decide  the  nature  of  a  disease.  Nitrite  of 
amyl  has  not  only  the  power  of  greatly  mitigating  the 
severity  of  anginal  attacks,  but  also  of  preventing  them  if 
it  is  used  before  they  actually  set  in.  That  it  at  times 
fails  to  have  any  influence  in  shortening  or  even  amelio- 
rating the  paroxysms,  a  few  reported  cases  prove.  What 
the  cause  of  this  failure  is  has  not  been  definitely  settled  ; 
whether  it  is  owing  to  an  impure  preparation  of  the  drug 
being  used,  or,  what  is  more  likely,  that  there  are  cases  of 
angina  which  have  for  their  cause  a  different  pathological 
state  than  a  spasm  of  the  coronary  arterioles. 

There  is  another  disease,  resembling  angina  pectoris  in 
its  pathology,  which  is  benefited  by  the  iiihalation  of  the 
nitrite  of  amyl.  I  refer  to  that  form  of  hemicrania  de- 
signated by  Du  Bois-Reymond  as  "Hemicrania  Syiii- 
pathlco-tonica."  In  this  disease  we  have,  according  to 
this  very  eminent  authority,  a  spastic  condition  or  tetanus 
of  the  muscular  coat  of  the  vessels  on  the  affected  side  of 
the  head.  The  amyl  acts  in  these  cases  as  it  does  in  angina, 
by  relieving  the  spastic  condition  of  the  vessels,  or,  in 
other  words,  by  lowering  the  blood-pressure  of  the  af- 
fected area.  Berger,'  Vogel  and  Hoist,'  Brunton,*  and 
numerous  others  have  extolled  the  virtues  of  this  drug  in 
this  form  of  hemicrania. 

Nitrite  of  amyl  has  been  extensively  employed  to  ward 
off  epileptic  attacks.  This  practice  is  based  on  the  theory 
that  the  initial  pathological  factor  in  the  production  of 
the  paroxysms  is  a  spasm  of  the  cerebral  arterioles. 
What,  or  if  any,  degree  of  truth  there  is  in  this  supposi- 
tion, has  not  been  definitely  settled.  The  most  recent 
views  on  the  nature  of  the  epileptic  seizure  favor  the 
idea  that,  even  if  arterial  spasm  be  present,  it  is  more  likely 
to  be  the  result  and  not  the  cause  of  the  attack.  What- 
ever view  is  the  correct  one,  we  cannot  throw  aside  the 
evidence  that  has  been  accumulating  for  several  years,  of 
the  benefits  of  this  agent,  not  alone  in  mitigating  the 
severity  of  the  paroxysms,  but  also  of  preventing  them. 
Whether  this  beneficial  influence  is  due  to  the  power  the 
amyl  has  of  reducing  the  blood-pressure,  or  to  its  action 
in  depressing  the  reflex  excitability  of  the  spinal  cord  (an 
action  which  in  large  doses  it  possesses  in  a  marked  de- 
gree) is  not  known. 

That  the  latter  is  the  active  factor  in  controlling  the 
spasms  of  tetanus  and  the  convulsions  of  children,  when 
the  nitrite  is  given  in  these  conditions,  appears  highly 
probable.  It  has  not  been  proved  that  nitrite  of  amyl 
has  any  depressing  influence  on  the  cerebral  motor  con- 
volutions, which  we  know,  from  the  experiments  of  Alber- 
toni,'  bromide  of  potassium  possesses. 

As  far  as  our  present  knowledge  of  the  subject  goes, 
we  must  conclude,  therefore,  that  the  beneficial  influence 
of  the  nitrite  of  amyl  in  the  true  epilepsy  of  adults  is 
owing  to  its  power  of  reducing  the  cerebral  blood-press- 
ure. 

The  only  remaining  use  of  the  blood-pressure-reducing 
powers  of  this  drug  that  will  be  mentioned  is  its  alleged 
aatagonism  to  chloroform  syncope.  On  this  subject  Pro- 
fessor Stille  says  : *  "It  is  certain  that  chloroform  con- 
tracts, and  that  nitrite  of  amyl  dilates,  the  capillaries  of 
the  brain,  and  of  the  skin  of  the  face  ;  under  the  former 
he  grows  pale,  under  the  latter  he  is  flushed.  In  ex- 
periments upon  animals,  if  the  nitrite  be  used  in  an  ex- 
cessive dose,  cyanosis  arises  in  consequence  of  venous 
engorgement.  Experiments  have  also  shown  that  if  it  is 
given  according  to  the  latter  method,  to  an  animal 
narcotized  by  chloroform,  it  deepens  instead  of  relieving 


the  narcotism  ;  while  if  it  be  administered  in  moderate 
quantities,  either  by  inhalation  or  hypodermically,  it  re- 
vives the  heart's  action  and  removes  the  pallor  caused  by 
the  chloroform.  These  effects  have  been  happily  illus- 
trated in  at  least  eight  cases  of  chloroform-poisoning.  In 
all  of  them  the  patients  were  rescued  from  imminent 
death.  '  The  salutary  or  pernicious  effects  of  the  nitrite 
being  due  to  the  amount  of  it  administered,  we  may  ex- 
plain why  Jesta  should  have  fallen  into  the  error  of  de- 
claring that  it  intensifies  the  dangers  which  chloroform 
creates.  Besides  the  cases  just  mentioned  of  its  remedial 
power  in  chloroform  syncope,  others  might  be  cited  to 
show  that  it  is  equally  efficacious  when  injected  hypo- 
dermically in  the  dose  of  three  drops." 

If  it  be  correct,  as  Professor  Stille  maintains,  that 
the  beneficial  or  injurious  influences  of  this  drug  in 
chloroform-poisoning  are  only  separated  by  a  slight  dif- 
ference in  the  quantity  given,  it  follows  from  its  (at 
times)  uncertain  action  that  it  may  act  sometimes  quite 
differently  from  what  we  wish  or  expect.  It  is  therefore 
necessary,  when  using  it  to  counteract  deep  chloroform 
narcosis,  to  give  the  smallest  dose. 

Nitko-Gltcbkine; — The  action  of  nitro-glycerine  on 
the  circulation  is  similar  to  that  of  the  nitrite  of  amyl. 
It  causes  a  marked  fall  in  the  blood-pressure  from  "its 
power  of  dilating  the  arterioles  and  capillaries.  The 
rapidity  of  the  pulse  is  much  increased,  this  being  due 
to  the  increased  demand  made  on  the  heart  to  fill  the  sud- 
denly distended  vessels,  and  to  the  depressing  influence 
exerted  on  the  peripheral  terminations  of  the  vagus  in 
the  heart. 

The  only  difference  in  action  between  the  nitrite  of 
amyl  and  nitro-glycerine  on  the  circulation  is  the  differ- 
ence in  the  len^h  of  time  their  effects  last  and  the  time 
it  takes  to  bring  them  about.  Nitrite  of  amyl  acts  almost 
immediately  after  its  inhalation,  while  nitro-glycerine 
takes  from  five  to  ten  minutes.  The  vaso-dilating  effects 
of  a  full  dose  of  nitro-glycerine  are  fully  of  an  hour's 
duration,  while  the  similar  effects  induced  by  the  amyl 
nitrite  disappear  completely  within  five  minutes.  Al- 
though the  effects  of  the  latter  drug  are  more  transient, 
l^ey  are  more  decided  while  present.  Nitro-glycerine 
having  the  same  physiological  effects  as  the  amyl  nitrite 
it  is  used  in  the  same  diseases  and  with  a  considerable 
amount  of  success.  It  is  highly  recommended  both  by 
Ringer  and  Murell  as  a  substitute  for  the  amyl  in  angina 
pectoris.  In  some  cases  it  is  undoubtedly  superior,  but 
generally  it  is  too  slow  in  its  action  to  be  of  much  avail  in 
shortening  the  paroxysms.  It  is  specially  indicated  in 
rapidly  recurring  anginal  attacks,  to  prevent  the  parox- 
ysms, while  the  amyl  is  of  use  only  during  the  paroxysms. 
That  nitro-glycerine  has  the  power,  when  given  continu- 
ously, of  preventing  anginal  attacks  is  abundantly  proved 
by  the  experience  of  Murell.'  In  order  to  obtain  these 
effects  it  is  necessary,  however,  to  keep  the  system  ruore 
or  less  continuously  under  its  influence.  From  this  it 
follows  that  not  more  than  an  hour  should  intervene  dur- 
ing the  waking  hours  between  the  doses.  Given  a  case  of 
angina  pectoris,  when  the  "spasms"  come  on  frequently, 
the  best  treatment  would  be  the  continuous  administra- 
tion of  nitro-glycerine,  and  the  use  of  the  amyl  nitrite 
during  the  attacks.  We  can  only  expect  palliation  from 
either  agent,  no  matter  whether  the  cause  be  "  functional " 
or  "  organic." 

Although  only  palliative,  thek  use  has  no  doubt  pro- 
longed many  lives  and  has  rendered  bearable  in  number- 
less instances  a  distress  to  which  there  is  no  parallel  in 
all  the  painful  troubles  that  man  is  prone  to. 

During  the  last  few  years  a  number  of  isolated  cases 
of  epilepsy  have  been  reported  treated  with  nitro-glycer- 
ine, and,  according  to  the  reporters,  with  marked  suc- 
cess. When  speaking  of  the  actions  of  nitrite  of  amyl  I 
referred  to  the  possibility  of  its  favorable  action  in  this 
disease  being  in  a  measure  due  to  its  motor-depressant 
action.  It  is  more  than  likely  that  a  similar  action  on  the 
part  of  nitro-glycerine  plays  an  important  role  in  bringing 
about  its  usefulness  in  epilepsy.  It  is,  therefore,  not  fair 
to  attribute  its  entire  usefulness  in  this  disease  to  its  vaso- 
dilating action  on  the  cerebral  arterioles. 
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Dr.  Hammond  claims  that  nitro-glycerine  has  a  power- 
ful influence  not  only  in  mitigating,  but  even  in  com- 
pletely preventing  migrainous  attacks  of  the  sympathico- 
tonic variety. 

Mayo  Robson,*  Bartholow,  and  many  others  recom- 
mend nitro-glycerine  in  albuminuria.  Bartholow  says 
that  it  should  be  given  after  the  acute  symptoms  have 
passed  off,  especially  where  there  is  marked  increased 
arterial  tension.  It  is  indicated,  he  says,  "in  chronic 
cases  at  all  periods,  but  it  is  especially  useful  if  given 
before  hypertrophy  of  the  muscular  layer  of  the  arterioles 
has  taken  place." 

High  blood-pressure  gives  the  earliest  indication  of 
the  grave  series  of  degenerative  changes  throughout  the 
body  known  as  chronic  Bright's  disease,  and  may,  if 
neglected,  lead  to  disastrous  results,  in  disease  both  of 
the  arteries  and  of  the  heart.  When  this  condition  of  the 
arterial  system  is  extreme,  we  can  feel  the  persistence  of 
the  pulse  by  means  of  the  finger  alone.  The  artery  is 
rigid,  not  from  any  thickening  of  its  coats,  but  from  a 
constant  hyperdistention.  To  counteract  this  condition 
we  have  no  better  agent  than  nitro-glycerine. 

As  the  physiological  actions  and  uses  of  the  potassium  ' 
and  sodium  "  nitrites  resemble  in  every  particular  those 
of  nitro-glycerine,  it  is  not  necessary  to  give  a  separate 
description  of  them. 

The  dose  of  each  of  these  compounds  varies  from  twenty 
(3  grains)  to  fifty  centigrammes  (7i  grains). 
_  Observing  that  nitrite  of  amyl,  sodium  nitrite,  potas- 
sium nitrite,  and  nitro-glycerine  had  all  similar  actions,  it 
occurred  to  Matthew  Hay  that  this  must  be  due  to  some 
agent  common  to  them  all.  As  the  three  former  con- 
tain nitrous  acid,  he  suspected  that  nitro-glycerine,  which 
is  a  nitrate  of  glycerl,  underwent  a  change  in  the  blood. 
This  he  has  demonstrated  by  showing  that  the  alkali  of 
the  blood  decomposes  it,  liberating  nitrous  acid.  Nitrous 
acid  is,  tlierefore,  the  active  agent  in  bringing  about 
the  actions  of  these  different  agents  on  the  circulation. 

Chloral  Hydrate.— This  drug  has  a  marked  effect  in 
lowering  the  blood-pressure,  through  its  action  in  depres- 
sing the  vaso-motor  centre,  and  in  producing  a  direct 
effect  on  the  muscular  coat  of  the  arterioles.  In  addition, 
it  has  a  direct  influence  on  the  heart  itself,  slowing 
and  enfeebling  its  movements,  by  diminishing  the  irrita- 
bility of  the  intracardiac  ganglia.  It  is,  therefore,  a 
cardiac  depressant  as  well  as  a  reducer  of  blood-pressure. 
It  is  the  latter  action  that  makes  it  useful  in  the  only 
condition  which  will  be  described  here.  I  refer  to  its 
use  in  cases  of  endocarditis  and  endarteritis,  after  the 
acute  stage  has  subsided,  or  what  has  been  very  fitly 
termed  the  preventive  treatment  of  valvular  lesions  of 
the  heart.  Dr.  Fothergill"  strongly  points  out  the  ne- 
cessity there  is  for  rest  in  bed  in  these  cases.  With 
complete  rest,  together  with  small  continuous  doses  of 
chloral,  the  heart  is  placed  in  the  best  possible  condition 
to  recuperate.  By  these  means  that  increase  of  connec- 
tive-tissue, which  is  accelerated  by  high  arterial  tension 
is  prevented.  Dr.  Fothergill  points  out  the  great  danger 
of  giving— what  is  very  often  ordered  in  these  cases— 
digitahs  ;  for  it  is  a  well-known,  but  unfortunately  not 
commonly  recognized  fact,  that  digitalis  contracts  the  ar- 
terioles, and  thereby  increases  the  blood-pressure,  the  very 
condition  which  we  should  do  our  utmost  to  prevent. 
_  Cannabis  Indica  is  another  agent  of  undoubted  value 
m  cases  of  increased  arterial  tension.  It  has  been  shown 
by  the  writer  "  that  it  has  a  remarkable  influence  in  ame- 
]iora,ting,  and  sometimes  in  actually  curing,  those  cases  of 
hemicrania  that  have  for  their  fundamental  pathological- 
condition  a  contraction  of  the  arterioles. 

I  am  not  aware  of  its  having  been  used  in  other  patho- 
logical states  due  to,  or  attended  by,  increased  arterial 
tension,_but,  if  we  may  judge  from  its  physiological  ac- 
tion, it  IS  well  worthy  of  a  trial. 

_  Compared  with  the  different  nitrites,  with  nitro-glycer- 
ine,  and  even  with  chloral  hydrate,  it  is  very  slow  in  bring- 
ing about  diminution  of  tlie  blood-pressure.  The  influence 
of  general  blood-letting  in  reducing  the  pressure  is  not 
as  great  as  might  be  expected.  The  reduction  that  it  ef- 
fects is  also  very  temporary.    We  have  proof  of  these  two  ' 
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statements  in  Kussmaul  and  Tenner's  experiments  in  re 
moving  successive  slices  from  the  cerebellum  of  rabbits 
They  found  that  all  their  animals  bled  to  death  before 
they  could  reach  the  conclusion  of  their  experiments,  but 
they  found  no  trouble  in  finishing  them,  if  they  previously 
kept  the  animals  on  a  dry  diet  for  a  period  of  two  weeks 
Deprivation  of  water  was  sufficient  to  bring  down  the 
blood-pressure.  The  result  of  this  experiment  goes  to 
show  that  a  dry  diet  is  superior  to  blood-letting  as  a  re- 
ducer of  arterial  tension,  when  we  want  a  permanent  ef- 
fect. 


*  Therapeutics  and  Pharmacology,  p.  140. 

2  Ber.  Kiln.  Woch.,  No.  2,  1867.  4 

'  Quoted  by  Bnlenburg  and  Guttmann  in  Sympathetic  System  o( 
Nerves,  p.  69. 

*  Pharmacology  and  Therapentics,  p.  143.  5  See  Motor  DepressantR 
8  National  Dispensatory,  p.  193.  ^  Lancet,  1879,  vol.  ii  n  935* 
8  British  Medical  Journal,  November  20,  1880. 

^  Reichert :  American  Journal  of  Medical  Science,  July,  1880 

i»  Matthew  Hay:  Practitioner,  1862. 

i^  Practitioner,  January,  18S1,  and  Brit.  Med.  Jour.,  November  1884. 

>'  Canada  Med.  and  Surg.  Jour.,  October,  1880. 

BLOODROOT  (Sanguinaria,  U.  S.  Ph.),  Sanguina/ria 
canadensis  Linn.;  Order,  Papaveracem,  is  the  only  spe- 
cies in  the  genus.  'It  is  a  low  perennial,  with  a  thick, 
horizontal  root-stock,  from  which  one  or  two 
leaves  and  a  single  hand- 
some white  fiower  appear 
early  in  the  spring,  en- 
closed at  the  base  by  sev- 
eral sheathing  scales.  The 
leaves  are  kidney-shaped, 
variously  lobed,  and  grow 
much  larger  and  broader 
as  the  season  goes  on. 
The  flower  is  about  three 
centimetres  across  (one 
and  a  fourth  inch),  regu- 
lar, perfect,  spreading ; 
sepals  two,  falling  early ; 
petals  from  six  to  twelve, 
rather  narrow ;  stamens 
numerous,  ovary  and  cap- 
sule one-celled,  with  two 
placentas ;  ovules  (and 
seeds)  numerous,  with 
prominent  caruncles.  An 
opaque,  orange  ■  colored 
juice  is  found  in  all  parts 
of  the  plant,  especially 
in  the  root,  where  it  is 
very  abundant  and  dark. 
Bloodroot  is  a  native  of 
North  America,  and  is 
occasionally  cultivated  as 
an  ornamental  plant  both 
here  and  in  Europe.  The 
dried  root  is  about  five 
centimetres  long  (two  in- 
.  ches),  and  one  centimetre 

in  diameter,  slightly  flattened,  indistinctly  annulated,  and 
evidently  shrunken  and  wrinkled.  It  is  reddish  brown 
externally,  variously  bent  and  twisted,  and  now  and  then 
branched.  It  breaks  with  a  short  fracture,  and  displays 
a  pink  surface,  finely  dotted  with  dull-red  points ;  this 
surface  becomes  dark  by  exposure,  and  finally  is  uni- 
formly brownish  red.  Odor  slight,  disagreeable.  Taste 
bitter,  acrid,  nauseous,  and  persistent.  Powder  sternu- 
tatory. 

The  principal  constituent  is  the  alkaloid  aanguinwrine, 
discovered  and  named  by  Dana  in  1829,  and  identical 
with  the  "  chelery thrine  "  of  Celandine,  separated  in  1837 
by  Probst.  When  pure  it  is  in  white  crystalline  ceedles 
or  tufts,  insoluble  in  water,  but  easily  dissolved  by  alco- 
hol, ether,  oils,  etc. ;  it  forms  with  the  principal  acids  beau- 
tiful salts  of  brilliant  orange  or  red  color.  The  powder 
excites  violent  sneezing.  Its  taste,  when  dissolved,  is 
that  of  the  rhizome  intensified.  One  or  two  other  alka- 
loids of  doubtful  identity  have  also  been  described  as  ex- 
istmg  in  bloodroot,  but  this  is  the  only  one  of  importance. 


Fig.  463. 
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Blood-Pressure, 
Blood-Stains. 


Action. — Vomiting,  purging,  and  general  depression, 
are  the  prominent  symptoms  of  both  the  crude  medicine 
and  its  alkaloid.  It  is  an  active  poison  ;  alarming  effects, 
and  even  death,  have  followed  its  administration.  Blood- 
root  itself  has  been  considerably  used  as  an  emetic  and 
nauseant,  but  is  harsh  and  depressing,  and,  at  present, 
has  fallen  into  comparative  disuse  in  regular  medicine. 
It  is  occasionally  put  into  cough-mixtures  as  an  expector- 
ant, but  ipecac  is  to  be  preferred  even  for  this  purpose. 
As  an  alterative,  and  for  various  remote  effects,  it  is 
wholly  obsolete. 

Doses :  One  gramme  (gr.  xv.)  will  usually  procure 
vomiting  and  make  the  patient  very  uncomfortable ; 
from  five  to  twenty -five  centigrammes  (gr.  j.  ad  iv.)  may  be 
given  as  an  expectorant ;  the  latter  dose  will,  perhaps,  nau- 
seate if  frequently  repeated.  The  preparations  are,  fluid 
extract  {Extractum  Sangmna/nm  Plmdum,  U.  S.  Ph.), 
strength,  { ;  vinegar  {Aceium  Banguina/rim,  U.  S.  Ph.), 
strength,  -,Vv,  whose  doses  may  be  calculated  from  the 
above.  Sanguinarine  has  been  given  experimentally ; 
the  doses  appear  to  "be,  as  an  expectorant,  from  five  to 
eight  milligrammes  (0.005  to  0.008  G-m.  =  gr.  -,V  ad  \) ;  as 
a  nauseant,  from  one  to  one  and  one-half  centigramme 
(0.01  to  0.015  Gm.  =  gr.  ^  ad  i) ;  as  an  emetic,  three 
centigrammes  (0.03  Gm.  =gr.  i).  The  sanguinarine  of 
the  market  is  always  red,  probably  either  a  salt  or  con- 
taminated with  one. 

The  eclectic  "  Sanguinarin  "  is  a  precipitate  from  the 
tincture,  and  not  the  alkaloid. 

Allied  Plants. — See  Opium  for  the  Order  Papa- 


Allied  Drugs.  —  Celandine  {OhelUdonmm  majus 
Linn.)  also  contains  the  alkaloid  of  bloodroot,  and  has 
similar  but  milder  qualities.  EschsehoUzia  and  other 
Papmeracem  with  orange-colored  juice  may  probably  be 
considered  as  of  similar  properties.  Tartar  emetic  in  full 
doses  may  also  be  compared  with  it.  For  a  further  list 
of  emetics  see  Ipecac.  W.  P. 


BLOOD-STAINS.  In  criminal  trials  the  medical  wit- 
ness is  often  called  to  determine  whether  stains  found  on 
weapons — as  knives,  clubs,  or  daggers — or  upon  the  cloth- 
ing of  a  suspected  person,  or  upon  the  floor,  walls,  or 
ground  where  a  homicide  is  supposed  to  have  been  com- 
mitted, were  caused  by  blood  or  by  some  other  coloring 
matter.  So  also  it  is  often  equally  important  to  deter- 
mine whether  stains  acknowledged  to  be  blood  are  the 
blood  of  a  human  being  or  the  blood  of  one  of  the  lower 
animals.  The  object  of  this  article  is  to  show  how,  and 
to  what  extent,  these  important  questions  may  be  an- 
swered. Such  investigations  have  often  served  to  con- 
vict the  guilty,  and  in  other  cases  to  triumphantly  acquit 
the  innocent. 

The  examination  of  blood-stains  calls  for  the  consider- 
ation of,  1,  physical  characteristics  ;  3,  chemical  reac- 
tions; 3,  crystalline  properties ;  4,  optical  properties  ;  and 
5,  microscopical  appearances  of  blood-corpuscles  and 
other  constituents  of  blood. 

Physical  Appearances  of  Blood-stains.  —  The 
color  of  blood-stains  varies  with  the  amount  of  serum, 
and  the  absorbent  properties  of  the  object  upon  which  it 
dries.  Generally  the  more  permeable  the  tissue  or  object 
stained,  the  brighter  is  the  color  after  blood  has  dried 
upon  it. 

Upon  polished  steel  or  other  metal,  blood  dries  in  dark, 
brown,  shiny  scales,  however  thin  the  layer  of  blood  may 
be.  Upon  silk  or  upon  glass  it  assumes  about  the  same 
color  as  upon  polished  metal.  Upon  varnished  or  very 
hard  wood,  blood-stains  have  also  a  dark  shining  surface. 
But  upon  soft  porous  wood,  or  any  soft  tissue,  as  cotton- 
cloth,  the  color  is  dull  brown  or  rose  tint,  yet  even  on 
cloth  a  thick  clot,  when  dry,  presents  a  brown  but  glisten- 
ing surface. 

It  sometimes  happens  that  upon  tissues  or  objects  of  a 
brown,  maroon,  or  dark-blue  color,  blood-stains  are  quite 
invisible  by  full  daylight,  but  they  become  conspicuous 
by  artificial  light,  especially  if  examined  by  light  obliquely 
reflected.  This  Is  especially  the  case  with  dark-colored 
furniture,  wall-paper,  or  any  dark  paint  on  which  blood- 


stains easily  seen  by  the  light  of  a  candle  are  quite  invisi 
ble  by  daylight. 

Stains  upon  steel  or  other  metallic  instruments,  If 
quickly  dried  by  exposure  to  the  air,  are  cracked  and  of 
a  fine  red  color  ;  but  stains  on  similar  Instruments,  kept 
iu  a  damp  situation,  are  of  a  dirty  brown,  tending  toward 
a  rusty  yellow  color,  surrounded  with  an  ochrey  areola, 
yielding  no  color  or  albumen  to  water  ;  even  a  solution 
of  potash  extracts  only  a  small  quantity  of  albumen. 

Upon  glass,  marble,  plaster,  flint,  sandstone,  and  earth, 
blood-stains  preserve  their  ordinary  characteristics  ;  but 
upon  wood  containing  tannin  they  form  with  the  tannin 
an  insoluble  compound,  and  water  in  which  such  stains 
are  macerated  fails  to  yield  characteristics  of  blood.  In 
such  cases  the  surface  can  sometimes  be  scraped  off  and 
tested  free  from  the  tannin. 

On  felt  and  some  kinds  of  cloth,  blood  forms  shiny 
spots  appearing  like  mucilage.  In  examining  garments, 
searching  for  blood-stains,  a  small  magnifying-glass  is  of 
great  service  in  distinguishing  small  specks  or  drops  of 
blood. 

Chemical  Reactions. — (a)  Cruaiacum  Test  for  Blood. 
— If  any  red  substance  is  suspected  to  be  blood,  place  a 
drop  on  white  blotting-paper,  or  if  dry,  moisten  with 
water  and  place  it  on  the  paper.  Let  fall  upon  the 
stain  thus  formed  a  drop  of  tincture  of  guaiacum.  If 
the  stain  turns  blue,  with  no  other  treatment,  it  is  not 
blood,  or  if  It  contains  blood  It  also  contains  starch,  a 
salt  of  Iron,  or  some  other  foreign  substance.  If  it  does 
not  turn  blue  by  the  action  of  the  guaiacum,  drop  upon 
It  a  little  watery  solution  of  peroxide  of  hydrogen, 
when,  if  it  is  blood,  it  will  quickly  assume  a  beautiful 
sapphire-blue  color.  A  particle  of  blood  which  is  scarcely 
visible  to  the  naked  eye  may  be  detected  by  this  test. 

Fallacies  of  the  Guaiacum  Test. — If  guaiacum  and 
peroxide  of  hydrogen  are  mixed  before  application,  many 
substances  give  results  similar  to  that  of  blood.  Always 
apply  the  tincture  of  guaiacum  first,  and  add  the  hydro- 
gen peroxide  afterward.  Oxidized  guaiacum  gives  a 
blue  color  with  hydrogen  peroxide  without  blood.  Al- 
ways make  a  fresh  tincture  from  the  inner  portion  of 
pearls  of  the  gum.  The  hydrogen  peroxide  should  be 
pure.  If  nitrate  of  silver  gives  a  copious  precipitate  with 
the  hydrogen  peroxide,  it  is  unfit  for  use. 

Iron  rust  alone  does  not  turn  guaiacum  blue  with  hy- 
drogen peroxide. 

Iron  blades  rusted  with  fruit- juice  (citric  acid)  turn 
blue  with  guaiacum  without  hydrogen  peroxide. 

Perchloride  of  iron  turns  guaiacum  an  indigo  blue  with- 
out blood  and  without  hydrogen  peroxide.  Any  acid 
containing  iron  vitiates  the  guaiacum  test.  Some  kinds 
of  paper  sized  with  alum  contain  iron,  and  turn  blue  with 
guaiacum.  Wheat  flour  (gluten)  blues  guaiacum  with- 
out peroxide.  Starched  paper  or  cloth  turns  guaiacum 
blue.  If  the  blue  color  is  not  produced  by  the  tincture 
of  guaiacum  alone,  and  if  hydrogen  peroxide  is  then 
added  and  produces  the  blue  suddenly,  the  substance  ex- 
amined is  almost  certainly  blood. 

If  the  stain  be  on  dark  cloth  and  no  particles  can  be  re- 
moved to  white  paper  (pure  white  paper,  free  from  alum 
or  iron  is  alone  fit  for  use  with  this  test)  it  may  be  mois- 
tened with  water  and  then  treated  with  tincture  of 
guaiacum  and  hydro-peroxide.  It  may  then  be  pressed 
upon  white  paper,  and  if  blood  be  present  the  blue  color 
will  be  printed  on  the  paper. 

(b)  Action  of  Solvents  and  otTier  Reagents. — Stains  upon 
cloth,  supposed  to  be  blood,  may  be  cut  out  with  scissors 
and  suspended  by  a  thread  in  a  small  test-tube  containing 
distilled  water.  The  bottom  of  the  cloth  should  dip  Into 
the  water,  but  the  stain  should  not  touch  the  sides  of  the 
tube.  In  this  condition  the  coloring  matter  of  blood  will 
generally  detach  Itself  from  the  tissue  and  fall  in  reddish 
stria;  to  the  bottom  of  the  tube.  On  withdrawing  the 
cloth  after  some  hours'  soaking,  it  will  be  found  covered 
with  a  soft  grayish  substance,  easily  removed  with  the 
finger-nail  or  with  a  scalpel ;  this  Is  fibrin.  The  water  on 
agitation  assumes  a  rose  or  red  color,  varying  with  the 
amount  of  coloring  matter  dissolved.  Heating  causes  a 
deposit  of  gray  flocculi,  which  are  a  mixture  of  fibrin 
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and  albumen.  These  flocculi  are  readily  dissolved  by- 
liquor  potasses,  and  the  resulting  liquid  has  a  reddish  hue 
by  reflected  and  a  greenish  tint  by  transmitted  lights 
dichroism.  Chlorine,  hydrochloric  acid,  or  nitric  acid, 
causes  the  flocculi  to  reappear. 

"When  a  solution  of  blood  has  been  coagulated  by 
heat  and  redissolved  by  liquor  potassse,  the  coagulum 
may  be  made  to  reappear  by  the  addition  of  nitric  acid. 
The  blood  solution  has  also  the  characteristic  property  of 
not  being  changed  in  color  by  the  addition  of  a  small 
quantity  of  liquor  ammoniae.  No  other  red  solutions 
have  these  two  characteristics.  The  red,  pink,  or  scarlet 
infusions  of  flowers  and  roots,  and  the  juices  of  fruits, 
are  changed  to  green  or  violet  by  ammonia,  and  cochineal 
to  crimson.  The  red  solution  of  sulphocyanide  of  iron 
yields  with  the  same  reagent  a  white  precipitate  of  oxide 
of  iron,  and  the  pink  solution  of  permanganate  of  potash 
is  changed  to  blue.  Blood  solutions  yield  a  red  precipitate 
to  infusion  or  tincture  of  galls  ;  but  red  coloring  matters, 
due  to  the  presence  of  salts  of  iron,  yield  a  dark  blue 
precipitate  "  (Guy  and  Ferrier). 

When  a  solution  of  blood  is  heated  the  color  disap- 
pears, but  vegetable  colors  in  general  are  unchanged  by 
heat. 

If  many  stains  are  to  be  examined,  care  should  be  taken 
to  number  them  and  affix  the  same  numbers  to  the  vessels 
in  which  they  are  placed  for  examination ;  also  to  care- 
fully describe  in  writing  the  form,  dimensions,  and  posi- 
tion of  each  of  the  stains.  If  the  stains  are  upon  weapons, 
from  which  it  is  not  possible  to  detach  a  superficial  layer, 
they  may  be  moistened  with  drops  of  water.  If  they  are 
upon  wood,  plastered  wall,  or  stone  we  may  scrape  the 
surface  and  test  the  material  removed.  If  upon  the  point 
of  a  dagger  or  other  narrow  blade,  it  may  be  placed  in  a 
tall,  narrow  vessel.  In  general,  if  the  material  of  the 
stain  can  be  scraped  off,  the  fine  powder  thus  obtained 
may  be  treated  with  a  minute  portion  of  fluid  in  a  test- 
tube  or  watch-elass,  or  on  a  concave  slide  or  cover-glass, 
such  as  is  usecl  with  the  microscope.  The  method  of 
dealing  with  minute  specks,  when  no  more  can  be  ob- 
tained from  a  stain,  will  be  described  further  on.  If  the 
powder  obtained  is  abundant  and  contains  foreign  matter, 
it  may  be  placed  in  a  small  gauze  bag  and  suspended  in 
a  test-tube  as  described  above.  If  the  stains  are  spread 
in  streaks  on  the  surface  of  the  instrument,  a  plate  of 
glass  may  be  arranged  on  a  perfect  level  and  a  few  drops 
of  distilled  water  may  be  placed  on  the  glass  and  the  in- 
strument so  arranged  that  the  stain  will  touch  the  water 
while  the  instrument  does  not  touch  the  glass.  After  one 
or  two  hours  the  water  will  be  colored  by  the  stain.  But 
whatever  process  we  employ,  it  is  important  to  avoid 
contact  of  water  with  the  steel  or  iron  so  as  to  form  rust. 
In  all  cases  a  small  quantity  of  water  only  should  be 
used,  and  if  the  liquid  contains  much  foreign  matter,  it 
should  be  filtered  before  using  reagents.  Persos  has  pro- 
posed the  use  of  hypochlorous  acid  as  a  means  of  recog- 
nizing blood-stains.  This  acid  is  prepared  by  passing 
chlorme,  well  washed,  into  a  solution  of  oxide  of  mer- 
cury in  distilled  water,  and  distiUing  the  acid  thus  formed. 
This  acid  quickly  destroys  all  organic  coloring  matters, 
except  blood,  which  withstands  the  acid  much  longer 
than  other  colors.  Two  minutes  are  suflicient  to  destroy 
most  colors,  except  that  of  blood. 

Stains  of  colcothar  and  grease  and  those  of  rust  resist 
for  a  long  time  the  action  of  hypochlorous  acid,  but  dis- 
appear instantly  by  contact  with  chloride  of  tin,  which 
does  not  act  upon  the  coloring  matter  of  blood.  Carbon 
mixed  with  the  colored  fluid  cannot  be  readily  decolor- 
ized by  any  reajgent.  Aqua  ammonise  in  small  quantity 
added  to  a  solution  of  blood  does  not  discharge  the  color, 
it  only  makes  it  slightly  darker. 

Crystalline  Propbrtibs.— Oysters  cha/racterutic  of 
blood  were  discovered  by  Teichmann,  and  great  imijort- 
ance  is  attached  to  this  test.  To  obtain  these  hmmin 
crystals,  digest  the  stained  tissue  (or  better,  the  powder 
obtained  from  it)  for  twenty-four  hours  in  glacial  acetic 
acid,  to  which  has  been  added  a  trace  of  chloride  of 
sodium.  Place  a  drop  of  the  red  fluid  obtained  upon 
a  glass  slide,  and  allow  it  to  evaporate  at  a  tempera- 


ture of  from  80°  to  100°  P.  Some  advise  a  temperature 
of  180°  F.  If  the  coloring  matter  has  been  obtained 
in  water,  evaporate  to  dryness  and  then  apply  a  drop 
of  glacial  acetic  acid  with  a  trace  of  chloride  of  sodium. 
As  the  fluid  evaporates,  a  great  number  of  crystals 
appear,  in  the  form  of  rhomboidal  plates  of  yellow,  red 
or  brown  color,  depending  on  the  thickness  of  the'crys- 
talline  plates.  Frequently  the  crystals  form  regular 
lozenges.  If  the  stain  is  on  cloth,  boiling  in  a  test-tube 
with  acetic  acid  facilitates  the  removal  of  the  coloring 
matter.  The  formation  of  these  crystals  is  prevented  by 
excessive  heat,  alcohol,  and  any  acid  except  acetic  acid. 
Ammoniacal  alcohol  (alcohol  with  one-twentieth  part 
aqua  ammonise)  is  employed  with  advantage  for  treating 
these  stains.  The  red  liquid  which  it  produces  furnishes 
crystals  as  it  evaporates.  With  recent  blood-stains  it  is 
seldom  necessary  to  add  chloride  of  sodium  to  obtain  the 
crystals.  The  crystals  obtained  by  the  processes  above  de- 
scribed are  known  as  hasmin  crystals. 

Crystals  of  the  unchanged  coloring  matter  of  blood 
are  obtained  by  other  methods,  and  vary  much  in  form 
in  different  animals.  In  the  dog  and  in  man  they  are 
long  parallelograms,  in  the  squirrel  they  are  hexagonal 
plates,  and  in  the  (Juinea-pig  they  are  in  the  form  of 
tetrahedral  crystals.  Crystals  of  hsemin  which  are  ob- 
tained in  testing  for  blood,  according  to  Teichmann, 
are  of  the  same  form  whatever  the  animal  from  which 
the  blood  may  have  been  obtained.  They  are  oblique 
rhomboidal  prisms  with  acute  angles  of  about  55°  and 
obtuse  angles  of  135°,  varying  with  the  position  ir 
which  they  are  seen.  These  crystals  are  often  placed 
over  each  other  in  the  form  of  a  Maltese  cross.  The 
angle  made  by  the  arms  of  the  cross  is  said  to  vary  in 
blood  from  different  animals.  The  length  of  these  crys- 
tals, as  obtained  from  human  blood,  is  from  one  and  a 
half  to  three  times  greater  than  the  breadth.  In  crystals 
obtained  from  the  blood  of  a  chicken,  the  length  of  some 
crystals  is  four  and  a  half  times  greater  than  the  breadth, 
and  in  crystals  from  the  blood  of  the  mouse  the  difference 
is  much  greater. 

Chloride  of  sodium  is  one  of  the  normal  constituents  of 
human  blood,  and  it  sometimes  appears  in  the  form  of 
cubical  crystals  in  testing  for  blood,  when  no  chloride 
of  sodium  has  been  added  to  the  preparation.  Dagger- 
shaped  crystals,  resembling  crystals  of  muriate  of  ammo- 
nia, are  sometimes  found.  Hsemin  crystals  from  human 
blood  are  generally  very  small,  and,  if  obtained  from 
minute  stains,  their  obtuse  angles  are  somewhat  rounded, 
as  are  crystals  of  uric  acid,  found  as  a  brick-dust  sediment 
in  urine,  and  not  like  the  flne-cut  angles  seen  when  uric 
acid  is  crystallized  from  a  pure  solution  prepared  by 
chemical  means.  Dr.  A.  S.  Taylor,  in  his  treatise  on 
"  MedicalJurisprudence,"  figures  many  forms  of  blood 
crystals  obtained  under  different  conditions  and  from  dif- 
ferent animals. 

Wilbrand,  in  the  Edinburgh  Medical  Journal,  1863,  p. 
371,  says  :  "Crystals  from  human  blood  have  a  length 
from  one  and  a  half  to  three  times  their  breadth.  Crys- 
tals from  blood  of  the  ox  and  mouse  (we  might  add  also  the 
dog)  are  from  six  to  ten  times  longer  than  their  breadth." 
If  an  extended  series  of  observations  should  confirm 
these  statements,  the  results  might  be  of  great  impor- 
tance. Crystals  from  the  blood  of  the  ox  are  often  ar- 
ranged as  six-rayed  stars  (the  same  is  true  with  crystals 
from  human  blood).  Crystals  from  the  blood  of  the 
mouse  form  rectangular  crosses,  and  oblique  crosses  with 
acute  angles  of  rather  more  than  sixty  degrees.  Some 
recent  writers  express  the  hope  of  distinguishing  the 
blood  of  man  from  that  of  the  domestic  animals  by  the 
crystals  obtained ;  but,  although  this  idea  has  been  before 
the  public  for  twenty  years,  it  does  not  now  seem  likely 
that  any  important  distinctions  will  be  made  by  that 
method.  But  at  present  all  we  can  say  is,  that  when 
well-marked  hsemin  crystals  are  obtained,  we  may  be 
very  certain  that  the  stain  is  blood,  though  it  may  still  be 
blood  if  no  haemin  crystals  are  formed.  Some  speci- 
mens of  acetic  ncid,  owing  to  peculiarities  not  yet  un- 
derstood, prevent  the  crystallization  of  the  coloring  mat 
ter  of  blood. 
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Spectrum  Analysis  of  Blood-stains. — One  of  the 
most  important  methods  of  distinguishing  colored  solu- 
tions of  blood-stains  from  other  colored  fluids,  is  by  the 
use  of  the  spectroscope.  The  peculiar  spectra  produced 
by  the  passage  of  light  through  solutions  of  blood  were 
noticed  by  Hoppe  in  1862,  and  were  suggested  by  him  as 
a  means  of  medico-legal  research.  Stokes,  in  1864,  and 
Sorby,  Lethby,  MacMunn,  and  others,  have  added  largely 
to  our  knowledge  of  this  subject. 

The  coloring  matter  of  fresh  blood  is  known  as  haemo- 
globin, and,  according  to  Preyer,  it  contains  nearly  all 
3ie  iron  of  the  blood.  By  the  action  of  reagents,  such  as 
acetic,  tartaric,  and  citric  acids,  the  bright  red  of  fresh  blood 
becomes  changed  to  a  brownish  red,  known  as  hsematin. 
This  is  a  permanent  chemical  change.  The  same  change 
of  hsemoglobin  into  hsematin  takes  place  when  blood  has 
been  kept  for  a  long  time.  The  fresh  blood-stain  is  bright 
red  (haemoglobin),  the  old  stain  is  brown  (hsematin). 

Haemoglobin  and  haematin  are  each  capable  of  existing 
in  two  states  of  oxidation,  each  state  producing  in  the 
spectrum  its  own  characteristic  absorption  bands. 

If  a  blood-stain  is  kept  in  a  damp  place,  the  haemoglo- 
bin is  rapidly  changed  into  haematin,  or  both  haemoglobin 
and  haematin  may  be  decomposed.  But  if  the  stain^  is 
kept  dry,  it  becomes  in  time  of  a  brown  color.  This 
change  is  hastened  if  the  stain  is  exposed  to  a  strong 
light.  This  brown  coloring  matter  is  meihmmoglobin, 
which  Sorby  regards  as  peroxidized  haemoglobin.  This 
alteration  is  much  more  rapid  in  an  atmosphere  contain- 
.  ing  coal-gas,  or  a  trace  of  sulphurous  or  any  other  weak 
acid.  The  change  is  also  very  rapid  when  a  stained  gar- 
ment is  worn  next  to  the  skin,  as  the  acid  perspiration 
hastens  the  change. 

If  the  color  of  a  blood-stain  is  a  bright  red  it  is  evident 
that  it  is  recent,  but  if  it  be  brown  it  is  not  necessarily  an 
old  stain. 

In  illustration  of  the  use  of  the  spectroscope  in  the  ex- 
amination of  blood-stains,  reference  is  made  to  Plate  II., 
copied  from  the  work  of  Chas.  A.  MacMunn,  B.A.,  M.D., 
London,  1880,  entitled  "The  Spectroscope  in  Medicine." 

EXFI.ANATION  OV  FLATE  II. 


1.— Solar  spectrum,  with  Fraunhofer's  lines;  the  latter  are  shown  in  all 
the  spectra  for  comparison. 

8.— strong  solution  of  oxyhsemoglobin. 

3. — Weaker  solution. 

4.— still  weaker,  showing  two  oxyhsemoglobin  bands. 

B.— The  solution  diluted  sufficiently  to  show  only  one  band. 

6. — Reduced  hsemoglobin. 

7. — Carbonic-oxide  hsemoglobin. 

8.— Sulphaemoglobin. 

9  —The  same  oxygenated. 
10.— Metbaemoglobin. 

11.  -Blood  treated  with  nitrite  of  amyl  and  alcohoL 
12.— Acid  hfematin  (alcoholic  solution), 
13.— Alkaline  hsematin  (alcoholic  solution). 
14. — Blood  treated  with  alcohol  and  ammonia. 
15.— Reduced  or  deoxidized  hsematin. 
16.— Sulphate  of  cruentin. 
17.— Five-banded  alkaline  cruentin. 
18. — ^Neutral  cruentin  in  chloroform. 
19.— Hydrochloric  product  from  neutral  cruentin. 
20.— Reduced  cruentin; 

21  .—Blood  treated  with  cyanide  of  potasBium  or  with  hydrocyanic  acid. 
**.— The  same  deoxidized. 

23.— Solution  of  blood  treated  with  solution  of  bromine. 
24.— The  last  reduced  with  ammonium  sulphide. 

All  the  above  are  mapped  from  the  micro-spectroscope. 

The  spectra  shown  in  Plate  II.  may  be  prepared  by  the 
following  simple  methods,  given  by  MacMunn  : 

Alkaline  Emmatin. — Make  a  saturated  solution  of  car- 
bonate of  potash  in  alcohol,  and  pour  a  few  drops  of 
blood  into  the  solution  ;  the  color  of  the  blood  immedi- 
ately changes,  and,  when  examined,  the  spectrum  shown 
m  Plate  IL,  Sp.  13,  is  seen,  a  broad  lightly  shaded  band 
covering  Fraunhofer's  line  D,  The  action  of  caustic  al- 
kalies on  deflbrinated  fresh  cat's  blood  was  found  to  give 
different  spectra  from  those  often  described.  Caustic 
potash  and  caustic  soda  in  alcohol  when  added  to  blood 
give  the  same  spectrum,  but  different  from  that  produced 
by  aqua  ammonise  or  by  carbonate  of  potash.  It  consists 
of  three  bands,  two  of  which  are  like  the  bands  of  fresh 
blood,  but,  on  the  addition  of  a  reducing  agent,  the  spec- 
trum of  reduced  haematin  appears. 
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An  ammoniacal  solution  of  alcohol  added  to  blood 
gives  a  faint  band  in  the  red  and  a  darker  band  nearer 
the  violet.  On  dilution  of  the  mixture  the  band  near  the 
violet  divides  into  two,  and  on  the  addition  of  a  reducing 
agent  the  bands  of  reduced  hsematin  appear  (see  Plate  II. , 
Sp.  14).  This  band  in  the  red  is  feeble,  and  if  old  blood 
is  used  it  is  seldom  seen. 

Bedvced  HtBrnatin.— This  can  be  obtained  by  adding 
ammonium  sulphide  to  a  solution  of  blood  treated  by 
alcohol  and  carbonate  of  potash,  or  by  the  alcoholic  so- 
lution of  caustic  soda  or  of  caustic  potash,  or  of  am- 
monia ;  but  if  an  alkali  alone  be  added  to  blood  pre- 
viously, the  reducing  agent  will  not  develop  this  spectrum. 
Sp.  15,  Plate  II.,  is  that  of  reduced  haematin. 

Acid  Emmalin. — Add  a  few  drops  of  acetic  acid  to 
blood  and  shake  with  ether  ;  the  brown-red  ethereal  solu-. 
tlon  gives  four  well-marked  bands.  This  spectrum  is 
shown  in  Plate  II.,  Sp.  13.  The  feeble  band  near  D  is 
not  readily  seen  with  that  degree  of  dilution  which  shows 
the  bands  in  the  green  to  the  best  advantage.  By  nar- 
rowing the  slit  of  the  micro-spectroscope  and  focusing 
carefully  the  bands  are  made  to  appear. 

Action  of  Bromine  on  Blood.— {X)  Ox-blood  treated  vidth 
bromine  and  shaken  with  alcohol  gives  four  absorption 
bands,  which  are  practically  identical  with  those  of  acid 
haematin. 

(3)  Ammonium  sulphide  added  to  this  gives  not  only 
the  bands  of  reduced  haematin,  but  a  third  feeble  band  in 
orange,  close  upon  D  (see  Plate  II. ,  Sp.  34). 

(3)  If  ammonia  be  added  to  the  first  solution  it  de- 
velops a  band  at  D,  like  that  of  alkaline  haematin. 

(4)  Ammonium  sulphide  added  to  this  develops  the 
same  bands  as  in  (3). 

(5)  A  solution  of  blood  treated  with  an  aqueous  solu- 
tion of  bromine  gives  a  band  just  like  alkaline  haematin, 
or  that  of  (8).     (Plate  II. ,  Sp.  33.) 

Sulphate  of  Cruentin. — Boil  deflbrinated  blood  with 
strong  sulphuric  acid,  add  water  and  filter ;  wash  the 
mass  on  the  filter  until  the  washings  are  neutral  to  test- 
paper,  and  dry.  This  precipitate  is  what  Thudichum  calls 
cruentin.  Dissolve  some  in  sulphuric  acid,  it  produces  a 
fine  ruby-red  color,  giving  two  absorption  bands  ;  this  is 
the  spectrum  of  sulphate  of  cruentin  (Sp.  16,  Plate  II.). 

Alkaline  Cruentin. — Dissolve  some  of  the  neutral  dried 
precipitate  of  the  last  experiment  in  alcohol  and  am- 
monia, when  a  red  fluid  will  be  obtained  giving  flve  (or 
four)  bands  (Sp.  17,  Plate  II.). 

Neutral  Cruentin. — Dissolve  some  of  the  neutral  dried 
precipitate  in  chloroform  ;  this  gives  four  bands,  but  dif- 
fering in  their  positions  from  those  of  alkaline  cruentin 
(Sp.  18,  Plate  II.). 

Sydrochlorie  Product  of  Neutral  Cruentin. — Add  hydro- 
chloric acid  to  the  last  fluid,  it  becomes  turbid  ;  heat,  the 
turbidity  disappears ;  it  is  now  of  a  purplish  color  and 
gives  three  bands  (Sp.  19,  Plate  II.). 

Reduced  Cruentin. — Add  ammonium  sulphide  to  the 
alkaline  solution  of  cruentin  ;  this  solution  gives  three 
bands,  which  are  shown  in  Plate  II. ,  Sp.  30.  The  darkest 
band  of  this  spectrum  is  nearly  in  the  same  place  as  the 
first  reduced  haematin  band. 

Metfuxmoglobin. — Add  a  solution  of  permanganate  of 
potassium  to  a  solution  of  blood  ;  notice  the  position  of 
the  band  in  the  red.  This  is  the  only  band  of  impor- 
tance ;  it  is  shown  in  Sp.  10,  Plate  II. ,  in  which  the  other 
bands  are  also  seen.  Dilute  and  add  ammonium  sul- 
phide ;  notice  the  band  of  reduced  haemoglobin,  while 
the  band  in  the  red  disappears. 

Sulphcemoglobin. — Pass  sulphuretted  hydrogen  for  some 
time  through  a  solution  of  blood  ;  in  this  case  also  a  band 
appears  in  the  red,  but  there  is  also  a  broad  dark  band  in 
the  position  of  that  of  reduced  haemoglobin  (see  Plate  II., 
Sp.  8).  On  shaking  with  air  this  band  is  replaced  by 
two  (Sp.  9).  Add  ammonium  sulphide,  and  the  band  in 
the  red  still  remains,  thus  presenting  a  contrast  to  me- 
thaemoglobin,  in  which  the  band  in  the  red  disappeared. 

C}/an?uematin..— Add  a  solution  of  cyanide  of  potassium 
to  a  solution  of  blood  and  heat  gently  for  some  time  ;  the 
blood  bands  disappear  and  a  band  is  developed  shown  in 
Sp.  31,  Plate  II.     Add  a  reducing  agent  and  two  other 
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bands  appear  nearly  in  the  position  of  the  blood-bands 
but  nearer  the  violet  (Plate  II.,  Sp.  22). 

CO  HiBmogldbin. — Pass  coal-gas.  through  a  solution  of 
blood  for  some  time,  the  solution  becomes  red  and  looks 
clearer  than  before  ;  examine  with  the  spectroscope,  two 
bands  are  seen  nearer  the  violet  than  the  normal  blood 
bands.  Add  ammonium  sulphide,  no  effect  is  produced 
(Plate  II..  Sp,  7). 

Instruments  for  Spectrum  Analysis  of  Blood- 
stains.— As  the  absorption-bands  produced  by  colored 
fluids  are  broad  and  not  very  sharply  defined,  an  instru 
ment  of  much  less  dispersive  power  than  that  used  for  col- 
ored flames  is  required.  Tlie  micro-spectroscope  made  by 
R.  &  J  Beck,  to  be  attached  to  the  microscope  instead  of 
the  objective  is  very  useful  where  the  quantity  of  coloring 
matter  is  considerable,  as  it  allows  the  use  of  the  microm- 
eter in  the  eye-pieces  of  the  microscope  to  mark  the  posi- 
tion of  absorption-bands.  Where  tlie  quantity  of  coloring 
matter  is  small,  as  is  often  the  case  in  legal  investigations, 
the  writer  prefers  the  improved  micro-spectroscope  of  his 
own  invention,  shown  in  Fig.  465.  This  instrument  Is 
inserted  in  the  microscope  instead  of  the  ordinary  eye- 
piece, and  any  objective  may  be  used  which  is  found  most 
convenient  for  examining  the  object. 

The  micro-spectroscope  used  by  the  writer  of  this  article 
consists  essentially  of  a  spectroscopic  eye-piece  like  the 
simplest  form  of  the  Sorby-Browning  micro-spectroscope, 
as  it  is  called,  with  removable  prism ;  above  the  instru- 
ment thus  constructed  is  placed  a  small  telescope  with  no 
magnifying  power  whatever,  the  lens  and  eye-pieces  being 
of  equal  power,  having  a  Jackson's  micrometer  inserted 
in  the  eye-piece. 

To  describe  it  more  in  detail,  I  would  say  that  there  is, 

1.  A  double  convex  lens  of  about  two  inches  focal 
length. 

2.  About  an  inch  above  this  is  placed  a  slit  formed  by 
two  knife-edges  of  London  black  glass,  moving  by  double 


parallel  motions,  both  knife-edges  approaching  the  centre 
simultaneously. 

In  Pig.  464  two  knife-edges  of  black  glass  are  cemented 
to  the  parallel  bars  a  a  and  J  h,  which  are  moved  simul- 
taneously in  opposite  directions  by  the  screw  M.  When 
the  screw  is  released,  the  slit  is  opened  by  the  action  of 
the  spring  W. 

3.  An  achromatic  collimating  lens  of  one  and  one-half 
inch  focus,  with  the  slit  in  focus  of  this  lens. 

4.  Directly  above  this  achromatic  lens  is  the  compound 
direct  vision  prism,  formed  of  three  prisms  of  crown  glass 
and  two  of  dense  flint  glass. 

5.  A  telescope  achromatic  field  lens  of  about  one  and 
one-half  inch  focus. 

6.  Above  this  a  Kellner  negative  eye-piece,  carrying  in 
its  focus  a  Jackson's  micrometer. 

Fig.  465  shows  the  construction  of  the  improved  micro- 
spectroscope,  which  is  inserted  like  an  eye-piece  into  the 
body  of  the  microscope  by  the  tube  A.  Jlf  is  the  im- 
proved slit  of  Fig.  464,  inserted  into  the  spectroscope.  F 
is  the  field  lens.  P  is  a  prism  to  admit  the  ray  8  s  V,  to 
form  the  comparison  spectrum.  The  rack-work  B  is 
used  to  adjust  the  focal  distance  of  the  collimating  lens 
K  The  direct  vision  prism  V  V  can  be  swung  aside  on 
the  pivot  at  0  to  allow  of  focusing  an  object  on  the  stage 
as  in  the  micro-spectroscope  of  C.  Zeiss. 

T  T'  is  the  micrometer  telescope  with  the  Jackson's 
screw  micrometer  M' ,  on  which  the  absortion-bands  are 
focused  so  as  to  be  visible  with  the  micrometer  lines  by 
the  eye  placed  at  E.  This  micrometer  telescope  can  be 
removed  for  preliminary  work,  and  replaced  when  it  is 

678 


desired  to  measure  the  exact  position  of  absorption-bands. 
There  is  no  aberration  of  the  micrometer  lines  when  the 
eye  is  moved  from  side  to  side. 

When  this  instrument  is  carefully  focused  the  mi- 
crometer lines  are  clearly  seen  lying  over  the  spectrum 
marking  exactly  the  position  of  all  the  Fraunhofer  hnea 
seen  by  daylight,  and  the  exact  position  of  every  absorp. 
tion-band  belonging  to  the  object  under  observation,  with 

not  the  least  trace  of 
aberration  as  the  eye 
is  moved  from  side  to 
side.  This  advantage 
does  not  attach  to  any 
other 


^    micro- 
spec- 
troscope 
yet  con- 
structed, so  far  as  I 
am  acquainted. 

In    the    spectrum 
analysis    of     blood- 
stains   careful   com- 
parison with  known 
solutions    of    blood 
treated  in  the  same 
manner  maybe  made 
by  placing  the  known 
solution    before   the 
comparison  prism  of 
the    micro  -  spectro  ■ 
scope,  when  any  va- 
riation between   the 
spectra,  placed  side 
by  side,  can  be  read- 
ily determined.    But 
for  recording  obser- 
vations   and   results 
obtained,  it  is  impor 
tant  to  determine  tlie 
wave -length  of 
the     centre     of 
every  absorp- 
tion-band, noting 
the    conditions 
and  treatment  of 
the     stain     by 
which  it  was  ob: 
t  a  i  n  e  d .     Tlie 
breadth   of    ab- 
sorption-bands 
in  colored  fluids 
varies 
-1     ■      with  the 


^=771  strength 
^^  of  the 
solution,  but  the 
centre  of  the  hand 
remains  fixed.  To 
obtain  wave- 
lengths each  mi- 
cro -  spectroscope 
must  have  a  mi- 
crometer of  its 
own,  with  a  scale 
of  wave  -  lengths 
carefully  adjusted 
to  the  prisms  and 
lenses  used.  Fig.  466,  M  S,  shows  the  micrometer  scale 
used  by  the  writer  of  this  article,  and  the  spectrum,  S  S, 
immediately  above  it,  shows  the  positions  of  the  principal 
Fraunhofer  lines  of  the  solar  spectrum  as  measured  by  this 
micrometer.  All  the  spectra  in  this  plate  are  drawn  to  the 
same  scale,  and  the  line  D  D,  from  the  top  to  the  bottom 
of  the  plate,  is  used  as  the  starting-point  from  which 
measurements  are  made,  and  by  which  the  position  of 
the  micrometer  is  adjusted.  The  didymium  line,  6,  in 
spectrum  10-10,  is  used  in  the  same  manner  for  fixing 
the  position  of  the  scale  when  artificial  light  is  employed; 
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Fig.  466.— Spectometry  of  Blood. 
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The  micrometer  measurements  may  be  reduced  to  wave- 
lengths by  means  of  an  interpolation  curve,  shown  at  B, 
C,  D,  E,  b,  F,  6,  constructed  as  follows  .  At  the  right 
hand  is  a  scale  of  equal  parts,  numbered  from  460  to 
700.  These  numbers  represent  in  millionths  of  a  milli- 
metre the  length  of  all  the  waves  of  light  which  require 
to  be  considered  in  the  analysis  of  blood-stains.  Across 
vertical  lines  drawn  through  the  Fraunhofer  lines  in  the 
spectra  8  S,  S  S,  horizontal  lines  are  drawn  from  the 
scale  at  the  right  side  of  the  plate  at  positions  corfespond- 
ing  with  the  known  wave-lengths  of  the  Fraunliofer 
lines. 


a  =  718.5 
B  =  686.7 


C  =  656.2 
D  =  589.2 


E  =  526.9 
b  =  517.2 


F  =  486.0 
G  =  430.7 


Through  these  points  of  intersection  of  the  vertical  and 
horizontal  lines  the  curve  B  F  is  drawn.  Then  from 
points  in  this  curve  opposite  to  the  numbers  460,  470  to 
700,  vertical  lines  being  drawn,  enable  us  to  draw  the 
scale  W  L,  which  serves  to  determine  the  wave-length 
of  any  band  measured  by  the  micrometer  M  S. 

The  position  of  absorption-bands  thus  determined  may 
be  recorded,  and  at  any  future  time  compared  with  the 
records  of  other  observers. 

In  Fig.  466,  Spectrum  1-1,  at  a  and  J,  are  shown  the 
absorption-bands  of  normal  blood  drawn  in  their  relations 
to  the  Fraunhofer  lines  as  seen  in  the  Sp.  S-S,  and  their 
true  positions  on  the  scale  of  wave-lengths,  W  L.  The 
band  b  is  seen  to  be  broader  and  paler  than  the  band 
a.  In  Sp.  8-8  are  shown  the  absorption-bands  of  an 
ammoniacal  solution  of  carmine,  where  a  is  shown  to  be 
paler  than  b,  and  also  that  b  has  a  wave-length  517  at  its 
centre,  while  the  band  *  in  the  spectrum  of  blood  I-l,  b, 
has  the  wave-length  538.* 

The  Sp.  9-9  shows  the  positions  of  the  five  bands 
in  a  solution  of  permanganate  of  polassa.  In  Sp.  5-5 
the  bands  a  b  e  are  produced  by  a  solution  of  alkanet, 
where  the  band  a  is  almost  exactly  like  a  in  the  blood- 
spectrum  1-1,  but  b  and  c  are  different.  If  a  little  alum 
is  added  to  the  solution  of  alkanet,  the  baud  d  appears, 
while  a  b  and  c  remain  unchanged  ;  if  alum  is  added 
to  a  solution  of  blood,  both  the  bands  disappear.  At 
a,  in  Sp.  2-3,  Fig.  466,  is  shown  the  band  of  reduced 
haemoglobin  produced  when  hydrosulphate  of  ammonia 
is  added  to  a  solution  of  normal  blood. 

Other  reducing  agents  produce  the  same  effect.  One 
of  the  best  is  made  Jby  dissolving  equal  parts  of  tartaric 
acid  and  double  sulphate  of  iron  and  ammonia,  and  then 
adding  a  little  aqua  ammonia. 

An  ammoniacal  solution  of  tartrate  of  protoxide  of,  tin 
may  be  used  as  a  reducing  agent.  It  is  prepared  by  add- 
ing tartaric  acid  to  an  aqueous  solution  of  the  proto- 
chloride  of  tin,  and  neutralizing  the  solution  with  am- 
monia. The  acid  should  be  added  in  such  quantity  that 
after  over-saturation  by  ammonia  no  precipitate  is  formed, 
but  a  clear  solution  remains. 

Sulphide  of  sodium  is  highly  recommended  by  Preyer 
as  a  reducing  agent.  Dr.  Beale  recommends,  as  a  de- 
oxidizing solution,  protosulphate  of  iron,  with  sufficient 
tartaric  acid  added  to  prevent  precipitation  by  alkalis.  A 
small  quantity  of  this  solution,  made  slightly  alkaline  by 
ammonia  or  carbonate  of  soda,  is  to  be  added  to  a  weak 
solution  of  blood  in  water. 

At  a,  in  Sp.  3-3,  is  shown  the  band  peculiar  to  acid 
hsematin,  wave-length  640. 

At  a,  in  Sp.  4r-4,  is  the  band  of  alkaline  hsematin,  wave- 
length 605. 

At  as,  Sp.  6-6,  is  shown  the  absorption-band  of  a  solution 
of  fuchsin,  wave-length  548. 

At  a,  Sp.  7-7,  is  the  band  produced  by  a  solution  of 
cosine,  wave-length  517. 

All  absorption-bands  vary  in  intensity  and  in  breadth 
as  the  strength  of  the  solution  varies,  but  the  centre  of 
the  band  remains  stationary. 

AX  a  b  c,  in  Sp.  10,  are  shown  a  series  of  beautiful 
bands  produced  by  a  solution  of  sulphate  of  didymium. 

This   remarkable  substance,   of   a  faint  pink  hue,  in 


*  The  scale  of  wave-lengths  are  in  millionths  of  a  millimetre. 


solution  almost  as  colorless  as  water,  gives  a  broad  ab- 
sorption-band a,  central  at  a  wave-length  of  575  millionths 
of  a  millimetre,  extending  from  571  5  to  578.  The  line  b 
is  very  sharply  defined  at  wave-length  523  of  the  same 
scale.  This  substance  serves  as  an  index  to  fix  the  posi- 
tion of  the  micrometer-scale  when  using  artificial  light. 

Besides  the  substances  mentioned  above,  some  other 
red  solutions  give  absorption-bands  somewhat  similar  to 
blood,  but  with  careful  manipulation  and  appropriate 
tests  they  may  be  certainly  distinguished  from  blood. 
The  coloring  matter  of  the  petals  of  the  red  variety  of 
Cineraria,  a  variety  of  chlorophyl,  gives  two  bands 
somewhat  like  blood,  but  the  micrometer  readily  shows 
that  they  occupy  different  positions  on  the  scale  of  wave- 
lengths. Add  ammonia,  and  the  blood-bands  remain  un- 
changed, while  those  of  the  Cineraria  solution  are  altered 
or  completely  destroyed. 

A  solution  of  cochineal  in  alum  gives  the  bands  a  J 
Sp.  8-8,  Fig. 466,  differing  little  from  those  of  fresh  blood! 
Add  ammonia,  and  in  both  solutions  the  bands  become 
more  intense.  Now  add  excess  of  boric  acid  ;  in  the  solu- 
tion of  cochineal  the  bands  shift  toward  the  blue  end  of 
the  spectrum,  while  with  blood  they  remain  unchanged. 

The  other  reds  likely  to  be  confounded  by  the  un- 
practised eye  with  blood  are  lac-dye,  alkanet,  madder  red, 
and  munjeet,  dissolved  in  each  case  in  alum. 

But  if  the  spectra  be  carefully  examined  side  by  side 
with  blood,  or  their  wave-lengths  determined  on  the  scale 
by  their  positions  seen  on  the  micrometer,  it  will  be  ap- 
parent that  the  bands  produced  by  these  bodies  are  not  the 
same,  either  in  position  or  character.  Further,  none  of 
them  will  stand  the  action  of  ammonia,  while  they  are  all 
bleached  with  sulphite  of  potash,  which  has  no  action  on 
blood.  In  the  examination  of  a  mixture  of  magenta  and 
blood,  the  magenta  bands  may  entirely  mask  those  pro- 
duced by  blood.  The  various  blood-spectra  may,  how- 
ever, be  easily  obtained  unmixed,  by  adding  to  the  solu- 
tion a  trace  of  sulphite  of  soda,  which  completely  removes 
the  magenta  coloring  matter,  but  leaves  the  blood  un- 
touched. 

All  the  supposed  fallacies  disappear  if  we  successively 
obtain  the  various  blood-spectra  with  the  reagents  already 
described. 

lamination  of  a  Recent,  or  Comparatively  Recent,  Blood- 
stain on  a  WJiite  Fabric. — If  you  can  detach  a  portion  of 
the  blood,  do  so  ;  but  if  this  is  impossible,  cut  out  a  small 
piece  of  the  stained  fabric,  and  soak  it  for  about  ten  min- 
utes in  a  few  drops  of  cold  distilled  water  in  a  watch- 
glass.  Then  squeeze  the  colored  fluid  out  and  set  it  aside 
for  a  short  time,  so  that  any  insoluble  matters  may  be  de- 
posited. Provide  a  glass  cell  about  one-eighth  of  an  inch 
in  diameter,  and  half  an  inch  high,  which  may  be  made 
of  a  section  of  barometer-tubing  cemented  to  a  slide  with 
gutta-percha,  with  a  diaphragm  of  tin-foil  between  the 
slide  and  the  end  of  the  tube.  With  a  fine  drawn  pipette, 
introduce  the  red  fluid  into  this  cell,  and  place  it  on  the 
stage  of  the  microscope  with  an  objective  of  low  power, 
and  illuminate  with  sunlight  or  other  strong  light,  when, 
with  the  micro-spectroscope  in  place  of  the  eye-piece,  if  the 
solution  is  blood,  the  characteristic  absorption-bands  will 
readily  be  seen.  If  there  is  sufficient  of  the  solution,  sev- 
eral tubes  may  be  filled.  If  the  tube  contains  any  sedi- 
ment, it  may  be  laid  on  one  side  until  the  solution  is  clear. 
The  objective  should  be  focused  near  the  top  of  the  tube, 
a  little  below  the  surface  of  the  fluid.  If  the  blood  is  tol- 
erably recent,  the  spectrum  of  oxidized  hsemoglobin  with 
its  two  well-defined  absorption-bands  in  the  green  will  be 
apparent,  as  shown  in  PI.  II. ,  Sp.  4,  or  Fig.  466,  Sp.  1-1.  H 
such  a  spectrum  is  obtained,  it  is  evident  that  it  has  been 
very  little  changed  by  exposure,  and  that  it  is  probably 
of  recent  origin.  If  the  spectrum  contain  two  faint 
bands  in  the  green,  and  an  extra  band  in  the  red,  it  indi- 
cates that  the  stain  has  undergone  a  change.  Now  add  a 
trace  of  ammonia  to  the  solution  in  the  tube,  stirring  it 
with  a  platinum  wire,  when  you  will  obtain  Sp.  4,  PI.  Il, 
with  two  bands  in  the  green  and  none  in  the  red. 

2.  To  a  second  tube  of  the  suspected  solution  add,  flrs'i 
a  very  little  ammonia,  and  then  a  small  quantity  of  Bo- 
chelle  salt.    With  this  no  change  will  be  produced  in  the 
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spectrum,  the  ordinary  bands  being  visible  as  before. 
Now  add  to  the  liquid  in  the  cell  a  piece  (about  one-for- 
tieth of  an  inch  in  diameter)  of  the  double  sulphate  of 
protoxide  of  iron  and  ammonia;  stir  the  solution  with 
the  platinum  wire,  with  as  little  exposure  to  the  air  as 
possible.  Cover  the  cell  with  a  piece  of  thin  glass.  The 
two  bands  seen  previously  will  have  disappeared,  and  will 
be  replaced  by  a  single  intermediate  band,  fainter  but 
broarfer  than  either  of  the  other  two,  Sp.  3-3,  Fig.  466. 
This  is  the  spectrum  of  reduced  hsemoglobin.  The  same 
effect  will  be  produced  by  a  trace  of  solution  of  sulphide 
of  ammonium. 

The  specimen  of  hsemoglobin  thus  reduced  may  be 
again  and  again  oxidized  by  exposure  to  the  air  and  vig- 
orous stirring  with  the  platinum  wire.  It  can  be  again 
deoxidized  by  further  addition  of  the  iron  salt,  or  by  sul- 
phide of  ammonium,  if  that  were  previously  employed  for 
deoxidation. 

This  deoxidation  and  reoxidation  of  the  hsemoglobin  is 
a  very  characteristic  reaction,  and  serves  to  distinguish 
blood  from  most  other  substances.  If  the  solution  of 
blood  is  merely  covered  with  thin  glass  and  kept  for  some 
time  in  the  cell,  the  reduction  of  the  hsemoglobin  will  be 
effected  spontaneously,  and  without  the  addition  of  any 
reagents. 

A  question  here  may  arise  whether  this  spectrum  can 
possibly  be  due  to  iron.  The  question  is  at  once  an- 
swered by  the  fact  that  hydrosulphide  of  ammonium  pro- 
duces the  same  result,  as  also  does  the  tin  solution  de- 
scribed on  page  580,  only  that  it  acts  more  slowly  than  the 
iron  salt. 

3.  Add  to  another  portion  of  the  suspected  solution,  in 
a  cell,  a  minute  fragment  of  cit7'ic  acid,  stirring  it  thor- 
oughly with  a  platinum  wire.  The  acid  will  change  the 
hsemoglobin  into  hsematin.  If  previous  to  the  addition 
of  citric  acid  the  two  bands  of  oxidized  haemoglobin  were 
visible  in  the  green,  they  will  disappear,  and  if  the  solu- 
tion is  tolerably  strong  a  faint  band  will  be  visible  in  the 
red  (Sp.  13,  PI.  II.,  and  Sp.  3-3,  Pig.  466).  Add  now  an  ex- 
cess of  ammonia,  by  dipping  the  platinum  wire  into  the 
ammonia  solution,  and  stirring  the  moistened  wire  imme- 
diately into  the  liquid  in  the  cell.  The  band  in  the  red, 
if  present,  will  now  disappear,  the  original  bands  either 
not  being  at  all  restored,  or  only  restored  to  a  slight  ex- 
tent. This  is  a  most  important  change  to  note,  since  it 
shows  that  the  acid  has  effected  a  permanent  change  in 
the  original  coloring  matter  of  the  blood.  Add  now  to 
the  solution  in  the  cell  a  very  small  particle  of  the  double 
sulphate  of  iron  and  ammonia,  and  cover  the  liquid  over 
immediately  with  thin  glass.  Remove  the  excess  of 
liquid  with  blotting-paper,  and  in  order  to  exclude  air  it 
is  advisable  to  fix  the  glass  cover  on  the  cell  with  gold- 
size.  Turn  the  cell  over  and  over  again,  for  a  few  min- 
utes. In  cold  weather  the  process  of  oxidation  is  slaw, 
and  even  one-fourth  of  an  hour  may  elapse  before  it  is 
complete.  By  this  means  the  hsematin  will  be  reduced, 
and  the  well-marked  Sp.  15,  PI.  II. ,  will  be  seen,  having 
two  bands,  the  one  nearest  the  red  being  the  first  to  ap- 
pear, and  both  being  a  little  more  distant  from  the  red 
than  the  bands  of  fresh  blood.  If  the  solution  be  very 
turbid,  the  precipitate  may  be  allowed  to  collect  on  the 
side  by  keeping  the  tube  for  a  short  time  in  a  horizontal 
position.  Preserve  and  mark  the  specimen  for  further 
examination,  if  necessary. 

_  By  exposing  this  solution  of  deoxidized  hsematin  to  the 
air,  assisted  by  vigorous  stirring,  we  may  often  succeed 
not  only  in  bringing  back  again  the  oxidized  hsematin 
band,  but  also  the  bands  of  oxidized  hsemoglobin, 

4.  Lastly,  add  to  some  of  the  liquid  under  examination 
a  small  quantity  of  boiie  acid.  If  the  solution  be  blood, 
no  immediate  change  will  be  observed  in  the  position  of 
the  bands.  The  above-mentioned  method  of  examining 
blood-stains  of  recent  origin  requires  some  modifications 
in  special  cases. 

Old  Blood-stains  or  Blood-stains  on  Colored  Fabrics. — If 
blood-stains  are  old,  the  coloring  matter  will  probably  be 
found  to  be  scarcely  at  all  acted  on  with  cold  water. 
Either  citric  acid  or  ammonia  must  then  be  used  for  dis- 
solving it.    If  the  fabric  be  white,  ammonia  should  be 


employed  in  preference  to  citric  acid  ;  but  if  it  be  colored, 
test,  first  of  all,  which  of  these  two  reagents  has  the  less 
action  on  the  dye-coloring  matter,  and  use  that  one  for 
the  purpose  of  dissolving  the  blood  which  acts  less  on 
the  color  of  the  cloth.  To  determine  this,  place  a  little 
of  the  fabric  in  two  watch-glasses  and  apply  a  solution  of 
ammonia  to  one  and  a  solution  of  citric  acid  to  the  other. 
In  general,  ammonia  should  be  used  in  preference  to  citric 
acid  ;  but  in  case  of  red  fabrics  ammonia  will  generally 
dissolve  so  much  of  the  dye-stuff  that  subsequent  investi- 
gations with  the  colored  solution  are  rendered  much  more 
troublesome  and  complicated.  Hence,  if  the  stain  be 
found  on  scarlet  cloth  or  other  red  material,  citric  acid 
should  be  used  as  the  solvent.  If  the  stain  be  found  in- 
soluble both  in  ammonia  and  in  citric  acid,  then  it  should 
first  of  all  be  acted  on  with  ammonia  solution  and  a  moder- 
ate heat  afterward  applied. 

Proceed  then  with  the  solutions  in  the  manner  already 
described,  examining  them  with  the  spectroscope  both 
before  and  after  deoxidation  with  the  iron  salt.  The  age 
of  a  stain  does  not  in  general  interfere  with  the  spectro- 
scope test,  as  Mr,  Sorby  has  been  able  to  discover  hfematin 
with  the  spectroscope  after  forty -four  years,  and  others 
have  done  the  same  after  thirty  years. 

The  presence  of  mordants  on  various  materials  may 
necessitate  occasional  alterations  in  our  proceedings. 
More  particularly  will  this  be  the  case  if  the  stained 
fabric  has  been  afterward  wetted  and  the  blood  by  this 
means  to  a  great  extent  removed. 

What  blood  remains  on  the  cloth  is  then  very  likely  to 
be  incorporated  with  the  mordant.  In  such  cases  a  proc- 
ess such  as  the  following  should  be  adopted :  Digest  a 
portion  of  the  stained  cloth  in  dilute  ammonia,  and  after- 
ward squeeze  out  the  liquid.  Deoxidize  the  thick,  turbid, 
unfiltered  solution  in  the  ordinary  manner  and  examine  it 
for  the  deoxidized  hsematin  bands,  using  concentrated 
sunlight,  or  the  lime-light  if  necessary. 

It  is  to  be  remembered  that  in  the  case  we  are  suppos- 
ing the  hsematin  is  probably  chemically  combined  with 
the  mordant ;  hence  filtration,  or  the  allowing  the  de- 
posit to  subside  is  equivalent  to  removing  most  of  the 
blood-coloring  matter.  The  turbidity  of  the  liquid  must 
be  overcome  in  such  cases,  not  by  removing  the  deposit, 
but  by  increasing  the  intensity  of  the  transmitted  light, 

Examination  of  Stained  Fabrics  that  have  been  Waslied 
after  Staining,  and  the  Treatment  to  be  Adopted  in  the  Ex- 
amination of  the  Water  that  was  used  for  Washing  them. — 
Hsematin  is  a  very  insoluble  body.  Probably,  therefore, 
after  an  article  stained  with  blood  has  been  washed  in 
water,  provided  a  sntflcient  time  has  elapsed  for  the 
change  of  the  blood-coloring  matter  into  hsematin  to  be 
effected,  enough  will  be  left  on  the  stained  cloth  to  pro- 
duce the  spectra  necessary  for  its  identification.  But  it 
must  be  remembered  that  if  the  stain  be  perfectly  recent, 
that  is,  before  any  of  the  hsemoglobin  is  converted  into 
hsematin,  the  whole  of  the  blood  may  then  be  -vrashed  out 
by  rinsing  in  cold  water,  and  no  trace  be  afterward  found 
on  the  stained  material.  Hot  water  will  not  effect  this 
removal  of  the  blood  like  cold  water,  owing  lo  its  further 
action.  Hence,  if  in  a  criminal  case  there  is  proof  that 
an  article  has  been  washed  in  cold  water,  evidence  as  to 
the  absence  of  blood-stains  is  of  little  value ;  while  if, 
after  staining,  the  article  was  washed  in  hot  water,  the 
probability  is  there  will  be  no  difficulty  in  satisfactorily 
proving  the  real  character  of  the  stain.  In  many  cases, 
after  a  stained  fabric  has  been  washed,  the  blood-stain 
will  be  found  spread  over  a  considerable  surface.  Under 
such  circumstances  a  large  piece  must  be  cut  out,  and 
digested  with  a  proportionately  large  quantity  of  ammonia, 
or  of  citric  acid  solution,  the  liquid  being  concentrated 
afterward  by  evaporation  at  a  gentle  heat. 

The  water  used  for  washing  such  materials  may  have 
to  be  examined.  This  can  be  done  by  concentrating  the 
liquid,  if  necessary,  and  examining  it  in  the  usual  man- 
ner. If,  however,  it  is  found  that  there  is  any  deposit 
in  the  water,  it  should  be  carefully  collected,  acted  on 
with  ammonia,  and  heat  applied  if  the  blood  be  insolublo 
in  the  cold  solution,  . 

If  the  recently  stained  fabric,  however,  be  washed  with 


581 


Blood-Stalns. 
Blood-Stains. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


soap  and  water,  haemoglobin  will  be  rapidly  converted  by 
the  action  of  the  alkali  into  hsematin.  Soap  and  water, 
therefore,  really  sets  the  stain,  and  the  probability  is  that, 
after  washing,  there  will  be  little  difficulty  in  detecting 
It  on  the  fabric  itself  by  the  ordinary  means.  It  may  be 
necessary  sometimes  to  examine  the  soap  and  water  to 
see  if  it  contains  blood.  This  may  be  done  as  follows  : 
Agitate  the  soap  and  water  with  ether,  and  allow  the 
mixture  to  stand  until  the  ether  has  completely  separ- 
ated. Remove  the  ether  with  a  pipette,  and  again  and 
again  shake  the  liquid  up  with  ether  until  the  aqueous  so- 
lution is  perfectly  clear  and  free  from  soap.  This  liquid ' 
must  then  be  concentrated,  and  examined  as  usual  for 
blood. 

Examination  of  Stains  on  Leather. — Blood-stains  on 
leather,  or  upon  any  body  containing  tannic  acid,  require 
special  management  from  the  precipitation  of  the  color- 
ing matter,  which  is  more  or  less  certain  to  result.  Pro- 
ceed as  follows : 

(a)  Cut  off  a  fine  shaving  from  the  stained  portion  of 
the  leather,  so  that  there  may  be  as  much  blood  and  as 
little  leather  as  possible  on  the  shaving.  Bend  this  shav- 
ing so  that  the'  side  that  is  stained  may  be  brought  into 
contact  with  a  little  water  placed  in  one  of  the  experi- 
mental cells,  while  the  leather  side  of  the  shaving  is 
not  wetted.  In  this  manner  solution  of  the  blood  will 
probably  be  effected,  and  enough  coloring  matter  ob- 
tained for  experiment. 

Mr.  Sorby  points  out,  however,  that  when  a  drop  of 
blood  falls  on  leather,  the  serum  soaks  into  the  leather, 
and  leaves  the  blood-corpuscles  on  the  surface.  If  the 
leather  be  then  washed,  it  would  probably  be  impossible 
to  obtain  the  blood  spectra  by  the  method  just  described. 
The  following  process,  recommended  by  Mr.  Sorby,  has 
been  found  to  work  satisfactorily  : 

(V)  Digest,  for  a  considerable  time,  a  portion  of  the 
stained  leather  in  a  mixture  of  one  part  (by  measure)  of 
hydrochloric  acid  and  fifty  of  water.  This  will  effect  a 
solution  of  the  mixed  compound  of  the  blood  coloring 
matter  and  tannic  acid.  Pour  off  the  acid  liquid,  but  do 
not  filter  it.  The  solution  may  appear  almost  colorless, 
or  of  a  slightly  yellow  tint.  Add  to  this  an  excess -of  am- 
monia, when  the  color  will  become  either  a  pale  purple 
or  a  neutral  tint,  the  tint  shade  being  considerably  inten- 
sified on  the  addition  of  the  ferrous  salt  and  double  tar- 
trate, which  are  now  to  be  added.  The  solution  is  then 
to  be  examined  in  an  experimental  cell,  using  a  suffi- 
ciently intense  light,  such  as  the  lime-light,  or  direct  sun- 
light to  penetrate  the  turbid  solution.  Under  these  cir- 
cumstances the  spectrum  of  deoxidized  hsematin  will  be 
seen.  If  the  liquid  be  too  turbid  to  allow  even  a  direct 
ray  from  the  sun  to  be  passed  throught  it,  allow  the  cell 
to  remain  for  a  few  minutes  in  a  horizontal  position,  so 
that  a  little  of  the  deposit  may  subside,  although  if  this 
can  possibly  be  avoided  it  is  d.esirable  to  do  so,  because 
it  will  be  found  that  the  removal  of  the  deposit  at  the 
same  time  destroys  the  intensity  of  the  spectrum,  proving 
that  the  greater  part  of  the  hsematin  under  these  circum- 
stances exists  as  a  compound  insoluble  in  dilute  acid. 

Before  commencing  the  experiment  with  the  stained 
portion  of  the  leather,  it  is  advisable  to  make  out  clearly 
how  large  a  piece  of  the  unstained  leather  may  be  treated 
with  a  given  quantity  of  the  acid  without  producing  too 
dark  a  solution,  and  to  take  care  afterward  not  to  em- 
ploy a  larger  piece  of  the  stained  portion  of  the  leather 
than  is  justified  by  these  trial  experiments. 

Blood-stains  on  Ea/rth  and  on  Clothes  soiled  with  Earthy 
Matters.— The  stained  earth  is  to  be  carefully  collected  and 
digested  in  a  considerable  quantity  of  ammonia.  This 
is  to  be  poured  off,  concentrated  by  evaporation,  and  the 
spectroscopic  experiments  conducted  as  usual  on  the 
turbid  solution,  an  intense  light,  such  as  the  llme-llght,  or 
direct  sunlight  being  used  for  the  purpose,  in  the  manner 
already  described.  A  similar  process  should  be  adopted 
m  exaniining  stained  fabrics  soiled  with  earthy  matters. 
This  is  important  to  note,  inasmuch  as  the  coloring  mat- 
ter in  a  solution  of  blood  will  be  found  to  be  completely 
carried  down  by  earthy  matter  when  shaken  up  with  it. 
General  Precautions  to  be  Observed  in  Conducting  Micro- 


spectroscopic  Observations. — We  now  add  a  few  words  of 
general  advice  and  a  few  precautions  necessary  to  be  ob- 
served in  examining  blood-stains  by  the  spectroscope. 

1.  If  the  fabric  on  which  the  blood-stain  occurs  be 
colored,  always  examine  the  spectrum  produced  by  the 
coloring  matter  alone,  taken  from  unstained  portions  of 
the  fabric.  Further,  it  is  well  to  put  a  little  blood  on  an 
unstained  portion,  and,  to  examine  its  spectra,  when  dry 
and  thus  to  fully  determine,  before  commencing  experi- 
ments on  the  stained  portion,  any  possible  interference  in 
the  blood  spectra  resulting  from  the  presence  of  such 
coloring  matter. 

2.  On  no  account  decide  that  an  observed  spectrum 
from  a  suspected  stain  is  due  to  blood  unless  it  exactly  co- 
incides with  bands  produced  by  a  known  solution  of 
blood  of  equal  strength  treated  in  a  similar  manner,  and 
examined  side  by  side.  It  is  advisable  to  have  several 
tubes  of  the  deoxidized  hsematin  of  different  strengths 
for  purposes  of  comparison.  They  are  best  kept  in  her- 
metically sealed  tubes,  so  as  to  be  In  readiness  whenever 
they  are  needed. 

3.  In  all  cases  examine  the  spectra  both  by  daylight 
and  by  artificial  light.  We  prefer  artificial  light  for  gen- 
eral work,  but  in  every  case  it  Is  advisable  to  try  both 
means  of  illumination.  Direct  concentrated  sunlight,  or 
the  lime-light  should  be  tried  whenever  the  solution  is 
thick  and  turbid. 

4.  Never  be  content  with  observing  a  single  spectrum 
of  blood.  Remember,  further,  it  is  often  impossible  to 
obtain  the  unaltered  blood  spectrum.  Hence,  never  sat- 
isfy yourself  that  a  stain  is  not  blood  until  you  have 
failed  to  obtain  all  the  spectra  produced  by  the  appro- 
priate reagents. 

5.  If  the  liquid  under  examination  be  too  strong,  too 
much  light  will  be  cut  off  by  the  solution,  and  the  ab- 
sorption-bands will  be  in  this  way  obscured.  If  the  solu- 
tion be  too  weak,  the  bands  will  be  too  faint,  and  so  likely 
to  be  overlooked.  Practise  in  this  matter  to  obtain  the 
happy  medium.  Never  (if  possible)  be'  satisfied  with  a 
single  examination. 

6.  Use  extremely  minute  quantities  of  the  several  re- 
agents. Hsematin  produced  by  an  acid  is  not  very  sol- 
uble in  a  strong  solution  of  citrate  of  ammonia.  If  you 
add  too  much  protosulphate  of  iron  the  precipitate  pro- 
duced so  obscures  the  field  as  to  mask  the  absorption- 
bauds. 

7.  Adjust  the  width  of  the  slit  during  the  spectroscopic 
examination.  All  absorption-bands  arc  best  defined  when 
the  slit  is  very  narrow,  while,  if  the  bands  are  very  faint, 
thejr  will  often  be  best  seen  at  the  very  moment  when  the 
slit  is  being  completely  closed. 

8.  Remeniber  that,  with  our  present  knowledge,  tlie 
spectrum  microscope  affords  no  information  whatsoever 
as  to  whether  the  blood  is  from  man  or  beast,  nor  from, 
what  class  of  animals  it  is  derived  ;  nor,  if  it  be  human 
blood,  does  it  enable  us  even  to  hazard  a  conjecture  as  to 
the  locality  of  its  origin. 

9.  Lastly,  unless  the  stain  is  bright  red — an  appearance 
which  can  only  be  noted  on  white  or  nearly  colorless 
fabrics — never  venture  an  opinion  as  to  the  probable  age 
of  the  stain. 

Of  the  certainty  of  this  method  of  research,  Mr.  Sorby 
says  (Medical  Press  and  Circular,  May  81,  1871),  I  un- 
hesitatingly say  we  can  distinguish  blood  (by  the  micro- 
spectroscope)  from  all  other  animal  and  vegetable  color- 
ing matters. 

MioRoscopiCAi,  ExAMiNATioisr  OF  Blood-stains.— Be- 
sides the  fluid  portion  of  blood  certain  organized  bodies 
are  found,  called  corpuscles,  consisting  of  two  varieties, 
the  white  and  the  red.  In  the  higher  animals  the  red  cor- 
puscles are  the  smaller  but  the  more  numerous,  while  the 
white  corpuscles  are  rather  larger  and  somewhat  granular 
in  structure  and  of  a  spherical  form.  The  red  corpuscles 
are  circular,  biconcave  disks,  of  soft  viscid  matter,  mostly 
soluble  in  water,  but  only  very  slowly  dissolved  by 
serum  and  the  fluid  part  of  the  blood.  The  outer  part  of 
the  red  corpuscles  is  of  firmer  consistence  than  the  in- 
terior, especially  in  the  older  corpuscles,  but  there  is  no 
special  envelope  or  cell- wall.     By  the  action  of  water  the 
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coloring  matter  may  he  dissolved  out,  leaving  the  form 
of  the  corpuscle  but  little  changed,  except  that  it  becomes 
nearly  spherical. 

When  blood  is  spread  upon  glass,  or  any  hard  non-por- 
ous substance,  the  corpuscles  adhere  and  retain  their 
diameters  unchanged,  but  when  blood  dries  in  a  clotted 
mass,  the  red  corpuscles  shrink  and  often  assume  a 
crenated  or  stellate  form. 

If  the  stain  to  be  examined  is  a  mere  film  on  a  steel 
instrument,  or  other  smooth,  hard  substance,  as  glass  or 
varnished  wood,  it  may  be  laid  on  the  stage  of  the  micro- 
scope, and  with  a  quarter  or  one-eighth  inch  objective, 
with  Beck's  patent  illuminator  above,  the  light  of  a  lamp 
may  be  reflected  down  through  the  objective.  In  this 
manner  the  stain  may  be  examined  as  an  opaque  object. 

By  this  method  the  writer  has  succeeded  in  recogniz- 
ing and  measuring  blood-disks,  magnified  fourteen  hun- 
dred diameters,  on  the  blade  of  a  knife  which  had  lain  in 
the  forest,  covered  with  leaves,  through  two  winters. 
Generally  blood-stains  form  a  mass  too  thick  to  be  exam- 
ined by  this  method,  yet  even  then  the  corpuscles  con- 
tracted to  dimensions  much  below  normal  may  be  recog- 
nized as  blood  by  this  method  of  examination. 

If  the  stain  is  in  the  form  of  shining  scales,  or  if  it  is 
on  cloth,  leather,  or  any  porous  substance,  it  may  be 
picked  off  with  a  needle  or  pointed  insti-ument,  and  the  dust 
or  particles  of  clot  received  upon  a  glass  slide,  and  moist- 
ened with  a  suitable  fluid  to  separate  the  corpuscles  and 
restore  them  to  their  normal  dimensions. 

Fluids  used  in  the  microscopic  examination  of  blood- 
corpuscles  should  be  such  as  will  not  destroy  them,  and 
such  as  will  not  increase  or  decrease  their  dimensions  be- 
yond their  normal  size.  For  this  purpose  a  fluid  should 
generally  be  used  having  the  same  specific  gravity  as 
blood  serum,  1.028  or  1.029. 

Bobin's  fluid  consists  of  distilled  water,  to  which  is 
added  chloride  of  sodium,  one  per  cent.,  and  bichloride  of 
mercury,  one-half  of  one  per  cent. 

Boussin's  Fluid.  —  Glycerine,  three  parts  ;  sulphuric 
acid,  one  part ;  with  water  sufficient  to  reduce  the  speci- 
fic gravity  to  1.038. 

Ra/yem's  fluid  consists  of  distilled  water,  with  the  addi- 
tion of  sulphate  of  sodium,  two  and  a  half  per  cent.  ; 
pure  chloride  of  sodium,  one-half  per  cent.,  and  bichloride 
of  mercury,  one-fourth  per  cent. 

Professor  J.  O.  Biclimrdson  employs  water  with  the  ad- 
dition of  common  salt,  three-fourths  of  one  per  cent. 

Dr.  Thad.  S.  Up  de  Graff,  who  has  been  very  success- 
ful in  distinguishing  the  blood  of  man  from  that  of  the 
lower  animals;  employs  water  with  bichloride  of  mercury, 
one-half  of  one  per  cent. 

Many  other  microscopists  use  glycerine  and  water, 
mixed  in  such  proportions  as  to  give  a  specific  gravity  of 
1.038. 

Each  of  the  fluids  described  has  some  advantage  over 
the  others.  The  fluids  containing  bichloride  of  mercury 
are  not  likely  to  be  infested  with  fungi  when  specimens 
are  kept  for  a  length  of  time.  Glycerine  water  interferes 
less  with  other  tests  which  may  be  applied  after  the  micro- 
scopic examination  is  completed,  but  in  this  respect  it  has 
no  advantage  over  Richardson's  salt  solution. 

Filtered  serum  from  the  blood  of  a  frog  may  be  em- 
ployed in  examining  stains  supposed  to  be  from  mam- 
malian blood.     Albumen  of  egg  is  also  sometimes  used. 

In  moistening  blood-stains  with  any  fluid  whatever  it  is 
to  be  remembered  that  the  substance  of  the  stain  absorb- 
ing the  fluid  renders  it  more  dense  than  it  was  when  pre- 
pared ;  therefore,  if  the  fluid  employed  has  no  greater 
density  than  blood-serum  there  is  no  opportunity  for  the 
blood-corpuscles  of  the  stain  to  enlarge  beyond  their  or- 
dinary dimensions  in  normal  blood. 

When  a  blood-stain  is  found  upon  paper  more  of  it 
remains  upon  the  surface  than  when  the  stain  is  upon 
cloth,  and,  after  the  paper  is  moistened,  the  film  of  blood 
can  sometimes  be  detached  from  the  surface  in  small 
scales  or  lumps.  Mingled  somewhat  with  filaments  of 
the  paper,  and  with  molecular  material,  we  find  blood- 
globules  more  abundant  than  In  stains  upon  cloth.  The 
form  of  the  globules  is  also  better  preserved,  and  they  are 


often  seen  in  nummular  masses,  as  in  fresh  blood,  and  we 
recognize  the  central  depression  and  dentate  borders 
characteristic  of  corpuscles  of  mammalian  blood.  These 
masses  also  preserve  the  color  which  distinguishes  blood 
from  all  colored  objects  of  vegetable  or  mineral  origin. 

Stains  upon  wood  have  characteristics  similar  to  stains 
upon  paper. 

Stains  upon  woollen  goods  are  somewhat  more  difficult 
to  determine  than  those  on  cotton,  linen,  paper,  or  wood. 

If  we  use  the  sulphate  of  soda  solution  for  the  examina- 
tion of  fresh  stains  (not  more  than  six  days  old)  upon  iron 
or  steel,  the  fibrin  separates  and  leaves  the  corpuscles 
floating  free  in  the  liquid,  and  the  clot  shows  the  charac- 
teristic fibrillar  arrangement.  We  find  also  the  white' 
corpuscles  either  Isolated  or  entangled  in  the  clot.  The 
white  corpuscles  are  no  less  characteristic  than  the  red  by 
their  size,  form,  finely  granular  appearance,  and  nuclei, 
which  appear  near  the  centre,  brought  into  view  by  the 
sulphate  of  soda  solution.  This  solution  acts  upon  the 
white  corpuscles  almost  as  quickly  as  pure  water,  but 
swells  them  less.  The  characteristics  which  distinguish 
white  blood-globules  from  pus  should  be  noted  whenever 
there  is  a  possibility  of  finding  the  two  together,  which  is 
not  common  In  legal  cases. 

If  blood- stains  have  been  deposited  on  rusty  iron  or 
steel,  or  have  remained  long  on  such  instruments  even 
if  not  rusty,  the  glycerine  solution  is  much  to  be  pre- 
ferred In  their  examination,  as  it  does  not  act  upon  the 
metal ;  while  sulphate  of  soda  or  any  of  the  acid  solu- 
tions cause  the  deposit  of  dark  granules  in  the  prepara- 
tion formed  of  a  salt  of  iron. 

The  fine  dust  obtained  by  scratching  a  stain  with  a 
needle-point  or  by  crushing  a  large  particle  picked  off 
from  a  shining  clot,  should  be  covered  with  a  circle  of 
thin  glass,  and  a  drop  of  one  of  the  solutions  described 
above  should  be  allowed  to  run  under  the  cover.  If  the 
stain  is  recent,  it  will  be  in  a  condition  for  examination 
in  a  few  days,  or  in  some  cases  in  a  few  hours.  If  the 
stain  is  old,  over  six  months,  a  much  longer  time  is  re- 
quired to  soften  it.  If  the  object  is  only  to  recognize 
blood-corpuscles  when  the  dust-like  particles  have  been 
softened,  the  fluid  may  be  drawn  away  by  touching  one 
side  of  the  cover-glass  with  blotting-paper,  at  the  same 
time  placing  a  drop  of  a  staining  fluid,  as  a  watery  solu- 
tion of  eosine  or  iodine,  on  the  opposite  edge  of  the  coyer. 
After  two  or  three  minutes  the  colored  fluid  may  be  with- 
drawn in  the  same  manner,  and  salt  solution  or  glycerine 
water  allowed  to  take  its  place,  when  the  blood-corpuscles, 
if  any  exist,  will  be  easily  distinguished,  and  may  be 
measured  by  the  use  of  the  micrometer. 

If  the  stains  are  not  veiy  recent,  provision  must  be 
made  to  prevent  evaporation  of  the  fluid  used  to  soften 
them.  Take  a  glass  slide,  with  a  circular  excavation  in 
the  middle,  called  a  "concave  centre,"  moisten  it  around 
the  edges  of  the  cavity  with  glycerine.  Thoroughly 
clean  a  glass-cover  an  eighth  of  an  inch  or  more  larger 
than  the  excavation,  lay  it  on  white  paper,  moisten  the 
centre  with  the  glycerine  solution  (sp.  gr.,  1.028),  drop- 
ping into  the  solution  so  placed  the  dust  obtained  from 
the  stain,  then  invert  the  slide  upon  the  thin  glass-cover 
in  such  a  manner  that  the  glycerined  edges  of  the  cavity 
on  the  slide  may  adhere  to  the  margins  of  the  cover,  turn 
the  slide  face  upward,  and  examine  with  the  microscope. 
In  the  fine  dust  thus  moistened,  isolated  red  and  white 
blood-corpuscles  will  often  be  seen  immediately.  If  not 
lay  the  slide  face  downward  on  a  suitable  support,  and 
examine  from  day  to  day  until  the  corpuscles  become  vis- 
ible and  cease  to  enlarge.  TThey  cannot  exceed  their 
normal  size  when  treated  by  this  method. 

Professor  Joseph  G.  Richardson,  M.D.,  makes  a  mi- 
nute dot  of  glycerine,  about  the  size  of  this  period  (•),  on  a 
thin  glass  cover,  and  pushes  into  it  a  particle  of  suspected 
blood-clot,  the  smallest  that  can  be  seen  by  the  naked 
eye,  one-thousandth  or  one-five-hundredth  of  an  inch  in 
diameter,  receiving  the  cover  on  the  concave  slide  as  de- 
scribed above.  By  this  method  he  obtains -a  strong  solu- 
tion of  the  coloring  matter  of  blood,  in  which  the  absorp- 
tion-bands peculiar  to  blood  can  be  seen,  if  blood  is 
present  in  the  stain,  and  by  a  little  practice  the  bands 

583 


Blood-Stains, 
Blood-Stains. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


may  be  modified  by  the  addition  of  sulphuret  of  sodium, 
as  advised  by  Preyer  and  Sorby. 

By  a  similar  method,  using  a  little  more  material  on  a 
cover-glass  moistened  with  a  very  small  drop  of  three- 
fourths  per  cent,  salt  solution,  he  is  able  to  see,  first,  the 
absorption-bands  of  blood  with  the  micro-spectroscope, 
then,  turning  the  slide  so  as  to  drain  off  superfluous  fluid, 
and  using  the  microscope  with  a  magnifying  power  of 
about  two  thousand  diameters,  he  is  able  to  see  and  meas- 
ure both  white  and  red  blood-corpuscles,  so  as  to  distin- 
guish human  blood  from  the  blood  of  the  ox,  pig,  horse, 
or  sheep. 

In  examining  a  slide  prepared  by  either  method  above 
mentioned,  if  tlie  material  is  blood,  we  first  observe  that 
the  edges  of  the  solid  particles  gradually  become  trans- 
lucent and  the  fluid  around  assumes  a  reddish-yellow 
color,  showing  that  the  coloring  matter  is  soluble.  In 
this  condition  of  the  preparation  by  use  of  the  micro- 
spectroscope  the  characteristic  absorption-bands  of  blood 
will  be  seen. 

After  a  little  time,  if  the  amount  of  fluid  applied  be  suf- 
ficient, the  solid  particles  are  softened,  and,  as  they  swell 
up,  yellowish-white  corpuscles  with  a  slightly  granular 
structure  are  seen  ;  these  are  the  well-known  white  blood- 
corpuscles,  which,  with  a  magnifying  power  of  one 
thousand  diameters  or  upward,  may  be  distinguished 
from  other  organized  structures  of  either  animal  or  vege- 
table origin.  After  longer  maceration  the  characteristic 
red  corpuscles  of  blood,  with  smooth  and  sharply  defined 
edgesj  begin  to  appear,  and  after  a  time  are  found  floating 
free  in  the  fluid  under  the  cover-glass.  If  the  stain  is 
mammalian  blood,  some  of  the  corpuscles  will  be  clearly 
seen  as  biconcave  disks  with  a  light  centre  and  a  dark 
edge  or  border.  If  any  doubt  remains  in  regard  to  the 
nature  of  these  corpuscles,  it  may  generally  be  resolved 
by  the  use  of  a  higher  magnifying  power.  Grains  of 
pollen  may  be  generally  distinguished  by  a  roughened 
edge,  or  by  small  points  on  the  surface.  Spores  of  fungi 
are  often  found  mixed  with  blood-stains,  but  in  genei-al 
the  texture  is  different  from  that  of  blood.  Occasionally 
the  biconcave  structure  of  red  blood-corpuscles  can  be 
distinguished,  as  a  slight  motion  causes  some  of  them  to 
roll  over  as  they  move  across  the  field.  Unicellular  algse, 
often  seen  in  wet  preparations,  may  be  distinguished  by 
the  granules  which  they  contain,  having  a  greenish-brown 
or  reddish  color.  These  are  grains  of  clilorophyll.  Spores 
of  fungi  growing  in  fluids  have  generally,  if  undisturbed, 
some  systematic  arrangement  not  foimd  in  the  positions 
assumed  by  blood-corpuscles. 

Erdmann  records  a  case  ("  Zeitschrift  fiir  Analyt. 
Chemie,"  ii.,  1863,  and  Gazette  llebdomadaire,  quoted  in 
EdinJburyUMedieal, Journal,  October,  1863,  page 370)  which 
shows  the  importance  of  employing  more  than  one  kind  of 
test  in  examining  stains  supposed  to  be  blood.  ' '  The  only 
trace  of  an  assassination  at  Leipsio,  was  a  brownish  stain 
found  at  the  spot  where  the  crime  had  been  committed. 
Under  the  influence  of  rain,  the  stain  had  assumed  the 
appearance  of  coagulated  blood.  An  aqueous  solution  of 
this  stain  furnished  a  reddish  fluid,  which  gave  with  tan- 
nin, with  f  errocyanide  of  potassium,  and  with  Millon's  solu- 
tion,* the  same  chemical  reaction  as  the  aqueous  extract 
of  dried  blood.  Examined  under  the  microscope,  the 
brown  matter  was  found  to  contain  some  corpuscles  very 
similar  to  those  of  blood.  But  Erdmann  having  failed  to 
discover  crystals  of  hffimin,  conceived  doubts' as  to  the 
value  of  the  other  characters,  and  repeated  with  great 
care  the  microscopical  examination.  He  then  discovered 
that  the  bodies  supposed  to  be  blood-globules  were  the 
spores  of  algse  called  porphyridium  cruentum,  on  ac- 
count of  the  resemblance  of  its  spores  to  blood-corpus- 
cles. " 

This  blood-colored  gelatinous  alga,  porphyridium  cru- 
entum, growing  upon'  moist  ground,  is  of  doubtful  oc- 
currence in  the  United  States  (Am.  Quar.  Mic.  Journ. 
April,  1879).    Thudichum,  in  "  Tenth  Report  of  Med.  Offl- 

*  Millon's  solution  is  a  strongly  acid  (nitric  and  nitrous)  solution  of 
proto-  and  per-nitratc  of  mercury,  made  by  dissolving  metallic  mei-oury 
in  its  weight  of  strong  nitric  aoid  with  the  aid  of  heat  (Miorogranhio 
Dictionary). 
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cer  to  Privy  Council,"  1867,  p.  216,  mentions  a  red,  gelat- 
inous mass,  growing  upon  a  human  thigh-bone,  which 
was  macerating  at  St.  Thomas'  Hospital.  The  glass  ves- 
sel in  which  it  was  macerating  was  similarly  covered. 
The  microscope  showed  the  red  material  to  consist  of 
minute  cells  in  a  gelatinous  mass,  with  which  larger  gi-een 
cells  were  interspersed.  The  water  filtrated  from  them 
contained  a  number  of  minute  bodies  in  suspension.  It 
was  red,  and  gave  a  spectrum  very  similar  to  blood.  The 
plant  in  question  is  called  by  Thudichum  red  sapro- 
phytes. 

Now,  if  we  wash  the  red  corpuscles  of  mammalia  in 
water,  using  a  tall,  narrow  jar  or  a  test-tube,  allowing 
them  to  subside,  decanting  the  supernatant  liquid,  and 
adding  fresh  portions  of  water  until  all  the  coloring  mat- 
ter and  viscid  part  be  removed,  there  will  be  a  whitish 
precipitate,  consisting  mostly  of  pale,  thin,  nearly  trans- 
parent, flattened,  circular  disks.  These  are  the  membran- 
ous bases  or  framework  of  the  corpuscles,  quite  insoluble 
in  water,  and  so  faint  as  not  to  be  easily  seen  until  their 
opacity  has  been  increased  by  corrosive  sublimate,  iodine, 
eosine,  or  some  other  fluid  capable  of  rendering  them 
opaque.  This  washed  corpuscle  is  generally  finer,  smaller, 
and  thinner  than  the  unwashed  corpuscle. 

The  mammalian  corpuscle,  in  its  normal  condition,  is  a 
delicate  endosmometer,  taking  in  or  giving  out  fluid  ac- 
cording to  the  relative  density  of  the  liquor  sanguinis  and 
contents  of  the  corpuscle,  allowing  rapid  variations 
within  certain  limits.  Accordingly,  the  corpuscles  may 
be  either  swollen,  puckered,  or  shrunk  into  a  variety  of 
flgures,  flat,  tumid,  like  a  shallow  circular  or  oval  cup, 
stellate,  notched,  granulated,  mulberry-shaped,  crescentic, 
angular,  lanceolate,  fusiform,  comma-shaped,  or  possess 
other  figures  defying  description.  In  certain  of  the  cer- 
vidm  the  angular,  crescentic,  and  lanceolate  corpuscles  are 
abundant.  In  connection  with  disease,  deformed  corpus- 
cles are  also  found. 

The  recognition  of  blood-stains,  and  the  probable  deter- 
mination of  the  animal  from  which  they  came,  depends 
on  the  use  of  solvents  of  the  same  endosmotic  power 
as  the  serum  of  normal  blood,  and  on  the  microscopic 
examination  and  measurement  of  the  corpuscles  having 
the  normal  form.  In  the  blood  of  birds,  fish,  and  rep- 
tiles having  red  blood-disks  of  an  oval  or  ellipsoidal 
form,  it  is  sometimes  possible,  when  they  are  standing 
on  end  or  are  distorted  by  drying,  to  see  them  as  cir- 
cular bodies.  Time  must  therefore  be  allowed  for  the 
stains  to  be  f uUj'  softened  and  the  corpuscles  to  be  isolated 
by  the  solvent  before  their  origin  can  be  decided.  There 
are  also  some  round  corpuscles  mingled  with  the  ellipti- 
cal, but  they  are  too  few  in  number  to  mislead  a  careful 
observer. 

Staim  formed  hy  menstrual  blood  contain  uterine  and 
vaginal  mucus  mingled  with  cells  of  epithelium. 

At  the  commencement  of  menstruation  the  linen  is 
stained  of  a  brown  color,  changing  gradually  to  red. 
About  the  third  day  blood-corpuscles  are  abundant, 
mingled  with  leilcocytes  and  epitheliur-.  The  cessation 
of  the  courses  is  marked  by  the  diminution  of  the  red 
blood-globules  and  the  increase  of  leucocytes,  rendering 
the  flow  more  nearly  purulent.  Menstrual  blood,  does 
not  diHer  from  any  other  blood,  except  that  it  is  mingled 
with  mucus  and  epithelium  and  an  abnormal  propor- 
tion of  leucocytes,  and  that  fibrin  is  almost  entirely 
absent.  The  absence  of  fibrin  is  the  most  characteristic 
distinction  of  menstrual  blood. 

B  lood-siains  compared  with  Stains  foi-med  by  Lochial  Bis- 
charges. — Medical  experts  are  often  called,  especially  in 
cases  of  infanticide,  to  distinguish  between  stains  of  blood 
and  those  formed  by  the  lochise.  These  stains  are  to  be 
examined  by  the  same  methods  as  are  available  for  stains 
of  normal  blood.  In  the  lochial  discharge,  about  six 
hours  after  delivery,  we  find  about  five  leucocytes  to 
one  hundred  red  blood-corpuscles.  At  the  end  of  the 
first  day  only  about  one-third  of  the  organized  structures 
are  red  blood-corpuscles.  The  leucocytes  are  nearly 
equal  in  number  to  the  red  corpuscles  ;  pavement  epithe- 
lium from  the  vagina  is  also  abundant.  Among  the  cells 
are  some  spheroidal  or  somewhat  polyhedral  by  recipro- 
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cal  pressure,  united  in  groups  similar  to  the  deeper  layers 
of  epithelium  of  the  vagina  or  neck  of  the  uterus.  The 
liquid,  more  or  less  viscous  and  odorous,  which  holds 
these  elements  in  suspension,  is  studded  with  grayish 
granules.  On  the  second  day  the  leucocytes  increase 
in  number  and  the  red  globules  diminish,  and  little  by 
little  the  lochia  assumes  a  russet  tint,  which  on  the  third 
or  fourth  day  passes  into  a  grayish 
white  or  yellow. 

From  the  fifth  to  the  seventh  day, 
varying  in  different  subjects,  the  red 
corpuscles  almost  entirely  disappear, 
and  the  leucocytes  become  decidedly 
granular.  Pavement  epithelium  is 
still  found,  but  less  abundantly  than 
during  the  preceding  days.  The  epi- 
thelial scales  are  generally  imbricated, 
coniing  off  in  patches.  The  gray 
molecules  become  more  adhesive  and 
abundant,  and  the  fat  granules  dimin- 
ish in  number.  Pibro-plastic  fusiform  bodies  without 
B  nucleus,  paJe  and  transparent,  are  also  found.    This 


Pig.  467. 


Fig.  468. 


1>omp«>sition  of  the  lochia  continues  without  much  change 
Bntil  the  close  of  the  flow.     By  these  characteristics 


stains  of  lochial  discharges  can  generally  be  distinguished 
from  normal  blood. 

In  Fig.  467  is  shown  the  appearance  of  the  red  corpus- 
cle of  human  blood  as  seen  in  the  microscope,  when 
magnified  twenty-five  hundred  diameters.  When  lying 
flat  the  border  appears  as  a  dark  ring,  which  corresponds 


no.  472. 


Flo.  473. 


to  the  thickened  extremities  shown  in  the  lower  figure,  in 
which  the  corpuscle  is  viewed  edgewise.  This  dark  bor- 
der of  the  red  corpuscle  varies  from  one-flftieth  to  one- 
thirtieth  of  the  diameter  of  the  corpuscle,  and  should 
always  be  measured  as,  a  part  of  the  corpuscle,  as  can 
easily  be  demonstrated  by  examination  of  a  glass  disk  made 
so  as  to  have  a  section  such  as  is  shown  for  the  corpuscle 


Fio.  470. 


Fio.  471. 


Pig.  474. 


Fio.  475. 


in  Fig  467  Fig.  468  shows  the  form  of  the  red  corpus- 
cle in  the  blood  of  a  snake,  and  Fig.  469  the  blood  of  a 
fish  (the  pickerel).  These  corpuscles  are  elliptical  with  a 
nucleus  Fig.  470  shows  the  blood  of  the  common  fowl, 
and  Fig.  471  the  blood-corpuscles  of  the  rulfle-grouse. 

These  figures  show  that  the  blood-corpuscles  of  reptiles, 
fishes,  and  birds  are  easily  distinguished  by  their  form 
and  by  their  nucleated  structure  from  the  blood  of  the 
higher  animals  and  man;  as  the  red  blood-corpuscles  of 
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man  and  all  the  mammalia,  except  the  camel  tribe,  are  cir- 
cular and  destitute  of  nuclei.  Fig.  472  shows  the  blood 
of  a  sheep,  and  Pig.  473  the  blood  of  a  man,  both  being 
accurate  copies  of  a  photograph  of  the  two  kinds  of  blood 
spread  side  by  side  upon  the  same  glass  plate,  and  mag- 
nified by  the  microscope  about  nine  hundred  and  fifty 
diameters.     Fig.  474  and  Pig.  475  are  copies  similarly 


Fio.  476. 


Fia.  477. 


made  from  photographs  of  the  blood  of  the  ox  and  man, 
spread  side  by  side  and  photographed  together.  Pig.  476 
shows  human  blood  Spread  upon  the  same  glass  slide  with 
Pig.  477,  dog's  blood.  Here  the  corpuscles  are  shown  so 
nearly  alike,  that  they  can  be  distinguished  only  by  most 
careful  measurement,  and  even  then  the  distinction  is  not 
so  clear  as  to  be  generally  acknowledged.    Pigs.  476  and 


Fio.  478. 


Fig.  479. 


477  show  the  great  difficulty  of  distinguishing  the  blood 
of  man  from  the  blood  of  some  other  animals. 

Fig.  478  is  from  a  photograph  of  the  blood  of  a  gray 
squirrel,  and  Pig.  479  from  the  blood  of  a  cat  similarly 
magnified,  but  not  spread  upon  the  same  slide. 

-.oF'^u^®*' ®''°'^^  *^^ '''^°°'^  °^  man  compared  with  Fig. 
4B1,  the  blood  of  the  Guinea-pig.  These  were  photo- 
graphed with  the  same  magnifying  power  on  different 


slides.     They  show  very  clearly  the  difficulty  of  dig. 

tinguishing  the  blood  of  man  from  that  of  the  Guinea- 

pig- 
Fig.  482  is  from  a  photograph  of  the  blood  of  a  rabbit 

with  the  same  enlargement  as  in  the  preceding  figures.    ' 
Fig.  483  is  taken  from  a  photograph  of  the  blood  of  a 

human  embryo  weighing  only  one  hundred  and  forty- 


Fig.  480. 


Fio.  481. 


three  grains.  It  shows  red  corpuscles  similar  in  size  and 
appearance  to  those  of  adult  human  blood,  also  glob- 
ulins and  giant  red  blood-corpuscles  without  nuclei.  It 
also  shows  large  nucleated  corpuscles,  the  nuclei  being 
similar  in  form  and  appearance  to  those  of  red  corpus- 
cles found  in  the  adult.  The  giant  corpuscles  are  sel- 
dom seen  except  in  ^he  blood  of  the  newly  born. 


FiQ.  482. 


Fio.  483. 


From  the  foregoing  illustrations,  it  is  evident  that  any 
attempt  to  distinguish  human  blood  from  the  blood  of 
•reptiles,  fishes,  and  birds,  will  be  comparatively  easy,  as 
the  forms  are  different ;  but  in  the  case  of  the  higher 
animals  the  distinction,  where  any  distinction  is  pos- 
sible, must  depend  on  careful  measurement  of  the  cor- 
puscles. 

In  any  specimen  of  blood  we  find  corpuscles  of  vary 
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Blood-Stains. 
Blood-Stalns. 


ing  size,  but  a  remarkable  uniformity  in    the  average 
measurements  of  blood  from  animals  of  the  same  kind. 

Some  discrepancies  appear  in  the  tables  of  measure- 
ments of  blood  as  given  by  different  authors.  The  tables 
found  in  most  works  on  physiology  or  on  medical  juris- 
prudence were  made  when  the  instruments  employed  and 
micrometers  used  were  by  no  means  as  perfect  as  the 
microscopes  and  micrometers  now  available.  The  fol- 
lowing table  has  been  prepared  with  great  care.  The 
measurements,  with  two  or  three  exceptions,  were  made 
by  J.  B.  Treadwell,  M.D.,  with  a  ^"jr-inch- objective, 
magnifying  about  two  thousand  five  hundred  diam- 
eters linear,  and  a  glass  micrometer  placed  in  the 
eyepiece.  The  blood  was  spread  upon  glass  and  quickly 
dried.  The  reduction  and  arrangement  of  the  results 
as  given  in  the  table  were  performed  by  the  writer  of 
this  article.  The  standard  of  measurement  was  a  mi- 
crometer ruled  by  Professor  W.  A.  Rogers,  of  Cambridge, 
Mass.,  and  carefully  compared  with  the  standards  pro- 
cured at  great  expense  by  the  United  States  Government. 
Mkasdbemehts  of  Mammaliaxt  Blood. 


Source 

of 
blood. 


Five  men.  ages  23  to 
49  yearn 

Five  women,  18  to  , 
55  years 

S  infants  at  birth,  1 
male,  2  females  . . 

Boy,  8  years  old..,. 

Man,  70  years  old  . . 
Fifteen  persons,  as 

Blood- stains    (hu- 
man) restored — 

2odogs 

Giiinea-pig,  male,  3 

months 

Woodchuck,  female 

Muskrat,»male 

2  rabbits,  1  vrhite,  1 
mixed 

2  hares,  1  male,   1 
female 

Gray  squirrel,  1  fe- 
male, 1  male,  5  mos. 

Red  squirrel,  fe- 
male, 5  months . . 

Striped  squirrel,  fe- 
male   

Red  fox,  male,  5 
months 

Fie,  3  of  3  months, 
1  of  3  weeks 

Ox,  3 male, 3 female! 
(one  1  day,  one  3  > 
months) ) 

Horse,  10  years - 

Abs,1  male,  1  female 


Mule.  6 years.. 

Cat,  1  adult,  1  kit-  [ 
ten.  3  weeks ' 

Sheep,mate,15dayB; 
female,  lyear,,.. 

Boat,  1  male,  1  fe- 
male,, 


Mouse,  house,  com- ' 
mon 

Mouse,  house,  Jong- 
tailed 


Mouse,  field  , 
Rat,  male  , . . 


Mole,  male . 

•Blephant.. 

Woman,  19 
anaemia 

Child,  6  weeks  old, 
starved  to  death , 

•Humanembryo,143 
grains,  non-nucle-  > 
ated  corpuscles. . . ) 

•Human  embryo, ) 
nuclei  of  nucl6-> 
ated  disks ) 

Amalecat,Btupefled ) 
five  hours  By  al-  > 
cohol ) 


years. 


1,000 

1,000 

600 

300 

300 

3,000 

1,000 

3,500 

300 

200 

200 

400 

40O 

400 

300 

200 

300 

600 

1,000 
300 
400 
200 
400 
400 
400 
300 
300 
200 
200 
200 
100 
100 
100 


7,941 
7,927 
7,950 
7,983 
7,916 
7,933 
7,910 
6,918 
7,476 
7,280 
7,283 


6,607; 
6,753- 
6,482 
6,101 
5,436 

5,508 
6,293 
5,421 
5,463 
4,745 
3,667 


9,095 
6,500 
6,216 
9,259 
7,346 
7,573 
11,846 1 
8,089 1 
5,489 1 


5,773 
9,894 
6,350 
9.387 
4,233 

10,160 
6,929 
9,160 
7,005 
9,336 
4,233 

10,160 
5,570 
9,687 
4,618 
8,981 
5,849 
8,390 
5.387 
8,467 
6,158 
9,391 
4,618 
8,082 
4,618 
7,120 
5,926 
7,851 
4,936 
8,313 
B,OT 
7,W? 
5,541 
7,312 
3,849 
8,891 

3,916 
6,774 

4,618 
6,774 
6,003 
7,697 
3,464 
6,312 
2,617 
6,774 
3,079 
6,774 
2,617 
4,080 
3, — 
7,004 
4,618 


3,079 
8,005 
4,618 
7,697 
7,164 
11,604 
8,464 
9,237 
4,465 
8,^6 

9,736 
13,486 

5,394 
11,611 

4,772 

7,r"- 


I      '^ 

1        CQ     En        Q) 


7,697| 
8,152 
7,825 
8,152 
7,667 
8,298 
7,747 
8,283 
7,658 
8,131 
7,658 
8,298 
7,700 


7,853 
7,281 
8,698 
7,043 
7,528 
6,920 
7,535 
6,196 
6,596 
5,367 
6,"" 
6,366 
7,486 
6,227 
6,851 
6,573 
6,981 
6,260 
6,674 
5,418 
6,520 

6,150 
5,703 

5,203 

6,818 

6,018 

6,566 

5,280 

5, 

4,311 

5, — 

4,503 

4,972 

3,394 

4,764 

5,7(2 

6,281 

5,857 

6,268 

6,733 

6,041 


6,095 
6,435 


7,782 
8,110 
7,787 
8,026 
7,716 
8,100 
7.838 
8.191 

7,r~ 

8,105 
7.663 
8,191 
7,723 
8,010 
6.445 
7,305 
7,309 
7,659 
7.112 
7,374 
7,130 
7,555 
6,337 
6,486 
6,377 
6,049 
6,627 
7,079 
6,881 
6,897 
6,647 
6,901 
6,408 


I 


7,845 
8,061 
7,873 
7,993 
7,833 
8,031 
7,891 
8,079 
7,768 
8,038 
7,768 
8,079 


6,533 
7.358 
7,'" 

7',215 

7,351 

7,195 

7,— 

6, 

6,409 

6,604 

5,363 

6,774 

7,C 


6,7 
6,701 
6,815 
6,474 
6,544 
5,757i   5,880 


5,396  6,345 
5,633  5,543 
5,3.57  ,5,473 
6,633  5,658 
6,138  6,201 
6,539  6,377 
5,337  6,377 
5,546    5,472 

6. — 

5,673 
4,665 
4,786 
8,467 


6,674 

7, 
7, 
7,712 

11,083 
11,661 


5,837 
9,680 


4,361 
5,676 
4,588 
4,869 
3,401 
3,710 
5.891 
6,300 
6,968 
6,208 
5,803 
5,995 
6,346 
6,696 
6,030 
6,339 


7,012 


7,498 
7, — 


9,426 
5,846 


5,91 

6,0! 

6,063 

6,143 

6,814 

5,967 

6,441 

6.694 

6,131 

6,293 


7,177 
7,515 
7,572 
7,574 


6,479 
5, 


7,884 
8,046 
7,901 
7.968 
7,918 
7,983 
7,965 
8,000 
7,85r 


8,046 


6,673 

7,:- 

7,1 

7,559 

7.279 

7,283 

7,245 

7,320 


5,788 
6,779 
6,823 
7.004 
6,592 
6,622 
6,747 
6.768 
6,470 
6,494 
6,028 
6,169 

5,347 
5,482 

5,493 

5,513 

6,219 

6,876 

6,419 

6.424 

5,419 

5,522 

4,725 

4,764 

3,536 

3.638 

6, — 

6, 

6,089 

6,109 

5,1 

5,! 

6,' 

6,510 

6,175 

6,258 

9,359 


7,346 

7,578 


7,908 
7,983 
7,913 
7,950 
7,938 
7,970 
7,983 

7,9i6 

7,9i3 
7,933 


6,354 
6,377 
5.756 
5.772 
6,837 
6,936 


6,144 

5,406 
6,461 


6,431 
9,495 
4,744 
4.746 
8,646 
3,587 


In  the  measurements  given  in  this  table  the  whole  of 
the  dark  border  shown  in  Pig.  467  was  measured.  The 
measurements  were  originally  taken  and  recorded  in  parts 
of  the  American  standard  inch  which  has  been  reduced 
to  parts  of  a  millimetre  by  reckoning  1  inch  =  35,40098 
millimetres.  The  measurements  in  the  table  are  given 
in  millionths  of  a  millimetre. 

To  secure  a  fair  average  two  hundred  corpuscles  were 
generally  measured,  and  often  this  number  were  meas- 
ured from  several  animals  of  the  same  class.  To  show 
how  large  a  number  of  corpuscles  should  be  measured  to 
obtain  a  fair  average,  the  range  of  averages  are  given  as 
computed  by  tens,  twenties,  fifties,  and  hundreds ;  also 
the  range  of  averages  of  two  hundreds  as  taken  from 
separate  animals. 

Tablk  bhowing  Distribution  ov  Vabzous  Sizes  of  Blood-cor- 

PUBCLES  MEASUBED  IN  PARTS  OF  AN  iNOH.      (By  DB.  J.   B.   TBEAD- 
■WELL,)  * 


*  Measured  by  M.  0.  White. 


Fractions   of   an 
inch. 

Man. 

Dog. 

Kg. 

Ox. 

Sheep. 

Goat. 

1-3700  

2 

6 

14 

32 

S3 

46 

37 

14 

9 

4 

1 

2 

'"e" 

17 
23 
24 
58 
23 
12 
10 

"h" 

2 

4 
17 
21 

9 

3 

1-2800  

1-2900  

1-3000  

1-5100 

1-3200    

1-3300 

1-3400     

1-3500 

1-3600    

1-3700 

1-3800  

1-3900  

1-4000  

9 

31 

1 

1-4100            

12 
3 

1 

34 

15 
7 

22 
16 

7 

1-4200 

14300 

1-4400  

2 

11 

10 

1-4500  

9 

17 

1-4600  

8 

15 

2 

1-4700 

18 

51 

15 

1-4800 

■4 

15 

8 

1-4900  

4 

1 

6 

1-5000  

1 

9 

19 

1-5100  

2 

8 

11 

1-5200  

0 

3 

20 

1-5300  

0 

5 

17 

1-5400  

0 

1 

3 
13 

30 
47 

1-5500  

1-6600  

11 

1-5700  



3 

1-5800  

6 

3 

1-5900    

0 

1  6000  

0 

2 

1-6100  

1-B200 

4 

1-6300 

1-6400  

1 

30 

1-6S0O  

0 

0 

1-6600 

1 

•     45 

1-6700  

20 

1-6800  

29 

16900 

1-7000  

15 

1-7100  

1-7200  

1-7300 

1-7400  

1-7500  

1-7600 

0 
1 
0 
4 
200 
1-5892 

1-7700  

1-7800  

1-7900  

1-8000  

No.  of  oorpuscleB. 

"200" 
1-2727 

■■200" 
1-3203 

■200" 
1-8473 

■  300  ' 
1-8837 

"200" 
1-4647 

1-3870 

1-4400 

1-6500 

15500 

1-6600 

1-8043 

1-3197 

1-3657 

1-4227 

1-4654 

1-6204 

1-6839 

J  a  Richardson,  M.D.,  of  Philadelphia,  during  the 
progress  of  the  Centennial  Exhibition  at  Philadelphia, 
measured  one  hundred  corpuscles  from  each  of  fourteen 
men  of  different  nationalities,  using  a  one-twenty-flfth 
inch  immersion  objective  and  a  cobweb  micrometer  eye- 
piece, the  microscope  thus  arranged  magnifying  1,800 
diameters.  He  found  the  average  diameter  of  the  four- 
teen hundred  corpuscles  to  be  1-3334  inch,  or  0.007879 
mm.     This  is  smaller  than  the  measurement  given  in  the 

*  The  number  of  corpuscles  include  all  found  between  the  fraction  oppo- 
site to  which  they  are  placed  and  the  next  auooeeding  fraction  of  an  inch. 

587 


Blood-Stains. 
Blood- Vessels. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


table,  0.007938  mm.  I  am  informed  by  Dr.  Richardson 
that  he  measured  from  the  outside  of  the  dark  border  of 
the  corpuscle  on  one  side  to  the  inner  side  of  the  dark 
border  on  the  opposite  side  of  the  corpuscle.  If  we  add 
one-fiftieth  of  the  diameter  for  the  remainder  of  the  dark 
border  we  should  obtain  0.008036  mm.,  which  is  a  trifle 
larger  than  the  average  given  in  the  table.  This  differ- 
ence may  possibly  be  attributed  to  minute  differences 
in  the  micrometers  used,  or  it  may  be  owing  to  what  is 
known  as  the  personal  equation  of  the  observer. 

Professor  Wormley,  of  the  University  of  Pennsylvania, 
whose  extensive  and  valuable  measurements  of  blood- 
corpuscles  are  published  in  the  second  edition  of  his  work 
on  "Micro-chemistry  of  Poisons,"  measured  the  whole  of 
the  dark  border  of  the  corpuscle.  Professor  Wormley  used 
a  one-tenth  inch  objective  made  by  Beck,  and  a  one-thirty- 
second  inch  objective  made  by  Gundlach,  magnifying 
from  1,150  to  2,300  diameters.  In  the  following  table 
the  measurements  of  Treadwell  and  Wormley  are  com- 
pared with  the  measurements  made  by  Gulliver  twenty- 
five  years  ago,  and  published  by  him  in  the  "Proceed- 
ings of  the  Zoological  Society  of  London"  in  1875. 


AvEBAGE  Size  of  Red  Blood-cobpuscles,  in  Fbactions  op  am  Inch. 

Mammals. 

By 
Gulliver. 

By 

Wormley. 

By 
Treadwell. 

Man 

1-3200 
1-3412 
l-,3657 
1-3538 
1-3440 
1-S550 
1-3632 
1-3607 
1-3754 
1-3S14 
1-4230 
1-4267 
1-4600 
1-4404 
1-3938 
1-458B 
1-S600 
1-3693 
1-3735 
1-4000 

1-3260 
1-3382 
1-3146 
1-3223 
1-3410 
1-3283 
1-3661 
1-3653 
1-3652 
1-.3743 
1-4268 
1-4219 
1-4243 
1-4.372 
1-4384 
1-4351 
1-.3422 
1-3656 
1-3644 
1-4140 

1-4200 
1-4084 
1-2738 
1-4390 
1-3560 
1-3649 
1-4175 
1-4143 
1-8886 
1-3760 
1-3630 
1-3966 
1-4912 
16445 
1-6189 

i-3164 

i-3301 
1-6408 
1-3331 
1-5280 

1-3200 

Monkey 

Opossum 

Guinea-pig 

1-3397 

Kangaroo 

1-3487 

1-S673 

Rabbit 

1-3984 

Rat 

1-3908 

Mouse 

1-4223 

Pig 

1-4163 

Ox 

1-4673 

Cat 

Elk 

Buffalo 

Wolf  (prairie) 

Bear  (black) 

Hvena 

Squirrel  (red) '. 

1-3847 

Squirrel  (gray) 

1-3323 

Ground  squirrel  (striped),  chipmunk. . 

i-3950' 
1-2745 
1-4.319 
1-3429 
1-8765 
1-4000 
1-4323 
1-4220 

14-000 
14-175 
15-.300 

i-6366 

1-2865 

1-3000 

1-3099 

1-3190 

1-3281 

1-3484 

1-12.325 

1-3325 

1-3869 

1-3361 

1-6329 

1-3123 

1-5876 

1-3762 

Elephant 

Hippopotamus 

Ocelot 

Mule 

1-4432 
1-4036 

Sheep 

1-6363 

Ibex 

1-7983 

Sloth 

Platypus  (duck-billed) 

Whale 

Capvbara 

Seal 

Woodchuck 

1-3489 

Musk-deer 

T 1         1  Long  diam 

"™*  1  Short  diam . . . . . . . . .:.::: ; . . ; 

<^™''  1  Short  diam  .'.■.".■.■.■.■ ". 

1-3918 

. ' 

Gulliver. 

Wormley. 

Length. 

Breadth. 

Length. 

Breadth. 

Birds. 
Chicken 

1-2103 
1-2046 
1-1987 
1-1973 
1-1836 
1-2347 
1-200S 
1-2140 
1-1763 

1-3466 
1-3598 
1-3424 
1-864.J 
1-3839 
1-3470 
1-8369 
1-3600 
1-4076 

1-2080 
1-1894 
1-1955 
1-1892 

1-34&3 
1-8444 
1-3604 
1-8804 

Turkey 

Duck 

Pigeon 

Goose  

Qnail 

Dove 

Owl 

Eeptiles. 

Tortoise  (land) 

Turtle  (green) 

Boa  Constrictor 

Viper 

Lizard 

Batbaohians. 

Frog 

Toad 

Triton 

Proteus 

Amphiuma  tridactylum .... 

Fishes. 

Trout 

Perch 

Pike 

Bel 

Lamprey 

Nucleus 


Gulliver. 


Length.      Breadth 


1-1353 
1-1231 
1-1440 
1-1274 
1-1656 


1-1108 

1-1043 

1-848 

1-400 

1-363 


1-1634 
1-2099 
1-3000 
1-1745 
Circular. 


1-2216 
1-1883 
1-3400 
1-1800 
1-2743 


1-1831 

1-3000 

1-1280 

1-737 

1-615 


13-460 
12-824 
13-556 
12-842 
12-134 
16-400 


Wormley. 


Length.    Breadth. 


1-1250 
i-1245 


1-1089 


1-2200 
i-2588 


l-180t 
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Prom  these  tables  it  is  clearly  shown  that  there  is  no 
danger  that  a  careful  microscopist  would  ever  mistake 
the  blood  of  a  goat,  sheep,  horse,  ox,  or  pig  for  the  blood 
of  a  human  being ;  or  that  of  any  animal  having  blood- 
corpuscles  with  an  average  diameter  less  than  ^inr  of  an 
inch  or  0.0063  millimetre. 

Concerning  the  possibility  of  distinguishing  the  blood 
of  a  dog  from  that  of  man  medical  experts  are  in  no- 
wise agreed,  a  few  contending  that  they  can  distin- 
guish a  recent  stain  of  the  blood  of  a  dog  from  the 
blood  of  man,  and  they  have  successfully  accomplished 
the  task  when  put  to  the  crucial  test  of  experiment. 

The  late  Col.  J.  J.  Woodward,  M.D.,  when  testifying 
as  an  expert  in  the  Hayden  trial,  at  New  Haven,  Ct.,  in 
1879,  stated  that  he  had  measured  twenty  corpuscles  from 
a  young  dog,  forty  from  another,  and  fifty  from  a  third, 
in  which  he  found  the  averages  of  the  corpuscles  meas- 
ured from  each  one  of  those  dogs  larger  than  the  recog- 
nized average  size  of  human  blood-corpuscles.  In"  regard 
to  these  measurements  Dr.  Woodward  stated  in  his  cross- 
examination  by  the  State,  "  I  looked  to  find  big  corpuscles, 
and  I  knew  tliat  the  group  around  them  would  be  large." 
The  same  expert  has  published  measurements  of  the  blood 
of  other  dogs  so  large  that  he  inferred  that  there  is  no 
safety  in  attempting  to  state  positively  that  a  given  stain 
is  the  blood  of  man  and  that  it  could  not  be  the  blood  of 
a  dog. 

L.  Perier  has  shown  that  the  blood  of  new-born  infants 
often  contains  giant  corpuscles  similar  to  the  large  non- 
nucleated  corpuscles  of  the  human  embryo,  and  states 
that  until  recently  these  have  not  been  considered  as  true 
red  corpuscles. 

He  also  states  that  these  giant  corpuscles  have  a  ten- 
dency to  collect  together,  and  that  in  estimating  average 
measurements  it  is  important  to  examine  all  parts  of  the 
slide  on  which  the  blood  is  spread.  L.  Perier  also  says 
that  he  finds  in  the  blood  of  infants  many  globulins 
nearly  spherical,  only  about  half  the  diameter  of  ordinary 
blood-di,9ks.  If  these  globulins  are  not  included  in  the 
measurement  it  will  be  easy  to  obtain  large  averages  for 
the  blood  of  infants. 

Dr.  R.  U.  Piper,  of  Chicago,  finds  that  the  blood-cor- 
puscles of  new-born  infants  retain  much  of  the  character 
of  pre-natal  blood,  and  give  average  diameters  larger 
than  the  blood  of  adults.  He  also  finds  the  blood  of 
young  puppies  giving  larger  average  diameters  than  that  of 
the  blood  of  adult  dogs,  but  these  facts  do  not  disparage 
the  value  of  the  microscope  as  a  means  of  distinguishing 
the  blood  of  man  from  that  of  full-grown  dogs,  especially 
if  we  can  obtain  for  comparison  authentic  specimens  of 
the  blood  of  the  particular  man  and  dog  with  which  a 
given  blood-stain  is  to  be  compared  in  a  given  case. 

Dr.  Thad.  S.  Up  De  Graff  (in  IVie  Microscope,  October, 
1883),  states  that  the  red  blood-corpuscle  of  the  dog  re 
sists  the  action  of  water  and  ruptures  less  readily  than 
the  red  corpuscle  of  human  blood,  because,  as  he  thinks, 
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the  cell-wall  or  border  is  thicker  in  dog's  blood  than  in 
human  blood. 

By  a  careful  study  of  the  micrometric  data  from  which 
the  table  of  measurements  on  page  587  was  calculated,  I 
find  as  a  general  rule  (to  which  there  are  some  exceptions) 
that  the  blood-corpuscles  of  young  animals  have  a  greater 
range  (as  Perier  and  Hayem  have  stated)  from  the  smallest 
to  the  largest  corpuscle,  and  a  slightly  greater  average  di- 
ameter than  the  blood  of  adults.  The  same  is  apparently 
true  of  the  blood  of  females  as  compared  with  the  blood 
of  males.  My  own  measurements  of  human  blood  of 
infants  and  adults,  both  male  and  female,  tends  to  the 
same  conclusion. 

Since  the  death  of  my  esteemed  friend,  J.  B.  Tread- 
well,  M.D.,  to  whose  labors  I  am  indebted  for  the  photo- 
graphs from  which  the  figures  of  blood-corpuscles  in  this 
article  were  copied,  and  for  the  measurements  of  blood- 
corpuscles  used  in  the  table  on  page  587,  I  find  among 
his  papers,  given  me  by  his  request,  a  discussion  of  the 
large  averages  claimed  by  some  observers  in  the  blood  of 
some  adult  dogs.  A  slide  in  my  possession,  prepared  by 
Dr.  Treadwell,  shows  the  blood  of  a  cocker  spaniel,  with 
a  peculiar  irregularity  in  the  distribution  of  the  corpus- 
cles, which  are  arranged  in  bands.  Large  corpuscles  are 
found  in  one  band,  and  in  an  adjoining  band  smaller  cor- 
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puscles  are  gathered  together;  an  effect  which  is  evi- 
dently due  to  the  slightly  uneven  surface  of  the  glass 
slide.  I  have  three  photographs,  taken  from  different 
parts  of  this  slide,  numbered  162,  163,  and  164,  one  of 
which  (No.  164)  shows  the  large  and  small  corpuscles 
very  uniformly  intermingled.  -The  other  two  photo- 
graphs, Nos.  163  and  163,  from  the  same  slide,  show  the 
large  and  small  corpuscles  separated  by  spreading. 

Kg.  484  has  been  copied  from  Negative  163.  The 
band  B  B'  shows  the  smaller  corpuscles,  separated  from 
the  large  corpuscles  by  a  space  in  which  they  are  less 
numerous.  This  figure  shows  how  different  averages 
may  be  obtained  from  the  same  slide,  as  is  more  fully  ex- 
plained below. 

The  following  is  Dr.  Treadwell's  statement  of  measure- 
ments taken  in  the  three  fields  photographed,  the  nega- 
tives being  numbered  163,  163,  and  164.  One  hundred 
and  fifty  corpuscles  were  measured  from  each  field,  and- 
are  recorded  in  fractions  of  an  inch. 


The  following  table  shows  the  results  of  measuring  dif- 
ferent parts  of  the  same  slide  : 


Band  of  large  cor- 
puscles. 

Band  ol  small  cor- 
puscles. 

Results    of    whole 
number  of  meas- 
urements. 

NegatiTe. 

d 
Z 

75 
75 

i 

1-2750 
ISOOO 

1 

3 

1-3300 
1-3336 

i 

75 

75 

■I 

1-3300 
1-3267 

1-4647 
1-S23S 

1 

1-4083 
t-4069 

d 

21 

150 
150 
150 

1-2750 
1-3000 
1-2844 

1 

1 

168 

163 

164 

1-S666 
1-4024 

1-4647 
1-5238 
1-4852 

1-36.54 
L-8667 
1-S6S4 

The  writer  of  this  article  has  himself  measured  one  hun- 
dred corpuscles  from  the  slide  copied  in  Fig.  484.  Fifty 
corpuscles  from  the  band  B  B',  Fig.  484,  give  an  average 
diameter  of  1-4511  of  an  inch ;  and  fifty  corpuscles  from 
the  part  of  the  slide  shown  in  the  right  side  of  Fig.  484 
average  1-3086  of  an  inch.  The  average  of  all  these  cor- 
puscles combined  is  1-3665  of  an  inch.  These  measure- 
ments were  made  with  a  cobweb  micrometer  and  a  -^ 
inch  objective  magnifying  1,500  diameters. 

The  illustrations  here  given  show  the  necessity  of  ex- 
amining all  parts  of  the  slide  when  measuring  blood-cor- 
puscles. In  this  work  a  mechanical  movement  of  the 
stage  of  the  microscope  aids  in  securing  a  proper  survey 
of  the  entire  field. 

So  far  as  the  writer  has  been  able  to  ascertain,  all  the 
large  averages,  in  the  measurement  of  the  blood  of  dogs, 
which  have  been  published  to  show  the  uncertainty  of 
distinguishing  between  the  blood  of  man  and  the  blood  of 
the  dog,  have  been  based  upon  the  measurement  of  blood 
spread  upon  glass  and  quickly  dried.  Hayem's  observa- 
tions of  large  corpuscles  collecting  together,  may  be  re- 
peated by  placing  a  drop  of  blood  on  the  under-side  of  a 
thin  glass-cover  over  a  moist  cell,  but  the  results  obtainable 
by  that  method  can  hardly  mislead  a  careful  observer. 

When  blood-stains  are  examined,  the  corpuscles  are 
generally  examined  in  the  moist  condition,  and  no  irreg- 
ular spreading  or  automatic  collection  of  large  corpuscles 
is  likely  to  interfere  with  fair  and  normal  average  meas- 
urements. 

While  the  blood-corpuscles  of  the  dog  are  much  nearer 
the  size  of  human  blood  than  are  the  corpuscles  of  the 
sheep,  horse,  ox,  and  pig,  still  the  difference  is  such  that 
the  blood  of  man  and  the  blood  of  a  dog  may  be  distin- 
guished with,  at  least,  a  considerable  degree  of  probability, 
as  indicated  by  our  tables  and  by  the  double  photograph 
shown  in  Figs.  476  and  477. 

In  conclusion,  it  seems  proper  to  say  that  the  medi- 
cal expert  can  safely  and  positively  decide  that  a  given 
stain  is  blood  ;  that  it  is  not  the  blood  of  a  fish,  rep- 
tile, or  bird  ;  that  it  is  the  blood  of  one  of  the  class  mam- 
malia, and  that  from  the  measurement  of  the  corpuscles 
he  finds  it  correspond  closely  with  human  blood,  as  dis- 
tinguished from  that  of  most  domestic  animals ;  or  in  other 
cases,  that  he  finds  it  cannot  be  human  blood,  but  that  it 
corresponds  with  the  blood  of  some  other  animal  which 
it  is  claimed  to  be.  Such  testimony  often  serves  to  con- 
vict the  guilty  by  refuting  a  fictitious  plea,  or  clear  the 
innocent  beyond  a  doubt  when  other  circumstances  ap- 
pear against  him.  Moses  C.  While. 

BLOOD-VESSELS.  The  blood-vessels  are  the  connect- 
ing series  of  tubes  which,  commencing  at  the  heart  and 
terminating  again  at  the  heart,  complete  the  circle  of  the 
circulatory  system.  These  vessels  are  divided  into  three 
sets,  the  arteries,  or  efferent  vessels,  by  which  the  blood 
is  conducted  away  from  the  heart ;  the  veins,  or  afferent 
vessels,  by  which  the  blood  is  returned  to  the  heart ;  and 
the  capillaries,  small,  hair-like  vessels,  which  form  the 
connection  between  the  arteries  and  veins. 

The  blood-vessels  are  arranged  in  two  distinct  systems, 
one  connecting  the  right  ventricle  of  the  heart  with  the 
left  auricle,  known  as  the  pulmonary  system,  because  it 
is  for  the  most  part  situated  within  the  lungs  ;  the  other, 
connecting  the  left  ventricle  with  the  right  auricle,  known 
as  the  systemic  system,  because  it  is  situated  in  the  body 
in  general. 
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Each  system  of  vessels  commences  by  a  single  artery  of 
large  calibre— the  pulmonary  artery  for  the  pulmonary 
circulation,  and  the  aorta  for  the  systemic  circulation.  As 
these  arteries  proceed,  they  give  off  branches,  usually  at 
an  acute  angle,  though  sometimes  at  an  obtuse  or  even  a 
right  angle,  and  these  branches,  after  further  division  and 
subdivision,  and  gradual  change  of  structure,  merge  into 
the  capillaries. 

After  continuing  as  capillaries  for  a  short  distance  they 
unite  and  form  venous  radicles,  which  by  further  union 
become  the  large  veins  -which  pour  the  blood  into  the 
heart. 

The  transition  of  the  arteries  into  the  capillaries,  and  of 
the  capillaries  into  the  veins,  is  a  gradual  one. 

After  the  division  of  an  artery  mto  two  branches,  it  is 
found  that  while  the  capacity  of  either  branch  is  less 
than  that  of  the  parent  trunk,  that  of  both  divisions  is 
greater,  so  that,  as  the  blood-vessels  grow  smaller,  the 
capacity  of  the  circulatory  system  becomes  greater,  and 
by  the  time  the  capillaries  are  reached  it  is  estimated  that 
the  capacity  of  the  blood-vessels  has  increased  five  hundred 
to  eight  hundred  times  over  that  of  the  aorta  at  its  com- 
mencement. 

As  the  veins  grow  larger  by  union  with  each  other,  the 
capacity  of  the  circulatory  system  again  grows  less,  so 
that  at  the  entry  of  the  large  veins  (the  vense  cavse),  into 
the  heart  their  cajjacity  approaches  that  of  the  aorta,  al- 
though it  is  not  so  small. 

This  does  not  hold  good  in  the  pulmonary  system,  as 
the  capacity  of  the  pulmonary  veins  is  the  same  as  that 
of  the  pulmonary  artery.  The  entire  system  of  blood- 
vessels may  be  represented  by  two  truncated  cones  placed 
base  to  base,  one  an  arterial  cone,  the  other  a  venous  cone, 
each  having  its  apex  at  the  heart  and  its  base  at  the  capil- 
laries. 

The  blood-vessels  possess — arteries,  veins,  and  capil- 
laries alike  —  a  foundation  groundwork  of  tissue  to 
which  the  remaining  structures  which  go  to  make  up  a 
blood-vessel  are  added.  Much  as  the  latter  may  vary  in 
the  different  kinds  of  vessels,  this  groundwork  remains 
the  same,  and  is  continuous  throughout  the  vascular  sys- 
tem. This  basis-tissue,  which  is  known  as  the  "endo- 
thelial tube  "(His),  the  "  periepithelial  tube  "  ( Auerbach), 
the  "  cell  membrane  "  (Remak),  Is  composed  of  delicate, 
flattened,  more  or  less  fusiform  or  polygonal  cells,  com- 
posed each  of  a  nucleus  with  surrounding  protoplasm, 
ftnd  arranged  for  the  most  part  parallel  to  the  long  axis 
of  the  vessel.  To  this  protoplasmic  tube,  which  forms 
the  sole  constituent  of  the  finest  capillaries,  structures 
of  different  kinds  in  the  form  of  a  series  of  "investing" 
or  "vascular"  membranes  are  added,  to  make,  in  the 
one  instance,  an  artery,  or  in  the  other  a  vein. 

Arteribs  (otjp,  air),  so  called  •  because,  being  found 
empty  after  death,  they  were  supposed  by  the  ancients  to 
be  filled  with  air,  are  the  efferent  vessels  of  the  circulatory 
system  and  form  that  portion  of  the  chain  of  blood-vessels 
which  extends  from  the  heart  to  the  capillaries.  They  are 
cylindrical  tubes. 

The  course  of  an  artery  to  an  organ  is  usually  a  direct 
one,  although  in  some  cases  it  is  markedly  tortuous.  Ar- 
teries are  usually  single,  and  are  accompanied  by  one,  two, 
or  more  veins,  known  as  "vense  comites,"  by  nerves  and 
by  lymphatics.  They  are  covered  by  a  sheath  of  con- 
Qective-tissue,  which  acts  as  a  protective  and  holds  them 
In  position. 

Although  the  chief  blood-supply  of  an  organ  is  through 
a  single  artery,  the  connections  of  this  artery  with  others 
are  usually  sufficiently  numerous  to  convey  blood  to  the 
part  in  case  the  main  supply  is  cut  off.  The  connection 
of  one  blood-vessel  with  another  is  termed  anastomosis 
or  inosculation,  and  by  means  of  it  collateral  circulation 
is  established. 

Some  arteries  have  no  anastomoses,  so  that,  if  by  any 
paeans  they  become  occluded,  the  circulation  of  the  part 
to  WTiich  they  are  distributed  can  rarely  be  re-established, 
or  if  at  all  but  slowljr  and  through  their  capillary  con- 
nections. Such  artenes  are  denominated  "terminal  arte- 
ries." Examples  of  this  variety  are  found  in  the  kidney, 
the  lungs,  the  spleen,  and  the  brain. 


The  proportionate  relations  between  the  thickness  of 
the  arterial  walls  and  the  diameter  of  the  lumen  of  the 
vessel  vary  much  in  the  different  arteries. 

Peculiar  arteries  are  those  of  the  brain,  in  that  they 
have  very  thin  walls  and  a  large  lumen,  and  further, 
they  are  surrounded  by  lymphatic  sheaths  known  as  peri- 
vascular canals. 

The  longest  artery  in  .the  body  is  the  spermatic,  the 
shortest  is  the  anterior  communicating. 

An  ai'tery  has  three  coats.  These  coats  are  denomi- 
nated, according  to  their  position,  external  (tunica  adven- 
titia),  middle  (tunica  media),  and  internal  (tunica  intima) ; 
an  arbitrary  division,  however,  as  each  coat  is  capable  of 
further  separation  into  well-recognized  layers. 

The  divisions  of  the  internal  coat  are  three.  Of  these, 
the  one  next  to  the  blood-current  is  formed  of  smooth 
and  flat  cells  which  enter  into  the  formation  of  the  com- 
mon "endothelial  tube;"  outside  of  this  is  a  layer  of 
finely  fibrillated  connective  -  tissue  with  a  number  of 
branched  corpuscles  lying  in  the  cell  spaces  of  the  tissue 
forming  the  "subepithelial  layer,"  the  "intermediary 
layer,"  or  the  "striated  layer  of'  the  internal  coat" 
(KoUiker). 

The  tliird  division  of  the  internal  coat,  the  "internal 
elastic  lamina  "  (membrana  elastica  intimse)  is  sometimes 
described  as  a  portion  of  the  middle  coat,  and  appears 
under  the  microscope  as  a  wavy  line  which  refracts  light 
strongly,  and  does  not  stain  with  the  ordinary  colormg 
materials.  It  is  composed  of  laminae  of  perforated  yel- 
low elastic  tissue,  known  as  the  fenestrated  membrane  of 
Henle ;  under  some  conditions  the  perforations  are  absent 
and  an  elastic  network  exists  in  their  place. 

It  is  of  importance  to  recognize  this  layer  as  it  distin- 
guishes clearly  the  boundary  between  the  internal  and 
middle  coats  in  cases  of  pathological  changes  in  either. 

The  middle  coat  is  composed  of  elastic  tissue  and  mus- 
cular fibres  in  varying  proportions.  "  The  thickness  of 
the  muscular  tissue  increases  with  the  diminution  of  the 
calibre ;  the  quantity  of  the  elastic  fibres,  on  the  other 
hand,  increases  with  the  calibre"  (Eberth). 

The  commencement  of  the  aorta  is  said  to  possess  no 
muscular  fibre,  while  in  the  arterioles  the  elastic  tissue  is 
very  scanty. 

The  arrangement  of  the  elastic  tissue  is  much  the  same 
as  that  which  is  found  in  the  internal  coat,  being  divided 
into  fenestrated  layers,  which  are  connected  with  each 
other  and  with  the  internal  elastic  lamina  by  fibres  of  the 
same  tissue.  The  muscular  fibres  are  about  y^c  of  an 
inch  in  length,  and  are  distributed  in  circular  bundles 
about  the  artery  and  between  the  elastic  layers. 

The  external  coat  is  made  up  chiefly  of  white  fibrous 
tissue,  to  which  is  added  some  longitudiinai  elastic  fibres. 
Eberth  and  Bergens  each  describe  the  presence  in  this 
coat  of  longitudinal  and,  in  some  cases,  of  spiral  bundles 
of  muscular  fibres. 

Vessels,  Nerves,  and  Lympliaiics. — Arteries  are  supplied 
with  vessels,  nerves,  and  lymphatics.  The  vessels,  which 
are  termed  "vasa  vasorum,"  are  derived  from  a  brancl; 
of  the  same  artery,  or  from  some  contiguous  artery ;  thej 
pierce  the  sheath,  and  after  subdividing  enter  the  externa 
coat  to  which  they  are  distributed.  They  have  neve 
been  demonstrated  in  the  middle  or  internal  coats  (Ran 
vier),  and  it  is  a  question  if  the  nutrition  of  the  latter  bt 
maintained  by  the  blood-current  within  the  vessel,  or  b;' 
these  nutrient  arteries. 

The  nerves  of  an  artery  are 'derived  from  the  sympc- 
thetic  system ;  they  form  plexuses  about  the  vessel  and  sen( 
off  fibrils  which  terminate  in  the  muscular  fibres  of  Ih" 
middle  coat.  An  accessory  nervous  mechanism  is  found  u 
the  shape  of  small  ganglia  distributed  irregularly  through 
out  the  arterial  system. 

The  most  conspicuous  property  of  an  artery  is  elasticity 
which  is  given  it  by  the  yellow  elastic  tissue  found  in  tli 
internal  and  middle  coats.     The  elasticity  is  most  marke 
in  the  larger  arteries,  especially  in  the  aorta  at  its  con. 
mencement.     As  the  arteries  grow  smaller,  the  elasticity 
diminishes,  and  in  its  place  appear  contractility  and  ex- 
pansibility, properties  given  it  by  the  muscular  fibres  of 
the  middle  coat.     These  muscles  are  dominated  by  the 
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nerves,  which  are  distributed  to  their  nuclei,  and  which, 
known  as  vaso-motor  nerves,  contain  dilator  and  contractor 
fibres ;  the  elasticity,  however,  rarely  disappears  entirely, 
and  is  present  as  long  as  the  yellow  elastic  tissue  re- 
mains. 

When  an  artery  is  cut  across  it  retracts  within  its  sheath, 
and  the  divided  ends  curve  inward  ;  it  does  not,  however, 
collapse,  as  does  a  vein  under  like  circumstances.  These 
characteristics  are  again  due  to  the  presence  of  the  elastic 
and  muscular  fibres  of  its  coats. 

Veins  are  the  afferent  vessels  of  the  heart ;  they  com- 
mence at  the  capillaries  as  venous  radicles,  which  by  union 
with  each  other  form  the  venous  trunks.  Veins  are  divided 
into  two  sets  ;  one  superficial,  situated  between  the  two 
layers  of  superficial  fascia,  and  not  accompanying  arte- 
ries ;  the  other,  a  deep  set,  following  the  direction  of  the 
arteries,  and  usually  included  in  the  same  sheath  with 
them.  The  large  arteries  are  accompanied  by  but  one 
vein;  the  smaller  arteries,  i.e.,  the  arteries  of  the  fore- 
arm, hand,  leg,  and  foot,  are  each  accompanied  by  two 
veins  (vense  comites). 

Veins  anastomose  more  freel}'  than  do  the  arteries,  so 
that  there  is  in  all  parts  an  ample  provision  for  the  return 
of  the  blood  to  the  heart. 

Peculiar  veins  are  those  of  the  vertebrae,  the  venous 
sinuses  of  the  brain,  and  the  portal  vein,  in  that  they  do 
not  accompany  arteries  and  present  certain  peculiarities 
of  structure. 

Veins  in  general  carry  blue,  or  non-oxygenated  blood  ; 
exceptions  to  this  statement  are  the  pulmonary  veins,  and 
the  veins  coming  away  from  glands  during  their  func- 
tional activity. 

Veins  possess  walls,  which  are  very  thin  as  compared 
to  their  calibre,  so  that  when  cut  across  they  collapse. 

They  are  also  quite  distensible,  and  these  properties  ren- 
der their  apparent  size  a  matter  of  uncertainty,  for  a  vein 
which  is  easily  distinguished  when  full  of  blood  is  diffi- 
cult of  recognition  when  empty  and  collapsed. 

Although  the  veins  have  walls  thinner  than  those  of 
corresponding  arteries  they  are  stronger,  and  will  sustain 
a  greater  weight  without  breaking. 

Veins  possess,  in  the  majority  of  cases,  three  coats ;  the 
structure  of  these  coats  differs  greatly  in  different  por- 
tions of  the  venous  system. 

The  part  of  the  vein  contiguous  to  the  blood-current  is 
made  up  of  the  common  cell  membrane.  The  endothelial 
cells  of  this  membrane  are  shorter  and  less  fusiform  than 
those  found  in  the  arteries,  but  their  general  arrangement 
and  appearance  are  the  same.  Directly  outside  of  this  mem- 
brane is  an  "intermediate  layer,"  thin,  and  not  distinct, 
which  in  turn  is  covered  by  an  internal  elastic  lamina,  not, 
however,  as  well  developed  as  is  the  same  layer  of  the 
arteries. 

The  middle  coat  is  made  up  of  muscular  and  elastic 
tissue  in  proportionately  small  amount,  the  elastic  tissue 
not  distinctly  fenestrated  ;  but  mixed  with  them  are  con- 
siderable quantities  of  white  fibrous  tissue,  the  condition 
of  structure  from  which  the  veins  derive  their  greater 
strength. 

The  elastic  and  the  muscular  fibres  are  arranged  for  the 
most  part  circularly  about  the  vessels.  This  arrangement 
of  the  muscular  fibres  is  by  no  means  constant,  since  some 
veins  possess  no  muscular  tissue. 

According  to  their  structure,  Eberth  divides  the  veins 
into  two  classes,  non-muscular  and  muscular. 

In  the  first  division  are  included  the  veins  of  the  pia 
and  dura  mater,  veins  of  Breschet  in  bones,  those  of  the 
retina,  the  external  and  internal  jugular  veins,  and  the 
veins  of  the  maternal  placenta. 

Muscular  veins  are  divided  into  four  groups : 

1.  Veins  with  longitudinal  fibres,  as  in  the  pregnant 
uterus. 

3.  Veins  with  an  internal  circular  layer  of  fibres,  and 
an  external  layer  of  longitudinal  fibres,  as  in  the  vena 
cava  inferior,  the  vense  azygoses ;  the  portal,  hepitic,  in- 
ternal spermatic,  renal,  and  axillary  veins. 

3.  Veins  with  an  internal  and  external  longitudinal, 
and  a  middle,  circular  layer  of  muscular  fibres,  as  in  the 
crural  and  popliteal  veins. 


4.  Veins  with  circular  muscular  fibres,  as  in  some  of 
the  veins  of  the  upper  and  lower  extremities. 

In  the  thoracic  portion  of  the  inferior  vena  cava  there 
is  no  middle  coat. 

The  adventitia  of  the  veins  does  not  differ  from  that 
of  the  arteries,  except  that  it  is  thicker,  and  in  some  in- 
stances possesses  longitudinal  elastic  fibres. 

The  veins  are  furnished  with  valves,  which  are  most 
numerous  in  the  lower  extremities. 

The  valves  have  usually  two  leaflets,  and  are  situated 
directly  below  the  orifice  of  a  communicating  vein.  Each 
leaflet  is  semilunar  in  form,  with  the  convex  surface  op- 
posed to  the  blood-current. 

At  that  portion  of  the  vein  where  the  valve  is  attached, 
the  vessel  is  somewhat  contracted,  but  just  above  the 
valves  is  a  sinus  or  dilated  pouch,  an  arrangement  which 
allows  the  blood  to  pass  in  behind  the  valves,  and  thus  to 
close  them. 

Each  leaflet  of  the  valve  is  composed  of  a  finely  fibril- 
lated  connective-tissue,  covered  with  endothelial  cells  of 
the  same  variety  as  those  lining  the  other  portion  of  the 
vein ;  those  upon  the  convex  surface  having  their  long 
axes  parallel  to  the  blood-current,  while  the  axes  of 
those  upon  the  concave  surface  of  the  valve  are  trans- 
verse. 

The  superior  and  inferior  vense  cavse,  the  portal  vein, 
the  hepatic,  renal,  and  uterine  veins,  the  ovarian  veins, 
the  pulmonary  veins,  those  of  the  cranium  and  vertebral 
canal,  those  of  the  cancellated  tissue  of  bone,  and  the  um- 
bilical veins  have  no  valves  (Quain,  vol.  ii.,  p.  193). 

Veins  are  nourished  by  blood-vessels  in  the  same  man- 
ner as  the  arteries,  and  are  supplied,  though  not  so  freely, 
by  the  sympathetic  system  of  nerves. 

CapilI/Abibs  (capillus,  a  hair)  are  the  smallest  vessels 
of  the  circulatory  apparatus.  They  connect  the  tennina- 
tions  of  the  arteries  with  the  commencement  of  the  veins, 
by  a  most  freely  anastomosing  plexus,  which  from  artery 
to  vein  is  about  one  twenty-fifth  of  an  inch  in  length. 

The  capillaries  of  a  part,  although  freely  communicating 
with  each  other,  remain  of  uniform  diameter  throughout ; 
those  of  the  different  tissues,  however,  varj"^  much  in  size. 

In  diameter  they  average  from  -ufuiy  to  jij'iru  of  an  inch  ; 
but  in  nervous  tissues  and  the  retina  they  may  be  as  small 
as  -g^nT!  to  -j-oVo  of  an  inch ;  while  in  glands  and  bone  they 
may  reach  the  size  of  tjW  of  an  inch. 

The  plexus  which  they  form  is  a  very  close  one  ;  the 
frequency  of  communication  between  the  vessels  varying 
with  the  tissue,  and  depending  upon  its  nutritive  activity. 

The  capillary  networks  in  the  lungs  and  the  choroid 
coats  of  the  eye  are  particularly  rich,  and  in  the  first- 
named  organ  the  spaces  between  the  vessels  are  smaller 
than  the  vessels  themselves. 

The  capacity  of  the  capillary  system  is  great,  being  from 
five  hundred  to  eight  hundred  times  greater  than  that  of 
the  arteries. 

The  structure  of  a  capillary  in  its  simplest  form  is  that 
of  the  endothelial  tube,  which  is  continuous  with  the  same 
membrane  of  the  arteries  and  veins. 

As  seen  under  the  microscope  it  is  a  delicate,  double- 
contoured,  dull  membrane,  in  which  oval  nuclei  are  em- 
bedded at  tolerably  regular  intervals. 

If  this  membrane  be  stained  with  nitrate  of  silver,  the 
boundaries  of  the  cells  composing  it  are  distinctly  brought 
to  view,  and  are  then  seen  to  be  of  a  more  or  less  fusi- 
form shape,  with  irregular  serrated  edges.  Some  of  these 
cells  are  faintly  granular. 

Throughout  the  capillary  system,  small,  dark  spots  are 
seen  upon  the  inner  surface,  between  the  cells  ;  these  are 
evidently  openings,  known  as  stomata  or  stigmata. 

At  these  points  it  was  formerly  believed  that  the  white 
blood-corpuscles  made  their  exit  from  the  vessels,  an  as- 
sumption which  has  since  been  disproven. 

As  the  capillary  becomes  larger  there  are  added  to  it 
prolongations  from  the  connective-tissue  cells  of  the  vi- 
cinity, which  form  a  delicate  tunica  adventitia,  a  mem- 
brane, at  first  incomplete,  but  later  becoming  more  fully 
formed,  and  known  as  the  "external  vascular  membrane." 
With  the  further  enlargement  of  the  capillary,  muscular 
fibres  are  added ;  at  first  these  are  few  in  number,  but 
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they  gradually  increase  in  amount,  so  that  when  the  ca- 
pillary has  become  the  arteriole  upon  one  side,  or  the  ven- 
ous radicle  upon  the  other,  this  muscular  layer  is  quite 
distinct. 

In  all  parts  of  the  body  the  capillaries  bear  the  closest 
relationship  to  the  tissues  in  which  they  are  found. 

They  are  surrounded,  in  some  instances,  by  structures 
that  have  the  appearance  of  lymphatic  sheaths,  in  other 
cases,  especially  in  glandular  organs,  they  pass  directly 
through  spaces  which  are  the  commencements  of  the 
lymphatic  system. 

The  blood  in  the  capillaries  is  separated  from  the  tis- 
sues only  by  a  single  membrane,  that  is,  the  capillary 
wall. 

The  capillaries  are  elastic,  contractile,  and  distensible, 
and  both  the  fluid  and  solids  of  the  blood  make  their  way 
through  their  walls  into  the  tissues. 

The  usual  mode  of  communication  between  arteries 
and  veins  is  by  the  capillary  system ;  but  in  the  spleen, 
in  erectile  organs,  and  in  the  placenta,  blood  is  poured 
by  the  smaller  arteries  directly  into  spaces  which  resemble 
the  veins  in  their  structure.  In  these  instances  there  is 
no  capillary  plexus,  its  place  being  taken  by  the  blood- 
spaces  or  lacunae. 

The  functions  of  the  blood-vessels  are,  first  of  all,  to 
act  as  channels  for  the  conveyance  of  the  blood  as  it  cir- 
culates through  the  body.  The  larger  arteries',  by  virtue 
of  their  elasticity,  assist  in  propelling  the  blood  toward 
the  capillaries,  and  in  so  doing  convert  the  stream  from 
an  intermittent  into  a  continuous  flow. 

The  smaller  arteries,  by  virtue  of  their  contractility, 
regulate,  under  nervous  direction,  the  supply  of  blood  to 
the  different  tissues. 

In  the  capillaries,  the  active  interchanges  between  the 
material  of  the  blood  and  the  tissues  take  place,  pro- 
cesses permitted  by  the  thinness  of  the  capillary  walls. 

The  veins  return  the  blood  to  the  heart,  the  readiness  with 
which  they  collapse  being  a  factor  in  the  propulsion  of 
the  blood,  as  the  muscles  in  action  press  upon  their  walls 
and  force  the  blood  out,  the  backward  flow  being  pre- 
vented by  the  valves. 

Diseases  op  the  Akteries. — If  we  except  aneurism, 
thrombosis,  and  traumatisms,  the  diseases  of  the  blood- 
vessels are  of  more  interest  to  the  pathologist  than  to  the 
diagnostician. 

In  most  cases  they  are  the  further  manifestation  of  the 
poisons  of  gout,  syphilis,  rheumatism,  or  nephritis,  or 
are  the  result  of  changes  consequent  upon  old  age  ;  and 
not  only  are  their  symptoms  masked  by  the  symptoms  of 
the  disease  which  they  complicate,  but  so  obscure  and  so 
inaccessible  to  ordinary  diagnostic  methods  are  their 
manifestations,  that  they  are  with  diiflculty  recognized. 
Indeed,  unless  they  produce  some  more  than  ordinary 
effect,  for  example  cerebral  apoplexy,  their  existence 
passes  undiscovered,  or  is  at  best  but  surmised. 

This  is  certainly  the  case  in  all  the  diseases  of  the 
arteries,  with  the  exception,  perhaps,  of  far  advanced 
calcification,  the  presence  of  which  can  be  recognized 
when  the  artery  has  become  so  changed  that  its  elasticity 
is  gone. 

Classification  of  Artekial  Diseases. — The  diseases 
of  the  arteries  are  acute  and  chronic.  The  chronic  are 
inflammatory  and  non-inflammatory.  The  inflammatory 
are  two  in  number  :  first,  inflammation  with  diminution 
in  the  calibre  of  the  vessel — endarteritis  obliterans,  and, 
second,  inflammation  with  increase  in  the  calibre  of  the 
vessel — endarteritis  deformans. 

The  non-inflammatory  diseases  comprise  some  of  the 
degenerative  processes  to  which  other  tissues  a,re  subject. 
The  most  common  are  the  fatty,  the  amyloid,  and  the 
calcareous.  Atheroma  is  a  term  applied  to  an  association 
of  chronic  inflammation  with  one  or  more  of  the  de- 
generations. 

Tuberculosis  of  the  arteries  sometimes  occurs,  although 
but  rarely. 

Either  of  the  coats  of  an  artery  may  be  involved,  with 
the  production  of  a  peri-,  meso-,  or  end-arteritis. 

Acute  arteritis  is  described  as  existing  under  two  con- 
ditions :    first,  as  a  disease    most  often  of   the  smaller 


arteries,  complicating  an  adjacent  inflammation,  or  a  trau- 
matism either  within  or  without  the  lumen  of  the  artery ; 
or  secondly,  as  a  primary  or  isolated  affection  occurring 
in  the  larger  arteries,  and  for  the  most  part  in  the  aorta. 

In  the  first  class  of  cases  are  included  the  changes  oc- 
curring in  an  artery  as  the  result  of  irritation  from  an 
embolus,  those  which  are  excited  by  deligation  of  an 
artery,  and  those  which  are  set  up  in  an  artery  by  neigh- 
boring inflammations,  such  as  a  suppurating  wound  or 
an  acute  ulcer. 

These  various  conditions  have  been  described  under 
other  heads. 

Opinion  varies  as  to  the  existence  of  the  second  class  of 
acute  arterial  disease. 

It  is  doubtful  if  an  acute  isolated  arteritis  ever  occur. 

It  was  the  custom  of  pathologists  in  the  earlier  part  of 
this  century  (Frank,  Puscheldt,  Naumann)  to  look  upon 
post-mortem  imbibition,  reddening  of  the  tunica  intima, 
and  the  deposition  of  fibrin  upon  the  inner  surface  of 
a  vessel,  as  evidence  of  its  acute  inflammation. 

In  1847  Virchow,  in  an  elaborate  monograph,  proved 
the  incorrectness  of  these  views.  The  truth  of  his  state- 
ments was  generally  accepted,  and  the  existence  of  an 
acute  arteritis  was  denied  by  most  pathologists. 

But  in  1868  Cornil  and  Kanvier,  in  describing  the  dis- 
eases of  the  arteries,  asserted  that  they  had  seen  several 
examples  of  this  acute  arteritis  existing  as  an  isolated 
affection. 

In  1873  Moxon  published  a  peculiar  case  of  inflamma- 
tion of  the  aorta,  acute  in  character ;  and  in  1878  Leger 
described  eleven  cases  of  acute  arteritis,  and  gave  the 
distinguishing  symptoms  of  each. 

These  cases,  published  by  observers  of  authority  in 
the  pathological  world,  revived  again  the  possibility  of 
the  existence  of  such  a  disease  as  the  one  under  discus- 
sion, and  the  term  acute,  applied  to  arterial  disease,  has 
again  entered  our  nosology. 

It  is  difficult,  however,  to  recognize  in  the  descriptions 
furnished  by  Cornil  and  Ranvier  and  by  Leger  the  aeute- 
ness  of  the  processes  which  they  claim  exists. 

In  all  of  the  instances  mentioned  by  Leger  there  was, 
besides  the  so-called  acute  process,  a  far  advanced  endar- 
teritis deformans  chronica,  upon  which  the  latter  in- 
flammation had  been  engrafted,  and  even  the  newly 
inflamed  parts  showed  evidences  of  inflammation  having 
existed  far  beyond  the  limits  to  which  the  term  acute,  as 
used  to  designate  inflammation  of  other  tissues,  is  applied. 

It  is  by  no  means  uncommon  to  find  in  an  atheroma- 
tous aorta  patches  of  inflammation  which  show  evidence 
of  having  made  more  rapid  progress  than  the  surrounding 
diseased  parts.  These  show,  upon  microscopic  examina- 
tion, a  structure  similar  to  that  of  the  chronically  inflamed 
parts,  with  the  exception  that  it  has  not  undergone  the 
degenerative  changes  that  the  latter  undergo. 

These  patches  are  reddened,  softened,  rarely  ulcerated, 
and  resemble  in  all  respects  the  description  of  the 
"plaques  gelatineuses "  of  Cornil  and  Ranvier. 

Indeed,  these  patches  show  every  evidence  of  being  a 
primary  stage  of  the  chronic  endarteritis  which  they 
complicate,  and  which,  subacute  in  origin,  ultimately 
undergoes  the  changes  which  the  other  portions  of  the 
aorta  have  undergone.  Cornil  and  Ranvier  and  Leger 
have  described,  and  most  correctly,  the  primary  subacute 
changes  which  take  place  in  an  artery  undergoing  de- 
forming endarteritis  ;  the  application  of  their  description 
is  erroneous,  for  they  have  assumed  that  these  changes 
were  evidence  of  an  acute  disease,  an  assumption  not 
warranted  by  the  pathological  appearances. 

Moxon  describes  a  case  of  inflammation  of  the  aorta  in 
which  the  ascending  aorta  and  its  orifice  of  origin  were 
greatly  contracted  and  diseased ;  there  were  two  other 
patches  of  circumscribed  disease,  one  at  the  commence- 
ment of  the  descending  part  of  the  aorta,  and  the  other 
near  the  coeliac  axis. 

The  inner  surface  of  the  diseased  patch  was  like  a  cir- 
cumscribed eruption.  The  surface  was  raised  in  folds  and 
wrinkles,  and  had  a  bluish- white  color  and  semipellucid 
appearance.  The  thickness  of  the  parts  was  considerably 
increased.    , 
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The  adventitia  had  the  appearance  of  a  fibrous  belt, 
having  in  it  small,  yellow  spots ;  these  spots  were  com- 
posed of  very  small,  inflammatory  corpuscles,  contained 
in  a  network  of  tissue.  The  disorder  was  acute,  with 
spreading  edges. 

This  case  seems  to  present,  more  than  any  other,  the 
appearances  of  an  acute  aortitis ;  but  here  again  it  is  diffi- 
cult to  determine  how  long  the  affection  had  lasted,  or 
what  was  its  intensity. 

Without  discussing  further  the  merits  of  this  question, 
it  would  seem  that  the  occurrence  of  an  acute,  isolated 
arteritis  has  not  yet  been  proven,  and  that  most  of  the 
cases  presented  as  examples  of  this  affection  are  but 
earlier  manifestations  of  the  chronic  arterial  inflamma- 
tion. 

Occasionally  there  is  seen  an  acute  affection  of  the 
aorta,  which  is  known  as  endaortitis  verrucosa  acuta. 
Cases  have  been  described  by  Weber,  Heydloff,  Gordon, 
and  Marchand.  This  affection  is  distinguished  by  a 
growth  of  vascular  granulations  over  a  more  or  less  ex- 
tensive expanse  of  the  aorta.  In  the  case  of  Weber  the 
entire  inner  coat  of  the  aorta,  in  the  ascending  and  trans- 
verse portions  of  the  arch,  was  covered  by  these  granula- 
tions. 

In  all  of  these  cases  the  disease  was  coexistent  with  a 
similar  inflammation  of  the  semilunar  valves,  and  was 
evidently  but  a  further  extension  of  the  same. 

Ohronio  Arteritis. — Though  this  question  of  acute  arte- 
ritis may  be  involved  in  obscurity  there  can  be  no  doubt 
about  the  prevalence  or  frequency  of  the  chronic  arterial 
affections. 

In  these  chronic  inflammations,  the  internal  coat  is 
primarily  affected,  and  in  it  the  most  distinctive  and 
compromising  of  the  changes  take  place  ;  the  other  coats 
take  part  in  the  disease,  but  not  to  an  extent  so  marked, 
or  at  least  so  well  recognized. 

Endcurteritia  Obliterans. — Arterial  inflammation,  with 
diminution  in  the  calibre  of  the  vessels,  was  first  de- 
scribed, by  Heubner,  in  1874,  as  one  of  the  evidences  of 
syphilis.  The  arteries  in  which  he  observed  this  process 
were  those  of  the  cerebrum,  especially  the  basilar  arteries. 
Since  then  it  has  been  shown  that  this  obliterating  arte- 
ritis is  not  an  uncommon  disease,  that  it  attacks  other 
arteries  besides  those  of  the  brain,  and  is  found  as  a 
result  of  other  diseases  besides  syphilis,  although  the 
latter  is  still  held  to  be  the  most  frequent  and  important 
cause. 

The  other  situations  in  which  such  arterial  disease  is 
*ound  are  the  liver,  spleen,  kidney,  and  lungs,  especially 
when  these  organs  are  undergoing  a  connective-tissue 
change,  as  a  result  of  gout,  Bright's  disease,  rheumatism, 
or  chronic  alcoholism ;  it  is  also  found  in  many  new 
growths. 

An  artery  thus  inflamed  has  lost  much  of  its  elasticity, 
is  hard  to  the  touch,  is  whitish  in  color,  and  is  not  easily 
separated  from  its  accompanying  vein  or  veins. 

After  being  dissected  out  it  stands  up  like  a  stiff  cord. 
This  change  is  sometimes  seen  in  arteries  the  size  of  the 
basilar,  but  is  best  marked  in  the  smaller  arteries,  as  seen 
in  a  section  of  the  kidney  affected  by  fibroid  Bright's 
disease,  or  in  a  lung  which  has  undergone  the  changes 
of  fibroid  phthisis,  differing  markedly  in  this  from  end- 
arteritis deformans,  a  disease  which  attacks  the  larger 
arteries  most  frequently. 

The  microscopical  examination  of  these  arteries  reveals 
that  the  distinctive  changes  have  taken  place  in  the  tunica 
intima. 

The  internal  elastic  lamina,  marking  the  boundary  be- 
tween the  internal  and  middle  coats,  can  be  plainly  dis- 
tinguished. The  middle  and  external  coats  are  often  not 
appreciably  changed,  but  in  the  place  of  the  delicate  and 
naiTow  membrane,  the  normal  intima,  is  a  mass  of  newly 
formed  tissue,  encroaching  upon  the  lumen  of  the  vessel 
and  reducing  its  calibre  to  a  greater  or  less  degi-ee,  and  in 
some  cases  obliterating  it  completely. 

The  growth  may  start  from  one  side  of  the  vessel,  com- 
promising the  lumen  upon  that  side  only  ;  or  the  intima 
m  its  entire  circumference  may  take  part  in  the  inflamma- 
tory process,  so  that  the  channel  remaining  for  the  pas- 
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sage  of  the  blood  may  be  situated  laterally,  or  still  be 
directly  in  the  middle  of  the  artery,  although  very  much 
reduced  in  size.  If  the  artery  is  completely  obliterated 
the  newly  formed  tissue  is  frequently  canalized  by  new 
vessels,  and  in  the  older  cases  the  tissue  contains  numbers 
of  haematoidin  crystals. 

_  In  regard  to  the  intimate  structure  of  this  newly  formed 
tissue,  it  is  found  to  be  made  up  of  connective-tissue, 
with  spindle  cells  and  round  cells  embedded  in  a  homo- 
geneous interstitial  substance,  the  cells  nearest  to  the 
tunica  media  being  flattened  and  the  intercellular  sub- 
stance scanty,  while  those  nearest  to  the  lumen  of  the 
vessel  are  larger  and  more  branching,  with  a  considerable 
amount  of  intercellular  substance.  This  change  occurs 
within  the  substance  of  the  internal  coat,  and,  as  it  en- 
larges it,  pushes  ahead  of  it  the  normal  endothelial  lin- 
ing, so  that  the  inner  surface  of  the  vessels  is  still  covered 
by  the  original  endothelium. 

The  entire  growth,  in  its  earlier  stages,  resembles  granu- 
lation tissue,  distinguished  by  the  presence  of  many  em- 
bryonic and  indifferent  cells,  which,  with  the  progress  of 
the  disease,  are  converted  into  connective-tissue. 

A  peculiarity  of  this  tissue  is,  that  it  does  not  tend  to 
undergo  any  of  the  degenerations,  although  in  the  cases 
which  have  existed  for  a  considerable  period  the  nuclei 
of  the  connective-tissue  disappear  and  the  whole  mass  is 
converted  into  tissue  that  has  no  apparent  structure,  and 
is  hyaline  in. the  sense  that  it  is  translucent  when  cut  into 
thin  sections. 

The  outer  and  middle  coats  sometimes  show  evidences 
of  a  small-celled  infiltration,  which  in  some  situations  pro- 
ceeds to  the  formation  of  fibrous  nodules. 

The  appearance  of  a  completely  obliterated  artery  re- 
sembles greatly  the  obliterating  process  occurring  in  a 
ligatured  artery,  in  which  the  broad  ligature  has  been  used 
and  no  rupture  of  the  internal  coat  has  taken  place,  in 
which,  in  other  words,  an  acute  traumatic  endarteritis  has 
been  set  up.  In  this  instance,  however,  there  is  apt  to  be 
disappearance  of  the  middle  coat,  an  effect  not  observed 
in  the  idiopathic  variety. 

Endarteritis  Deformans. — This  is  a  disease  which  at- 
tacks chiefly  the  arteries  of  aged  people,  and  especially  the 
aorta  and  its  larger  branches.  Fatty  degeneration,  athe- 
roma, and  calcification  go  hand  in  hand  with  it.  An 
artery  which  has  undergone  the  change  is  very  much 
dilated,  but  irregularly  so.  It  presents  enlargements, 
and  between  them  apparent  constrictions,  opposing  no 
longer  a  smooth  surface  for  the  passage  of  the  blood,  and 
presenting  a  knotty,  irregular  interior.  The  walls  are 
actually  thicker,  but  are  relatively  thinner  than  normal, 
and  their  elasticity  and  contractility  are  much  impaired. 

The  intima  has  lost  its  glistening  appearance,  and  pre- 
sents upon  its  surface  the  evidence  of  fatty  degeneration 
in  the  form  of  white  dots  and  streaks.  Scattered  through 
the  vessel  are  patches  of  a  white,  horny-looking  material, 
slightly  raised  over  the  level  of  the  intima ;  these  are  the 
atheromatous  foci ;  their  surface  is  sometimes  smooth,  but 
often  presents  superficial  loss  of  tissue,  with  the  forma- 
tion of  an  atheromatous  ulcer.  Oftentimes  certain  por- 
tions of  the, arterial  coats  are  found  to  be  hard  and  unre- 
sisting, as  if  changed  to  bone,  and  these  are  the  plates  of 
calcification. 

There  is  no  arterial  change  which  presents  so  marked 
characteristics  as  this  deforming  inflammation  of  the 
internal  coat,  with  its  accompanying  atheroma  and  calci- 
fication. 

The  enormous  size  which  an  artery  so  affected  may 
reach,  the  marked  alterations  in  its  shape,  and  the  hard- 
ness Of  its  walls  are  changes  easily  recognized  and  not  to 
be  mistaken. 

It  is  not  difficult  to  describe  the  microscopic  appearances 
of  this  affection,  but  it  is  not  easy  to  determine  the  rela- 
tions which  they  bear  to  each  other. 

The  intima  is  very  much  thickened  — three  to  four 
times.  The  changes  are  most  marked  in  the  strata  near- 
est the  media,  and  sometimes  the  outer  layers  of  the  lat- 
ter are  involved.  The  elastic  line  which  marks  the  di- 
vision between  the  two  coats  is  usually  obliterated. 

The  most  noticeable  elements  in  this  thickened  intima 
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are  large  spindle-shaped  figures — Virchow's  cells — which 
interlace  with  each  other,  and  in  doing  so  form  a  net- 
work of  low-organized  embryonic  tissue. 

The  spaces  between  the  cells  vary  in  size,  and  are  gen- 
erally filled  with  fat  in  drops,  so  that  there  appear  to  be 
layers  of  fat  one  above  the  other,  separated  by  layers  of 
other  tissue. 

Some  portions  of  the  intima  present  all  the  appearances 
of  having  undergone  a  coagulation  necrosis.  Foci  of 
small  cells  are  seen  in  the  immediate  vicinity  of  the  ne- 
crosed parts.  Sometimes  the  intima  undergoes  a  fibroid 
change,  especially  in  its  superficial  parts.  The  process, 
however,  does  not  end  here,  and  portions  of  the  intima 
undergo  a  further  change,  which  constitutes  the  condition 
known  as  atheroma.  This  disease  was  so  named  by  the 
older  observers,  from  the  resemblance  it  bore  to  the  athe- 
roma of  the  skin.  The  patches  of  white  tissue  seen  upon 
the  inner  surface  of  the  intima,  and  somewhat  raised 
above  its  level,  are  the  ones  which  have  undergone  fur- 
ther atheromatous  change. 

The  view  of  Rokitansky,  that  they  were  layers  of  a 
membrane  deposited  upon  the  intima,  is  erroneous,  for 
these  patches  are  always  covered  by  the  endothelial  layer 
of  the  intima,  and  are  the  result  of  changes  in  the  sub- 
stance of  the  intima. 

In  this  portion  of  the  diseased  artery  it  is  found  that 
the  spaces  in  the  network,  as  seen  in  chronic  endarteritis, 
are  distended  with  fat ;  the  cells  themselves  have  under- 
gone a  fatty  degeneration ;  the  cellular  substance  has  dis- 
appeared, and  a  larger  space  has  been  formed,  containing 
plates  of  cholesterin  and  a  granular  detritus.  This  is 
known  as  an  atheromatous  focus.  With  the  progress  of 
the  disease  this  gradually  increases  in  size  ;  it  may  unite 
with  others,  in  time  it  softens,  and  then  it  is  apt  to  break 
through  the  superficial  layers  of  the  intima,  and,  by  doing 
so,  to  form  an  atheromatous  ulcer,  open  to  the  blood-cur- 
rent, and  discharging  its  contents  into  the  circulation. 

Within  this  softened  tissue,  or  in  its  vicinity,  it  is  cus- 
tomary for  salts  of  lime  to  be  deposited  in  glistening  par- 
ticles or  large  opaque  masses  (see  Calcification  of  Ar- 
teries). 

It  is  not  diflicult  to  recognize  the  microscopic  changes 
in  these 'kindred  affections;  it  is  less  easy  to  determine 
the  relations  whicli  each  bears  to  the  others. 

The  entire  process  is  a  combination  of  infiammation 
and  degeneration. 

The  original  disease  is  probably  of  an  inflammatory  na- 
ture, subchronic  in  character,  and  presenting  few  of  the 
evidences  of  inflammatioa  Cornil  and  Ranvier  attrib- 
uted the  inflammatory  changes  to  the  irritation  exercised 
upon  the  surrounding  tissues  by  the  points  of  fatty  de- 
generation, but  it  is  probable  that  other  causes  have  pro- 
duced inflammation  of  the  intima,  and  that,  after  this  in- 
flammation has  caused  the  thickening  of  the  intima,  the 
newly  formed  and  lowly  organized  new  material  under- 
goes the  changes  which  are  known  as  fatty  degeneration, 
atheroma,  or  calcification. 

It  is  most  difl5cult  of  all  to  determine  in  which  category 
to  place  atheroma.  Virchow  and  the  majority  of  later 
writers  upon  this  subject,  especially  Moxon,  have  insisted 
upon  a  preceding  inflammation  of  the  intima  as  an  essen- 
tial part  of  the  process,  and  apply  the  name  atheroma  to 
all  the  changes,  inflammatoiy  and  degenerative,  which 
have  been  described  as  occurring  in  endarteritis  defor- 
mans. While  it  is  probable  that  the  atheromatous  change 
most  often  follows  an  inflammatory  stage,  there  can  be 
no  question  but  that  atheroma  in  itself  is  a  pure  degener- 
ation, and  is  not  dependent  upon  a  preceding  inflamma- 
tion for  its  appearance.  It  comes  in  this  deforming  in- 
flammation of  the  internal  coat,  because  this  tissue,  of  all 
others,  undergoes  degenerative  changes  most  easily;  it 
does,  however,  appear  in  arteries  which  have  not  under- 
gone this  preceding  inflammation. 

A  further  substantiation  of  this  view  comes  from  the 
fact  that  atheroma,  as  calcification,  comes  in  that  portion 
of  the  artery  subjected  to  the  most  strain,  while  a  de- 
forming endarteritis  seems  to  have  no  dependence  upon 
such  a  cause.  In  other  words,  the  cause  which  produces 
endarteritis  is  different  from  that  which  produces  athe- 


roma, the  former,  however,  in  the  majority  of  cases,  being 
unable  to  produce  atheroma  except  in  previously  inflamed 
tissue. 

Again,  calcification  of  the  arteries,  so  often  associated 
with  atheroma,  does  not  always  follow  upon  inflamma- 
tory changes  in  the  intima,  although  it  more  frequently 
is  a  further  change  of,  or  an  affection  occurring  with 
chronic  endarteritis,  and  as  this  last  accompanying  de'- 
generation  is  not  dependent  upon  an  inflammation,  al- 
though it  is  so  often  its  seguela,  it  is  probable  that  athe- 
roma is  of  the  same  nature  in  this  regard,  and  may  or  maj 
not  appear  with  inflammatory  changes. 

Calcification  of  tlie  Arteries. — The  question  of  calcifica- 
tion of  the  vessels  is  that  of  calcification  of  other  tissues 
and  the  exciting  and  preceding  changes  are  here  the  samo 
as  elsewhere.  These  are  best  studied  in  the  smaller  ar- 
teries, for  here  the  change  is  usually  a  primary  one,  and 
is  not  complicated  by  either  the  inflammatory  or  the  other 
degenerative  processes. 

In  primary  calcification  the  disease  begins  in  the  mid- 
dle coat,  and  rarely  involves  the  outer  or  inner  coat,  ex- 
cept by  encroachment.  The  muscular  tissue  of  the  media 
is  replaced  by  salts  of  lime  in  greater  or  less  amounts, 
forming  plates,  which  are  sometimes  translucent,  but  of- 
tener  opaque,  especially  if  the  process  is  far  advanced. 

The  tissue  in  the  vicinity  of  these  plates  shows  the  evi- 
dences of  a  mild  form  of  inflammation,  resulting  from 
the  irritation  which,  as  foreign  bodies,  they  exert ;  these 
evidences  of  inflammation  are  in  the  form  of  foci  of  un- 
differentiated cells,  which  are  sometimes  converted  into 
a  fibroid  material. 

If  these  calcareous  plates  be  treated  with  a  dilute  acid, 
so  that  the  lime  salts  are  dissolved  out,  ttiere  remains  the 
tissue  which  has  served  them  as  a  nidus. 

This  tissue  is  the  muscular  coat,  which  has  undergone 
a  peculiar  change,  described  by  Weigert  as  "coagulation 
necrosis ; "  within  the  limits  of  the  diseased  tissue  the 
muscular  cells  have  lost  their  nuclei  and  the  tissue  has  a 
peculiar  stiff  appearance.  This  result,  according  to  Wei- 
gert, is  produced  by  nutritive  changes,  which  cause  the 
death  of  portions  of  the  arterial  coat ;  the  cells,  in  dying, 
give  up  the  ferment  which,  according  to  Schmidt,  is  nec- 
essary to  the  process  of  coagulation,  and  the  setting  free 
of  this  ferment  causes  coagulation  of  the  lymph  which 
bathes  the  tissues,  converting  the  necrotic  portion  into  a 
stiff,  coagulated,  non-nucleated  condition,  known  as  co- 
agulation necrosis. 

The  tendencjr  of  such  tissue  is  to  collect  within  its 
limits  salts  of  lime,  and  while  it  is  possible  that  calcifica- 
tion of  a  tissue  may  occur  without  the  preceding  change, 
certainly  in  the  majority  of  cases  coagulation  necrosis 
is  the  precursor. 

Litten  has  succeeded  in  demonstrating  this  experi- 
mentally, in  the  production,  upon  animals,  of  artificial  in- 
farction of  the  kidney. 

_  The  salts,  which  as  in  other  calcified  tissue  are  those  of 
lime  and  magnesium,  are  deposited  first  in  the  intercel- 
lular structure;  the  arrangement  of  the  salts  is  irregu- 
lar, and  in  no  instance  does  the  calcified  tissue  take  on 
the  structure  of  bone. 

The  calcification  of  the  large  arteries  is  a  secondary 
process  which  has  for  its  seat  the  thickened  intima  which 
comes  as  a  result  of  an  endarteritis  deformans.  It  goes 
hand  in  hand  with  atheroma  and  fatty  degeneration  of 
the  vessels,  and  differs  in  this  marked  essential  from  pri- 
mary calcification,  that  while  the  latter  attacks  an  other- 
wise normal  media  the  secondary  change  is  found  in  the 
embryonic,  badly  nourished,  and  easily  degenerating  new 
products  of  a  chronic  endarteritis. 

In  this  variety  of  calcification  the  masses  of  lime  salts 
are  found  in  the  deepest  layers  of  the  thickened  intima, 
sometimes  reaching  to  the  surface  and  exposed  to  the 
blood-current,  and  sometimes  encroaching  upon  the  me- 
dia ;  the  immediate  vicinity  is  surrounded  by  newly 
formed  inflammatory  corpuscles,  and  the  remaining  por- 
tions of  the  intima  show  the  star-formed  figures  of  chronic 
endarteritis,  with  generally  more  or  less  fatty  degenera- 
tion, and  in  many  cases  atheromatous  centres,  or  even 
ulcers. 
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Treatment  of  these  calcareous  plates  with'  an  acid  does 
not  give  the  positive  results  obtainable  in  the  smaller 
arteries. 

The  tissue  remaining  after  dissolving  out  the  lime  salts 
does  not  present  the  same  appearance  in  all  portions. 
This  is  probably  because  the  enlarged  Intima  shows  dif- 
ferent degrees  of  inflammation.  Portions  of  the  tissue 
remaining  show,  however,  unmistakable  signs  of  having 
undergone  a  coagulation  necrosis,  and.it  is  probable  that 
all  of  the  tissue  which  was  impregnated  with  lime  salts 
had  undergone  this  change.  This  statement  is  not  easy 
of  proof,  as  the  changes  in  these  calcareous  spots  are 
masked  by  the  inflammation  and  degenerations  in  their 
immediate  vicinity. 

The  macroscopic  appearances  of  a  calcified  artery  are 
unique.  It  is  less  elastic,  less  retractable,  and,  when  cut 
across,  stands  with  open  lumen.  If  the  plates  of  chalk 
are  large  they  are  easily  distinguished  by  the  touch,  and, 
when  cut  through,  by  the  increased  resistance  presented 
to  the  instrument. 

These  plates  may  be  isolated  and  few  in  number,  those 
at  least  that  can  be  recognized  by  the  naked  eye,  or  they 
may  be  so  large  and  so  numerous  as  to  convert  the  artery 
into  a  rigid,  non-elastic,  stone-like  canal..  When  they  are 
present,  even  in  small  amount,  the  shape  of  the  artery  is 
changed,  the  inner  surface  is  rough  and  uneven,  and  the 
blood-current  is  thereby  changed  in  velocity  and  direction. 

In  the  large  arteries,  as  the  aorta,  the  intima  presents 
the  swollen  yellow  spots  distinctive  of  "atheroma;  these 
are  not  so  often  met  with  in  the  smaller  arteries. 

Fatty  degeneration  of  the  arteries  is  a  constant  accom- 
paniment of  endarteritis  deformans  and  atheroma.  Cor- 
nil  and  Ranvier  describe  a  primary  fatty  degeneration  of 
the  vessels  existing  without  the  complication  of  an  arterial 
inflammation,  and  which,  they  hold,  plays  an  important 
role  in  the  production  of  arteritis. 

By  far  the  most  frequent  appearance  of  fatty  degenera- 
tion is  as  a  secondary  affection.  An  artery  thus  diseased 
presents  upon  its  surface  white  or  yellowish-white 
patches,  sometimes  of  a  uniform  color,  sometimes  stri- 
ated. When  examined  by  the  microscope,  these  are 
Jound  to  be  made  up  of  drops  of  fat  and  fatty  granules, 
situated  in  the  internal  coat,  and  often  between  the  fibres 
■of  the  middle  coat. 

Amyloid  degeneration  of  the  arteries  is  frequently  met 
with.  Rarely  are  arteries  larger  thap  the  arterioles  at- 
tacked. Those  of  the  spleen,  kidney,  liver,  intestines, 
and  brain  suffer  the  most.  The  middle  coat  is  most  fre- 
quently Infiltrated  with  the  amyloid  material  (see  Arnyloid 
Degeneration). 

Causes  of  Arterial  Disease. — The  causes  of  endarteritis 
obliterans  are,  as  above  stated,  those  which  give  rise  to 
general  connective-tissue  formation,  syphilis,  gout,  rheu- 
matism, and  alcoholism. 

Endarteritis  deformans,  atheroma,  and  fatty  degenera- 
tion most  often  occur  in  aged  people,  rarely  are  they  seen 
under  fifty,  and  more  frequently  over  sixty  years  of  age. 

To  gout,  rheumatism,  and  syphilis  have  been  attributed 
special  rdles  in  the  production  of  these  kindred  affections  ; 
but  it  has  been  shown,  first  by  Rokitansky,  and  of  late 
years  insisted  upon  by  Moxon,  that  strain  is  the  most  im- 
portant factor  in  their  causation.  For  not  only  are  these 
diseases  most  frequently  met  with  in  athletes  and  work- 
ing-men, but  they  occur  at  the  parts  of  the  arteries  sub- 
jected to  the  most  dilatation  from  the  impingement  of  the 
blood-current. 

Such  points  are  the  arch  of  the  aorta,  the  mouths  of 
the  coronary  arteries,  the  points  of  division  of  the  abdom- 
inal aorta  into  the  common  iliacs,  and  again  the  points  of 
division  of  these  latter  arteries,  the  posterior  tibials  as  they 
wind  behind  the  internal  malleolus,  and,  finally,  the  ar- 
teries of  the  brain.  At  all  of  these  points  the  arterial 
walls  are  almost  continually  undergoing  the  greatest 
amount  of  expansion,  and  these  points  are  the  first  to  un- 
dergo the  degenerative  changes. 

The  cause  of  calcification  of  the  arteries  is  to  be  sought 
for  among  the  causes  which  produce  coagulation  necrosis. 
That  these  are  nutritive  changes  directly  dependent  upon 
the  supply  of  arterial  blood  is  not  to  be  questioned,  but 


what  the  ultimate  exact  change  in  the  blood-supply  may 
be  has  not  yet  been  determined.  It  has  been  proposed 
that  emboli  of  the  vasa  vasorum  might  be  guilty  of  cut- 
ting off  the  nutrition  of  the  arterial  walls,  as  in  the 
analogous  process  of  kidney  infarction,  but  such  emboli 
have  not  been  demonstrated. 

It  is  not  difficult  for  us  to  understand  that  this  coagula- 
tion necrosis  would  occur  more  readily  in  a  chronically 
infiamed  tunica  intima,  knowing  as  we  do  the  readiness 
of  this  new  tissue  to  undergo  degeneration. 

Effects  of  Arterial  Disease. — The  effects  of  chronic  ar- 
terial disease  are  very  important.  On  the  one  hand  is  a 
disease  which  obliterates  the  lumens  of  the  vessels,  which 
destroys  in  large  part  the  capacity  of  the  circulatory  sys- 
tem, and  in  doing  so  shuts  off  the  nutrition  from  impor- 
tant organs  and  tissues ;  on  the  other  hand  is  a  disease 
which,  while  it  does  not  actually  obstruct  the  blood-cur- 
rent, so  changes  the  arteries  that  their  elasticity  and  con- 
tractility are  impaired,  and  the  most  potent  causes  in  the 
regulation  of  the  proper  blood-supply  of  the  tissues  are 
gone. 

But  although  these  changes  are  so  compromising,  arte- 
rial diseases  produce  very  few  distinguishing  symptoms. 
The  existence  of  endarteritis  obliterans  can  only  be  sur- 
mised, not  proven,  and  only  surmised  when,  in  the  course 
of  syphilis,  gout,  or  rheumatism,  an  organ,  especially 
the  brain,  shows  a  gradual  and  slowly  developing  fail- 
ure of  proper  nutrition.  When  aneurism  occurs,  the  pre- 
existence  of  endarteritis  and  atheroma  may  be  inferred,  but 
under  other  circumstances  their  detection  is  as  difficult 
as  is  that  of  the  obliterating  endarteritis,  unless  the  arte- 
ries have  undergone  the  further  change  of  calcification. 

When  the  superficial  arteries — temporal,  radial — are 
markedly  calcified,  their  condition  may  be  appreciated  by 
the  touch.  The  artery  can  be  felt  under  the  skin  as  a 
hard,  pulsating  cord.  It  has  lost  its  elasticity  and  com- 
pressibility. But  if  the  aorta  be  calcified  there  is  no 
means  of  determining  it,  for  the  amount  of  calcification  in 
the  smaller  arteries  is  no  criterion  of  that  which  has  oc- 
curred in  the  aorta  and  larger  arteries,  or  vice  versa. 

Calcification  of  the  arteries  must  be  looked  upon  as  a 
conservative  process,  as  an  attempt  on  the  part  of.  nature 
to  fortify  and  strengthen  those  portions  of  the  arterial 
walls  which  have  been  weakened  and  which  would  other- 
wise be  liable  to  rupture  ;  but  advanced  calcification  is  in 
itself  a  very  serious  lesion;  for  aside  from  the  marked 
changes  in  the  circulation  which  it  entails,  the  deformed 
shape  of  the  arteries  and  the  roughening  of  the  inner  coat 
from  the  projection  of  calcareous  plates  are  fruitful  in  the 
production  of  thrombi  and  the  train  of  symptoms  fol- 
lowing the  occlusion  of  an  artery. 

Calcification  of  the  arteries  of  the  lower  extremities  is 
the  chief  cause  of  senile  gangrene,  and  calcification  of 
the  coronary  arteries  is  found  to  exist  in  most  cases  of 
angina  pectoris. 

In  the  application  of  a  ligature  to  a  calcified  artery 
much  care  must  be  taken,  as,  in  its  diseased  condition,  the 
changes  which  ordinarily  follow  the  application  of  a 
ligature  do  not  take  place  perfectly,  and  sloughing  and 
secondary  haemorrhage  may  follow. 

Diseases  of  Veins. — The  diseases  to  which  veins  are 
prone,  while  resembling  in  character  those  of  the  arteries, 
differ  widely  from  them  in  degree  and  in  the  results  they 
produce.  These  differences  are  due  to  the  non-similarity 
in  structure  of  the  veins  and  arteries,  the  collapsibility 
of  the  veins,  the  frequency  and  completeness  of  their  an- 
astomoses, and  the  slowness  of  their  blood-current.  As 
they  are  in  nowise  subjected  to  the  strain  the  arteries  are 
constantly  undergoing,  one  of  the  most  fruitful  causes  of 
endarteritis  deformans,  and  its  further  expression,  aneu- 
rism, is  removed.  But,  on  the  other  hand,  the  superficial 
situation  of  many  of  the  veins  exposes  them  more  fre- 
quently to  traumatic  infiuences,  and  the  inflammation 
which 'is  the  result  of  these  influences. 

The  most  important  factor  in  all  of  the  diseases  of  the 
veins  is  the  readiness  with  which  they  cause  thrombosis. 

This  is  due  to  the  fact  that  when  the  veins  are  not  filled 
with  blood,  their  walls  are  nearly  if  not  quite  in  contact 
with  each  other,  and  as  the  blood-current  is  slow  and  not 
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powerful,  fibrin  deposited  upon  their,  walls  is  not  swept 
away,  as  in  the  case  of  the  arteries,  and  a  clot  readily  ex- 
tends from  wall  to  wall. 

Either  of  the  coats  of  a  vein  majr  be  inflamed,  with  a 
resulting  endo-,  meso-,  or  peri-phlebitis.  As  a  matter  of 
fact,  when  one  coat  is  primarily  involved  the  remaining 
coats  share  in  the  inflammation.  The  limitation  of  dis- 
eases to  one  coat  is  not  so  closely  drawn  as  in  the  arteries. 

Diseases  of  the  veins  are  acute  and  chronic.  Acute 
phlebitis  may  be  either  adhesive  or  suppurative.  Under 
certain  circumstances  a  vein  which  is  bathed  in  pus,  as  in 
the  instance  of  a  vein  on  the  wall  of  an  abscess,  may  be- 
come tumefied,  inflamed,  and  suppuration  may  take  place 
in  the  external  coat. 

In  cases  of  pysemia  the  veins  are  filled  with  pus  and  the 
intima  participates  in.  an  acute  suppurative  process.  (For 
a  consideration  of  these  processes  see  Abscess,  Pyaemia.) 

Acute  adhesive  inflammation  of  the  vein  is  caused 
either  by  traumatism,  as  from  bleeding  or  ligature  of  the 
vein,  by  changes  in  the  character  of  the  blood  circulating 
in  the  veins,  or  by  the  presence  of  some  poison  in  the 
blood. 

Obliteration  of  the  vein  and  the  formation  of  a  thrombus 
is  the  result  of  this  non-suppurating  form  of  phlebitis  (see 
Thrombosis). 

The  chronic  diseases  of  the  veins  are  several  in  number. 

In  some  cases  veins  are  met  with  which  have  under- 
gone changes  resembling  those  seen  in  endarteritis  de- 
formans. 

Such  veins  are  elongated  and  of  varying  calibre.  They 
present  constrictions  and  dilatations,  the  dilatations 
amounting  in  some  cases  to  well-marked  pouches  filled 
and  distended  with  blood.  In  the  severer  forms  of  the 
disease  the  vessels  are  curved  upon  themselves,  and  if  su 
perficial,  they  can  be  rolled  under  the  finger  like  a  cord. 

The  valves  are  insufficient,  either  from  retraction  of 
one  of  their  leaflets  or  from  its  adherertee  to  the  side  of  the 
vein.  When  the  vein  is  cut  open  its  walls  show  difi'erences 
in  thickness,  at  one  point  being  strong  enough,  perhaps, 
to  gape  open  like  an  artery,  at  another  collapsing  as  a 
vein  usually  does.  At  times  portions  of  the  veins  s'how 
calcified  plates  and  ulcerous  sijots  resembling  in  each  case 
those  so  frequently  found  in  chronic  arterial  disease. 

Seen  under  the  microscope  the  changes  are  found  to  re- 
semble those  of  endarteritis  deformans  chronica.  The 
most  marked  of  these  changes  take  place  in  the  intima 
and  the  inner  part  of  the  media.  These  coats  are  thick- 
ened and  present  points  of  fatty  degeneration,  points  of 
coagulation  necrosis  holding  lime  salts  within  them  and 
other  portions  of  tissue,  showing  an  atheromatous  debris. 

This  condition  of  the  veins,  as  stated  above,  is  rare, 
because  the  causes  which  lead  to  the  formation  of  the 
arterial  disease  of  which  it  is  an  analogue,  are  wanting  in 
the  majority  of  cases.  It  is  sometimes  seen  in  veins  which 
are  habitually  over-distended,  as  in  the  portal  vein,  in 
cirrhosis  of  the  liver,  and  in  varicose  distention  of  the 
veins,  especially  of  those  of  the  lower  extremity. 

While  this  chronic  endophlebitis  is  not  to  be  looked 
upon  as  being  in  all  cases  the  primary  lesion  in  vari- 
cosities of  the  veins,  its  presence  under  such  circum- 
stances occurs  more  frequently  than  is  generally  suspected. 
This  fact  has  been  especially  insisted  upon  by  Negretti. 

Tuberculosis  of  the  veins  occasionally  occurs.  Cases 
have  been  described  by  Weigert  and  Schuchardt. 

According  to  Weigert,  the  tuberculous  masses  are  seen 
in  veins  which  have  become  united  to  tuberculous  lym- 
phatic glands,  or  to  other  tuberculous  masses,  especially 
those  found  in  the  liver,  lungs,  or  spleen. 

These  masses  encroach  upon  the  walls  of  the  veins, 
and  at  times  lie  free  exposed  to  the  blood-current. 

Such  masses  are  •  about  the  size  of  the  head  of  a  pin, 
and  present  either  a  smooth  or  an  ulcerated  surface, 
covered  with  masses  of  fibrin.  Microscopically  the 
masses  have  a  cheesy  centre,  and  the  usual  small-celled 
periphery  of  an  ordinary  tuberculous  mass.  The  fact  of 
such  a  condition  existing  is  interesting,  in  that  it  may  ex- 
plain the  mode  of  tuberculous  infection  of  othei  tissues 
from  a  single  tuberculous  centre. 

Willia/m  L.  Ward/well. 


BLOUNT  SPRINGS,  ALA.  Location  and  PosUMte 
Blount  Springs,  Blount  County,  Ala.  ' 

Access. — By  Louisville  &  Nashville  Railroad,  Louis, 
ville  &  New  Orleans  Division,  to  Blount  Springs  Hta 
tion. 

Analysis  (Professor  R,  Brumby). — One  pint  contains  i 

Red  sulphur.     Sweet  sulphur. 

Grains.  Grains. 

Carbonate  of  magnesia 0.56  0.45 

CJarbonate  of  iron 0.24  0.14 

Carbonate  of  lime 0.85  0.56 

Chloride  of  sodium 4.04  3.86 

Chloride  of  magnesium 0.75  .*.. 

Sulphate  of  magnesia 0.20  oiso 

Total 6.63  5I1 

Gases.  Cub.  in.  Cub.  in. 

Carbonic  acid 0.75  0.75 

Sulphuretted  hydrogen 1.87  1.67 

Thebapetttio  Properties. — This  is  a  saline  sulphur 
water,  and  the  locality  has  long  been  a  favorite  resort. 
The  elevation  is  1,580  feet.  The  surrounding  country  i» 
mountainous,  affording  a  healthful  change  to  the  inhab- 
itants of  the  prairies  and  lowlands  farther  south. 

0.  B.  F. 


BLUE  LICK  SPRINGS,  KY.  Location  and  Post-office, 
Blue  Lick  Springs,  Nicholas  County,  Ky. 

Access. — By  the  Kentucky  Central  Division  of  the 
Chesapeake  &  Ohio  Railroad  to  Carlisle  Station,  thence 
by  stage.  There  are  two  "Blue  Lick  Springs,"  "Up- 
per" and  "Lower,"  a  few  miles  apart.  The  waters  are 
very  similar  in  their  chemical  composition. 

Analysis. — One  pint  contains  : 

J.  P.  Judge  and  A.  Fennal.    Robert  Peter,  M.D^ 
Upper  Blue  Lick.  Lower  Blue  Lick, 

Grains.  Grains. 

Carbonate  of  magnesia..      0.018  0.017 

Carbonate  of  lime 3.133  1.967 

Chloride  of  potassium...      0.225  0.174 

Chloride  of  sodium 64.r.67  64.107 

Chloride  of  magnesium..      4.716  4.049 

Sulphate  of  potassa 1.622  1.117 

Sulphate  of  lime 5.517  4.249 

Iodide  of  magnesium 0.010  0.006 

Bromide  of  magnesium..       D.476  0.030 
Alamina  -  phosphate     of 

lime  and  oxide  of  iron.      0.246  0.045 

Silicic  acid 0.125  0.138 

Loss 1.860  2.216 

Total 72.524  79.10S 

Gases.  Cub.  in.  Cub.  in. 

Carbonic  acid 6.02  12.85 

Sulphuretted  hjdrogen 1.03  2.28 

Therapeutic  Properties. — These  are  representative 
saline-sulphur  waters,  and  the  most  popular  in  the  South- 
west. They  are  cathartic  and  alterative.  In  chronic  ca- 
tarrhal diseases  of  the  mucous  membranes  (alimentary 
canal,  bladder,  pharynx,  etc.)  the  Blue  Lick  Springs  are 
very  efficacious.  They  are  located  on  the  banks  of  the 
Licking  River,  and  were  known  and  used  by  the  Indians, 
and  pioneers.  The  flow  is  enormous,  and  the  proportion 
of  sodium  chloride  so  great  that  the  early  settlers  evapo- 
rated the  water  and  obtained  an  ample  supply  of  salt. 
The  neighboring  country  abounds  in  springs,  the  compo- 
sition of  which  IS  analogous  to  those  which  have  been  de- 
veloped. George  B.  Fowler. 


BLUE  RIDGE  SPRINGS,  VA.  Location  and  Posi-offlce, 
Blue  Ridge  Springs,  Botetourt  County,  Va.,  immediately" 
on  the  line  of  the  Norfolk  &  Western  R.  R.,  forty-one 
miles  west  of  Lynchburg.  Open  for  visitors  from  June 
1st  to  October  15th.  The  geology  of  the  locality  is  quite 
like  that  of  the  neighboring  Alleghany  Springs,  being 
magnesian-limestone  principally,  and,  as  might  be  in- 
ferred, the  waters  are  very  similar  in  their  composi- 
tion. 
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Analysis  (F.  A.  Genth). — One  pint  contains  : 

Grains. 

Magnesium  carbonate 0.S23 

Ferrous  carbonate 0.037 

Calcium  carbonate 0.472 

Sodium  chloride 0.031 

Potassium  sulphate 0.050 

Sodium  sulphate 0.122 

Magnesium  sulphate 5.944 

Calcium  sulphate 12.527 

Alumina    0.018 

Silicic  acid 0.157 

Total 19.581 

Therapeutic  Properties. — This  is  a  purg;ative  lime- 
water.  Taken  in  moderate  doses,  however,  it  is  either 
gently  aperient  or  ■without  cathartic  effect ;  but  under 
these  conditions  full  diuresis  is  generally  established,  the 
lime  counteracting  the  effect  of  the  magnesium  sulphate 
(Epsom  salts)  upon  the  bowels,  and  diverting  it  to  the 
kidneys.  The  efficacy  of  these  Springs  was  familiar  to 
the  Indians,  but,  until  a  few  years  ago,  the  general  public 
knew  little  about  them.  Their  steadily  increasing  popu- 
larity is  an  evidence  of  their  real  value  in  dyspepsia,  con- 
stipation, chronic  cystitis,  etc. 

The  aoeommodations  for  guests  consist  of  a  commodious 
hotel,  and  cottages  connected  therewith  by  a  covered 
bridge.  The  grounds  are  extensive  and  handsomely  laid 
out,  and  every  provision  is  made  for  the  entertainment  of 
the  guests.  Situated  1,300  feet  above  the  sea,  the  air  is 
dry  and  exhilarating,  the  nights  always  cool,  and  the  ther- 
mometer rarely  rises  above  87°  F.  in  the  day.  There  are 
many  points  of  interest  in  the  vicinity  easy  of  access,  and 
the  mountain  scenery  round  about  is  especially  attractive. 
Botetourt  Female  College,  seven  miles  ;  Roanoke  College, 
fourteen  miles ;  Bellevue  College,  twenty-five  miles  dis- 
tant. Creo.  B.  Fowler. 


VA.     Location  and 
Greenbrier  County, 


BLUE  SULPHUR  SPRINGS,  W 

Post-office,  Blue  Sulphur  Springs, 
W.  Va. 

Access. — By  the  Chesapeake  &  Ohio  Railway,  to  Al- 
derson  Station,  thence  by  stage  to  the  Springs,  nine  miles. 

ANAIjTSIS. 

Crrains  in 
100  cub.  in. 

Sulphate  of  lime 20.153 

Sulphate  of  magnesia 2.760 

Sulphate  of  soda ' 7.020 

Carbonate  of  lime 2,185 

Carbonate  of  magnesia 0.407 

Chloride  of  sodium 1.868 

Chloride  of  calcium 0.005 

Protoxide  of  iron 0.015 

Azotized  organic  matter  (blended  with  sulphur) 3.000 

Total 37.412 

Grains  in 
Gates,  100  cub.  in. 

Sulphuretted  hydro>?en 0.56 

Nitrogen 3.95 

Oxygen - 0.56 

Carbonic  acid 2.75 

Temperature,  45°  F. 

These  are  calcic  sulphur  waters. 

Therapeutic  Phopbbtibs. — These  waters  are  appli- 
cable to  chronic  skin  affections  and  gastric  catarrh ;  on  ac- 
count of  the  large  proportion  of  lime-sulphate  present 
they  are  not  purgative. 

These  Springs  are  situated  in  a  valley  among  the  pine- 
clad  mountains  of  West  Virginia,  about  twenty  miles 
from  the  celebrated  White  Sulphur  Springs.  The  cli- 
mate is  invigorating,  the  temperature  in  summer  ranging 
from  60°  to  75°  F.  The  scenery  of  this  region  is  very 
picturesque,  with  delightful  walks  and  drives,  affording 
charming  views  of  the  surrounding  mountain  peaks. 

Hotels. — At  present  there  are  no  accommodations  for 

fuests.  Previous  to  the  burning  of  the  hotel,  these 
prings  were  quite  a  favorite  resort,  and  with  a  renewal 
of  accommodations  they  will  no  doubt  regain  their  pop- 
ularity. O.  B.  F. 

BOILS.  Synonyms :  Furuncle  (furere,  to  rage), 
phyma  (*S/io,  a  tumor),  funinculus  ;    Ger.,  Fkirunkel, 


Blutsehwdr  ;  Fr.,  Furonde.  A  boil,  or  furuncle,  is  a  cir- 
cumscribed inflammation  of  the  skin,  of  the  subcutaneous 
connective-tissue,  or  of  both,  leading  to  the  formation  of 
a  dusky  red,  painful  tumor,  which  usually  suppurates 
slowly  and  terminates  only  after  the  discharge  of  a 
central  core.  Purunculosis  is  a  term  applied  to  a  condi- 
tion in  which  a  number  of  boils  appear  in  succession  upon 
an  individual. 

A  classification  of  boils  is  not  easy.  The  old  division 
of  boils  into  furunculus  simplex,  vespagus,  pannulatus, 
according  to  -rfhether  the  pus  appears  through  one  or 
several  openings,  or  through  a  cleft  opening,  is  antiquated 
and  useless.  Neumann's  classification  of :  1,  follicular, 
and  2,  connective-tissue  boils,  is  probably  not  a  correct 
one.  That  of  Kochmann,  of  sweat-gland  and  sebaceous- 
gland  boils  is  based  upon  pathological  differences  which 
do  not  always  admit  of  distinction.  A  classification 
based  upon  the  symptoms  of  boils  is  the  most  useful. 
Under  such  a  head  it  is  possible  to  distinguish  at  least 
two  varieties :  1,  the  acute ;  3,  the  chronic  or  indolent. 
Boils  may  also  come  singly  or  in  numbers.  While  it  is 
not  possible  to  entirely  reconcile  these  different  classifica- 
tions, it  may  be  said  that  the  single  boil  is  usually  a  com- 
plete, an  acute,  a  follicular,  or  a  sweat-gland  boil ;  while 
in  furunculosis  many  of  the  boils  are  of  the  indolent, 
chronic,  incomplete,  blood,  connective-tissue,  or  deeply 
seated  sweat-gland  variety. 

Pathological  Anatomy,  —  As  boils  rarely  cause 
death,  but  little  opportunity  is  afforded  for  determining 
their  exact  mode  of  formation.  Examination  of  the  core 
shows  it  to  be  made  up  of  "  pus-corpuscles  and  necrotic 
tissues,  which  microscopically  and  chemically  show  the 
greatest  correspondence  with  coagulated  albumen." 
This  is  evidently  the  product  of  a  simple  inflammation 
leading  to  suppuration,  and  it  is  not  difficult  to  suppose 
that  the  Various  nervous  and  circulatory  changes  are  the 
same  here  as  in  simple  inflammations  of  other  tissues. 
It  is  more  diflScult  to  determine  in  which  one  of  the  in- 
tegumentary structures  this  inflammation  originates.  As 
boils  appear  most  frequently  in  those  situations  in  which 
sweat-glands  are  numerous,  it  is  probable  that  the  start- 
ing-point of  the  furuncular  inflammation  is  in  -or  around 
the  glandular  structures  of  the  integument,  spreading 
thence  to  the  subcutaneous  connective-tissue  in  some  in- 
stances, and  involving  all  the  layers  of  the  skin.  Whether 
the  inflammation  can  originate  in  the  subcutaneous  con- 
nective-tissues, as  Neumann  claims  for  his  "connective- 
tissue  "  boil,  is  not  determined  ;  but  it  is  more  probable 
to  assume  that  such  a  boil,  which  is  deeply  seated  and 
indolent  in  character,  is  also  glandular  in  origin,  and  be- 
gins around  the  glands  which  pass  from  the  integument 
into  the  subcutaneous  tissues. 

It  is  probable,  as  claimed  by  Kochmann,  that  the  first 
step  in  the  formation  of  a  boil  is  the  occlusion  of  one  of 
these  glands  ;  it  is  evident,  however,  that  in  many  cases 
an  irritant  of  some  kind,  usually  an  external  one,  plays 
an  important  role  in  exciting  the  inflammation  which  fol- 
lows the  occlusion  of  the  gland. 

When  no  such  irritant  can  be  determined,  it  has  been 
customary  to  assume  that  some  morbid  blood  condition 
supplies  the  necessary  inflammatory  impetus.  If,  how- 
ever, as  Neumann  asserts,  the  arteries  and  veins  leading 
to  the  base  of  the  gland  are  always  thrombosed,  it  can 
easily  be  seen  that  conditions  exist  m  the  gland  which  are 
quite  sufficient  of  themselves  to  set  up  an  inflammation 
of  an  intensity  capable  of  producing  a  furuncle. 

Causation.— The  causes  of  boils  are  constitutional 
and  local.  Many  individuals  seem  to  be  predisposed 
to  the  formation  of  boils  ;  this  is  especially  the  case  when 
the  vitality  of  the  system  is  lowered,  although  they 
sometimes  appear  in  persons  apparently  otherwise  in 
perfect  health.  Boils  are  very  frequent  after  a  course  of 
sea-bathing ;  after  a  change  of  diet,  especially  dunng  a 
course  of  training  for  athletic  contests ;  during  conva- 
lescence from  various  fevers,  such  as  typhus  and  typhoid  ; 
during  the  course  of  scurvy,  of  diabetes,  and  ot  chrome 
Bright's  disease.  ,  ^    ^,     c 

Children  during  dentition  are  predisposed  to  the  forma- 
tion of  boils,  as  are  also  scrofulous  and  rickety  children. 
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In  the  latter  they  at  times  appear  in  such  numbers  that  the 
child  is  said  to  possess  a  "furuncular  diathesis."  Boils 
sometimes  appear  during  the  progress  of  pysemia,  a  prod- 
uct of  the  same  cause  which  forms  abscesses  in  other  por- 
tions of  the  body.  The  local  causes  of  boils  are  unclean- 
liness,  excessive  perspiration,  the  occlusion  of  sebaceous 
follicles  or  of  sweat-glands,  the  excessive  use  of  poultices, 
the  application  of  irritants  to  the  skin,  and  especially  the 
constant  chafing  of  constricting  parts  of  the  clothing. 

Situation. — The  most  frequent  situations  for  boils 
are  the  back  of  the  neck,  the  axilla,  the  perineum,  the 
nates,  and  the  thighs. 

Symptoms. — A  boil  begins  as  a  small,  hard,  and  pain- 
ful nodule,  which,  situated  in  or  underneath  the  skin,  is 
easily  appreciated  by  the  finger.  Its  prominence  depends 
upon  the  depth  at  which  it  is  situated.  It  gradually  en- 
larges ;  the  integument  over  it  becomes  red  and  the  tissues 
about  it  become  indurated.  It  is  excessively  tender  to 
the  touch,  and  the  pain  is  continuous,  and  of  a  throb- 
bing character.  As  the  boil  progresses  the  integument 
covering  it  changes  to  a  dusky  blue,  its  apex  becomes 
cedematous.  About  the  fifth  day  a  small  white  point  of 
suppuration  appears ;  from  this  time  suppuration  goes  on 
rapidly,  and  as  a  result  a  central  core  is  discharged  upon 
the  seventh  to  the  ninth  day,  leaving  an  irregular  opening. 
With  the  discharge  of  the  core  the  symptoms  subside, 
and  the  loss  of  tissue  consequent  upon  suppuration  is 
repaired  by  granulation  and  cicatrization.  "While  this 
is  the  classical  course  of  an  acute  boil,  that  of  an  indolent 
boil  is  different.  Being  more  deeply  situated,  the  tumor 
it  forms  is  not  so  prominent.  It  suppurates  more  slowly, 
and  the  pus  takes  longer  in  reaching  the  surface  of  the 
skin  ;  as  the  exit  for  the  pus  in  this  direction  is  not  easy, 
the  subcutaneous  connective-tissue  becomes  involved,  and 
the  inflammation  is  more  diffused,  the  pain  is  more  in- 
tense, and  the  whole  disease  is  more  prolonged. 

Some  boils  do  not  suppurate,  and  to  them  is  applied 
the  term  "blind  ;"  they  are'  sometimes  almost  intermin- 
able in  their  chronicity,  but  are  rarely  painful,  except 
upon  pressure. 

The  constitutional  effects  of  a  boil  are  usually  not 
marked.  ■  At  times,  however,  they  are  very  severe,  es- 
pecialljr  if  the  boil  be  very  large,  if  several  appear  in 
succession,  or  if  the  situation  be  such  as  to  cause  great 
pain,  or  to  interfere  with  some  one  of  the  functions  of 
the  body. 

Chills,  fever,  and  all  the  concomitants  of  an  inflamma- 
tory disease  are  sometimes  marked.  The  lymphatic 
glands  in  the  neighborhood  become  swollen  and  painful ; 
while,  if  the  boil  be  situated  in  tissue  so  tense  that  the 
escape  of  the  inflammatory  products  is  difficult,  the  pain 
becomes  excruciating,  and  from  its  very  intensity  causes 
great  constitutional  disturbances  ;  such  situations  are  the 
external  meatus  of  the  ear  and  the  perineum. 

Then,  too,  further  constitutional  effects  may  be  pro- 
voked if  the  boil  be  in  such  a  situation  as  to  interfere 
with  one  of  the  functions  of  the  body ;  this  is  especially 
the  case  if  a  perineal  boil  be  so  large  as  to  interfere  with 
urination  or  defecation.  A  boil  situated  upon  the  thigh 
^  may  prevent  normal  locomotion,  while  with  those  upon 
the  buttocks,  the  patient  is  either  obliged  to  stand  or  to 
assume  the  prone  position. 

Furunculosis  occurring  in  the  weak  and  cachectic  is 
always  exhausting,  and  sometimes  dangerous,  several 
cases  being  on  record  in  which  a  long-continued  suc- 
cession of  boils  has  caused  death. 

Treatment.— In  the  treatment  of  boils  attention  must 
first  be  paid  to  the  general  condition  of  the  patient,  and 
the  tendency  to  their  formation  must  be  corrected.  This 
may  be  effected  by  attention  to  hygienic  principles  and 
the  use  of  tonics ;  besides  this,  several  remedies  have 
been  extolled  as  specifics  in  conditions  of  furunculosis. 
In  especial  repute  are  the  sulphide  of  calcium  given  in 
doses  of  one-tenth  to  one-fourth  grain,  the  syrup  of  the 
hypophosphites,  and,  in  a  lesser  degree,  arsenic,  iodine, 
and  yeast.  Planat  recommends  highly  the  use  of  arnica 
internally,  and  applied  directly  to  the  boils,  claiming  that 
Its  efficacy  is  due  to  constriction  of  the  vessels  through 
irritation  of  the  vaso-motor  nerves. 
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The  local  treatment  of  boils  consists  in  attempting  to 
abort  them,  if  seen  in  the  earlier  stages.  This  can  some- 
times be  accomplished  by  deep  incisions,  which  relieve 
the  tension  of  the  inflamed  tissue  and  always  afford  re- 
lief, even  if  they  are  not  successful  in  preventing  the 
further  progress  of  the  disease. 

A  most  successful  method  is  that  recommended  by 
Eade,  of  introducing  a  drop  of  carbolic  acid  into  the  apex 
of  the  boil,  and  working  it  thoroughly  into  the  inflamed 
tissues.  His  claim,  however,  that  furunculosis  is  a  para- 
sitic disease,  and  that  this  treatment  owes  its  success  to 
the  destruction  of  these  parasites,  has  no  foundation  on 
facts. 

Other  remedies  for  this  purpose  are  blistering  collodion 
the  tincture  of  iodine,  and  ice.  If  suppuration  has  com- 
menced, it  should  be  hastened,  and  the  pain  relieved  by 
the  use  of  warm  applications  or  of  poultices  ;  rather  than 
wait  for  the  boil  to  "break"  it  is  better  to  incise  it,  to 
evacuate  the  pus  and  core,  and,  by  bringing  the  sides  of 
the  opening  forcibly  together,  to  hasten  the  cicatrization. 

William  L.  Wardwell. 

BOLDO  {Codex  Med.),  Peumus  Boldiu  Molina  ;  Or- 
der, Monimiace<x.  This  is  a  small,  rough-hairy,  aromatic 
evergreen  tree,  from  Chili,  having  opposite  nearly  sessile 
leaves,  and  mixed  panicles  of  regular,  dioecious  flowers. 
These  consist  of  a  cup-shaped  receptacle  or  calyx-tube 
bearing  from  six  to  twelve  white,  unequal,  more  or  less 
petaloid,  divisions  on  the  border  and  numerous  stamens 
with  glandular  bases  upon  the  inner  surface.  In  the  fer- 
tile flower  the  perianth  is  smaller,  the  stamens  are  re- 
duced to  sterile  filaments,  and  a  few  carpels  arise  from 
the  base  of  its  shallow  tube.  After  blossoming,  the 
upper  half  of  the  perianth  separates  by  a  transverse  fis- 
sure, and  falls  away,  leaving  a  saucer-like  disk  around 
the  single-seeded  edible  fruits.  The  leaves  are  the  por- 
tion employed ;  they  are  coriaceous,  entire,  ovate,  or 
elliptical-ovate,  blunt,  rough,  and  reddish  upon  the  sur- 
face, which  is  sprinkled  with  numerous  forked,  bent,  or 
stellate  hairs.  They  have  a  pronounced  mint-like  odor 
and  contain  numerous  large,  simple  oil-vesicles  in  the 
interior. 

The  constituents  are  a  yellow,  spicy  Essential  Oil,  with 
the  medical  properties  of  other  aromatic  oils  and  an  alka- 
loid, Boldine,  of  whose  value  not  much  is  yet  known. 

Boldo  has  been  considerably  used  in  France  as  an 
aromatic  tonic  in  convalescence  from  fevers,  in  chlorosis, 
anaemia,  etc.  It  is  also  emijloyed  in  South  America  for 
similar  purposes,  as  well  as  in  "hepatic  troubles,  gon- 
orrhoea," etc.  It  is  probably  simply  an  aromatic  tonic, 
like  magnolia  and  others.  The  oil  may  be  worth  a  trial 
in  chronic  cystitis  and  gonorrhoea.  The  drug  is  rather 
new  in  the  United  States  ;  its  final  value  and  place  can 
hardly  be  regarded  as  established.  Dose  :  ot  the  leaves, 
from  one-half  to  one  gramme  (gr.  viij.  ad  xvj.).  Alcohol 
extracts  their  virtues. 

The  Oil  may  be  given  in  doses  of  from  one  to  three 
decigrammes  (0.1  to  0.3  =  gtt.  ij.  ad  vj.). 

Allied  Plants. -^The  order,  although  a  rather  large 
one,  is  wholly  tropical  ■  and  unfamiliar.  Its  species  are 
generally  aromatic,  but  no  other  medicine  in  European 
use  is  obtained  from  them,  unless  the  nutmeg  {Myristica) 
is  to  be  included  among  them.  -' 

Allied  Drugs.— The  aromatic  tonics  (see  Maonolia), 
besides  artificial  combinations  of  aromatics  and  bitters, 
e.g.,  Compound  Tincture  of  Cinchona.  Boldine  is  not 
sufficiently  well  known  for  closer  comparison.  The  OU 
may,  perhaps,  be  compared  with  Oil  of  Sandal- wood. 

W.  P.  SoUes. 

BONE  (HISTOLOGY).  Bone-tissue  is  closely  allied 
in  genesis  and  in  many  of  its  structural  features  to  the 
other  members  of  the  connective-tissue  gi'oup,  the  most 
evident  difference  between  it  and  other  tissues  of  the 
same  class  consisting  in  the  solidity  and  firmness  of  the 
basement  substance.  For  in  this,  as  in  other  connective- 
tissues,  we  have  to  consider  the  cells  and  the  basement 
substance  and  the  way  in  which  they  are  arranged  to  form 
the  different  varieties  of  tissue.     The  solidity  of  the  base- 
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ment  substance  of  bone  depends  largely  upon  the  deposi- 
tion within  it  of  calcium  phosphate  and  carbonate,  with 
small  amounts  of  calcium  fluoride,  sodium  chloride,  and 
salts  of  magnesium.  These  inorganic  salts,  which  form 
about  two-thirds  of  the  weight  of  the  bone,  are  deposited 
in  an  organic  ma,trix  in  such  a  condition  of  minuteness 
that  they  are  not  recognizable  as  particles  even  with  high 
powers  of  the  microscope.  They  may  be  dissolved  out  of 
the  bone  with  dilute  acids,  leaving  a  translucent  flexible 
material  behind,  which  preserves  the  shape  and  general 
structural  features  of  the  bone. 

The  soft  matrix  which  is  left,  after  the  extraction  of  its 
inorganic  salts,  may  be  converted  into  gelatin  by  boiling 
in  water.  It  is  sometimes  called  the  cartilage  of  bone,  or 
ossein,  but  there  is  no  sufficient  reason  for  using  these 
names,  since  the  matrix  is  really,  both  in  chemical  nature 
and  minute  structure,  closely  allied  to  the  basement  sub- 
stance of  fibrillar  connective-tissue. 

The  varied  gross  appearances  which  different  bones  or 
different  parts  of  the  same  bone  present  have  given  rise 
to  the  names  compact  bone-tissue  and  ca/nceUous  bone-tissue 
or  xpongy  bone.  But  the  essential  structure  of  the  tissue 
is  the  same  in  both,  the  difference  Consisting  largely  in 
the  arrangement  of  the  bone-tissue  proper,  and  its  abun- 
dance in  proportion  to  the  marrow-spaces  or  vascular 
canals  which  it  encloses.  The  compact  bone-tissue  is  in 
general  found  in  the  outer  portions  of  the  bones,  while 
the  cancellous  tissue  is  situated  internally,  either  entirely 
filling  the  central  portions  or  bordering  the  marrow- 
cavities. 

Bones  are  surrounded  by  a  layer  of  vascular  connective- 
tissue  called  the  periosteum,  and  contain,  either  in  large 
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Flo.   485.— Longitudinal  Section    of    Humnn    Tibia,  Decalcified   and 
Mounted  in  Glycerine.    (X  about  20  and  reduced.) 

central  cavities  or  in  the  smaller  spaces  with  which  they 
are  everywhere  permeated,  a  delicate  vascular  tissue 
called  ma/rrow.  We  have,  then,  to  consider :  1,  bone- 
tissue  proper  ;  2,  the  periosteum  ;  3,  the  marrow. 

1.  Bone-tissue  proper.  If  we  remove  the  inorganic 
salts  from  one  of  the  long  bones,  by  soaking  it  in  dilute 
chromic  or  picric  acid  (see  article  on  Microscopical 
Technology),  and  then  make  a  thin  longitudinal  sec- 
tion, microscopical  examination  with  a  low  power  of 
these  sections,  stained  with  eosine  and  mounted  in  glyce- 
rine, reveals  a  picture  like  that  represented  in  Pig.  485. 
The  more  solid  portions  of  the  bone  show  a  series  of  nar- 
row canals,  running  in  a  direction  in  general  parallel  with 
the  long  axis  of  the  bone,  and  in  frequent  communica- 
tion with  one  another  by  similar  short  transverse  or 
obhque  canals.  These  are  the  so-called  Haversian  canals, 
and  contain  blood-vessels,  'and,  depending  upon  their 
size,  few  or  many  variously  shaped  cells.  Along  these 
Haversian  canals  the  basement  substance  will  be  seen  ar- 
ranged in  a  series  of  lamella;,  while  in  and  between  these 
lamellae  lie  small,  elongated  cavities  called  lacunse,  in 
which  are  the  bone-cells.  Transverse  sections,  however, 
through  the  middle  of  a  long  bone,  reveal  with  more  dis- 
tinctness the  arrangement  of  the  lamellae  of  the  basement 
substance  (Pig.  486).    The  Haversian  canals,  which  are 


cut  transversely  or  obliquely  across,  are  surrounded  by  a 
series  of  concentric  lamellae.  These  Haversian  lamellae, 
with  their  enclosed  lacunse,  together  with  the  canals  and 
their  contents,  form  the  so-called  Haversian  systems,  d. 
Pilling  the  larger  and  smaller  irregular  areas  between  the 
Haversian  systems  are  other  parallel  lamellae,  which  run 
in  various  directions,  and  which  are  called  intermediary 
systems.  Beneath  the  periosteum,  at  the  external  surface 
of  the  bone,  is  a  thinner  or  thicker  system  of  lamellae 
called  circumferential  or  general  lamellae,  h,  which  cover 
over  large  numbers  of  the  Haversian  systems  and  sur- 
round the  entire  bone.  Sometimes  similar  but  less  well- 
defined  general  systems  of  lamellae  border  the  marrow 
caTity,  but  more  often  the  internal  surface  of  the  com- 
pact bone  is  beset  with  a  series  of  projecting  bony  trabec- 
ulse,  e,  consisting  of  lamellae  similar  to  those  forming 
the  systems  of  the  compact  bone,  and  inclosing  large,  ir- 
regular, spaces.  This  is  the  cancellous  tissue  bordering 
the  marrow  cavity.  In  the  heads  of  long  bones,  and  in 
most  short  or  irregular-shaped  bones  the  cancellous  tissue 
occupies  the  entire  central  portion. 

If,  now,  we  study  more  closely  the  minute  structural 
features  of  the  bone,  we  find  in  the  first  place  that  the 
Haversian  canals,  as  seen  in  transverse  sections  of  the 
bone,  vary  considerably  in  size  and  shape.  Some  are 
large,  others  small ;  some  are  round,  others  oval,  others 
irregular  in  shape.     In  many  cases,  however,  the  oval 


PlO.  48fl. — Tranavevae  Section  of  Human  Tibia,  Decalcified  and  Mounted 
in  Glycerine.  (X  about  15  and  reduced.)  a.  Periosteum;  6.  circum- 
ferential lamellae ;  c,  Haversian  system  of  lamellae ;  d.  Haversian 
canal ;  e,  trabecule  of  cancellous  tissue  bordering  tile  marrow-cjivity. 

shape  of  the  Haversian  canals  and  of  their  systems  of 
lamellae  appears  to  be  due  to  the  obliquity  of  the  section. 
In  some  cases  the  canals  lie  in  the  centre  of  the  systems, 
in  others  near  the  side.  Sometimes  the  Haversian  sys- 
tems are  complex,  one  set  of  concentric  lamellae  seeming 
to  have  encroached  upon  the  space  formerly  occupied  bjr 
another.  Pig.  486,  e.  Purthermore,  the  borders  of  many 
of  the  Haversian  systems,  where  these  abut  on  one  an- 
other, or  upon  the  intermediary  systems,  appear  scol- 
loped or  jagged.  -  This  appearance  will  be  explained 
below,  when  we  consider  the  growth  of  the  bone. 

Turning  now  to  the  bone-cells  and  the  spaces  in  which 
they  lie— the  lacunse— we  find  that  some  other  mode  of 
preparation  is  necessary  than  that  of  mounting  sections 
of  decalcified  bone  in  glycerine,  because  the  whole  extent 
of  the  cell-spaces  is  not  revealed,  on  account  of  their  par- 
tial filling  by  the  mounting  medium. 

If,  however,  we  take  a  bone  which  has  been  macerated 
and  dried,  to  remove  the  fat  and  other  soft  tissues,  and 
prepare  thin  sections  by  grinding  and  polishing  them, 
and  then  mount  them  in  hard  balsam,  which  is  melted, 
and,  after  the  section  is  enclosed,  cooled  so  quickly  that 
it  does  not  have  time  to  penetrate  far  into  the  tissue,  the 
full  extent  of  the  cell-cavities  is  revealed.  Por  all  the 
spaces  are  now  filled  with  air,  which  gives  them  a  dark 
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appearance  by  transmitted  light.  In  a  section  thus  pre- 
pared (Fig.  487),  it  will  be  seen  that  the  lacunae  are  elon- 
gated, mostly  fusiform,  irregular  cavities,  lying  between 
and  in  the  lamellse,  and  that  from  these  minute  branch- 
ing canals,  called  eanaliculi,  pass  off,  piercing  the  lamellae 
and  forming  frequent  communications  with  the  eana- 
liculi of  neighboring  lacunae.  The  eanaliculi  which  pass 
out  from  the  lacunae  lying  near  the  Haversian  canals 
pierce  the  walls  of  the  latter  and  open  into  them.  The 
eanaliculi  of  neighboring  Haversian  systems,  however, 
do  not,  as  a  rule,  communicate  with  one  another. 

In  the  lacunae,  as  may  be  seen  in  carefully  prepared 
thin  sections  of  decalcified  bone,  lie  the  flattened  and,  in 


Fig.    487, — Longitudinal    Section    of  Hard   Bone,  Human   Humerus, 
Mounted  in  Hard  Balsam.    (X  300  and  reduced.) 

some  cases,  branching  bone-cells.  To  what  extent  the 
branches  of  the  cells  pass  into  the  eanaliculi  is  not  yet 
fully  established.  The  bone-cells  have  large  nuclei  and 
finely  granular  bodies. 

According  to  v.  Ebener,  Sharpey,  and  others,  the  base- 
ment substance  of  bone  is  not  homogeneous,  but  is  per- 
meated by  exceedingly  minute  decussating  fibrils,  similar 
to  those  of  the  basement  substance  of  ordinary  fibrillar 
connective-tissue.  Certain  of  the  lamellae,  particularly 
those  of  the  circumferential  and  intermediary  systems, 
are  pierced  by  bundles  of  delicate  fibrils,  which  pass  per- 
pendicularly or  obliquely  through  them.  These  fibre- 
bundles,  called  Bharpey's  fibres,  may  be  seen  projecting 

-from  the  inner 
side  of  small 
bits  of  bone 
torn  forcibly 
away  from  one 
another,  near 
the  surfaces 
of  decalcified 
bones  (Fig.  488) 
as  well  as  in 
very  thin  sec- 
tions. These 
Sharpey's  fi- 
bres,  as  will  be 

Flo.  488.— Section  through  the  External  Table  of  a  seen  when  we 
Decalcified  Human  Parietal  Bone,  a,  Sharpey's  pnmp  tn  thn  rlo 
fibres  m  their  natural  position  ;  6,  flbres  which  have  ,  ®  '"  ''"^  "®; 
been  pulled  out  of  the  underlying  basement  sub-  Velopment      of 

stance,  c.    (After  H.  MiiUer.)  bone,   are    the 

,,„,.„  .       .  remains  of  the 

old  fibrillar  connective-tissue  matrix  in  which  the  bone  is 
formed. 

The  periosteum  is  a  fibrous  sheath  surrounding  the 
bones,  except  over  their  articular  surfaces.  It  consists  of 
moderately  dense  layers  of  fibrillar  connective-tissue  con- 
taining numerous  blood-vessels,  which  ramify  In  the  outer 
portions  and  finally  enter  the  bone  through  the  Haversian 
canals.  There  is  a  considerable  number  of  elastic  fibres 
m  the  inner  portions  of  the  periosteum,  and  it  contains 
an  abundant  system  of  lymphatic  vessels.     In  the  grow- 
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Ing  bone  Irregular  layers  of  large  granular  cells,  called 
osteoblasts,  lie  in  the  inner  layers  of  the  periosteum,  and 
between  It  and  the  bone.  The  periosteum  contains  a  few 
nerves,  which  chiefly  pass  from  it  into  the  bone-tissue. 

The  man'ow  is  a  complex  tissue  which  fills  the  large 
central  cavities  in  the  shafts  of  the  long  bones,  the  spaces 
in  the  cancellous  tissue,  and  the  larger  Haversian  canals. 
Marrow-tissue  varies  considerably  In  Its  appearance  and 
structure  in  adults  and  in  the  young,  as  well  as  in  differ- 
ent bones  in  the  adult.  In  the  adult  the  marrow  in  the 
shafts  of  long  bones  consists  of  blood-vessels  and  a  deli- 
cate connective-tissue  reticulum  which  supports  a  great 
abundance  of  fat-cells  and  a  varying  number  of  small 
spheroidal  cells  scattered  between  the  fat-cells.  Such 
marrow  has  a  yellow  appearance  from  the  fat  which  it 
contains.  In  the  cancellous  tissue  of  both  long,  irreg- 
ular-shaped, and  short  bones  in  the  adult,  and  in  all  of 
the  bones  in  young  animals,  the  marrow  is  red  in  color, 
and  contains  comparatively  few  fat-cells.  Red  marrow 
consists,  like  the  yellow  marrow,  of  blood-vessels,  lymph- 
vessels,  and  a  delicate  reticular  framework  whose  meshes 
are  more  or  less  filled  with  cells.  These  cells  are  of  sev- 
eral kinds  (see  Fig.  489.)  There  are  abundant  small 
spheroidal  cells  with  nuclei,  which  are  very  large  in  pro- 
portion to  the  size  of  the  cell  body ;  and  between  these 
and  considerably  .larger  cells,  also  with  large  and  often  ir- 
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PiQ.  489.— Cells  from  Red  Marrow  of  Babbit.    A,  marrow-cella  proper; 
J?,  giant-cells. 

regularly  shaped  and  sometimes  double  nuclei,  there  are 
numerous  intermediate  forms.  All  of  the  above  forms 
are  very  abundant  in  red  marrow,  and  constitute  the 
marrow-cells  proper  (Fig.  489,  A).  Then  we  find,  much 
less  frequently,  and  in  varying  numbers  in  different 
bones  of  the  same  animal,  and  in  the  bones  of  different 
animals,  much  larger,  usually  multinucleated  cells,  the 
so-called  myeloplaxes,  or  giant-cells  (Fig.  489,  B).  These 
myeloplaxes,  although  always  large,  vary  considerably  in 
size  and  shape,  and  in  the  number  of  their  nuclei.  The 
nuclei  are  apt  to  be  collected  in  a  compact  mass  near  the 
centre  of  the  cell,  and  often  present  quite  bizarre  and  in- 
describable shapes.  Finally,  red  marrow  contains,  in 
varying  numbers,  small  nucleated  cells,  which  bodies 
have  the  color  and  general  appearance  of  red  blood-cells, 
the  so-called  nucleaied  red  blood-cells,  and  small  sphe- 
roidal cells  whose  bodies  contain  larger  and  smaller  par- 
ticles of  pigment,  and  a  moderate  number  of  fat-cells. 

The  Developmbht  of  Bone. — It  will  be  possible 
within  the  limits  of  this  article  to  give  only  a  very  brief 
general  description  of  the  somewhat  complex  way  in 
which  bone  is  formed.  It  is  customary  to  describe  the 
development  of  bone  as  occurring  In  three  ways,  or, 
speaking  more  correctly,  to  describe  three  phases  of  laone 
development.  These  are  iniracartilaginous,  intramemhra- 
nous,  and  subperiosteal.  It  should  be  borne  in  mind,  how- 
ever, that  the  pssential  nature  of  the  process  Is  the  same 
in  all. 

Intracartilaginous  Ossification, — Most  of  the  long  and 
Irregular-shaped  bones  in  the  body  consLst,  at  an  early 
period  of  life,  of  masses  of  hyaline  cartilage,  which  pre- 
sent, in  a  general  way,  the  shape  of  the  future  bone. 
The  transformation  of  these  cartilage  masses  into  bones 
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is  intracartilaginous  ossification.  This  is  always  asso- 
ciated with  a  certain  amount  of  subperiosteal  ossification 
in  the  manner  to  be  described  below. 

If  we  look  at  one  of  the  cartilage  masses  which  is  to 
be  converted  into  a  long  bone — at  one  of  the  bones  of  the 
■finger  or  toe,  for  example  (Pig.  490,  A) — at  a  period 
when  the  process  of  ossification  is  about  to  commence, 
-we  notice  that  at  the  central  portion  of  the  mass  the  car- 
tilage-cells are  larger  (Fig.  490,  A)  than  in  other  parts, 
and  closer  together,  and  that  the  basement  substance  be- 
tween them  is  finely  granular  from  the  deposition  in  it  of 
salts  of  lime.  While  this  preliminary  calcification  of  the 
•cartilage  and  the  enlargement  of  its  cells  is  going  on,  a 
shell  of  bone  is  forming  around  the  middle  of  the  shaft 
beneath  the  periosteum,  and  as  the  cartilage  near  the 
«nds  continues  to  grow  and  expand  at  the  sides,  the  en- 
tire mass  assumes  somewhat  of  an  hour-glass  shape. 
Now  the  blood-vessels  from  the  perichondrium — which 
has  become  a  periosteum  on  account  of  the  above-men- 
tioned shell  of  bone  which  has  been  formed  around  the 
shaft — begin  to  advance  in  the  central  portion  of  the  car- 
tilage, and  this  becomes  channelled  out  in  irregular  branch- 
ing canals  in  the  region  of  the  enlarged  cartilage-cells,  so 
that  after  a  time  a  considerable  portion  of  the  central  part 
of  the  shaft  of  the  bone  is  permeated  by  a  series  of  vas- 
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Sia.  490.— A,  metatarsus  of  the  great  toe  from  human  embryo  ten  weeks 
old ;  S,  middle  phalanx  of  the  fourth  finger  of  a  human  embryo  four- 
teen weeks  old ;  C,  first  phalanx  of  the  little  finger  of  a  human  em- 
bryo fourteen  weeks  old.     (After  Toldt.) 

cular  canals.  The  general  appearance  of  the  bone  at  this 
time  is  seen  in  Fig.  490,  B. 

A  closer  examination  at  this  period  will  show  :  1,  that 
the  cartilage  cells  which  lie  in  the  region  just  beyond  the 
advancing  vascular  canals  have  assumed  a  peculiar  ar- 
rangement and  are  large ;  3,  that  the  basement  Substance 
■of  the  cartilage  in  the  same  region  is  calcified ;  and  3, 
that  thin  layers  of  new  bone  are  beginning  to  form  along 
the  edges  of  the  vascular  canals  in  the  central  portion  of 
the  shaft. 

If  we  look  at  a  similar  bone  at  a  somewhat  later  period, 
we  find  that  while  a  layer  of  subperiosteal  bone-tissue  of 
considerable  thickness  has  been  formed  round  the  shaft, 
the  central  portions  of  the  structure  are  also  filled  with 
irregular  bony  trabeculse,  between  which  lie  the  vascular 
canals  or  marrow-cavities  (Fig.  490,  0) ;  and,  furthermore, 
that  the  cartilage-cells  toward  the  ends  of  the  bone,  in 
the  region  just  in  front  of  the  advancing  marrow-cavities, 
are,  as  before,  large,  and  arranged  in  rows  and  lie  in  a  cal- 
cified basement  substance. 

It  is  now  necessary  to  look  more  closely  at  the  changes 
in  the  cartilage  which  precede  the  ossification,  and  to 
study  the  exact  way  in  which  bone-tissue  is  formed  along 
the  walls  of  the  advancing  marrow-cavities. 

If  we  look  with  a  high  power  at  a  thin  section  of  a  care- 


fully preserved  and  decalcified  bone  in  the  process  of  de- 
velopment, confining  our  attention  for  a  moment  chiefly 
to  that  region  which  lies  along  the  ends  of  the  above- 
described  advancing  marrow-cavities,  and  for  a  short  dis- 
tance on  either  .side,  we  find  a  condition  similar  to  that 
represented  in  Pig.  491.  At  some  distance  toward  the 
end  of  the  bone  from  the  medullary  cavities  the  cartilage- 
cells  become  flattened  and  are  arranged  in  irregular  rows, 
b  ;  nearer  the  ossifying  portions  of  the  bone  the  carti- 
lage-cells are  larger  and  more  closely  packed  together ; 
and  finally,  just  beyond  the  ends  of  the  advancing  mar- 
row-canals, large  cartilage-cells  are  seen  lying  in  elon- 
gated cavities  in  the  basement-substance,  c.  Each  cavity 
contains  several  cells,  which,  in  many  cases,  are  separated 
from  one  another  by  narrow  partitions  of  cartilage  base- 
ment-substance. Here  and  there  along  this  region  it 
will  be  seen  that  the  marrow-canals  with  their  contained 
blood-vessels  have  opened  into  and  become  continuous 
with  the  spaces  containing  the  large  cartilage-cells,  and 
the  latter  have  either  disappeared  or  have  assumed  some 
diflEerent  form.  This  occurs  sooner  or  later,  and  usually 
at  about  the  same  time, 
all  along  this  region,  so 
that  the  advancing  blood- 
vessels convert  the  spaces 
originally  containing  car- 
tilage-cells into  vascular 
canals  or  marrow-cavi- 
ties. 

If  we  look  now  at  the 
region  near  the  ends  of 
the  marrow-canals,  we 
find  that  these  canals  con- 
tain thin-walled  blood- 
vessels, numerous  small 
spheroidal  cells,  and 
larger  cuboidal,  ovoidal, 
or  fusiform  granular 
cells,  which  are  apt  to  be 
arranged  along  the  sides 
of  the  canals.  These  latter 
cells  are  the  so,-called  os- 
teoblasts, under' whose  in- 
fluence the  bone-tissue  is 
formed. 

Th  e  exact  way  in  which 
the  bone-tissue  is  depos- 
ited under  the  influence 
of  the  osteoblasts  may  be 
readily  seen  in  very  thin 
sections  through  the  zone 
of  pssification,  which 
have  been  stained  double 
with  hsematoxylin  and 
eosine  (see  article  on  Mi- 
croscopical Technology) 
and  mounted  in  balsam. 
A  small  portion  of  such 
a  section  made  trans- 
versely across  the  bone  is 
represented  in  Fig.  493. 
Just  beneath  the  osteo- 
blasts   which    lie   along 
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Fia.  491. — Longitudinal  section  of  ona 
of  the  Long  Bones  of  the  Foot  of 
a  F(Etal  Pig,  Eight  Inches  Long. 
(  X  300  and  reduced. )  a,  Zone  of  nor- 
mal cartilage  ;  6,  zone  of  cartilage 
cells  in  rows  ;  c,  calcification  zone ; 

d,  zone  of  commencing  ossification ; 

e,  masses  of  new-formed  bone ;  m, 
marrow-cavities. 


the  edges  of  the  marrow-canals  thin  crescentic  shells  ,ol 
strongly  ref  ractile  calcareous  material— the  basement-sub- 
stance of  bone— are  formed,  c.  Those  shells  grow  thicket 
and  thicker,  and  rise  up  around  the  sides  of  the  osteo- 
blasts. They  are  pierced  by  delicate  canals,  which  are 
to  form  the  canaliculi.  Gradually  the.  entire  osteoblast, 
which  has  become  somewhat  flattened  and  jagged  m  out- 
line is  enclosed  by  the  bony  basement-substance  and  be- 
comes a  bone-cell.  This  process  goes  on  around  the 
osteoblasts,  which  lie  side  by  side  all  along  the  walls  ot 
the  marrow-spaces,  so  that  the  latter  are  presently  en- 
closed by  an  irregular  wall  or  encasement  of  new  bone, 
d  Upon  this  new  layers  are  deposited,  so  that  gradu- 
ailv  the  marrow-spaces  grow  narrower  and  narrower, 
and  finally  contain  only  blood-vessels  and  a  few  marrow- 
cells.     This  gradual  bony  thickening  of  the  walls  and 

601 


Bone. 
Boiie. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


narrowing  of  the  marrow-spaces  may  be  seen  by  fol- 
lowing the  tissue  in  a  longitudinal  section  from  the  line 
where  ossification  commences,  near  the  distal  ends  of 
the  marrow-spaces,  toward  the  centre  of  the  bone  where 
the  process  is  oldest. 

The  fragmentary  remains  of  the  old  basement-sub- 
stance of  the  hyaline  cartilage  persist  for  some  time,  sur- 
rounded by  the  new-formed  bone  (see  Fig.  493,  a) ;  but 
they  grow  smaller  and  smaller  as  more  bone  is  formed, 
and  are  finally  absorbed  and  altogether  disappear. 

Thus  the  ossification  of  the  cartilages  advances  toward 
their  ends,  preceded  always  by  a  rearrangement  and  pro- 
liferation of  the  cartilage-cells,  and  by  calcification  of  its 
basement  substance.  What  the  exact  purpose  is  of  the 
temporary  calcification  of  the  cartilage  basement-sub- 
stance just  in  advance  of  the  ossification  line,  we  do  not 
know,  nor  is  it  certain  what  becomes  of  the  cartilage- 
cells  when  the  vascular  canals  finally  open  into  the  spaces 
in  which  they  lie.  Some  observers  believe  that  they  dis- 
integrate "and  are  absorbed ;  others,  that  they  become 
osteoblasts,  or  other  marrow-cells.  Equally  uncertain  is 
the  origin  of  the  osteoblasts,  and  the  consideration  of  the 
more  or  less  well-founded  conjectures  as  to  their  genesis 
would  lead  us  beyond  the  scope  of  this  article. 

After  a  time  new  centres  of  ossification  are  formed 
near  the  ends  of  the  long  bones,  in  the  epiphyses,  from 


Pig.  498  —Transverse  Section  of  Ankle-bone  of  Fcetal  Pig,  Eight  Inches 
Long,  through  the  Zone  of  GsBifloation.  (  X  300  and  reduced  )  a,  Old 
cartiJage  basement-substance;  ft,  marrow-spaoes,  containing  blood- 
vessels and  variously  shaped  cells, .  the  larger  of  which  ore  ostloWasts : 
,  c,  osteob  asts  partially  enclosed  by  shell  of  bone  formed  beneath  them  • 
biit?OT  bonfr-teUs  ''''"'''*™"J  '"'"^.  containing  the  enclosed  osteo- 

which  bone-formation  proceeds  in  the  manner  above  de- 
scribed. At  length  the  zones  of  ossification  in  the  epi- 
physes and  diaphyses  approach  one  another,  and  are  sep- 
arated only  by  a  narrow  band  of  cartilage,  which  finally 
itselt  becomes  ossified,  and  the  epiphysis  and  diaphvsis 
are  pined  to  form  a  single  bono. 

Jntmmembranous  and  subperiosteal  oasifieation  varv 
only  m  details  from  the  intracartilaginous.  In  the  former 
case,  the  tissue  in  which  bone  is  to  form  is  fibrous  and 
vascular ;  osteoblasts  appear  along  the  bundles  of  fibres 
which  become  calcified,  and  bone  is  formed  around  them 
in  the  above-described  manner.  Some  of  the  fibrous  bun- 
dles persist  within  the  new-formed  bone,  as  Sharpey's 
tibres.  The  bone-tissue  which  is  at  first  formed  is  ar- 
ranged in  irregular  trabecute,  which  cross  and  interlace 
as  did  the  connective-tissue  fibres  which  it  replaces  and 
encloses  irregular  vascular  spaces  or  marrow-cavities 
which  become  smaller  and  smaller  as  successive  layers 
ot  hone  are  formed  around  their  sides  (Fig  493)  After 
a  time  the  irregular  trabecule  and  their  enclosed  marrow- 
spaces  become  covered   in  by  more   uniform  layers  of 

l»m»ii„  T:  "JJ'^«^?'1?  ^°°^^'  ^'■^  *^e  circumferential 
lamellae,  and  m  the  flat  bones,  such  as  those  of  the  skull 
are  the  compact  external  and  internal  tables  which  enl 
close  the  diplde. 
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A  pure  intramembranous  ossification  is  seen  in  tha 
early  stages  of  the  formation  of  the  flat  bones  of  the  skull 
The  subperiosteal  ossification,  on  the  other  hand  occurs 
as  above  indicated,  simultaneously  with  the  intracarti- 
laginous bone-formation  in  the  long  bones,  as  well  as  at  a 
later  stage  in  the  formation  of  bones  which  are  orieinallv 
laid  down  as  membranes  i  •' 

Growth  of  Bone.— The  growth  of  bones  when  thev 
are  once  formed,  either  in  membranes  or  cartilages  or  be- 
neath the  periosteum,  is  a  somewhat  complex  process 
They  increase  in  thickness  by  a  continued  subperiosteal 
ossification.  The  increase  in  length  of  long  bones  goes 
on  by  the  ossification  in  cartilage  until,  as  above  stMed 
the  epiphysis  is  finally  joined  to  the  diaphysis.  ' 

The  large  central  marrow-cavity  of  long  bones,  which 
in  the  adult  bone  is  itself  much  larger  than  the  entire 
bone  at  an  early  stage  of  development,  is  formed  by  the 
absorption  of  the  earlier  developed  intracartilaginous  and 
subperiosteal  bone.  This  absorption  occurs  under  the  in- 
fiuence  of  large,  irregular-shaped,  frequently  multinu- 
clear  granular  cells,  called  osteoclasts.  Around  these  cells 
as  they  lie  against  the  bone-tissue,  the  latter  becomes  ab- 
sorbed in  some  way,  so  that  little  pits  are  formed  in  which 
they  lie.  These  pits  or  depressions,  which  are  of  various 
sizes  and  shapes,  are  called  BowsMpfs  lacunas.  On  the 
side  of  the  osteoclasts  which  lie  against  the  bone  there  is 
according  to  KoUiker,  a  shining  striated  border.     The 


„h™,^  i"^  ^^1"™?"^"'  Ossification  from  Leg  of  Young  Rabbit.  (V 
about  860  and  reduced.)  o,  Periosteum  ;  6,  inner  cellular  layer  of  peri- 
osteum ;  c,  irregular  trabeculsB  of  new  bone;  <t,  Sharpey's  fibres  partly 
enclosed  by  bone;  e,  osteoblasts  lining  marrow-cavities. 

exact  nature  of  the  influence  by  which  the  osteoclasts  in- 
duce the  absorption  of  the  bone  is  not  well  understood, 
ti,  •  *<?°'^  ^''^  ^^^  central  marrow-cavities  formed  under 
the  influence  of  the  osteoclasts,  but  by  an  absorption  of 
the  bone  m  vanous  places,  and  a  subsequent  new  forma- 
tion ot  It  over  the  absorbed  surfaces,  a  remodelling  of  the 
bone  may  occur,  inducing  the  various  changes  in  shape 
which  grovving  bones  present.  This  process  of  absorp- 
tion and  redeposition  of  bone  goes  on,  not  only  on  the 
surfaces,  but  in  the  substance,  even  of  compact  bone,  dur- 
ing early  and  adult  life,  inducing  the  minor  changes 
which  occur  at  this  period.  The  intermediary  systems  of 
laniellae,  above  described,  as  seen  in  transverse  sections 
of  long  bones  (Fig.  486),  are,  in  many  cases  at  least,  the 
remains  of  older  lamellsB  which  have  been  partially  ab- 
«*?!  i  •  '  V  absorption  spaces  having  been  afterward 
sued  in  by  new  Haversian  systems.  What  the  conditions 
are  whose  fulfilment  determines  now  an  absorption  and 
again  a  new  formation  of  bone,  or  exactly  what  the  ori- 
gin of  the  osteoclasts  is,  and  what  their  relation  to  the  osteo- 
blasts, we  can,  in  the  present  state  of  exact  knowledge, 
do  little  more  than  conjecture. 

Consult  for  the  bibliography  of  the  histology,  develop- 
ment and  growth  of  bone,  Quain's  "Anatomy,"  vol.  ii,, 
p.  lib,. ninth  edition,  and  the  "Index  Catalogue  of  the 
Library  of  the  Surgeon-General's  Ofl3ce,  U.  S.  A.,"vol.ii. 

T.  Mitchell  PruMen. 

BONE  (PATHOLOGY).  The  aim  of  the  present  ar- 
ticle is  not  to  describe  in  detail  all  the  forms  of  disease 
to  which  osseous  tissue  is  liable,  but  rather  to  present  a 
brief  r6sum^  of  the  subject,  a  sort  of  catalogue,  as  it  were, 
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of  bone  afEectlons,  merely  sketching  the  salient  points  in 
the  symptomatology  of  the  various  diseases  affecting  the 
bony  framework  of  the  body.  For  an  ex- 
tended description  of  their  etiology,  pathol- 
ogy, and  treatment,  the  reader  is  referred  to 
the  following  articles :  Osteitis,  Osteomy- 
elitis, Necro.sis,  including  Caries,  Periostitis, 
Rachitis,  and  Osteomalacia.  Tumors  of  bone 
will  be  found  described  in  the  general  article 
on  Tumors,  and  the  osseous  manifestations 
of  the  syphilitic  and  tubercular  infections 
will  be  treated  of  at  sufficient  length  under 
the  headings  of  Syphilis  and  Tuberculosis. 

The  bones  are  subject  to  the  same  diseases 
as  are  the  soft  parts,  but  the  morbid  processes 
are  less  rapid  in  their  action,  as  a  rule,  and 
present  other  differences  depending  upon  the 
peculiar  constitution  of  this  tissue. 

Periostitis  is  an  inflammation  of  the  peri- 
osteum, or  enveloping  membrane  of  bone. 
It  may  be  acute  or  chronic,  the  symptoms  of 
the  two  conditions  diflfering  chiefly  in  their 
intensity  and  rate  of  progress.  It  occurs  as 
the  result  of  injury,  as  one  of  the  manifesta- 
tions of  the  syphilitic,  rheumatic,  or  gouty 
poisons,  or  as  an  accompaniment  of  Inflam- 
mation of  the  subjacent  osseous  substance. 
The  disease  is  indicated  by  the  presence  of  a 
tense,  somewhat  elastic,  circumscribed  swell- 
ing ;  a  node,  tender  on  pressure,  pig.  494.* 
and  usually  the  seat  of  a  con- 
stant aching  pain  which  is  increased  at 
night.  The  skin  over  the  part  is  usually 
more  or  less  hot  and  oedematous,  but  is  not 
often  discolored.  The  occurrence  of  sup- 
puration is  indicated  by  increased  pain  of  a 
pulsating  character,  and  often  by  rigors  and 
other  constitutional  symptoms. 

Acute  diffuse  periostitis  is  an  inflamma- 
tion of  a  severe  type,  involving  the  greater 
part,  or  the  whole,  of  the  periosteal  covering 
of  a  long  bone.  It  is  characterized  by  a 
hot,  painful  swelling,  not  limited  to  a  small 
area,  the  skin  covering  which  is  red, 
stretched,  and  shining.  In  most  cases  deep 
fluctuation  can  be  detected  early  in  the 
course  of  the  disease,  but  this  is  sometimes 
obscured  by  the  surrounding  oedema,  and 
by  the  tenseness  of  the  periosteum.  In  the 
early  stages  the  appearance  presented  re- 
sembles that  of  acute  cellulitis,  but  the  in- 
flammation is  always  limited  to  one  seg- 
ment of  the  limb,  and  never  passes  over  the 
joint.  The  constitutional  symptoms  are  of 
a  very  grave  character.  Acute  diffuse  pe- 
riostitis is  often  fatal,  and  when  recovery 
does  ensile,  the  stripping  up  of  the  perios- 
teum almost  always  leads  to  necrosis  of  a  greater  or  less 
extent  of  bone-tissue. 


*  The  cuts  used  in  this  article  are  copies  of  photographs  kindly  fur- 
nished by  Dr.  William  Oldright,  of  Toronto.  The  specimens  from 
which  they  were  taken  are  in  the  Museum  of  the  Toronto  School  of 
Uedlcine. 

Explanation  of  Cuts *'  Figs.  494  and  495  are  taken  from  the  same 

specimen  ;  Fig.  496,  another  portion  of  the  same  bone.  They  are  poi;tion8 
of  a  tibia  in  which  there  has  been  inflammation  of  the  entire  bone  and 
periosteum.  Fig.  494  is  a  view  of  the  exterior,  showing  extensive  de- 
posit of  osseous  material.  Fig.  495  shows  a  section  of  the  same  made 
antero-posteriorly  ;  toward  tile  edges,  especially  posteriorly,  the  tissue  is 
seen  to  be  dense,  compact,  and  hard— sclerosis ;  this  tissue  is  about  one 
and  a  half  inch  thick.  The  bone  is  very  heavy  in  consequence.  The 
central  portion  is  soft  and  friable.  The  dark  spots  show  cavities — pus 
cavities — this  result  having  been  assisted  by  the  cutting  off  of  blood- 
supply  by  the  sclerosed  extorior.  In  Fig,  496  the  fellow,  or  portion  which 
was  apposed  to  the  upper  part  of  Fig.  '495,  the  same  condition  is  seen, 
and  at  a,  (or  rather,  at  the  dark  spot  opposite  a)  is  the  cloaca  through 
which  the  pus  escaped.  Figs.  497  and  498,  representing  outer  and  inner 
views  of  the  same  bone,  are  also  beautiful  specimens.  Fig.  497  shows 
bunchy  or  fleecy  deposits  of  bone  material ;  in  Fig.  498  the  osteo-myelitis 
is  shown  to  have  predominated,  the  bone  being  hollowed  out ;  the  line 
of  division  between  the  original  bone  surface  and  the  new  deposit  is 
beautifully  shown  at  the  point  opposite  the  letter  a.  Fig.  499  represents 
a  cystic  cavity  in  the  head  of  the  tibia ;  no  history  is  obtainable." — W.  0. 


Fib.  495. 


Fig.  496. 


Fig.  497. 


Osteitis  is,  strictly  speaking,  an  inflammation  limited  to 
the  bone  substance,  but  in  most  cases  the  periosteum  or 
the  medulla  becomes  secondarily  involved.  It  may  occur 
from  traumatism,  but  is,  perhaps,  more  frequently  of 
tubercular  or  syphilitic  origin.  It  occurs  secondarily  in 
acute  diffuse  periostitis,  and,  when  affecting  the  articular 
ends  of  long  bones,  may  follow  upon 
chronic  fungoid  (tubercular)  synovitis. 
There  is  an  enlargement  of  the  affected 
portion  of  bone,  less  circumscribed  usually 
than  in  simple  periostitis,  with  deep- 
seated,  constant  pain,  worse  at  night,  as 
the  pain  in  all  bone  diseases  is  apt  to  be. 
When  the  disease  is  seated  in  the  end  of  a 
bone  and  involves  the  articulation,  the 
joint  motions  are  restricted  by  reflex  mus- 
cular spasm.  Osteitis  usually  terminates 
in  necrosis  or  caries,  bone-abscess,  or  scle- 
rosis. 

Bone  cibsceas,  or  circumscribed  suppura- 
tion of  bone,  is  situated  with  greatest  frequency  in  the 
head  of  the  tibia.  The  collection  of  pus  is  usually  small, 
and  may  escape  detection  until  it  has  penetrated  the  ar- 
ticular surface  and  opened  into  the  joint.  The  formation 
of  a  circumscribed  abscess  may  be  suspected  when  there 
is  an  intermittent,  aching  pain,  limited  to  a  small  area, 
coming  and  going  without  any  regularity,  but 
usually  worse  and  more  persistent  at  night. 

Osteomyelitis  is  an  inflammation,  primarily,  of 
the  endosteum,  or  medullary  investing  mem- 
brane. It  is,  however,  never  limited  to  this 
membrane,  but  involves  the  medulla  and  can- 
cellous portion  of  the  bone,  and  is  also  accom- 
panied with  extensive  osteitis  of  the  denser  tis- 
sue. It  occurs  with  greatest  frequency  after 
compound  fractures,  or  operations  involving  the 
medullary  portion.  The  symptoms  are  those  of 
osteitis,  but  greatly  intensified.  The  limb  is  red,  hot,  and 
swollen,  and  profuse  suppm-ation  occurs  early.  The  pain 
is  of  the  most  intense  character,  and  may  exist  some  time 
previous  to  the  appearance  of  swelling.  There  are  rigors, 
high  fever,  and  depression.     The  prognosis  is  veiy  grave. 

Necrosis  is  the  death  of  osseous  tissue  in  mass, 
gangrene  of  bone.  It  affects  chiefly  the  com- 
pact portion,  while  caries  is  more  prone  to  at- 
tack the  cancellous  structure.  It  occurs  in 
consequence  of  injuries,  after  periostitis  with 
separation  of  any  considerable  portion  of  the 
membrane,  from  the  action  of  the  syphilitic 
and  other  poisons  {e.g.,  phosphorus),  by  exten- 
sion of  inflammation  from  the  neighboring 
parts,  in  senile  degeneration,  and  from  any 
other  causes  producing  lowered  vitality  of  the 
tissues.  The  symptoms  are  those  of  osteitis,  viz.,  (ede- 
matous swelling  with  redness  of  the  skin,  enlargement  of 
the  bone,  and  pain.  Abscesses  form  and  discharge  large 
quantities  of  pus.  After  a  time  the  soft  parts  become  in- 
durated, and  are  traversed  by  numerous,  often  tortuous, 
fistulous  tracts  leading  down  to  the  sequestrum.  These 
may  exist  and  continue  to  discharge  for 
years,  unless  the  dead  portion  of  bone  is 
removed  by  operation. 

Caries  is  ulceration,  or  the  molecular 
death  of  bone.  It  may  occur  in  any  situa- 
tion, but  is  most  frequent  in  cancellous 
bone-tissue,  as,  for  example,  in  the  articu- 
lar ends  of  the  long  bones,  or  in  the  bodies 
of  the  vertebra;.  The  causes  producing 
this  condition  are  similar  to  those  of  ne- 
crosis. Caries  is  very  frequently  of  tuber- 
cular origin.  The  carious  process  may  go 
on  without  the  formation  of  an  abscess, 
in  which  case  it  is  known  as  dry  caries, 
or  caries  sicca.  In  the  suppurative  form 
occurring  in  the  epiphyses  or  phalanges, 
there  are  the  usual  symptoms  of  osteitis,  viz.,  pain,  red- 
ness, and  swelling.  Abscesses  form,  and,  opening,  dis- 
charge pus  mixed  with 'bony  detritus.  The  resulting 
sinuses  remain  open,  discharging  as  long  as  the  disinte- 
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grative  process  continues,  or  they  may  close  and  new  open- 
ings occur  in  the  neighborhood.  "When  canes  attacks 
the  bodies  of  the  vertebrae,  the  abscess  may  open  m  the 
back  alongside  of  the  spinal  column,  but  more  commonly 
the  pus  enters  the  sheath  of  the  psoas  muscle,  and  event- 
ually forces  an  opening  in  the  groin  or  thigh.  Caries  in 
this  region,  if  at  all  extensive,  results  in  the  production  of 
a  kyphos  from  the  breaking  down  of  the  vertebral  bodies. 

Bachitis  is  a  general  disease  of  malnutrition,  one  of  the 
manifestations  of  which  is  softness  of  the  bones  from  a 
deficiency  in  the  proportion  of  their  earthy  ingredients. 
It  is  a  disease  of  early  childhood,  and  affects  chiefly  those 
living  under  bad  hygienic  conditions.  The  bones  are 
wanting  in  firmness,  and  become  bent  from  the  force  of 
gravity,  or  as  a  result  of  muscular  action.  In  the  latter 
stage  of  the  disease,  ossification  proceeds  with  great 
rapidity,  and  exceeds  the  normal  limits,  producing  a  con- 
dition of  eburnation.  The  mechanical  treatment  of  ra- 
chitic deformities  (knock-knee,  bow-legs,  kyphosis,  etc.) 
should  therefore  be  undertaken  early,  before  the  bones 
have  become  consolidated,  and  while  they  are  yet  flexible. 

Osteomalacia,  or  moUities  ossium,  is  a  disease  of  adult 
life,  especiallv  prone  to  attack  females  during  the  period 
of  pregnancy  or  lactation,  although  males  are  not  wholly 
exempt.  The  cause  is  obscure.  The  disease  is  charac- 
terized by  a  decalcification  and  central  absorption  of  the 
bones,  which  then  become  distorted,  or  break  from  mus- 
cular action  or  other  slight  causes.  The  softening  of  the 
bones  is  usually  preceded  by  a  period  during  which  vari- 
ous obscure  rheumatoid  pains  are  complained  of ;  the 
pains  are  usually  worse  at  night,  but  are  not  character- 
istic of  the  disease  in  question.  The  general  health  is  not 
usually  affected  until  late  in  the  disease,  and  even  then 
only  secondarily,  by  reason  chiefly  of  the  impeded  respir- 
atory movements  from  the  softened  ribs.  Recovery  from 
osteomalacia  very  rarely  occurs. 

Sir  James  Paget  has  described  a  disease  under  the  name 
of  local  osteomalacia,  or  osteitis  deformans,  which  bears 
.some  resemblance  to  the  affection  just  considered,  al- 
though it  is  pathologically  an  osteitis.  The  bones  be- 
come somewhat  enlarged,  and  sufficiently  softened  to  per- 
mit of  bending  under  the  weight  of  the  body.  There 
may  be  severe  pains  in  the  limbs,  and  these  are  soon  fol- 
lowed by  deformities  resembling  those  of  rickets.  The 
legs  are  bowed,  and  the  spine  becomes  kyphotic,  so  that 
the  head  projects  forward.  There  are  often  curvatures  of 
greater  or  less  degree  in  the  other  bones  also.  The  general 
health  is  usually  unaffected.  It  has,  however,  been  ob- 
served that  sufferers  from  this  disease  frequently  become 
the  subjects  of  carcinoma.     It  is  a  very  rare  affection. 

ProLgiliias  ossium  is  a  term  employed  to  denote  a  con- 
dition in  which  fractures  occur  from  slight  causes,  or 
even  from  no  cause  at  all  other  than  the  normal  strain 
put  upon  the  skeleton  in  walking,  and  by  ordinary  mus- 
cular action.  This  brittleness  of  the  bones  may  be  due 
to  fatty  degeneration,  moUities  ossium,  or  senile  atrophy, 
and  there  would  seem  in  some  cases  to  be  a  sort  of  idio- 
syncrasy, the  nature  of  which  is  not  yet  determined,  but 
which  is  distinct  from  the  conditions  just  mentioned. 
Union  generally  occurs  promptly  after  spontaneous  fract- 
ure. The  bones  may  be  weakened  by  necrosis,  hydatid 
cysts,  and  cancer,  especially  central,  round-  and  spindle- 
celled  sarcoma;  but  the  conditions  are  here  local,  and 
spontaneous  fracture  so  occurring  could  not  properly  be 
referred  to  fragilitas  ossium. 

Tum,ors. — The  new  growths  of  bone  are  very  similar  to 
those  attacking  the  soft  parts,  and,  like  them,  are  benign 
or  malignant  in  their  nature,  though  it  is  sometime?  im- 
possible to  determine  with  which  we  have  to  deal  in  a 
given  case. 

Enchondromaia  are  usually  found  on  the  phalanges  and 
metacarpal  bones,  though  occasionally  also  on  the  scap- 
ula, pelvic  bones,  and  other  parts  of  the  skeleton.  Their 
growth  is  slow  and  usually  painless,  but  they  often  attain 
a  large  size.  Cartilaginous  tumors  are  usually  nodulated 
and  hard,  though  elastic. 

Exostoses  are  not  uncommon  about  the  orbit,  and  when 
on  the  extremities,  are  usually  situated  at  the  junction  of 
the  shaft  with  the  epiphysis.     They  may  be  pear-shaped 


or  with  a  broad  base,  and  are  often  nodulated  or  irregulat 
in  contour.  Sometimes  their  growth  is  unattended  with 
pain,  but  they  often  give  rise  to  persistent  aching.  A 
favorite  seat  of  exostoses  is  the  ungual  phalanx  of  the 
great  toe,  and,  when  in  this  situation,  they  cause  excessive 
pain  and  disability.  Exostoses  not  infrequently  arise 
from  ossification  of  enchondromata,  and  tumors  are  often 
seen  in  which  the  two  tissues  exist  together  in  varying 
proportions.  Allied  to  exostoses  are  the  osteophytes,  sit- 
uated at  the  points  of  origin  and  insertion  of  the  muscles. 
Myeloid  tumors  are  peculiar  to  bone.  They  are  usually 
situated  at  the  articular  extremities  of  the  bone,  espe- 
cially of  the  femur  and  tibia,  but  may  grow  in  the  shaft. 
They  arise  from  the  endosteum  and  medullary  portion, 
and  expand  the  bone  in  their  growth,  forming  rounded, 
elastic  tumors,  which  when  pressed  upon  sometimes  im- 
part a  crackling  sensation. 

Bone  cysts  are  either  serous,  sanguineous,  or  hydatid, 
the  latter  being  of  very  rare  occurrence.  Cysts  are  usu- 
ally slow  and  painless  in  their  growth,  and  present  the 
appearance  of  smooth,  rounded  tumors,  elastic,  and  crack- 
ling when  pressed  upon. 

Sarcomata  are  of  endosteal  or  periosteal  origin.  They 
are  usually  of  rapid  growth,  often  very  painful,  forming 
tumors  of  a  somewhat  globular  or  more  or  less  ovoid 
shape,  elastic,  and  usually  ossified  in  portions  of  greater 
or  less  extent. 

Pulsating  tumors  of  bone  are  generally  of  malignant 
nature.  T'hey  are  to  be  distinguished  f  roiii  true  aneurism, 
which  is,  however,  of  exceeding  rarity. 

Atrophy  of  bone  may  occur  from  senile  wasting,  in 
rachitis  or  osteomalacia,  as  a  result  of  fracture,  or  from 
other  undetermined  causes.  Arrested  development  may 
occur  without  any  apparent  morbid  process ;  it  is  seen 
with  greater  frequency  in  the  scapula  or  sternum  than  in 
the  long  bones.  In  infantile  paralysis  (anterior  polio- 
myelitis) the  growth  of  the  bones  of  the  affected  limb  is 
often  retarded,  but  to  a  less  extent  than  are  the  soft  parts. 
Another  form  of  atrophy  consists  in  a  wasting  away  of 
the  compact  bone-substance  from  the  centre  toward  the 
periphery,  until  simply  a  thin  cylinder  of  osseous  tissue 
remains,  the  central  portion  bein^  occupied  by  the  in- 
creased medulla.  Patty  degeneration  may  also  occur  in 
bone  as  in  other  tissues. 

Hypertrophy  may  occur  without  apparent  cause,  may 
result  from  hypersemia  incident  to  local  disease,  or  may 
be  compensatory,  as  when  the  fibula  becomes  thickened 
in  order  to  perform  the  functions  of  a  tibia  weakened  by 
necrosis.  The  bones  of  the  skull  may  become  thickened 
in  connection  with  shrinkage  of  the  cranial  contents.  In 
old  age  the  diploe  between  the  outer  and  inner  tables  of 
the  cranial  bones  often  becomes  converted  into  condensed 
osseous  tissue.  There  is  sometimes  a  disproportion  in 
the  length  of  the  bones  of  the  leg  occurring  without  any 
apparent  cause.  In  such  cases  the  lengthened  bone  may 
become  bowed,  or  it  may  remain  straight  and  cause  a 
form  of  talipes,  as  in  a  case,  seen  by  the  writer,  in  which 
the  fibula  was  the  hypertrophied  bone.  If  one  femur  is 
lengthened  a  disproportion  in  the  length  of  the  lower  ex- 
tremities results  which  may  be  a  source  of  error  in  meas- 
uring after  fractures  or  in  chronic  joint  disease.  Scler- 
osis of  a  bone  may  result  from  disease,  the  condensing 
osteitis  of  Volkmann,  or  there  may  be  an  actual  increase 
in  diameter  from  osteitis  interna. 

Syphilis. — The  bone  affections  are  among  the  later 
manifestations  of  syphilitic  disease,  though  gummy 
tumors  have  in  rare  instances  been  observed  among  the 
early  symptoms.  There  is  usually  deep-seated  pain, 
worse  at  night  and  sometimes  felt  only  after  sunset.  The 
affections  may  be  divided  into  periosteal  and  osteitic.  In 
the  former  there  are  circumscribed  effusions  under  the 
periosteum  giving  rise  to  nodes.  The  swellings  are  hard 
and  tense,  feeling  almost  like  bone,  though  usually  more 
or  less  elastic,  or  they  are  very  soft  and  fluctuating,  simu- 
lating abscesses  (gummata).  The  bone  beneath  these 
nodes  is  sometimes  normal  and  sometimes  sclerosed.  The 
subperiosteal  effusions  may  be  absorbed,  become  ossified 
or  softened.  "When  softening  occurs  it  may  lead  to  caries 
and  destruction  of  the  underlying  osseous  tissue.    Oste- 
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itis  occurring  in  the  tertiary  period  may  eventuate  in 
hypertrophy  and  sclerosis,  or  there  may  he  extensive 
caries  unaccompanied  by  suppuration. 

Tubercular  and  sorofuhus  bone  disease  is  marked  hy  in- 
flammation of  low  grade  and  slow  course.  It  affects 
chiefly  the  articular  extremities.  There  is  usually  an  in- 
dolent swelling,  with,  perhaps,  oedema  of  the  parts,  the 
overlying  integument  being  pale.  There  is  pain,  some- 
times very  acute,  usually  worse  at  ni^ht.  Tubercular 
osteitis  is  very  prone  to  become  suppurative,  the  purulent 
secretion  often  being  excessive.       Thomas  L.  Stedman. 

BONE-SETTING.  In  every  country  there  is  a  class  of 
irregular  practitioners  who  make  a  living,  andsometimes 
also  quite  an  extensive  reputation,  by  their  success  in  re- 
storing functional  usefulness  to  crippled  limbs.  These 
individuals  are,  as  a  rule,  most  arrant  quacks,  knowing 
absolutely  nothing  of  anatomy,  or  of  the  pathology  of 
the  conditions  which  they  are  called  upon  to  treat,  and 
yet  are  often  successful  to  a  remarkable  degree  in  curing 
certain  joint  affections  which  may  have  baffled  the  skill  of 
the  most  experienced  and  able  surgeons.  These  men  are 
known  as  bone-setters,  from  their  invariable  assertion, 
made  often  through  honest  ignorance,,  that  "  the  bone  is 
out  of  joint,  and  only  needs  In  be  set."  It  is  true  that 
they  frequently  inflict  most  serious  injury,  which  may 
lead  to  loss  of  limb  or  life  itself,  yet  it  is  also  undeniable 
that  they  sometimes  restore  a  lirfib  which  might  otherwise 
remain  permanently  crippled,  or  even  be  sacrificed  as  a 
useless  incumbrance.  Such  being  the  fact,  it  is  not  the 
part  of  wisdom  to  seek  to  ignore  the  existence  of  bone- 
setters,  or  to  allow  their  failures  to  blind  our  eyes  to  their 
successes  ;  but  we  should  rather  study  their  methods,  to 
learn  wherein  lies  the  secret  of  their  triumphs,  and  then 
we  may  with  benefit  and  without  any  loss  of  dignity  imi- 
tate their  treatment  in  suitable'  cases,  easily  avoiding, 
through  a  knowledge  of  anatomy  and  pathology,  the  pit- 
falls into  which  they,  in  their  ignorance,  so  often  plunge. 

I)r.  Wharton  P.  Hood '  was  the  first  to  study  intelli- 
gently the  methods  employed  by  bone-setters,  and  it  is  to 
him  that  most  of  our  knowledge  of  this  art,  for  art  it  is, 
though  no  science,  is  due.  He  defines  bone-setting  as 
"the art  of  overcoming,  by  sudden  flexion  or  extension, 
any  impediments  to  the  free  motion  of  joints  that  may  be 
left  behind  after  the  subsidence  of  the  early  symptoms  of 
disease  or  injury  ;  perhaps,  indeed,  more  frequently  of 
the  latter  than  of  the  former."  The  cases  that  most  fre- 
quently fall  into  the  hands  of  bone-setters,  and  are  cured, 
to  the  joy  of  the  patient,  but  to  the  discredit  and  loss  of 
reputation  of  the  regular  practitioner,  are  those  of  slight 
fibrous  anchylosis,  of  a  degree  sufficient  to  limit  motion 
and  impair  the  functional  utility  of  the  limb,  yet  not 
such  as  apparently  to  demand  forcible  rupture,  an  opera- 
tion so  unreasonably  dreaded  by  many  surgeons.  In 
such  a  case,  perhaps,  some  feeble  attempts  at  passive  mo- 
tion are  made.  The  joint  is  flexed  cautiously  and  slowly, 
until  the  patient  complains  bitterly  of  pain ;  then  the 
operator  desists,  orders  the  limb  to  be  kept  at  rest,  and 
bathed  with  lotions  to  subdue  the  inflammation  excited 
by  the  strain  put  upon  the  adventitious  bands.  A  few 
days  later,  when"  the  heat  and  swelling  have  disappeared, 
the  same  manipulations  are  repeated,  and  followed  again 
hy  inflammation  and  its  treatment.  After  a  number  of 
repetitions  of  this  sort  the  patient  sees  that  he  is  no  bet- 
ter than  before,  and  refuses  to  submit  his  joint  to  any 
further  manipulations.  Then  he  becomes  discouraged, 
limps  around  with  ;;he  aid  of  a  cane  or  crutches,  and  tries 
to  bear  philosophically  the  thought  that  he  is  a  cripple 
for  life.  But  at  last  some  friend  tells  him  of  a  wonderful 
cure  performed  by  a  bone-setter  in  a  case  apparently  sim- 
ilar to  his  own,  and  in  desperation  he  sends  for  the  quack. 
The  latfer  assures  him  that  the  bone  is  out  and  only  needs 
to  be  replaced.  He  orders  the  joint  to  be  enveloped  for 
a  time  in  flax-seed  poultices,  probably  a  procedure  that 
contributes  in  no  way  to  the  success  of  the  operation,  and 
then  on  the  appointed  day  meets  his  patient,  seizes  the 
limb,  and  with  a  quick  motion  flexes  and  extends  the 
joint  to  its  full  extent,  breaking  up  all  the  adhesions,  and 
the  patient  finds  that  he  is  cured.    The  pain  of  the  oper- 


ation is  but  little  greater  than  that  inflicted  by  the  regular 
practitioner  in  his  feeble  and  ineffectual  attempts  to  re- 
store mobility,  and  the  resulting  inflammation  is  usually 
slight  or  nil.  The  quack  says  that  the  bone  is  restored 
to  its  place,  pockets  his  fee,  and  retires  with  glory. 

This  is  no  exaggerated  picture,  but  is  a  true  tale  of 
what  actually  occurs  in  not  a  few  instances,  as  many 
practitioners  will  sorrowfully  admit.  The  good  that 
bone-setters  do  is  in  these  cases  of  partial  anchylosis,  and 
it  is  because  they  are  unable  to  discriminate  between  the 
different  conditions  in  which  joint-motion  is  impeded  that 
they  so  often  inflict  irreparable  injury.  No  surgeon 
would  attempt  to  forcibly  move  an  articulation  which  is 
the  seat  of  strumous  or  tubercular  inflammation,  yet  this 
is  what  the  bone-setter  does  with  dire  result.  In  most  of 
the  joints  which  can  be  benefited  by  forcible  movements 
there  is  a  tender  spot,  usually  about  the  inner  side,  for 
which  the  bone-setter  always  feels,  and  the  discovery  of 
which  is  to  him  a  sign  of  ultimate  success.  The  motion 
of  the  joint  is  not  absolutely  abolished,  but  is  limited  in 
certain  directions,  and  any  attempt  to  pass  this  limit 
causes  pain.  Tlie  skin  over  the  articulation  is  not  hot, 
and  all  the  other  signs  of  inflammation,  except  perhaps 
a  slight  serous  effusion,  are  absent.  The  following  is  an 
enumeration  of  the  location  of  these  painful  spots,  to- 
gether with  Mr.  Fox's  explanations  of  their  occurrence, 
as  given  by  Mr.  Edward  Cotterell  in  a  recent  very  prac- 
tical little  work  treating  of  the  minor  injuries  of  the 
limbs.'  1.  "  Over  the  head  of  the  femur,  in  the  centre  of 
the  groin,  corresponding  to  the  ilio-femoral  band  of  the 
capsular  ligament  (which  is  most  severely  stretched  when 
the  thigh  is  over-extended,  as  when  the  trunk  is  flung 
violently  backwards,  the  commonest  cause  of  a  sprained 
hip).  3.  For  the  knee-joint,  at  the  back  of  the  lower 
edge  of  the  internal  condyle  ;  in  other  words,  at  the  pos- 
terior border  of  the  internal  lateral  ligament,  where  it 
"blends  with  Winslow's  ligament,  and  where  the  semi- 
membranous tendon  is  in  intimate  relation  with  it.  These 
parts  suffer  most  because,  as  Mr.  Morris  says,  'during 
extension  they  resist  rotation  outward  of  the  tibia  upon 
a  vertical  axis,  and  a  sprained  knee  is  almost  always 
caused  by  a  twist  outward  of  the  foot.'  3.  For  the 
ankle,  on  the  front  of  the  external  malleolus,  the  apex 
of  the  plantar  arch,  and  the  tip  of  the  fifth  metatarsal 
bone.  4.  For  the  shoulder,  at  the  point  corresponding 
to  the  bicipital  groove,  because  in  nine  cases  out  of  ten  a 
man  sprains  his  shoulder  to  prevent  himself  from  falling ; 
his  hand  grasps  the  nearest  support,  the  body  is  violently 
abducted  from  the  arm,  the  long  head  of  the  biceps  is 
called  upon  to  exert  its  utmost  restraining  power,  the  bi- 
cipital fascia  is  over-stretched,  and  the  tendon  very  often 
misplaced.  5.  For  the  elbow,  in  front  of  the  tip  of  the 
internal  condyle;  the  fan-shaped  internal  ligament  has 
its  apex  at  that  point,  and  it  is  most  stretched  in  over- 
supination  with  extreme  extension  of  the  forearm.  6. 
For  the  wrist,  the  styloid  process  of  the  ulna,  and  the  an- 
nular ligament  in  front  of  the  wrist." 

'The  injuries  or  diseases  most  likely  to  give  rise  to  the 
slight  degree  of  anchylosis  which  is  amenable  to  the 
bone-setter's  manipulations  are  rheumatism  and  gout, 
displaced  tendons  or  cartilages,  sprains,  prolonged  immo- 
bilization during  the  treatment  of  fractures,  neuromimetic 
joint  affections  treated  improperly  by  rest  and  mechan- 
ical support,  and  ganglions. 

The  bone-setter's  manipulations  consist  in  first  locating 
the  painful  point,  upon  which  the  thumb  is  firmly  pressed 
during  the  remainder  of  the  operation  ;  and  then,  while 
steadying  the  proximal  segment  of  the  limb,  the  distal 
segment  is  grasped  and  rotated  as  much  as  possible  on  its 
axis  in  order  to  overcome,  as  far  as  may  be,  muscular 
resistance  ;  this  being  accomplished,  the  joint  is  sharply 
flexed  or  extended  in  the  direction  of  greatest  resistance, 
and  then  the  reverse  movement  is  made  until  all  the  ad- 
ventitious bands  are  broken,  or  until  the  "lione  is  put 
back,"  in  the  bone-setter's  own  phraseology.  I  he  rup- 
ture of  these  bands  of  adhesion  is  often  accompanied  by 
a  loud  report.  For  a  description  of  the  special  manipu- 
lations required  for  each  joint,  the  reader  may  consult 
the  work  of  Wharton  Hood,  above  referred  to. 
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It  should  not  be  forgotten  that  most  of  the,se  stiff  joints 
may  be  prevented  by  a  proper  attention  to  the  treatment 
of  minor  injuries  of  the  articulations,  and  this  is  one  of 
the  principal  lessons  which  we  may  learn  from  the  bone- 
setters.  If  surgeons  would  never  dismiss  a  case  of  fract- 
ure or  sprain  until  joint-motion  were  perfectly  restored, 
the  occupation  of  the  bone-setter  would  be  less  lucrative 
than  it  now  is.  Thomas  L.  Siedman. 

>  On  Bone-Setting  (so-called),  and  its  Relation  to  the  Treatment  of 
Joints  Crippled  by  Injury,  Rheumatism,  Inflammation,  etc.  By  Whar- 
ton P.  Hood,  M.D.,  M.R.CS.    London  and  New  York,  1871. 

2  On  Some  Common  Injuries  to  Limbs  :  Their  Treatment  and  Aiter- 
treatment,  including  Bone-setting  (so-called).  By  Edward  Cotterell, 
M.R.C.S.,  Eng.,  L.R.C.P.,  Lond.    London,  1885. 

BONES,  TEETH,  AND  CARTILAGE.  The  bones  of 
vertebrates  consist  of  an  organic  basis  of  glutin  or  gela- 
tin-forming tissue  (ossein)  and  calcium  phosphate,  with 
less  quantities  of  magnesia,  calcium  carbonate,  fluorine, 
and  chlorine.  The  teeth  have  a  similar  constitution,  but 
contain  less  organic  matter.  According  to  Volkmann 
the  bones  contain  a  mean  of  fifty  per  cent,  of  HsO,  fifteen 
to  seventy -five  per  cent,  of  fat,  twelve  to  forty  per  cent, 
of  ossein,  and  twenty-one  to  eighty-five  per  cent,  of  bone- 
•earth.  In  the  adult  the  quantity  of  ossein  is  very  con- 
stant in  its  proportion  to  bone-earth ;  the  old  and  children 
have  less. 

The  following  analysis  of  bone  is  by  Zalesky  : 


Bones  of : 

CaO 

MgO, 

PilOj 

COj 

01 

V 

Percent. 

Percent. 

Percent 

Percent. 

52.83 

0.48 

38.73 

5.73 

0.18 

(1.47 

Ox         

53.89 

0.47 

39,89 

6,20 

0.20 

0.62 

■Guinea-pig 

54.08 

0.48 

40.38 

0.13 

Testudo  graeca... 

62.62 

0.62 

39.78 

5.28 

0.42 

JTossil    rhinoceros 

' 

tooth  enamel. . . 

0.59 

Bone-earth  has  for  its  composition  calcium  phosphate,' 
magnesium  phosphate,  calcium  carbonate,  magnesium  car- 
bonate, calcium  chloride,  and  calcium  fluoride  ;  but  how 
tliese  constituents  are  connected  with  one  another  is  not 
yet  definitely  known.  Traces  of  cerium,  lanthanium, 
and  didymium  have  been  found  by  Cossa.  Pfliigge 
•could  not  find  iron.  According  to  Maly  and  Donath 
there  is  much  evidence  for  the  view  that  the  ossein  of 
the  bones  is  united  with  calcium  phosphate  chemically. 

The  TEETH  show,  as  far  as  their  bony  substance  is 
■concerned,  a  very  similar  composition  to  that  of  bone  as 
found  elsewhere. 

The  following  table  of  .iEby's  shows  at  a  glance  the 
relation  of  enamel  and  bone : 


Constituents. 

In  enameL 

In  tooth-bone 
(dentine). 

Organic 

Per  cent. 
3.60 
93.35 
0.86 
4.80 
0,78 
0,09 
0.12 

Per  cent. 
27.70 

3g 

91.32 

5.27 

CaCOs 

1.61 

MgCOj 

0.76 

F,0, 

0.10 

CaSO.,..                 

(!.09 

100.00 

99.14 

The  following  table  of  Hoppe-Seyler's  gives  various 
.analyses  of  enamel : 


Constituents. 


3  (CagP^Oe)  +  CaOO 

CaClo 

MgHPO, 

Soluble  salts 

■Organic  matters 


Perct. 

82.40 
0.23 
2.. 37 
0.35 

15.69 


Pig. 


g  >,  a. 


Prrot.  Perct. 
89.09  94.30 
0.46; 
2,22 
0.24 
9.71 


0 

2.73 
O.IB 
2.06 


Perct. 

93.91 

0.80 

U.81 


100.94101.72   99.86101,52100.48   98.76 


M 


Perct. 
93.40 
0.66 
1,68 

U.74 


a 


Perot. 

91.03 

0.44 

2.75 


4,64 


Cartilage. — Yields  on  boiling,  as  a  final  product, 
chondrin.  According  to  v.  Mering,  gelatin  and  mucin 
are  also  to  be  found.  Cartilage  is  very  much  poorer  in 
mineral  substance  than  the  bones.  The  analyses  of  car- 
tilage by  V.  Bibra  give  a  very  large  proportion  of  cal- 
cium sulphate,  part  of  which,  the  sulphuric  acid,  must 
be  considered  as  arising  by  the  oxidation  of  the  sulphur 
of  the  organic  substance  during  the  ashing  process.  Po- 
tassium is  found  only  in  traces,  sodium  in  moderate  quan- 
tity.    Iron  has  also  been  found  in  cartilage^ 


BORAGE  {Bourraelie,  Codex  Med.),  Borago  officinalis 
Linn. ;  Order,  Boraginacem.  A  European  or  Oriental 
plant,  occasionally  cultivated  in  flower-gardens  in  the 
United  States.  It  has  a  succulent,  branched,  hairy  stem, 
half  a  metre  or  so  high  (twenty  inches),  with  rough, 
coarse-looking,  entire  leaves,  and  terminal  one-sided  cymes 
of  pretty,  blue  flowers. 

Borage  has  been  a  domestic  medicine  in  Europe  for 
years,  and  is  still  officinal  in  France.  The  leaves  and 
flowers  are  used.  The  former  are  from  ten  to  twenty 
centimetres  (four  to  eight  inches)  long  and  half  as  broad, 
elliptical  or  lanceolate,  tapering  at  the  base  ;  those  of  the 
stem,  sessile,  and  embracing  it.  They  are  rugose  and 
bristly  hairy.  The  flowers  are  re^ular,"open  bell-shaped, 
or  rotate,  with  a  five-parted,  hairy  calyx,  a  five-cleft, 
beautiful,  blue  corolla,  with  folds  at  the  throat,  five 
stamens,  and  a  two-oarpelled,  four-seeded  pistil. 

The  odor  of  borage  is  slight,  at  least  when  dry  ;  taste, 
bland  and  mucilaginous.  It  contains  no  more  active 
principles  than  mucilage  and  nitrate  of  potassium,  and 
its  medical  qualities  are  only  those  of  a  mild  demulcent. 
An  extract,  a  juice  {8uc),  and  an  infusion  {Tisane)  are  to 
be  found  in  the  Codex. 

Allied  Plants.  —The  order  is  a  large  one,  character- 
ized by  the  peculiarities  of  the  flower  given  above,  by 
the  hairy  leaves  and  stems,  and  by  its  peculiar,  one-sided 
inflorescence  or  "  scorpioid"  cymes.  It  comprises  1,300 
species,  generally  mucilaginous  and  mild.  A  few  are 
used  as  salads  or  food,  a  few  are  prized  as  flowers.  The 
following  genera  have  been  or  are  in  use  : 

1.  The  Heliotropes,  Heliotropium  perumanum  Linn., 
etc. ,  cultivated  everywhere  for  their  delicious  flowers. 

2.  Hound's  tongue,  Cynoglossum  officinale  Linn.,  mu- 
cilaginous, bitter,  and  nauseous,  used  as  a  pectoral,  etc. 

3.  Comfrey,  SympJiyium  officinale  Linn.,  cultivated 
for  its  thick,  mucilaginous  (demulcent)  root. 

4.  Borage. 

5.  Bugloss,  Anchusa  officinalis  Linn.,  mucilaginous 
(demulcent). 

6.  Lungwort,  Pulmonaria  officinalis  Linn.,  mucilag- 
inous (demulcent)  "pectoral." 

7.  Alkanet,  Alkanna  iinctoria  Tausch,  cultivated  on 
account  of  its  coloring  matter,  no  physiological  activity. 

8.  The  pretty  Forget-me-not,  Myosoiis  halusiris,  often 
cultivated  for  ornament. 

Allied  Drugs.  —  The  mucilages  in  general.  See 
Acacia,  Matico,  Benn6  Leaves,  Marsh  Mallow,  Irish  and 
Iceland  "  Mosses,"  etc.  ,  W.  P.  Bolles. 

BORAX  SPRINGS,  CALIFORNIA.  Location  and  Post- 
office,  Lower  Lake,  Lake  County,  California. 

Access. — By  Central  Pacific,  California  Pacific  & 
Northern  Division  to  Calistoga,  by  stage  to  Lower  Lake, 
thence  by  carriage  to  Springs. 

Analysis  (J.  A.  Veatch). — One  pint  contains  : 

Grains. 

Carbonate  of  poda 6.671 

Carbonate  of  ammonia ' 8.613 

Chloride  of  .sodium 10:677 

Iodide  of  magnesium 0.011 

Biborate  of  soda 12.911 

Alumina 0.167 

Silicic  acid 1.029 

Matters  volatile  at  red  heat S.221 

48.190 

Gas.                                                                           Cub.  in. 
Carbonic  acid 9.60 
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These  waters  are  remarkable  for  the  proportion  of 
ammonia  that  they  contain,  being  greater,  it  is  thought, 
than  in  any  other  known  Spring.  Borax  Lake,  near  by, 
has  its  jelly-like  mud  filled  with  crystals  of  the  biborate 
of  soda  in  the  proportion  of  about  eighteen  per  cent.,  and 
whence  borax  is  manufactured  at  the  rate  of  about  three 
thousand  pounds  a  day. 

The  Springs  discharge  three  hundred  gallons  per  min- 
ute, which  is  not  utilized,  as  it  would  undoubtedly  be, 
for  the  manufacture  of  commercial  borax,  were  it  not  that 
two  miles  distant  is  the  more  abundant  supply. 

G.  B.  F. 

BORDIGHERA.  A  small  town  lying  on  the  Mediter- 
ranean coast  of  France  about  three  miles  west  of  the 
Italian  frontier  (Lat.  43°  50'  N.,  about),  surrounded  by 
extensive  olive-tree  plantations  and  celebrated  for  its 
grove  of  palms.  The  old  town,  consisting  of  a  densely 
packed  and  crowded  mass  of  houses  intersected  by 
narrow  and  dark  streets,  although  strikingly  pictu- 
resque to  the  eye  of  a  traveller,  is  by  no  means  suited  for 
the  residence  of  invalids.  The  new  town,  called  New 
Bordighera,  has  grown  up  within  recent  years  and  is  a 
mere  collection  of  villas  and  hotels  designed  expressly 
for  the  latter  use.  Prom  the  peculiar  character  of  its 
situation,  Bordighera,  or  rather  the  newer  part  of  the 
town,  is  said  to  possess  a  more  distinctively  maritime 
climate  than  is  to  be  found  at  any  other  resort  lying  upon 
the  Genoese  Riviera.  For  figures  representing  the  climate 
of  the  place,  and  for  a  fuller  and  more  detailed  account 
of  the  attractions  which  it  presents  as  a  place  of  winter 
residence  for  invalids,  the  reader  is  referred  to  the  article 
entitled  Rivieka.  H.  JR. 

BORIC  ACID.  Boric  acid  (HsBO,).  often  called  by  the 
older  but  less  correct  name  of  boracie  acid,  is  officinal  in 
the  U.  S.  Pharmacopoeia  under  the  title  Acidvm  Borieum, 
Boric  Acid.  It  is  described  as  "  transparent,  colorless, 
six-sided  plates,  slightly  unctuous  to  the  touch,  perma- 
nent in  the  air,  odorless,  having  a  cooling,  bitterish  taste, 
and  a  feebly  acid  reaction ;  in  solution  turning  blue  litmus- 
paper  red,  and  turmeric  paper  brown,  the  tint,  in  the  latter 
case,  remaining  unaltered  in  presence  of  free  hydro- 
chloric acid.  Boric  Acid  is  soluble  in  25  parts  of  water 
and  in  15  parts  of  alcohol  at  15°  C.  (59°  F.) ;  in  3  parts  of 
boiling  water  and  in  5  parts  of  boiling  alcohol "  (U.  8. 
Ph.).  Although  thus  described  as  occurring  in  "trans- 
parent plates,"  commercial  samples  are  more  commonly 
in  white,  non-transparent,  shapeless  pieces. 

Boric  acid  is,  chemically,  of  very  feeble  acid  power, 
and  in  its  physiological  relations  is  characterized  by  a 
marked  absence  of  sour  taste  and  quality — even  a  satur- 
ated solution  being  practically  tasteless  —  and  a  corre- 
sponding nearly  complete  absence  of  irritant  action  upon 
even  highly  sensitive  surfaces.  Thus  a  cold  saturated 
aqueous  solution  can  be  applied  to  the  conjunctiva  with 
scarcely  more  sensation  than  the  tears  themselves  pro- 
duce. 

A  few  cases  have  been  reported  in  which  the  copious  use 
of  boric-acid  solutions  upon  raw  surfaces  has  been  fol- 
lowed by  dangerous  symptoms,  and  in  two  instances  by 
death.  These  cases,  however,  were  of  severe  procedures 
—in  two  instances  the  washing  out  of  a  pleural  cavity, 
and  in  one  the  washing  of  the  sac  of  a  large  lumbar  ab- 
scess. In  the  absence  of  more  extended  experience, 
therefore,  it  would  be  rash  to  ascribe  the  untoward  re- 
sults in  those  cases  to  any  specifically  poisonous  action  of 
the  boric  acid.  The  symptoms  were  nausea,  vomiting, 
hiccup,  and  heart-failure. 

The  medicinally  valuable  effects  of  boric  acid  hinge  on 
a  property  that  the  drug  possesses  of  being  obnoxious  to 
the  development  of  the  organisms  that  have  to  do  with 
zymotic  processes.  The  powers  of  boric  acid  in  this  re- 
gard have,  however,  been  overrated.  The  experiments 
of  Sternberg,'  the  most  precise  with  which  the  writer  is 
acquainted,  assign  to  the  acid  the  power  of  preventing 
the  development  of  the  micrococcus  of  pus  in  a  one-half 
per  cent,  solution ;  but  in  the  matter  of  permanently  sterU- 
king  such  organisms — quite  another  story — the  experi- 


ments record  complete  and  repeated  failure  even  in  satu- 
rated (four  per  cent.)  aqueous  solution,  and  this  not  only 
in  the  cases  of  the  micrococcus  of  pus,  and  that  of  septi- 
caemia, but  also  in  the  case  of  the  common  bacterium 
termo. 

Boric  acid  must  therefore  be  regarded  in  the  present 
state  of  knowledge  as  a  fairly  efficient  antiseptic — con- 
venient,  withal,  because  odorless,  tasteless,  unirritating, 
and  practically  non-poisonous — but  must  not  be  relied 
upon  as  a  germicide  in  the  proper  understanding  of  the 
term.  Probably,  largely  because  of  its  antiseptic  action, 
boric  acid,  locally  applied,  tends  to  abate  the  catarrhal 
process,  and  is,  for  such  application,  again  peculiarly 
agreeable  because  of  the  absence  of  irritation  in  its  action. 
As  a  collyrium  in  conjunctivitis,  a  gargle  in  pharyngitis, 
or  an  injection  in  cystitis,  solutions  of  boric  acid  are, 
therefore,  often  efficacious  for  cure,  and  always  at  least 
innocent  of  harm.  For  an  application  to  catarrhal  sur- 
faces, or  for  antiseptic  purposes  to  wound  surfaces,  boric 
acid  may  be  used  in  aqueous  solution  ranging  from  one 
to  four  per  cent,  in  strength — the  latter  being,  indeed,  at 
ordinary  temperatures,  a  saturated  solution. 

Boric  acid  has  also  been  given  internally  in  doses  of 
2.00  Gm.  (thirty  grains)  frequently  repeated,  with  no 
poisonous  effect,  and  with  asserted  benefit  in  dyspepsia 
with  fermentation  of  the  ingesta,  in  chronic  cystitis,  in 
diphtheria,  and  in  other  diseases  probably  determined  by 
the  multiplication,  within  the  systepi,  of  microzymes. 
More  experience,  however,  than  as  yet  exists,  is  necessary 
before  the  exact  efficacy  of  boric  acid  in  these  applica- 
tions can  be  held  to  be  established.        Edward  Curtis. 

1  American  Journal  of  the  Medical  Sciences,  April,  1883. 

BORLAND  MINERAL  WELL,  W.  VA.  Location  and 
Post-office,  Borland,  Pleasant  County,  W.  Va. 

Access. — From  Wheeling  or   Parkersburg,  via    the. 
Ohio  River  Railroad  to  Willow  Island  Station,  thence  by 
stage  to  the  Springs,  five  miles  distant. 

Analysis  (Professor  Wormley).— One  pint  contains : 

G-rains. 

Sodium  chloride 80.009 

Soda  .bicarbonate 14.024 

Soda  sulphate 4.7.34 

Potash  sulphate 2.K28 

Magnesium  bromide 0.035 

Magnesium  iodide 0.003 

Magnesium  chloride 0.2(i7 

Lime  bicarbonate 1.674 

Magnesia  bicarbonate 0.3H1 

Alumina  phospliate 0.029 

Alumina  and  iron  (as  carbonates) 0.080 

Manganese trace 

Silica 0.073 

Organic  matter trace 

Total  solids  per  pint 54.047 

The  water  has  a  perceptible  quantity  of  sulphuretted  hydrogen  gas, 
and  also  some  hydrocarbon  gas. 

Therapeutic  Pbopebtibs.  —  This  is  a  fine  saline- 
sulphur  water,  and,  although  less  renowned  than  some 
others,  should  prove  equally  as  beneficial  in  that  class  of 
diseases  to  which  an  alkaline-salt-sulphur  water,  cathartic 
and  alterative  in  its  action,  is  adapted. 

The  well  was  struck,  two  hundred  feet  below  the  sur- 
face, twenty  years  ago,  while  boring  for  petroleum. 

There  are,  as  yet,  no  hotels,  but  visitors  are  comfort- 
ably provided  for  by  the  neighboring  farmers.  The 
location  is  healthful  and  the  climate  delightful. 

a.  B.  F. 

BOROGLYCERIDE.  Under  this  title  there  has  been 
introduced  into  medicine  a  compound  formed  by  direct 
reaction  of  boric  acid  upon  hot  glycerin.  In  this  reaction 
tribasic  boric  acid  replaces  the  three  hydroxyl  equiva- 
lents of  the  molecule  of  glycerin,  forming  glyceryl  borate, 
CsHsBOa,  with  evolution  of  water,  as  per  the  following 
equation  :  CsHs  (0H)3  +-  HsBOs  =  CaH^BOs  +  3HjO 
Boroglyceride  is  a  solid,  vitreous  body,  transparent,  and 
of  a  light  amber  color.  It  has  little  odor,  and  a  slightly 
sweetish  taste,  with  a  faint  astringent  twang.  It  is  hy- 
groscopic, rapidly  becoming  sticky  on  exposure  to  the 
atmosphere.    It  dissolves  freely  in  glycerin,  and,  melted 
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into  an  equal  weight  of  that  fluid,  forms  a  permanent, 
viscid,  clear  solution.  The  solubilities  in  water  and  al- 
cohol have  been  very  variously  stated.  A  sample  tested 
by  the  writer  broke  up  into  opaque,  granular  flakes,  by 
treatment  with  cold  water,  but  finally  dissolved  in  ten 
times  its  weight  of  that  fluid  ;  and  in  cold  absolute  alco- 
hol it  dissolved  slowly  but  completely,  in  even  less  than 
its  own  weight,  forming  a  clear,  syrupy  solution. 

Boroglyceride  is  reported  to  be  strongly  antiseptic,  and 
was  originally  proposed  by  BarfE,  before  the  Society  of 
Arts  of  London,  as  an  agent  for  the  preservation  of  food- 
stuffs. Taken  internally  it  has  seemed  to  be  as  innocent 
as  the  two  substances  of  which  it  is  compounded.  It  has 
so  far  been  used  in  medicine  locally  only,  being  applied 


— generally  in  glycerin  solution — as  a  dressing  to  wounds, 
ulcers,  catarrhal  mucous  membranes,  etc.  It  is  claimed 
to  be  at  once  antiseptic,  astringent,  and  healing,  while 
inodorous  and  practically  unirritating.  It  is  most  com- 
monly employed  in  fifty  per  cent,  glycerin  solution,  or 
in  ointment  made  by  mixing  one  part  of  such  glycerin 
solution,  while  hot,  with  three  parts  of  vaseline. 

As  a  preservative,  boroglyceride  has  been  recommended 
in  solutions  ranging  from  two  per  cent,  to  five  per  cent, 
in  strength.  Edward  Curtis: 

BOSTON.  The  accompanying  chart,  representing  the 
climate  of  the  City  of  Boston,  Mass.,  and  obtained  from 
the  Chief  Signal  Ofiice  in  "Washington,  is  here  introduced 


Climate  of  Boston,  Mass.— Latitude  42°  31',  Longitude  71°  41.— Period  of  Ohsermtions,  November  1,  1870,  fc  Decem- 
ber 3,  1883. — Elevation  of  Place  of  Observation  above  the  Sea-level,  18  Feet. 
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Mean  temperature  of  months 
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66.2 
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49.7 
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28.7 


AA 


1^ 


Degrees. 
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51.0 
28.0 
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Degrees. 

34. 8 

20.4 

35.3 

17.0 

32.5 

22.1 

38.6 

20.1 

41.5 

26.8 

43.2 

26.7 

47.2 

37.0 

63,2 

36.1 

62.6 

49.8 

66.5 

47.5 

69.0 

60.6 

76.2 

56.4 

74.7 

68.5 

81.1 

62.5 

72.4 

67.6 

79.9 

61.0 

65.7 

58.8 

72.7 

65.2 

.^6.0 

47.4 

62.9 

44.4 

48.2 

82.8 

49.2 

32.8 

37.8 

21.9 

40.3 

23.8  ■ 

48.8 

42.4 

71.8 

66.2 

53.8 

47.6 

SS.l 

24.5 

49.4 

46.2 

E 


Absolute  maximum 
temperature  fur 
period. 


Highest. 
Degrees. 

69.5 

64.0 

72.0 

85.0 

97.0 

98.0 
101.0 

96.3 
101.5 

90.0 

75.0 

66.0 


Lowest. 
Degrees. 

36.0 

52.0 

48.0 

66.0 

81.2 

86.4 

89.0 

87.0 

79.0 

70.0 

55.0 

47.0 


Absolute  minimum 
temperature  for 
period. 


Highest. 

Degrees. 

8.0 

13.0 

26.0 

34.0 

40.0 

61.0 

57.0 

58.0 

49.0 

39.0 

27.0 

14.0 


Lowest. 

Degrees, 

-13.0 

-6.5 

-7.5 

11.0 

31.0 

44.0 

46.0 

47.0 

34.0 

26.0 

-2.0    • 
-12.0 
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January. , 
February. 
March..., 

April 
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June 

July 

August 

September. 
October . . . 
November. 
December. 

Spring.... 
Summer  .. 
Autumn. . . 
Winter.... 
Year. 


82.5 
70.5 
79.5 
74.0 
66.0 
54.0 
65.0 
49.8 
67.5 
65.0 
77.0 
18.0 

104.5 
57.0 

103.5 
82.5 

114.5 


Is 


64.1 
67.8 
69.7 
71.5 
7S.3 
70.1 
70.5 
72.7 

66.1 
69.7 
71.S 
71.4 


10,2 
8.9 
9.5 
12.0 
14.2 
11.9 
13.9 
11.0 
9.9 
11.4 
10.4 
11.3 


31.7 
30.4 
134.6 


5^ 


7.8 
9.3 
8,7 
6.9 
7.4 
7.7 
7.8 
11.4 
10.8 
9.7 
8.7 
7.3 

23.0 
26.4 
29.2 
24.4 
108.0 


18.0 
18.2 
18.2 
18.9 
21,6 
19,6 
21,2 
82,4 
20,7 
21,1 
19,1 
18,6 

58,7 
63,2 


Inches, 
4,03 
8,62 
4,97 
4,01 
3,48 
3,63 
8,90 
4,32 
3,28 
4,25 
6,20 
3,57 

12,46 
11,86 
12,73 
11,12 
48.16 


Is 


From 
N.W. 
N.W. 
N.W. 
N.W. 
S.W. 

i.w.&w, 

S.W. 

w. 

w. 
w. 

N.W. 

w. 

N.W. 

W. 

W. 
N.W. 

W. 


Miles. 
9.7 
10.6 
11.3 
10.0 
8.7 
7.7 
7.3 
7.1 
8.2 
8.8 
10.1 


10.0 
7.4 
9.0 

10.1 
9.1 


•  Miles  per  hour. 

for  convenience  of  reference.  A  detailed  explanation  of 
this  and  of  other  similar  charts  will  be  found  under  the 
heading  Climate ;  where  also  the  reader  may  find  sug- 
gestions as  to  the  method  of  using  these  charts.     II.  K. 

BOTZEN,  BOZEN,  or  BOLZANO,  is  a  town  of  Austria 
in  the  South  Tyrol,  fifty-two  miles  south  of  Innsbruck,  and 
thirty-two  miles  northeast  of  Trient.    It  is  reached  by  the 


Brenner  Railway,  and  has  a  population  of  over  nine  thou- 
sand. Botzen  is  beautifully  situated  at  the  confluence  of 
the  Talfer  and  Eisach  rivers,  900  feet  above  the  level  of  the 
sea.  Though  a  very  healthful  locality,  and  often  visited 
for  the  grape-cure,  it  is  held,  by  some  authorities,  not  to  be 
a  suitable  resort  for  the  sick,  on  account  of  the  constant 
winds  and  rapid  changes  of  temperature.  The  surrounding 
mountains  are  too  far  off  to  protect  the  town  from  the  cold 
north  and  east  winds  that  sweep  through  the  openings  of 
the  valleys  of  the  Eisach  and  Talfer,  and  from  the  norther- 
ly current  that  sometimes  comes  from  Meran.  At  other 
times  a  sirocco  blows  from  the  valley  of  the  Adige,  into 
which  the  Eisach  empties  two  miles  below  the  town,  and  in 
summer  the  heat  is  extreme.  Besides  these  disadvantages 
the  city  has  few  open  and  sunny  residences,  and  the  ex- 
halations of  the  narrow,  close  streets  and  court-yards,  are 
very  disagreeable  to  visitors,  who  find  few  pleasant  walks 
or  places  of  assembly  (Eulenburg,  "  Real  Encyclopadie  "). 
The  temperature  is  generally  warmer  than  at  Meran. 
Hann  ("  Handbuch  der  Klimatologie  ")  gives  the  follow- 
ing averages  :  January,  83°  F. ;  April,  55°  F. ;  July,  74°  F. ; 
.  October,  55°  F. ;  and  yearly  average,  54°  F.  The  average 
temperature  in  1856-58  was :  October,  52.5°  F.;  Novem- 
ber, 39.5°  F. ;  December,  33.2°  F. ;  January,  30.4°  F. ;  Feb- 
ruary, 83.6°  F.;  March,  44.8°  F.;  April,  55.8°  F.  (Eulen- 
burg, loc.  dt.).  William  G.  Le  BoutilUer. 

BOURNEMOUTH,  in  Hampshire,  on  the  south  coast  of 
England,  Ave  miles  from  Christchurch,  is  accessible  by  a 
branch  of  the  Southwestern  Railway  from  Rlngwood.  It 
first  attracted  attention  as  a  mild  climatic  health  resort 
about  1840,  and  has  grown  rapidly  in  favor  on  account  of 
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its  sheltered  position  and  equable  temperature.  It  has 
now  several  good  hotels,  a  library,  reading-  and  assembly- 
rooms,  baths,  and  other  accompaniments  of  a  fashionable 
sea-side  resort.     In  1871  the  population  was  5,906. 

The  town  is  prettily  situated  on  rather  steep  sandhills 
richly  wooded  with  pine,  enclosing  a  bay  open  to  the 
southwest  wind  but  protected  from  northwest,  north,  and 
northeast  winds.  In  spring  the  cold  east  and  northeast 
winds  are  disagreeable,  although  some  protection  is  af- 
forded by  the  easterly  cliff  and  by  the  trees.  Of  all  the 
winter  health-resorts  on  the  south  coast,  Bournemouth 
alone  resembles  Arcachon  in  the  pine-trees,  although  their 
resinous  exhalation  is  here  less  strong.  Many  residences 
are  quite  surrounded  by  pine-trees,  but  the  forest  is  be- 
coming thinned  by  the  encroachment  of  the  houses. 

The  subsoil  is  sandy  and  carries  off  the  rain  so  rapidly 
that  open-air  exercise  is  permissible  directly  after  a 
shower.  According  to  the  observations  of  Drs.  Falls  and 
Compton,  the  annual  rainfall  is  30  inches,  and  there  are 
120  to  160  rainy  days  per  year.  The  average  humidity  of 
the  atmosphere  ranges  from  75  to  86. 

The  even  temperature  resembles  that  of  Torquay.  In 
1862-72  the  average  maximum  by  day  in  July  was  71.9°  F. , 
and  the  minimum  at  night  in  January,  35.6°  F.  In  win- 
ter the  cold  is  not  excessive.  In  the  unusual  December 
of  1878,  Bournemouth  had  the  next  highest  temperature 
to  Ventnor,  22°  F. 

As  a  winter  health-resort,  Bournemouth  has  been  found 
best  adapted  to  consumptives.  The  sanatorium  for  dis- 
eases of  the  chest  gives  fairly  satisfactory  results,  although 
patients  as  a  rule  do  not  stay  long  enough.  They  should 
remain  six  or  eight  months,  to  obtain  the  most  beneficial 
local  and  constitutional  effects. 

Williams,  father  and  son,  in  their  consumptive  cases, 
noted  improvement  in  sixty -five  per  cent.,  no  change  in 
ten  per  cent. ,  and  Jn  twenty-five  per  cent,  deterioration. 
Weber  (Ziemssen's  "  Allgemein.  Therap.")  reports  satis- 
factory results  in  most  cases  of  chronic  catarrh  and  in- 
flammation and  in  the  early  stages  of  phthisis ;  while 
residence  at  Bournemouth  was  not  well  borne  in  caSes  of 
asthma  with  a  tendency  to  neuralgia  and  in  various  anae- 
mic conditions.  W.  Q.  Le 


BOW-LEGS.  Stn.  :  Genu  Varum  ;  Fr.,  Oenou  en  de- 
hors; 6er.,  Qekrummte  Beine.  A  deformity  character- 
ized by  an  outward  curve  of  the  long  bones  of  the  lower 
extremity,  usually  associated  with  a  relaxed  condition  of 
the  external  lateral  ligaments  of  the  knee-joint.  One  or 
both  limbs  may  be  affected  in  varying  degree,  or  genu 
varum  of  one  side  may  coexist  with  genu  valgum  of  the 
other.  A  forward  curve  of  the  tibia  is  sometimes  met 
with  in  conjunction  with  the  lateral  deviation,  or  it  may 
exist  alone  and  constitute  the  sole  deformity.  The  most 
common  predisposing  cause  of  bow-legs  is  rachitis,  but 
the  deformity  may  arise  in  other  conditions  characterized 
by  a  softening  of  the  bones,  or  relaxation  of  the  external 
knee  ligaments.  It  is  most  frequently  met  with  in  early 
childhood,  but  may  be  developed  late  in  life,  as  a  result 
of  osteomalacia  or  osteitis  deformans  (local  osteo-malacia 
of  Paget).  A  senile  form  of  curvature  is  sometimes  seen. 
Gravity  is  not  the  sole  exciting  cause  of  this  condition, 
for  the  deformity  may  occur  through  muscular  action, 
before  any  attempts  at  walking  have  been  made.  The 
anterior  curve  of  the  tibia,  in  its  commencement  at  least, 
is  to  be  referred  to  the  action  of  the  strong  muscles  of 
the  calf  of  the  leg. 

A  spontaneous  cure  of  bow-legs  very  frequently  occurs. 
This  is  difficult  of  explanation,  but  is  probably  due  to  a 
more  rapid  growth  of  bbne  upon  the  concave  side,  after 
the  rachitic  process  has  subsided.  It  cannot  be  referred 
to  an  elastic  recoil  of  the  curved  bones,  as  has  been  alleged. 
The  anterior  curve  of  the  tibia  never,  or  very  seldom,  un- 
dergoes this  spontaneous  straightening.  The  treatment 
of  bow-legs  varies  according  to  the  condition  of  softness  of 
the  bones.  In  rachitic  curvatures,  previous  to  the  stage  of 
eburnation,  simple  lateral  supports  will  usually  suffice  to 
correct  the  deformity.  These  consist  in  a  light  steel  up- 
right on  either  side  of  the  limb,  fastened  to  the  sole  of  the 
shoe  below,  and  jointed  at  the  knee  and  ankle.  The  up- 
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rights  terminate  in  a  thigh-band  encircling  the  limb,  one 
or  two  inches  below  the  perineum.  A  second  band,  to 
steady  the  uprights  and  to  keep  them  in  apposition  to  the 
limb,  encircles  the  calf  just  below  the  flexure  of  the  knee. 
Two  or  three  straps  may  be  attached  to  the  inner  upright, 
opposite  the  point  of  greatest  curvature,  passing  over  a 
shield  of  hard  rubber,  or  of  thin,  well-padded  steel,  be- 
tween the  limb  and  the  outer  upright.  These  will  serve 
to  exert  a  constant  slight  force  against  the  apex  of  the 
curve.  When  the  bones  are  soft,  manual  pressure,  regu- 
larly employed  for  a  few  minutes  several  times  a  day,  is 
often  sufficient  to  straighten  the  bones  ;  or  the  leg  may 
be  lightly  bandaged  to  a  well-padded  splint,  applied  to 
the  inner  side  of  the  limb  every  night.  The  child  should 
never  be  allowed  to  walk  about  during  the  day,  without 
some  simple  support.  When  the  bones' have  once  become 
hardened,  these  simple  means  will  not  usually  sufBce, 
and  a  resort  must  be  had  to  operative  measures.  Several 
methods  of  straightening  the  limbs  have  been  proposed, 
only  two  of  which  have  hitherto  proved  of  value.  Each 
of  these  has  the  same  object  in  view,  viz.,  to  break  the 
bones  and  reset  them  in  a  straight  position.  In  one,  this 
result  is  obtained  by  a  simple  fracture,  without  solution 
of  continuity  of  the  soft  parts — osteoclasis  ;  in  the  other, 
an  incision  is  made  down  to  the  bone,  and  the  latter  is 
severed  by  a  chisel  and  mallet — osteotomy.  The  former 
of  these  methods  is  the  safer  in  any  but  the  most  skilful 
hands,  and  is  equally  effective  in  securing  the  desired  re- 
sult. For  a  description  of  these  operations,  see  under 
their  respective  headings.  Constitutional  treatment  is  not 
often  called  for,  but  in  certain  cases  in  which  the  rachitic 
processes  are  active  the  appropriate  remedies  for  this 
condition  may  be  necessary.  Thomas  L.  Siedman. 

BOX  (Buis,  Codex  Med.,  root,  bark,  and  leaf).  The 
common  garden  Box  is  Buxtcs  sempervirens  Linn. ;  Order, 
Euphorbiacem  (Buxece) ;  or,  according  to  many  botanists, 
it  is  the  type  of  a  distinct  order,  "Buxacew."  It  is  a 
slow-growing  evergreen  shrub,  rather  variable  in  habit, 
but  usually  compact,  with  a  very  short  trunk,  and  numer- 
ous leafy  branches.  The  leaves  are  opposite,  two  or  three 
centimetres  long,  elliptical  or  oval.  They  are  dark-green 
and  shining  above,  pale  beneath,  thick  and  leathery.  The 
flowers  are  clustered,  moncBcious,  small,  and  greenish- 
yellow  ;  the  fertile  usually  terminal,  with  six  sepals  and  a 
three-celled,  six-ovuled,  ovary.  Staminate  flowers  lateral, 
more  numerous,  with  four  sepals  and  four  stamens.  Fruit 
a  loculicidal  capsule.  The  bark  of  the  younger  twigs  is 
green,  that  of  the  old  trunks  gray  and  tuberculated. 

Box  is  a  native  of  the  southern  part  of  Europe  and  the 
East.  It  is  frequently  cultivated  for  ornament  there,  and 
has  been  a  favorite  bordering-plant  for  flower-gardens  in 
the  United  States,  where  it  grows  fairly,  but  very  slowly. 
It  seldom  blossoms  in  New  England.  All  parts  of  the 
plant  are  bitter;  the  leaves  and  twigs  are  the  most  availa- 
ble for  medicinal  use.  By  far  the  most  important  product 
of  this  valuable  shrub  is  its  wood,  which  for  many  pur- 
poses is  unequalled.  It  is  very  heavy,  intensely  hard, 
light  and  pleasant  in  color,  very  fine  and  uniform  in  text- 
ure, and  capable  of  receiving  a  beautiful  and  durable 
finish.  It  is  the  best  of  all  woods  for  draughtsman's  scales 
and  wood-engraving,  but  is  unfortunately  becoming  scarce 
and  expensive. 

The  bitterness  of  Box  is  due  to  the  alkaloid  buxme, 
discovered  by  Faur6  in  1830.  It  is  a  white,  amorphous 
powder  of  a  persistent  bitter  taste.  It  is  very  insoluble 
in  water  (^(ni),  but  dissolves  pretty  easily  in  alcohol,  and 
more  freely  in  chloroform.  A  second  alkaloid,  paraiuxin, 
was  found  by  Pavia  to  accompany  the  buxine  in  Box  ; 
and  it  is  still  probable  that  some  other  principle  may  be 
found,  to  explain  the  poisonous  qualities  it  has  been  occa- 
sionally observed  to  have. 

Uses.— Box  has  had  some  reputation  as  a  febrifuge  and 
tonic ;  in  large  doses  it  is  purgative  and  emetic.  It  is  sus- 
pected of  being  sometimes  used  to  replace  hops  in  beer ; 
but  is  little  employed  in  medicine  to-day.  The  alkaloid 
Buxine  (Bebeerine),  either  from  Box  or  Bibiru,  has  been 
offered  as  a  substitute  for  quinine  in  intermittents,  but  is 
much  inferior ;  in  the  same  large  doses,  it  deranges  the 
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stomach  and  digestion ;  in  small  doses  it,  however,  is  an 
excellent  tonic.  The  Sulphate  and  Hycl/rochlorate  are  in 
the  market.  Dose,  as  a  tonic,  from  five  to  ten  centi- 
grammes (0.05-0.10  =  gr.  j.  ad  ij.) ;  as  a  febrifuge,  eight 
or  ten  times  as  much  (0.5-1  =  gr.  viij.  ad  xvj). 

Allied  Plants. — There  are  about  twenty  species  of 
Buxv,s,  mostly  Asiatic.  They  do  not  have  much  affinity 
with  the  rest  of  the  order  Euphorbiacem.  (See  Castor- 
oil.) 

Allied  Drugs. — Buriiie  has  been  found  in  several 
plants  of  entirely  different  orders,  and  is  probably,  like 
berberine,  a  rather  extensively  distributed  alkaloid.  The 
bebeerine  of  Bibiru  (Nectandra  BTwdimi  Schomb.),  the 
Pelosineof  Pareira  (OhondodeTukon  tomeniosum  R.  et  P.), 
as  well  as  of  the  False  Pareira,  have  been  shown  by 
Flackiger  and  others  to  be  identical  with  this  alkaloid, 
although  it  is  not  quite  certain  that  the  physiological 
effects  of  buxine  from  all  these  sources  are  the  same.  Of 
the  above  drugs,  Bibiru  may  be  fairly  compared  with 
Box ;  Pareira  is  used  empirically  for  effects  that  are  not 
due  to  the  buxine  it  contains.  The  Berberine  series  (see 
Barbbrrt,  etc.);  the  Dogwoods,  Quassia,  and  other  neu- 
tral bitters  (see  Gentian)  ;  and  the  Cinchona  alkaloids 
(see  Cinchona),  are,  like  Buxine,  bitter  tonics,  and  much 
more  used  ior  the  purpose.  W.  P.  Bolles. 

BRAIN,  ABSCESS  OF.  Etiology.— In  the  large  pro- 
portion of  cases,  abscess  of  the  brain  is  probably  the  re- 
sult of  injury  to  the  head.  In  very  many  instances  the 
injury  gives  rise  to  a  compound  fracture  of  the  skull,  but 
sometimes  the  cerebral  lesion  in  question  supervenes  in 
simple  fracture  of  the  skull.  Abscess  arises  more  fre- 
quently when  a  splinter  of  bone  has  been  detached  from 
the  inner  table  and  driven  into  the  substance  of  the  brain, 
but  it  also  develops  at  times  when  the  bones  of  the  skull 
are  merely  fissured.  In  a  not  inconsiderable  number  of 
cases,  indeed,  the  cerebral  abscess  has  followed  an  injury 
which  has  resulted  merely  in  a  superficial  wound  of  the 
scalp,  and  has  been  attended,  at  the  time  of  the  accident, 
with  very  slight  or  no  cerebral  symptoms.  This  cir- 
cumstance should  be  borne  in  mind  in  the  consideration 
of  so-called  idiopathic  cerebral  abscess.  Perhaps  not  a 
few  such  cases  may  be  explained  by  an  injury  which 
gave  rise  to  such  slight  symptoms,  at  the  time  of  its  occur- 
rence, that  the  latter  had  entirely  escaped  the  memory  of 
the  patient. 

In  the  majority  of  cases  of  abscess  due  to  injury  the 
encephalitis  is  found  in  the  vicinity  of  the  injured  part 
of  the  skull,  but  in  exceptional  instances  it  is  found  on 
the  opposite  side  of  the  brain. 

Next  in  importance  to  traumatism  as  an  etiological  factor 
stands  caries  of  the  petrous  portion  of  the  temporal  bone, 
which  is  attended  usually  with  suppurative  otitis  media. 
The  primary  lesion  is  generally  present  from  early  child- 
hood, as  a  sequel  of  scrofula  or  one  of  the  infectious  dis- 
eases common  to  that  period.  Not  infrequently  the 
mastoid  cells  are  also  implicated  in  the  carious  process. 
The  cerebral  abscess  due  to  such  conditions  may  arise  in 
various  ways.  Sometimes  the  upper  surface  of  the  bone 
is  gradually  eroded  and  infiammation  sets  in  in  the  dura 
mater  and  pia  mater,  causing  these  structures  to  become 
matted  together,  and  adherent  both  to  the  bone  and  to  the 
cortex  of  the  brain.  The  inflammation  and  suppuration 
of  the  brain  tissue  then  follow  from  the  direct  propaga- 
tion of  the  inflammatory  process.  In  such  an  event  it  is 
common  to  find  purulent  meningitis  also  present ;  this 
condition  may  be  confined  to  the  base  of  the  brain  or  it 
may  also  spread  to  the  convexity.  In  another  series  of 
cases  the  inflammation  of  the  bone  gives  rise  to  external 
pachymeningitis  of  that  portion  of  the  dura  mater  which 
is  in  contact  with  the  diseased  bone,  and  also  to  phlebitis 
and  thrombosis  of  the  lateral  sinus.  In  a  third  series  of 
cases,  finally,  the  caries  is  found  to  be  confined  to  the  in- 
terior of  the  bone,  the  venous  sinuses  and  the  membranes 
of  the  brain  being  unaffected. 

Toynbee  claimed  that  disease  of  the  external  auditory 
meatus  is  associated  with  abscess  of  the  cerebellum  ;  of 
th^  tympanum,  with  abscess  of  the  cerebral  hemispheres  ; 
of  the  labyrinth,  with  abscess  of  the  medulla  oblongata. 


All  that  can  be  said  in  this  respect  with  any  degree  of 
certainty  is  that  caries  of  the  anterior  part  of  the  petrous 
portion  is  apt  to  lead  to  abscess  of  the  cerebral  hemi- 
spheres (usually  the  parietal  lobe),  and  caries  of  the  pos- 
terior part  to  abscess  of  the  cerebellum. 

Gull  and  Sutton  state  that  nearly  one-fourth  of  all 
cases  of  cerebral  abscess  is  due  to  disease  of  the  ear,  and 
vonTroeltsch  puts  the  proportion  even  as  high  as' one- 
half. 

In  rare  cases,  abscesses  of  the  brain  are  caused  by  an 
extension  of  inflammation  from  carious  or  suppurative 
processes  in  the  orbital  cavity,  the  antrum  of  Highmore, 
or  the  nasal  cavity,  either  from  the  passage  of  pus  through 
some  of  the  foramina  at  the  base  of  the  skull,  or  from 
caries  of  the  bones  in  this  region. 

In  quite  a  considerable  proportion  of  cases,  cerebral 
abscess  has  been  observed  in  connection  with  pulmonary 
diseases  of  various  kinds,  such  as  empyema,  fetid  bron- 
chitis, bronchiectasis,  phthisis,  pulmonary  gangrene,  acute 
pneumonia. 

Naether  states  that  in  the  Leipzig  Clinic,  8  abscesses  of 
the  brain  were  observed  in  connection  with  49  cases  of  gan- 
gi-ene  of  the  lung,  37  cases  of  fetid  bronchitis,  and  12  cases 
of  bronchiectasis — i.e.,  in  nearly  eight  per  cent,  of  all  the 
cases.  It  must  be  remembered,  however,  that  the  appar- 
ent causal  relation  may  be  due,  in  some  cases,  to  mere  co- 
incidence, in  view  of  the  great  frequency  of  pulmonary 
diseases  as  a  cause  of  death.  But  that  this  etiological  re- 
lation between  cerebral  abscess  and  pulmonary  disease 
does  exist,  cannot  be  doubted.  Boettcher  has  reported  a 
case  of  cerebral  abscess  secondary  to  a  pulmonary  ab- 
scess, and  was  able  to  detect  pulmonary  pigment  in  the 
pus  contained  in  the  cerebral  abscess.  In  such  cases  the 
pus  contained  in  the  abscess  usually  has  a  fetid  odor. 

In  cases  of  this  kind,  as  well  as  in  those  associated  with 
caries  of  the  petrous  portion  of  the  temporal  bone,  but  in 
which  the  carious  process  has  not  extended  to  the  inner 
surface  of  the  bone  and  has  not  involved  the  dura  mater 
or  pia  mater,  the  secondary  abscess  in  the  brain  is  pre- 
sumably the  result  of  infection  through  the  agency  of  the 
blood-vessels  or  lymphatics. 

In  rare  cases  insolation  acts  as  a  cause.  Bernhardt  re- 
ports a  case  of  abscess  of  the  parietal  lobe  evidently  due 
to  this  cause,  and  in  which  a  fatal  termination  ensued 
very  rapidly. 

Like  all  other  organs  of  the  body,  the  brain  also  is  the 
seat  of  metastatic  abscesses  in  pyaemia.  Such  abscesses 
are  usually  multiple  and  small  in  size.  They  are  gen- 
erally unsuspected  during  life,  for  the  reason  that  the 
general  constitutional  symptoms  are  so  severe  that  any 
superadded  cerebral  phenomena  are  regarded  merely  as 
manifestations  of  the  blood-poisoning. 

These  remarks  also  hold  good  concerning  the  cerebral 
abscesses  observed  in  the  course  of  ulcerative  endocar- 
ditis. 

The  category  of  so-called  idiopathic  abscesses  of  the 
brain  is  being  continually  narrowed.  A  considerable  pro- 
portion of  such  cases  date  from  a  period  when  post-mortem 
examinations  were  not  made  with  the  care  devoted  to 
them  at  the  present  time,  and  therefore  the  primair 
source  of  the  disease  could  very  readily  be  overlooked. 
Although  the  existence  of  such  a  class  of  cases  cannot  be 
absolutely  denied,  still  no  case  should  be  pronounced  idio- 
pathic until  careful  search  has  been  made  without  success 
in  all  the  organs  for  some  possible  source  of  suppuration. 
Even  then,  as  we  have  stated  above,  it  must  be  remem- 
bered that  a  long-forgotten  injury  may  have  been  the 
starting-point  of  the  disease. 

Pathological  Anatomy.  —  Abscesses  of  the  brain 
vary  extremely  in  size.  Some  of  the  multiple  abscesses 
occurring  in  the  course  of  pyajmia  or  ulcerative  endo- 
carditis may  be  the  size  of  a  pea.  Old  chronic  abscesses 
may  occupy  a  large  part  of  a  cerebral  hemisphere,  or, 
perhaps,  a  considerable  portion  of  the  cerebellum. 

Acute  abscesses  contain  a  thin  pus,  usually  of  a  color 
varying  from  yellow  to  green,  sometimes  of  a  darker  shade, 
from  admixture  with  blood.  Under  the  microscope  this  is 
found  to  contain  pus-corpuscles,  drops  of  myeline,  granular 
matter,  and  detritus  of  the  nerve-elements.     The  walls  of 
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the  abscess  are  usually  irregular  and  jagged,  and  tear  read- 
ily from  the  contact  of  the  fingers.  The  cavity  is  irregu- 
lar in  shape  at  first,  but  at  a  later  period  it  tends  to  become 
more  rounded.  For  a  varying  distance  around  the  cavity 
the  brain  substance  may  have  a  reddish  speckled  appear- 
ance from  enlargement  of  the  blood-vessels  and  the  pres- 
•ence  of  capillary  haemorrhages.  Still  more  externally 
the  brain-tissue  is  stained  slightly  yellow  and  softened 
from  inflammatory  oedema.  The  latter  phenomenon  is 
observed  sometimes  over  a  large  area,  and  often  appears 
to  be  the  immediate  cause  of  death.  Sometimes  the  ab- 
scess ruptures  into  one  of  the  lateral  ventricles,  and,  in  rare 
■cases,  the  pus  makes  its  way  through  the  foramen  of 
Monro  into  the  opposite  ventricle.  In  such  cases  death 
almost  always  occurs  before  ependymitis  supervenes.  In 
•other  cases  the  abscess  ruptures  through  the  cortex  (al- 
most always  at  the  convexity),  and  in  this  event,  likewise, 
death  may  supervene  before  the  development  of  men- 
ingeal inflammation.  But  in  a  large  number  of  such 
•cases  meningitis  occurs  at  the  site  of  rupture  and  rapidly 
spreads  over  the  entire  meninges.  Quite  a  number  of 
cases  have  been  reported  in  which  the  pus  made  its  way 
through  the  original  site  of  injury  to  the  skull,  through 
the  external  auditory  meatus,  through  the  ethmoid  bones 
into  the  nasal  cavity,  or  through  the  orbital  plate  into  the 
orbit. 

Chronic  abscesses  are  usually  round  or  ovoid  in  shape, 
•and  are  provided  generally  with  a  connective-tissue  mem- 
brane of  variable  thickness  whi(rfi  lines  the  cavity.  Ru- 
dolph Meyer  states  that  about  seven  weeks  usually  elapse 
before  the  formation  of  a  well-deflned  membrane.  The 
contents  of  the  cavity  are  usually  somewhat  viscid,  and 
consist  of  brok^-down  pus-globules,  drops  of  fat,  choles- 
terine  crystals,  and  granular  matter.  In  a  very  few  in- 
stances the  contents  have  been  found  condensed  into  a 
thick,  cheesy  consistence,  and  in  one  case  it  is  stated  that 
«arthy  matter  was  present  (calcification).  When  the  ab- 
scess is  of  large  size,  fluctuation  can  usually  be  detected 
upon  the  convexity,  the  convolutions  are  flattened  upon 
the  side  of  the  lesion,  and  sometimes  the  falx  cerebri  is 
pushed  toward  the  opposite  side  of  the  brain.    . 

When  the  abscess  is  situated  in  such  a  position  (par- 
ticularly the  cerebellum)  that  the  escape  of  fluid  from  the 
ventricles  is  interfered  with,  internal  hydrocephalus  may 
be  the  result. 

Widespread  oedema  of  the  brain  is  found  not  infre- 
quently in  cases  of  cerebral  abscess,  even  in  those  pro- 
vided with  a  thick  membrane,  and  which  do  not  appear 
to  have  given  rise  to  much  pressure.  General  cerebral 
ansmia  is  also  observed  quite  often  under  such  circum- 
stances. The  development  of  these  sequelae  is  still  unex- 
plained. 

Clinical  History. — The  symptoms  of  an  acute  ab- 
scess of  the  brain  after  injury  vary  to  a  remarkable  ex- 
tent. Perhaps  the  immediate  symptoms  of  the  traumatism 
have  been  very  slight ;  the  scalp  has  been  wounded, 
but  the  bones  have  escaped  injury,  and  the  patient 
is  not  supposed  to  be  seriously  injured.  Or  the  patient 
has  presented  for  a  few  days  the  signs  of  cerebral  concus- 
sion, and  then  apparently  recovers.  For  a  variable  length 
of  time  (from  a  week  to  two  or  three  months)  he  con- 
tinues in  apparently  good  health,  but  then  begins  to  com- 
plain of  headache,  dulness,  and  irritability.  The  headache 
increases  in  severity,  and  the  patient  may  be  confined  to 
bed  on  account  of  the  general  malaise.  The  irritability 
and  excitement  likewise  increase,  delirium  supervenes, 
and  epileptiform  convulsions  may  make  their  appearance. 
The  character  of  the  pulse  varies  from  time  to  time,  and 
toe  temperature  rises  and  runs  an  irregular  course.  Nan- 
irede  claims  that  the  temperature  in  cerebral  abscess  is 
jsually  subnormal,  but  this  is  not  corroborated  by  our 
own  experience.     The  pupils  present  no  special  changes. 

Then  the  delirium  changes  into  hebetude,  somnolence, 
and  coma ;  the  pulse  becomes  rapid  and  irregular.  Death 
either  ensues  rapidly  or  recovery  slowly  occurs,  and  the 
patient  is  restored  apparently  to  health,  with  the  excep- 
tion, perhaps,  of  a  monoplegia  or  hemiplegia,  or  even 
without  any  local  symptoms.  He  then  enters  upon  the  so- 
callea  latent  stage.    The  symptoms  described  are  very 


like  those  of  acute  meningitis,  and,  indeed,  this  lesion  may 
be  associated  with  the  encephalitis  from  the  beginning,  oi 
it  may  develop  secondarily. 

Sometimes  the  symptoms  begin  with  great  suddenness, 
and  at  once  assume  an  alarming  aspect. 

In  another  series  of  cases  the  symptoms  of  concussion 
or  compression  of  the  brain,  due  to  the  original  injury, 
continue  without  intermission  or  improvement,  and  are 
rapidly  merged  into  those  due  to  the  developing  enceph- 
alitis and  abscess  formation,  so  that  it  is  impossible  to 
tell  when  the  one  process  ends  and  the  other  begins. 
Such  cases  usually  run  a  more  rapid  course  than  the  for- 
mer variety. 

Finally,  not  a  few  cases  have  been  reported  in  which 
the  abscess  has  remained  entirely  latent  for  a  long  period, 
without  giving  the  least  indication  of  its  presence.  In 
fact,  the  autopsy  alone  may  reveal  the  existence  of  a 
hitherto  unsuspected  chronic  abscess.  In  a  case  observed 
by  Nauwerk,  the  period  of  latency  lasted  twenty-eight 
years. 

Sometimes  the  sole  symptom  of  the  so-called  latent  stage 
has  been  the  occurrence  of  epileptiform  convulsions,  so 
that  the  case  has  been  regarded  as  one  of  ordinary  epi- 
lepsy. In  other  cases,  chills,  followed  by  a  hot  stage  and 
sweating,  occur  at  irregular,  or,  in  rare  cases,  perfectly 
regular  intervals,  so  that  a  diagnosis  of  intermittent  fever 
has  been  made.  An  instance  of  this  kind  has  come  under 
our  own  observation.  Usually,  however,  such  patients 
also  suffer  from  violent  headache,  frequently  localized  in 
the  vicinity  of  the  abscess. 

Abscesses  of  the  frontal  lobe  are  more  apt  than  others 
to  be  unattended  with  symptoms  during  the  stage  of 
latency.  In  a  case  of  this  kind,  observed  by  me  in  the 
person  of  a  lunatic,  the  mental  condition  seemed  to  be 
somewhat  improved  during  the  period  of  latency  (one 
month).  The  night  before  her  death,  she  had  what  were 
supposed  to  be  hysterical  convulsions  (irregular  twisting 
movements  without  loss  of  consciousnqss),  as  the  patient 
had  exhibited  other  hysterical  symptoms  for  a  year  (the 
injury  which  gave  rise  to  the  abscess  was  received  a 
month  before  the  onset  of  the  convulsive  seizures).  On 
the  following  morning  the  patient  was  found  dead  in  bed. 
The  autopsy  showed  an  abscess  of  the  frontal  lobe,  which 
had  burst  (evidently  shortly  before  death)  through  the 
convexity. 

It  is  unnecessary  to  say  that,  if  the  abscess  is  situated  in 
such  a  position  that  it  either  involves  the  cortex  in  some 
part  which  presides  over  a  special  function,  or  destroys 
the  white  matter  in  such  a  manner  as  to  cut  across  the 
fibres  leading  to  such  portions  of  the  cortex  as  we  have 
referred  to,  the.corresponding  symptoms  will  be  produced. 
Thus,  hemiopia,  aphasia',  word-deafness,  paralysis  of 
individual  nerves  (very  rarely),  monoplegia,  or  hemi- 
plegia may  be  produced  iu  this  manner.  As  occurs  like- 
wise in  the  clinical  history  of  tumors  of  the  brain,  hemi- 
plegia results  usually  from  a  succession  of  monoplegias, 
due  evidently  to  a  gradual  spread  of  the  destructive  pro- 
cess from  one  set  of  fibres  to  another.  This  fact  may  often 
be  of  invaluable  service  in  making  a  regional  diagnosis. 

But,  unlike  tumors  of  the  brain,  cerebral  abscesses 
rarely  give  rise  to  paralysis  of  cerebral  nerves,  or  to  the 
development  of  choked  disk.  The  former  peculiar  feature 
is  due  to  the  fact  that  abscesses  are  so  commonly  situated 
in  the  substance  of  the  hemispheres,  and,  moreover,  have 
a  decided  tendency  to  spread  to  the  surface  of  the  con- 
vexity, not  toward  the  base. 

The  absence  of  choked  disk  may  be  accounted  for,  per- 
haps, by  the  fact  that  the  encephalitis  spreads  by  causing 
adjacent  parts  of  the  brain  to  become  directly  involved 
in  the  inflammatory  process,  and  in  this  way  less  press- 
ure is  produced  upon  adjacent  parts.  The  non-occur- 
rence of  choked  disk  in  abscesses  of  the  cerebellum,  which 
are  so  often  associated  with  internal  hydrocephalus,  re- 
mains unexplained. 

In  a  considerable  proportion  of  cases,  however,  all 
"head  symptoms"  are  entirely  wanting  during  the  so- 
called  latent  stage,  and  we  are  sometimes  astounded  at 
the  autopsy  at  discovering  the  great  apparent  dispropor- 
tion between  tlie  amount  of  brain-tissue  destroyed  and 
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the  slight  character  of  the  symptoms  which  had  been  pro- 
duced. This  is  especially  striking  if  we  compare  the 
symptoms  with  those  which  usually  result  from  cerebral 
haemorrhages,  even  when  much  smaller  in  size.  _  It  must 
be  remembered,  however,  that  the  latter  lesion  is  usually 
situated  in  such  a  position  (internal  capsule  and  surround- 
ing parts)  that  comparatively  slight  destruction  of  tissue 
interferes  materially  with  the  conduction  of  nervous  im- 
pulses. 

Vomiting  is  a  not  infrequent  symptom,  and  may  occur 
when  the  stomach  is  either  full  or  empty. 

In  certain  rare  cases,  the  sole  symptoms  observed  dur- 
ing the  period  of  latency  are  those  of  mental  derangement, 
and  the  patient  is  supposed  to  suffer  merely  from  insanity 
as  the  result  of  injury  to  the  head.  In  a  case  recently 
under  our  observation,  such  an  error  in  diagnosis  was 
made  by  a  very  eminent  neurologist,  and  the  true  nature 
of  the  case  was  only  revealed  at  the  autopsy,  as  the  psy- 
chical symptoms  persisted,  uncomplicated  with  any  other 
manifestations,  until  the  terminal  meningitis  set  in. 

As  a  general  thing,  the  latent  period  is  brought  to  a 
close  by  a  sudden  irruption  of  symptoms,  beginning  either 
with  an  epileptiform  convulsion,  or  a  series  of  convul- 
sions, with  great  exacerbation  of  the  headache,  mental 
irritability  and  delirium,  or  with  sudden  coma.  The 
symptoms  which  follow  are  very  similar  in  character  to 
those  which  we  have  described  above  as  occurring  in  acute 
abscess.  After  a  short  period  (varying  usually  from  a  few 
hours  to  several  days),  the  symptoms  either  terminate 
fatally  (this  is  the  rule)  or  they  gradually  clear  up.  But 
sooner  or  later,  after  another  period  of  latency,  in  which 
the  symptoms  are  more  violent  than  in  the  first  period,  a 
second  outburst  occurs,  which  terminates  fatally. 

From  the  reports  of  a  few  isolated  cases  it  seems  prob- 
able that  chronic  abscesses  may  undergo  spontaneous  re- 
covery, inasmuch  as  the  pus  becomes  cheesy  or  even  cal- 
careous. But  such  an  event,  if  it  happens  at  all,  must  be 
extremely  rare. 

Diagnosis.  —  The  development  of  cerebral  abscess 
should  always  be  suspected  if  grave  symptoms,  like  those 
we  have  described  in  the  preceding  section,  make  their 
appearance  after  the  primary  symptoms  of  concussion  or 
compression  have  subsided,  and  it  has  been  supposed  that 
the  patient  has  recovered.  The  occurrence  of  an  initial 
chill  must  be  regarded  as  a  particularly  important  symp- 
tom. Although  a  chill  is  not  observed  very  often  in  the 
beginning  of  a  cerebral  abscess,  it  is  not  a  part  phenome- 
non of  any  other  disease  of  the  brain  for  which  abscess 
could  be  mistaken  under  such  circumstances.  Vomiting 
is  also  an  important  sign,  and  is  a  much  more  frequent 
symptom  than  the  chill. 

The  diagnosis  of  the  situation  of  an  acute  abscess  (ex- 
cept in  cases  of  compound  fracture  of  the  skull,  in  which 
the  dura  mater  or  the  brain  itself  has  been  laid  bare  and 
the  existence  of  an  abscess  is  rendered  probable  by  con- 
tusion of  the  brain-tissue  or  the  absence  of  pulsation) 
is  rarely  possible  unless  a  circumscribed  paralysis  has 
been  produced.  In  such  an  event  the  regional  diagnosis 
must  be  made  according  to  the  principles  laid  down  in 
the  articles  on  Diagnosis  of  Brain  Lesions  and  on  Cere- 
bral Localization  (both  in  the  present  volume).  It  must 
be  remembered  that  in  the  disease  under  consideration 
the  "  indirect"  symptoms  (due  to  pressure  and  inflamma- 
tory cedema  of  the  surrounding  parts)  are  especially 
prominent  from  the  very  nature  of  the  lesion,  and  re- 
gional diagnosis,  therefore,  is  correspondingly  less  positive 
and  exact.  Even  a  bilateral  meningitis  (for  which,  as  we 
have  stated  above,  the  disease  is  liable  to  be  mistaken) 
may  be  attended  exclusively  with  unilateral  symptoms. 
In  a  case  of  this  kind  under  our  observation,  in  which 
unilateral  convulsions  occurred,  followed  later  by  hemi- 
plegia of  the  same  side,  the  autopsy  showed  that  less  ex- 
udation was  present  upon  the  convexity  of  the  opposite 
side  of  the  brain  than  upon  that  of  the  same  side  as  the 
paralysis. 

As  a  general  thing,  however,  we  must  rely  mainly 
upon  the  presence  of  localized  symptoms  in  order  to  dis- 
tinguish abscess  from  meningitis.  The  latter  disease 
may  also  be  excluded  with  considerable  certainty,  if  the 


brain-sjrmptoms  develop  later  than  a  week  or  ten  days 
after  the  original  injury. 

If  disease  of  the  middle  ear  is  the  primary  source 
of  infection,  we  must  diflerentiate  the  secondary  cerebral 
manifestations  from  those  due  to  thrombosis  of  the  lateral 
or  cavernous  sinus.  The  latter  condition  sometimes  gives 
rise  to  puiBness  and  oedema  of  the  skin  over  the  mastoid 
process,  and  of  the  eyelid,  and  to  prominence  of  the  eye- 
ball. If  the  patient  does  not  succumb  rapidly,  evidences 
of  secondary  pysemic  processes  in  other  organs  of  the 
body  are  manifested.  As  we  have  stated  in  the  section 
on  pathological  anatomy,  thrombosis  and  abscess  due  to 
caries  of  the  temporal  bone  are  apt  to  be  associated  with 
one  another. 

The  diagnosis  of  chronic  cerebral  abscess  is  also  ex- 
tremely difficult.  It  is  very  liable  to  be  mistaken  for 
tumor  of  the  brain.  The  history  of  a  previous  injury  to 
the  head  is  extremely  important,  since  tumors  develop 
very  infrequently  as  the  result  of  traumatism.  We 
should  also  inquire  very  carefully  into  the  existence  of 
any  other  known  causes  of  abscess,  such  as  disease  of  the 
middle  ear,  of  parts  adjacent  to  the  skull,  etc.  Another 
important  differential  diagnostic  point  is  the  absence,  in 
cerebral  abscess,  of  choked  disk — a  symptom  which,  as  is 
well  known,  is  very  frequent  in  tumor  of  the  brain. 
Neuro-retinitis  has  been  observed  in  a  few  cases  of  ab- 
scess, but  this  change  appears  in  so  many  diseases  that  it 
possesses  very  little  importance  in  differential  diagnosis. 

The  occurrence  of  chills  without  any  other  ascertain- 
able cause  is  also  significant.  Although  usually  irregu- 
lar, they  appear  sometimes  with  such  regularity  as  to 
give  rise  to  the  suspicion  of  intermittent  fever. 

PRoaNOSis. — The  prognosis  of  this  affection  is  ex- 
tremely grave,  indeed  almost  hopeless  in  the  large  major- 
ity of  cases.  Spontaneous  recovery  by  thickening  and 
caseation  or  calcification  of  the  contents  of  the  abscess, 
or  by  rupture  externally  througt  some  preformed  open- 
ing in  the  skull  (caries  of  the  temporal  bone,  ethmoid 
bone,  or  open  wounds  of  the  skull  with  destruction  of 
bone),  is  exceedingly  rare,  and  in  practice  can  never  be 
looked  forward  to  as  a  probable  outcome.  Even  when 
the  pus  succeeds  in  making  its  exit,  the  abscess  usually 
refills,  and  proceeds  to  a  fatal  termination. 

In  chronic  abscesses  the  fatal  event  may  be  delayed  for 
one  or  two  years,  or  even  a  much  longer  period. 

Statistics  seem  to  show  that  operative  interference  is  at- 
tended with  good  results  in  a  certain  number  of  selected 
cases. 

Tkeatmbnt. — Medical  treatment  of  this  afEection, 
apart  from  meeting  the  individual  symptoms  as  they  arise, 
is  utterly  useless,  as  we  possess  no  remedy  which  will 
cause  the  absorption  of  the  pus  after  it  has  once  formed. 

Prophylactic  measures  are  useful,  perhaps,  in  prevent- 
ing encephalitis  after  injuries  to  the  head.  The  chief 
measures  are  absolute  mental  and  bodily  rest  (the  patient 
kept  on  his  back,  not  allowed  to  sit  up,  to  read,  or  to  talk 
with  those  around  him),  which  should  be  continued,  if 
the  injury  has  been  violent  enough  to  produce  uncon- 
sciousness, for  at  least  a  week  or  two  after  the  subsidence 
of  the  cerebral  symptoms.  In  addition,  the  bowels  should 
be  kept  thoroughly  open  by  some  mild  saline,  or  by  small 
doses  of  calomel. 

In  a  certain  proportion  of  cases  surgical  interference 
by  trephining  and  evacuation  of  the  pus  is  justifiable, 
particularly  in  chronic  abscesses,  or  those  associated  with 
compound  fracture  of  the  skull.  But  this  should  only  be 
done  when  the  symptoms  are  of  such  a  nature  as  to  war- 
rant us  in  making  a  regional  diagnosis.  In  the  present 
state  of  our  science  this  applies  only  to  the  ascending, 
occipital,  and  temporo-sphenoidal  and  third  left  frontal 
convolutions,  i.e.,  in  so  far  as  surgical  interference  is 
warranted. 

In  our  opinion,  the  indiscriminate  probing  of  the  brain- 
tissue  in  search  of  an  abscess  is  entirely  unjustifiable. 

Leopold  Puteel. 

BRAIN,  AN/EMIA  OF.  Anaemia  is  a  condition  and 
not  a  disease  in  the  proper  sense  of  the  term.  Moreover, 
it  is  a  condition  which  rarely  or  never  exists  uncompli- 
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cated.  The  causes  which  produce  it  are  very  apt  to  pro- 
duce independently_  irritation  and  inflammation,  or  the 
same  conditions  which  at  first  bring  about  an  anaemia  of 
the  brain  may,  if  their  action  be  longer  continued,  excite 
in  its  place  a  cerebral  hyperaemia.  In  the  present  state 
of  our  knowledge  it  is,  moreover,  often  impossible  for  us 
to  prove  whether  certain  symptoms  are  really  produced 
by  an  anaemia  or  a  hyperaemia  of  the  brain,  and  in  such 
cases  we  are  forced  to  come  to  a  decision  on  very  imper- 
fect grounds. 

Of  the  fact  that  the  anaemia  in  itself  acts  as  an  irritant 
on  the  nerve-centres  there  can  be  no  doubt,  but  its  chief 
effect  on  them  is  produced  through  the  deprivation  of 
nutrition  which  it  causes.  In  considering  anaemia  of  the 
brain,  it  is  not  possible  for  us  to  differentiate  the  symp- 
toms caused  by  deprivation  of  nutrition  to  the  cerebral 
tissues  through  loss  of  blood  and  those  caused  by  depri- 
vation of  nutrition  to  the  same  parts  on  account  of  the 
poverty  of  the  blood  in  nutritive  material  suited  to  their 
needs.  Hence,  the  term  cerebral  anaemia  has  come  to 
denote  not  only  that  condition  in  which  there  is  an  abso- 
lute diminution  of  the  amount  of  blood  in  the  brain,  but 
also  all  those,  so  long  as  no  toxic  element  is  involved,  in 
which  the  blood  supplied  to  the  brain  is,  from  its  compo- 
sition, incapable  of  affording  due  and  sufficient  nourish- 
ment to  the  tissues.  As  a  change  in  the  condition  of  the 
Mood  is  in  most  cases  concurrent  with  a  diminution  in  its 
amount,  we  may  fairly  say  that  cerebral  anaemia,  when 
universal,  is  usually  "a  complex  condition,  depending 
not  merely  upon  a  deficiency  of  the  quantity  of  blood 
supplied  to  the  brain,  but  also  upon  a  change  in  its 
quality,  and  upon  a  diminution  in  the  intracranial  press- 
ure "(Ross,  ii.,  611). 

Anaemia  of  the  brain  may  be  either  universal  oT  partial, 
according  as  the  whole  or  a  portion  only  of  the  organ  is 
involved.  Partial  anaemia,  except  when  caused  by  oc- 
clusion of  a  blood-vessel  through  pressure,  thrombosis, 
or  embolism,  is  rare,  and  its  symptonis  are  often  not 
recognizable  during  life. 

We  shall  hence  consider  here  only  universal  cerebral 
anaemia.  This  may  be  either  acute  or  chronic,  and  it 
may  be  due  to  a  condition  confined  to  the  brain  alone  or 
may  form  part  of  a  general  anaemia. 

Acute  universal  ancemia  of  the  brain  is  always  the  result 
of  the  sudden  withdrawal  of  a  large  quantity  of  blood 
from  that  organ.  It  occurs  typically  in  ligature  of  the 
large  arteries  in  the  neck,  the  innominate,  the  carotids,  or 
the  vertebrals.  These  operations  are  performed  usually 
either  on  account  of  injury,  or  for  some  tumor  or  aneurism. 
The  vertebrals  are  sometimes  tied  as  a  cure  for  epilepsy. 

1.  The  most  common  cause  of  acute  cerebral  anaemia 
is,  however,  undoubtedly  haemorrhage.  This  may  occur 
from  any  part  of  the  body,  provided  only  that  sufficient 
blood  be  lost  with  sufficient  rapidity.  Putting  aside 
haemorrhages  due  to  injuries,  the  more  common  forms 
are  metrorrhagia,  especially  post-partum,  epistaxis,  hae- 
moptysis, and  haemorrhages  from  the  stomach  and  intes- 
tines ;  occasionally  also  the  rupture  of  aneurisms. 

In  cases  of  haemorrhage  from  injury  the  infiuence  of 
shock  must  always  be  taken  into  account,  as  there  are 
few  cases  of  severe  injury  in  which  it  does  not  exist  to  a 
^eater  or  less  degree.  The  pathological  condition  ex- 
istent in  shock  is  as  yet  unknown,  though,  perhaps,  the 
most  probable  hypothesis  is  that  maintained  by  Gron- 
ingen,  that  the  complex  of  symptoms  known  by  this 
name  is  due  to  an  exhaustion  of  the  medulla  oblongata 
and  of  the  spinal  cord,  produced  by  violent  and  severe 
drains  upon  their  strength.  Other  writers  consider  shock 
as  due  to  sudden  changes  in  the  calibre  of  the  blood- 
vessfels.  Thus  it  is  defined  by  Fischer  as  a  reflex  paralysis 
of  the  vaso-motor  nerves,  especially  of  the  splanchnic, 
produced  through  a  traumatic  concussion.  However 
this  may  be,  cerebral  anaemia  is  certainly  produced  by 
shock,  and,  as  Travers  says  of  shock  and  fainting  :  "  They 
differ  in  degree  and  duration  more  than  in  kind." 

2.  Acute  cerebral  anaemia  may  also  be  produced  by  any 
sudden  change  in  the  distribution  of  the  blood  in  the 
body  at  large.  Any  cause  which  suddenly  attracts  a 
large  quantity  of  blood  to  one  portion  of  the  body  will 


naturally  reduce  the  amount  which  can  go  to  the  other 
parts,  and  hence,  will  induce  an  anaemia  in  them.  This 
sudden  change  in  the  general  distribution  of  blood  in  the 
body  is  said  to  occur  after  violent  labor,  when,  the  uterine 
vessels  _  being  suddenly  released  from  pressure,  large 
quantities  of  blood  enter  them  freely  and  are  thus  with- 
drawn from  the  rest  of  the  body.  To  this  cause  is  proba- 
bly in  part  also  due  the  serious  symptoms  which  some- 
times occur  after  the  withdrawal  of  large  quantities  of 
fluid  from  the  pleural  or  peritoneal  cavities.  Another 
example  of  this  form  of  disturbance  is  given  in  the  action 
of  Junod's  boot,  which,  if  carelessly  used,  may  provoke 
dangerous  symptoms. 

3.  A  third  cause  of  this  form  of  anaemia  is  want  of 
energy  in  the  action  of  the  heart.  This  is  a  common  cause 
of  chronic  anaemia,  but  the  acute  form  may  readily  be 
produced  by  any  sudden  demand  for  increased  exertion 
on  the  already  weakened  heart.  This  is  readily  seen  in 
anaemic  persons  and  those  suffering  from  insufficient  ac- 
tion of  the  heart,  in  their  liability  to  faint  on  any  slight 
exertion,  or  even  on  rapid  change  of  position.  More 
especially  is  this  the  case  in  convalescents  from  acute 
febrile  diseases,  and  it  is  particularly  apt  to  occur  after 
acute  pneumonia.  This  frequently  takes  place  when  the 
patient  rises  suddenly  from  the  horizontal  position,  the 
change  in  the  distribution  of  the  blood,  which  under 
normal  circumstances  would  not  be  perceived,  making  it- 
self felt. 

In  organic  diseases  of  the  heart  cerebral  anaemia  in  the 
acute  form  frequently  occurs,  more  especially  in  aortic 
regurgitation,  in  which  death  from  syncope  is  not  uncom- 
mon. Persons  suffering  from  myocarditis  or  from  fatty 
degeneration  of  the  heart  are  likewise  peculiarly  liable 
to  attacks  of  fainting. 

Anaemia  of  the  brain  may  in  like  manner  be  produced 
by  irritation  of  the  vagus  nerve  through  its  action  on 
the  heart.  Brown-Sfiquard,  and  others  have  found  that 
crushing  of  the  right  semilunar  ganglion  causes  stoppage 
of  the  heart,  and  the  deaths  which  sometimes  occur  from 
syncope  in  nervous  and  delicate  persons,  who  are  suffer- 
ing from  hepatic  colic,  may,  perhaps,  be  referred  to  some 
similar  cause.  We  may  also  mention  here,  though  with- 
out any  special  reference  to  the  method  of  their  causa- 
tion, those  cases  of  syncope  and  collapse  which  occur  in 
perforation  of  the  stomach  or  intestines,  and  in  which 
death  is  not  infrequent. 

That  intestinal  disturbances  even  of  a  light  character 
are  especially  liable  to  produce  syncope,  is  well  known. 
Even  a  transient  abdominal  pain  or  a  slight  attack  of  in- 
testinal colic  frequently  causes  the  symptoms  of  faint- 
ness  or  even  actual  syncope.  Syncopal  cardialgia  and  a 
tendency  to  faint,  are  said  to  be  especially  common  in 
those  simering  from  the  dyspepsia  of  gout. 

4.  Again,  a  diminution  of  the  amount  of  blood  in  the 
brain  sufficient  to  produce  the  symptoms  of  cerebral  anae- 
mia, may  be  caused  through  the  spasmodic  contraction 
of  the  cerebral  arteries.  This  is  supposed  to  occur  when, 
from  emotion  or  mental  excitement,  there  is  pallor  of  the 
countenance,  and  even  loss  of  consciousness,  without  any 
failure  of  the  action  of  the  heart.  The  not  uncommon  oc- 
currence of  fainting  at  the  sight  of  surgical  operations,  or 
at  the  sight  of  blood,  would  come  under  this  head.  Syn- 
cope, and  even  sudden  death,  may  be  caused  by  the  sud- 
den advent  of  any  strong  emotion— surprise,  terror,  grief, 
or  joy.  How  far  shock  or  the  irritation  of  the  vagus 
comes  into  play  in  these  cases  is  yet  undecided. 

In  attacks  of  epilepsy  it  is  extremely  probable  that  we 
have  likewise  to  deal  with  a  spasmodic  contraction  of  the 
cerebral  blood-vessels,  due  to  the  irritation  of  a  cerebral 
vaso-motor  centre,  but  this  cannot  in  the  present  state  of 
our  knowledge  be  considered  as  proved  (Nothnagel). 

Prom  Nothnagel's  experiments  on  the  course  of  the 
vaso-motor  nerves  of  the  vessels  of  the  pia,  it  seems 
probable  that,  at  least  at  times,  a  portion  run  their  course 
in  company  with  the  fibres  of  the  cervical  sympathetic, 
while  another,  and  perhaps  more  important  division,  first 
make  their  appearance  in  the  superior  cervical  ganglia, 
and  "  also,  still  above  the  ganglion,  paths  for  them  very 
probably  exist  in  the  cerebral  nerves."    If  these  views  be 
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true,  direct  irritation  of  these  parts  must  tend  to  produce 
anaemia  of  the  brain.  _  . 

That  cerebral  anssmia.  may  also  be  excited  by  irritation 
or  stimulation  of  the  sensitive  nerves  is  well  known.  In- 
tense pain  may  produce  faintness  or  even  syncope,  but 
the  exact  method  of  action  by  which  this  effect  is  brought 
about  must  still  be  considered  undecided.  Nothnagel  s 
and  Krauspe's  experiments  on  the  sciatic  and  crural 
nerves  do  not  appear  conclusive,  more  especially  in  the 
face  of  the  conflicting  results  obtained  by  Riegel.  Ross 
states  that  these  symptoms  "may  result  from  reflex  irri- 
tation of  the  vagus  or  direct  irritation  of  the  sympathetic. 
But  the  direct  effect  produced  on  the  nerve-centres  must 
also  contribute  to  the  result."  Nothnagel  considers  the 
cerebral  anaemia  caused  by  catheterization  to  be  likewise 
due  to  irritation  of  the  vaso-motor  centres. 

5.  Cerebral  anaemia  may  in  like  manner  be  produced 
by  the  sudden  introduction  of  foreign  substances  into 
the  cavity  of  the  cranium,  thus  inducing  compression  of 
the  blood-vessels.  The  most  common  cause  of  this  is  an 
effusion  of  blood ;  but  in  cerebral  or  meningeal  haemor- 
rhage the  pathological  condition  is  a  complex  one,  and  it 
does  not  properly  come  within  the  limits  of  this  article. 

6.  It  is  probable  that  acute  universal  anaemia  of  the 
brain  may  be  induced  by  certain  poisons,  but  direct  proof 
in  this  regard  is  still  wanting. 

Chronic  universal  ancemia  of  the  brain,  may  be  pro- 
duced not  only  by  all  the  causes  mentioned  above,  pro- 
vided that  their  action  be  gradual  and  continued  for  a 
sufficient  length  of  time,  but  also  by  all  conditions  of  the 
system  in  which  the  amount  of  blood  as  a  whole  is  much 
lessened  or  its  active  power  much  diminished.  Hence, 
in  all  cases  of  general  anaemia  and  chlorosis  we  find  a 
corresponding  anaemia  of  the  brain.  This  is  especially 
apt  to  occur  after  long  and  wasting  diseases,  such  as 
phthisis  pulmonum,  Pott's  disease,  or  long-continued 
suppuration  in  any  form.  More  particularly  is  this  the 
case  whenever  large  quantities  of  fluid  of  any  sort  are 
steadily  withdrawn  from  the  body  for  any  length  of  time, 
as  in  chronic  diarrhoea,  Hyperlactation  is  a  not  infre- 
quent cause.  Nothnagel,  moreover,  considers  that  many 
of  the  symptoms  occurring  in  cases  of  starvation  are  di- 
Jectly  referable  to  cerebral  ana3mia,  although  in  these 
cases  there  probably  always  exists  a  greater  or  less  amount 
of  cerebral  irritation. 

Anaemia  of  the  brain  and  meninges  is  specially  apt  to 
occur  in  the  convalescent  stage  of  acute  febrile  diseases, 
"  the  late  cerebral  antemia  of  severe  fevers"  of  Jaccoud, 
who  considers,  however,  that  this  is  not  a  simple  anasmia 
but  an  anaemia  with  dyscrasia. 

Affections  of  the  heart,  moreover,  are  not  uncommon 
factors  in  the  etiology  of  chronic  anaemia.  "Whenever 
there  exists  a  weakness  of  the  cardiac  action,  whether 
due  to  functional  causes  or  to  organic  lesions,  we  may 
suspect  anaemia  of  the  brain.  This  is  probably  always 
present  to  a  greater  or  less  extent  in  all  cases  of  fatty 
degeneration  of  the  cardiac  walls  and  in  most  cases  of  un- 
compensated valvular  disease.  It  is  most  frequent  in 
insufficiency  of  the  aortic  valve. 

How  far  chronic  anaemia  may  be  brought  about  by  the 
presence  of  extraneous  substances  in  the  cranial  cavity  is 
an  open  question.  The  presence  of  inflammatory  exu- 
dations, transudations,  or  tumors  is  supposed  to  at  times 
cause  an  anaemia  by  pressure,  but  in  many  cases  an  irri- 
tative process  seems  to  preponderate  and  a  hyperiemia 
exists. 

Partial  or  circumscribed  anmmia  of  the  brain  is  caused 
by  the  diminution  of  the  calibre  of  the  blood-vessels  sup- 
plying a  portion  of  the  brain,  or  by  their  occlusion.  Uni- 
lateral anaemia  is  produced  by  ligature  of  the  carotid. 
In  many  cases  it  is  but  temporary,  and  the  symptoms 
soon  disappear,  but  in  others  they  remain  and  become 
more  or  less  permanent.  This  depends,  at  least  in  part, 
on  the  condition  of  the  communicating  arteries  of  the 
circle  of  Willis,  irregularities  in  which  were  found  by 
Ehrmann  in  from  nineteen  to  twenty  per  cent,  of  the 
bodies  taken  at  random  and  examined  by  him. 

The  commonest  cause  of  partial  anaemia  in  the  brain  is 
thrombosis,  or  embolism,  by  which  a  blood-vessel  is  par- 


tially or  wholly  occluded.  The  presence  of  tumors  oi 
exudations  may  likewise  cause  a  partial  ansemia  by  press- 
ure exerted  over  a  vascular  area,  or  on  a  special  blood' 
vessel.  How  far  local  spasm  of  the  cerebral  blood-ves- 
sels may  cause  circumscribed  anasmia  is  still  doubtful. 
Nothnagel  states  that  it  may  occur  in  hemicrania  and  in 
the  petit  mal  (epilepsy).  Eulenburg  says,  "The  group 
of  symptoms  called  hemicrania  sympatliico-tonica  is  to  be 
explained  by  supposing  a  unilateral  tonic  spasm  of  thf 
vessels  of  the  head  caused  by  tetanus  in  the  cervical  re 
gion  of  the  sympathetic,  or  in  the  spinal  centre  of  tliS 
cervical  sympathetic." 

Symptomatology. — Experiments  made  on  compres- 
sion of  the  carotids  in  healthy  male  adults  show  that  the- 
following  effects  are  produced.  In  the  first  place,  there- 
is  pallor  of  the  countenance,  then  convulsive  efforts  to- 
close  the  eyes  are  seen,  with  contraction,  to  be  followed 
later  by  dilatation  of  the  pupils,  a  sighing  respiration, 
dizziness,  staggering,  and  finally  unconsciousness.  A 
sensation  of  choking  may  occur,  and  sometimes  vomiting 
and  general  convulsions.  How  far  these  symptoms  may 
depend  on  the  anaemia  pure  and  simple,  and  how  far  they 
may  be  due  to  other  causes,  we  cannot  consider  here. 
In  the  present  condition  of  our  knowledge  it  is  not  possi- 
ble to  determine  with  absolute  certainty,  in  regard  to- 
many  of  the  symptoms  which  are  present  in  conjunction 
with  anaemia,  as  to  whether  they  are  due  to  the  anaemia, 
itself  or  to  various  concomitant  conditions  ;  while  on  the 
other  hand  there  are  many  conditions  in  which  the  symp- 
toms generally  ascribed  to  anaemia  are  present,  and  in 
which  the  condition  and  circumstances  of  the  general 
body  would  point  most  strongly  to  an  anaemia  of  the 
brain,  and  yet  in  which,  on  post-mortem  examination, 
the  actual  state  of  the  cerebrum  would  seem  to  be  rather 
hyperaemic  than  anaemic.  Thus  Flemming,  in  the 
"Pathologic  und  Therapie  der  Psychosen,"  says :  "  The- 
fluctuations  in  the  quantitative  relations  of  nutrition  in 
the  brain  vary  between  the  extremes  of  lack  and  of  ex- 
cess of  blood,  anaemia  and  hyperaemia.  Under  circum- 
stances which,  as  well  from  the  precedent  injuries  as; 
from  the  whole  behavior  of  the  organism,  would  lead  us. 
to  conclude,  in  so  disproportionate  a  blood-supply  (oli- 
gaemia),  that  even  the  brain  could  not  readily  be  provided 
with  its  normal  needs,  we  still  see  the  psychical  func- 
tions altered  in  a  manner  which  points  far  more  to  an  in- 
creased supply  of  blood.  The  autopsy  also,  in  such 
cases,  shows  the  opposite  of  what  we  should  expect  from 
the  general  oligaemic  condition  of  the  body.  It  shows  the 
brain  throughout,  or  partially,  on  its  surface,  or  in  its  in- 
ternal portions,  reddened  by  the  blood  seen  through  the- 
tissues,  while  the  cut  surface  is  dotted  with  numerous, 
bloody  points  and  the  vessels  are  distended  with  blood. 
In  short,  there  where  we  expected  anaemia  it  shows  far 
more  a  hyperaemic  condition." 

Hence,  in  describing  the  symptoms  which  are  usually 
referred  to  anaemia  of  the  brain,  we  desire  that  these- 
facts  be  constantly  borne  in  mind,  that  in  many  cases 
symptoms  have  been  ascribed  to  anaemia  which  were  in 
all  probability  due  to  other  conditions  of  the  brain,  and 
even  when  the  anaemia  coexists  there  is  in  a  large  pro- 
portion of  cases  no  proof  that  the  symptoms  are  due  to  it. 
alone. 

In  acute  anaemia  of  the  brain  we  have  a  series  of  symp- 
toms extending  all  the  way  from  general  weakness  to. 
profound  insensibility,  and  which  are  known  according 
to  their  intensity  by  the  names  eclysis,  lipoihymia,  and 
syncope.  All  these  are  apt  to  be  classed  together  under 
the  name  of  fainting-flt.  These  symptoms  are  subjec- 
tively usually  as  follows :  A  person  about  to  faint  usually 
notices  first  a  slight  oppression  in  the  breathing,  and  n. 
sensation  of  lightness  in  the  head.  He  is  often  incUned 
to  gape,  and  finds  diflBculty  in  fixing  or  concentrating  his. 
attention.  Gradually  the  respiration  becomes  deeper  and 
more  lajiored,  and  a  feeling  of  nausea  and  weight  in  the 
epigastrium  comes  on.  At  the  same  time  his  face  be- 
comes paler  and  paler,  and  he  becomes  more  and  more 
dizzy,  until  he  tinds  it  difficult  to  maintain  his  equilib- 
rium. His  head  feels  tense  and  his  ears  begin  to  ring, 
a  mist  comes  over  his  eyes,  and  at  times  he  is  scarcelj- 
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able  to  see,  though  still  able  to  stagger  toward  the  fresh 
air.  He  is  often  nauseated,  and  perhaps  vomits.  Sur- 
rounding voices  can  be  heard  but  not  distinguished,  and 
unless  relieved,  he  becomes  insensible,  and  falls  without 
a  cry  to  the  ground.  If  now  left  to  himself  he  generally 
soon  recovers,  but  recovery  can  be  readily  hastened  by 
the  presence  of  fresh  air,  or  by  gentle  stimulation  of  the 
olfactory  nerves.  Objectively,  the  principal  symptoms 
noticeable  are,  in  the  first  place,  the  extreme  pallor  of  the 
face,  especially  marked  on  the  mucous  membrane  of  the 
lips,  the  gaping  and  deepened  respiration,  then  the  stag- 
gering or  loss  of  control  over  the  equilibrium.  The  pupils 
contract  at  first  and  then  dilate,  and  the  pulse  becomes 
small  and  its  tension  is  diminished.  The  skin  is  pale  and 
cold,  and  a  cold  perspiration  breaks  out  over  the  fore- 
head and  sometimes  over  the  entire  body.  This  stage 
ends  in  the  abolition  of  consciousness  and  of  voluntary 
movement. 

These  are  the  usual  symptoms  in  a  slight  attack  of 
fainting  coming  on  gradually  from  exposure  to  heat  and 
close  air,  or  from  mental  emotion.  Where  the  fainting, 
however,  comes  on  rapidly,  the  prodromal  symptoms 
may  not  appear,  but  the  patient  turns  pale  and  falls  in- 
sensible almost  immediately.  In  severe  cases,  in  addition 
to  the  previous  symptoms,  we  may  have  generalized  con- 
vulsions, sometimes  extremely  violent,  and  resembling  in 
all  respects  epileptic  convulsions.  These  are  liable  to 
occur  in  all  cases  of  sudden  and  profuse  haemorrhage  in 
previously  strong  and  healthy  individuals. 

When  the  anaemic  condition  is  produced  more  slowly, 
either  from  long-continued  undernutrition  of  the  body  or 
as  the  result  of  a  severe  physical  strain,  as  a  serious  fever 
or  other  acute  illness,  the  symptoms  present  themselves 
in  a  somewhat  different  form.  In  children,  after  any 
severe  strain  on  the  physical  forces,  and  particularly  after 
intestinal  diseases,  in  which  a  considerable  amount  of  fluid 
is  rapidly  withdrawn  from  the  tissues,  we  meet  with  the 
so-called  hydrencephaloid  disease,  for  our  knowledge  of 
which  we  are  still  principally  indebted  to  its  first  de- 
scriber,  Marshall  Hall,  who  "  first  gave  a  cursory  sketch 
of  this  morbid  affection  in  a  little  volume  of  '  Medical 
Essays' published  in  1825."  He  there -says  :  "  The  state 
of  exhaustion  is  very  apt  to  be  induced  in  early  infancy, 
and  as  the  reaction  is  feeble  at  this  period  of  life,  the  case 
soon  assumes  the  character  of  sinking.  This  state  of 
things  is  often  mistaken  for  inflammation  of  the  brain  or 
hydrencephalus. " 

The  symptoms  of  exhaustion  in  children  are,  in  the 
•earlier  stages,  a  certain  restlessness  and  irritability  of  tem- 
per, accompanied  by  a  condition  of  abnormal  sensitive- 
ness of  the  nerves  of  sensation  and  of  the  special  senses. 
The  child  cries  on  being  touched,  avoids  the  light,  and 
starts  at  any  loud  noise.  The  sleep  is  restless  and  broken, 
and  the  child  not  infrequently  moans,  sighs,  and  screams. 
At  the  same  time  we  have  the  signs  of  fever  in  the  bodily 
heat,  the  flushing  of  the  face,  and  the  frequent  pulse.  If 
this  condition  be  allowed  to  continue,  the  second  stage 
of  exhaustion  is  liable  to  set  in — the  stage  of  depression. 
In  this  the  symptoms  are  just  the  opposite  of  those  which 
have  preceded.  The  child  lies  quiet  in  a  somnolent  or 
semi-comatose  condition,  interrupted,  however,  at  times 
by  convulsions,  which  are  generally  distributed  over  the 
body.  The  face  and  extremities  are  cold,  pale,  and  blue. 
The  eyes  are  fixed,  and  the  pupils,  which  are  at  first  con- 
tracted but  afterward  dilated,  cannot  be  affected  by  light. 
Strabismus  is  not  infrequent,  and  contraction  of  the 
muscles  in  the  nape  of  the  neck  may  also  occur.  The 
voice  is  often  husky,  and  cough  may  be  present.  The 
respiration  in  this  stage  is  slow,  irregular,  and  sighing, 
and  as  death  approaches  there  is  rattling  in  the  throat. 

The  differential  diagnosis  between  this  condition  and 
that  of  hydrocephalus  must  be  made  largely  from  the 
history  of  the  case.  The  most  important  symptom  is  the 
condition  of  the  fontanelle,  which  in  this  disease  is  de- 
pressed, while  in  hydrocephalus  it  is  usually  tense'.  This  is 
probably  the  apoplexia  ex  inanitione  of  the  older  writers. 
"It  diflfers  from  syncope  in  coming  on  gradually  and 
in  continuing  a  considerable  time,  perhaps  a  day  or  two, 
and  it  is  not,  like  jsyncope,  induced  by  sudden  and  tem- 


porary causes,  but  by  causes  of  gradual  exhaustion  going 
on  for  a  considerable  time.  It  differs  from  mere  exhaus- 
tion in  the  complete  abolition  of  sense  and  motion,  while 
the  pulse  can  be  felt  distinctly,  and  is,  in  some  cases,  of 
tolerable  strength.  I  have  seen  in  adults  the  same  affec- 
tion, though  it  is  perhaps  more  uncommon  than  in  chil- 
dren" (Abercrombie). 

In  adults  as  in  children,  chronic  universal  anaemia  of  the 
brain  is  liable  to  be  characterized  by  a  condition  of  abnor- 
mal stimulation,  both  mental  and  physical.  In  both  there 
is  the  same  restlessness,  uneasy  sleep,  and  intolerance  of 
light  and  sound  ;  while  in  adults  the  mental  irritability  is 
probably  more  prominent  only  because  it  is  more  reaaily 
shown.  In  the  severer  forms,  and  more  particularly  in 
cases  of  starvation,  delirium,  the  "delirium  of  inanition," 
is  liable  to  occur.  This  is  usually  active  and  frequently 
maniacal  in  character,  and  is  accompanied  by  hallucina- 
tions, illusions  of  sight  and  hearing,  and  not  infrequently 
by  delusions  of  persecution.  Nothnagel  states  that  there 
is  almost  always  an  undertone  of  sadness,  and  that  hence 
the  symptoms  as  a  whole  belong  to  the  type  named  mel- 
ancholia agitans.  It  is  said  that  occasionally  this  may 
pass  into  permanent  insanity.  In  regard  to  the  delirium 
of  starvation,  Longet  writes  as  follows :  "  There  is  some 
consolation  for  us,  after  considering  the  pathological  con- 
ditions in  which  hunger  presents  itself,  with  the  charac- 
ter of  inexorable  irresistible  force,  in  turning  to  the  analo- 
gous phenomena  which  are  produced  in  the  healthy 
individual  when  deprived  of  food.  We  are  compelled  to 
believe  that  under  these  circumstances  there  supervenes  a 
pathological  state  ;  a  peculiar  delirium,  that  of  hunger, 
the  delirium  of  starvation  appears ;  were  it  not  so,  we 
should  refuse  to  admjt  that  the  sentiment  of  egotism 
could  reach  the  degree  to  which  we  see  it  carried  in  the 
starving  man.  Hunger  speaks  louder  than  laws,  religion, 
feelings,  all  is  hushed  before  its  imperious  commands." 

In  the  case  of  Lieutenant  Greely,  who  was  exposed  to 
slow  starvation  in  the  late  Lady  Franklin  Bay  Expedi- 
tion, the  following  record  was  made  by  Dr.  E.  H.  Green, 
June  33, 1884,  the  day  of  rescue  :  "  On  admission  fainted 
after  being  carried  below  in  the  wardroom,  and  vomited. 
Nervous  system  :  excitable  and  irritable,  at  times  almost 
emotional,  eyes  wild  and  staring  ;  insists  on  talking,  crav- 
ing news,  and  demanding  food,  complains  of  no  pain." 
His  bodily  weight  was  then  130  pounds.  In  August, 
1883,  it  had  been  168  pounds.  The  next  day,  "  No  sleep, 
mind  more  tranquil  but  too  active,  great  desire  to  talk 
and  read  ;  less  persistent  in  demanding  food  ;  complains 
of  soreness  in  limbs.  June  25th,  marked  improvement, 
mind  more  tranquil ;  talks  quietly  without  excitement ; 
slept  two  or  three  hours  naturally,  awoke  refreshed." 
After  this  there  was  steady  improvement.  The  details 
in  regard  to  the  other  organs  of  the  body  are  purposely 
omitted,  as  not  being  relevant  to  our  subject,  but  there 
was  no  organic  lesion  anywhere.  All  the  symptoms  here 
present  were  probably  due  to  lack  of  food. 

We  must  here  again  emphasize  the  fact,  that  in  these 
cases  it  is  impossible  in  the  present  state  of  our  knowl- 
edge to  decide  how  far  these  symptoms  are  actually  due 
to  a  condition  of  cerebral  anaemia,  or  whether,  as  some 
observers  think,  there  is  present  a  fluxional  hyperaemia  of 
the  brain. 

Some  of  the  symptoms  present  in  cerebral  anaemia  de- 
serve special  consideration,  and  among  these  we  should 
place  first  the  disturbances  of  the  organs  of  special 
sense.  Tinnitus  aurium  is  one  of  the  commonest  symp- 
toms of  cerebral  anaemia,  even  in  its  lighter  forms,  and  is 
usually  accompanied  or  followed  by  partial  deafness.  It 
is  probable  that  these  symptoms  are  due,  at  least  in  part, 
to  irritation  of  the  auditory  nerve,  for  although  the 
blunting  of  the  mental  perception  might  readily  be  ad- 
duced as  the  cause  of  deafness  it  could  hardly  be  held  to 
produce  a  ringing  in  the  ears.  Abercrombie's  oft-quoted 
case  of  a  much-weakened  and  anaemic  patient,  who  was 
deaf  when  he  sat  upright  but  could  hear  well  when  he 
lay  down,  or  when  his  face  was  reddened,  would  tend  to 
confirm  this  view.  In  the  same  way  the  appearance  of 
specks  before  the  eyes  and  the  blurring  and  dimness  of 
vision  ^^•llich    so   frequently  occur  may  be  referred  to 
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irritation  of  the  optic  nerve.  The  occasional  occurrence  of 
total  amaurosis  would  also  seem  to  point  to  this.  It  is  most 
common  after  severe  haemorrhage,  especially  from  the 
stomach,  rarer  in  connection  with  inanition.  It  may  or 
may  not  be  accompanied  by  severe  pain  in  the  head.  It 
may  come  on  suddenly  in  the  course  of  a  few  hours  or  it 
may  take  several  days  to  develop.  Travers  says  :  "  It 
succeeds  somewhat  abruptly  to  uterine  flowing  and  large 
and  sudden  depletion  for  acute  diseases.  Tlie  pain  is  not 
confined  to  the  region  of  the  orbit,  though  it  affects 
chiefly,  if  not  exclusively,  the  same  side  of  the  head  ;  it 
is  that  peculiar  nervous  pain  to  which  women  are  subject 
after  uterine  haemorrhage,  attended  with  a_  sense  of  de- 
fined pressure,  as  of  an  iron  finger  on  the  brain,  and  some- 
times a  distressing,  jarring  noise,  like  that  of  a  mill  or 
threshing-floor,  or  the  ratthng  of  the  shingles  as  a  heavy 
wave  of  the  sea  recedes."  Samelsohn found  cause  in  one 
case  to  suspect  haemorrhage  into  the  sheath  of  the  optic 
nerve.  A.  v.  Graefe  in  his  cases  found  nothing  on  im- 
mediate examination,  but  afterward  atrophy  of  the  optic 
papilla.  Schweigger  (Transl.,  Philadelphia,  1878)  de- 
clares that  the  relation  between  loss  of  blood  and  disease 
of  the  optic  nerve  is  wholly  unexplained  and  that  the 
latter  cannot  be  due  to  simple  anaemia. 

Disorders  in  the  sphere  of  the  motor  nerves  may  be 
either  convulsive  or  paralytic.  Kussmaul  and  Tenner 
have  shown  conclusively  that  in  rabbits  convulsions  are 
almost  uniformly  produced  in  cases  of  rapid,  profuse 
beemorrhage,  or  where  the  great  arterial  trunks  leading  to 
the  brain  are  ligatured,  except  in  the  case  of  very  weak 
animals  or  in  such  as  were  under  the  influence  of  ether. 
They  found,  however,  that  closure  of  all  four  of  the 
arteries,  both  carotids  and  both  vertebrals,  was  necessary 
in  order  to  produce  rapid  convulsions.  In  all  their  cases 
the  convulsions  were  epileptic  in  character. 

In  man  convulsions  have  been  noticed  in  connection 
with  fainting  from  the  earliest  times.  Hippocrates  says 
in  his  Aphorisms:  "S-^acruhi  7(>'0i/Tai  t)  inrh  wXripiiffios  ^ 
Kev(i(7io% "  (convulsions  arise  either  from  pletljora  or  from 
anaemia).  Marshall  Hall,  in  his  observations  on  blood- 
letting, declares  that  "  convulsion  is,  after  syncope,  the 
most  familiar  of  the  immediate  eflfects  of  loss  of  blood. 
It  is  most  apt  to  occur  in  children  and  in  cases  of  slow 
and  excessive  detraction  of  blood."  .  .  .  And  again, 
"  It  is  most  apt  to  occur  in  cases  in  which  the  patient  has 
been  freely  bled  in  a  more  or  less  recumbent  position,  in 
which  the  blood  has  flowed  slowly,  or  in  which  time  has 
heen  lost  during  the  operation.". 

Anaemic  convulsions  rarely  occur  except  after  haemor- 
rhage, when  the  amount  of  blood  lost  must  be  consider- 
able. The  loss  must  occur  all  at  once,  or  nearly  so,  and 
the  patient  must  not  have  been  previously  in  a  much  de- 
bilitated condition.  Thus,  children  in  a  hydrocephaloid 
state,  and  persons  suffering  from  chronic  anaemia,  are  not 
likely  to  be  attacked  with  anaemic  convulsions. 

In  contradistinction  to  convulsions  complete  paralysis 
without  coma  does  not  occui-  in  universal  cerebral  anae- 
mia, though  after  ligature  of  a  carotid  temporary  hemi- 
paresis  and  paralysis  are  not  uncommon.  If  the  paraly- 
sis be  permanent  there  is  probably  some  organic  lesion 
present. 

The  general  weakness  of  the  limbs  in  syncope  may  be 
regarded  as  a  form  of  paresis. 

The  pathological  action  of  a  diminution  in  the  supply 
of  blood  to  the  brain  may  probably  be  comprised  under 
the  following  conditions  :  Diminution  of  the  intracranial 
pressure,  want  of  stimulus  or  nutritive  material  sufficient 
to  maintain  the  normal  cerebral  action,  and  possibly  a 
change  in  the  composition  or  character  of  the  blood. 

The  DIAGNOSIS  of  anaemia  of  the  brain,  except  in  those 
cases  of  partial  anaemia  due  to  the  obliteration  of  blood- 
vessels, which  do  not  come  under  consideration  here,  can 
only  be  made  through  consideration  of  the  accompanying 
general  symptoms.  Inasmuch  as  in  hyperaemia  of  the 
brain  the  local  symptoms  are  in  many  cases  the  same  as 
in  anaemia,  the  differentiation  of  these  two  opposite  con- 
ditions will  depend  much  on  the  history  of  the  case. 
Even  the  condition  of  the  vessels  of  the  face  and  head  is 
no  positive  proof  of  the  condition  of  the  internal  vessels, 


nor  would  an  increase  or  diminution  in  the  supply  of 
blood  in  the  retina  afford  a  presumption  that  the  same 
condition  existed  in  the  meninges.  The  condition  of  the 
heart  and  the  influence  of  posture  and  of  alcoholic  stim- 
ulants afford  further  aid  in  determining  the  diagnosis. 

The  PBOGNOSis  in  common  cases  of  syncope  is  decidedly 
favorable,  although  even  in  ordinary  cases  of  fainting 
from  mental  influences  fatal  results  now  and  then  occur. 
Less  favorable  is  it  in  cases  due  to  severe  haemorrhage^ 
even  when  not  complicated  by  shock.  On  the  other 
hand,  in  those  cases  of  acute  syncope  where  we  have  rea- 
son to  suspect  some  weakness  or  lesion  of  the  heart,  for 
example,  in  all  cases  of  cardiac  disease,  and  in  convales- 
cence after  acute  febrile  diseases,  the  prognosis  Is  more 
serious.  This  especially  applies  to  those  cases  in  which 
the  immediate  cause  of  the  syncope  is  some  sudden 
change  of  position.  In  cases  of  chronic  anaemia  in  the 
adult,  syncope,  as  a  rule,  is  not  in  itself  a  very  serious 
symptom,  but  whenever  a  prolonged  coma  occurs,  es- 
pecially if  accompanied  by  convulsions,  there  is  cause  for 
anxiety.  In  the  hydrencephaloid  condition  in  children, 
if  the  patient  be  seen  and  the  disease  recognized  in  timei 
recoverjr  is  probable  under  judicious  treatment.  The 
prognosis  must  in  all  cases  depend,  in  this  as  in  other 
diseases,  in  great  part  upon  the  severity  of  the  symptoms. 
The  condition  of  the  pupils  is  said  to  form  an  important 
element  in  the  prognosis,  contraction  always  preceding 
dilatation,  while  they  become  normal  again  as  the  patient 
approaches  recovery. 

Treatment. — In  .simple  syncope  from  mental  emotion 
or  from  reflex  irritation  but  little  treatment  is  needed, 
except  that  the  patient  should  be  placed  in  a  horizontal 
position  and  should  be  allowed  plenty  of  fresh  air,  when 
recovery  generally  occurs  quickly.  Stimulants,  such  as 
ammonia,  applied  to  the  mucous  membrane  of  the  nose 
and  air-passages,  are  of  assistance.  As  the  syncope  be- 
comes more  severe,  we  employ  cutaneous  stimulants,  the 
simplest  and  best  of  which  is  the  sprinkling  of  cold  water 
over  the  face  and  chest.  Mustard  may  be  applied  to  the 
skin,  especially  over  the  cardiac  region  ;  but  the  most  ef- 
fective external  stimulant  is  the  electric  brush.  Internal 
cardiac  stimulants,  .such  as  coffee,  alcohol,  or  ether  are 
often  of  decided  beneflt.  The  carbonic  dioxide  in  cham- 
pagne is  said  to  promote  the  rapid  absorption  of  the  nl- 
cohol,  and  hence  this  form  should,  when  convenient,  he 
used.  In  the  severercases,  where  the  unconsciousness  be- 
comes prolonged,  especially  in  those  in  which  the  loss  of 
blood  has  been  very  great,  the  limbs  should  be  bandaged, 
so  as  to  drive  all  tne  blood  as  far  as  possible  into  the  body 
and  head.  As  a  last  resort,  transfusion  should  be  at 
tempted. 

In  cases  of  chronic  anaemia  all  means  should  be  used  to 
improve  the  general  condition  and  strengthen  the  bodily 
forces.  Milk  is  often  the  best  form  of  nutriment,  but 
where  it  can  be  borne  a  generous  diet,  including  eggs  and 
meat,  is  advisable.  Wine  is  frequently  of  beneflt,  when 
given  in  suitable  doses,  and  in  severe  cases  it  is  often  in- 
dispensable. Alcohol  is  generally  of  much  importance  in 
cases  of  hydrencephaloid,  and  in  these  Nothnagel  recom- 
mends the  early  use  of  musk.  In  all  cases  the  surface  of 
the  body  should  be  kept  warm,  if  necessary,  by  the  direct 
application  of  heat. 

Where  mental  excitement  exists,  all  cutaneous  stimu- 
lants or  irritants  are  to  be  avoided,  as  they  are  said  to  in- 
crease the  pain  and  restlessness.  Under  these  conditions 
opiates  often  act  well,  better  probably  than  chloral,  which 
has  also  been  recommended  by  good  authorities. 
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BRAIN  (ANATOMY).  The  article  on  the  Macroscopic 
and  Microscopic  Anatomy  of  the  Brain  will  appear  in  the 
Appendix.  The  delay  will  permit  the  preparation  of  a 
larger  number  of  original  figures  from  new  dissections, 
and  the  incorporation  of  some  results  of  observations  now 
making  upon  the  structure  of  the  organ  and  the  methods 
of  its  preservation,  and  also,  it  is  to  be  hoped,  warrant  the 
introduction  of  a  simpler  nomenclature  than  that  now 
commonly  employed.  Buri  O.  Wilder. 

BRAIN  AND  NERVES,  CHEMISTRY  OF.  The  in- 
creased consistence  of  the  brain,  etc.,  shortlj;  after  death, 
is  owing,  probably,  to  the  separation  of  certain  previously 
dirsolved  bodies,  such  as  cerebrin  and  cholesterin. 

Attempts  have  been  made  to  ascertain  the  composition 
of  the  gray  and  the  white  matter  individually,  but  this 
is,  of  course,  attended  with  almost  insurmountable  diflS- 
cuUies ;  so  that  all  statements  based  upon  such  attempts 
mnst  be  considered  as  mere  approximations  to  the  truth. 
The  specific  gravity  of  the  gray  matter  is  1.02937  to 
1.03854;  that  of  the  white,  1.03903  to  1.04884.  The  re- 
action of  the  gray  matter  is  during  life  always  acid,  that 
of  the  white  neutral  or  alkaline,  owing,  it  is  suggested, 
to  the  fact  that  the  ganglionic  cells  contain  lactic  acid. 

The  Chbmicai.  Constitubnts  of  the  Bbain  and 
Nerves. — Water,  albuminous  matters,  elastic-like  sub- 
stances, peculiar  bodies  containing  phosphorus,  cere- 
hrins,  neurokeratin,  xanthin  bodies  (Scherer,  Stadeler  in 
oxen);  uric  acid  (very  little  in  the  ox,  "W.  MuUer); 
kreatinin,  leucin,  the  lactic  acid  of  fermentation,  and 
volatile  fatty  acids  (Muller) ;  inosit,  cholesterin,  phos- 
phates of  the  alkalis  and  of  calcium ;  alkaline  sulphates, 
sodium  chloride,  magnesia,  iron  oxide,  silicic  acid  and 
fluorine  in  traces,  lecithin,  prolagon,  and  nuclein  (v. 
Jaksch) ;  but  lecithin  may  be  a  decomposition  product  of 
protagon. 

With  regard  to  the  cerebrins  (cerebrin,  homocerebrin, 
and  the  encephalin  of  Parous),  it  is  not  yet  a  matter  of 
certainty  whether  they  are  themselves  directly  present 
in  the  brain  or  whether  they  first  arise  from  the  decom- 
position of  protagon  and  such  like  complicated  bodies. 

Peculiab  Constituents  op  the  Bbain  and  Nbbvbs. 
—1.  Fho«phoru»-contain%ng  Substances. — Protagon  was 
separated  by  O.  Liebreich,  in  1864.  Later,  Diaconow  and 
Hoppe-Seyler  concluded  from  their  investigations  that 
protagon  was  not  a  simple  substance  but  a  mixture  of 
two,  lecithin  and  cerebrin.  Comparatively  _  recently, 
Gamgee  and  Blankenhorn  confirmed,  as  they  think,  Lieb- 
reich's  view. 

Protagon  may  be  obtained  in  microscopic  needles  and 
in  an  amorphous  form.  It  is  soluble  in  warm  alcohol  and 
ether ;  in  water  it  swells  but  does  not  dissolve,  except  with 
the  greatest  difSculty.  It  forms  a  clear  solution  with 
glacial  acetic  acid.  It  is  decomposed  by  a  temperature  of 
less  than  100°  C.  ;  melts  at  300°  C.  to  a  brown  syrup. 
When  boiled  with  baryta  water  it  gives  neurin,  fatty 
acids,  and  glycerin-phosphoric  acid,  and,  according  to 
Diaconow,  cerebrin. 

8.  Substances  Free  from  Phosphorus.— Cm'ebrin  was  first 
obtained  by  W.  Muller.  Later  Parous  concluded  from 
his  researches  that  the  cerebrin  of  Muller  could  be  sep- 
arated into  three  well-characterized  bodies:  cerebrin, 
homocerebrin,  and  encephalin. 

Cerebrin  may  be  obtained  in  fine  leaflets,  but  is  not 
easily  separated  quite  pure  ;  also  in  a  snow-white  powder, 
soluble  in  boiling  alcohol,  hot  acetin,  chloroform,  benzol, 
glacial  acetic  acid,  but  not  in  ether.  At  170°  C.  it  swells 
to  a  brown  fluid.  The  phrenosin  of  Thudichum  is  an  im- 
pure form  of  cerebrin. 


Homocerebrin  and  Encephalin. — Homocerebrin  may  be 
obtained  from  raw  cerebrin  by  repeated  crystallizations 
from  alcohol  and  ether.  It  occurs  in  very  fine  needles. 
In  solubility  it  resembles  cerebrin,  but  is  more  soluble  in 
alcohol.  It  constitutes  about  a  fourth  of  the  raw  cere- 
brin. 

Thudichum's  kerasin  is  an  impure  homocerebrin. 

EnceplMlin  occurs  in  very  small  quantities ;  crystal- 
lizes in  leaflets.  Boiled  with  water,  unlike  homocerebrin, 
it  forms  a  paste. 

Neurokeratin  was  first  prepared  by  Aug.  Ewald  and 
Ktihne.  It  is  a  very  hard  powder  of  a  light  yellow 
color  ;  insoluble  in  cold  sulphuric  acid  and  in  caustic 
potash.  When  boiled  with  dilute  sulphuric  acid  it  gives 
more  tyrosin  and  less  leucin  than  albumin  does.  It  con- 
tains 3.93  per  cent,  of  sulphur. 

The  following  table  of  Petrowski  gives  the  result  of 
the  analysis  of  the  brain-matter  of  the  ox,  which  does  not 
appreciably  differ,  so  far  as  is  known,  from  the  brain  of 
man  in  its  general  chemistry : 


Constituents. 

Gray 
substance. 

White 
substance. 

Per  cent. 

81.60 

18.40 

55.37 

17.a4 

18.68 

0.53 

6.71 

1.45 

Per  cent. 
68.35 

31.65 

Albuminous  matters  and  glutin .V 

Lecithin                           

24.73 
9.90 

51.91 

9.65 

3.34 

Salts           

0.57 

When  brain  matter  is  reduced  to  an  ash,  it  is  observed 
to  have  an  acid  reaction,  the  greater  part  of  the  phospho- 
rus of  the  lecithin  being  represented  by  phosphoric  acid. 

Geoghegan,  first  removing  the  lecithin  and  then  ashing 
the  brain-substance  of  man,  found  in  100  grains  the  fol- 
lowing properties : 

SO1K2 0.411 

KOI... 2.5S4 

KjHPO. 5-286 

claP^O    0018 

MgHPO, 0-084 

NajHPOi 1-I62 

Na,CO. 1-148 

ExSessCOj 0.082 

FePjOs... 0.010 

6.290 

T.  Wesley  Mills. 

BRAIN:    ANEURISM    OF    CEREBRAL    ARTERIES. 

Aneurisms  of  the  cerebral  vessels  (independently  of  the 
miliary  aneurisms  which  are  treated  of  in  the  discussion 
of  cerebral  hsemorrhage)  are  comparatively  rare,  though 
Coats  makes  the  surprising  statement  that,  "  in  persons 
under  forty  years  of  age  cerebral  haemorrhage  is  due  to 
the  rupture  of  aneurisms  in  the  great  majority  of  cases." 

These  aneurisms  are  situated  commonly  on  the  arteries 
of  the  circle  of  Willis,  and,  according  to  Lebert,  the  vessels 
are  affected  in  the  following  order  of  frequency :  Basilar, 
middle  cerebral,  internal  carotid,  and  posterior  communi- 
cating, and  the  artery  of  the  corpus  callosum.  The  other 
vessels  are  only  exceptionally  the  site  of  this  lesion. 
Robertson  reports  a  case  in  which  an  aneurism  had  burst 
into  the  right  lateral  ventricle.  It  was  situated  on  a 
branch  of  the  right  middle  cerebral  artery,  and  had  hol- 
lowed out  a  bed  for  itself  in  the  substance  of  the  corpus 
striatum  and  optic  thalamus.  ,1.1. 

According  to  the  majority  of  writers,  the  vessels  of  the 
left  side  appear  to  be  affected  more  frequently  than  those 
of  the  right  side,  but  in  Coats'  eleven  cases  all  were  sit- 
uated on  the  vessels  of  the  right  side  of  the  brain  The 
male  sex  seems  to  furnish  a  much  larger  proportion  of 
the  cases  than  the  female  sex.  .         . 

The  anatomical  structure  of  cerebral  aneurisms  is  en- 
tirely similar  to  that  of  similar  lesions  m  other  vessels  of 
the  body,  and  therefore  need  not  be  discussed  here. 
Thev  vary  from  the  size  of  a  pea  to  that  of  a  hen  s  egg, 
though  tumors  of  the  latter  dimensions  are  e.xtremely 
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rare.     As  a  rule,  they  do  not  exceed  the  size  of  a  hazel- 
nut {vide  Plate  III.,  Figs.  4  and  5). 

The  immediate  causes  of  the  origin  of  this  lesion  have 
not  been  ascertained  very  clearly,  hut  there  appears  to  be 
little  doubt  that  it  does  not  bear  such  close  relations  to 
atheromatous  degeneration  as  aneurismal  dilatation  of 
other  vessels  of  the  body.  A  number  of  writers  believe 
that  the  cerebral  aneurisms  are  sometimes  the  result  of 
embolism,  associated  with  endocarditis,  the  assumption 
being  that  the  presence  of  the  embolus  causes  increased 
pressure  upon  the  walls  of  the  vessel,  and  thus  leads  to 
dilatation.  According  to  Ponfick,  the  aneurism  is  the 
result  of  weakening  of  the  vessel  from  the  pushing  of  the 
embolus  against  it. 

The  lesion  has  also  been  attributed  to  the  effects  of 
injury  to  the  head. 

The  aneurism  produces  various  local  effects.  When 
situated  in  the  circle  of  Willis  it  may  cause  erosion  of  the 
bones  at  the  base  of  the  skull.  As  a  matter  of  course,  it 
also  produces  pressure  on  adjacent  soft  parts,  and  as  the 
circle  of  Willis  is  usually  involved,  the  various  cerebral 
nerves  are  mainly  subject  to  compression,  then  the  me- 
dulla oblongata,  pons  varolii,  and  crura  cerebri.  Klippel 
reports  a  case  in  which  an  aneurism  of  the  Tight  posterior 
communicating  artery,  as  large  as  a  walnut,  had  com- 
pressed the  adjacent  brain-substance  from  the  edge  of  the 
pons  to  the  right  optic  nerve.  During  life  the  patient 
had  suffered  from  ptosis  of  the  right  side  and  complete 
immobility  of  the  right  eye,  with  disturbance  of  vision 
on  both  sides. 

The  aneurismal  sac  may  also  press  upon  adjacent  ves- 
sels and  give  rise  to  thrombosis,  with  its  usual  train  of 
sequences.  In  other  words,  the  pressure-effects  are  very 
similar  to  those  of  other  forms  of  tumor  sitviated  at  the 
base  of  the  brain. 

When  the  aneurism  is  situated  upon  the  basilar  artery 
it  is  apt  to  give  rise  to  hemiplegia.  According  to  Lebert, 
this  occurred  nine  times  in  thirty-one  cases.  Schmidt  re- 
ports a  case  in  which  a  diagnosis  of  cerebral  haemorrhage 
had  been  made : 

A  man,  aged  fifty-seven,  had  an  apoplectic  attack  with 
unconsciousness,  left  hemiplegia,  including  the  facial 
nerve  ;  the  pupils  were  sensitive  to  light ;  sensibility  was 
intact.  The  condition  of  the  lower  limb  improved  con- 
siderably, the  arm  became  contractured.  Death  occurred 
two  years  later  from  pneumonia. 

The  autopsy  disclosed  a  cylindrical  aneurism  of  the 
basilar  artery,  extending  from  the  lower  end  of  the  pyra- 
mids on  the  left  to  the  corpora  candicantia  on  the  right. 
There  was  a  depression  of  the  pyramids  in  the  medulla 
oblongata,  and  its  edges  were  softened  ;  also  a  depression 
in  the  pons,  chiefly  on  the  right  side.  There  was  dis- 
tinct gray  degeneration  of  the  left  lateral  column  of  the 
cord  and  median  bundles  of  the  right  anterior  column. 

Although,  as  we  have  stated  above,  the  symptoms  of 
cerebral  aneurism  are  usually  very  similar  to  those  of 
other  kinds  of  tumors  situated  at  the  base  of  the  brain,  it 
differs  from  them  in  the  fact  that  choked  disk  is  a  very 
rare  symptom  in  the  history  of  the  former  affection.  In 
this  respect  it  is  similar  to  cerebral  abscess,  and,  like  the 
latter,  it  may  also  remain  latent  until  the  occurrence  of  a 
sudden  apoplectiform  attack,  due  to  the  rupture  of  the 
vessel.  In  quite  a  number  of  instances  it  has  been  found 
that  the  first  rupture  of  the  vessel  did  not  prove  fatal, 
and  that  a  second  rupture  occurred  after  a  variable 
period,  sometimes  e.xtending  over  a  couple  of  years. 

The  majority  of  writers  assert  that  the  rupture  of  the 
aneurism  gives  rise  to  meningeal  ha;mori-hage,  but  this 
opinion  sliould  be  revised  in  view  of  the  fact  that  in  all 
(eleven)  of  Coals'  cases,  and  in  a  number  reported  by 
other  observers,  the  hsemorrhage  took  place  into  the 
substance  of  the  brain.  The  extravasation  is  generally  so 
extensive  tlmt  it  breaks  through  the  brain-tissue  into  the 
lateral  \-entricles,  and  often  al.so  into  the  other  ventricles. 
Treatment  of  this  affection  is  altogether  futile.  The 
most  that  can  be  done  is  to  relieve  "the  pain  (which  is 
often  even  more  excruciating  than  that  caused  by  other 
forms  of  cerebral  tumor)  by  the  administration  of  mor- 
Pliiie-  Lmpold  Putzel. 
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BRAIN,  ATROPHY  OF  THE.  As  applied  to  the  brain 
the  term  atrophy  embraces  the  results  of  three  different 
kinds  of  morbid  processes.  In  the  first  two  there  is 
really  atrophy  in  the  ordinary  meaning  of  the  term— that 
is,  loss  of  substance  through  previously  existing  diseaai", 
Thus  :  First,  loss  of  substance,  either  from  idiopathic  dis- 
ease inherent  in  the  brain,  progressive  general  paralysis ; 
or  associated  with  general  disease,  infectious  fevers ;  or, 
from  failure  of  nutrition,  senescence,  insanity.  Second,' 
loss  of  substance  from  destruction  of  tissue,  or  from  a 
sclerosis  secondary  to  localized  destructive  lesions.  In 
the  third  class  there  is  no  proof  that  a  tissue  once  exist- 
ing has  been  destroyed,  and  the  term  atrophy  can  only 
be  used  by  a  certain  license.  But  for  practical  conven- 
ience there  are  many  reasons  for  ranking  the  cases  ia 
question  with  the  atrophies.  They  are,  third,  cases  of  im- 
perfect development  of  the  brain,  cerebral  agenesia,  par- 
tial or  general  (microcephalus). 

This  classification  of  cerebral  atrophies  is  traversed  by 
another  division  into  congenital  and  acquired  ;  since  many 
cases  of  arrested  development  of  the  brain  are  clearly 
traceable  to  diseases  identical  with  those  which  occur 
after  birth.  The  agenesia  is  then  secondary,  and,  except 
from  its  intra-uterine  origin,  could  be  referred  to  the 
second  class  of  cases. 

Congenital,  pbimaby,  and  gbnejial  atrophy  of  the 
BKAiN  constitutes  microcephalus,  the  rarest  form  of  idiocy 
(Ireland).  No  destructive  lesion  is  discernible,  but  the 
size  of  the  brain  as  a  whole  is  much  below  normal,  aud 
the  internal  proportion  of  its  parts  is  disturbed.  The 
dimensions  of  the  cranium  correspond  to  those  of  the 
brain,  and  thus  dui'ing  life  the  size  of  the  latter  can  be 
estimated  by  measurements  of  the  former.  Normal 
mental  faculties  are  impossible  with  an  adult  head  of 
from  eleven  to  thirteen  inches  in  circumference  and  from 
eight  to  nine  inches  from  the  root  of  the  nose  to  the  pos- 
terior border  of  the  occipital  bone.  A  circumference  of 
fourteen  to  seventeen  inches  and  an  antero-posterior 
diameter  of  eleven  to  twelve  inches  implies  a  brain  too 
small  for  ordinary  intelligence  (Voisin).  Ireland  calls 
microcephalic  all  adult  heads  below  seventeen  inches  in 
circumference. 

The  lightest  human  brain  on  record  is  six  ounces,  in  a 
child  five  months  old  (Sanders).  In  this  the  circumference 
of  the  head  was  less  than  six  inches.  Several  brains  are 
described  of  seven  ounces  (normal  weight  for  men,  forty 
to  fifty-two  and  one-half  ounces ;  for  women,  thirty-five 
to  thirty-seven  and  one-half  ounces).  In  microcephaho 
brains,  the  frontal  lobes  taper  to  a  point ;  the  occipital 
lobes  either  taper,  or  are  much  shortened,  in  either  case 
exposing  more  or  less  of  the  cerebellum.  The  parietal 
and  temporo-sphenoidal  lobes  are  the  best  developed. 
The  corpus  callosum  is  often  thinned,  or  shortened  at  it* 
posterior  end.  The  island  of  Reil  may  be  left  uncov- 
ered. The  convolutions  are  remarkably  simple  ;  few 
secondary  folds  are  developed.  The  disposition  of  many 
sulci  is  changed,  the  fissure  of  Sylvius  shaped  like  a  V, 
instead  of  a  Y  (Vogt) ;  the  calcarine  fissure  is  prolonged 
so  as  to  separate  the  gyrus  fornicatus  from  the  gyrus 
hippocampi  (Putnam- Jacobi),  the  bridging  convolutions 
of  the  occipital  lobe,  indistinct  or  wanting  (Betz).  In  a 
celebrated  hypothesis,  microcephalic  brains  have  been 
considered  to  constitute  anatomic  reversion  to  the  ape 
type  (Vogt).  There  is,  however,  no  constant  resemblance 
between  the  two  ;  the  brain  of  the  microcephale  may  be 
simpler  than  that  of  orang  or  chimpanzee,  it  is  not  simi- 
lar (Gratiolet,  Adriani). 

The  intelligence  of  microcephalic  individuals  who  sur- 
vive is  rudimentary,  but  at  various  degrees  removed  from 
imbecility,  complete  aphasic  idiocy.  There  is  no  definite 
proportion  between  the  degree  of  intelligence  and  the 
size  of  the  brain.  In  those  who  attain  adult  age  a  cer- 
tain amount  of  speech  is  often  possible,  and  there  is  some 
power  of  attention,  memory,  and  emotionality.  Some- 
times the  amount  of  intelligence  is  remarkable,  if  we  con- 
sider the  dimensions  of  the  cranium  (case,  Antonia  Grar.- 
doni ;  circumference  of  head  at  age  of  forty-one,  thirteea 
inches).  There  is  usually  full  and  restless  use  of  the 
limbs,  and  the  impressions  of  the  senses  are  lively.    The 
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absence  of  local  or  general  paresis  distinguishes  cases  of 
pure  microcephalus  from  those  in  which  the  arrest  of 
cerebral  development  is  associated  with  destructive  lesions. 
Sometimes,  however,  the  muscles  are  notably  feeble,  the 
characteristic  restlessness  of  microcephaly  is  exchanged 
for  immobility,  varied  by  rhythmic,  swaying  motions 
(Meynhert).  In  these  cases  there  is  probably  nutritive 
alteration  of  the  brain-tissue  ;  or  deficient  elaboration  of 
its  minute  structure  (Jastrowitz).  There  may  be  per- 
sistence of  the  molecular  substance  which  precedes  the 
formation  of  the  medullary  sheaths  to  the  nerve-fibres, 
or  of  the  large  granular  fat-cells,  which  belong  to  the 
transitional  stage,  and  have  been  sometimes  taken  as 
evidence  of  congenital  inflammation  (Virchow). 

Congenital  Primary  (?)  and  Partial  Atrophy. — 
In  this  class  of  cases,  one  or  more  portions  of  the  ence- 
phalic masses  are  absent,  and  no  traces  remain  of  destruc- 
tive lesions  sufficient  to  account  for  their  disappearance. 
Thus  they  have  been  explained  by  a  primary  aberration 
of  development.  The  explanation  is  most  plausible  in 
regard  to  partial  or  total  defect  of  the  corpus  callosum 
(Hitzig).  This  great  commissure  begins  to  develop  to- 
ward the  end  of  the  fourth  month  of  pregnancy,  by  buds 
which  appear  on  the  internal  lateral  surfaces  of  the  hemi- 
spheres, and  grows  simultaneously  inward  and  backward. 
In  partial  defect  it  is  the  posterior  portion  of  the  corpus 
which  is  wanting,  showing  an  arrest  of  the  partly  com- 
pleted process.  The  arrest  sometimes  involves  the  fornix 
trigonum  and  septum  lucidum,  sometimes  these  are  in- 
tact. In  all  recorded  cases,  the  anterior  white  commis- 
sure is  preserved.  The  lateral  ventricles  are  distended. 
This  fact  suggests  that  an  undeveloped  corpus  has  been 
destroyed  by  a  ventricular  effusion,  the  latter  subse- 
quently reabsorbed.  The  cerebellum  has  several  times 
been  found  defective.  In  one  celebrated  case,  unique, 
according  to  Hitzig  (?),  the  organ  was  completely 
wanting,  being  reduced  to  two  small  knobs,  at  the  base 
of  a  serous  cyst  which  occupied  its  place  under  the 
tentorium  (Cruveilhier  and  Combetta,  case  Labrosse). 
Hitzig  explains  this  case  by  an  arrest  of  development ; 
the  author,  much  more  plausibly,  by  a  serous  apoplexy 
which  had  occurred  in  early  or  in  foetal  life.  The  loss 
of  the  cerebellum  was  accompanied  by  total  absence  of 
the  pons ;  the  pyramids  arising  directly  from  the  cere- 
bral peduncles.  In  Otto's  case,  the  cerebellum  was  very 
much  reduced  in  size  by  filling  up  of  the  occipital  fossse, 
through  inflammatory  thickening  of  the  bones.  The 
atrophy  was  therefore  again  a  secondary  lesion.  Atrophy 
of  the  cerebral  hemispheres  is  usually  evidently  traceable 
to  destructive  lesions.  Sometimes,  however,  the  traces 
of  these  have  disappeared,  and  the  atrophy  then  seems 
primitive.  Cruveilhier  describes  the  reduction  of  one 
hemisphere  to  one-third  the  size  of  the  other.  The  space 
beneath  the  dura  mater  was  filled  with  serous  fluid. 
Isolated  groups  of  convolutions  are  often  atrophied  : 
thus,  lower  part  of  the  central  convolution,  with  s'lpra- 
marginal  and  superior  temporo-sphenoidal  (Beach)  ; 
central  convolutions  on  one  side  ( Vii'chow's  Arehiv, 
July,  1883) ;  central  convolutions  on  both  hemispheres 
(McNutt) ;  right  ascending  parietal  convolution  (Bastian) ; 
right  cerebrum,  right  crus,  pons,  and  pyramid,  left  lateral 
pyramidal  tracts  (Pick) ;  paracentral  lobule,  superior  ex- 
tremity of  left  ascending  parietal  convolution  (Varigny). 
In  many  of  these  cases  a  primitive  arrest  of  development 
has  been  assumed ;  in  none  is  it  demonstrated,  or  even 
probable  (Stellen,  Brouardel,  Hasse).  The  entire  class  of 
cases  should  therefore  be  consolidated  with  secondary 
atrophies. 

Congenital  Secondary  Atrophy. — This  is  partial  or 
general,  according  either  to  the  extent  of  the  destructive 
lesion,  or  of  the  interference  with  the  general  develop- 
ment of  the  brain  which  may  have  been  exerted  by  a  lo- 
calized lesion.  Nutritive  processes  throughout  the  brain 
may  be  so  disturbed  that  nerve-tissues  cease  to  grow, 
nutrition  is  diverted  to  the  cranial  bones,  premature  ossi- 
fication of  the  skull  occurs,  with  some  degree  of  micro- 
cephalus. 

On  the  other  hand,  witli  a  foetal  hydrocephalus,  all  the 
brain  above  the  medulla  may  be  destroyed  and  converted 


into  a  serous  cyst,  while  the  cranial  bones  continue  to 
grow,  until  after  birth  the  head  attains  a  circumference 
of  two  feet  (Cruveilhier). 

The  lesions  leading  to  congenital  cerebral  atrophy  are 
produced  during  foetal  life,  and  do  not  differ  essentially 
from  those  which  may  be  occasioned  during  the  process  of 
parturition,  or  so  soon  after  birth  that  the  symptomatol- 
ogy becomes  identical  with  that  of  strictly  congenital 
lesions.  They  are,  in  addition  to  the  hydrocephalic  ef- 
fusions just  mentioned,  haemorrhage,  inflammation,  and 
softening  by  steatosis. 

Throughout  foetal  life  the  rapidly  growing  brain  is 
exposed  to  a  graded  series  of  accidents,  corresponding  to 
varying  tendencies  to  effusions  fi-om  the  cerebral  blood-ves- 
sels ;  now  serous,  now  sanguinolent.  At  a  certain  degree 
of  intensity  these  dropsies  or  haemorrhages  result  in  com- 
plete malformation  of  the  brain  (hydencephalon,  or  anen- 
cephalon) ;  more  limited  in  extent,  the  effusion  results  in 
the  formation  of  a  cyst,  whose  contents  may  be  clear 
serum,  or  serum  stained  with  the  coloring-matter  of 
blood.  The  cyst  replaces  whatever  nerve-tissue  has  been 
destroyed.  Intra-uterine  cerebral  haemorrhage  is  much 
more  liable  to  occur  into  the  meninges  than  into  the  sub- 
stance of  the  brain  itself.  A  clot  is  then  formed  in  the 
cavity  of  the  arachnoid,  and  lying  upon  one  or  both  cere- 
bral hemispheres,  which  it  is  destined  to  compress  during 
the  process  of  its  shrinkage.  The  subjacent  tissues  atro- 
phy under  the  double  influence  of  the  pressure  and  of  the 
sclerosis  excited  by  its  irritation. 

Precisely  such  arachnoid  haemorrhage,  with  consecu- 
tive atrophy,  is  a  not  uncommon  accident  of  a  difficult 
parturition  ;  and  is  thus  the  efficient  cause  of  many 
cases  of  idiocy  and  spastic  contracture.  Haemorrhage 
is  also  possible,  but  much  less  frequent,  during  the  first 
months  or  year  after  birth.  The  cerebral  atrophy,  how- 
ever, can  only  be  called  congenital  when  dating  from 
accidents  which  occur  previous  to  all  distinct  psychic 
development,  thus  hardly  after  the  first  month. 

Meningo-encephalitis  is,  during  the  period  immediately 
succeeding  birth,  more  frequent  than  haemorrhage,  and 
also  occurs  before  birth.  An  intense  form,  occurring  at 
the  third  or  fourth  month  of  pregnancy,  is  probably  the 
cause  of  the  pseudencephalic  monstrosity.  Traces  of  a 
more  tolerable,  and  even  extensive,  grade  of  inflamma- 
tion, are  found  in  thickened  brain  membranes,  enclosing 
shrunken  masses  of  nerve-tissue,  or  even  empty  of  these. 
All  but  the  most  limited  and  localized  cases  of  menin- 
gitis are  liable  to  be  complicated  by  haemorrhage  from 
the  tender  blood-vessels.  Localized  basal  meningi,tis  may 
interfere  with  the  development  of  the  brain,  and  thus,  if 
the  paradox  be  permitted,  cause  a  species  of  primary 
atrophy,  with  premature  ossification  of  the  skull.  The 
most  striking  effect  of  such  lesion,  from  its  proximity  to 
the  optic  chiasma,  is  a  descending  neuritis  and  atrophy  of 
the  optic  nerves. 

When  a  portion  of  the  brain  has  been  destroyed  by 
either  haemorrhage  or  inflammation,  serum  is  poured  out 
to  fill  the  threatened  vacuum.  This  non-encysted  fluid 
is  found  both  in  the  ventricles,  in  the  cavity  of  the 
arachnoid,  and  in  the  subarachnoid  space.  It  consti- 
tutes the  so-called  hydrocephalus  emeuo,  which  must 
always  be  interpreted  as  a  secondary  lesion,  and  not  as 
the   essential  cause  of  the  symptoms  observed  durmg 

life.  J,  -L.   r.    ■ 

In  certain  cases  a  portion  of  the  nerve- tissue  ot  the  brain 
is  found  to  have  simply  disappeared,  sometimes  througli- 
out  the  entire  depth  of  the  hemisphere,  thus  leaving  an 
opening  which  leads  from  the  convexity  pia  to  one  of  the 
ventricles  (porencephalic  defect,  Kundrat).  This  lesion 
is  not  entirely  peculiar  to  the  new-born,  for  it  has  been 
found  in  adults  after  chronic  brain  disease  (Cotard).  In 
the  new-born,  however,  it  is  due  to  a  pecuhar  lesion,  a 
steatosis  of  the  nerve-substance,  which  results  m  red  or 
white  softening,  according  as  it  is  or  is  not  complicated 
by  vascular  congestion  and  capillary  hemorrhage  (ii-ar- 
rot)  The  foci  of  steatosis  contain  a  great  number  ot 
granular  corpuscles,  due  to  the  fatty  infiltration  of  neu- 
roglia-cells ;  also  free  granulations  and  species  of  cylin- 
ders, resulting  from   deformation  of  the  corpuscles  ot 
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aiuge.  The  veins  are  occluded  by  thrombi.  The  nerve- 
tissue  is  reduced  to  a  milky  pulp,  and,  if  the  process  lasts 
long  enough,  is  gradually  reabsorbed.  The  lesion  may 
be  circumscribed  to  a  mass  the  size  of  a  filbert,  or  may 
extend  nearly  throughout  a  hemisphere.  In  the  first  case 
it  is  usually  multiple  ;  in  the  second,  the  corpus  callosum 
is  the  most  affected. 

One  of  the  most  important  anatomical  consequences  ot 
any  of  the  above  described  lesions  of  the  brain,  is  a  de- 
generation of  the  motor  tracts  which  lead  from  the  seat 
of  the  lesion  to  the  lateral  and  innermost  fasciculus  of  the 
anterior  columns  of  the  spinal  cord  (crossed  and  pyra- 
midal tract).  This  degeneration  involves  two  elements  : 
atrophy  of  the  myeline  sheaths  of  the  nerve-tubes,  and 
proliferation  of  the  neuroglia-tissue  between  them.  These 
elements  are  combined  in  various  proportions,  and  when 
the  atrophic  process  predominates,  it  is  difficult  to  say 
that  a  simple  agenesia  of  the  spinal  cord  has  not  com- 
plicated an  arrest  of  development  of  the  brain.  The 
fibres  of  the  pyramidal  tracts  assume  their  myeline 
sheaths  much  later  than  the  other  segments  of  the  cord, 
beginning  at  the  fifth  month  ;  but  they  should  be  com- 
pleted at  birth  in  the  cord  (Plechsig),  though  still  in- 
complete in  the  cerebral  peduncles  (Parrot).  Simple  de- 
fect of  these  sheaths  therefore,  without  sclerosis,  might, 
at  birth,  or  a  little  before  it,  result  from  a  check  to  the 
developmental  process,  dating  from  some  epoch  of  the 
sixth,  seventh,  or  eighth  month  of  intra-uterine  life. 
A  lesion  occurring  during  the  last  month,  at  birth,  or 
shortly  afterward,  can  only  determine  atrophy  of  the 
myeline  sheaths  through  propagation  of  a  nutritive  irri- 
tation, which  is  further  revealed  in  a  co-existing  prolifera- 
tion of  neuroglia.  This,  therefore,  serves  to  distinguish 
between  a  primary  and  a  secondary  atrophy  of  the 
brain,  the  latter,  except  in  steatosis,  always  involving 
irritation.  (See  case  McNutt.)  This  degeneration  can 
be  traced  by  a  column  of  grayish  color,  contrasting  with 
the  normal  white,  in  the  cerebral  peduncle,  half  of  pons 
and  pyramid,  on  the  same  side  as  the  lesion ;  and  in  the 
cord,  through  the  posterior  portion  of  the  lateral  column 
on  the  opposite  side  (Tiirck).  A  similar  but  much  nar- 
rower gray  tract  occupies  the  inner  part  of  the  anterior 
column  on  the  same  side  as  the  cerebral  lesion.  When 
the  primary  lesion  is  bilateral,  the  second  is  so  as  well. 
Under  the  microscope,  the  proliferated  connective-tissue 
is  readily  traced  by  its  brilliant  coloration  with  carmine. 
Descending  degeneration  may  be  observed  after  the  stea- 
tosis of  the  brain ;  but  much  more  rarely  and  less  com- 
pletely than  at  other  ages  or  after  other  lesions  ;  a  fact 
which  'Parrot  attributes  to  the  incomplete  development 
of  the  cerebral  portion  of  the  pyramidal  tracts.  The  same 
condition  should  tend  to  avert  sclerosis  after  any  lesions 
which  occur  early  in  foetal  life.  Conversely,  in  the  cases 
in  which  the  symptoms  of  "  spastic  paralysis  "  indicate  an 
extensive  amount  of  secondary  sclerosis,  we  may  date  the 
primary  lesion  back  to  near  the  moment  of  parturition. 

According  to  Charcot,  no  cerebral  lesions  occasion  sec- 
ondary degenerations  unless  they  involve  the  fibres  of  the 
anterior  two-thirds  of  the  internal  capsule.  These  contain 
the  superior  fibres  of  the  pyramidal  tract.  Atropine  le- 
sions of  the  cortex  are  followed  by  diminution  in  the  size 
of  the  corpus  striatum  on  the  same  side,  and,  what  is 
more  singular,  of  the  thalamus  as  well.  The  hemisphere 
of  the  cerebellum  opposite  to  the  lesion  shares  in  the  atro- 
phy. When  the  lesion  is  localized  primitively  in  one  side 
of  the  cerebellum,  the  upper  motor  tracts  are  unaffected, 
but  the  olivary  body  on  the  opposite  side  wastes.  Atro- 
phic lesions  of  the  basal  ganglia  are  similarly  followed  by 
atrophy  of  the  tracts  below  them,  while  those  above  re- 
main unaffected.  Lesions  in  the  white  substance  of  the 
hemispheres  occasion  no  primary  atrophy,  but  what  is 
due  to  direct  loss  of  substance,  and  no  secondary  atrophy, 
unless  they  involve  the  fibres  of  the  pyramidal  tract  (see 
ut  supra). 

Symptoms  of  Congenital  Cerebral  Atrophy. — These  are 
of  two  kinds  :  1,  Visible  lesions  ;  3,  disturbance  of  func- 
tions. 

1.  Hemiatrophia  facialis  has  been  observed  at  birth, 
and  then,  plausibly,  referred  to  a  cerebral  hemiagenesia 


(Emminghaus).  No  autopsies  exist  to  confirm  or  annul 
this  hypothesis.  The  hemiatrophia  of  the  brain,  if  exist- 
ing, could  only  be  a  coincidence  of  the  lesion  of  the  tri- 
geminus, to  which  this  singular  aflfectlon  is  usually 
referred.  The  majority  of  reported  cases  are  acquired 
after  birth. 

Unilateral,  or  even  monoplegic  atfophy  of  the  limbs  is, 
however,  frequently  in  cerebral  hemiatrophia  associated 
with  motor-  paralysis  and  different  forms  of  rigidity  of 
the  same  limbs.  Of  the  three  symptoms,  the  paralysis 
is  alone  congenital ;  the  atrophy  of  a  limb  or  a  segment 
of  a  limb,  as  a  hand,  is  associated  with  diminished  size 
of  Ferrier's  cortical  motor-centre  for  the  part.  It  is  ques- 
tionable whether  the  cerebral  atrophy  is  then  the  cause 
or  the  consequence  of  the  peripheric  lesion.  Similar 
wasting  of  the  cortical  motor-centre  has  been  seen  in  an 
individual  in  whom  the  leg  had  been  amputated  many 
years  before  death.  The  cerebral  atrophy  was  there  evi- 
dently secondary.  Many  cases  of  congenital  loss  of  the 
segment  of  a  limb  are  due  to  intra-uterine  amputation 
through  ligature  by  amniotic  bands.  The  accident  tlien 
essentially  resembles  that  of  extra-uterine  life. 

Atrophy,  in  congenitally  paralyzed  limbs,  appears  after 
a  time  to  be  much  more  extensive  than  that  of  acquired 
cerebral  paralysis.  This  is  because  the  diminution  of 
size  depends  principally  upon  interference  with  develop- 
ment. There  is  not  loss  of  substance  once  acquired,  as 
in  spinal  paralysis,  but  the  affected  limb  remains  behind 
its  fellow  in  growth.  Structural  defects  of  the  eye  and 
ear  are  not  unusual ;  thus,  coloboma  of  the  iris,  e^lids, 
or  retina,  deformities  of  the  external  ear.  Associated  with 
the  latter,  as  coincidently  developed  from  the  superior 
branchial  arch,  may  be  malformations  of  the  mouth,  hare- 
lip, cleft  palate,  etc.  It  is  difficult  to  say,  however,  in  what 
proportion  the  probability  of  such  defects  is  increased  by 
the  existence  of  a  cerebral  atrophy  compatible  with  life. 
Cerebral  malformations  of  non-viable  subjects  are  usually 
associated  with  other  malformations  of  the  body. 

2.  Disturbance  of  function.  There  are  three  in  the 
motor  sphere  :  Paralysis,  rigidity,  and  convulsion ;  and 
to  these  must  be  added  defect  of  intelligence.  The 
sensibility  is  obtuse  but  not  specifically  affected.  The 
paralysis  is  rarely  complete,  and  by  no  means  always 
localized.  A  general  paresis  of  all  the  muscles  of  the 
body  is  the  most  frequent  and  earliest  form  of  motor  dis- 
turbance, even  in  well-defined  unilateral  cerebral  lesions. 
The  infant  is  able  to  move  all  its  limbs,  but  cannot  grasp 
with  the  hands,  stand  on  the  feet,  sit  up,  or  even  hold  its 
head  up.  Often  after  one,  two,  three,  or  four  years  the 
child  acquires  a  certain  amount  of  power  in  this  respect. 
The  motor  paresis  tends  gradually  to  disappear,  as  in 
animals  upon  whom  lesions  of  the  cortical  motor  centres 
have  been  inflicted.  When  this  happens,  the  cerebral 
lesion  in  children  may  also  be  referred  to  the  cortex,  and 
the  basal  ganglia  be  presumed  to  be  intact.  It  is  not  in- 
frequent, even,  that  congenital  cortical  lesions  which 
render  children  incurably  idiotic,  are  unattended  by  any 
paralysis  whatever. 

The  symptoms  of  rigidity  are  especially  interesting. 
The  muscles  of  a  single  limb,  an  arm,  may  be  affected  with 
transient  attacks  of  rigidity,  but  they  rarely  assume  the 
permanently  rigid  contractions  seen  as  a  late  symptom  in 
acquired  hemiplegia.  The  most  characteristic  forin  is 
the  spastic  paraplegia  ot  the  lower  extremities.  This  is 
by  no  means  exclusively  due  to  cerebral  agenesia,  for  it 
exists  without  cerebral  symptoms,  as  a  symptom  of 
primary  cord  disease.  But,  when  it  is  congenital,  asso- 
ciated witli  defective  intelligence  or  disorders  in  the 
range  of  the  cranial  nerves,  it  may  certainly  be  referred 
to  atrophia  cerebralis.  Many  entirely  superfluous  hy- 
potheses have  been  made  in  regard  to  this  disorder. 
There  are  two  forms.  In  one  the  muscles  of  the  lower 
limbs  are  permanently  rigid,  and  principally  the  abduct- 
ors of  the  thighs,  the  hamstring  muscles,  and  the  gastroc- 
nemii.  From  retraction  of  the  rigid  muscles  the  thighs 
are  abducted,  the  legs  partly  flexed  on  the  thighs,  the 
feet  on  the  legs.  In  the  other  form  the  muscles  are  sup- 
ple while  the  child  is  recumbent,  but  the  attempt  to  stand 
or  walk  is  immediately  followed  by  spasm  in  the  muscles 
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Indicated,  or  only  in  the  abductors,  so  that  the  limbs  are 
approximated  or  even  crossed.  • 

The  bilateral  character  of  spastic  paraplegia  does  not 
always  imply  a  double  lesion  of  the  cerebrum,  though 
this  was  demonstrated  in  one  remarkable  case  (McNutt) 
and  inferred  in  another  (Hutchinson).  The  immediate 
antecedent  of  all  the  spastic  symptoms  observed  is,  as  in 
the  late  rigidity  of  acquired  hemiplegia,  secondary  scle- 
rosis of  the  pyramidal  tracts  in  the  lateral  columns  of  the 
cord.  Ninety-one  to  ninety-seven  per  cent,  of  the  fibres 
of  these  tracts  are  normally  crossed,  the  remainder  direct 
(Charcot).  The  probabilities  are,  therefore,  that  the 
sclerosis  and  rigidity  remain  limited  to  the  side  opposite 
the  cerebral  lesion.  But  in  children  bilateral  spasm  may 
occur,  either  because  the  relatively  minute  extent  of 
sclerosis  on  the  same  side  as  the  lesion  in  the  direct 
pyramidal  tract  exercises  a  greater  functional  effect,  or 
because  the  proportion  of  decussating  fibres  has  varied, 
leaving  a  much  larger  number  in  the  direct  portion  of 
the  tract,  or  because  there  has  been  a  second  decussation 
of  motor-fibres  in  the  cord  below  the  pyramids  (Charcot). 

When  spastic  symptoms  have  developed,  paresis  of  the 
rigid  limbs  is  liable  to  be  masked  by  them. 

The  third  motor  symptom,  convulsion,  is  irregular  in 
the  time  and  frequency  of  its  occurrence,  and  variable  in 
its  intensity.  Convulsions  coming  on  within  the  first 
week  or  two  after  birth  generally  indicate  that  the  cere- 
bral lesion  upon  which  the  atrophy  depends  has  been 
caused  during  parturition.  In  cerebral  atrophy  of  intrar 
uterine  origin  convulsions  are  delayed  for  several  months 
after  birth.  They  often  coincide  with  the  first  symptoms 
of  rigidity  in  the  limbs,  or  precede  these  a  little,  and 
seem,  therefore,  to  mark  the  development  of  the  irritative 
lesions  of  degeneration.  Convulsions  are  never  due  di- 
rectly to  the  atrophy  itself,  but  only  to  the  secondary 
lesions,  as  they  descend  through  the  pons  and  medulla. 
The  convulsion  may  consist  in  a  momentary  stiffening  of 
the  body,  followed  by  clonic  agitation  of  one  or  more 
limbs,  or  it  may  be  a  complete  epileptiform  paroxysm. 
The  slighter  forms  are  often  frequently  repeated,  some- 
times even  in  a  single  day  ;  the  complete  attacks  occur  at 
longer  intervals,  of  weeks,  or  even  months.  The  close 
approximation  of  severe  convulsions  is  dangerous,  and  a 
not  infrequent  cause  of  death.  The  intelligence  is  in- 
variably impaired  when  the  atrophy  affects  either  cerebral 
hemisphere,  or  both,  and  is  often  deficient  even  in  atrophy 
of  those  portions  of  the  encephalon  whose  share  in 
mental  processes  is  not  well  understood,  as  the  corpus 
callosum  or  cerebellum.  It  is  probable  in  these  cases 
that  the  finer  structure  of  the  cerebral  cortex  is  imper- 
fectly elaborated,  even  when  no  gross  lesion  is  visible. 

The  degree  of  mental  defect  varies  from  simple  flightl- 
ness  and  moral  obtuseness  (cases  of  atrophy  of  the  cerebel- 
lum) to  complete  idiocy,  and  all  intermediate  stages  of  im- 
perfection of  the  intelligence  are  observed.  The  speech  is 
sometimes  disproportionately  affected.  There  may  be 
complete  aphasia,  yet  the  expression  of  the  face  and  the 
actions  indicate  considerable  intelligence.  It  is  possible, 
then,  as  Gterhardt  suggests,  that  the  lesion  is  localized  in 
the_  speech-centre.  In  other  cases  there  is  no  true  aphasia, 
or  inability  to  frame  verbal  conceptions,  but  articulation 
is  interfered  with  by  spasms  of  the  facial  muscles,  analo- 
gous to  those  excited  in  the  limbs  by  the  attempt  to  use 
them. 

Complete  idiocy  can  be  recognized  in  babies  of  three  or 
four  months  old,  by  the  vacant  expression  of  face,  the 
inability  of  the  child,  to  recognize  its  mother  or  nurse,  its 
inattention  to  all  the  usual  objects  of  baby  interest,  the 
absence  of  the  smiles  and  cooings  of  a  healthy  child. 
The  slighter  the  degree  of  mental  defect  the  later  is  its 
recognition  possible,  as  it  will  only  become  apparent  as 
the  conditions  of  existence  become  complete. 

The  cranial  nerves  are  often  involved  in  either  the  pri- 
mary lesions  which  have  caused  the  atrophy,  or  in  the 
lesions  secondary  to  them.  Optic  neuritis  with  secondary 
nerve  atrophy  may  occur  independently  of  any  conditions 
of  increased  intra-cranial  pressure.  It  is  then  attribut- 
able to  a  descending  cerebritis.  Early  blindness  in  an 
infant  renders  detection  of  mental  defect  diflicult  or  im- 


possible. With  or  without  blindness,  irritative  lesions 
of  the  sixth  or  third  nerve,  may  occasion  strabismus  or 
nystagmus.  Coloboma  of  the  iris,  as  well  as  congenital 
defects  of  other  parts  of  the  body,  is  not  infrequently 
present. 

AcQtrraBD  Cbbebbal  Atkophy. — This  is  always  sec- 
ondary, but  may  be  general  or  partial. 

General  atrophy  of  the  brain  is  found  to  a  certain  ex- 
tent in  all  prolonged  wasting  diseases,  especially  phthisis. 
It  is  conspicuous  in  senile  decay,  but  is  not  associated 
necessarily  with  any  particular  age.  The  brain  is  heaviest 
at  thirty,  but  while  some  brains  begin  to  degenerate  at 
sixty,  others  resist  decay  at  eighty  or  even  older.  The 
brain  is  always  wasted  in  alcoholism,  and  also  in  chronic 
insanity,  usually  as  a  whole,  sometimes  more  markedly  in 
one  hemisphere,  or  in  certain  lobes,  especially  the  frontal. 
The  most  conspicuous  general  atrophy  is  seen  in  diffuse 
meningo-encephalitis  (general  paresis  of  the  insane).  The 
total  weight  of  the  brain  may  sink  in  this  disease  below 
one  thousand  grammes  (minimum  normal  weight  for 
man,  1,130  grms.)  and  abundant  serum  may  accumulate 
in  the  sulci.  The  frontal  lobes  are  the  most  shrunken  ; 
after  them  the  central  convolutions;  "le  cerebellum  is 
always  intact  (Hitzig). 

In  all  cases  of  chronic  insanity,  and  most  markedly  in 
those  of  general  paresis,  the  ganglionic  cells  of  the  cortex 
degenerate,  become  filled  with  fatty  and  pigment  gran- 
ules, and  lose  their  protoplasm,  nucleus,  and  axis  cylin- 
ders. 

In  general  cerebral  atrophy  both  hemispheres  are 
found  sunken,  retreating  from  the  cranial  bones,  and  the 
convolutions  are  thin  and  small,  separated  by  wide  fur- 
rows. In  these  enlarged  sulci,  as  also  in  the  dilated  lat- 
eral and  third  ventricles,  a  serous  effusion  replaces  the 
brain-substance,  as  in  congenital  atrophy.  The  cortical 
cover  of  the  ventricles  may  be  so  atrophied  that  the 
arachnoid  and  pia  come  in  contact  with  the  ependyma 
entirely,  or  in  limited  spaces,  constituting  an  acquired 
porencephaly. 

Generalized  atrophy  may  also  result  from  localized 
lesions  of  the  cortex,  whose  ganglionic  cells  seem  to 
have  an  influence  on  the  general  nutrition  of  the  brain, 
analogous  to  that  of  the  ganglionic  cells  of  the  cord  on 
the  peripheric  nerves.  Finally,  mental  inactivity  predis- 
poses the  brain,  as  other  unused  organs,  to  atrophy.  Thus 
probably  is  explained  the  frequency  of  premature  senile 
atrophy  among  peasants  and  other  uneducated  people. 

Pa/riial  atrophies  occur  at  the  seat  of  a  destructive 
lesion,  and  also  in  regions  functionally  correlated  with 
this.  Of  such  lesions,  haemorrhage  is  relatively  less 
prominent  than  in  foetal  life  :  embolism  and  thrombosis 
from  atheroma  of  blood-vessels  are  the  most  frequent. 
Both  are  attended  by  red  or  white  softening,  or  even  by 
true  localized  encephalitis  ;  the  brain  cortex  may  be  in- 
filtrated with  leucocytes  following  the  track  of  blood- 
vessels, and  evidently  exuded  from  them  ;  and  also  with 
the  granular  corpuscles  of  Gluge,  resulting  from  fatty 
infiltration  of  neuroglia  cells.  To  these  processes  are 
due  the  characteristic  yellow  patches  so  frequently  found 
on  the  cortex  of  the  brain,  varying  from  an  entirely  in- 
significant size  to  the  entire  surface  of  a  hemisphere,  and 
sometimes  penetrating  its  entire  thickness  (Cotard).  Cysts 
and  sclerosis  may  be  found  in  adult  life  as  in  congenital 
agenesia,  and  the  waste  of  nerve-tissue  may  result,  in 
either  case,  in  simple  defect ;  but  the  yellow  patches  are 
peculiar  to  acquired  atrophy.  The  cysts  are  surrounded 
by  an  ochre-colored  zone,  where  the  nerve-tissue  has 
been  stained  by  haemorrhagic  effusion.  Localized  menin- 
gitis, or  the  outward-bearing  pressure  of  a  ventricular 
effusion  may  also  determine  atrophies,  either  partial,  or,  in 
the  latter  case,  symmetrical  and  generalized.  Tumors  of 
the  brain  necessarily  determine  atrophy  of  the  nerve-tissue 
they  replace  ;  but  on  their  periphery  there  is  an  irritative 
hypertrophy,  due,  however,  to  proliferation  of  the  neu- 
roglia cells  (Adamkiewicz).  A  band  of  this  same  sclero- 
sis surrounds  the  focus  of  any  destructive  brain  lesion. 
In  senile  atrophy  occurs  the  vacuolation  of  the  brain, 
long  known  as  "  l'6tat  crible  "  (Durand-Fardel),  due  to  the 
enlargement  of  the  lymphatic  spaces  surrounding  the 
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blood-vessels.  This  dilatation  results  from  prolonged 
and  intense  hypersemia.  Hasse  observes  that  in  partial 
atrophy  the  primary  destructive  lesions  affect  all  ele- 
ments^ of  the  brain-substance  ;  in  secondary  atrophy  the 
nerve-elements  alone.  But  in  general  diffuse  atrophy,  as 
from  diffuse  meningitis,  an  irritative  process  is  first  ini- 
tiated in  the  neuroglia,  and  the  nerve-elements  gradually 
waste.  A  linear  cicatrix  never  forms  in  the  bram,  whose 
tissues  are  Incapable  of  retracting ;  but  there  is  always  a 
space  to  be  filled  by  a  liquid,  or  by  debris,  or  by  newly 
formed  connective-tissue. 

The  symptoms  of  acquired  cerebral  atrophy  are  essen- 
tially the  same  as  those  of  cerebral  agenesia,  but  difi:er- 
ently  combined,  and  existing  in  different  proportions. 
When  the  lesion  occurs  in  adult  life,  it  can  cause  no  ar- 
rest of  development  in  the  limbs,  such  as  is  so  common 
in  agenesia.  Partial  paresis  or  paralysis  may  be  produced 
when  the  lesion  is  situated  in  the  motor  tracts.  But 
superficial  patches  of  atrophy  of  the  central  convolutions 
may  be  found  in  persons  who  had  completely  recovered 
from  the  paralysis  caused  by  the  initial  lesion.  As  in  agen- 
esia, the  rigid  contractions  of  paretic  or  paralyzed  muscles 
develop  together  with  the  secondary  degenerations  ;  the 
"  late  rigidity"  of  hemiplegics  is  not  the  immediate  con- 
.sequence  of  the  primitive  lesion.  This  rigidity  occupies  by 
preference  the  superior  extremity,  and  is  often  confined 
to  that,  even  when  the  lower  extremity  is  also  paralyzed. 
It  acts  in  the  sense  of  flexion,  so  that  the  arm  is  drawn 
•  to  the  side,  the  forearm  partially  flexed,  the  two  last 
phalanges  of  the  fingers  flexed,  while,  from  atrophy  of 
the  interosseous  muscles,  the  first  phalanx  is  allowed  to 
be  extended.  Hence  results  the  "claw-hand "  as  charac- 
teristic of  hemiplegia.  Tremors,  localized  clonic  cramps, 
and  general  epileptiform  convulsions  occur.  The  latter 
may  precede  the  cerebral  atrophy  and  indicate  the  prog- 
ress of  a  localized  meningitis,  of  which  this  atrophy  is 
to  be  the  result ;  or  they  may  indicate  the  progress  of  a 
descending  sclerosis  toward  the  pons ;  or  they  may  an- 
nounce the  termination  of  the  whole  morbid  process.  Con- 
vulsions are  most  frequent  with  lesions  of  the  cerebellum, 
the  cerebral  cortex,  and  the  ventricles  ;  but  these  belong 
to  the  primary  process,  not  to  the  atrophy  itself.  In  the 
former  case  other  symptoms  coincide — febrile  attaclis, 
temporary  strabismus,  irregulai-ities  of  the  pupils,  head- 
ache. In  the  latter  any  mental  deficiency  previously  ex- 
isting deepens,  even  to  dementia,  and  as  the  end  draws 
near  the  patient  becomes  comatose. 

In  the  atrophy  of  general  paresis,  the  loss  of  muscular 
power  is  an  early  and  prominent  symptom.  There  is  no 
rigidity.  The  mental  defects  in  acquired  cerebral  atrophy 
are  even  more  varying  in  nature  and  degree  than  the 
motor  symptoms.  Sometimes  for  many  years  these  may 
be  absolutely  nil ;  then,  if  the  atrophy  progresses,  the 
mental  powers  become  gradually  impaired.  Simple  fail- 
ure of  the  intelligence  is  usually  proportioned  to  the  ex- 
tent of  the  lesion ;  qualitative  alterations  of  special  facul- 
ties bear  a  more  or  less  definite  relation  to  the  seat  of  the 
lesion.  The  dissociations  of  the  speech  faculty  are 
numerous,  giving  rise  to  aphasia,  amnesia,  agraphia, 
alalia,  and  their  combinations.  Failure  in  memory,  as  in 
all  chronic  cerebral  disease,  is  one  of  the  earliest  mental 
defects ;  the  moral  sense,  dependent  on  the  ethical  me- 
chanisms, the  most  delicate  of  all  (Griesinger),  is  blurred. 

Localized  atrophies  have  been  of  great  service  in  in- 
vestigating the  problems  of  localization  in  cerebral  func- 
tions. 

Prognosis  of  cerebral  atrophy  depends  upon  the  extent 
of  lesion,  and  upon  its  stationary  or  progressive  charac- 
ter. When  only  a  limited  amount  of  brain-tissue  is  de- 
stroyed, its  function  may  be  vicariously  performed  by 
another  portion,  and  the  loss  thus  repaired.  This  is  im- 
possible with  extensive  acquired  lesions.  In  the  famous 
cases  of  congenital  atrophy  of  the  cerebellum  or  corpus 
callosum,  however,  the  functions  of  these  parts  must  have 
been  performed  by  other  organs,  for  their  defect  could 
not  be  diagnosed  during  life. 

A  broad  distinction  exists  between  the  prognosis  of  con- 
genital and  acquired  atrophy,  in  that  the  former  far  more 
frequently  coincides  with  an  arrested  morbid  process,  the 


latter  with  one  that  is  either  continuously  progressive,  oi 
liable  to  removal  after  temporary  arrest.  The  mental 
defects  due  to  atrophy  of  any  portion  of  the  adult  brain 
cannot  be  repaired  ;  the  utmost  to  be  expected  is  their 
limitation ;  the  probabilities  are  that  they  will,  steadily 
or  intermittently,  increase.  On  the  contrary,  in  a  brain 
partially  atrophied  while  still  in  process  of  developmeni, 
a  vigorous  psychic  education  may  often  hope  to  develop 
faculties  by  exercise  of  the  intact  portions.  The  diffl. 
culty  of  doing  so  increases  with  any  form  of  disturbance 
of  the  speech  faculty.  Congenital  paresis  tends  spontan- 
eously to  diminish,  and  muscular  power  may  be  greatly 
increased  by  systematized  gymnastics.  The  paresis  of 
acquired  atrophy,  unlike  the  paralysis  due  to  destructive 
lesions,  tends  to  permanence  or  to  increase  ;  the  latter  case 
being  the  rule  in  the  general  paresis  of  the  insane.  Mus- 
cular rigidities,  contractures,  and  the  deformities  of  limbs 
caused  by  them,  increase  for  a  long  time  in  congenital 
cases,  first  as  a  result  ot  the  extending  spinal  degenera- 
tion, then  as  a  consequence  of  malposition  and  adaptative 
shortening.  The  latter  cause  may  be  greatly  palliated  by 
appropriate  apparatus  ;  and  the  prognosis  in  respect  to 
deformity,  and  to  the  power  of  walking  and  other  use 
of  the  limbs,  is  hopeful  in  direct  proportion  to  the  influ- 
ence of  malposition,  and  inversely  to  that  of  the  lateral 
sclerosis.  Corresponding  to  the  lesser  extent  of  the  brain 
lesion,  the  deforming  contractures  of  acquired  atrophy 
are  much  more  limited,  and  therefore  of  less  importance ; 
their  degree  of  amenability  to  therapeutic  palliation  is 
about  the  same.  General  acquired  atrophy  is  not  fol- 
lowed by  deformity,  for  all  the  muscles  are  equally  af- 
fected. The  duration  of  life  is  quite  indefinite.  Death 
is  never  the  direct  consequence  of  the  atrophy,  but  re- 
sults from  asthenia  due  to  the  progressive  impairment  of 
brain  nutrition  ;  from  oedema,  as  the  walls  of  the  blood- 
vessels become  more  altered ;  from  convulsions,  espe- 
cially associated  with  extension  of  secondary  irritation, 
or  from  renewal  of  the  primary  accidents  (htemorrhage, 
thrombosis,  meningo-encephalitis,  etc.). 

Treatment  is  palliative,  and  in  the  directions  implied  in 
the  remarks  on  prognosis.  The  primary  morbid  process, 
if  still  going  on,  must  be  treated  by  appropriate  meas- 
ures ;  and  an  important  point  of  the  diagnosis  is  the  de- 
cision whether  this  primary  process  is  or  is  not  arrested. 
In  congenital  atrophy,  the  mental  faculties  must  be 
awakened  as  far  as  possible  by  psychological  education, 
which,  to  attain  the  end,  must  be  both  persevering  and 
profound.  The  muscular  paresis  must  be  combated  by 
gymnastic  exercises,  the  deformities  by  apparatus  able  to 
gradually  stretch  retracted  muscles,  to  support  limbs  in 
proper  position,  and  by  means  of  springs  and  artificial 
muscles  to  facilitate  attempts  at  voluntary  movements. 
The  proposal  to  relieve  the  deformities  due  to  rigidity  of 
the  adductor  femoris  muscles  by  circumcision — an  opera- 
tion intended  to  relieve  a  hypothetical  genital  irritation- 
is  most  irrational.  If  relief  ever  follow  this  operation,  it 
can  only  be  in  cases  of  entirely  different  character,  a  pure- 
ly functional  spasm,  possibly  associated  with  masturba- 
tion, and  having  nothing  to  do  with  lateral  sclerosis  of  the 
cord.  The  convulsions  which  are  so  common  in  congen- 
ital atrophy  require  the  usual  treatment.  For  the  eye 
symptoms  (blindness,  strabismus,  nystagmus)  nothing 
can  be  done. 

In  acquired  atrophy  treatment  mainly  consists  In  avert- 
ing conditions  which  are  likely  to  revive  the  primary  acci- 
dents, and  in  treating  these  as  they  arise.  The  earlier  in 
life  the  cerebral  lesion  occurs  the  more  the  conditions  aj)- 
proach  those  of  congenital  atrophy  ;  and  when  the  acci- 
dents date.from  the  first  years  of  childhood  the  practical 
treatment  is  identical  for  the  two  classes  of  cases.  Con- 
versely, as  a  patient  approaches  old  age  both  the  primary 
accidents  and  the  atrophy  are  more  liable  to  be  progressive, 
and  the  role  of  the  therapeutist  becomes  more  purely  pas- 
sive. There  can  be  no  longer  question  of  developing  a 
brain,  checked  in  its  evolution,  but  only  of  shielding  it  from 
new  injuries  which  would  cause  fresh  deterioration  of 
faculties ;  hence  mental  strain  and  excitement  of  all  kinds 
are  to  be  avoided.  The  key-note  of  the  treatment  is  the 
necessity  for  repose  for  the  nervous  processes  proper  and 
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for  the  cerebral  circulation.  Regulation  of  the  social 
medium  is  the  prinbipal  factor  for  the  first ;  of  exercise 
and  climate  for  the  second.  Apparatus  for  deformity  is 
less  needed  and  less  tolerated  than  in  children.  The  con- 
tractures principally  afEect  the  upper  extremities,  instead 
of,  as  in  children,  the  lower ;  and  it  is  much  more  diffi- 
cult to  facilitate  the  functions  of  the  arms  than  of  the 
legs  by  prothetic  apparatus.  Still,  with  ingenuity,  this 
maj  sometimes  be  accomplished. 

IHagnom. — In  congenital  or  early  cases  it  is  principally 
necessary  to  distinguish  between  primary  and  secondary 
cerebral  atrophy,  and  between  the  latter  and  the  various 
lesions  upon  which  it  depends,  as  hydrocephalus,  haemor- 
rhage, meningo-encephalitis.  Primary  atrophy  may  be 
inferred  from  deficient  or  idiotic  intelligence,  without 
motor  disturbances  or  lesions  of  the  special  senses,  while 
hydrocephalus  may  be  excluded  from  the  size  of  the  head. 
The  extreme  degrees  of  diffuse  primary  atrophy  consti- 
tute microcephalic  idiocy,  and  are  recognizable  usually 
from  the  minute  proportions  of  the  cranium.  The  diagno- 
sis cannot,  however,  always  be  made,  for,  though  rarely, 
large  portions  of  the  encepbalon  may  be  absent,  without 
any  more  defect  in  the  intelligence  than  is  often  observed 
without  gross  cerebral  lesion  at  all.  And,  on  the  other 
hand,  the  destructive  lesion  causing  a  secondary  localized 
atrophy  may  be  so  limited  that  the  descending  degenera- 
tion occasions  no  characteristic  symptoms,  yet  the  finer  me- 
chanisms of  the  brain  may  be  so  jarred  that  the  evolution 
of  the  mind  is  permanently  impaired.  In  any  case  in 
which  the  associating  fibres  or  the  superadded  convolu- 
tions (Broadbent)  are  affected,  while  the  motor  fibres 
prolonged  from  the  crus  remain  intact,  imbecility  with 
preservation  of  muscular  function  is  possible.  In  second- 
ary atrophy,  if  the  primary  morbid  processes  have  been 
arrested  before  they  have  been  discovered,  or  at  birth,  it  is 
often  difficult,  in  the  latter  case  impossible,  to  distinguish 
between  them.  Congenital  hydrocephalus  is  recognizable 
when  the  head  is  already  enlarged  at  birth,  and  may  be 
a  cause  of  dystocia.  When  the  head  begins  to  enlarge 
within  a  few  weeks  after  birth,  it  is  probable  that  ventric- 
ular effusion  has  already  begun  before.  The  probability 
is  greater  if  spina  bifida  coexist.  In  such  cases  it  is  some- 
times the  symptoms  of  the  effusion,  sometimes  those  of 
the  atrophy  and  spinal  sclerosis  that  predominate.  _  An 
extra-uterine  cerebral  haemorrhage  or  attack  of  meningo- 
encephalitis is  indicated  by  the  usual  signs  ;  but  these  are 
liable  to  be  masked  in  infancy  by  convulsions  and  fever, 
common  to  both,  and  also  to  so  many  other  infantile  dis- 
orders. Persistence  of  an  inflammatory  process  may  be 
indicated  by  irregular  recurrence  of  fever,  associated  with 
pain,  retraction  "of  head,  pupillary  symptoms,  and  other 
characteristic  signs  of  meningeal  irritation.  Still  these 
may  also  be  aroused  by  the  irritative  process  of  degenera- 
tion, especially  when  this  reaches  the  motor  tracts  in  the 
pons  and  medulla.  It  may  be  said  that  in  secondary  atro- 
phy at  any  age,  the  diagnosis  may  be  made  by  the  coin- 
cidence of  three  symptoms :  mental  defect,  muscular 
paresis,  and  muscular  contracture  ;  these  coming  on  grad- 
ually or  after  a  period  of  stormy  cerebral  accidents.  The 
various  other  symptoms  enumerated  may  or  may  not  be 
present ;  among  them  lesions  of  the  cranial  nerves  are  of 
the  same  order  as  the  rigidities  of  the  limb-muscles,  and, 
like  them,  may  be  referred  to  the  descending  sclerosis  ac- 
companying the  atrophy.  Convulsions  and  fever  may 
be  due  to  this  or  to  persistence  or  revival  of  the  primary 
process. 
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Ma/ry  PutTiam-JacoM. 

BRAIN  :  CEREBRAL  H/EMORRHAGE.  Etiology.— 
The  most  frequent  cause  of  non-traumatic  cerebral  haem- 
orrhage is  the  occurrence  of  miliary  aneurisms  in  the 
vessels  of  the  brain.  These  aneurisms  are  found  witli 
extreme  rarity  in  other  organs.  Charcot  and  Bouchard, 
who  were  the  first  to  recognize  them  as  tlie  cause  of 
haemorrhage,  regard  them  as  due  to  chronic  periarteritis, 
which  leads  to  an  excessive  proliferation  of  nuclei  in  the 
lymphatic  sheaths  and  walls  of  the  vessels,  and  sometimes 
to  atrophy  and  disappearance  of  the  muscular  coat. 
These  writers  believe  that  the  implication  of  the  tunica 
intima,  which  is  always  present  in  such  cases,  is  second- 
ary to  the  affection  of  the  outer  walls.  Eichler  believes 
that  the  process  is  an  endarteritis,  beginning  in  the  intima, 
and  then  spreading  outward. 

These  aneurisms  are  always  very  minute,  and  sometimes 
cannot  be  seen  without  the  aid  of  a  lens.  Charcot  and 
Bouchard  noticed  that  they  manifested  a  predilection  for 
certain  parts  of  the  brain,  being  found  with  diminishing 
frequency  in  the  following  regions  :  Optic  thalamus,  cor- 
pus striatum,  cerebral  cortex,  pons  Varolii,  cerebellum, 
centrum  ovale,  peduncles,  and  medulla  oblongata.  In 
the  very  large  majority  of  cases  they  are  situated  in  the 
corpus  striatum  and  optic  thalamus,  thus  explaining  the 
great  preponderance  of  haemorrhages  in  this  locality. 

It  has  long  been  thought  (and  many  clinicians  and  pa- 
thologists hold  this  view  at  the  present  time)  that  ather- 
oma of  the  cerebral  vessels  is  one  of  the  main  causes 
of  cerebral  haemorrhage.  But  this  view  is  erroneous. 
Atheroma  of  the  brain  is  confined  usually  to  the  arteries 
of  the  circle  of  "Willis,  and  it  is  not  uncommon  to  find 
these  vessels  as  rigid  and  unyielding  as  pipe-stems,  with- 
out a  trace  of  haemorrhage  in  the  brain.  In  rare  cases, 
even  the  vessels  of  the  pia  mater  have  been  found  to  be 
exquisitely  atheromatous,  although  no  vascular  rupture 
had  occurred.  On  the  other  hand,  it  is  not  uncommon 
to  find  extensive  haemorrhage,  although  atheroma  of  the 
vessels  is  entirely  absent  or  very  slight. 

Age  is  an  important  factor  in  causation,  the  large  ma- 
jority of  cases  occurring  after  the  age  of  forty-five  years. 
But  cases  are  not  very  infrequent  at  an  earlier  period, 
and  they  may  also  occur  in  infancy  and  childhood.  Bil- 
lard  found  a  clot  in  the  left  corpus  striatum  in  an  infant 
three  days  old. 

Heredity  also  appears  sometimes  to  play  a  certain  part 
in  etiology,  but  it  acts  by  inducing  the  development  of 
miliary  aneurisms,  and  not  by  giving  rise  to  any  defect 
in  the  cerebral  tissues  proper.  . 

The  disease  also  occurs  quite  frequently,  during  the 
course  of  Bright's  disease,  associated  with  hypertrophy  of 
tlie  heart  without  valvular  lesion.  It  has  been  supposed 
that  the  cardiac  hypertrophy  and  consequent  increased 
arterial  pressure,  are  the  active  factors  in  this  condition, 
but  it  is  more  probable  that  they  act  only  as  exciting  causes 
the  real  cause  being  found  in  the  changes  in  the  walls  ot 
the  vessels  (arterio-sclerosis),  which  constitute  an  integral 
part  of  Bright's  disease. 

In  scurvy,  leukaemia,  haemophilia,  and  severe  mtec- 
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tious  diseases,  minute  cerebral  hsemorrhages  may  occur  as 
the  result  of  the  nutritive  changes  induced  in  the  walls  of 
the  vessels,  but  these  will  not  be  considered  in  this  article. 

Violent  muscular  strain,  mental  excitement,  cold  baths, 
etc.,  are  also  adduced  as  causes,  but  they  only  prove  ef- 
ficient if  a  lesion  of  the  vessels  is  present.  They  proba- 
bly act  by  causing  active  or  passive  cerebral  congestion. 

The  large  maiority  of  cases  occur  in  the  male  sex,  the 
predisposing  and  exciting  causes  being  more  frequent  in 
males  than  in  females. 

Pathological  Anatomy.— If  the  patient  dies  soon 
after  the  occurrence  of  a  cerebral  haemorrhage,  a  soft, 
black  clot  is  found,  which  can  be  readily  removed  from 
its  cavity,  and  is  usually  mixed  with  shreds  of  brain- 
tissue  intermingled  with  blood.  The  surrounding  tissues 
are  irregularly  torn,  and  are  softened  and  blood-stained 
for  some  distance  around  the  clot.  Very  little  fluid  blood 
is  present  (vide  Plate  III.,  Figs.  1  and  2).  The  size  of  the 
clot  varies  from  a  minute  speck  (capillary  hemorrhages)  to 
a  mass  of  enormous  size,  which  may  occupy  a  considerable 
portion  of  one  lobe.  In  the  latter  event  the  blood  usually 
ruptures  into  the  lateral  ventricle,  may  then  pass  into  the 
opposite  lateral  ventricle,  and  also  force  its  way  through 
the  third  into  the  fourth  ventricle.  More  rarely  the  hsem- 
orrhage  breaks  through  the  cortex  and  appears  under  the 
pia  mater,  usually  upon  the  convexity.  When  the  haemor- 
rhage is  large  in  amount,  pressure-effects  are  distinctly 
perceptible.  The  convolutions  may  be  flattened,  the  falx 
cerebri  pushed  forcibly  toward  the  opposite  side  of  the 
brain,  and  even  the  nerves  flattened  at  the  base  of  the  brain. 
In  such  cases  the  cerebral  tissues  are  usually  very  dry. 

If  the  loose  clot  is  gently  removed  and  the  tissues  slowly 
moved  to  and  fro  under  water  in  order  to  remove  the  more 
adherent  shreds,  we  shall  usually  be  able  to  find  the  ar- 
tery upon  which  the  ruptured  miliary  aneurism  (some- 
times more  than  one)  is  situated. 

After  a  variable  period,  depending  chiefly  upon  the  size 
of  the  clot,  the  latter  begins  to  contract,  finally  breaks 
down,  as  it  does  in  other  localities,  and  absorption  then 
begins.  The  extent  to  which  this  occurs  varies  in  differ- 
ent cases.  Sometimes  the  absorption  is  complete  and 
perhaps  nothing  will  be  left  at  the  site  of  the  haemorrhage 
but  a  narrow,  wavy,  yellowish  cicatrix,  which  contains  a 
variable  number  of  hsematoidin  crystals.  The  latter  may 
also  be  scattered  through  the  surrounding  tissues,  giving 
"them  a  reddish-yellow  color.  In  other  cases  the  serum  is 
not  absorbed,  and  a  cavity  remains  which  may  be  lined 
with  a  delicate  cyst- wall.  After  the  lapse  of  time  it  often 
becomes  dilBcult,  sometimes  impossible,  to  distinguish 
these  cysts  from  the  remains  of  spots  of  softening. 

The  changes  described  run  their  course  in  a  short  lime. 
The  clot  remains  soft  for  three  or  four  days  ;  absorption 
then  becomes  active  and  reaches  its  maximum  toward  the 
close  of  the  second  week.  If  absorption  is  not  complete, 
the  cavity  contains  serum  by  the  twentieth  day,  and  the 
cyst-wall  is  fully  formed  in  from  four  to  six  weeks. 

Haemorrhages  within  the  region  of  the  pyramid  tracts, 
in  any  part  of  their  course  (and  also  those  in  the  motor 
regions  of  the  cortex),  give  rise  to  secondary  descending 
degeneration,  which  extends  down  through  the  crus,  pons, 
and  medulla  into  the  antero-lateral  column  of  tiie  opposite 
side  of  the  spinal  cord.  In  very  rare  cases  the  degenera- 
tion finally  extends  into  the  anterior  gray  horns  of  the 
cord. 

Among  twenty  cases  of  descending  degeneration  of  the 
spinal  cord  due  to  unilateral  lesions  of  the  brain,  Pitres 
found  four  cases  in  which  the  degeneration  was  present 
in  both  lateral  columns,  though  more  markedly  on  the 
side  opposite  to  the  cerebral  lesion.  He  attributes  this 
remarkable  phenomenon  to  very  incomplete  decussation 
of  the  pyramid  tracts  in  the  medulla  oblongata — the  vari- 
ability of  which  has  been  clearly  demonstrated  by  Flsch- 
sig. 

Almost  all  cases  of  old  haemorrhage  which  have  come 
under  our  observation  on  the  post-mortem  table,  have  ex- 
hibited, irrespective  of  the  site  of  the  lesion,  an  atrophy 
of  the  brain.  This  is  observed  throughout  the  entire 
cerebral  hemisphere  on  the  side  of  the  hajmorrhage,  and 
in  the  opposite  hemisphere  of  the  cerebellum.  The  atrophy 
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of  the  latter  is  proportionately  less  marked  than  that  of 
the  cerebrum,  but  it  appears  to  affect  all  parts  alike. 
The  cause  of  this  phenomenors  is  obscure,  but  it  is  due 
probably  to  partial  disuse  of  the  structures  implicated. 

Symptomatology. — In  the  majority  of  cases  there  are 
no  precursory  manifestations  of  this  disease.  When  they 
are  present,  they  consist  of  vertigo,  headache,  ringing  in 
the  ears,  general  mental  inertia,  occasional  lapses  of  mem- 
ory, and  defective  speech.  Sometimes  slight  numbness 
and  a  feeling  of  weakness  may  be  felt  upon  one  side  of 
the  body.  The  latter  symptoms  are  generally  dependent 
on  a  slight  haemorrhage  which  has  already  occurred.  The 
other  prodromal  symptoms  are  supposed  to  be  due  to  con- 
gestion of  the  brain. 

As  a  rule,  however,  the  symptoms  begin  quite  suddenly. 
In  a  considerable  proportion  of  cases  the  attack  develops 
during  sleep,  the  patient  going  to  bed  in  his  usual  condi- 
tion of  health  and  awaking  in  the  morning  to  find  him- 
self paralyzed  on  one  side  of  the  body.  When  the  attack 
occurs  during  waking  hours,  the  patient  generally  ex- 
periences a  strange  sensation  in  the  head  and  an  increas- 
ing feeling  of  numbness  and  weakness  on  one  side.  This 
is  followed  rapidly  by  loss  of  power  on  that  side,  and  the 
patient,  if  standing,  falls  to  the  ground,  and  in  a  certain 
proportion  of  cases  becomes  unconscious.  It  must  be 
remembered,  however,  that  a  large  number  of  patients 
retain  their  consciousness  throughout  the  entire  seizure. 
Thus  it  has  been  noticed  that  even  twenty-four  hours 
have  elapsed  from  the  onset  of  the  symptoms  to  the  de- 
velopment of  complete  hemiplegia  and  aphasia,  the  patient 
retaining  consciousness  and  the  use  of  his  mental  facul- 
ties during  this  entire  period.  The  disturbance  of  con- 
sciousness in  different  attacks  presents  all  possible  grades 
from  this  condition  to  complete  and  profound  coma. 

In  the  most  severe  cases  the  patient  lies  motionless, 
with  a  turgid,  sometimes  livid  face,  the  pupils  varying 
but  usually  presenting  no  characteristic  appearance,  the 
cheeks  flaccid  and  flapping  loosely  with  respiration. 
The  pulse  is  usually  slow,  full,  and  hard,  the  arteries  of 
the  neck  pulsate  visibly.  Respiration  is  usually  slow, 
labored,  and  attended  with  stertor ;  sometimes  Cheyne- 
Stokes  respiration  is  observed  and  is  usually  of  fatal 
import.  All  the  limbs  may  be  in  a  condition  of  complete 
resolution,  but  more  commonly  the  non-paralyzed  side 
manifests  a  slight  rigidity. 

A  not  infrequent  symptom  of  the  apoplectic  seizure  is 
the  so-called  conjugate  deviation  of  the  eyes  and  head. 
Both  eyes  are  usually  turned  away  from  the  paralyzed 
side,  "  as  if  looking  toward  the  site  of  the  lesion." 
Nystagmus  movements  may  be  noticed  at  times,  but 
the  axes  of  the  eyes  are  not  directed  beyond  the  median 
line.  The  head  is  also  turned  in  the  same  direction  as  the 
eyes,  and  offers  distinct  resistance  when  an  attempt  is 
made  to  restore  it  to  the  normal  position.  In  extremely 
rare  cases  this  symptom  has  been  observed  in  attacks  of 
cerebral  haemorrhage  unattended  with  loss  of  conscious- 
ness. 

This  peculiar  phenomenon  is  usually  noticed  when  the 
haemorrhage  occurs  in  the  corpus  striatum  or  its  vicinity, 
although  it  is  also  observed  at  times  when  other  parts  of 
the  brain  are  implicated.  According  to  Hughlings  Jack- 
son, conjugate  deviation  is  of  evil  prognostic  import 
with  regard  to  the  recovery  of  the  paralysis. 

When  the  haemorrhage  ruptures  into  the  ventricles,  or 
through  the  cortex  beneath  the  pia  mater,  contractures  or 
convulsions  are  frequently  noticed.  Pitres  states  that 
this  symptom  depends  upon  the  point  of  rupture  of  the 
hffimorrhage  into  the  ventricle,  and  is  only  produced  when 
the  fronto-parietal  fibres  are  involved  by  the  lesion. 

It  has  been  stated  that  severe  hsemorrhages  are  attended 
invariably  by  an  initial  depression  of  temperature  (one- 
fourth  to  one-half  hour  after  the  beginning  of  the  seizure), 
followed  in  a  few  hours  by  a  rapid  rise,  which  continues 
until  death  in  fatal  cases,  and  subsides  after  a  few  days 
in  the  non-fatal  cases.  In  some  instances  the  temperature 
may  rise  from  the  very  beginning,  even  though  the  dis 
ease  has  a  rapidly  fatal  termination. 

The  cutaneous  and  tendon  reflexes  are  usually  abol- 
ished or  greatly  diminished  during  the  period  of  coma. 
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But  this  condition  soon  gives  place  to  an  increase  of  re- 
flex excitability,  with  the  exception  of  the  cremaster  and 
abdominal  reflexes,  -which  are  found  to  be  diminished. 

As  a  general  rule,  the  patient  slowly  rallies  from  the 
comatose  condition,  consciousness  being  restored  usually 
in  a  period  varying  from  an  hour  or  more  to  a  couple 
of  days.  When  consciousness  is  restored,  the  paralysis 
present  is  more  clearly  defined,  and  is  found  to  consist, 
usually,  of  hemiplegia  of  motion,  frequently  associated 
with  aphasia  when  situated  on  the  right  side  of  the  body. 

In  a  considerable  proportion,  perhaps  the  majority,  of 
cases  it  is  found,  when  the  patient  returns  to  conscious- 
ness, that  sensation  is  also  somewhat  impaired  on  the 
paralyzed  side.  In  addition  it  is  not  rare  to  find  that 
hemi-ansesthesia  of  the  special  senses,  associated  with  hemi- 
opia,  is  also  present.  Gowers  thinks  that  the  latter 
symptom  can  be  detected,  in  the  majority  of  cases,  dur- 
ing the  first  period  after  the  attack.  We  have  verified  this 
observation  in  a  number  of  instances.  As  a  rule,  the 
sensory  disturbances  disappear  almost  entirely  within 
one  or  two  weeks,  though  exceptionally  they  continue 
permanently,  while  the  motor  symptoms  clear  up  in  great 
part  or  entirely. 

In  the  majority  of  cases  improvement  continues  unin- 
terruptedly after  the  restoration  of  consciousness  until  a 
certain  definite  degree  of  paralysis  is  left  over.  In  a 
small  proportion  of  cases,  however,  symptoms  of  cere- 
bral irritation,  probably  owing  to  the  development  of  en- 
cephalitis around  the  clot,  make  their  appearance  at  the 
end  of  a  week  or  ten  days,  sometimes  as  early  as  two  or 
three  days,  after  the  occurrence  of  the  haemorrhage.  The 
patient  then  complains  of  severe  headache,  the  tempera- 
ture again  rises,  irritability,  and  even  delirium  may  su- 
pervene. These  symptoms  may  increase  in  severity  and 
a  fatal  termination  ensues,  or,  after  lasting  for  a  week  or 
more,  they  may  gradually  disappear,  leaving  the  patient 
in  about  the  same  condition  as  before  the  relapse.  In 
some  cases,  rigidity  or  contractures  develop  during  this 
condition,  and  subside  with  the  other  symptoms. 

Acute  decubitus  (bed-sore)  may  also  develop  during  the 
early  period  of  the  attack.  If  this  occurs,  it  will  be  found 
usually,  from  the  second  to  the  fourth  day,  that  an  ery- 
thematous patch  appears  upon  the  middle  of  the  gluteal 
region  of  the  paralyzed  side,  followed  rapidly  (usually 
the  next  day)  by  the  formation  of  buUse,  and  then  by 
rapid  sloughing  of  the  parts.  According  to  Diprat,  the 
acute  bed-sore  is  sometimes  observed  upon  the  healthy 
side.  Charcot  states  that  death  almost  always  occurs  in 
such  cases. 

Vaso-motor  symptoms  may  also  be  noticed  from  the 
very  onset  of  the  attack  The  paralyzed  side  is  then 
warmer  to  the  feel  than  the  non-affected  side,  and  is  cov- 
ered with  more  profuse  perspiration ;  sometimes  the 
radial  pulse  is  fuller  on  the  hemiplegic  side ;  slight 
esdema  of  the  skin  on  this  side  is  also  often  noticed. 
These  symptoms  disappear  in  proportion  as  the  coma  sub- 
sides, and,  at  a  later  period,  may  give  place  to  vaso-motor 
symptoms  of  a  different  character,  which  will  be  men- 
tioned later. 

After  the  immediate  effects  of  the  haemorrhage  have 
passed  off,  the  patient  may  live  for  years  without  a  re- 
currence. Subsequent  attacks  usually  occur,  however, 
unless  the  patient  dies  from  an  intercurrent  disease. 

The  hemiplegia  left  over  after  an  ordinary  attack  of 
cerebral  haemorrhage  presents  the  following  character- 
istics : 

The  paralysis  is  not  so  well  marked,  as  a  rule,  in  the 
face  as  in  the  limbs.  There  is  less  expression  and  power 
of  motion  in  the  lower  half  of  the  paralyzed  side  of  the 
face  than  on  the  opposite  side,  the  naso-labial  fold  is 
partly  or  entirely  effaced,  and  the  angle  of  the  mouth 
droops  and  sometimes  is  drawn  closer  to  the  median 
line.  The  frontalis  and  orbicularis  palpebrarum  usually 
act  as  well  as  those  on  the  non-paralyzed  side,  though 
careful  observation  often  shows  that  they  do  not  contract 
quite  as  vigorously  as  normally.  This  is  particularly 
noticeable  if  the  patient  be  directed  to  close  only  the  eye 
of  the  paralyzed  side.  The  paralysis  of  the  lower  half  of 
the  face  becomes  more  marked  during  voluntary  move- 
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ments,  while  in  laughing  both  sides  of  the  face  may  con- 
tract to  an  equal  degree.  Some  difficulty  in  mastication 
may  arise  from  the  accumulation  of  food  between  the 
teeth  and  cheek  of  the  affected  side  ;  more  rarely  there  is 
slight  disturbance  of  deglutition.  The  tongue,  when  pro- 
truded, may  deviate  to  the  side  of  the  paralysis  on  account 
of  the  unopposed  action  of  the  genioglossus  muscle  on 
the  healthy  side.  It  must  be  remembered,  however,  that 
this  deflection  of  the  tongue  may  be  more  apparent  at 
times  than  real,  and  that  it  may  be  owing  to  the  closer 
approximation  of  the  angle  of  the  mouth  to  the  median 
line.  If  the  hemiplegia  has  occurred  in  early  childhood- 
it  is  commonly  found  after  the  lapse  of  a  few  years  (the 
interval  being  shorter  the  earlier  the  age  at  which  the 
haemorrhage  occurred)  that  the  bones  of  the  skull  and 
face  on  the  paralyzed  side  are  slightly  smaller  than  those 
on  the  opposite  side.  The  muscles  are  also  atrophied  to 
a  slight  extent. 

Apart  from  aphasia,  the  discussion  of  which  will  be  found 
in  the  first  part  of  this  volume,  speech  is  usually  not  af- 
fected very  much,  though  sometimes  there  is  considerable 
thickness  and  slowness  of  speech  from  the  diminished 
mobility  of  the  tongue  and  lips,  or  perhaps  from  the  im- 
pairment of  mental  power. 

The  upper  limb  is  usually  paralyzed  to  a  greater  ex- 
tent than  the  lower  limb,  i.e.,  the  latter  recovers  much 
more  rapidly  and  thoroughly  than  the  former.  The  upper 
limb,  as  a  rule,  is  partially  flexed  in  all  the  joints,  and  the 
arm  drawn  alongside  the  chest.  The  power  of  executing 
coarse  movements  returns  flrst,  the  delicate  manipulations 
of  the  fingers  being  restored  last.  The  tendon  reflexes  at 
the  bend  of  the  elbow  and  the  wrist  are  increased. 

In  walking  the  lower  limb  drags  along  the  ground,  and 
there  is  an  evident  effort  in  propelling  it  along.  It  is 
swung  more  at  the  hip,  and  the  pelvis  is  raised  higher 
upon  the  paralyzed  than  upon  the  non-a^ected  side  in  order 
to  allow  the  drooping  toes  to  clear  the  ground. 

As  an  almost  invariable  rule  in  adults  the  paralyzed 
limbs  do  not  undergo  any  noteworthy  atrophy,  although 
the  paralysis  may  have  lasted  for  years  ;  the  subcutaneous 
adipose  tissue  may  disappear  to  a  considerable  extent.  In 
rare  cases,  however,  rapid  atrophy  takes  place,  sometimes 
even  within  a  few  months,  and  is  more  marked  in  the 
upper  limb.  It  is  supposed  that  this  peculiar  feature  is 
owing  to  the  implication  of  the  anterior  gray  horns  as  a 
secondary  result  of  the  descending  degeneration  of  the 
lateral  columns.  In  one  case  under  our  observation  the 
diagnosis  of  this  secondary  change  in  the  cord  was  veri- 
fied by  the  post-mortem  examination. 

In  hemiplegia  of  early  childhood  marked  atrophy  of  all 
the  tissues  of  the  paralyzed  limbs  always  takes  place,  or, 
at  least,  their  growth  does  not  correspond  with  that  of 
the  healthy  side.  Sometimes  this  atrophy  is  so  marked 
as  to  look,  at  the  first  glance,  like  that  resulting  from 
acute  infantile  paralysis. 

The  paralyzed  limbs  are  usually  cool  to  the  feel,  and 
the  skin  may  present  a  dusky,  mottled  appearance  from 
impaired  circulation  ;  not  infrequently  the  radial  pulse  is 
smaller  than  on  the  other  side. 

In  addition  to  these  vaso-motor  disturbances,  trophic 
changes  may  also  occur,  and  are  more  marked  in  the 
upper  limb.  The  integument  sometimes  seems  to  be 
thinned  and  atrophic,  in  other  cases  it  appears  thicker 
than  normal.  The  nails  may  become  discolored,  lose 
their  gloss,  and  become  rough,  from  excessive  develop- 
ment of  longitudinal  striations.  The  joints,  particularly 
the  shoulder,  hip,  and  fingers,  not  infrequently  become 
affected.  The  joint-affection  is  very  rarely  acute  in  its 
origin.  When  this  does  occur,  phenomena  not  unlike 
articular  rheumatism  are  developed.  This  form  usually 
begins  in  from  two  to  four  weeks  after  the  apoplectic  at- 
tack. Much  more  frequently,  however,  chronic,  slowly 
progressing  changes  arise.  The  articular  ends  of  the  bones 
then  appear  to  enlarge,  and  at  the  same  time  a  certain 
amount  of  atrophy  appears  in  the  muscles  surrounding 
the  joint.  No  exudation  can  be  detected,  but  the  joint  is 
very  tender  on  pressure,  and  may  be  so  painful  on  move- 
ment that  the  mobility  is  interfered  with  out  of  all  pro- 
portion to  the  actual  loss  of  muscular  power.     This  con- 
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dition  is  extremely  obstinate,  and  frequently  resists  all 
forms  of  treatment. 

Late  rigidity,  or  contracture,  is  a  very  frequent  sequel 
of  hemiplegia.  The  upper  limb  is  involved  to  a  much 
greater  extent  than  the  lower  limb.  As  a  general  rule 
the  fingers  are  strongly  flexed,  sometimes  bent  forcibly 
into  the  palm  of  the  hand  ;  the  wrist  is  flexed  upon  the 
forearm,  and  the  latter  is  pronated  and  at  the  same  time 
slightly  flexed  on  the  arm.  Contracture  of  the  pectoralis 
major  muscle  draws  the  arm  against  the  chest.  In  the 
lower  limb  the  contracture  is  confined  chiefly  to  the 
muscles  of  the  calf,  which  draw  up  the  heel. 

It  is  very  often  found,  even  in  advanced  cases,  that  the 
contracture  disappears  in  great  part  when  the  patients 
awake  in  the  morning.  Then  the  fingers,  which  could 
not  be  extended  previously  without  a  very  great  effort  on 
the  part  of  the  physician,  are  relaxed  spontaneously,  and 
the  patient  may  even  be  able  to  execute  voluntary  move- 
ments. In  a  little  while,  however,  the  status  quo  ante 
is  restored.  This  condition  is  always  attended  by  a 
marked  increase  of  all  the  tendon  reflexes,  and  sometimes 
by  increased  mechanical  excitability  of  the  paralyzed 
muscles.  It  is  generally  believed  that  this  form  of  con- 
tracture is  due  to  descending  degeneration  of  the  lateral 
columns,  but  this  view  is  not  well  founded.  We  have 
seen  one  case  in  which  the  contracture  was  absent,  al- 
though well-marked  descending  degeneration  was  found 
at  the  autopsy.  Were  this  theory  true,  the  symptom  in 
question  should  be  present  in  all  cases  of  haemorrhage  or 
other  lesion  affecting  the  pyramid  tracts,  but  in  reality  it 
is  not  infrequently  absent  under  such  conditions. 

The  phenomenon  known  as  "associated  movements" 
is  also  observed  quite  often  in  hemiplegia,  particularly 
when  it  occurs  in  childhood.  As  a  rule,  strong  volun- 
tary effort  on  the  part  of  the  non-paralyzed  limbs  is  asso- 
ciated with  an  involuntary  movement  of  the  paralyzed 
parts.  Much  more  rarely  a  vigorous  attempt  to  move 
the  paralyzed  muscles  is  attended  with  an  involuntary 
movement  of  the  healthy  side. 

Post-hemiplegic  chorea  is  another  peculiar  phenom- 
enon, allied  perhaps  to  the  associated  movements  just  re- 
ferred to.  It  occurs  with  greatly  preponderating  fre- 
quency in  the  hemiplegia  of  childhood,  but  Is  observed 
not  very  rarely  in  adults.  The  period  of  its  development 
varies  greatly,  but  it  never  occurs  until  a  very  consider- 
able amount  of  improvement  has  taken  place.  This 
symptom  is  also  found  to  be  much  more  severe  in  the 
upper  than  in  the  lower  limb. 

The  movements  are  manifold  in  character.  Sometimes 
they  can  be  distinguished  in  no  respect  from  ordinary 
chorea,  and  as  in  the  latter  disease,  in  some  cases,  the 
movements  are  increased  on  effort ;  in  others  they  are 
diminished. 

More  rarely  tremor  is  produced  like  that  seen  in  pa- 
ralysis agitans,  or  the  movements  may  be  coarser.  Some 
cases  have  been  observed  in  which  the  movements  were 
of  an  ataxiform  character,  and  it  is  even  claimed  that  true 
ataxic  disturbances  may  be  produced.  There  is  very 
little  doubt  that  athetosis  (slow,  constant  alternation  of 
flexion  and  extension  of  the  fingers,  with  corresponding 
movements,  perhaps,  in  the  upper  portions  of  the  arm, 
more  rarely  in  the  lower  limb,  particularly  the  toes)  is 
merely  a  variety  of  post-hemiplegic  chorea,  though  it  may 
also  occur  independently  of  cerebral  hsemorrhage. 

In  children,  in  whom  post-hemiplogic  chorea  is  of  very 
frequent  occun-ence,  this  symptom  rCten  becomes  com- 
plicated with  epileptiform  convulsions,  affecting  at  the 
onset  only  the  paralyzed  side,  but  later  spreading  usually 
to  the  other  side. 

Diagnosis. — The  recognition  of  cerebral  haemorrhage 
is  often  attended  with  great  difficulty,  and  indeed  may 
be  impossible.  The  disease  is  most  frequently  mistaken 
for  cerebral  embolism,  since  the  symptoms  of  both  affec- 
tions may  be  identical.  In  such  cases  a  provisional  di- 
agnosis can  only  be  made  from  attendant  circumstances. 
Embolism  is  usually  associated  with  cardiac  valvular  dis- 
ease, thrombosis  of  the  heart,  or  aneurism  of  the  arch  of 
the  aorta.  As  a  matter  of  course,  however,  the  existence 
of  these  lesions  does  not  preclude  the  occurrence  of  cere- 


bral haemorrhage.  If  the  coma  occurs  with  great  sudden- 
ness, it  is  due  more  probably  to  embolism  than  to  haemor- 
rhage, and  this  is  also  true  if  the  patient  recovers,  within 
a  week,  a  considerable  amount  of  power  in  the  paralyzed 
side.  Again,  embolism  is  comparatively  more  frequent 
before  the  age  of  forty,  though,  as  we  have  seen  above 
haemorrhage  may  also  occur  at  any  age,  even  in  infancy 
and  childhood.  The  determination  of  the  coexistence  of 
chronic  interstitial  nephritis  favors  the  diagnosis  of  haem- 
orrhage, on  account  of  the  vascular  lesions  so  often  pres- 
ent in  the  former  disease.  On  the  other  hand,  it  must  be 
remembered  that  the  mere  presence  of  albumen  in  the 
urine  during  an  apoplectic  attack  possesses  no  signifi- 
cance whatever. 

Cerebral  haemorrhage  must  also  be  distinguished  from 
cerebral  thrombosis.  In  the  latter  affection,  the  coma- 
tose condition,  if  it  develops  at  all,  is  usually  much 
slower  in  its  onset,  though  it  must  also  be  remembered 
that  exceptionally  the  symptoms  of  thrombosis  occur 
with  great  suddenness.  The  disease  is  peculiarly  an  af- 
fection of  old  age,  and  the  radial,  temporal,  and  other 
superficial  arteries  are  generally  found  to  be  very  athero- 
matous. When  the  thrombosis  is  the  result  of  a 
syphilitic  affection  of  the  vessels,  it  is  almost  always  pre- 
ceded by  another  train  of  symptoms,  a  discussion  of  which 
will  be  found  under  the  head  of  syphilitic  lesions  of  the 
cerebral  vessels. 

Haemorrhage  into  the  pons  may  also  be  mistaken  for 
opium-poisoning,  if  it  is  attended,  as  is  usually  the  case, 
with  strongly  contracted  pupils.  In  the  former  affection, 
however,  the  pulse  and  respiration  are  not  so  notably  re- 
tarded as  in  the  latter,  and  the  coma  is  more  profound. 
Epileptiform  convulsions,  also,  are  not  an  infrequent  ac- 
companiment of  pons  haemorrhage,  and  do  not  form  a 
part  of  the  history  of  opium-poisoning.  Of  course  the 
obscurity  is  cleared  up  if  the  patient  recovers  conscious- 
ness. 

When  the  haemorrhage  occurs  during  infancy  or  child- 
hood, the  disease  must  also  be  differentiated  from  tuber- 
cular meningitis.  This  affection  may  also  be  attended 
with  unconsciousness  and  sometimes  distinct  hemiplegia, 
even  in  cases  in  which  the  autopsy  shows  a  tolerably  uni- 
form distribution  of  the  lesion  over  both  hemispheres  of 
the  brain.  Meningitis,  however,  is  attended  with  more 
marked  prodromal  symptoms  than  cerebral  haemorrhage ; 
the  hemiplegia,  if  present,  is  not  very  profound,  and  is 
variable  in  degree  at  different  times,  as  are  also  the  other 
symptoms  of  the  disease.  In  adults,  meningitis  rarely 
simulates  the  history  of  cerebral  haemorrhage. 

But  however  careful  we  may  be  in  the  observation  of 
the  symptoms  and  of  the  attendant  circumstances,  very 
many  cases  will  be  encountered  in  which  the  diagnosis 
remains  doubtful  or  is  only  cleared  up  by  a  post-mortem 
examination.  Indeed,  as  was  remarked  in  the  paragraph 
on  the  pathological  anatomy  of  the  disease,  even  a  post- 
mortem examination,  if  made  long  after  the  attack,  may 
fail  to  decide  the  nature  of  the  affection. 

Even  if  a  diagnosis  of  cerebral  haemorrhage  has  been 
made,  it  is  extremely  difficult  to  localize  the  lesion  ac- 
curately with  any  degree  of  certainty  until  the  general 
pressure  symptoms  have  cleared  up,  leaving-  only  those 
which  are  due  to  the  local  lesion. 

In  the  large  majority  of  cases  tlue  most  that  can  be 
done  during  the  comatose  stage  is  to  determine  the  side 
on  which  the  hajmorrhage  has  occurred.  The  opposite 
side  of  the  body  is  usually  more  relaxed  than  the  non-para- 
lyzed side,  is  often  warmer,  and  the  reflexes  are  entirely 
abolished  ;  if  conjugate  deviation  of  the  eyes  and  head  is 
present,  it  is  directed  usually  toward  the  side  of  the 
lesion.  After  the  coma  and  the  general-pressure  symp- 
toms have  subsided,  localization  of  the  lesion  must  be 
determined  according  to  the  principles  laid  down  in  this 
Handbook  under  the  headings.  Brain,  Diagnosis  of  Local 
Lesions  in,  and  Cerebral  Cortex,  Function  of. 

If  the  coma  is  very  profound,  and  rigidity  or  convul- 
sions make  their  appearance  at  the  onset,  together  with 
serious  respiratory  and  circulatory  disturbances,  the  haem- 
orrhage has  probably  occurred  into  the  lateral  ventricles 
(from  surrounding  parts),     Haemorrhage  into  the  pons  is 
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frequently  attended  by  marked  contraction  of  the  pupils 
and 'profound  coma,  and  when  the  paralysis  can  be  de- 
termined, it  is  usually  found  to  be  alternate,  i.e.,  the  face 
is  paralyzed  on  one  side,  the  limbs  on  the  opposite  side. 

Pkognosis. — This  varies  according  to  the  size  and 
situation  of  the  hsemorrhage.  Other  things  being  equal, 
life  is  more  endangered  the  larger  the  hBemorrhage. 
However,  even  hiemorrhages  of  small  size,  if  situated  in 
the  pons  Varolii  or  medulla  oblongata,  are  apt  to  prove 
rapidly  fatal,  and  haemorrhages  in  the  latter  locality  very 
rarely  terminate  in  recovery.  The  fatal  event  is  due  to 
direct  interference  with  the  functions  of  respiration  and 
circulation.  Cheyne-Stokes  respiration  is  an  extremely 
unfavorable  symptom,  and  is  almost  always  a  precursor  of 
impending  dissolution. 

Large  haemorrhages  into  the  hemispheres,  or  those  which 
rupture  into  the  ventricles,  also  prove  fatal,  usually  by 
direct  or  indirect  pressure  on  the  centres  of  the  pons  and 
medulla.  The  more  sudden  the  development  of  coma, 
the  smaller  the  chances  of  recovery.  Acute  decubitus, 
which  occurs  during  the  comatose  stage,  is  almost  invari- 
ably followed  by  death.  The  coexistence  of  Bright's 
disease  is  also  a  very  unfavorable  complication. 

As  regards  the  extent  of  recovery  from  the  paralysis, 
very  little  can  be  foretold  in  the  first  period  of  the  dis- 
ease. In  the  large  majority  of  cases  the  sensory  dis- 
turbances disappear  in  great  part  and  very  rapidly. 

Power  of  motion  is  usually  restored  much  more  rapidly 
in  the  lower  than  in  the  upper  limb.  When  the  reverse 
obtaius,  it  has  been  generally  held  that  ammfavorable 
termination  will  ensue,  but  this  opinion  does  not  appear 
to  be  well  substantiated. 

The  occurrence  of  late  rigidity  must  be  regarded  as  an 
unfavorable  symptom,  insomuch  as  it  interferes,  in  the 
first  place,  directly  with  the  power  of  motion,  and,  in  the 
second  place,  improvement  in  the  latter  usually  ceases 
with  the  appearance  of  the  former.  This  also  holds  good 
of  post-hemiplegic  chorea. 

,  Symptoms  of  mental  deterioration  are  usually  perma- 
nent, and  indeed,  in  many  cases,  are  steadily  progressive. 
As  a  rule,  however,  it  is  only  after  repeated  attacks  that 
a  condition  of  mental  impairment,  amounting  even  to 
imbecility,  develops.  In  very  exceptional  instances,  epi- 
lepsy follows  cerebral  haemorrhage. 

Treatment. — Prophylactic  treatment  is  practically 
nil.  If  the  prodromal  symptoms  are  prolonged,  the  pa- 
tient should  be  kept  as  quiet  as  possible,  mentally  and 
physically,  and  care  taken  that  the  bowels  be  kept 
thoroughly  open.  When  the  onset  of  a  haemorrhage  has 
been  suspected,  I  have  been  in  the  habit  of  putting  my 
patient  to  bed  for  a  week,  giving  bromide  of  potassium 
in  fifteen  to  thirty  grain  doses,  t.i.d.,  and  a  mild  laxative 
or  enema  daily. 

If  the  haemorrhage  has  taken  place  or  is  occurring  at 
the  time  the  physician  is  called,  very  little,  if  anything, 
can  be  done  to  check  it.  Drugs  given  internally  for  this 
purpose  do  more  harm  than  good.  The  most  that 
should  be  done  is  to  keep  the  head  slightly  elevated,  and 
if  the  carotids  and  temporals  are  pulsating  strongly,  apply 
cold  applications  to  the  head  or  leeches  to  the  forehead. 
If  the  pulse  continues  strong  during  the  comatose  stage, 
nothing  more  need  be  done.  When  evidences  of  heart- 
failure  arise  ammonia  and  stimulants  are  indicated. 

After  the  stationary  stage  of  paralysis  has  developed, 
treatment  is  useless  until  after  the  lapse  of  a  considerable 
period.  The  natural  tendency  of  the  paralysis  is  toward 
improvement  (though  complete  recovery  hardly  ever 
occurs),  and  until  this  tendency  becomes  manifest,  we 
may  rest  satisfied  either  that  motor  fibres  are  cut  across 
or  that  pressure  is  still  exerted  at  the  site  of  the  lesion, 
thus  interfering  in  this  manner  with  nervous  conduction. 

Almost  the  only  means  at  our  command  to  hasten  re- 
covery is  the  use  of  electricity.  This  may  be  employed 
in  two  ways,  either  to  the  brain  itself  or  directly  to  the 
paralyzed  parts. 

The  former  method  has  been  very  little  used  hitherto, 
and,  indeed,  it  is  not  probable  that  much  good  can  be 
expected  from  it.  The  galvanic  current  alone  is  used 
for  this  purpQse.    The  positive  pole  is  usually  applied  to 


the  side  on  which  the  hsemorrhage  took  place,  the  nega- 
tive pole  on  the  opposite  side  of  the  head.  The  current 
should  be  mild,  and  should  never  be  allowed  to  produce 
vertigo  ;  the  sittings  should  not  exceed  from  two  to  five 
minutes  in  duration. 

The  ordinary  method  (and  the  one  which  promises  by 
far  the  best  results)  of  employing  electricity  in  hemiplegia 
is  the  direct  application  of  the  faradic  current  to  the 
paralyzed  muscles.  It  has  generally  been  held  that  this 
measure  should  not  be  employed  until  at  least  two  to  three 
months  after  the  occurrence  of  the  haemorrhage,  for  fear 
of  causing  a  recurrence  of  the  disease.  There  is  very 
little  reason,  however,  to  doubt  that  this  fear  is  entirely 
unfounded,  and  that  it  is  perfectly  safe  to  begin  the 
treatment  within  two  or  three  weeks  after  the  stationary 
period  has  begun. 

The  strength  of  current  employed  should  be  merely 
sufficient  to  produce  distinct  contraction  of  the  paralyzed 
muscles,  the  sittings  may  be  held  every  other  day,  and 
their  duration  may  vary  from  five  to  fifteen  minutes. 

In  a  few  cases  an  astonishing  degree  of  improvement 
occurs  after  the  first  two  or  three  applications,  after  which 
very  little,  if  any,  progress  is  made.  As  a  rule,  however, 
improvement,  if  it  occur  at  all,  is  very  gradual,  and  the 
treatment  must  be  continued  patiently  for  months. 

When  contractures  of  the  paralyzed  limbs  have  de- 
veloped, another  method  should  be  employed.  The  one 
usually  adopted  is  the  application  of  the  stabile  galvanic 
current  through  the  nerves  and  muscles  (nervo-jnuscular 
current)  of  the  flexor  aspect  of  the  limbs  (the  parts  in 
which  the  contracture  is  usually  situated)  and  the  faradic 
current  to  the  antagonists.  Warm  baths  and  massage  are 
also  useful  for  this  purpose. 

In  some  cases  painful  swelling  of  the  joints  is  extremely 
annoying  to  the  patient,  and  this  complication  is  very  in- 
tractable to  treatment.  It  is  best  combated  by  the  use 
of  a  strong  stabile  galvanic  current  passed  directly- 
through  the  joint,  with  the  addition  of  repeated  small 
blisters  over  the  site  of  pain. 

Iodide  of  potassium,  in  doses  of  from  five  to  ten  grains 
t.i.d.,  is  usually  administered  as  a  matter  of  routine,  but  it 
is  more  than  doubtful  whether  this  drug  exerts  any  bene- 
ficial effect. 

In  our  hands  ergot  has  never  given  good  results,  no 
matter  in  which  stage  of  the  disease  it  has  been  employed. 
Careful  attention  should  always  be  paid  to  the  condition 
of  the  bowels,  particularly  as  the  patients  are  apt  to  be 
constipated  for  a  long  time  after  the  attack. 

Leopold  PuUel. 

BRAIN  :     CEREBRAL     VESSELS,     SYPHILIS     OF. 

Syphilis  of  the  cerebral  vessels  may  affect  only  one  vessel 
or  almost  all  the  arteries  at  the  base  of  the  brain. 

The  lesions  in  question  consist  of  grayish  or  whitish 
thickenings  of  the  coats  of  the  vessel.  Unlike  atheroma- 
tous changes  they  are  sometimes  confined  to  one  side  of 
the  vessel,  into  which  they  may  grow,  and  thus  produce 
either  complete  or  incomplete  occlusion.  Usually  the  en- 
tire circumference  of  the  vessel  is  affected,  and  in  ad- 
vanced cases  the  artery  may  be  converted  into  a  cord  of 
almost  fibrous  feel.  In  addition,  the  affected  vessels  may 
be  the  site  of  thrombi. 

In  another  series  of  cases  the  vessels  are  affected  second- 
arily to  syphilitic  lesions,  such  as  meningitis  or  gumma, 
in  the  immediate  vicinity.  In  such  an  event  the  artery 
may  be  simply  compressed,  or  the  syphilitic  new  growth 
may  proliferate  into  the  wall  of  the  vessel,  and  finally 
break  through  the  tunica  intima  into  the  lumen. 

According  to  Heubner  the  arterial  affection  develops  in 
the  following  manner :  Thevessel  becomes  less  transparent 
and  somewhat  whitish,  finally  grayish  white ;  it  then  be- 
comes cylindrical  in  shape  and  very  rigid.  Upon  trans- 
verse section  the  lumen  of  the  vessel  is  found  narrowed 
by  new-formed  tissue,  which  develops  between  the  elas- 
tic lamella  of  the  tunica  intima  and  the  endothelium. 
The  new  tissue  consists  at  first  of  endothelium  cells,  which 
continue  to  proliferate  and  change  into  a  firm  connective- 
tissue  consisting  of  spindle  and  stellate  cells,  into  which 
round  cells  emigrate  from  the  nutrient  vessels  of  the  ar- 
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leiy.  In  its  further  course  the  new  growth  either  organ- 
izes into  a  structure  similar  to  that  of  the  wall  of  the  ves- 
sel, and  the  process  then  comes  to  an  end,  or  complete 
obliteration  takes  place,  after  cicatrization  and  transfor- 
mation into  fibrous  tissue. 

Baumgarten  entertains  different  views  with  regard  to 
the  histological  changes  occurring  in  this  lesion.  He  de- 
scribes a  case  under  the  title  "  obliterating  inflammation 
of  the  cerebral  vessels  with  arteritis  and  periarteritis  no- 
dosa gummosa."  The  changes  in  this  case  were  due  to 
periarteritis  and  endarteritis.  The  characteristic  features 
were :  the  nodular  thickenings  of  the  adventitia  in  the 
higher  grades  were  entirely  similar  to  those  of  the  small- 
est gummata  on  account  of  the  central  cheesy  and  fatty- 
degeneration,  while  the  endarteritic  proliferation  in  ad- 
vanced stages  assumed  a  fibrous  appearance,  but  showed 
no  fatty  or  atheromatous  patches.  According  to  Baum- 
garten this  form  of  disease  belongs  anatomically  to  Fried- 
laender's  arteritis  obliterans.  ' 

Although  the  specific  nature  of  these  vascular  lesions 
may  be  questioned  from  an  anatomical  standpoint,  there 
is  very  little  room  for  doubt  that  in  the  overwhelming 
majority  of  cases,  if  not  in  all,  the  changes  in  question 
develop  upon  a  syphilitic  basis.  It  must  be  remembered, 
however,  that  the  diagnosis  of  their  syphilitic  nature  may 
be  made  more  readily  from  the  gross  appearances  than 
from  a  microscopical  examination. 

Etiology. — Syphilitic  changes  in  the  cerebral  vessels 
are  associated  usually  with  other  syphilitic  lesions  of  the 
brain,  and  generally  occur  in  the  later  (tertiary)  stages  of 
the  constitutional  disease.  A  number  of  examples  have 
been  reported  in  which  the  cerebral  symptoms  developed 
in  quite  an  early  period  of  the  secondary  stage  of  syphilis, 
but,  so  far  as  we  know,  these  cases  were  not  the  result  of 
lesions  of  the  vessels. 

In  one  case,  marked  arterial  changes  were  presented  by 
a  girl  of  fifteen  months  suffering  from  hereditary  syphilis. 
In  this  case  the  dura  mater  was  smooth  and  pale,  the  pia 
mater  presented  numerous  circumscribed  patches  over  the 
cerebral  lobes.  There  was  slight  thickening  around  the 
large  arteries  at  the  base  of  the  brain,  and  the  majority  of 
these  vessels  were  thickened  and  hard.  The  basilar  artery 
was  completely  plugged,  and  the  upper  part  of  the  verte- 
bral arteries  contained  tolerably  soft  thrombi. 

Syphilitic  vessel-lesions  appear  to  be  situated  mainly  in 
the  middle  cerebral  arteries  and  their  branches,  though 
other  vessels  (notably  the  basilar)  are  often  implicated. 

It  is  very  probable  that  mental  overwork,  prolonged 
worry,  and  excitement  may  act  as  exciting  causes  for  the 
localization  of  the  effects  of  the  syphilitic  virus  in  the 
brain.  A  few  cases  have  been  reported  in  which  injuries 
to  the  head  appeared  to  act  in  a  similar  manner. 

It  is  a  peculiar  feature  of  syphilitic  lesions  of  the  ner- 
vous system — at  least  such  has  been  a  frequent  observation 
in  my  own  somewhat  extended  experience  in  these  dis- 
orders— that  the  symptoms  of  the  secondary  stage  of  the 
constitutional  disease  very  often  are  entirely,  or  almost 
entirely,  absent,  so  that  we  may  be  compelled  to  rely  upon 
the  grouping  of  the  cerebral  symptoms  in  arriving  at  a 
diagnosis  of  the  previous  infection. 

In  the  majority  of  cases  the  disease  of  the  vessels  is  not 
the  sole  syphilitic  lesion  present  in  the  brain.  As  we  have 
stated  above,  the  vascular  disease  itself  may  be  propagated 
from  a  specific  lesion  (gumma,  meningitis,  pachymenin- 
gitis) situated  in  the  neighborhood  of  the  vessels.  As  a 
matter  of  course,  when  considerable  narrowing  or  throm- 
bosis of  the  vessel  is  produced,  softening  of  the  brain  will 
occur  as  in  similar  lesions  owing  to  other  causes. 

Further  experience  has  only  served  to  confirm  the  state- 
ment made  by  me  several  years  ago,  that  cerebral  syphilis 
appears  to  be  growing  less  frequent,  and  that  this  fact  is 
probably  owin^  to  the  more  vigorous  and  prolonged  treat- 
ment of  syphilis  now  in  vogue. 

Clinical  History. — In  pure  cases  of  syphilis  of  the 
cerebral  vessels,  the  symptoms  are  the  same  as  those  of 
vascular  obstruction  from  other  causes. 

Prodromal  symptoms,  such  as  pain  in  the  head,  impair- 
ment of  memory,  giddiness,  numbness,  or  weakness  of  one 
side  of  the  body,  etc.,  may  be  present  for  a  long  time. 


When  the  vessels  supplying  the  pons  or  medulla  are  im- 
plicated, glycosuria  or  even  albuminuria  may  prefcede 
more  serious  symptoms  for  a  considerable  period. 

Sometimes  the  only  prodrome  noticeable,  for  quite  a 
while  before  the  advent  of  other  symptoms,  is  an  inex- 
plicable fear  "that  something  is  going  to  happen,"  and 
this  feeling  sometimes  causes  great  mental  depression. 

In  a  considerable  proportion  of  cases,  however,  the 
symptoms  referable  to  obstruction  of  the  vessel  de- 
velop quite  suddenly  (sometimes  as  rapidly  as  in  cerebral 
embolism)  or  within  one  or  two  days.  The  patient  is 
then  found  to  be  suffering  from  hemiplegia,  associated 
quite  frequently,  if  the  paralysis  is  on  the  right  side  of 
the  body,  with  aphasia.  In  the  majority  of  cases  which 
have  come  under  my  observation,  consciousness  was  re- 
tained, either  entirely  or  partially,  during  the  attack. 
Aphasia  is  not  infrequently  the  sole  symptom  of  an  at- 
tack of  this  kind. 

The  hemiplegic  attacks  may  be  repeated  from  time  to 
time  ;  a  patient  under  my  observation  had  five  attacks,  in 
one  of  which  both  sides  of  the  body  were  paralyzed  in 
rapid  succession. 

The  subsequent  history  of  the  paralysis  may  differ  in 
no  respect  from  that  produced  in  cerebral  embolism  or 
haemorrhage,  but  in  a  considerable  number  of  cases  tem- 
porary recovery  occurs  very  rapidly.  As  a  rule,  how- 
ever, relapses  appear  after  a  longer  or  shorter  interval. 

In  a  paper  published  two  years  ago,  I  reported  four 
cases  of  hemiansesthesia  and  hemiopia  due  to  cerebral 
syphilis,  and  in  one  of  these  cases  there  can  be  little 
doubt  that  the  symptoms  were  due  to  a  lesion  of  one  of 
the  branches  of  the  middle  cerebral  artery. 

A  characteristic  phenomenon  of  a  sm^l  series  of  cases 
is  a  peculiar  drowsiness,  which  may  continue  even  for 
several  months.  The  patients  go  about  as  if  "  in  a  haze," 
their  movements,  both  mental  and  physical,  being  slow 
and  deliberate,  as  if  consciousness,  before  struggling  to 
the  surface,  had  to  overcome  some  unusual  resistance. 
In  some  cases  deep  coma  develops,  from  which  it  may  be 
impossible  to  rouse  the  patient  for  days  and  days,  or  this 
condition  may  alternate  with  periods  of  delirium. 

Diagnosis. — As  syphilitic  disease  of  the  cerebral  ves- 
sels is  associated  so  often  with  syphilitic  lesions  of  other 
parts  of  the  brain,  it  will  be  well  to  mention  the  diagnos- 
tic features  of  cerebral  syphilis  in  general. 

Headache  is  an  extremely  frequent  symptom,  and  is 
commonly  observed  at  the  very  onset,  before  the  appear- 
ance of  any  other  signs  indicative  of  a  serious  implica- 
tion of  the  nervous  centres.  The  pain  is  usually  of  a 
boring,  pressing,  often  agonizing  character,  with  marked 
nocturnal  exacerbations,  as  a  rule,  though  an  exceptional 
course  is  not  very  infrequent. 

The  occurrence  of  cortical  epilepsy  in  a  syphilitic  sub- 
ject is  also  very  significant.  This  variety  of  the  disease 
may  begin  either  with  convulsions  or  paralysis,  though 
the  former  symptom  occurs  much  more  frequently  at  the 
beginning.  The  convulsions,  at  least  at  the  outset,  are 
limited  to  one  side  of  the  body,  and  may  even  be  much 
more  circumscribed,  attacking  either  the  face,  ai-rn,  or 
leg,  or,  perhaps,  involving  only  a  small  group  of  muscles. 
After  the  attacks  have  lasted  for  a  variable  period,  they 
may  become  more  general,  and  finally  extend  over  the 
entire  body. 

As  a  rule,  it  is  found  that  the  convulsion  spreads  in  a 
definite  manner  from  one  group  of  muscles  to  another, 
and  that  the  mode  of  progression  remains  the  same  in 
subsequent  attacks. 

Consciousness  is  often  retained  throughout  the  convul- 
sive seizures,  though  it  Is  generally  lost  when  the  convul- 
sion extends  to  both  sides  of  the  body.  After  each  attack, 
slight  paralysis  may  develop  in  those  parts  which  have 
been  the  site  of  the  convulsion.  This  paralysis  may  dis- 
appear in  a  little  while,  but  it  grows  more  profound 
after  subsequent  spasms,  and  finally  may  remain  perma- 
nently. 

Another  important  sign  of  cerebral  syphilis  is  the 
heterogeneous  character  of  the  symptoms  (paralysis  of 
cerebral  nerves,  hemiplegia,  aphasia,  convulsions,  etc.), 
a  fact  which  is  naturally  due  to  the  varied  character  of 
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the  lesions  present  in  the  brain.  In  many  cases  of  cere- 
bral^ syphilis  the  secondary  manifestations  of  the  con- 
stitutional disease  are  very  slightly  marked,  so  that  they 
may  have  been  unnoticed  by  the  patient,  and  as  the 
initial  lesion  is  often  disregarded,  he  may  be  unaware  of 
his  infection  with  the  specific  virus.  But  so  significant 
are  the  heterogeneity  and  anomalous  distribution  of  the 
symptoms,  that  the  existence  of  syphilis  should  be  sus- 
pected in  every  case  of  nervous  disease  in  which  the 
symptoms  appear  to  be  due  to  an  organic  afEection  and 
are  grouped  in  an  irregular  and  anomalous  manner. 
Buzzard  says  :  "  I  should  not  take  much  account  of  this 
absence  (of  syphilitic  symptoms)  if  there  were  other 
reasons  for  strongly  suspecting  syphilis,  for  we  are  con- 
tinually meeting  with  cases  in  which  the  symptoms  caused 
by  lesion  of  some  part  of  the  nervous  system  constitute 
of  themselves  the  only  testimony  to  the  specific  nature  of 
the  disorder,  and  experience  shows  these  to  be  quite  as 
pathognomonic  as  affections  of  the  skin." 

In  making  a  diagnosis  of  syphilis  of  the  cerebral  ves- 
sels, as  distinguished  from  other  syphilitic  lesions  of  the 
brain,  special  stress  should  be  laid  upon  the  absence  of 
Irritative  symptoms.  The  localization  of  the  lesion  in 
the  individual  arteries  will  depend  upon  the  same  factors 
as  in  ordinary  cerebral  embolism  and  thrombosis.  The 
problem  is  frequently  complicated,  however,  by  the  coin- 
cident affection  of  several  vessels,  and  perhaps  by  the 
existence  of  other  syphilitic  lesions. 

The  sudden  development  of  aphasia  during  the  course 
of  cerebral  syphilis,  without  previous  convulsive  seizures 
and  with  no  evidences  of  cardiac  disease,  is  also  a  strong 
indication  of  a  syphilitic  affection  of  the  middle  cerebral 
artery!  Syphilitic  apha'"-  is  not  by  any  means  an  infre- 
quent symptom. 

The  peculiar  form  of  somnolence  to  which  we  called 
attention  in  the  section  on  symptomatology,  also  seems  to 
he  quite  significant  of  disease  of  the  vessels,  although 
rigorous  proof  of  this  proposition,  based  on  observations 
in  the  dead-house,  is  still  lacking  in  positiveness. 

As  a  matter  of  practical  experience,  however,  it  will  be 
found  in  a  considerable  number  of  cases  that  the  symp- 
toms are  so  varied  that  we  must  remain  satisfied  with  the 
general  diagnosis  of  cerebral  syphilis,  and  must  confess 
our  inability  to  localize  accurately  the  various  sites  of  the 
lesions.  The  problem  of  regional  diagnosis  is  sometimes 
rendered  so  much  the  more  difficult  from  the  fact  that  in 
a  small  proportion  of  cases  the  cerebral  lesions  are  still 
further  complicated  by  the  development  of  syphilitic, 
lesions  of  the  .spinal  cord. 

Prognosis.— The  prognosis  in  syphilitic  changes  of 
the  cerebral  vessels  is  more  grave  than  in  any  other  form 
of  cerebral  syphilis.  This  is  owing  to  the  fact  that,  in 
the  former  event,  the  symptoms  are  caused  by  anatomical 
lesions  which  are  not,  strictly  speaking,  syphilitic  in  their 
character.  They  are  the  result  of  anaemia  and  necrosis 
of  the  tissues,  from  Interference  with  the  blood  supply,  in 
the  same  way  that  such  changes  follow  disease  of  the 
vessels  of  a  non-syphilitic  character. 

In  the  other  forms  of  cerebral  syphilis  the  lesions  are 
purely  specific,  and  hence  it  is  possible  that  they  may  be 
removed,  at  least  in  great  part,  by  appropriate  treatment. 
It  follows,  therefore,  that  if  the  disease  of  the  vessel  has 
resulted  in  necrosis  of  any  portion  of  the  brain  tissue,  the 
function  of  the  affected  part  cannot  be  restored. 

Under  sufficiently  vigorous  treatment,  however,  even 
apparently  hopeless  cases  sometimes  undergo  an  astonish- 
ing improvement,  which  may  continue  for  a  long  time. 
In  our  opinion,  however,  complete  recovery  can  rarely 
be  hoped  for  in  a  case  of  cerebral  syphilis  whose  history 
warrants  us  in  attributing  the  symptoms  to  disease  of 
the  vessels.  But  in  no  case  should  we  declare  ourselves 
worsted  and  desist  from  further  treatment.  The  greater 
the  danger,  the  more  urgent  is  the  need  of  treatment. 
Even  in  the  other  forms  of  cerebral  syphilis  the  prognosis 
is  not  so  good  as  is  generally  believed,  yet  marvellous 
success  is  often  achieved. 

The  lesions  of  the  vessels  exhibit  a  very  great  tendency 
to  relapse  after  apparent  recovery,  particularly  if  treat- 
ment is  not  carried  out  with  the  proper  vigor  and  persist- 


ency. Probably  in  the  majority  of  favorable  cases,  the 
symptoms  do  not  disappear  entirely,  particularly  if  the 
symptoms  have  included  hemiplegia  or  disturbances  of 
the  mental  faculties. 

Tkeatmbnt. — The  treatment  consists  almost  exclu- 
sively of  the  administration  of  anti-syphilitic  remedies, 
and  the  earlier  we  resort  to  these  remedies,  the  more 
assured  is  a  successful  result.  Hence  the  extreme  im- 
portance of  an  early  diagnosis,  and  for  this  reason,  also, 
"mixed  treatment"  should  be  employed  in  all  doubtful 
cases. 

More  benefit  can  be  derived  from  iodide  of  potassium 
in  the  treatment  of  cerebral  syphilis  than  from  the  prep- 
arations of  mercury,  but  the  use  of  the  latter  should  not 
be  neglected.  I  found  not  infrequently,  in  former  years, 
that  a  patient  who  had  been  only  holding  his  own,  or  per- 
haps improving  slowly,  would  grow  better  very  rapidly 
when  a  small  quantity  of  mercury  was  added  to  the 
iodide  of  potassium  which  he  had  been  taking.  In  such 
cases,  also,  it  may  often  be  noticed  that  when  mercury  is 
added  to  the  prescription,  the  dose  of  iodide  of  potassium 
may  be  diminished  without  being  followed  by  a  relapse. 
With  regard  to  the  amount  of  iodide  which  should  be 
administered  in  individual  cases,  we  can  only  say  that 
this  must  be  regulated  by  the  effect  produced  upon  the 
patient.  In  rare  'instances  (very  few,  indeed,  have  come 
under  our  notice  after  an  extensive  experience  in  this 
class  of  cases)  the  patient  manifests  an  idiosyncrasy  with 
regard  to  the  drug,  and  cannot  tolerate  even  small  doses. 
In  such  cases  very  minute  doses  must  be  given,  and  the 
attempt  made  gradually  to  increase  the  dose.  In  some 
cases  the  effect  desired  is  not  secured  until  enormous 
doses  (6  to  8  drachms,  or  even  more)  are  given  in  the 
couj-se  of  twenty-four  hours.  The  notion  is  quite  preva- 
lent in  the  profession  that  doses  as  large  as  those  men- 
tioned are  dangerous  to  the  patient,  but  this  view  is  not 
justified  in  the  least  by  my  own  observation.  It  is 
claimed  that  acute  nephritis  may  result  from  the  large 
doses ;  but  although  I  make  it  a  matter  of  routine  to  ex- 
amine the  urine  at  regular  intervals  in  such  cases,  I  have 
never  seen  the  slightest  indication  of  the  development  of 
any  renal  disorder. 

The  iodide  may  be  given  in  solution  with  water,  but  I 
often  prefer  the  infusion*  of  gentian  as  a  vehicle,  since 
this  appears  to  counteract  the  tendency  to  gastric  disturb- 
ance manifested  by  some  patients.  The  drug  is  best 
given  one  or  two  hours  after  meals,  and  should  always 
be  largely  diluted  (one-half  to  one  tumblerful  of  water, 
Vichy  water,  or  milk). 

In  all  cases  of  cerebral  syphilis  it  is  advisable  to  add 
some  preparation  of  mercury  to  the  potash  salt.  The 
bichloride  of  mercury,  either  in  pill  form  or  in  solution 
with  the  potash,  proves  sufllcient  in  the  majority  of  cases. 
It  is  my  usual  practice  to  begin  with  one  thirty-second  of 
a  grain  t.i.d.,  and  then  to  increase  the  dose  gradually  to  a 
twelfth,  an  eighth,  or  even  more,  according  to  the  indica- 
tions in  the  individual  case.  It  is  a  good  plan  to  keep  on 
increasing  the  dose  until  the  gums  become  a  little  tender, 
and  then  an  amount  slightly  smaller  than  that  necessary 
to  produce  such  an  effect,  may  be  continued  for  a  long 
time  In  grave  cases,  when  we  wish  to  overwhelm  the 
patient,  as  it  were,  with  the  drug,  it  is  better  to  use  inunc- 
tions of  blue  ointment,  or  the  oleate  of  mercury,  which  is 
a  more  cleanly  preparation,  though  often  quite  mert. 

If  the  patient  is  unconscious,  my  plan  has  been  to  ad- 
minister the  mercury  by  inunction,  and  the  iodide  of 
potassium  by  rectal  injections.  As  much  as  from  four  to 
six  grammes  of  the  iodide  (largely  diluted  with  water  or 
milk)  may  be  injected  every  four  hours.  When  the  pa- 
tient recovers  consciousness,  the  drug  may  agam  be  ad- 
ministered in  the  usual  way.  ,  . ,  ,  ^,  .,„„„  „f  ti,„ 
After  serious  symptoms  have  subsided  the  dose  ot  the 
anti-syphilitic  remedies  is  gradually  diminished,  but 
shouia  be  continued  persistently  (if  possib  e,  yitHo"*  °- 
termission)  for  at  least  one  or  two  years  after  the  subsid- 
ence of  the  symptoms.  The  dosage  required  durmg  this 
time  varies  In  individual  cases,  but  should  always  be 
sufficiently  large  to  prevent  a  fresh  outbreak  ot  the  dis- 
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I  cannot  express  myself  too  strongly  concerning  the 
extreme  importance  of  protracted  treatment,  and  the  ne- 
cessity of  administering  the  remedies  in  sufficiently  large 
doses.  It  should  be  remembered  that  the  dosage  must 
be  regulated  solely  by  the  amount  requisite  to  control  the 
symptoms  in  each  individual  case.  Van  Buren  and 
Keyes  report  a  case  (syphilis  of  the  buccal  cavity)  which 
was  only  controlled  by  the  exhibition  of  two  ounces  daily 
of  the  iodide  of  potassium.  As  a  rule,  however,  it  will 
be  found  unnecessary  to  give  more  than  an  ounce  a  day, 
even  in  the  most  aggravated  cases.  If  this  dose  fails  to 
relieve  the  symptoms,  there  is  rarely  any  chance  of  suc- 
cess. 

Apart  from  the  use  of  the  strictly  anti-syphilitic  reme- 
■  dies,  very  little  can  be  done  in  the  way  of  treatment. 
When  the  pain  does  not  yield  to  these  drugs,  opium  must 
be  resorted  to,  and  perhaps  the  repeated  application  of 
blisters  to  the  back  of  the  neck  will  prove  useful.  Re- 
peated -convulsions  are  sometimes  controlled  by  the  ad- 
dition of  bromide  of  potassium  to  the  iodide  mixture. 

The  patients  should  be  strictly  warned  against  the  use 
of  alcoholic  drinks  in  any  shape,  as  these  are  very  apt  to 
aggravate  the  symptoms.  They  should  also  be  kept  as 
free  as  possible  from  excitement  or  worry,  as  well  as  from 
mental  overwork.  Leopold  Putzel. 

BRAIN,  COMPRESSION  OF.  Notwithstanding  the 
unhappy  use  of  a  word  that  does  not  describe  the  subtile 
condition  it  is  meant  to  express,  the  term  compression  is 
a  convenient  one  that  seems  justified  by  the  necessities  of 
analysis  and  study.  It  is  generally  used  in  a  patliological 
sense  to  describe  a  complexity  of  symptoms  arising  from 
a  particular  state  of  the  brain  characterized  mainly  by 
disorder  of  the  circulation  within  the  cranium,  and  mani- 
fested by  more  or  less  derangement  of  the  three  great 
faculties  of  the  nervous  system. 

As  a  principle  used  to  account  for  the  phenomena  of 
brain  disease,  and  as  a  complication  that  is  often  present 
after  various  lesions  of  the  brain  and  its  membranes,  the 
special  and  differential  diagnosis  of  compression  is  of  no 
small  importance,  and  includes  a  wide  range  of  cerebral 
pathology.  The  prevailing  opinions  of  writers  on  this 
subject  are  somewhat  misleading,  since  compression,  in  its 
true  sense  of  occupation  of  less  space,  is  a  condition  of  the 
brain  which  in  most  cases  would  seem  to  be  assumed  rather 
than  demonstrated  to  exist,  and  it  is  rare  to  find  a  case  of 
compression  in  which  there  are  not  present  the  symj)- 
toms  both  of  concussion  and  laceration  of  the  brain. 

Whether  the  bringing  together  of  its  constituent  parts 
or  the  diminution  of  volume  that  is  supposed  to  interfere 
with  the  functions  of  the  brain  be  affected  by  pressure 
from  without  the  encephalon,  or  by  tension  within  its 
proper  substance,  the  condition  arises  from  a  great  variety 
of  causes,  prominent  among  which  are  effusions  within 
the  skull,  which  may  be  either  prompt  or  slow  in  their 
manifestation.  The  effusion  may  result  from  contusion, 
concussion,  laceration,  or  traumatic  inflammation  of  the 
brain  and  its  annexes ;  or  from  cerebral  haemorrhage, 
meningitis,  and  encephalitis  from  internal  cause ;  or  it  may 
result  from  hydrocephalus  and  from  simple  congestion. 
Any  of  the  fluids  that  escape  from  the  substance  of  the 
bram  or  its  envelopes  may  give  rise  to  an  effusion  quick 
or  slow  that  may  result  in  compression.  Hypertrophy  of 
the  brain  and  tumors  of  different  kinds,  whether  modify- 
ing the  capacity  of  the  skull  by  affecting  its  bony  cover- 
ing, or  originating  in  the  membranous  envelopes  of  the 
brain,  or  in  the  substance  proper  of  this  organ,  may 
likewise  give  rise  to  the  disorders  that  characterize  com- 
pression. Other  causes  are  foreign  bodies,  loose  splinters, 
or  larger  portions  of  depressed  bone,  effusion  of  blood 
within  the  skull  from  a  wound  of  the  middle  meningeal 
artery,  rupture  of  a  sinus,  or  even  the  veins  of  the  diploe, 
laceration  of  the  capillaries,  or  of  the  small  arteries  of  the 
cerebral  substance,  and,  in  fact,  any  injury  of  the  head, 
whether  simple  contusion,  scalp  wound,  or  fracture  of 
the  skull.  Whatever  be  the  cause  of  compression,  it 
should  be  borne  in  mind  that  the  most  characteristic 
symptoms  are  brought  about  by  sudden  action  ;  compres- 
sion established  slowly  upon  the  brains  of  animals  by  the 


injection  of  a  liquid  does  not  cause  appreciable  symptoms 
unless  the  quantity  injected  be  unusually  large ;  and  it 
should  be  further  remembered  that,  in  the  human  subject 
appreciable  symptoms  of  compression  are  not  always 
induced  by  such  causes  as  sanguineous  extravasation  into 
the  cranium  and  the  cerebral  ventricles,  nor  by  the  press- 
ure of  a  foreign  body,  nor  by  a  fracture. 

Loss  of  consciousness  and  paralysis,  which  vary  accord- 
ing to  the  seat  and  extent  of  the  compression,  are  symp- 
tomatic of  the  condition,  no  matter  whether  the  compres- 
sion be  sudden,  like  that  following  a  wound  or  some 
mechanical  injury  of  the  skull  and  its  contents,  or  whether 
it  be  slow,  as  that  following  enlargement  of  the  brain 
from  extravasation  of  blood  lymph,  pus,  serum,  or  tu» 
mors.  Excepting  paralysis  of  the  eyes,  this  symptom  is 
always  on  the  opposite  side  to  that  which  is  the  seat  of 
injury.  The  symptoms  may  come  on  almost  immediately 
after  any  injury  of  the  brain  which  disorganizes  its  sub- 
stance ;  but  there  are  other  cases  in  which  compression 
takes  place  slowly  and  after  a  certain  lapse  of  time.  The 
initial  symptoms  that  characterize  this  period  are  mainly 
subjective  and  those  of  congestion,  as  vertigo,  headache, 
and  confusion  of  ideas,  nausea,  and  on  rare  occasions 
vomiting.  Then  follows  a  lethargic  sleep  and  more  or 
less  paralysis,  and  the  patient  cannot  be  aroused  by  any 
stimulus.  The  face  Is  suffused  and  dusky,  it  wears  an 
expression  of  well-pronounced  stupor,  and  the  eyelids  are 
usually  closed  and  immovable ;  respiration  is  slow,  labored, 
and  stertorous,  something  like  the  act  of  snoring,  and  the 
peculiar  blowing  movements  of  the  lips  in  expiration 
have  been  compared  to  the  act  of  smoking  a  pipe.  Deg- 
lutition is  impossible,  and  the  tendon  reflexes  are  abolished. 
As  the  intracranial  trouble  increases  the  pulse  becomes 
slow  and  labored.  It  may  be  hard  and  frequent,  or  small 
and  intermittent.  Sometimes  it  is  very  irregular,  and  the 
symptoms  may  resemble  those  of  anaemia  of  the  brain 
and  medulla,  brought  about  by  experimental  means. 
Paralysis  of  the  sphincters  is  generally  present,  with  in- 
voluntary evacuations  ;  or  the  patient  may  have  torpidity 
of  the  bowels  and  obstinate  constipation.  Retention  of 
urine,  often  present  from  paralysis  of  the  bladder,  is  fol- 
lowed by  incontinence  as  the  result  of  overflow  from  dis- 
tention. The  skin  may  be  cool  or  it  may  be  hot  and 
perspiring,  and  the  temperature,  though  generally  normal, 
may  reach  as  high  as  106°  F.  One  or  both  of  the  pupils 
may  be  contracted  or  dilated,  or  they  may  rest  immo- 
bile and  unresponsive  to  the  action  of  light.  The  symp- 
toms of  choked  disk  may  also  be  present,  and  sometimes 
nystagmus  is  noted.  Paralysis  both  of  motion  and  sen- 
sation, in  one  or  both  extremities,  may  exist  in  case 
the  compression  be  exercised  on  the  hemispheres,  and 
convulsive  movements  and  twitching  of  the  limbs  may 
occur  on  the  paralyzed  side  or  on  the  opposite  side. 

These  pathognomonic  symptoms,  which  are  chiefly 
owing  to  effusion  under  the  dura  mater,  or  to  fracture 
of  the  inner  table  of  the  skull,  are  not  always  met  with, 
nor  do  such  injuries  as  those  inflicted  by  nails  and  arrow- 
heads driven  into  the  skull,  and  even  missiles  lodged  in 
the  brain,  always  produce  the  symptoms  of  compression. 
Sometimes  the  brain  may  be  compressed  without  any 
trouble  in  its  functions.  Pressure  from  an  abscess,  caus- 
ing a  hollow  in  the  brain  as  large  as  a  man's  fist,  has  been 
known  to  cause  no  symptom  of  compression.  It  is,  more- 
over, doubtful  whether  depressed  fracture  be  a  frequent 
cause  of  compression,  since  the  injury  is  always  compli- 
cated by  laceration,  the  symptoms  of  which  are  often 
mistaken  for  those  of  compression  ;  and  it  is  often  diffi- 
cult and  always  embarrassing  to  determine,  after  an  in- 
jury of  the  head,  whether  we  have  to  deal  with  a  con- 
tusion of  the  brain,  a  simple  concussion,  or  the  more 
problematical  symptoms  of  cerebral  compression.  One 
state  so  often  merges  into  the  other  that  the  attempt  to 
establish  a  clear  basis  for  a  sure  diagnosis  of  the  respec- 
tive conditions  seems  hopelessly  confused  and  intricate. 
Roughly  speaking,  the  most  characteristic  symptom  of 
concussion  is  somnolence  and  intensity  of  the  evil  from 
the  outset ;  contusion  manifests  itself  by  agitation,  de 
lirium,  convulsions,  contractions,  and  the  delay  of  febrile 
symptoms  ;  while  the  most  salient  symptom  of  compres- 
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sion  is  paralysis,  except  in  the  case  of  effusion  of  blood 
into  the  convexity  of  the  hemispheres,  or  into  the  ventri- 
cles, when  contraction  is  the  more  prominent  phenom- 
enon. Without  being  a  sure  sign,  paralysis  constitutes 
at  least  a  valuable  element  in  the  diagnosis  of  a  condition 
that  has  no  single  confirmative  sign.  If  there  be  an  une- 
quivocal sign  of  cerebral  compression  in  the  majority  of 
cases  following  injuries  of  the  head,  it  is,  perhaps,  that 
furnished  by  obstruction  of  the  venous  circulation,  in 
consequence  of  which  the  blood  of  the  eye  is  not  returned 
into  the  cavernous  sinus,  when  we  find  with  the  ophthal- 
moscope papillary  or  peri-papillary  congestion,  ^  general 
or  partial  serous  infiltration  of  the  papilla,  and  a  strong 
dilatation  with  tortuosity  of  the  retinal  veins.  In  concus- 
sion the  fundus  of  the  eye  retains  its  normal  state  ;  in 
compression  there  is  always  serous  peri-papillaiy  infiltra- 
tion, dilatation,  tortuosity,  and  sometimes  thrombosis  of 
the  veins  of  the  retina. 

According  to  many  observers,  the  general  symptoms  of 
compression  are  owing  to  cortical  ansemia,  and  the  gen- 
eral impairment  of  cerebral  function  is  owing  to  disturb- 
ance in  the  capillary  circulation,  which  prevents  the  nor- 
mal interchange  between  the  blood  and  the  tissues,  and 
results  in  physiological  death  to  the  affected  portion  of 
the  brain.  Mechanical  impairment  of  circulation  in  the 
cortex  would  seem  to  account  for  the  comatose  condition 
in  cerebral  compression,  and  the  hemiplegia  found  in  un- 
compUcated  compression  can  be  ascribed  only  to  fatal 
crowding  of  the  blood  out  of  a  superficial  portion  of  the 
brain.  In  compression,  the  blood  may  be  extravasated 
upon  the  surface  of  the  brain,  the  effusion  taking  place 
between  the  skull  and  the  dura  mater,  and  in  the  cavity 
of  the  arachnoid,  or  in  the  intervening  spaces  that  sepa- 
rate the  membranes  from  the  brain,  or  it  may  be  effused 
into  the  ventricular  cavities,  or  into  the  substance  proper 
of  the  brain.  The  volume  of  an  extravasation  between 
the  dura  and  the  bone  is  sometimes  very  large ;  but,  as  a 
rule,  effusions  of  this  kind  are  always  much  larger  at  the 
vault  of  the  cranium  than  at  its  base.  Sanguinary  effu- 
sions between  the  dura  and  the  bone,  according  to  the 
summarized  opinions  of  writers  on  the  subject,  generally 
coagulate  into  a  firm  clot  that  may  either  be  absorbed  or 
undergo  organization  and  become  adherent  to  both  the 
hone  and  the  dura  mater.  This  clot  never  becomes  en- 
cysted like  clots  in  the  cavity  of  the  arachnoid,  but  may 
undergo  ossification.  It  is  also  susceptible  of  change, 
and  may  lead  to  necrosis  of  the  neighboring  bones  of  the 
skull,  which  may  be  perforated  by  an  abscess  having  as 
its  foyer  the  sanguineous  effusion. 

Blood  extravasated  between  the  layers  of  the  arach- 
noid, especially  on  that  part  covering  the  cerebrum,  is  of 
common  occurrence  in  the  severest  head  injuries,  and 
forms  at  the  convexity  of  the  hemisphere  a  thin,  evenly 
spread  layer.  It  clots  rapidly,  loses  its  coloring-matter, 
undergoes  organization,  assuming  this  form  of  false  mem- 
brane, or  of  a  membranous  cyst,  and  may  be  absorbed 
and  take  on  a  secreting  action  like  other  cysts. 

Effusions  between  the  visceral  layer  of  the  arachnoid 
and  pia  mater  are  less  common  than  those  in  the  cavity 
of  the  arachnoid,  and  are  genei-ally  associated  with  some 
injury  of  the  brain  itself.  They  spread  extensively  into 
the  spaces  usually  occupied  by  the  cerebro-spinal  fluid, 
and  do  not  become  encysted  as  in  other  situations. 

Traumatic  effusions  into  the  brain-substance  may  occur 
ia  any  situation.  They  are  generally  associated  with  lac- 
eration or  other  severe  injury  of  the  brain,  and  are  for 
the  most  part  fatal.  Should  recovery  take  place,  the 
blood-clot  undergoes  changes  similar  to  those  observed  in 
the  organization  of  an  ordinary  clot  from  cerebral  haemor- 
rhage. 

All  effusions  of  the  blood  between  the  dura  mater  and 
the  brain  are  susceptible  of  being  reabsorbed,  of  being  en- 
cjrsted  in  a  false  membrane,  and  of  giving  place  to  enceph- 
alitis, meningitis,  and  other  grave  symptoms  that  come 
eminently  within  the  province  of  surgery  ;  in  fact,  it  is 
chiefly  from  this  point  of  view  that  compression  has  been 
treated  by  the  great  masters. 

Compression,  whether  produced  by  depressed  bone, 
extravasation  of  blood,  inflammatory  exudation,  the  for- 


mation of  pus  within  the  skull,  or  by  the  lodgement  of 
foreign  bodies,  has  no  order  of  appearance,  no  well-defined 
progress,  no  increasing  or  decreasing  evolution  of  symp- 
toms, since  other  complications  habitually  coexist  with 
the  condition,  making  it  difficult  to  distinguish  the  part 
that  each  takes  in  the  symptoms  observed.  The  interval 
of  consciousness,  more  or  less  complete,  and  the  symp- 
toms of  concussion  that  precede  the  coma  and  hemi- 
plegia after  an  injury  to  the  head,  enable  us  to  diagnose 
meningeal  extravasation  without  laceration  of  the  brain- 
substance.  Absence  of  the  conscious  interval,  the  pres- 
ence of  the  immediate  symptoms  of  compression,  with 
restlessness  and  excitement,  generally  incomplete  paraly- 
sis, with  convulsive  movements  and  twitching  of  the 
limbs,  denote  that  the  extravasation  is  cerebral ;  that  is, 
that  the  haemorrhage  is  dependent  on  laceration  of  some 
portion  of  the  brain,  and  that  the  extravasation  has  taken 
place  into  its  substance. 

There  is  a  similar  absence  of  conscious  interval — the 
symptoms  of  compression  being  immediate— after  a  de- 
pressed fracture  or  the  lodgement  of  a  foreign  body 
within  the  skull.  It  is  not  till  the  third  day,  at  earliest,, 
that  symptoms  of  compression  occur  from  inflammatory 
exudation,  and  it  is  usually  ten  or  fourteen  days  after  the 
receipt  of  an  injury  that  the  formation  of  pus  within  the 
skull  may  give  rise  to  the  symptoms  of  compression. 
This  condition  is  preceded  by  inflammation  of  the  brain  or 
of  its  membranes ;  that  is,  by  considerable  pyrexia,  great 
heat  of  head,  intolerance  of  light  and  sound,  and  more 
or  less  delirium.  Rigors  often  occur  in  the  latter  stages 
of  the  inflammatory  process,  and  are  usually  diagnostic 
of  commencing  suppuration.  What  is  known  as  Pott's 
puffy  tumor  is  a  valuable  indication  of  the  formation  of 
pus  within  the  skull.  The  difliculties  become  greater 
when  it  is  a  question  of  localizing  the  encephalic  lesion, 
since  the  indications  are  founded  in  part  upon  results  ob- 
tained by  experiments  on  animals,  which  are  rarely  con- 
firmed clinically,  and  cannot,  therefore,  be  considered  as 
diagnostic  signs. 

In  place  of  attributing  many  of  the  troubles  grouped 
under  the  subtile  heading  of  compression  to  pressure  ex  ■ 
erted  upon  the  brain,  it  would  be  better  to  attribute  them 
to  congestion,  to  contusion,  and  to  laceration  of  the  cer- 
ebral substance,  which  puts  us  in  a  position  to  doubt 
whether  the  effects  of  compression  upon  the  brain  are  not 
susceptible  of  further  and  more  convincing  proof. 

The  integrity  of  the  brain  is  not  compromised  by  com- 
pression itself,  nor  is  the  condition  a  very  fatal  one.  Its 
gravity  depends  on  the  consecutive  inflammations.  Some- 
times the  symptoms  disappear  spontaneously  and  grad- 
ually, without  interference. 

The  treatment  of  compression  raises  many  questions  of 
operative  interference,  which  are  discussed  elsewhere 
under  their  respective  headings.  The  whole  end  of  treat- 
ment is,  however,  to  prevent  cerebral  inflammation,  ia 
endeavoring  to  do  which  an  opportunity  is  offered,  in 
most  cases,  to  distinguish  one's  self  in  a  diagnostic  rather 
than  in  a  therapeutic  way.  Irving  O.  Haste. 

BRAIN,  CONCUSSION  OF.  Causes.— Concussion  of 
the  brain  may  be  produced  by  any  form  of  violence  which 
results  in  a  shock  to  the  contents  of  the  skull.  One  of 
the  most  common  causes  is  a  direct  blow,  as  when  a  per- 
son is  struck  on  the  head  with  a  club  or  other  instrument. 
Falls  are  very  common  causes  of  concussion,  either  from 
the  head  striking  on  the  pavement  or  other  object,  or 
from  transmitted  violence,  as  in  landing  on  the  feet. 
When  in  the  latter  instance  the  violence  is  sufficient  to 
cause  concussion  of  the  brain,  it  is  very  likely  to  fracture 
the  base  of  the  skull. 

Symptoms.— When  a  patient  is  suffering  from  a  severe 
and  recent  concussion  of  the  brain,  unconsciousness  com- 
plete or  partial  will  be  almost  invariably  noticed  ;  thus  a 
person  is  frequently  said  to  be  "  stunned  "  by  a  blow  on 
the  head  or  a  fall.  With  this  unconsciousness  there  may 
be  paralysis,  partial  or  general,  or  convulsive  twitchings 
of  certain  groups  of  muscles.  The  temperature  of  the 
body  will  be  lowered,  the  skin  being  distinctly  cool  to  the 
touch.    The  pulse  will  generally  be  slow  and  intermit- 
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tent.  The  respiration  will  be  slower  than  normal  and 
somewhat  labored  ;  it  may  be  irregular  and  sighing. 
The  features  will  probably  be  contracted  ;  there  may  be 
twitchiogs  of  the  facial  muscles.  The  condition  of  the 
pupils  will  vary  ;  in  one  set  of  cases  they  will  be  con- 
tracted ;  in  another  set  dilated  ;  these  changes  may  be  un- 
equal. In  still  other  cases  one  pupil  may  be  contracted 
and  the  other  dilated  ;  occasionally  but  one  pupil,  will  be 
affected.  The  symptoms  will  frequently  be  accompanied 
by  some  external  mark  of  violence  about  the  head,  as  a 
contusion  or  wound.  Haemorrhage  of  the  nose,  throat, 
and  ear  was  reported  in  one  case  as  occurring  after  con- 
cussion {London  Medical  Gazette,  1833).  When  the  con- 
cussion is  slight,  temporary  complete  or  partial  loss  of 
consciousness  may  be  the  only  symptom ;  this  may  be 
accompanied  by  some  loss  of  power.  Loss  or  impairment 
of  sight,  and  loss  of  memory  occasionally  occur  after 
the  concussion  ;  the  suspension  of  the  normal  functions, 
however,  does  not  last  long.  In  one  instance  occasional 
convulsions  occurred  after  concussion,  lasting  for  ten 
days,  and  followed  by  complete  recovery.  In  another 
case,  aphonia,  loss  of  taste,  hearing,  and  vision,  with  dys- 
aesthesia  of  lower  extremities  occurred  after  concussion. 

Reaction. — When  the  patient  is  going  to  recover  there 
will  appear,  after  a  time,  varying  from  a  few  hours  to  a 
day  or  more,  a  period  of  reaction.  The  skin  will  become 
warmer,  the  features  less  contracted,  the  respiration  more 
regular,  and  the  pulse  steadier  but  more  rapid.  Vomit- 
ing very  often  occurs  at  this  point ;  this  symptom  is  not 
alarming,  but  is  of  some  importance,  it  being  the  first 
result  of  a  more  active  circulation  through  the  cerebral 
centres.  If  the  case  is  to  terminate  favorably  the  patient 
will  now  rapidly  recover  his  faculties  and  strength,  per- 
haps being  rather  dull  and  heavy,  and  indisposed  to  ex- 
ert his  mind  or  body  for  a  few  days.  If,  however,  the 
case  is  to  terminate  unfavorably,  the  symptoms  may  pass 
into  those  of  meningitis,  or  encephalitis  from  excessive 
reaction,  or  into  those  of  compression  of  the  brain. 
When  compression  is  the  sequel,  the  unconsciousness  will 
become  deeper,  passing  into  complete  insensibility,  coma, 
and  death ;  a  relapse  into  unconsciousness  may  occur 
without  indicating  special  danger,  but  it  should  always 
excite  aipprehension.  When  an  inflamntatory  affection 
is  to  be  the  sequel,  it  will  be  indicated  by  a  very  rapid 
pulse  and  an  increased  rise  in  the  temperature  ;  there  will 
be  also,  of  course,  the  other  usual  signs  of  meningitis  or 
of  inflammation  of  the  brain-substance. 

Pathology. — The  actual  changes  in  the  substance  of 
the  brain  caused  by  concussion  vary  with  the  intensity  of 
the  force  applied.  Dr.  Agnew  ( ' '  Principles  and  Practice 
of  Surgery  " )  describes  four  different  forms :  (1),  cerebral 
vibration  without  visible  lesion ;  (3),  vibration  followed 
by  sero-sanguinolent  transudation  ;  (3),  vibration  attended 
with  extravasation  of  blood  ;  (4),  vibration  with  lacera- 
tion of  the  brain-substance.  In  the  second  form,  he  says, 
the  patient  will  lie  with  the  limbs  flexed,  with  more  or 
less  irritability,  and  perhaps,  muscular  tremor  ;  there  will 
probably  be  involuntary  evacuations.  The  third  form 
fiequently  passes  into  encephalitis,  which  will  appear  on 
the  fifth  or  sixth  day. 

The  post-mortem  appearances  in  a  fatal  case  of  concus- 
sion may  be  negative,  in  which  case  the  only  structural . 
Jesion  was  a  iribraiion  of  the  brain-substance ;  in  many 
cases  there  will  be  found  great  congestion  of  the  vessels 
of  the  brain  ;  in  others  there  will  be  points  of  extravasa- 
tion throughout  the  brain-substance,  and  in  others  the 
brain  may  have  a  distinctly  bruised  appearance.  When 
there  is  a  large  amount  of  blood  effused  it  may  be  situ- 
ated at  the  point  where  the  violence  is  applied,  or,  by 
"  contre-coup,"  on  the  opposite  side  of  the  brain  (this  is 
also  true  of  the  other  changes).  The  effusion  may  take 
place  at  any  point  in  or  on  the  brain  ;  effusion  frequently ' 
occurring  in  the  ventricles. 

Diagnosis. — The  condition  with  which  concussion  of 
the  brain  is  most  likely  to  be  confounded  is  compression  of 
the  brain.  The  symptoms  of  compression  are  generally 
those  of  apoplexy ;  hence,  in  it,  we  have  the  characteristic 
state  of  the  pupils  and  the  peculiar  respiration  of  apoplexy 
with  hemiplegia  or  convulsions,  and  a  full  slow  pulse. 


The  symptoms  of  concussion  appear  immediately  after 
the  receipt  of  the  injury ;  those  of  compression  come  on 
some  time  afterward.  The  impairment  of  consciousness 
sensation,  and  motion,  is  much  deeper  in  compression  •  in 
concussion  the  patient  can  generally  be  roused  by  speak- 
ing to  him.  There  is  no  vomiting  in  compression,  and 
the  bowels  and  bladder  will  be  paralyzed.  In  concussion 
deglutition  is  only  impaired,  in  compression  it  is  destroyed. 

In  some  cases,  however,  it  is  impossible  to  establish  a 
differential  diagnosis  between  concussion  and  compres- 
sion of  the  brain. 

It  may  be  diiBcult  to  distinguish  concussion  from  apo- 
plexy or  alcoholism  (or  even  from  opium  or  ursemic  pois- 
oning), when  a  history  of  violence  is  wanting ;  but  this  is 
rarely  the  case.  An  alcoholic  condition  often  masks  the 
condition  of  concussion,  and  has  been  the  cause  of  seri- 
ous mistakes.  In  cases  complicated  by  alcoholism,  the 
patient  should  be  treated  as  if  he  or  she  had  sustained  a 
concussion,  until  the  state  of  alcoholism  passes  off  and 
an  accurate  diagnosis  can  be  made. 

In  cases  in  which  opium  poisoning  is  suspected,  we 
must  judge  principally  by  the  history,  the  respiration,  the 
state  of  the  pupils,  and  the  presence  of  any.  suspicious 
substance.  The  urine  should  always  be  drawn  and  tested 
for  albumen  in  order  to  exclude  uraemic  coma. 

Pkognosis. — The  prognosis  of  concussion,  when  there 
is  no  change  in  the  brain-substance  beyond  a  vibration 
or  temporary  congestion,  is  good,  the  patient  beginning  to 
improve  a  short  time  after  the  injury.  When  meningitis, 
encephalitis,  or  compression  is  developed,  the  question  of 
recovery  becomes  a  very  serious  one. 

Restlessness  and  screaming,  when  associated  with  a  very 
rapid  pulse,  and  occurring  after  a  concussion,  indicate 
laceration  of  the  brain-substance,  and  almost  always  pre- 
cede a  fatal  termination  (Agnew :  "  Principles  and  Prac- 
tice of  Surgery"). 

Sequels. — There  are  certain  "  remote  effects  "  of  con- 
cussion which  are  occasionally  developed.  Insanity  has 
developed  in  patients  who  had  sustamed  a  concussion, 
even  when  the  recovery  was  apparently  complete ;  the 
mental  alienation  not  making  its  appearance  for  weeks 
or  months  afterward. 

Impairment  of  sight,  with  loss  of  power  and  sensation, 
has  occurred  after  concussion,  the  lesion  probably  being, 
as  was  supposed,  an  impairment  of  nutrition  of  the  brain- 
substance  near  the  tubercula  quadrigemina  {Med.  and, 
Surg.  Beporter,  1878).  Suppurative  action,  as  one  of  the 
sequelae  of  concussion,  may  occur  in  some  distant  organ 
{Lancet,  1840).  Hemiplegia,  cerebral  abscess  and  soften- 
ing have  occurred  as  the  results  of  concussion  {Association 
Med.  Journal,  1855).  One  case  of  supposed  complete  re- 
covery, was  followed  by  a  fatal  relapse  due  to  abscess  of 
the  brain  {London  Med.  and  Surg.  Journal,  1833).  Im- 
pairment of  memory  has  also  occurred  after  concussion 
of  the  brain. 

Treatment.  —  Ordinary  cases  of  concussion  of  the 
brain  require  very  little  treatment ;  still,  any  case  of  in- 
jury to  the  brain  should  be  dealt  with  as  if  it  might  be- 
come serious.  The  patient  should  be  kept  quiet,  on  a 
moderate  diet,  and  with  very  little  stimulants  generally. 
In  some  cases,  when  the  collapse  is  profound,  artificial 
warmth  must  be  applied  to  the  body,  as  by  the  hotair 
bath  ;  brandy  and  water,  or  whiskey  and  water,  should 
be  given  in  small  quantities,  and  ammonia  applied  to 
the  nostrils.  Cold  water,  or  the  ice-bag,  should  be  ap- 
plied to  the  head  constantly.  After  the  collapse  has 
passed  off,  the  treatment  should  be  such  as  to  prevent 
the  reaction  from  becoming  too  intense. 

Mental  as  well  as  bodily  rest  must  be  insisted  on ;  the 
head  must  be  kept  cool,  if  necessary  it  should  be  shaved, 
and  the  bowels  should  be  emptied  by  a  saline  laxative  or 
a  mercurial  purge. 

If  the  reaction  be  excessive,  counter-irritation  may  be 
made  behind  the  ears  or  at  the  nape  of  the  neck ;  leeches 
may  be  applied  to  the  temples,  or  behind  the  ears.  If 
the  pulse  be  full  and  rapid,  venesection  may  be  performed 
at  the  onset  of  this  stage. 

The  diet  should  be  liquid,  milk  being  the  most  benefl' 
cial.  WiUt(m,  H.  Murray. 
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BRAIN,    DEVELOPMENT    OF    THE.      Historical 
Notes.— Tiedemann  (1816)  observes  that  Coiter(1573)  was 
the  first  to  recognize  the  embryonic  brain  vesicles.     We 
find  Coiter's  observation  adopted  or  independently  con- 
flrmed  in  the  writings  of  Harvey  (1651),  Steno  (about 
1660),  Malpighi  (1673),  and  Haller  (1758).     All  but  the 
last  two  of  these  authors  seem  to  have  held  the  erroneous 
view  that  the  vesicles  were  closed  sacs,  with  cavities 
completely  separated  from  each  other.     Von  Baer  (1837) 
largely  laid  the  foundation  of  the  true  view  of  the  contin- 
uity of  the  vesicular  cavities,  and  their  identity  with  the 
medullar}'  canal  on  the  one  hand,  and  the  adult  ence- 
phalic ventricles  on   the  other.      His  views  were  con- 
firmed, with  slight  modifications,  by  those  of  BischofE 
(1843)  and  Remak  (1851),  and,  in  major  part,  are  gener- 
ally accepted  at  the  present  time.     They  may  be  briefly 
stated  as  follows  :  That  the  medullary  tube  first  divides 
into  three  vesicles  ;  the  foremost  of  these  subdivides  into 
the  fore-brain  and  'tween-brain  ;  the  second  remains  the 
mid-brain ;  the  hindmost  divides  into  the  hind-brain  and 
after-brain ;  these  divisions  correspond  approximately  to 
the  cerebral  hemispheres,  the  optic  thalami,  the  optic 
lobes,  the  cerebellum,  and  the  medulla  oblongata.    Reich- 
ert  (1859)  accepted  most  of  Von  Baer's  views,  as  also  did 
Kolliker  (1861),  in  the  first  edition  of  his  "Embryology." 
In  1877  appeared  Mihalkovic's  valuable  work,  giving  a 
full  history  of  brain  growth,  and,  among  other  points,  in- 
sisting that  the  cerebral  vesicle  is  not  formed  by  the  sub- 
division of  the  primary  fore-brain,  but  is  a  new  forward 


Pio.  5C0.— Mesal  View  of  the  Brain  ;  Human  Fcetns,  about  Six  Months. 
The  corpus  callosnm  has  been  divided,  and  the  right  crus  cerebri  out 
through,  so  as  to  remove  the  right  hemisphere  and  leave  the  other 
ports  intact,  a.  b,  c,  a,  e,  /.  cerebral  fissures ;  ex.,  corpus  callosum  ■, 
th.,  optic  thalamus  with  the  middle  commissure ;  ».(.,  septum  lucidum ; 
01.,  olfactory  lobe  ;  op.,  optic  nerve  ;  Inf.,  infundibulum ;  0cm.,  oouli- 
motor  nerve,  Pons,  pons  Varolii;  Vi.,  sixth,  V.,  flfth  nerve;  Ma., 
medulla;  C'ftZ.,  cerebellum.    (Minot.) 

growth.  Kolliker,  in  the  second  edition  of  his  "  Emrbry- 
ology "  (1879),  accepted  Mihalkovic's  views  in  general, 
hut  questioned  his  statement  that  the  cerebral  vesicle  is  a 
new  forward  growth.  Goette  (1875)  and  Loewe  (1880), 
in  an  elaborate  work,  combated  the  views  formerly  ac- 
cepted, maintaining  that  the  true  segmental  division  of 
the  brain  is  three-fold  ;  that  the  cerebral  vesicle  is,  from 
the  first,  the  upper  portion  of  the  primary  fore-brain ; 
finally,  that  there  is  no  real  subdivision  of  the  primary 
hind-brain.  These  views  (Loewe)  are  expanded  in  the 
descriptive  part  of  this  article.  They  difler  from  those 
held  by  such  authorities  as  Balfour  ("  Comparative  Em- 
bryology") and  Thompson  (Quain's  "Anatomy,"  ninth 
edition)..  In  the  later  stages  of  brain  growth  there  is  less 
room  for  discussion.  Ecker  (1868)  published  a  valuable 
monograph  upon  the  development  of  the  cerebral  cortex  ; 
while  we  largely  owe  to  Flechsig  (1876)  our  knowledge  of 
the  development  of  the  nerve-fibre  courses.  The  knowl- 
edge of  histogenesis,  or  the  origin  of  the  nerve-tissues,  is 
still  in  an  unsatisfactory  state. 

iNTEODtrcTORT. — The  first  steps  in  the  development  of 
the  cerebro-spinal  axis  are  taken  when  the  three  embry- 


onic layers,  epiblast,  mesoblast,  and  hypoblast  can  first  be 
distinguished.  Surpassing  most  other  organs  in  the  ra 
pidity  of  its  gi'owth,  we  find  that  at  the  eighth  month  the 
foetal  brain  shows  all  the  adult  features  in  their  simplest 
expression.  Our  knowledge  of  the  initial  stages  of  brain 
growth  is  chiefly  derived  from  the  embryos  of  lower 
animals,  especially  of  the  chick,  pig,  and  rabbit,  as  up  to 
the  present  time  we  have  no  satisfactory  accounts  of 
human  embryos  younger  than  two  weeks  ;  but  as  all  the 
higher  vertebrates  resemble  each  other  closely  in  their 
early  development,  we  may  take  it  for  granted  that  the 
early  stages  of  the  human  brain  do  not  widely  differ 
from  those  of  these  lower  forms.-  We  may  follow  the 
nomenclature  adopted  in  Quain's  "Anatomy  "  as  fairly  rep- 
resenting the  accepted  standard  among  anatomists.  In 
the  description  of  early  stages,  it  is  necessary  to  substitute 
the  adjectives  dorsal  and  ventral  for  posterior  and  anterior, 
as  used  in  adult  anatomy,  since  the  embryonic  axis  is  in 
a  horizontal,  not  a  vertical  plane.  The  adjective  anterior 
will  accordingly  indicate  the  cephalic,  as  distinguished 
from  the  posterior,  or  caudal  end.  In  the  later  stages  of 
development,  however,  as  the  brain  acquires  its  adult 
form,  it  is  found  easier  to  employ  the  adjectives  of  posi- 
tion in  their  ordinary  acceptation. 

Outline  of  the  Whole  Period  of  Development. 
— The  first  stage  of  development  consists  in  a  series  of 
changes  in  the  ectodermic  cell  layer,  which  result  in  a  con- 
tinuous plate  of  thickened  cells  extending  from  the  cepha- 
lic to  the  caudal  region — the  foundation  of  the  brain  and 
spinal  cord.     Down  the  axial  line  of  this  plate  a  groove 
extends,  from  before  backward,  and  this  is  followed  by 
the  folding  up  of  the  sides  of  the  plate  to  meet  at  the  top 
and  form  the  neural  tube,  the  cavity  of  which  becomes  the 
ventricles  of  the  brain,  and  canalis  centralis  of  the  spinal 
cord.    At,  or  even  before  the  completion  of  the  tube,  three 
swellings  appear  in  its  anterior  region ;  the  foremost  is  at 
the  end  of  the  tube,  and  is  called  the  primary  fore-brain ,  the 
others  being  known  as  the  mid-  and  hind-brains.     These 
swellings  mark  off  the  brain  region  from  that  of  the  cord. 
The  hind-brain  now  subdivides,  and  the  fore-brain  gives 
off  two  lateral  swellings,  the  optic  vesicles.     The  anterior 
wall  of  the  fore-brain  then  grows  forward,  constituting 
a  flfth,  or  cerebral  vesicle.     The  embryonic  neural  tube 
is  thus  divided  into  five  little  swellings,  which  indicate 
the  five  great  segmental  regions  of  the  adult  brain.   '  In 
the  meantime,  a  great  downward  bending  of  the  two  fore- 
most vesicles  has  begun,  and  causes  them  to  lie  at  an  acute 
angle   with  the  hindmost  vesicles,  forming  the  cranial 
flexure.     The  walls  of  the  neural  tube  are  still  uniformly 
composed  of  elongated  epiblast  cells,  but  they  now  grow 
unevenly,  at  some  points  thickening  rapidly,  at  others 
becoming  thinned  ;  yet  to  follow  these  changes  the  primi- 
tive tubular  condition  must  be  kept  clearly  in  mind. 
From  this  point  onward,  the  development  of  the  different 
segments  must  be  described  separately.    The  fourth  and 
fifth  segments  form,  in  the  roof,  the  cerebellum  and  tela 
vasculosa,  and  in  the  floor,  the  pons  Varolii  and  medulla 
oblongata.    The  mid-brain,   or  third  segment,  has  the 
simplest  history  ;  the  roof  forms  the  optic  lobes,  the  floor 
becomes  the  crura  cerebri,  and  the  cavity  forms  the  iter. 
The  second  segment,  or  primary  fore-brain,  gives  rise  to 
the  optic  thalami,  by  a  thickening  of  its  lateral  walls  ;  its 
cavity  persisting  as  the  third  ventricle,  while  the  dorsal 
and  ventral  walls  remain  comparatively  thin,  and  undergo 
a  series  of  remarkable  changes,  to  form  the  pineal  gland 
above  and  the  infundibulum  below.     With  the  latter  is 
connected  the  pituitary  body,  or  hypophysis.     The  tore- 
most  segment,  or  cerebral  vesicle,  gives  rise  to  paired 
outgrowths,  the  walls  of  each  of  which  are  divided  into  a 
basal  stem  and  dorsal  thinner  area,  the  mantle.     1  he  stem 
becomes  the  corpus  striatum,  and  the  mantle  the  cere- 
bral hemisphere  of  the  same  side.     Between  the  hemi- 
spheres two  commissures  appear  subsequently,  the  anterior 
commissure  and  corpus  callosum,  and  at  the  same  period 
with  the  latter  arises  the  fornix.     Upon  the  external 
surface  of  the  hemispheres  appear  the  gyri  and  sulci  as 
foldings  in  part  of  the  whole  hemisphere  wall,  in  part  ot 
the  cortex  only.     At  an  early  stage  the  brain  is  sur- 
rounded by  a  delicate  vascular  membrane  derived  from 
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the  mesoblast,  the  pia  mater.  At  several  points  the  brain- 
wall  becoming  exceedingly  thin  and  closely  uniting  with 
the  pia  mater,  is  thrust  in  upon  itself  into  the  ventri- 
cles to  form  the  various  choroid  plexuses.  Finally,  step 
bv  step  with  the  changes  outlined  above,  histological 
changes  of  great  complexity  have  been  going  on  so  that 
from  the  simple  double  row  of  cells  constituting  the  prim- 
itive wall  of  the  neural  tube,  arise  the  fibrous  and  cellu- 
lar elements  of  the  adult  brain  through  changes  only  a 
part  of  which  are  well  understood.  . 

The  above  outline  will  make  clear  the  following  divis- 
ions in  the  treatment  of  the  subject :  1.  The  early  de- 
velopment of  the  neural  tube  as  far  as  the  completion  ot 
the  encephalic  segments.  3.  The  special  history  of  each 
of  the  encephalic  segments.  3.  Histogenesis,  or  the  ori- 
gin of  the  brain-tissues,  including  the  epithehal  lining  ot 
the  encephalic  cavities.  4.  Comparative  anatomy  and 
general  conclusions. 
I.  The  Neural  Tube  and  Encephalic  Segments. 
The  central  nervous  system,  as  well  as  the  nerves  and 
sense-organs,  are  wholly  derived  from  the  epMasi,  or 
outermost  embryonic  layer.  This  layer  is  folded  in  along 
the  dorsal  axial  line  of  the  embryo,  forming  a  tube, 
which  is  first  covered  with  the  epidermic  stratum  of  epi- 
blast,  then  surrounded  by  the  mesoblast,  in  which  the 
skull  and  vertebral  column  are  formed,  so  that  we  soon 
lose  sight  of  the  important  fact  that  the  inner  or  ventric- 


FiG,  501,  No8. 1  to  4.— Transverse  Sections  through  the  Medullary  plate 
and  Neural  Tube  of  an  Embryo  Bird.  cAd,  Notochord  ;  tiy,  hypoblast : 
m/,  meduUaiy  folds ;  mff,  medullary  groove ;  mp,  medullary  plate ; 
nc^  neural  canal ;  nt,  neural  tube ;  ao,  somatopleure  ;  sp,  splanchno- 
pleure.    (Mihalkovics  and  Balfonr.) 

ular  surface  of  the  brain  and  spinal  cord  was  originally 
part  of  the  outer  body  surface  of  the  embryo.  When  the 
nervous  epiblastic  stratum  begins  to  be  differentiated,  an 
important  structure,  the  notochord,  appears  in  the  axial 
line  beneath  it.  This  lies  in  the  centre  of  the  cranio- 
vertebral  axis  and  terminates  abruptly  in  front  beneath 
what  will  become  the  mid-region  of  the  brain.  It  is  part 
of  the  skeletal  system. 

The  Medcllaky  Plate  (Fig.  501,  No.  1).  —  The 
medullary  groove  is  a  long,  shallow  furrow,  which  ap- 
pears along  the  dorsal  line.  For  a  short  space  upon 
either  side  of  it  the  vertical  epiblast-cells  are  elongated 
and  in  some  cases  reduplicated  to  form  the  medullary 
plate.  This  plate  is  raised  in  front  from  the  remainder 
of  the  flat  embryonic  area  by  a  transverse  fold,  the  head- 
fold.  There  next  appear  in  the  anterior  third  of  the 
plate  two  lateral  medulla/ry  folds  (Fig.  501,  No.  2),  which 
extend  slowly  forward  and  backward  parallel  with  the 
gi'oove.  At  about  this  period  the  epiblast  surrounding 
the  embryo  splits  into  an  outer,  epidermic,  and  inner 
nervous  stratum.  It  is  doubtful,  in  the  embryos  of  mam- 
mals and  birds,  whether  the  splitting  occurs  over  the 


region  of  the  plate,  although  the  division  clearly  occura 
early  in  the  epiblast  at  the  sides  of  the  plate. 

The  Neural  Tube  (Fig.  501,  Nos.  3  and  4;  Fig. 
502,  No.  5). — The  folds  rise  rapidly  at  the  sides  and 
deepen  the  primitive  shallow  groove.  They  finally  meet 
and  coalesce  at  the  top,  forming  a  tube,  closed  above  and 
still  open  at  the  ends.  This  closure  is  first  effected  on 
the  ninth  day  in  the  rabbit  in  the  region  of  the  mid-brain, 
and  it  extends  forward  and  backward,  completing  the 
closure  of  the  entire  encephalic  portion  of  the  medullary 
plate,  while  the  spinal  cord  region  is  still  an  open  groove. 
The  walls  of  this  tube  are  of  approximately  uniform 
diameter,  and  its  lumen  is  a  vertical  oval ;  above  it  is 
closed  in  by  the  epidermic  stratum  of  epiblast ;  below  it 
rests  upon  the  notochord ;  at  the  sides  are  the  plates  of 
mesoblast. 

The  Primary  Encephalic  Vesicles  (Fig.  502, 
]>jo.  6). — The  above  account  holds  true  for  birds  and  the 
lower  vertebrates,  but  in  the  rabbit  and  probably  in  man 
the  segmentation  of  th&encephalic  portion  of  the  neural 
tube  into  three  vesiraes  and  the  budding  of  the  optic 
vesicles  precedes  the  complete  closure  of  the  medullary 
folds.  According  to  KoUiker,  Goette,  and  Rabl  Ruck- 
hard,  there  first  appears  a  median  constriction,  dividing 
the  whole  encephalic  region  into  two  vesicles.  The 
posterior  vesicle  soon  subdivides,  so  that  three  swellings 
are  apparent,  which  mark  respectively  the  primary /ore-, 
mid-,  and  hind-brain.     These  consist  simply  of  alternate 


Fio.  BOi,  Nos.  5  to  7.— The  Medullary  Folds  and  Encephalic  Segments  of 
an  Embryo  Bird.  (Kollllter,)  /6,  Pore-brain ;  lib.  hind-brain ;  mb, 
mid-brain  ;  opt,  optic  vesicles.    Other  letters  as  above, 

expansions  of  the  walls  of  the  tube  ;  of  these  the  fore-brain 
is  the  largest,  and  even  before  its  closure  above,  its  side- 
walls  expand  laterally  to  form  the  optic  vesicles,  so  that 
these  are  distinctly  outgrowths  of  the  most  anterior  por- 
tion of  the  brain  at  this  period. 

The  Five  Encephalic  Vesicles  (Fig.  502,  No.  7; 
Fig.  503,  Nos.  8  and  9).— The  above  segmentation  may 
be  called  primary,  as  the  segments  which  now  appear  are 
formed  by  secondary  subdivision  of  the  fore-  and  hind- 
brain.  There  is  first  a  four-vesicle  stage.  At  this  period 
the  optic  vesicles  have  extended  outward  and  backward, 
the  mid-brain  is  a  short  and  simple  dilatation,  and  the 
hind-brain  is  long  and  narrow,  not  sharply  defined  from 
the  spinal  cord.  The  latter  divides  into  a  short  anterior 
and  long  posterior  swelling,  the  hind  and  after-brain  of 
German  authors,  or  the  epen-  and  metencephalon.  The 
mid-brain,  or  mesencephalon,  undergoes  no  subdivision. 
Tlie  terminal  wall  of  the  primary  fore-brain  now  extends 
forward  as  an  unpaired  vesicle,  the  secondary  fore-brain, 
which,  since  it  is  a  new  outgrowth,  differs  in  its  develop- 
ment from  the  three  primary  vesicles.  The  secondary 
fore-brain  (Fig.  503,  No.  10),  or  prosencephalon,  as  it 
gives  rise  to  the  hemispheres,  is  also  known  as  the  cere 
bral  vesicle.  The  primary  fore-brain,  or  'tween-brain, 
receives  the  segmental  name  of  diencephalon. 

We  must  now  look  at  two  parallel  features  of  develop- 
ment which  begin  at  this  period  and  progress  rapidly  dur- 
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\iig  the  subsequent  stages.     These  are  the  optic  vesicles 
ftniJ  thin  encephalic  flexures. 

Thb  Optic  Vesicles  (Fig.  503,  No.  7 ;  Fig.  503,  No. 
9)._Pricr  to  the  formation  of  the  cerebral  vesicles,  the 
optic  vesicles  extend  outward  from  the  forward  half  of 
the  lateral  walls  of  the  primary  fore-brain.  They  at  first 
open  widely  into  the  cavity  of  the  fore-brain  (Pig.  509, 
Nos.  30  and  31),  but  gradually  extending  outward,  they 
form  two  primary  optic  vesicles,  connected  with  the  brain 
by  an  optic  stalk,  which  retains  at  first  a  narrow  slit-like 
lumen.  During  this  process  the  cerebral  vesicle  has  be- 
gun to  develop  rapidly  from  the  anterior  dorsal  region  of 
the  primary  fore-brain,  so  that  the  primary  vertical  half  of 
the  anterior  encephalic  wall  is  thrust  downward  to  form 
the  optic  nerve-plate,  which  marks  the  position  of  the 
later  developed  optic  chiasma  and  forms  the  ventral 
boundary  between  the  cerebral  vesicle  and  the  primary 
fore-brain.  The  optic  stalks  (Fig.  604,  Nos.  15  to  18)  now 
have  a  minute  opening  into  the  lower  sides  of  the  primary 
fore-brain,  while  the  optic  vesicles  extend  downward  and 
backward,  and  secondary  changes  occur  by  which  they 
are  infolded  to  form  the  retina  and  pigment-layer  of  the 
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Fis.  BOS,  Nos.  8  to  14.— Horizontal  Sections  of  the  Fore-brain  (8  and  9  of 
a  bird;  10  to  14  of  a  rabbit).  (Kolliker,  Mihalkovics,  Lowe.)  cat, 
Corpus  callogum ;  cAd,  choroid  plexus ;  /mr,  foramen  of  Monro ;  frx, 
fornix;  kms,  cerebral  vesicle;* hemisphere;  inf^  inf undibulum ;  m«c, 
mesencephalon ;  aim,  steni ;  sir,  corpora  striata ;  trm,  lamina  termi- 
nalia ;  thm,  optic  thalami ;  vCy  ventriculus  communis ;  vir^,  fifth  ven- 
tricle; o',  lateral  ventricle;  »*,  third  ventricle.  Other  letters  as 
above. 

choroid.    The  history  of  these  changes  belongs  properly 
to  the  development  of  the  eye. 

The  Encephalic  Flbxukes  (Fig.  504,  Nos.  15  to 
19;  Fig.  506,  Nos.  20  and  21).— The  cerebral  vesicle  does 
not  grow  forward  in  the  same  horizontal  axis  as  the  pri- 
mary vesicles,  but  downward.  Thus  arises  a  ventral  flex- 
ure which  extends  to  the  primary  fore-brain,  then  to  the 
centre  of  the  mid-brain  floor,  giving  rise  to  an  acute  angle 
ia  the  encephalic  axis  known  as  the  cranial  flexure,  since 
the  entire  head  is  bent  downward.  This  bend  is  greatest 
at  a  somewhat  later  stage  than  those  already  described, 
causing  the  mid-brain  to  form  the  termination  of  the  long 
axis  of  the  neural  tube ;  it  apparently  but  not  actually 
disappears  in  older  embryos,  owing  to  the  rapid  dorsal 
growth  of  the  cerebral  vesicles  (hemispheres).  Two  other 
flexures  of  less  importance  appear  later.  The  first  of 
these,  the  pong  flexure,  reverses  the  direction  of  the  cranial 
flexure,  as  it  is  a  sharp  downward  bend  of  the  brain-floor 
at  a  point  where  the  pons  Varolii  subsequently  develops. 


The  neck  flexure  is  an  upward  bend  in  the  roof  of  the 
metencephalon  and  appears  later.  The  pons  and  neck 
flexures  reach  their  maximum  in  a  seven  weeks'  human 
embryo.  The  cranial  flexure  is  clearly  the  most  impor- 
tant of  the  three,  as  it  involves  the  entire  head.  It  arises 
in  the  more  rapid  development  of  the  roof  of  the  brain- 
case  and  brain  than  of  the  floor,. accompanied  by  a  bend 
in  the  base  of  the  brain-case.    The  flexure  is  just  in  front 


Fig.  604,  Nos.  15  to  19.— Vertical  Sections  of  the  Brain  (15  to  18,  of  the 
Babbit ;  19,  of  the  Bird).  (Mihalkovics.)  i6(,  Cerebellum ;  cftd«,  tela 
vasculosa ;  cM*,  choroid  plexus  of  third  ventricle  ;  epc,  epencephalon  ; 
hph,  hypophysis ;  it,  iter ;  psd',  prosencephalon  ;  pnc^,  diencephalon  ; 
pna,  pons  Varolii ;  amr,  sulcus  of  Monro  ;  v*,  fourth  ventricle. 

of  the  termination  of  the  notochord  (Fig.  504,  No.  19), 
but  the  meaning  of  this  disproportion  in  growth  is  not 
determined. 

Views  op  Loewe  and  Goettb. — As  before  said,  the 
views  advanced  by  Loewe  upon  the  development  of  the 
encephalic  segments  differ  from  those  which  are  gener- 
ally held ;  as  his  conclusions,  however,  are  supported  by 
others,  his  account  may  be  briefly  stated.  According  to 
him  the  final  division  of  the  brain  is  into  three  vesicles 
(Pig.  505,  Nos.  24  and  25) ;  in  the  foremost  of  which  we 


*^      i™.*^^  7  7 

am.     at,    ^^ 

Fio  50.5,  Nos.  24  and  85.— Lateral  View  of  the  Babbit's  Brain  and  Ver- 
tical Section  through  the  Fore  brain.  (Loewe.)  chm.  Optic  chiasmu ; 
<xh,  crura  cerebri ;  pn,  pmeal  gland.    Other  letters  as  above. 

observe  two  areas,  (1)  an  upper  hemisphere  area  contain- 
ing the  wide  primitive  cavity  of  the  unpaired  cerebral 
vesicle ;  (3)  a  lower  area,  that  of  the  optic  thalami,  con- 
taining a  narrow  cavity,  the  future  third  ventricle  and  in- 
fundibulum  below.  The  figure  shows  the  relations  of 
these  parts  at  the  period  of  the  cranial  flexure,  indicating 
the  various  points  at  which  the  structures  characteristic 
of  the  roof  and  floor  will  subsequently  appear.  When 
the  flexure  is  complete,  it  will  be  seen  that  the  cerebral 
vesicles  are  already  anterior  to  the  region  of  the  thalami. 
There  now  occurs  an  elongation  of  the  roof  in  front  ot 
the  pineal  body ;  in  this  way  the  anterior  and  upper  por- 
tions of  the  cerebral  vesicles  are  unrolled,  as  it  were,  so 
that  the  upper  wall  becomes  the  terminal  wall,  and  the 
original  terminal  wall  becomes  part  of  the  floor,  and  the 
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cavity  of  the  cerebral  vesicle,  oriffinally  above  the  third 
ventricle,  extends  in  front  of  it,  while  the  posterior  portion 
of  the  roof  becomes  secondarily  the  roof  of  the  third  ven- 
tricle. According  to  this  view,  it  appears  that  the  cere- 
bral vesicle  is  present  in  the  first  formation  of  the  fore- 
brain  and  does  not  consist,  as  Mihalkovics,  Kolliker,, 
and  Balfour  state,  of  an  entirely  new  growth  forwards. 
Loewe  also  affirms  that  the  epencephalon  of  other  writers 
is  merely  an  hypertrophy  of  the  anterior  roof -region  of 
the  hind-brain. 

Summary.— Now  for  a  brief  period  the  brain  is  a 
tube  divided  into  five  more  or  less  clearl;y  distinguished 
vesicles.  The  vesicular  cavities  are  continuous,  and  the 
walls  may,  for  convenience  of  description,  be  divided 
into  floor,  roof,  and  sides,  which,  through  uneven 
growth,  form  the  adult  brain.  The  relation  of  the  adult 
to  the  embryonic  parts  is  shown  in  this  table  : 


Primary  Fore- 
brain. 


1,  Prosencephalon. 
Secondary  fore- 
brain,  cerebral 
vesicle. 


2.  Diencephalon, 
Primary  fore- 
brain,  'tween 
brain. 


Primary    Mid-j3.  Mesencephalon. 

brain.         "j 


Primary  Hind-. 
brain. 


Mid-brain. 


4.      Epencephalon. 
Hind-brain. 


6.    Metencephalon. 
After-brain. 


Tioof  and  sidet:  Cerebral  hemi- 
spheres. Ependyma  lining  the 
choroid  plexuses.  Floor :  Olfac- 
tory lobes,  corpora  striata,  la- 
minfi  terminalis.  Cavities:  Ven- 
triculus  communis  loborum  and 
lateral  ventricles.  CommUsurea  : 
Anterior  commiasure,  corpus  cal- 
losum,  fornix. 
Roof:  Pineal  proceBs  andplantl, 
ependyma  lining  choroid  plexuses 
of  third  ventricle,  velnm.  Hides: 
Optic  thalami,  cerebral  pedun- 
cles. Floor :  Infundibulum,  tu- 
ber cinereum,  jmsterior  lobe  of 
hypophysis,  optic  chiasma.  Cavi- 
ties :  Third  ventricle  and  recessus 
pinealis  above,  infundibulum  be- 
low. Commissures :  Middle  com- 

1.     missure,  supra  commissure. 
Roof  and  sides:  Corpora  quadri- 
gemina.    Floor  and  sides  :  Crura 
cerebri.    Cavity:  iter.    Commis- 
sure :  Posterior  commissure. 

■  Hoof:  Valvnla  cerebelli,  cerebel- 
lum. Floor  :  Pons  Varolii,  ante- 
rior cerebellar  peduncles.  Cavity : 
Anterior  portion  of  fourth  ven- 
tricle. 

'Roof:  Tela  vasculosa  (ependyma 
of  choroid  plexus  of  fourth  ven- 
tricle). Sides  and  floor  :  Poste- 
rior cerebellar  peduncles,  medulla 
oblongata.  Cavity :  Fourth  ven- 
tricle. 


II. 


Special  Bbvblopmestt  of  the  Encephalic  Seg- 
ments. 


1.  Development  of  the  Epencephalon  and  Meten- 
cephalon.— The  divisions  of  the  hind-brain  are  less 
clearly  distinguished  than  those  of  the  anterior  segments, 
and  their  segmental  character  is  questioned  by  Loewe  and 
many  other  writers.  The  short  anterior  segment  repre- 
sents the  cerebellum,  and  the  long  posterior  becomes  the 
medulla  oblongata,  but  the  floor  of  each  is  continuous 
and  passes  forward  without  break  into  the  mid-brain. 
The  metencephalon  (Fig.  503,  No.  7 ;  Pig.  504,  No.  15) 
narrows  gradually  into  the  spinal  cord,  and  is  for  a  short 
period  indented  at  the  sides  by  five  or  six  faint  swell- 
ings, which  suggest  a  segmented  condition.  It  is  doubt- 
ful whether  these  are  cases  of  atavism,  i.e.,  rudimentary 
segments,  or  merely  mechanical  effects  of  uneven  growth. 
They  soon  disappear. 

In  the  following  history  the  details,  except  of  the  earli- 
est stages,  or  where  the  exception  is  noted,  refer  to  the 
human  brain. 

The  Medulla  Oblongata  and  Fourth  Ventricle.  —  The 
thinning  of  the  roof  of  the  after-brain  early  divides  it 
clearly  from  the  hind- brain  (Fig.  504,  Nos.  17  to  19). 
As  the  sides  spread  apart  the  multiple  cell  layer  of  the 
roof  is  reduced  to  a  single  row  of  flattened  cells  ;  these  are 
the  parent  cells  of  the  delicate  ependyma,  which  later 
unites  with  the  mesoblastic  pia  mater  to  form  the  tela 
vasculosa,  or  roof  of  the  fourth  ventricle.  At  the  sides, 
these  ependyma  cells  become  continuous  with  the  epithe- 
lial lining  of  the  central  cavity  of  the  brain  and  spinal 
cord.  The  spreading  of  the  walls  and  transparency  of 
the  roof  give  rise  to  the  fossa  rhomboidalis,  a  triangular 


cavity,  bounded  by  the  cerebellum  in  front  and  narrow, 
ing  behind  as  the  sides  unite  in  the  roof  of  the  cord. 
The  sulcus  centralis  at  the  bottom  of  the  fossa  is  the 
persistent  medullary  groove  ;  at  the  sides  of  this  in  the 
fourth  month  appears  the  eminentia  teres. 

The  floor  of  the  epen-  and  metencephalon  develops  into 
a  uniformly  thick  plate,  and  about  the  fifth  day,  in  the 
chick,  the  first  histological  changes  occur,  dividing  it  into 
an  upper,  cellular  and  lower,  nerve-flbre  layer,  continuous 
anteriorly  with  the  crura  cerebri  of  the  mid-brain.  The 
ventral  fissure  of  the  cord  {sulcus  longitudinalis  anterior) 
is  then  carried  along  the  lower  surface  of  this  plate  to 
the  pons  flexure.  Forward,  at  the  sides  of  this  fissure 
appear  the  olivary  fasciculi ;  the  lateral  portions  become 
the  restlf  orm  bodies,  and  the  longitudinal  fibres  of  the  an- 
terior pyramids  are  the  last  to  appear,  in  the  fifth  month. 
The  above  changes  occur  between  the  second  and  fifth 
months  in  the  human  embryo. 

The  Cerebellum  and  Pons  Varolii  (Fig.  504,  Nos.  17 
to  19  ;  Fig.  506,  No.  30).— The  medullary  roof  of  the 
hind-brain  thickens  rapidly,  and  with  the  broadening  of 
the  medulla  oblongata  arches  like  a  band  over  the  an- 
terior portion  of  the  fourth  ventricle,  as  the  lamina  cere- 
belli. Posteriorly  it  thins  off  into  the  delicate  tela  of  the 
after-brain.  In  this  lamina  the  primitive  cells  are  gradu- 
ally supplanted  by  nerve-tissue,  which  extends  laterally 
into  the  surrounding  parts.  The  median  lobe  is  accordingly 
the  first  to  develop  (Fig.  513,  No.  37),  the  lateral  lobes 
first  appearing  as  rounded  swellings  (Fig.  513,  No.  37a). 
About  the  middle  of  the  third  month  four  or  five  trans- 
verse convolutions  appear  in  the  median  lobe,  and  in  the 
fourth  month  the  lateral  lobes  or  hemispheres  become  more 
prominent,  and  the  median  convolutions,  which  are  now 
more  marked,  extend  into  them.  The  lateral  lobes  now 
surpass  the  median  lobe  in  development,  and  also  begin 
to  subdivide  rapidly  into  minor  lobes,  the  latter  appear- 
ing first  as  simple  rounded  swellings,  and  later  becom- 


Fio.  B06,  Nos.  20  to  S.3.— Lateral  Views  ol  the  Brain  (80,  oJ  a  Bird  ;  51, 
88,  of  a  Human  Embryo,;  88,  ol  a  Pig).  (Mihalkovics.)  frt,  Frontal 
lobe ;  ocp,  occipital  lobe  ;  ol/,  olfactory  lobe  ;  prt,  parietal  lobe ;  fffl™, 
corpora  qnadrigemina  ;  obi,  medulla  oblongata ;  prt,  parietal  lobe ;  rcn. 
recessus  lateralis ;  ntv.  Sylvian  fissure ;  spn,  spinal  cord ;  tmp,  temporal 
lobe.    Other  letters  as  above. 

ing  convoluted.  In  the  angle  between  the  cerebellum 
and  the  medulla  oblongata,  on  each  side,  appear  three 
folds,  which  are  connected  with  the  lower  lateral  parts  of 
the  cerebellum.  The  lowest  marks  the  lateral  recesses  of 
the  fourth  ventricle,  while  the  middle  is  the  layer  of  the 
flocculus,  which  develops  later.  It  will  be  observed  in 
the  figures  that  the  primitive  lamina  cerebelli  passes  off 
gently  into  the  thin  roof  of  the  fourth  ventricle  :  this  in- 
termediate area  forms  the  velum  medullm  posterius,  cor- 
responding to  the  velum  medullm  anierius,  or  valve  of 
Vieussens  in  front.  By  the  fifth  month  the  adult  form  of 
the  cerebellum  is  fairly  well  defined,  and  it  has  estab- 
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lished  relations  with  surrounding  parts  as  follows  :  in  the 
third  month  the  restif  orm  bodies  unite  with  the  lateral 
lobes  of  the  cerebellum  as  the  posterior  peduncles  ;  also 
at  the  angle  of  the  ventral  flexure  the  first  transverse 
fibres  of  the  pons  Varolii  arise  in  the  floor  of  the  hind-brain, 
connecting  later  with  the  middle  peduncles  of  the  lateral 
lobes  ;  in  the  fourth  month  the  pons  becomes  a  marked 
feature  of  the  brain-floor  ;  in  the  fifth  month  the  an- 
terior peduncles  (processus  ad  cerebrum)  pass  forward 
into  the  mid-brain,  and  between  them  the  medullary  roof 
is  thinned,  forming  the  valve  of  Vieussens. 

3.  The  Development  of  the  Mesencephalon. — 
This  division  of  the  brain  springs  directly  from  the  pri- 
mary mid-brain,  its  roof  and  sides  forming  the  corpora 
quadrigemina  and  internal  geniculate  bodies ;  its  floor 
developing  the  cerebral  peduncles  or  longitudinal  fibre 
courses,  and  its  cavity  narrowing  relatively  into  the  iter. 
When  the  cranial  flexure  is  greatest,  the  mid-brain  is  a 
long  unpaired  vesicle,  sharply  bent  around  the  flexure, 
with  a  swollen  roof  and  short  floor.  It  is  well  distin- 
guished at  the  roof,  less  at  the  sides,  and  not  at  all  at  the 
base  from  the  surrounding  segments.  The  whole  brain- 
floor  from  the  pons  region  to  the  optic  tracts  enters  into 
the  formation  of  the  cerebral  peduncles,  so  they  enter  the 
floor  of  the  primary  fore-brain.  They  appear  about  the 
third  month  as  two  folds  diverging  anteriorly,  and  their 
later  development  keeps  pace  with  that  of  the  pyramidal 
tracts  in  the  fifth  month.  Subsequently,  the  substantia 
nigra  arises,  dividing  each  peduncle  into  the  ventral 
(crusta)  and  dorsal  {tegmentum)  region.  The  floor  be- 
tween the  diverging  peduncles  remains  comparatively 
thin  and  represents  the  posterior  perforated  space. .  While 
the  roof  of  the  mid-brain  is  rapidly  thickening,  its  upper 
surface,  for  a  long  period,  remains  smooth  and  rounded. 
In  the  third  month  a  longitudinal  furrow  appears,  divid- 
ing it  into  two  equal  lobes,  and  in  the  fifth  month  a  second 
furrow  arises,  crossing  the  first  at  right  angles,  dividing 
the  roof  into  the  corpora 
quadrigemina.  In  the 
forward  portion  of  the 
roof  the  posterior  com- 
missure arises,  dividing 
the  mid-  from  the  pri- 
mary fore -brain.  The 
cavity  of  the  mid-brain 
at  first  opens  widely  into 
that  of  the  adjoining 
segments,  but  with  the 
thickening  of  the  walls 
it  diminishes,  finally 
forming  the  narrow-«<«r, 
which  connects  the  third 
and  fourth  ventricles. 

3.  Early  Chajsgbs  in 

THE      PriMAKY      FoKE- 

BRAIN  (Fig.  501,  Nos.  1 
to  4  ;  Fig.  503,  Nos.  5  to 
7;  Fig.  503,  Nos.  8  to  14; 
Fig.  504,  Nos.  15  to  19  ; 
Fig.  506,  No.  20).— The 

fore-brain,  as  has  been  Fio.  507,  Nos.  26  and  27.— Lateral  Views 
shown,  consists  of  the  oftheBrain.withtheLateralVentricles 
i^rirrio^Tr  „„„;„i„  *.„™  ExposBcJ.  (Mihalkovios.)  amm,  Comu 
primary  vesicle,  from  ammonis;  tm,  stem,  other  letters 
which  grows  forward  a  as  above, 
secondary    vesicle,     the 

prosencephalon.  The  latter  is  at  first  unpaired,  but 
later  it  develops  the  paired  cerebral  hemispheres  and 
structures  at  their  base,  while  the  primary  vesicle  re- 
mains single,  forming  the  optic  thalami,  etc.  In  the 
first  steps  these  segments  may  be  treated  together  (Fig. 
608,  Nos.  10  and  II ;  Fig.  504,  Nos.  15  and  16).  They 
at  first  open  widely  into  each  other,  the  walls  of  each  ex- 
panding above  into  the  cerebral  vesicle  and  vesicle  of  the 
third  ventricle  respectively.  These  vesicles  are  separated 
by  a  slight  lateral  constriction  in  the  walls  ;  this  constric- 
tion does  not  extend  into  the  lower  portion  of  the  brain- 
wall  ;  here  the  cavity  is  narrowed  by  the  approximation 
of  the  walls  into  a  deep  compressed  area,  the  infundi- 
bulum,  which  extends  along  the  base  of  both  segments 


umm 


(Fig.  506,  No.  30).  The  sides  of  this  lower  area  in  the 
prosencephalon  constitute  the  stem ;  while  the  upper  ex- 
panded walls  constitute  the  mantle.  In  the  diencephalon 
the  upper  expanded  area  is  the  third  ventricle,  the  lower 
area  is  the  infunMbulum.  For  a  brief  period  the  entire 
cerebral  vesicle  is  unpaired,  then  as  the  vesicle  expands 
laterally  the  growth  is  arrested  in  the  median  vertical 
line  in  front.  This  results  in  the  formation  of  a  septum, 
the  lamina  terminalis,  in  the  medullary  wall  (Fig.  503,  No. 
13),  which  is  the  anterior  boundary  of  the  unpaired  en- 
cephalic cavities.  A  Y-shaped  cavity  is  thus  formed  as 
the  hemisphere  vesicles  bud  forward,  and  thus  early  the 
following  parts  may  be  distinguished :  the  lateral  ven- 
tricles, communicating  by  the  foramina  of  Monro  with  the 
ventrieulus  communis  loborum;  the  latter  opens  into  the 
third  ventricle.  The  distinction  between  the  last-named 
cavities  is  an  embryonic 


character  of  the  human 
brain,  but  while  the  third 
ventricle  is  usually  de- 
scribed as  extending  for- 
ward to  the  lamina  termi- 
nalis, it  is  clear  that  the 
cavity  between  the  fora- 
mina of  Monro  really  be- 
longs to  the  prosencepha- 
lon. 

4.  Development  of 
THE  Diencephalon.  — 
The  subsequent  changes 
in  this  segment  consist  in 
the  great  thickening  of 
the  sides  of  the  third  ven- 
tricle, and  in  a  compara- 
tive arrest  of  growth  in  the 
floor    and    roof,    accom- 


panied  by   the    develop-    j,/ 


structures,  the  pituitary 
body  and  the  pineal  body. 
While  the  mid-brain  is  de- 
veloping, the  walls  of  the 
third  ventricle  thicken  in- 
to the  optic  thalami  (Fig. 
503,  Nos.  12  and  13);  with 
the  growth  of  these  bodies 
the  primitive,  wide,  seg- 
mental cavity  becomes  a 
high,  narrow  slit,  the  third 
ventricle,  continuous   be- 
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tions  of  the  Brain,  showing  the  De- 
velopment of  the  Corpus  Oallosum 
(Nos.  28  and  29a,  of  a  Pig  Embryo ; 
29,  of  a  Human  Embryo).  (Mihalko- 
vios and  Reichert.)  chm.  Optic  ohi- 
Bsma;  cma,  anterior  commissure; 
ept,  septum  luoidum.  Other  letters 
as  above. 


hind  with  the  iter,  in  front  Fio.  508,  Nos.  28  to  29o.— Vertical  Seo- 


with  the  ventrieulus  com- 
munis. At  the  same  time 
the  corpora  striata  are  ap- 
pearing in  the  stem  of  the 
cerebral  vesicle,  and  as  the 
lower  outer  walls  develop 
rapidly,  they  grow  back- 
ward around  the  outer  ventral  surface  of  the  thalami, 
thus  partly  enclosing  them,  and  bringing  the  base  of 
the  cerebrum  closer  to  the  base  of  the  mid-brain.  Thus 
it  happens  that  the  cerebral  peduncles,  which  from 
the  floor  of  the  mid-brain  develop  partly  in  the  upper 
walls  of  the  infundibulum,  appear  to  pass  directly  into 
the  base  of  the  prosencephalon.  Further  changes  in  the 
diencephalon  are  as  follows :  Extending  along  the  inner 
surface  of  the  thalami,  from  the  iter  to  the  primitive  fora- 
men Monroi,  is  a  groove,  called  the  sulcus  of  Monro  (Fig. 
504,  No.  18).  After  the  formation  of  the  crura  cerebri 
in  the  third  month,  this  groove  marks  off  the  cavity  of 
the  third  ventricle  from  that  of  the  infundibulum  below, 
and  in  the  fifth  month  the  thalami  unite  above  this  groove, 
and  the  middle  commissure  is  formed.  The  thalami 
gradually  extend  upon  the  inner  side  of  the  corpora 
striata,  and  form  a  broad  union  with  them.  In  the 
fourth  month  the  anterior  columns  of  the  fornix  arise  m 
the  walls  of  the  diencephalon.  ^  ,,     .   .     j. 

The  roof  of  the  thir^  ventricle  and  floor  of  the  infundi- 
bular region  have  during  this  period  undergone  a  series 
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of  changes  of  a  remarkable  character.  The  floor  of  the 
infundlbulum  is'  sunk  between  the  (ilverging  crura 
cerebri,  and  In  it  from  behind  forward  the  following 
structures  appear  (Fig.  508,  No.  39) :  (1)  the  sutoton  iffl 
perforata  posterior,  partly  belongmg  to  the  mid-bram  ;  (^) 
ihecorpoiu  alUcantia,  keeping  pace  with  the  development 
of  the  fornix  in  the  fourth  month  ;  (3)  the  mfundibulum 
proper  and  tuber  dnereum,  bounded  in  front  by  (4)  the 
optic  chiasma.  In  front  of  the  chiasma  is  the  lamina 
terminalis,  belonging  to  the  cerebral  vesicle  ;  this  lamina 
is  continued  upward  above  the  ventriculus  communis, 
into  the  roof  of  the  third  ventricle.  In  the  latter,  from 
before  backward,  are  developed  the  following  :  (1)  By 
changes  similar  to  those  occurring  in  the  roof  of  the  me- 
dulla oblongata,  the  anterior  region  of  the  roof  is  reduced 
to  a  single  row  of  epithelial  cells.  The  pia  mater  thrusts 
this  downward  into  numerous  folds,  which  compose  the 
choroid  plexus  of  the  third  ventricle.  This  delicate 
membrane  in  front,  passing  below  the  pillars  of  the 
fornix  where  it  unites  with  the  lamina  terminalis,  extends 
laterally  above  the  foramina  of  Monro  ;  posteriorly  it 
unites  at  4he  sides  with  the  tsenise  thalami.  (3)  _  Here  it  is 
less  Vascular,  is  known  as  the  velum,  and  is  limited  be- 
hind by  a  delicate  commissure  in  front  of  the  pineal 
stalk  (supra  commissura,  Wilder).  (3)  The  middle  por- 
tion of  the  roof  is  thrust  upward  into  the  pineal  stalk. 
(4)  Immediately  behind  this  is  a  thickening  which  develops 
into  the  posterior  commissure.  The  continuity  of  the 
primitive  walls  of  the  third  ventricle  thus  remains  un- 
broken. 

The  Pi-Mal  Body  (Fig.  504,  No.  19).— About  the  fourth 
day,  in  the  chick,  and  at  a  corresponding  period  of  devel- 
opment in  the  rabbit,  the  roof  of  the  third  ventricle  in 


Fig.  509,  Nos.  30  and  31. — Transverse  Sections  through  the  Fore-brain 
of  a  Babbit,  showing  the  Development  of  the  Optic  Vesicles  and  ' 
Rudimentary  Parts  of  the  Eye.  (Kollilcer).    I,  Lens ;  hph,  hypophysis  ; 
opt^,  primary  optic  vesicle ;  opi^,  secondary  optic  vesicle. 

front  of  the  posterior  commissure  is  pushed  upward 
into  the  glove-finger-like  process  opening  into  the  third 
ventricle.  The  lower  walls  of  this  tube  contract  later, 
so  that  the  opening  disappears,  and  the  pineal  process  be- 
comes a  closed  sac.  The  sides  of  this  sac  now  expand, 
and  give  rise  to  a  number  of  follicular  outgrowths,  in- 
dented by  the  highly  vascular  surrounding  mesoblastic 
tissue.  Finally,  the  cavity  of  the  sac  disappears,  giv- 
ing the  body  a  compact,  glandular  appearance.  The  cells 
pass  from  a  cylindrical  to  a  polygonal  shape,  never  re- 
sembling lymphatic  or  nervous  tissue,  but  retaining 
rather  the  epithelial  character  of  the  ependyma.  The 
pineal  process  probably  develops  in  a  similar  manner  in 
the  human  brain  ;  it  appears  between  the  sixth  and 
seventh  weeks,  directed  first  upward  and  then  backward 
over  the  mid-brain,  and  finally  overhung  by  the  corpus 
callosum. 

Tlie  Pituitary  Body,  or  Hypophysis  (Fig.  510,  Nos.  33 
to  36). — The  anterior  and  posterior  lobes  of  the  hypoph- 
ysis are  widely  distinct  in  their  mode  of  development, 
the  former  arising  from  the  epiblast  of  the  mouth,  the 
latter  from  the  floor  of  the  infundibulum.  About  the 
ninth  day,  in  the  rabbit,  ju^t  in  front  of  the  notochord, 
appears  a  small  involution  in  the  epiblastic  roof  of  the 
mouth  (stomadaoum)  (Fig.  510,  No.  33) ;  this  extends  up- 
ward toward  the  brain-floor,  and  its  stalk  is  gradually 
constricted,  until  in  the  sixteenth  day  it  forms  a  complete 
pituitwry  vesicle,  connected  with  the  roof  of  the  mouth  by 
a  slender  thread.     Meanwhile,  a  process  similar  to  the 


pineal  stalk  is  pushed  downward  through  the  pituitary 
space  left  between  the  trabeculae  of  the  cartilaginous 
cranium,  and  joins  the  pituitary  vesicle.  The  cavity  of 
the  vesicle  is  now  subdivided  into  a  number  of  branch- 
ing tubules,  penetrated  by  blood-vessels  from  the  meso- 
blast ;  these  branches  ramify  ;  the  original  lumen  almost 
disappears,  and  the  compact,  anterior  lobe  of  the  hypophy- 
sis is  then  formed.  The  infundibular  process  also  under- 
goes a  metamorphosis,  forming  a  solid  mass  of  indiffer- 
ent cells  mixed  vith  connective-tissue  and  blood-vessels, 
but  without  any  nervous  elements.  It  forms  the  posterior 
lobe  of  the  hypophysis.  (For  comments  upon  the  mean- 
ing of  the  pineal  and  pituitary  bodies,  see  Comparative 
Anatomy.) . 

5.  Devblopmbnt  of  the  Pbosbncbphalon. — In  or- 
der to  understand  clearly  the  complicated  changes  which 
follow  the  development  of  the  hemispheres,  the  following 
facts  must  be  clear :  (1)  The  hemispheres  first  appear  as 
hollow,  thin-walled  vesicles,  growing  outward  from  the 


Fio.  510,  Nos.  32  to  36.— The  Development  of  the  Hypophysis  (S2, 
Section  through  the  Head  of  a  Shark  ;  83  to  SB,  through  the  Infundi- 
bulum and  Mouth  Region  of  a  Babbit  Embryo).  (Balfour  and  Mihnl- 
kovics.)  epd,  Ependym^;  6ap,  basisphenoidal  cartilage;  pep,  pre- 
sphehoidal  cartilage ;  psc^,  floor  of  third  ventricle  ;  epc»,  floor  of  fourth 
ventricle';  ^t,  remnant  of  hypophysial  duct. 

primitive  cerebral  vesicle.  (3)  In  the  cleft  between  them 
is  formed  the'f alx  cerebri.  (3)  Their  mesal  adjacent  sur- 
faces are  separate.  (4)  They  open  by  wide  foramina  into 
the  ventriculus  communis.  (5)  The  roof  of  each  vesicle 
is  continuous  above  the  foramina  with  the  roof  of  the 
diencephalon.  (6)  No  break  in  these  walls  occurs  during 
the  following  changes.  The  growth  of  the  hemispheres 
consists  in  an  expansion  of  the  mantle,  first  forward,  then 
outward  and  downward,  then  upward  and. backward, 
above  all  the  posterior  encephalic  segments.  Secondly, 
the  inner  walls  unite  and  fuse  in  front  of  the  lamina  ter- 
minalis. Thirdly,  the  boundary  roof  between  the  hemi- 
sphere vesicles  and  the  diencephalon  on  either  side  is 
doubled  in  upon  itself  within  the  lateral  ventricles.  The 
actual  outer  surfaces  of  the  primitive  brain  are  thus  in- 
folded and  overlaid. 

Corpora  Striata.— Th&  stem  of  the  cerebral  vesicle, 
while  still  unpaired,  develops  a  rounded  swelling  upon 
either  side  of  the  ventriculus  communis  (Fig.  503,  No. 
11 ;  Fig.  504,  No.  17) ;  these  are  the  beginnings  of  the  cor- 
pora striata.  As  these  swellings  expand  within  the  lat- 
eral ventricles,  the  anterior  and  descending  coi-nua  are 
gradually  defined.  As  the  striata  develojp  they  extend 
downward  and  backward,  partially  enclosing  the  outer 
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Fig.  511,  No.  36a.— Brain  of  a  Five 
Months^  FcEtuP,  with  t^ie  Upper  Walls  of 
the  Hemispheres  Removed.  (Kolhker.) 
82,  Corpora  striata ;  o,  optic  thalami ; 
88  and  8f,  semilunares  superior  et  infe- 
rior ;  p^  pyramid. 


sides  of  the  optic  thalami ;  at  the  same  time  they  differ- 
entiate into  the  nucleus  caudatus  above,  arching  over  the 
nucleus  lentieula/ris  below.  The  original  surface  of  con- 
tact with  the  thalami  extends  rapidly,  the  boundary  be- 
comes obscure,  and  the  thalami  finally  appear  as  a  part  of 
the  base  of  the  hemispheres.  These  changes  also  result 
in  the  partial  closure  of  the  wide  foramina  of  Monro,  so 
that  only  the  forward  upper  portion  remains  as  an  oval 
slit,  bounded  by  the 
lamina  terminalis,  the 
corpora,  and  the  thai- 
ami  (Fig.  507,  Nos.  26 
and  27). 

As  the  hemispheres 
overlap  the  thalami, 
two  inward  folds  of  the 
boundary  roof  appear 
upon  each  side,  extend- 
ing from  a  point  above 
the  foramen  of  Monro 
to  the  lower  part  of  the 
descending  cornu,  and 
projecting  into  the  lat- 
eral ventricle.  The 
uppermost  of  these  is 
a  thickening  of  the 
mantle,  forming  the 
cornu  ammonis  (hip- 
pocampus). (Fig.  507, 
Nos.  26  and  27) ;  the 
lowermost  is  an  ex- 
cessive thinning  of 
the  roof,  forming  the 
choroid  plexus  of  the 
lateral  ventricle  (Fig. 
503,  Nos.  13  and  14).  The  latter,  like  the  choroid  plexuses 
described  above,  is  thrust  inward  by  a  fold  of  the  vascu- 
lar pia  mater,  along  what  is  known  as  the  great  transverse 
fissure.  The  single-layered  epithelial  cells  covering  this 
fold  are  continuous  with  the  ependyma  lining  the  lateral 
ventricles,  so  that  there  is  no  real  interruption  of  the  brain- 
wall  at  this  fissure,  as  was  f  onnerly  supposed.  The  epithe- 
lium of  the  upper  fold  passes  beneath  the  body,  posterior 
pillars,  and  fimbria  of  the  fornix,  structures  which  appear 
at  the  lip  of  the  cornu  ammonis.  The  lower  epithelium 
of  the  choroid  plexus  unites  with  the  inner  lining  of  the 
thalamus,  somewhat  within  the  stria  terminalis.  From 
this  line  backward  the  thalami,  although  apparently  lying 
within  the  ventricles,  are  in  reality  extra-ventricular. 

About  the  middle  of  the  third  month  the  median  sur- 
faces of  the  hemispheres,  in  front  of  the  lamina  termina- 
lis, form  a  triangular  area  of  union,  the  septum  lucidum 
(Fig.  508,  Nos.  28  and  29a).  In  the  centre  of  this  the  ver- 
tical cavity,  known  as  the  fifth  ventricle,  is  enclosed, 
which  has  no  structural  affinity  to  the  other  ventricles. 
In  the  lower  posterior  angle:,  of  this  septum  appear  the 
transverse  fibres  of  the  anterior  commissure.  Then  from 
the  sides  of  the  infundibular  region  of  the  diencephalon 
arch  upward  the  fibres  of  the  anterior  pillars  of  the  for- 
nix, cpnverging  in  the  posterior  part  of  the  septum  above 
the  foramen  of  Monro,  and  diverging  again  into  the 
hippocampi.  According  to  Mihalkovics,  the  fibres  of 
the  corona  radiata  have  appeared  in  the  roof  of  the  hem- 
ispheres before  the  Corpus  callosum  arises.  In  any  case, 
this  structure,  which  is  characteristic  of  a  high  order  of 
brain,  appears  as  late  as  the  beginning  of  the  fifth  month 
in  the  anterior  portion  of  the  septum  ;  it  extends  gradu- 
ally backward,  with  the  advancing  union  of  the  hemi- 
spheres, assuming  a  more  horizontal  position  (Pig.  314, 
No.  39),  arching  over  the  diencephalon,  and  finally  form- 
ing the  splenium.  But,  at  the  outset,  the  fornix  and  cor- 
pus callosum  appear,  respectively,  as  vertically  and  trans- 
versely cut  fibre-bundles  enclosing  the  small  area  of  the 
septum  lucidum. 

Ihe  Cerebral  Hemispheres. — With  the  growth  of  the  cor- 
pora striata,  the  hemispheres  assume  a  somejyhat  bilobed 
or  bean-shaped  appearance  in  side  view,  .the  posterior 
Jobe  lying  just  above  and  behind  the  corpora  striata,  the 
anterior  lobe  bending  downward,  while  corresponding 


to  the  hilum  is  a  shallow  depression  which  constitutes  the 
first  trace  of  the  Sylvian  fissure  (Fig.  506,  Nos.  21  to  23). 
The  floor  of  this  depression  is  the  rudiment  of  the  central 
lobe  (opposite  the  corpora  striata),  while  arching, around 
it  are  the  still  undefined  areas  of  the  frontal,  pa/rietal, 
and  tempwal  lobes.  The  latter  already  overlaps  the  sides 
of  the  diencephalon.    These  simple  relations  obtain  until 


Fio.  613,  Nos.  37  and  .37o.— A  Three  Months'  Human  Embryo,  with  Brain 
and  Spinal  Cord  Exposed.  (Kollilcer.)  37a,  Brain  and  Spinal  Cord  of  a 
Four  Months'  Embryo,  Natural  Size.  A,  Hemispheres;  v  and  m,  optio 
lobes ;  c,  cerebellum ;  mo,  medulla  oblongata. 

the  middle  of  the  third  month,  then  there  appears  a 
swelling  between  the  parietal  and  temporal  lobes,  which 
first  indicates  the  occipital  lobe.  At  best,  these  divisions 
are  somewhat  arbitrary.  In  the  second  month  the  hemi- 
spheres cover  the  anterior  portions  of  the  thalami  (Fig. 
510,  No.  36 ;  Fig.  512,  Nos.  37  and  37a) ;  in  the  third 
month  they  reach  the  optic  lobes,  while  the  temporal 
lobes  extend  around  the  sides  of  these  bodies.  Owing  to 
h 


Fig.  513,  No.  38.— The  Right  Cerebral  Hemisphere  of  a  Six  Months' 
Human  Embryo,  dnt,  Gyrus  dentatus ;  fmb,  fimbria ;  ftr,  flssura 
transversa. 

the  cranial  flexure,  the  hemispheres  do  not  cover  the  optic 
lobes  until  late  in  the  fifth  month.  In  the  sixth  month 
they  extend  even  considerably  beyond  the  cerebellum,  as 
the  growth  of  this  organ  is  retarded  (Fig.  515,  No.  45). 

The  Olfactory  XoJes,— These  develop  from  the  extreme 
anterior  portion  of  the  floor  of  the  hemispheres,  as  hol- 
low outgrowths,  opening  into  the  lateral  ventricles  in  front 
of  the  corpora  striata.  After  a  short  time  they  become 
solid.  The  fold  dividing  these  lobes  from  the  frontal  ex- 
tends backward  below  the  Sylvian  fissure  to  the  temporal 
lobe,  defining  the  olfactory  tract. 
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6  The  Coitvoltjtions  of  the  Cekebrum  (Pig. 
514'  Nos.  39  to  43  ;  Fig.  515,  Nos.  44  to  47 ;  Fig.  516, 
Nos  48  to  51).— A  clear  distinction  can  be  drawn  be- 
tween the  iransieni  and  permamni  convolutions,  llie 
former  develop  in  different  degrees  in  different  brains 
reach  their  greatest  extent  in  the  fourth  month,  and 
disappear  early  in  the  fifth  month,  leaving  the  cerebral 
cortex  smooth  (Mihalkovics).*  Their  radial  arrange- 
ment around  the  central  lobe  leaves  little  doubt  that  they 
are  the  mechanical  effects  of  the  rapid  growth  of  the  man- 
tle around  the  arrested  wall  opposite  the  corpora  stnata 

or  stem.  ,,..,,.  ^    ^r,        i- 

The  permanent  furrows  are  subdivided  into  the  pri- 
mary, or  those  which  involve  a  folding  of  the  entire 
brain-wall,  and  are  visible  upon  the  ventricular  surfaces  ; 
and  seconda/ry,  or  those  developed  merely  as  local  out- 
growths of  the  cerebral  cortex.  Following  Pansch,  the 
primary  furrows,  which  are  naturally  the  first  to  appear, 
may  be  called  fissures  to  distinguish  them  from  the  sulci 
or  secondary  furrows.     They  arise  in  the  following  or- 


FiG.  B14,  Nos,  89  to  43. — Development  of  the  Convolutions  on  the  Upper 
Surface  of  the  Hemispheres,  No,  89,  at  sixteen  weeks ;  No.  40,  at 
twenty  -weeks ;  No.  41,  at  twenty-three  weeks ;  No.  42,  at  the  middle 
of  the  seventh  month ;  No.  43,  at  the  close  of  the  seventh  month 
(Ecker.}  c.  Sulcus  centralis ;  cm,  calloso  marginalis;  /i,  s.  frontalis 
superior;  /2,  s.  frontalis  inferior;  /\  s.  preecentraliB ;  F*,  gyrus 
frontalis  superior ;  F^,  g,  frontalis  medialis ;  F^,  g,  frontalis  in- 
ferior ;  ^p,  g.  postcentralis ;  J7pr,  g.  praecentralis ;  ip^g*  intraparietalis ; 
ip',  g.  intrap.  posterior  ;  P*,  g.  parietalis  superior  ;  i^,  g.  par.  inferior; 
po,  s.  parieto-occipitalis ;  «,  flssura  Sylvii. 

der :  the  Sylvian,  the  hipp^ocampal,  the  calcarine.  (1) 
The  Sylvian  is  not  precisely  homologous  with  the  other 
primary  fissures,  as  it  results  not  so  much  from  a  fold  in 
the  entire  hemisphere  wall,  as  from  a  retardation  of  sur- 
face growth  opposite  the  corpora  striata.  It  appears  first 
as  a  wide  fossa,  within  which  is  the  central  lobe  area.  As 
the  hemisphere  expands,  the  sides  of  the  fossa  are  over- 
lapped, so  that  between  the  third  and  fourth  months  it 
becomes  a  cleft.  In  the  fourth  and  fifth  months  the 
Sylvian  cleft  is  narrow  but  still  slightly  open.  In  the 
sixth  month  the  posterior  branch,  and   in  the  eighth 

*  This  statement  is  questioned  by  Wilder. 


month  the  anterior  branch  closes  in ;  while  a  month  after 
birth  the  whole  fissure  closes  completely,  covering  the 
central  lobe.  (2)  The  hippoeampal  fissure  extends,  in  the 
eighth  month,  on  the  inner  surface  of  the  hemispheres 
from  above  the  septum  lucidum  to  the  base  of  the  tem- 
poral lobe,  arching  around  the  corpora  striata,  and  in  its 
lower  extent  corresponding  to  the  hippocampus  within 
(Fig.  513,  No.  38).  Below  this  fissure  is  the  gyrus  denta- 
tus,  the  upper  part  of  which  subsequently  unites  with  the 
opposite  gyrus  and  enters  into  the  formation  of  the  corpus 
callosum,  while  its  lower  arm  enters  partly  into  the  pos- 
terior pillars  of  the  fornix.  (3)  At  the  end  of  the  third 
month  appears  the  important  calcarine  fissure  as  a  back- 
ward branch  of  the  hippoeampal,  and  in  the  fourth 
month  the  calcarine  brancTies  upward  into  the  parieto- 
occipital fissure. 

Division  of  the  Hemispheres  into  Lobes. — The  first  steps 
in  this  division  have  already  been  described.  The  Syl- 
vian fissure  early  defines  the  central  and  temporal  from 
the  superior  lobes.  In  the  fourth  month  the  parieto- 
occipital fissure  separates  the  jiarietal  from  the  occipital 
lobes  upon  the  inner  aspect  of  the  hemisphere.  \Toward 
the  end  of  the  fifth,  or  beginning  of  the  sixth  month, 
appears  the  sulcus  centralis  (see  below),  forming  a  marked 


Fio.  BIB,  Nos.  44  to  47.— The  Development  of  the  Convolutions  on  the 
Sides  of  the  Hemispheres.  No.  44,  at  sixteen  weeks ;  No.  45,  at  twenty ; 
No.  4fi,  at  twenty-three  weeks ;  No.  47,  at  the  close  of  the  seventh 
month.  S>,  anterior  branch  of  the  Sylvian  fissure  ;  P,  g.  temporalis 
superior;  T^,  g.  temporalis  inferior;  t^,  s.  temporalis  superior. 
(Bcker.) 

division  between  the  frontal  and  parietal  lobes.  In  the 
latter  part  of  the  sixth  month  the  parieto-occipital  fissure 
extends  to  the  superior  surface  of  the  hemispheres,  par- 
tially dividing  the  parietal  from  the  occipital  lobes. 

Tlie  Secondary  Gyri  and  Sulci.— The  first  to  appear  is 
the  sulcus  centralis  (fissure  of  Rolando).  According  to 
Wagner  this  arises  as  a  short  transverse  furrow  in  the 
anterior  third  of  the  upper  cortical  surface,  as  the  frontal 
lobe,  which  it  defines,  is  relatively  much  shorter  than 
subsequently.  About  the  same  period  (Mihalkovics)  the 
sulcus  eallosQ-marginalis  arises  on  the  inner  aspect  of  the 
hemispheres,  parallel  with  the  hippoeampal  fissure,  and 
extending  backward  from  above  the  genu  of  the  corpus 
callosum  as  the  upper  boundary  of  the  gyrus  fomied'Ui. 
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(3)  During  the  sixth  mouth  the  following  sulci  may  be 
observed :  The  beginning  of  the  sulci  frontalis  inferior, 
jyrcBcentralis,  and  superior;  upon  the  parietal  lobe,  the 
intraparieialis,  and  upon  the  occipital  lobe,  just  behind, 
the  intraparieialis  posterior  (the  two  latter  sulci  subse- 
quently unite,  forming  the  large  intraparietal  furrow) ; 
upon  the  temporal  lobe  appears  the  temporalis  superior; 
upon  the  under  surface  of  the  temporal  and  occipital 
lobes  appears  a  trace  of  the  temporalis  inferior.  (3)  Dur- 
ing the  seventh  month  the  sulci  described  above,  many 
of  which  are  faint  surface  depressions,  deepen  and  elon- 
gate, and  the  main  gyri  begin  to  be  well  defined.  On  the 
frontal  lobe  the  ascending  and  superior  middle  and  in- 
ferior frontal  gyri  can  be  made  out ;  the  ascending  su- 
perior supra-marginal  gyri  are  apparent  upon  the  oc- 
cipital lobe,  while  the  superior  temporal  and  superior 
occipital,  as  well  as  the  gyrus  fornicatius.  are  fairly  de- 
fined. In  fact,  in  the  seventh  month  nearly  all  the  main 
foldings  of  the  hemispheres  come  into  view,  the  frontal 
lobes  elongate,  the  Sylvian  fossa  narrows  to  a  cleft.  The 
orbital  and  olfactory  sulci  sometimes  appear  as  early 
as  this.  The  sulcus  occipitalis  transversus  appears  upon 
the  occipital  lobe,  and  the  sulcus  olfactm-ius  in  the  sub- 
frontal  region.     Upon  the  central  lobe  appear  two  slight 


Fio.  B16,  Nos.  48  to  61.— The  Convolutions  on  the  Inner  SnriaoeB  ol  the 
Hemispheres.  No.  48,  at  sixteen  weeks;  No.  49,  at  twenty  weeks  ;  No. 
BO,  at  twenty-three  weeks ;  No.  Bl,  at  the  end  of  the  eighth  month. 
cl,  Pissura  calcarina ;  />,  s.  olfactorius ;  of,  g.fomioatos ;  gh,  g.  hippo- 
campi; gu^  g.  nncinatus;  A,  s.  hippocampi;  z*,  r.  temporalis  infe- 
rior ;  «*,  8.  occipito-temporalis  inferior ;  r*,  g.  occipito-temporalis  lat- 
eralis ;  T*,  g.  occipito-temporalis  medialis. 

furrows ;  the  foremost  of  these  bounds  a  continuation  of 
the  olfactory  tract,  while  the  hindmost,  the  insulm  pri- 
mus, forking  above,  divides  the  central  lobe  into  three 
gyri.  (4)  In  the  eighth  month  the  frontal  sulci  extend 
forward,  but  do  not  quite  reach  the  anterior  end  of  the 
frontal  lobe.  Upon  the  parietal  lobe  the  anterior  unites 
with  the  posterior  intraparietalis,  and  the  gyrus  postcen- 
trals arises  parallel  with  the  prsecentralis.  Posteriorly, 
the  transverse  occipital  unites  with  the  intraparietal,  and 
the  occipitalis  infmor  completes  the  threefold  division 
of  that  lobe.  The  temporalis  inferior  also  appears  defin- 
ing the  middle  and  inferior  temporal  gyri.  The  occipito- 
temporalis  inferior  is  one  of  the  last  sulci  to  appear.  The 
ninth  month,  and  the  first  after  birth,  are  marked  by  the 
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deepening  and  extension  of  the  sulci,  and  by  the  forma- 
tion of  accessory  furrows  as  branches  of  the  main  sulci. 

In  general,  the  course  of  the  sulci  is  in  circular  dispo- 
sition around  the  Sylvian  fissure,  although  the  complete- 
ness of  this  order  is,  of  course,  broken  by  the  central  and 
prse-  and  post-central  furrows  which  have  a  radial  dispo- 
sition. Two  of  the  primary  fissures,  the  Sylvian  and 
hippocampal,  are  observed  to  run  parallel  with  the  large 
arteries ;  whether  any  causal  relationship  exists  here  is 
doubtful.  An  adequate  theory  of  convolutional  growth 
has  not  been  arrived  at.  The  following  suggestions  have 
been  ofEered :  1.  That  the  convolutions  are  due  to  vari- 
ations in  the  intensity  of  growth  of  the  different  portions 
of  the  cortex,  the  sulci  representing  lines  of  retarded 
growth,  the  gyri  lines  of  rapid  growth.  2.  That  the 
cortex  expanding  more  rapidly  than  the  skull,  is  crowded 
into  certain  folds.  This  theory  has  support  in  the  fact 
that  in  dolicocephalic  skulls  there  is  a  tendency  to  longi- 
tudinal folding,  and  in  brachycephalic  skulls  to  trans- 
verse folding,  but  it  fails  in  giving  too  much  of  an  acci- 
dental character  to  cortical  growth.  8.  The  influence 
of  the  brain  membranes  with  their  artferies  and  veins  upon 
the  uniformly  expanding  cortex.  4.  The  joint  opera- 
tions of  the  above  influences.  The  probabilities  are, 
from  the  standpoint  of  comparative  anatomy,  that  the 
surface  foldings  arise,  according  to  laws  of  growth,,  within 
the  hemispheres,  which  have  been  established  with  the 
increasing  necessity  for  more  cortical  gray  substance  pari 
passu  with  the  evolution  of  the  higher  mental  faculties. 

III.  Histogenesis. 

The  medullary  plate  of  the  encephalic  region,  like  that 
of  the  spinal  cord,  consists  at  first  of  several  vertical 
ranges  of  uniform  spindle-shaped  cells  in  radial  disposi- 
tion, with  cell  processes  which  continue  through  the 
whole  thickness  of  the  wall.  About  the  eleventh  day,  in 
the  rabbit,  upon  the  sides  and  floor  of  the  external  sur- 
face of  the  medulla  oblongata,  there  begins  the  formation 
of  a  very  delicate  layer  of  unnucleated  nerve-fibre  pro- 
cesses. Here  we  meet  the  important  law  that  in  the 
irain,  as  fa/r  forward  as  thecei'ebraUiemispheres,  the  primi- 
tive arrangement  of  the  cell-  and  nerve-Jibre  areas  is  unmis- 
takably the  sams  as  in  the  spinal  cord.  In  both,  the  white 
matter  forms  a  cap  upon  the  ventral  and  lateral  parts, 
considerably  before  it  extends  to  the  dorsal  surface. 

Simultaneously,  or  slightly  later  than  the  above,  a  dif- 
ferentiation similar  to  that  observed  in  the  medulla  oblon- 
gata occurs  in  the  floor  or  sides  of  the  mid-brain,  and  the 
primitive  cerebral  peduncles,  thus  suggested,  extend  for- 
ward in  the  sides  of  the  infundibulum.  Here  is  met  a 
second  law  of  histogenesis :  the  primitive  nerve- fbre 
courses  appear  first  in  tlie  posterior  encephalic  segments, 
directly  continuous  with  tTu>se  of  the  spinal  cord,  and  ex- 
tend forward.  More  in  detail  the  histological  changes 
are  as  follows : 

About  the  eleventh  day,  in  the  hind-brain  of  the  rabbit, 
there  begins  a  splitting  into  two  layers.  Of  these  the 
inner-layer  cells  begin  to  show  a  transitional  character, 
while  the  outer  layer  metamorphoses  into  ground  sub- 
stance, scattered  cells,  and  fine  fibres.  The  inner  layer 
then  divides  into  an  intermediate  layer  of  blastema  and 
nuclei,  and  a  ventricular  layer  of  cells,  which  retain  their 
epithelial  character.  The  outer  layer  then  gives  off  a 
superficial  whitish  coat.  On  section  from  within  outward, 
at  this  period,  we  therefore  find  the  following :  (1)  derived 
from  the  primitive  inner  layer,  (a)  a  layer  of  cells  of  epi- 
thelial character  lining  the  ventricles,  and  constituting  the 
ependyma;  (J)  a  thicker  layer  of  transition  cells,  free  nu- 
clei, and  protoplasm,  which  are  replaced  by  the  principal 
cells  constituting  the  mass  of  the  gray  substance ;  (c)  a 
layer  of  fine  sheathless  nerve-fibre  elements,  interspersed 
with  a  few  cells  and  ground  substance,  constituting  the 
mass  of  the  white  substance  ;  (d)  last  to  appear,  a  super- 
ficial, molecular,  whitish  substance. 

It  is  a  disputed  question  whether  the  white  or  gray 
substance  be  first  formed.  In  a  natural  order  of  develop- 
ment the  gray  or  cell  areas  would  appear  first ;  probably 
the  two  processes  in  any  given  region  are  nearly  simul- 
taneous ;  the  formation  of  the  pronuclei  of  ganglion  cells 
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in  one  layer  being  step  by  step  with  that  of  the  fibre  ele- 
ments in  the  other.  By  some  authors  the  fibrils  are  stated 
to  grow  directly  from  the  cell  masses.  According  to 
Kolliker,  however,  the  fibre  substance  extends  along  the 
base  of  the  mid-brain  and  sides  of  the  infundibulum, 
while  the  inner  or  gr^  layer  in  the  hind-brain  is  still  in 
a  transition  stage.  It  should  be  stated  also  that  the 
growth  of  white  matter  from  behind  forward,  given 
above  as  the  second  law  of  growth,  is  not  universally  ac- 
cepted. 

About  the  fourteenth  daj;,  in  the  rabbit,  the  thalami 
show  the  primary  division  into  white  and  gray  matter 
and  ependyma,  while  only  the  lower  and  median  portions 
of  the  hemispheres  begin  their  metamorphoses.  The  gen- 
eral plan  of  histogenesis  in  the  fore-brain,  primary  and 
secondary,  is  the  same  as  that  behind  ;  but  according  to 
Balfour,  the  early  histological  distinction  between  this 
segment  and  the  mid-  and  hind-brains  is  more  marked 
than  between  the  latter  and  the  spinal  cord.  In  the  thai- 
ami,  the  conversion  of  the  walls  is  principally  into  gray 
matter  lined  within  by  a  slender  epithelial  layer ;  the 
white  matter,  on  the  other  hand,  forms  the  principal  ele- 
ment in  the  sides  of  the  infundibular  region.  ]3y  the 
sixteenth  day,  in  the  rabbit,  the  cerebral  peduncles  are  well 
developed,  spreading  out  into  the  thalami,  entering  the 
corpora  striata,  and  by  the  eighteenth  to  twentieth  da^ 
reaching  even  the  lateral  walls  and  roof  of  the  hemi- 
spheres. Parallel  with  the  ingrowth  of  the  fibres  of  the 
tegmentum,  those  of  the  crusta  extend  into  the  thalamus 
and  corpus  striatum.  The  fibres  of  the  tractus  opticus 
and  facial  nerve  appear  early  in  the  more  internal  por- 
tions of  the  brain-wall.  These  and  other  nerve-fibres  are 
originally  naked  axis  cylinders  ;  later  they  mostly  acquire 
medullary  sheaths.  Plechsi^  has  observed  that  there  is 
a  parallelism  between  the  original  direction  of  growth  of 
nerve-fibres,  and  the  order  of  the  later  acquisition  of  the 
medullary  sheath.  This  observation  has  proved  of  great 
assistance  in  determining  the  nerve-fibre  courses  in  the 
brain. 

The  Cerebral  Hemispheres. — On  the  lateral  and  dorsal 
walls  of  the  cerebral  hemispheres  there  is  primarily  a 
division  into  two  layers,  a  superficial  thinner  layer  of 
rounded  cells,  and  an  internal  thicker  layer  of  epithelial 
character.  On  the  sixteenth  daj'  we  next  observe,  by  a 
division  of  the  thinner  superficial  layers,  the  hemisphere 
walls  dividing  into  three  layers  :  (as)  an  outer  layer,  poor 
in  cells  ;  (J)  a  thick  intermediate  layer,  rich  in  large  cells  ; 
(c)  an  inner  thick  layer,  poor  in  cells.  Into  the  latter 
layer  are  inserted,  first,  the  spreading  fibres  of  the  cere- 
bral peduncles,  and  later  of  the  corpus  callosum  ;  so  this 
inner  layer  forms  the  main  white  substance  of  the  hemi- 
spheres and  the  ependyma  lining  the  ventricles.  The 
intermediate  layer  (i)  forms  the  mass  of  the  gray  cortex, 
while  the  outer  layer  (a)  develops  a  slender  white  fibrous 
covering  of  the  gray  cortex,  which  first  appears  over  the 
corpora  striata.  Unlike  the  posterior  segments,  we  here 
find  the  chief  mass  of  white  substance  inserted  between 
the  ependyma  and  the  gray  mass,  while  the  lesser  mass 
of  white  substance  enters  the  thin  outer  layer.  From 
this  time  forward,  the  relative  thickness  of  these  layers 
changes  rapidly.  The  outermost  layer  becomes  much 
thinner,  the  gray  and  white  intermediate  layers  greatly 
thicken ;  while  the  innermost  layer  is  reduced  in  some 
cases  to  a  single  row  of  cells. 

The  Ependyma.— the.  thinning  of  the  brain-wall,  as  in 
the  choroid  plexuses,  is  naturally  at  the  expense  of  the 
outer  layers.  It  is  clear,  by  reverting  to  the  early  stages  of 
development,  that  the  ependyma  corresponds  to  the  orig- 
inal outermost  epiblast  layer.  Throughout  the  changes 
which  occur  in  the  brain-wall,  this  layer  retains  its  epi- 
thelial character  and  must  be  classed  under  nerve-epi- 
thelium (Mihalkovics).  The  cells  gradually  lose  their 
cylindrical  character,  becoming  more  rounded  ;  they  send 
into  the  brain- wall  thread-like  processes,  and  toward  the 
close  of  foetal  life,  they  develop  cilia  upon  the  ventricular 
surfaces.  The  cilia  disappear  after  birth,  except  in  the 
iter  and  parts  of  the  fourth  ventricle.  Upon  the  choroid 
plexuses  the  ependyma  cells  are  flatter,  and  in  the  human 
brain  they  do  not  become  ciliated. 


IV.  Comparative  Anatomy. 

Much  light  is  thrown  upon  the  phenomena  of  develop- 
ment by  the  facts  of  comparative  encephalic  anatomy. 
Instead  of  inserting  these  facts  throughout  the  descriptive 
portions  of  the  text,  I  have  collected  a  few  of  them  here. 
The  brain,  as  it  develops,  follows  Von  Baer's  law,  that 
the  various  embryonic  stages  approximate  the  forms  of 
the  adult  brains  of  lower  animals.  Thus  it  may  be  said 
that  at  the  completion  of  its  segmental  division  the  fcetal 
brain  resembles  that  of  the  amphibia,  especially  of  such 
forms  as  Menobranchus  or  Menopoma  ;  the  resemblance 
holding  good  for  the  general  histological  as  well  as  the 
gross  structure.  At  a  later  period  the  human  brain  is 
like  that  of  the  lowest  mammals. 

The  first  band-like  rudiment  of  the  cerebellum  closely 
resembles  the  adult  form  of  this  organ  in  the  amphibia ; 
somewhat  later,  when  the  rudiments  of  the  lateral  lobes 
appear,  it  is  in  form  like  that  of  the  birds  ;  one  of  the 
last  features  of  low  character  is  the  early  prominence  of 
the  middle  lobe,  while  the  lateral  lobes  are  still  diminu- 
tive, as  in  the  lower  mammals,  among  which  the  small 
lateral  lobes  accompany  a  rudimentary  pons  Varolii. 

Both  the  pineal  body  and  hypophysis  develop  in  a  some- 
what similar  manner  throughout  the  entire  vertebrate 
series.  In  many  animals  below  the  mammals  the  pos- 
terior lobe  of  the  hypophysis  retains  its  nervous  struct- 
ure. This  is  an  indication  that  the  connective-tissue 
elements  which  pervade  it  in  the  mammals  are  due  to  de- 
generation. The  fact  that  the  anterior  lobe  is  an  involution 
from  the  roof  of  the  mouth  (or  from  the  nasal  pit  in  front 
of  the  mouth  in  the  lamprey)  has  given  rise  to  the  conject- 
ure that  the  hypophysis  was  primitively  either  a  glandu- 
lar organ  opening  into  the  mouth,  or  an  independent  sense 
organ  on  the  surface  of  the  head  between  the  olfactory 
organ  and  the  mouth  (Scott).  The  meaning  of  the  pineal 
body  is  equally  interesting  and  obscure.  Evidence  is  found 
among  the  amphibia  and  fishes  that  it  also  passed  through 
the  skull  originally,  and  probably  reached  the  top  of 
the  head.  Goette  has  accordingly  suggested  that  it  is  the 
remnant  of  a  pore  leading  into  the  cavity  of  the  brain. 
Quite  recently  Rabl-Riickhard  and  Ahlborn,  in  view  of 
the  manner  of  growth  of  the  pineal  process  in  the  form  of 
a  stalk  and  vesicles  (like  the  optic  vesicles),  and  its  posi- 
tion adjacent  to  the  optic  thalami  and  optic  lobes,  have 
suggested  that  it  is  the  rudiment  of  a  median  eye. 

In  some  of  the  fishes,  for  example,  among  a  few  Tel- 
eosts,  the  cerebrum  consists  of  a  single  unpaired  cavity 
like  that  of  the  primary  cerebral  vesicle.  In  some  cases 
the  division  into  lateral  ventricles  is  indicated  by  a  gentle 
fold.  This  shows  that  the  ventriculus  communis  is  a 
cavity  independent  of  the  third  ventricle.  Below  the 
mammals  the  cerebral  hemispheres  are  not  united  in  front 
of  the  lamina  terminalis  by  true  commissural  structures. 
It  is  in  accord  with  this  fact  that  the  corpus  callosum  and 
fornix  appear  late  in  embryonic  life.  The  first  stage  of 
the  corpus  callosum,  as  the  genu,  in  the  human  brain,  re- 
sembles its  adult  form  in  the  lowest  mammals,  the  Mono- 
tremes.  Parallels  like  the  above  might  be  indefinitely 
multiplied.  They  show  that  an  intelligent  understanding 
of  encephalic  structure  must  be  based  upon  both  embry- 
ology and  comparative  anatomy. 
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BRAIN,  DIAGNOSIS  OF  LOCAL  LESIONS  IN  THE. 

History. — Although  it  was  known  in  the  first  century 
that  each  hemisphere  of  the  brain  is  in  functional  relation 
with  the  opposite  half  of  the  body,  the  facts  upon  which 
the  prevailing  theory  of  the  localization  of  different  func- 
tions in  separate  parts  is  based  were  not  discovered  until 
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1822.  At  that  time  Thomas  Hood,  in  England,  and 
Bouillaud,  in  France,  noticed  that  disturbances  of  speech 
were  caused  by  disease  in  the  frontal  lobes  of  the  brain. 
M,  Dax  (1836)  was  the  first  to  limit  the  area  governing 
speech  to  the  left  frontal  lobe,  and  Broca  (1861)  located 
it  more  exactly  in  the  left  third  frontal  convolution. 
The  discussion  of  aphasia  in  the  Academy  of  Medicine  in 
Paris  in  1864  awakened  general  interest  and  led  to  further 
Investigation.  Until  that  time  scientific  men,  rejecting 
the  unwarrantable  conclusions  of  Gall  and  the  phrenolo- 
gists, had  believed  the  teachings  of  Flourens,  that  the 
brain  acts  as  a  whole,  its  various  parts  not  possessing 
various  powers.  The  pathological  evidence  against  this 
position  collected  by  Broca,  and  strengthened  during 
1864^87  by  facts  observed  by  Hughlings  Jackson  and 
Meynert,  received  confirmation  in  1870  from  a  new  series 
of  physiological  experiments  made  by  Fritsch  and  Hitzig 
in  Berlin.  These  investigators  found  that  in  animals  the 
anterior  portion  of  the  convexity  of  the  brain  is  motor  ; 
that  its  UTitation  by  electricity  causes  co-ordinated  mo- 
tions in  the  limbs  of  the  opposite  side,  and  that  its  de- 
struction causes  paralysis.  Ferrier  (1873-76),  Nothnagel . 
(1877).  Munk  (1881),  and  Luciani  (1884)  have  confirmed 
these  results,  and  have  shown  further  that  the  posterior 
portion  of  the  convexity  is  sensory,  its  destruction  being 
attended  by  impainuent  of  the  powers  of  perception 
through  the  various  senses.  Goltz,  though  opposing  a 
strict  limitation  of  functions  to  definite  regions,  admits 
that  the  results  of  destruction  of  various  parts  are  dif- 
ferent, and  has  noticed  that  extensive  injury  to  the 
anterior  portion  changes  the  character  of  an  animal  from 
kind  to  vicious,  while  injury  to  the  posterior  portion  has 
•the  opposite  effect.  The  conclusions  of  physiologists 
differ  regarding  the  results  of  experiments,  but  do  not 
overthrow  the  theory  of  localization  as  applied  to  man. 
'  For  a  mass  of  pathological  evidence  has  been  collected 
during  the  past  ten  years  which  will  bear  but  one  inter- 
pretation. Charcot  and  his  pupils  in  Prance,  Nothnagel, 
Exner,  and  Wernicke  in  Germany,  H.  Jackson  and 
Ferrier  in  England,  and  others,  have  gathered,  classified, 
and  analyzed  a  very  large  number  of  cases  of  brain  dis- 
ease of  limited  extent,  which  were  accompanied  by  def- 
inite symptoms,  and  have  established  a  causal  relation 
between  lesions  of  certain  portions  of  the  brain  and  dis- 
turbances of  certain  functions,  both  motor  and  sensory. 
It  has  also  been  discovered  that  deficient  development  of 
an  organ  is  accompanied  by  deficient  development  of  that 
part  of  the  brain  which  is  in  functional  relation  with 
that  organ,  and  'vice  versa  (von  Gudden). 

Further,  the  researches  of  Flechsig  (1877-84)  have 
proven  that  an  anatomical  connection  exists  between  cer- 
tain organs  and  certain  parts  of  the  brain  by  means  of 
tracts,  which  can  be  distinguished  from  one  another  by 
peculiarities  in  the  time  and  process  of  their  develop- 
ment. To  these  same  tracts  are  limited  the  secondary 
changes  which  ensue  when  the  active  organ  at  one  ex- 
tremity of  the  tract  is  destroyed. 

All  these  various  kinds  of  evidence  combine  to  establish 
the  conclusion  that  definite  parts  of  the  brain  possess  dis- 
tinct functions,  and  although  there  remain  numerous 
functions  whose  location  is  unknown,  and  many  parts  of 
the  brain  whose  function  is  undetermined,  a  suflScient 
number  of  facts  is  available  to  warrant  in  many  cases  of 
cerebral  disease  a  localization  of  the  lesion. 

Gknekal  Considerations. — Since  the  different  parts 
of  the  brain  preside  over  different  functions,  the  symp- 
toms present  in  any  lasion  will  depend  as  much  upon  its 
situation  as  upon  its  nature.  Certain  general  symptoms, 
such  as  headache,  vertigo,  convulsions,  coma,  or  optic 
neuritis,  occur  in  many  forms  of  disease,  and  being  indi- 
cations of  disturbances  of  nutrition,  or  of  increased  intra- 
cranial pressure, .  do  not  indicate  the  position  of  the 
disease.  Other  symptoms,  however,  such  as  disturbances 
of  motion,  of  sensation,  of  sensory  perception,  of  memory, . 
or  of  speech,  are  known  as  local  symptoms,  since  each 
is  present  only  when  a  certain  part  of  the  brain  is  in- 
volved. It  is  from  these  that  the  localization  of  a  lesion 
can  be  determined.  Local  symptoms  must,  however,  be 
interpreted  with  caution,  and  the  direct  effect  of  the 


lesion  must  be  distinguished  from  its  indirect  effect.  For 
example,  immediately  after  a  cerebral  hiemorrhage,  at- 
tended with  headache,  vertigo,  or  coma,  and  possibly 
general  convulsions  and  vomiting,  the  local  symptoms  of 
hemiplegia,  hemianaesthesia,  and  aphasia  may  be  present, 
and  may  lead  to  the  suspicion  of  a  very  extensive  lesion. 
After  a  few  days,  however,  there  may  remain  only  a 
partial  hemiplegia,  all  other  symptoms  having  subsided. 
In  such  a  case  the  hemiplegia  is  the  only  direct  local 
symptom;  the  indirect  local  symptoms— aphasia  and 
hemianassthesia — being  incidental  to  the  pressure  on,  or  to 
disturbance  of,  circulation  in  parts  adjacent  to  the  actual 
seat  of  disease.  It  is  only  when  a  lesion  is  single,  its 
effects  stationary  and  of  some  duration  that  a  diagnosis 
of  its  position  is  to  be  made. 

In  diagnosticating  the  position  of  a  lesion  it  is  necessary 
to  distinguish  disease  in  the  cortex  from  disease  within 
the  hemisphere.  The  functions  of  these  parts  are  differ- 
ent. The  gray  cortex  receives  and  Initiates  impulses. 
The  white  matter  within  the  hemisphere  transmits  the 
impulses.  The  impulses  sent  along  white  tracts  to  the 
cortex  become  conscious  perceptions  only  when  they 
reach  their  destination  in  the  gray  matter.  The  impulses 
passing  along  the  white  tracts  from  the  cortex  have  been 
started  in  the  gray  matter  as  conscious  volitions  by  effort. 
Thus  sensation  or  motion  may  be  suspended  either  by 
disease  in  the  cortex  or  by  disease  in  the  tracts  within  the 
hemisphere.  The  corfex  has  another  function.  A  sen- 
sation once  perceived,  or  a  motion  once  acquired,  leaves 
behind  it  a  trace,  whose  nature  is  unknown,  which  shows 
itself  in  a  disposition  in  the  cells  of  the  cortex  to  react 
more  promptly  to  a  similar  impulse  than  to  a  dissimilar 
one.  This  is  the  physical  basis  of  memory.  Since  simi- 
lar impulses  always' enter  by  the  same  sensory  organ,  and 
since  each  organ  is  connected  with  its  own  region  of  the 
cortex,  it  follows  that  the  various  memories  are  distrib- 
uted in  various  regions-  But  these  memories-are  often  as- 
sociated in  consciousness,  and  this  associatipn  is  secured 
by  means  of  white  fibres  which  pass  between  and  connect 
the  vaiious  regions.  It  becoines  evident,  therefore,  that 
diseases  of  memory  may  afford  an  important  clue  to  the 
location  of  a  lesion ;  and  that  the  distinction  between  a 
disease  of  the  gray  cortex  involving  a  loss  of  a  certain 
kind  of  memory,  and,  one  of  the  white  tracts  within  the 
hemisphere  interfering  with  thC;  proper  association  of 
ideas  must  not  be  ovenooked.  !Pfo  part  of  the  gray  mat- 
ter can  act  vicariously  for  another  part.  Bach  tract  con- 
veys its  own  impulses. 

Diagnosis. — I.  Cortex  Cerebri. — 1.  Lesions  involving 
the  frontal  lobes  upon  the  base  may  destroy  the  olfactory 
bulb  or  tract  and  produce  anosmia  on  the  side  of  the 
lesion.  Lesions  in  the  other  convolutions  of  the  frontal 
lobes,  excepting  those  in  the  posterior  part  of  the  third 
convolution  of  the  left  side,  present  no  distinctive  local 
symptoms.  Some  disturbance  of  mental  action,  mani- 
fested by  an  inability  to  concentrate  the  attention,  to  think 
connectedly,  and  to  control  the  emotions,  or-  even  by  a 
condition  of  imbecility,  may  be  caused  by  disease  in  this 
region.  These  convolutions  are  often  defective  in  idiots, 
and  their  comparative  development  in  animals  determines 
the^mental  power  of  the  individual.  But  disease  in  this 
region  in  man  does  not  cause  a  loss  of  any  particular 
mental  faculty,  and  for  the  higher  powers  of  mind  no 
location  can  be  determined.  Normal  mental  action  im- 
plies the  integrity  of  the  entire  brain.  When  general 
symptoms  of  cerebral  disease  are  present,  but  no  local 
symptoms  can  be  found,  the  possibility  of  disease  in  the 
frontal  convolutions  is  to  be  considered,  and  the  occur- 
rence of  the  mental  disturbance  mentioned  affords  a  pre- 
sumption in  favor  of  this  location. 

Lesions  in  the  posterior  part  of  the  third  frontal  convo- 
lution on  the  left  side  in  right-handed,  and  on  the  right 
side  in  left-handed  persons  give  rise  to  ataxic  or  motor 
aphasia  (Fig.  517, 1).  In  this  area  are  located  the  memories 
of  the  combination  of  motor  acts  necessary  to  the  pronun- 
ciation of  words,  memories  which  have  been  acquired  by 
practice.  If  these  memories  are  blotted  out,  the  ability 
to  initiate  the  impulse  required  to  produce  a  given  sound 
is  lost,  and  speechlessness  results.    When  this  convolu- 
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tion  alone  is  affected  the  patient  can  understand  what  is 
said  to  him,  and  may  he  able  to  write,  but  cannot  tails 
(see  Aphasia).  .  ,    , 

2  Lesions  of  the  anterior  and  posterior  central  convo- 
lutions and  of  the  paracentral  lobule  produce  disturbances 
of  motion  (Fig.  517,  3  to  4).  The  motor  tracts  which 
■connect  these  convolutions  of  each  hemisphere  with  the 
hodv  decussate  partially  in  the  medulla,  and  the  degree 
of  the  decussation  differs  in  different  individuals.  In  the 
large  majority  of  persons  the  tracts  which  cross  to  the 
opposite  side  are  so  much  larger  than  those  which  go  to 
the  same  side,  that  the  symptoms  of  cerebral  disease  are 
only  noticed  on  the  side  of  the  body  opposite  to  the  seat 
of  the  lesion.  In  all  cases,  however,  except  in  those  in 
which  the  decussation  is  complete  (one  in  sixty),  Uie  side 
which  is  apparently  normal  is  slightly  affected.  The  dis- 
turbances of  motion  inay  be  in  the  form  of  spasms  and 
convulsions,  or  in  the  form  of  paralysis.  Lesions  irritat- 
ing the  motor  region  give  rise  to  the  former ;  those  which 
destroy  the  cortex  to  the  latter.  The  lower  third  of  the 
anterior  central  convolution  is  in  functional  relation  with 
the  muscles  of  the  face  and  tongue  (Fig.  517,  3).  The 
middle  third  of  both  central  convolutions  governs  the 
arm  (Fig.  517,  3).  The  upper  portion  of  both  convolu- 
tions and  the  paracentral  lobules  contain  the  motor  centres 
for  the  body  and  leg.  The  area  related  to  the  movement 
of  the  eyes  is  located  by  Landouzy  and  Exner  in  the  in- 
ferior parietal  lobule.  A  more  exact  localization  of  motor 
centres,  such  as  for  the  flexor  or  extensor  muscles  of  a 
limb,  is  not  j'et  justified  from  pathological  data.    As 


Fio.  617.— Convolutions  of  the  Brain.  (After  Eclier.)  F.,  frontal ;  T., 
temporftl ;  0.,  occipital ;  ang,  ffy.,  angular  gyrus ;  A,  (7,,  ant.  central ; 
P.  C,  post,  central :  /*.  i,,  paracentral  lobule;  5.  P.  X.,  superior  parie- 
tal lobule  ;  /.  /*.  i.,  inferior  parietal  lobule ;  1,  area  of  speech,  motor  ; 
2,  sensori-motor  area  for  face ;  3,  sensori-motor  area  for  arm ;  4,  Ben- 
sori-motor  area  for  leg ;  6,  visual  area ;  6,  auditory  area,  area  of 
speech,  sensory. 

these  areas  for  each  part  are  distinct,  cortical  lesions  of 
limited  extent  may  affect  one  alone,  or  two  adjacent 
areas  ;  but-  it  is  only  lesions  of  very  great  extent  which 
can  destroy  them  all.  Monospasms,  or  monoplegia,  are, 
therefore,  prominent  symptoms  in  disease  of  the  motor 
region.  An  irritation  beginning  in  one  area  may  extend 
to  adjacent  areas,  in  which  case  a  convulsion  may  com- 
mence in  one  part  and  then  involve  other  parts.  The 
relative  position  of  the  areas,  then,  determines  the  order  of 
progress  of  the  convulsion,  face,  arm,  and  leg  being  suc- 
cessively affected,  or  to'c«  wrsa ;  and  face  and  leg  never 
being  involved  together  without  affection  of  the  arm. 
When  the  entire  side  is  involved  the  convulsion  may  be- 
«ome  general.  The  seat  of  the  initial  irritation  may, 
therefore,  be  indicated  by  the  order  in  which  the  spasms 
extend.  After  such  a  spasm  there  remains  a  paresis  in 
the  muscles  affected,  those  last  and  least  involved  re- 
covering first  (see  Epilepsy),  If  the  irritating  lesion 
becomes  a  destroying  lesion  the  monospasm  is  succeeded 
by  monoplegia,  and  from  the  part  of  the  body  affected 
the  area  in  the  motor  region  which  is  destroyed  can  be 
determined.  In  cortical  disease  it  is  seldom  that  the 
lesion  involves  a  single  area  without  encroaching  upon 
adjacent  areas  ;  hence,  associated  monoplegia  of  face  and 
arm,  or  arm  and  leg,  are  more  frequently  met  with  than 


paralysis  of  one  part  alone.  But  even  in  these  cases  the 
disturbance  of  motion  usually  begins  or  is  more  marked 
in  one  part,  rather  than  in  both  equally,  and  the  order  of 
extent  of  paralysis  may  indicate  the  direction  in  which 
the  disease  is  progressing,  and  the  place  from  which  it 
started. 

In  paralysis  from  cortical  lesion  there  is  a  loss  or 
marked  impairment  of  the  muscular  sense,  and  there  may 
be  some  disturbance  of  general  sensation.  A  loss  of 
motor  memories,  e.g.,  the  motions  involved  in  writing, 
playing  an  instrument,  using  a  tool,  occurs  in  cortical 
disease,  and  may  indicate  that  the  seat  of  the  lesion  is  in 
the  area  of  the  arm.  The  limits  of  the  region  receiving 
impulses  which  awaken  the  perception  of  touch,  tempera- 
ture, find  pain  are  not  fully  determined.  It  is  known, 
however,  that  the  motor  and  sensory  regions  coincide, 
while  it  is  probable  that  the  sensory  region  extends  be- 
yond the  motor  and  includes  the  parietal  lobules  which 
lie  posterior  to  the  motor  area  (Fig.  517,  dotted  lines  2  to 
4).  Lesions  affecting  the  posterior  central  convolution 
give  rise  to  combined  motor  and  sensory  symptoms,  the 
sensory  areas  lying  in  the  same  order  as  the  motor  areas, 
face,  arm,  and  leg  in  the  lower,  middle,  and  upper  thirds 
respectively.  Lesions  in  the  motor  area  anterior  to  the 
fissure  of  Rolando  usually  produce  paralysis  without 
anaesthesia.  Lesions  in  the  parietal  lobules  may  produce 
aneesthesia  but  do  not  cause  paralysis. 

Bach  sensory  area  is  in  functional  relation  with  the  op- 
posite limb  to  a  much  greater  degree  than  with  the  limb 
of  the  same  side.  Mono-ansesthesia  may,  therefore,  occur 
from  cortical  lesion.  The  loss  of  sensation  is  rarely  total, 
as  it  is  probable  that  the  decussation  of  sensory  impulses 
is  rarely  complete.  The  degree  of  impairment  of  sensa- 
tion is  only  to  be  ascertained  by  comparison  of  the  af- 
fected limb  with  the  other  three.  If  the  sensory  area  is 
not  destroyed  but  is  only  irritated,  subjective  sensations 
in  the  limb  whose  area  is  affected  occur,  and  such  mono- 
pareesthesisB  are  valuable  indications  of  cortical  lesion, 
when  disease  in  other  parts  is  excluded. 

Monospasm  and  monoplegia,  mono-parsesthesise  or 
mono-anaesthesia,  are,  therefore,  the  chief  symptoms  of 
cortical  disease  in  the  sensori-motor  area.  The  two 
former  indicate  an  affection  lying  anterior  to  the  parietal 
lobules.  The  two  latter  may  occur  when  these  also  an 
involved.  No  other  local  symptoms  of  disease  in  th? 
parietal  lobules  are  known,  the  disturbances  of  speech  oi 
of  sight  occurring  occasionally  when  the  supra-marginal 
gyrus  is  involved  being  due  to  a  coincident  lesion  of  tha 
tracts  passing  beneath  it. 

3.  Lesions  of  the  three  occipital  convolutions  and  of 
the  cuneus  produce  disturbances  of  vision  (Fig.  518,  5). 
Each  occipital  lobe  is  in  anatomical  connection  with  the 
like-named  half  of  each  retina,  and  hence  a  lesion  of  one 
occipital  lobe  produces  an  affection  of  vision  in  the  oppo- 
site half  of  both  visual  fields.  Irritation  of  the  cortex 
of  this  region  may  cause  Jialluclnations  of  vision,  and  if 
the  irritation  is  in  one  lobe  the  subjective  sights  will  ap- 
pear upon  the  opposite  side  of  the  median  line,  and  will 
move  with  the  eyes  of  the  patient.  Destruction  of  the 
cortex  will  produce  bilateral  homonymous  hemianopsia, 
i.e.,  blindness  in  the  opposite  half  of  both  eyes,  and  may 
also  cause  a  loss  of  visual  memories  ;  the  patient  will  fail 
to  recognize  familiar  objects,  and  cannot  recall  scenes  and 
faces  formerly  known.  If  the  lesion  is  in  the  left  occip- 
ital lobe,  written  and  printed  language  also  may  no  longer 
be  recognized,  and  the  patient,  therefore,  may  lose  the 
power  of  reading  while  speech  remains.  It  is  not  yet  pos- 
sible to  affirm  the  functional  relation  between  various 
parts  of  the  visual  area  in  the  occipital  convolutions  and 
various  parts  of  the  retinal  surfaces,  although  a  few 
cases  indicate  that  such  a  relation  may  exist.  The  rela- 
tion of  the  angular  gyrus,  which  lies  anterior  to  the  occip- 
ital lobe,  to  vision  is  undetermined.  While  it  was  for 
merly  supposed  to  be  the  centre  of  the  visual  area  by 
Ferrier,  this  view  has  been  opposed  by  German  authori- 
ties, who  hold  that  the  disturbances  of  vision  which  have 
occurred  occasionally  when  it  was  diseased  have  been 
due  to  a  lesion  of  the  visual  tract  which  lies  beneath  it 
and  which  passes  to  the  occipital  lobe. 
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4.  Lesions  of  the  first  and  second  temporal  convolutions 
produce  disturbances  of  hearing,  but  whether  each  lobe 
is  related  to  the  opposite  ear  alone,  or  to  both  ears,  is  un- 
determined (Pig.  518, 9).  Irritation  of  these  convolutions 
may  cause  hallucinations  of  hearing,  and  destruction  of 
them  may  cause  deafness.  If  the  lesion  is  upon  the  left 
side  and  involves  the  first  convolution,  the  symptom  pro- 
duced is  word-deafness,  or  loss  of  memory  of  the  sound 
of  words,  with  consequent  inability  to  recognize  the 
meaning  of  spoken  language  or  to  recall  the  words  neces- 
sary to  speech.  This  is  also  known  as  sensory  or  amnesic 
aphasia.  It  can  be  distinguished  from  motor  or  ataxic 
aphasia  by  the  inability  of  the  patient  to  understand 
what  is  said  to  him  (see  Aphasia). 

5.  Lesions  at  the  apex  of  the  temporo-sphenoidal  lobe 
may  produce  disturbances  of  taste  and  smell,  but  further 
investigations  are  needed  to  establish  the  localization  of 
these  functions. 

6.  Lesions  of  the  island  of  Reil  have  caused  disturbance 
of  motion  in  the  face  and  arm  of  the  opposite  side,  and 
also  have  caused  aphasia  when  the  left  island  was  in- 
volved. It  is  not  certain,  however,  to  what  extent  these 
symptoms  were  dependent  upon  the  afEection  of  adjacent 
convolutions,  of  tracts  beneath  the  island,  or  of  the  basal 
ganglia  (Pigs.  519  and  520).  The  associating  tract  which 
joins  the  sensory  with  the  motor  speech-centres  lies  just 
under  the  'convolutions  of  the  island  of  Reil  and  de- 
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Fio.  518.— Cerebral  Tracts.  (Modified  from  Fleohrig's  Plan.)  N.  C, 
nucleua  caudatns ;  N.  L.,  nucleus  lenticularis ;  O.  T.,  optic  ttaalamua ; 
y.,  Corp.  quadrlgemina ;  R.  N.,  red  nucleuB  of  the  tegmentum ;  IV.  v., 
fourth  ventricle  ;  CD.,  corp.  dentatum  of  cerebellum  ;  O.,  olive ;  X, 
motor  decussation.  The  lines  represent  the  tracts  in  the  internal  cap- 
sule ;  1,  tracts  from  frontal  lobe  to  pons  and  cerebellum  ;  2,  tracts  from 
motor  area  to  cord  and  motor  tracts ;  .3.  tracts  from  cord  to  aensori-motor 
area,  sensory  tracts ;  3',  tract  of  muscular  sense  in  medulla,  pons,  and 
crus,  the  lemniscus ;  3  '^  tract  of  other  sensations  in  medulla,  pons, 
and  crUB,  the  formatio  reticularis ;  4,  tract  from  thalamus  to  occipital 
lobe,  visual  tract ;  6,  radiations  from  thalamus  to  all  parts  of  cort«x  ; 
7,  tract  from  olive  to  opposite  cerebellar  hemisphere  ;  8,  direct  cerebel- 
lar tract  from  cord  to  vermiform  lobe ;  9,  auditory  tract  (?). 

struction  of  this  tract  would  cause  paraphasia.  Lesions 
of  the  island  of  Reil  would  be  especially  liable  to  affect  the 
circulation  in  the  motor  area,  since  the  branches  of  the 
middle  cerebral  arteries  pass  over  it.  While,  therefore,  it 
can  be  stated  that  hemiplegia  and  aphasia  may  be  pro- 
duced by  lesions  here,  it  is  probable  that  they  would  be 
indirect  and  not  direct  local  symptoms.  The  function  of 
the  island  of  Reil  is  unknown. 

The  facts  which  have  been  stated  regarding  cortical 
lesions  are  based  upon  autopsies  and  are  independent  of 
any  physiological  considerations  regarding  the  functions 
of  the  various  parts,  although  they  agree  with  the  results 
of  experiment  on  animals.  It  is  evident  that  disease 
which  affects  an  extensive  region  of  the  cortex  may  pro- 
duce a  number  of  symptoms  arising  from  the  iqiplication 


of  several  areas  at  the  same  time.  Such  wide-spread 
disease  is  usually  attended  by  general  symptoms,  marked 
mental  disturbance,  loss  of  memory,  and  lack  of  self- 
control,  as  well  as  by  the  local  symptoms. 

II.  Cerebral  Tracts.— 1.  The  white  matter  of  the  brain 
consists  of  fibres  of  two  varieties,  association  fibres  which 
join  the  different  convolutions  and  functional  regions 
with  each  other,  and  projection  fibres  which  join  the 
different  convolutions  with  the  basal  ganglia  and  with 
the  gray  matter  of  the  pons,  medulla  oblongata,  and  spinal 
cord.  These  fibres  are  so  interlaced  in  the  centrum  ovale 
that  neither  can  be  injured  without  affecting  the,  other. 
An  interference  with  the  passage  of  impulses  through 
association  fibres  produces  symptoms  of  a  mental  charac- 
ter. An  example  of  this  has  been  cited  in  describing 
lesions  of  the  island  of  Reil,  viz.,  paraphasia.  The  pa- 
tient suffering  from  this  disease  can  recall  the  desired 
words,  and  is  able  to  initiate  the  motions  necessary  to 
speech,  but  the  associating  tract  between  the  memory  of 


a  definite  word  and 
the  memory  of 
its  motion  being 
broken,  he  does  not 
speak  the  desired 
word  but  replaces 
it  by  another. 
Thus,  in  a  case 
known  to  tlie 
writer,  whenever 
the  patient  spoke 
she  said:  "Ah, 
dear  me,  I  don't 
know,"  much  to 
her  own  annoy- 
nuoleus  ance,  as  she  under- 
stood what  was 
said  to  her  and 
knew     what     she 


Fio.  B19.— The  Motor  Tract.    JT.  L. 
lenticularis ;  y.  C,  nucleus  caudatus ;  O.  7*., 
optic  thalamus    L.  F.,  lateral  ventricles;  3, 
third  ventricle  ;  P.,  pons  .  M.,  medulla  ;  R., 

island  of  Beil ;  A.,   amygdala;  E.   C,  ext,      _  „  __ 

capsule;  I.  C.,  int.  capsule;  CI.,  clanstrum;  j^j  ^  j 

C,  crura  ;   0..  ohvary  body.  ^j  S     ^^^  ^^^^^  ^j 

paraphasia  are  numerous,  but  are  all  to  be  referred  to 
lesion  of  association  fibres.  It  is  very  probable  that  many 
defects  of  memory,  and  much  of  the  apparent  stupidity 
in  brain  diseases  is  to  be  ascribed  to  a  failure  of  function 
in  these  fibres  by  which  ideas  are  associated.  Nothing 
more  definite  can  be  stated  regarding  their  injury,  and 
the  mental  symptoms,  aside  from  paraphasia,  do  not  indi- 
cate the  location  of  the  disease. 

2.  Lesions  of  projection  fibres  produce  well-marked 
local  symptoms.  It  is  by  means  of  these  fibres  that  all 
parts  of  the  body  are  joined  to  connecting  parts  of  the 
brain,  so  that  in  imagination  a  map  of  the  body  can  be 
projected  upon  the  cortex  of  the  brain.  An  interference 
with  any  separate  bundle  of  fibres  will  therefore  pro- 
duce symptoms  in  the  organ  with  which  it  is  joined,  and 
therefore  will  cause  somewhat  similar  effects  to  those  pro- 
duced by  a  lesion  of  the  corresponding  part  of  the  cortex. 
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It  is  necessary  to  consider  the  lesions  of  the  various  tracts, 
as  they  produce  different  symptoms.  The  projection 
fibres  passing  inward  and  downward  from  the  extensive 
cortical  surface  of  each  hemisphere  converge,  and  are 
finally  collected,  into  a  compact  tract  which  lies  between 
the  basal  ganglia  and  is  known  as  the  internal  capsule. 
Many  fibres  pass  into  the  basal  ganglia,  but  as  their  func- 
tion is  only  conjectured,  the  effect  of  their  destruction  is 
unknown.  Others  pass  between  the  ganglia,  through 
the  capsule,  and  issuing  from  its  basal  portion  enter  the 
crus'  cerebri,  and  traversing  it  go  down  to  the  pons,  me- 
dulla, and  cord. 

Since  the  fibres  passing  through  the  capsule  are  gath- 
ered from  distant  and  widely  separated  regions  of  the 
cortex,  a  small  focus  of  disease  in  the  capsule  may  pro- 
duce as  serious  and  wide-spread  symptoms  as  disease  of 
great  extent  in  the  cortex.  Extensive  disease  in  the  cor- 
tex, or  centrum  ovale,  produces  considerable  mental  im- 
pairment, but  this  is  not  true  of  capsular  disease.  Hence 
in  any  case  in  which  the  symptoms  are  extensive,  but  the 
mind  unimpaired,  the  prbb&biiity  is  in  favor  of  a  small 
lesion  in  the  braiti' trac^  ra:ttie<"  than  of  a  large  lesion  in 
the  cortex.  Tphe  Wain  tracts  in  the  Eapsule  may  be  in- 
jured eithet  4irectly,.by  lgsibrl$  in  tlieir  course,  or  indi- 
rectly, by  lesions  in.  the  basal  ganglia  in  .Whose  vicinity 
they  pass.  In  both  cases  the"  iijltial  symptonjs  will  be  the 
same  if  the'  disease  begins  suddenly,  ^ut  in  the  latter 
case  recovery  may  follow,  whilp  inttie/fdynjer  the  syihp- 
'  '■     '  'toms  may  in- 

crease in  nupa- 
ber,  owing  to 
secondar}'-  de- 
■ge'nerations 
..following  a  le- 
-sion  of  a  tract. 
'  If  the  disease 
is  a  slowly  pro- 
gressive one  (e. 
j/., tumor),  gen- 
eral symptoms 
may  precede 
local  symp- 
toms, and  in- 
direct local 
symptoms  will 
be  succeeded 
by  direct  local 
symptoms. 
The  internal 

Fio.  620.— Frontal  Section  throrgh  the  Brain  at  Capsule  is  di- 
the  Pest.  Central  Convolution,  C.  O.,  centrum  vided  into  two 
ovale;  JV.  C7.,  nucleus  caudatus;  O.  y.,  optic  thai-  lialvpsi  nn  on 
amus;  /.  C,  Internal  capsule;  I.  R.,  island  of  "^':^^'''  <»"  au- 
Ileil ;    C,  claustrum ;    E.    C,    e.xternal   capsule ;  tenor     aUQ     a 

i.  iv.,  lenticular  nucleus.  posterior  di- 

vision, by  the 
projection  of  the  apex  of  the  lenticular  nucleus,  which  lies 
on  its  outer  side.  Through  the  anterior  division  pass  the 
projection  fibres  from  the  frontal  lobes  (Pig.  518),  and  the 
fibres  which  join  the  anterior  parts  of  the  cortex  with  the 
basal  ganglia.  Nothing  is  known  as  to  the  exact  function 
of  either  of  these  bundles  of  fibres,  and  no  symptoms  of 
their  injury  can  be  stated.  Extensive  lesions  may  occur 
in  the  white  matter  of  the  frontal  lobes,  affecting  both 
association  and  projection  tracts  without  producing  any 
symptoms,  although  in  many  such  cases  the  symptoms 
present  in  cortical  lesions  of  the  frontal  lobes  do  occur. 
Through  the  posterior  division  of  the  internal  capsule 
pass  several  important  tracts.  These  are  (1)  the  motor 
tract  from  the  lower  third  of  the  central  convolutions, 
which  curves  over  the  lenticular  nucleus  and  passes 
down  in  the  anterior  part  of  the  posterior  division  of  the 
capsule,  enters  the  second  quarter  of  the  crus,  thence 
passes  into  the  median  part  of  the  ventral  half  of  the 
pons,  and  turning  downward  ends  in  the  facial  and  hy- 
poglossal nuclei  (Fig.  521,  Fa.) ;  (2)  the  motor  tract  from 
the  other  thirds  of  the  central  region  (Fig.  518,  2),  which 
is  known  as  the  pyramidal  tract,  since  its  fibres  after 
passing  through  the  third  quarter  of  the  crus  and  the 
ventral  portion  of  the  pons,  make  up  the  pyramid  of  the 


medulla  (Fig.  521,  Jf.) ;  (3)  the  tract  conveying  general  sen- 
sations from  the  entire  body  (Pigs.  518,  519),  which  lies  just 
behind  the  pyramidal  tract,  and  having  come  from  the  teg- 
mentum of  the  crus,  and  passed  through  the  posterior  third 
of  the  capsule,  radiates  toward  the  parietal  convolu- 
tions (Fig.  521,  8.) ;  (4)  the  visual  tract  (Pig.  518, 4),  whose 
fibres,  issuing  from  the  pulvinar  of  the  thalamus,  pass  up- 
ward  and  turn  backward  in  the  capsule  on  their  way  to 
the  occipital  lobe  (Fig.  521,  0.);  (5)  the  auditory  tract, 
which  passes  through  the  lower  posterior  segment  of  the 
capsule  on  its  way  from  the  auditory  nucleus  to  the  tem- 
poral lobe  (Fig.  518,  9).  Lesions  of  the  internal  capsule 
which  affect  one  or  more  of  these  tracts  cause  distinct 
local  symptoms.  Lesions  in  the  motor  tract  produce 
paralysis,  whose  distribution  will  depend  upon  the  ex- 
tent to  which  the  tract  is  involved.  Usually  the  entire 
tract  is  affected  and  hemiplegia  results  ;  but  occasionally 
the  facial  and  hypoglossal  muscles  are  only  slightly 
affected.  In  all  cases  the  upper  branch  of  either  facial  . 
nerve  escapes,  since  its  cortical  centres  are  bilateral.  la 
lesions  of  the  pyramidal  tract  the  arm  and  leg  of  the  op- 
posite side  are  always 
paralyzed  together. 
Lesions  lying  in  the 
sensory  tract  cause 
hemiansesthesia,  which 
is  rareljr  absolute,  but 
usually  in  the  form  of 
great  impairment  of 
Sensation  on  the  oppo- 
site side  from  the  le- 
sion. Lesions  lying 
still  further  back  may 
affect  the  visual  tract 
and  cause  blindness  in 
the  opposite  half  of 
both  eyes.  It  is  possi- 
ble that  lesions  in  the 
lower  part  of  the  cap- 
sule may  produce  loss 
0  of  hearing  in  the  oppo- 
site ear.  Whether  taste 
and  smell  are  ever  af- 
fected by  capsule  le- 
sions is  undetermined. 
It  is  evident  that  an 
extensive  lesion  in  the 
capsule  may  involve 
two  or  more  of  these 
tracts ;  and  hemiplegia, 
with  hemiansesthesia 
and  hemianopsia, 
could  not  be  produced 
by  a  single  lesion  lying 
in  any  other  part.  The 
initial  effects  of  a  haem- 
orrhage or  thrombo- 
sis, which  involves  the 
internal  capsule,  may 
be  extensive,  as  several 
tracts  may  be  affected. 
If  but  one,  however, 
is  really  destroyed,  the 
affection  of  the  others 
will  be  temporary,  and  the  symptoms  will  decrease  in  ex- 
tent and  severity  until  they  are  limited  to  the  affected 
tract.  It  is  only  after  the  temporary  effects  have  subsided 
that  the  disease  can  be  located  accurately.  On  the  other 
hand,  a  slowly  progi'essing  lesion,  tumor,  or  abscess,  may 
involve  one  tract  after  another  in  succession,  and  tlie 
progress  of  the  case  will  determine  the  localization  of  the 
lesion. 

3.  Aphasia  may  be  due  to  a  lesion  in  the  tract  which 
joins  the  third  frontal  convolution  with  the  facial  and 
hypoglossal  nuclei  in  the  pons.  Two  courses  have  been 
described  as  taken  by  this  tract.  One  corresponds  to  the 
course  of  the  fibres  from  the  face  area  of  the  motor  region 
through  the  internal  capsule,  already  detailed.  The  other 
is  as  foUojvs  :  The  aphasic  tract  passes  inward  from  the 


Fig.  521.— Horizontal  Section  through  the 
Brain.  (After  Strilmpell.)  Jf.  C,  nu- 
cleus caudatns;  F.,  fornix;  /.  C.  ant. 
half  of  internal  capsule  ;  O  r.,  optic  thal- 
amus ;  Fa.^  facial  tract ;  J/",,  motor  tract ; 
A'.,  sensory  tract ;  O.,  visual  tract,  in  post, 
half  of  internal  capsule  ;  /.  iZ.,  island  of 
Keil :  N,  L,,  nucleus  lenticularis  ;  E.  C, 
external  capsule  ;  V,,  lateral  ventricle, 
post.  comu. 
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frontal  region,  turns  backward,  crossing  at  right  angles 
the  motor  tract,  and  going  along  the  upper  border  o£  the 
lenticular  nucleus,  in  the  external  capsule,  to  its  posterior 
limit,  it  curves  over  the  nucleus  and  enters  the  internal 
capsule  near  the  sensory  tract,  then  crosses  this  tract  to 
the  second  quarter  of  the  crus,  and  so  reaches  the  pons. 
Lesions  in  the  course  of  either  of  these  tracts  have  pro- 
duced aphasia  when  in  the  left  hemisphere.  Such  an 
aphasia  resembles  ataxic  or  motor  aphasia,  and  is  not  to 
he  distinguished  from  it.  It  is  more  liable  to  be  associ- 
ated with  agraphia  than  when  the  lesion  is  in  the  frontal 
convolution,  as  association  fibres  are  liliely  to  be  destroyed 
when  the  lesion  Is  in  the  centrum  ovale. 

4.  Having  considered  lesions  of  the  cortex,  and  of  the 
tracts  as  they  are  collected  in  the  capsule,  it  is  evident 
that  lesions  of  the  centrum  ovale,  through  which  the 
tracts  pass  on  their  way  from  one  to  the  other,  will  pro- 
duce similar  effects  to  those  in  either  part,  according  as  it 
lies  nearer  one  or  the  other  (Pig.  519,  C,  0.).  Lesions  of 
the  centrum  ovale  have  no  distinctive  symptoms  by  which 
they  can  be  differentiated  from  lesions  in  the  cortex  or 
capsule,  unless  the  affection  of  association  fibres  as  well 
as  of  projection  fibres  adds  distinct  mental  symptoms. 
If  the  lesion  is  so  situated  as  not  to  affect  any  of  the 
projection  tracts  it  will  not  produce  any  local  symp- 
toms. 

III.  Lesions  of  tlie  basal  ganglia  are  very  frequent  and 
give  rise  to  many  symptoms.  These  symptoms  are,  how- 
ever, to  be  ascribed  to  a  coincident  affection  of  the  tracts 
just  mentioned,  which  pass  through  the  internal  capsule 
between  the  ganglia  (Pigs.  520  and  521),  and  hence  the  local 
symptoms  of  lesions  in  the  lenticular  or  caudate  nucleus 
and  optic  thalamus  are  those  of  lesions  of  the  internal  cap- 
sule opposite  those  bodies,  viz. ,  in  its  posterior  division.  If 
the  symptoms  are  permanent,  the  capsule  is  probably  in- 
jured. If  the  symptoms  pass  away,  the  capsule  was  inci- 
dentally affected.  And  the  effects  of  the  lesion  may  entirely 
subside  while  the  lesion  remains,  if  it  is  limited  to  either 
of  these  ganglia.  It  is,  therefore,  evident  that  we  cannot 
locate  a  lesion  in  the  ganglia  from  any  direct  local  symp- 
toms ;  for,  as  we  are  ignorant  of  the  function  of  the  gan- 

flia,  we  do  not  know  what  is  the  effect  of  their  destruction, 
'he  hemichorea  and  hemiathetosis  which  remain  occa- 
sionally after  lesions  of  the  thalamus,  are  to  be  regarded 
as  symptoms  of  irritation  constantly  exerted  upon  the 
motor  tract  passing  near  it.  There  are  few  facts  to  sup- 
port the  assertions  that  the  optic  thalamus  is  a  sensory 
ganglion,  except  that  lesions  of  the  pulvinar  cause  hemi- 
anopsia. The  basal  ganglia,  doubtless,  have  important 
refl(;x  functions,  and  comparative  anatomy  indicates  that 
some  functional  relation  exists  between  the  lenticular 
nucleus  and  the  arm  ;  between  the  caudate  nucleus  and. 
the  leg  ;  between  the  thalamus  and  the  organs  of  sensa- 
tion. The  effects  of  a  lesion  limited  to  any  one  of  these 
ganglia,  and  producing  no  influence  upon  adjacent  parts 
IS,  however,  beyond  detection.  As  a  matter  of  fact 
seventy  per  cent,  of  the  cases  of  hemiplegia  are  due  to  a 
lesion  in  the  basal  ganglia  and  affecting  the  internal  cap- 
sule ;  and  from  the  symptoms  and  nature  of  the  disease 
its  location  there  can  usually  be  affirmed.  The  diagnosis 
is,  however,  made  from  the  capsular  symptoms,  as  already 
detailed. 

IV.  Lesions  of  the  external  capsule  and  of  tJie  claus- 
irum  cannot  yet  be  located  (Pigs.  520  and  531).  If  on  the 
left  side,  they  usually  produce  paraphasia  like  the  lesions 
of  the  island  of  Reil. 

V.  Lesions  of  the  corpora  quadrigemina  are  very  rare. 
If  the  anterior  pair  is  involved,  blindness,  loss  of  pupil 
reflex,  strabismus,  and  nystagmus  may  be  produced.  If 
the  posterior  pair  is  involved  disturbances  of  co-ordina- 
tion may  be  marked.  As  both  pairs  are  usually  affected 
together,  the  combination  of  these  symptoms  may  aid  a 
diagnosis.  Blindness  is  such  a  common  symptom  of  cere- 
bral disease  that  it  is  only  when  it  is  not  due  to  choked 
disk,  optic  atrophy,  or  neuritis,  and  when  it  is  not  of  the 
nature  of  hemianopsia,  that  it  is  to  be  thought  a  local 
symptom  of  quadrigerainal  lesion.  A  defective  action  of 
the  same  branches  of  the  oculo-motor  nerves  on  both  sides 
is  rather  more  characteristic  of  quadrigeminal  disease 


than  the  total  affection  of  one  nerve.     Cases  are  yet  too 
few  to  warrant  more  accurate  statements. 

VI.  Lesions  of  the  tegmentum  of  the  crura  cerebri, 
which  lies  beneath  the  corpora  quadrigemina,  have  not 
been  recorded.  Since  the  sensory  tracts  pass  through 
this  region,  ansesthesia  might  be  produced  by  such  a  lesion, 
and  the  proximity  of  the  corpora  quadrigemina  would 

five  rise  to  indirect  local  symptoms  of  their  affection, 
lesions  of  the  red  nucleus  are  supposed  to  cause  the 
symptom  of  inco-ordination  which  occurs  when  the  pos- 
terior pair  of  the  corpora  quadrigemina  are  involved. 
They  also  cause  paralysis  of  the  third  nerve,  which  passes 
through  this  nucleus.  Lesions  of  the  foot  of  the  crus 
cerebri,  in  which  the  motor  tract  passes,  cause  hemiplegia 
of  the  opposite  side.  As  the  third  nerve  issues  through 
the  foot  of  the  crus,  a  lesion  here  causes  a  paralysis  of 
this  nerve  on  the  side  of  the  lesion.  Hence  hemiplegia 
of  one  side,  with  third-nerve  paralysis  of  the  other  side, 
indicates  a  lesion  of  the  foot  of  the  crus  cerebri  on  the 
side  of  the  third-nerve  paralysis.  Lesions  on  the  base 
which  press  upon  this  part  will  produce  the  same  com- 
bination of  symptoms. 

VII.  Lesions  of  the  cerebellum,  if  located  in  the  hemi- 
spheres and  not  in  the  median  or  vermiform  lobe,  and  if 
of  such  a  nature  as  not  to  exert  pressure  on  surrounding 
parts,  may  not  produce  any  symptoms.  If  the  lesion  is 
in  the  vermiform  lobe,  disturbances  of  co-ordination  occur 
known  as  cerebellar  ataxia,  and  consisting  in  an  inabihty 
to  walk  without  staggering  like  a  drunken  man.  The 
ataxia  only  exists  while  the  patient  is  in  an  upright  po- 
sition ;  it  rarely  affects  the  motions  of  the  arms,  and  when 
it  does  it  never  interferes  with  the  fine  adjustments,  but 
only  with  extensive  movements  in  space,  e.g.,  grasping 
objects  at  a  distance.  These  patients  can  stand  with  eyes 
closed  without  swaying.  In  these  respects  the  ataxia  dif- 
fers from  that  of  posterior  sclerosis.  A  second  characteris- 
tic symptom  of  cerebellar  disease  located  in  the  vermiform 
lobe  is  vertigo.  This  may  be  very  severe,  but  as  it  may 
occur  without  ataxia,  and  ataxia  may  be  present  without 
vertigo  (though  rarely),  the  two  are  not  to  be  considered 
as  interdependent.  Vertigo  is  increased  by  rising  to  an 
erect  position,  but  may  persist  when  the  patient  is  in  bed. 
It  decreases  somewhat  when  the  patient  has  remained 
fixed  in  any  position  for  some  time ;  but  is  always  in- 
creased when  he  closes  his  eyes.  The  vertigo  is  usually 
an  early  symptom  of  cerebellar  disease.  It  is  more  con- 
stant and  persistent  in  cases  in  which  the  intraci-anial 
pressure  is  increased.  It  may  gradually  pass  off  in  other 
cases.  Cerebellar  vertigo  does  not  differ  from  vertigo  in 
Meniere's  disease,  and  is  probably  due  to  an  affection  of 
the  terminal  fibres  of  the  eighth  nerve,  from  the  semi- 
lunar canals  or  their  nuclei.  The  vertigo  of  Meniere's 
disease  is,  however,  usually  accompanied  by  deafness. 
Ataxia  and  vertigo  together  afford  strong  presumption  of 
disease  in  the  vermiform  lobe,  although  neither  alone  is 
suflBcient  for  a  diagnosis. 

The  indirect  local  symptoms  of  cerebellar  disease  may 
be  numerous.  They  are  due  to  an  affection  of  the  tracts 
and  nerve  nuclei  in  the  pons  and  medulla  (see  Pig.  518). 
Various  forms  of  paralysis  and  anaesthesia,  vaso-motor 
disturbancfes,  obstinate  vomiting  of  a  projectile  character, 
general  symptoms  of  intracranial  disease,  e.g. ,  headache, 
optic  neuritis,  are  usually  present  with  tumors,  abscesses, 
or  haemorrhages  in  the  cerebellum,  especially  if  they  are 
in  the  median  lobe.  The  combination  of  cerebellar  ataxia 
and  vertigo  with  these  and  other  symptoms  of  pons  dis- 
ease (see  Pons)  affords  clear  evidence  of  disease  in  the 
cerebellum. 

Lesions  of  the  cerebellum  have  no  apparent  effect  upon 
the  mental  powers  when  they  occur  in  adults.  A  de- 
ficient development  of  the  cerebellum  is,  however,  a  fre- 
quent cause  of  congenital  idiocy.  When  one  cerebellar 
hemisphere  fails  to  develop,  the  opposite  olivary  body  m 
the  medulla  and  the  opposite  hemisphere  of  the  cerebrum 
usually  present  an  atrophic  appearance. 

Lesions  of  the  middle  peduncles  of  the  cerebellum,  the 
crura  cerebelli  ad  pontem,  produce  characteristic  symp- 
toms. These  consist  in  a  tendency  on  the  part  of  the  pa- 
tient to  assume  a  forced  position,  to  turn  toward  or  fall 
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toward  one  side  in  walking,  or  even  to  revolve  constantly 
about  one  axis  of  his  body.  The  forced  movements  may 
be  made  by  the  eyes  (conjugate  deviation  in  one  direc- 
tion), by  the  head,  or  by  the  entire  body.  In  a  case  seen 
by  the  writer,  in  which  the  autopsy  showed  a  tubercular 
tumor  in  the  left  middle  peduncle  and  in  the  vermiform 
lobe,  in  addition  to  ataxia,  vertigo,  vomiting,  and  head- 
ache, the  patient  lay  constantly  on  his  left  side,  and  when 
he  turned  upon  his  back,  or  toward  the  right  side  the  ver- 
tigo became  so  excessive  that  he  was  obliged  to  resume 
at  once  his  former  position.  In  walking,  this  patient 
showed  a  tendency  to  fall  toward  the  right  side,  and 
found,  it  impossible  to  turn  around  toward  the  right. 
Such  patients  may  lose  their  balance  in  moving  in  one 
direction,  e.g.,  forward  or  backward,  and  in  attempting 
to  regain  it  may  be  obliged  to  hasten  their  movements. 
This  has  been  interpreted  wrongly  as  a  tendency  to  com- 
pulsory walking  in  one  direction,  e.g.,  backward.  It  is 
really  due  to  the  vertigo.  Lesions  of  the  other  peduncles 
of  the  cerebellum  do  not  produce  any  known  character- 
istic symptoms  aside  from  those  of  cerebellar  disease. 

VIII.  Lesions  upon  the  base  of  (lie  brain,  tumors,  chronic 
meningitis,  may  produce  local  symptoms  by  affecting  the 
parts  lying  near  them.  Thus  all  the  cranial  nerves  may 
be  involved  either  separately  or  in  various  combinations^ 
and  the  nerve  first  or  most  severely  affected  may  indicate 
where  the  lesion  began.  If  such  a  lesion  affects  the  optic 
nerve  of  one  side,  the  optic  chiasm,  or  the  optic  tract, 
blindness,  either  in  the  form  of  amaurosis  of  one  eye,  or 
hemianopsia  of  some  variety  will  be  produced.  If  the 
lesion  affects  the  crus  cerebri  or  pons,  the  symptoms  of 
lesion  of  this  part  {vid^  supra  and  Pons)  may  be  present 
in  addition  to  cranial  nerve  paralysis.  In  all  cases  pro- 
gressive bulbar  paralysis  is  to  be  excluded  before  the 
diagnosis  is  made.  The  local  symptoms  of  lesion  of  those 
parts  of  the  cortex  which  lie  on  the  base  of  the  skull  are 
undetermined,  but  a  tumor  of  some  extent  which  invades 
the  left  Sylvian  region  may  cause  aphasia  from  pressure 
upon  the  island  of  Reil.  The  variety  of  symptoms  possi' 
ble  in  basal  disease  can  be  determined  by  the  study  of  the 
organs  upon  the  base  of  the  brain  (see  Anatomy),  aiid  any 
unusual  combination  of  symptoms  in  intracranial  diseases, 
especially  if  of  syphilitic  origin,  should  lead  to  a  question 
as  to  the  possibility  of  a  lesion  in  this  locality. 

M.  Allen  Starr. 

BRAIN:  EMBOLISM  AND  THROMBOSIS.  Embolism. 
— Etiology. — Cerebral  embolism  is  almost  always  the  result 
of  an  endocarditis,  either  acute  or  chronic,  of  the  left  side 
of  the  heart.  In  acute  ulcerative  endocarditis  the  em- 
boli are  usually  very  small,  and  lodge  in  the  capillaries. 
This  form  of  the  disease  will  not  be  discussed  in  this  article. 

The  embolus  consists  generally  of  small,  soft  particles 
of  fibrin  which  have  been  detached  by  the  current  of 
blood  from  the  vegetations  on  the  valves  of  the  heart. 
But  the  embolus  may  also  be  composed  of  calcified  par- 
ticles, or  of  pieces  of  the  valves  which  have  been  sepa- 
rated by  the  ulcerative  process  from  the  main  part  of 
the  valve.  Less  frequently  the  embolus  is  detached  from 
a  cardiac  thrombus,  situated  often  in  the  left  auricular 
appendix,  or  near  the  apex  of  the  left  ventricle. 

In  rare  instances  the  embolus  is  derived  from  the  right 
side  of  the  heart,  and  such  cases  have  been  explained 
either  by  the  patency  of  the  foramen  ovale,  or  by  the 
transmission  of  the  embolus  through  one  of  the  pulmon- 
ary veins,  which  are  said  to  constitute  a  direct  communi- 
cation between  the  right  and  left  sides  of  the  heart. 
Cohnheim  reports  a  case  of  embolism  of  the  middle  cere- 
bral artery,  owing  to  thrombosis  of  the  veins  of  the  lower 
limb.  In  this  case  the  foramen  ovale  readily  admitted 
three  fingers.  So  far  as  we  are  acquainted  with  the  lit- 
erature of  the  subject,  this  is  the  only  case  of  the  kind  on 
rec6rd. 

Myocarditis  inay  also  give  rise,  though  very  rarely,  to 
cerebral  embolism  by  causing  rupture  of  the  endocar- 
dium, and  the  consequent  admixture  of  the  products  of 
inflammation  with  the  blood.  This  is  also  true  of  gum- 
matous or  other  growths  in  the  substance  of  the  heart, 
which  proliferate  through  the  endocardium. 


Another  source  of  embolism  is  found  in  atheromatous 
degeneration  and  calcification  of  the  inner  coats  of  the 
aorta,  with  subsequent  deposit  of  fibrin,  and  in  aneurism 
of  the  same  vessel.  Embolism  may  result  also  from 
thrombosis  of  one  of  the  arteries  in  the  circle  of  Willis  a 
portion  of  the  thrombus  becoming  detached  and  giving 
rise  to  an  embolus  in  one  of  the  more  peripheral  vessels 
in  the  brain. 

Cerebral  embolism  may  also  result  from  gangrenous  or 
other  processes  in  the  lungs,  which  have  caused  ulcera- 
tion and  finally  perforation  of  a  vein,  and  thus  permit 
the  entrance  of  the  gangrenous  or  other  material  into  the 
blood.  This  mode  of  development  has  been  referred  to 
previously  in  the  discussion  of  abscess  of  the  brain. 

Tumors  may  give  rise  to  embolism  in  the  same  way. 
Another  equally  rare  cause  of  embolism  is  the  result  of 
wounds,  phlegmonous  inflammations  involving  the  sub- 
cutaneous adipose  tissue,  and  complicated  fractures  of 
the  bones  in  which  inflammatory  processes  are  set  up  ia 
the  medulla  of  those  organs. 

Von  Dusch  maintains  that  many  of  the  cases  of  sudden 
death  in  pleurisy  during  aspiration,  or  while  the  pleura  is 
being  washed  out,  are  due  to  the  formation  of  thrombi  in 
the  pulmonary  veins.  He  believes  that  the  development 
of  paralysis,  which  is  observed  sometimes  under  such  cir- 
cumstances, may  be  explained  by  the  secondary  occur- 
rence of  cerebral  embolism.  Indeed,  in  one  instance  of 
this  kind,  the  cerebral  emboli  were  discovered  at  the  post- 
mortem examination.  Finally,  mention  should  he  made 
of  the  capillary  pigment  emboli  of  the  brain,  seen  occa- 
sionally in  severe  forms  of  intermittent  and  remittent 
fever.  These  may  be  so  numerous  as  to  give  the  brain  a 
chocolate  color.  All  the  cases  of  the  kind  which  have 
come  under  our  observation  have  originated  in  Central  or 
South  America. 

Cerebral  embolism  occurs  much  more  frequently  in 
males  than  in  females,  probably  because  the  former  are 
more  liable  to  attacks  of  acute  articular  rheumatism.  It 
occurs  most  frequently  in  early  manhood  and  middle  life, 
and  is  extremely  rare  in  childhood,  although  cardiac 
disease  due  to  rheumatism  is  not  by  any  means  so  in- 
frequent at  this  age  as  is  generally  believed. 

Pathological  Anatomy. — Cerebral  emboli  (with  the  ex- 
ception of  the  capillary  emboli,  which  will  not  be  dis- 
cussed in  this  article)  are  usually  single,  and,  in  the 
majority  of  cases,  are  situated  in  the  left  middle  cerebral 
artery.  This  predilection  is  explained  by  the  fact  that 
the  current  of  blood  from  the  aorta  passes  by  a  straighter 
line  into  the  left  carotid  than  into  the  right  carotid,  and 
that,  furthermore,  the  left  middle  cerebral  artery  is  the 
direct  continuation  of  the  carotid.  It  has  been  claimed 
by  Gelpke,  on  the  basis  of  statistics,  that  the  left  middle 
cerebral  presents  only  a  slight  preponderance  over  the 
right  middle  cerebral  in  this  respect,  but  this  is  probably 
owing  to  the  fact  that,  on  account  of  the  usual  situation  of 
the  embolus  in  the  vessel  on  the  left  side  of  the  brain,  the 
history  of  such  cases  is  not  generally  reported. 

In  a  certain  proportion  of  cases  the  emboli  are  situated 
in  other  vessels,  and  even  two  or  more  may  be  present  at 
the  same  time. 

If  the  embolus  is  situated  in  one  of  the  arteries  of  the 
circle  of  Willis,  no  secondary  lesion  of  the  brain-tissues 
is  produced,  as  the  free  collateral  circulation  at  once  com- 
pensates for  the  obstruction  to  the  current  of  blood  which 
has  been  produced  by  the  plug.  The  effect  produced  by 
embolism  of  other  cerebral  arteries  varies  according  to  the 
character  of  the  vessel,  whether  it  is  a  terminal  artery  or 
not. 

The  following  is  a  brief  rSsume,  according  to  Duret,  of 
the  distribution  of  the  blood-vessels  to  the  brain.  These 
vessels  may  be  divided  into  two  classes  :  First,  those 
which  are  given  off  at  the  base  of  the  brain  and  at  once 
enter  the  organ  to  supply  tlie  parts  situated  above  (basal 
ganglia,  etc.) ;  and  secondly,  the  continuations  of  these 
vessels  which  supply  the  cortex.  We  shall  first  describe 
the  former. 

The  anterior  cerebral  and  anterior  communicating 
arteries  send  off  a  number  of  small  branches  which  sup' 
ply  the  anterior  part  of  the  corpus  striatum. 
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The  posterior  cerebral  artery  sends  branches  to  the 
walls  of  the  third  ventricle,  the  optic  thalamus  (mainljr 
the  posterior  portion),  the  tegmentum  of  the  crus  cerebri, 
and  the  corpora  quadrigemina. 

The  middle  cerebral  artery  (the  most  important  artery 
of  the  brain)  gives  off  a  number  of  branches  before  it  sup- 
plies the  cortex  :  1,  The  internal  striate  arteries  to  the  first 
and  second  divisions  of  the  lenticular  nucleus  and  the 
internal  or  white  capsule  ;  3,  the  lenticulo-striate  arteries 
which  supply  the  anterior  part  of  the  third  division  of  the 
lenticular  nucleus,  of  the  internal  capsule,  and  also  pass 
to  the  corpus  striatum ;  3,  the  lenticulo-optic  arteries 
which  pass  to  the  posterior  part  of  the  third  division  of 
the  lenticular  nucleus  and  the  anterior  portion  of  the 
optic  thalamus. 

The  following  is  the  cortical  distribution  of  these  ves- 
sels. The  anterior  cerebral  artery  supplies  the  convolu- 
tions on  the  inferior  surface  of  the  frontal  lobe,  the  first 
and  second  frontal  convolutions,  the  paracentral  lobule, 
and  the  prsecuneus. 

The  posterior  cerebral  artery  supplies  the  gyrus  unci- 
natus-and  hippocampus,  the  inferior  surface  of  the  tem- 
poro-sphenoidal  lobe,  and  the  occipital  convolutions. 

The  middle  cerebral  breaks  up  into  five  branches  :  1, 
To  the  third  frontal  (Broca's)  convolution ;  2,  to  the  as- 
cending frontal  convolution  ;  3,  to  the  ascending  parietal 
convolution  ;  4,  to  the  inf ferior  parietal  and  superior  tem- 
poro-sphenoidal  convolutions  ;  5,  to  the  first  and  second 
temporo-sphenoidal  convolutions. 

The  pons  Varolii  and  medulla  oblongata  are  supplied 
in  the  following  manner  : 

The  basilar  artery  gives  off  vertical  branches,  which 
supply  the  nuclei  of  origin  of  the  nerves  and  the  epen- 
dyma  of  the  fourth  ventricle.  The  nuclei  are  also  sup- 
plied by  small  vessels,  which  enter  with  the  roots  of  the 
nerves. 

The  inferior  cerebellar  artery  supplies  the  lateral  parts 
of  the  medulla  and  the  inferior,  cerebellar  peduncle.  The 
remaining  portions  of  the  pons  and  medulla,  and  the  cere- 
bellum, are  supplied  by  the  transverse  and  cerebellar  ar- 
teries. 

The  vessels  which  enter  the  substance  of  the  brain  from 
the  base  are  tenninal  arteries,  i.e.,  there  is  no  anastomosis 
between  the  distribution  of  one  vessel  and  the  adjacent 
ones.  A  certain  amount  of  anastomosis  exists  between 
the  vessels  which  ramify  in  the  pia  mater,  but  this  is  very 
often  insufficient  to  compensate  for  the  anaemia  produced 
by  the  plugging  of  one  of  these  arteries. 

When  a  terminal  artery  is  completely  obstructed  by  an 
embolus,  the  supply  of  arterial  blood  to  the  distribution 
of  the  vessel  is  shut  off.  According  to  Cohnheim,  the 
reflux  of  blood  from  the  corresponding  vein  will  gorge 
the  capillaries  with  blood.  Litten  believes  that  the  fill- 
ing of  the  capillaries  is  due  to  the  influx  of  blood  from 
the  capillaries  of  adjacent  regions.  If  the  blood-pressure 
is  too  feeble,  however,  this  feature  is  not  observed. 

As  a  result  of  the  cessation  of  circulation  in  the  terri- 
tory supplied  by  the  obstructed  vessel,  the  nutrition  of 
the  capillaries  and  veins  becomes  impaired,  and  they 
therefore  permit  the  escape  of  red  blood-globules.  Then 
the  tissues  which  have  been  deprived  of  blood  undergo 
simple  fatty  degeneration,  and  a  hsemorrhagic  inf arction 
is  produced.  Finally,  absorption  occurs,  leaving  a  cyst 
containing  clear  fluid. 

If  a  reflux  of  blood  into  the  vessels  does  not  take  place, 
the  infarction  has  a  yellowish  or  whitish  color  from  the 
beginning,  but  in  other  respects  the  course  is  the  same  as 
that  just  described.  The  retrogressive  changes  (necrobi- 
osis) probably  begin  at  the  end  of  thirty-six  or  forty-eight 
hours. 

Unlike  other  organs  of  the  body,  embolism  of  the  brain 
does  not  often  produce  a  hsemorrhagic  infarction,,  but 
almost  always  results  in  a  patch  of  yellow  or  white  soften- 
ing.   The  reason  for  this  difference  is  not  very  clear. 

When  the  embolus  is  lodged  in  one  of  the  vessels  sup- 
plying the  cortex,  the  effect  produced  varies  according 
to  the  size  of  the  vessel,  and  the  extent  to  which  it  anasto- 
moses with  surrounding  ones.  Infarctions  in  this  region 
are  usually  of  small  size,  though  they  occasionally  attain 


much  larger  dimensions  than  those  situated  within  the 
brain,  particularly  if  a  large  branch  of  the  middle  cere- 
bral artery  has  been  occluded.  The  color  of  the  infarc- 
tion is  yellow  or  brown,  and  the  external  surface  is  often 
extremely  hard.  It  diminishes  in  extent  toward  the  in- 
terior, and  sometimes  involves  only  the  gray  matter  of 
the  convolutions.  The  pia  mater  above  the  lesion  is  usu- 
ally infiltrated  with  fluid,  and  is  readily  detached  from 
the  surface. 

In  old  cases  in  which  the  motor  regions  have  been  in- 
volved, either  within  the  brain  or  in  the  cortex,  descend- 
ing degeneration  of  the  pyramid  tracts  occurs  as  it  does 
in  cerebral  haemorrhage.  Moreover,  I  have  occasionally 
seen  atrophy  of  the  unaffected  parts  of  the  hemisphere 
after  extensive  lesions  of  this  kind,  though  not  to  so 
marked  an  extent  as  that  which  we  have  described  as 
occurring  in  cerebral  haemorrhage. 

Clinical  History. — From  the  nature  of  the  disease,  the 
symptoms  of  cerebral  embolism  always  begin  suddenly. 
The  attack  may  or  may  not  begin  with  a  disturbance  of 
consciousness,  and,  as  in  cerebral  haemorrhage,  this  may 
vary  from  a  passing  vertigo  or  feeling  of  confusion  to 
complete  and  profound  unconsciousness.  General  or 
unilateral  convulsions  also  constitute  a  not  infrequent 
accompaniment  of  the  attack  The  symptoms  during 
the  stage  of  unconsciousness  differ  in  no  respect  from  the 
corresponding  ones  of  cerebral  haemorrhage,  but  they  are 
not  apt  to  be  so  prolonged,  and  moreover,  there  are  no 
characteristic  phenomena  connected  with  the  bodily  tem- 
perature. There  is  usually  a  slight  rise  of  temperature 
soon  after  the  development  of  the  seizure,  but  afterward 
it  varies  irregularly  from  time  to  time.  In  fatal  cases 
the  temperature  usually  rises  steadily  until  death. 

As  the  embolus  is  situated  commonly  in  one  of  the 
arteries  of  the  left  side  of  the  brain  (usually  the  middle 
cerebral),  right  hemiplegia  usually  results,  and  in  a  con- 
siderable proportion  of  cases  is  associated  with  aphasia. 
In  fact,  the  sudden  occurrence  of  right  hemiplegia  and 
aphasia,  without  previous  head  symptoms,  is  'prima  fade 
evidence  that  we  have  to  deal  with  an  attack  of  embolism 
of  the  left  middle  cerebral  artery. 

The  character  of  the  aphasia  differs  greatly  in  individ- 
ual cases  according  to  the  situation  of  the  lesion,  and  all 
the  different  varieties  of  aphasia  may  thus  be  produced 
(M(Ze  the  article  on  Aphasia,  in  this  volume).  In  some 
cases,  indeed,  aphasia  is  the  only  symptom  produced,  and 
may  remain  permanent  without  being  followed  by  any 
other  symptom.  In  a  case  under  our  observation  it  was 
associated  with  epileptiform  convulsions,  which  recurred 
at  irregular  intervals. 

At  other  times  the  aphasia  is  a  temporary  symptom 
which  soon  disappears,  but  is  followed  later  by  an  apo- 
plectiform attack,  attended  with  hemiplegia,  which  then 
runs  the  usual  course. 

The  duration  of  the  heniiplegia  varies  within  very  wide 
limits.  If  recovery  does  not  take  place  within  a  few 
weeks,  the  paralysis  will  probably  persist  for  the  re- 
mainder of  life.  Unlike  the  hemiplegia  of  cerebral 
hEemorrhage,  the  paralysis  is  not  so  apt  to  undergo  slow 
but  progressive  improvement.  Recovery  takes  place 
either  rapidly  or  not  at  all  in  the  large  majority  of  cases. 

The  further  course  of  the  disease  can  be  distinguished 
in  no  respect  from  that  of  cerebral  haemorrhage.  As  we 
have  stated  in  our  discussion  of  the  latter  subject,  even 
&poit-moriem  examination  may  fail  to  distinguish  in  old 
cases  between  the  remains  of  a  clot  and  an  embolic  pro- 
cess, inasmuch  as  the  embolus  itself  may  gradually  have 
been  absorbed  and  the  local  brain-lesion  be  replaced  by  a 
cyst  or  cicatrix.  j       ,     ti 

For  the  changes  in  the  symptomatology  due  to  tne 
varying  location  of  the  embolus,  we  must  again  refer  the 
reader  to  the  article  by  Dr.  Starr,  on  Bram,  Diagnosis 
of  Local  Lesions  in.  . 

But  we  will  here  refer  to  a  very  pecuhar  group  ot 
symptoms,  apparently  of  bulbar  origin,  which  has  been 
observed  in  a  number  of  instances  in  which  the  lesion 
was  situated  in  another  part  of  the  brain.  The  clinical 
history  of  this  form  of  disease  is  well  shown  by  the  fol- 
lowing case  reported  by  Berger ; . 
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"  A  man,  aged  sixty-one,  suflering  from  small,  con- 
tracted kidneys.  In  1883  dysartliria  and  dyspliagia  de- 
veloped suddenly  without  any  violent  apoplectiform 
symptoms.  At  the  end  of  two  days  right  hemiparesis 
and  salivation  were  observed.  Striking  improvement 
after  local  faradization.  About  a  year  later  an  attack  of 
tonic  rigidity  of  the  body,  followed  by  an  exacerbation 
of  the  disturbances  of  speech  and  deglutition,  and  also  of 
the  right  hemiparesis.  Paralysis  of  the  orbicularis  oris, 
particularly  on  the  right  side,  and  of  the  muscles  of  the 
tongue  and  deglutition.  Inconstant  condition  of  the 
glosso-labio-pharyngeal  paralysis ;  no  progressive  course. 
No  atrophy;  normal  electrical  irritability  of  the  paralyzed 
muscles." 

Quite  a  number  of  autopsies  have  shown  that  symp- 
toms of  this  character  may  be  due  to  a  bilateral  or  even 
unilateral  lesion  of  the  cerebral  hemispheres  in  any  posi- 
tion which  interferes  with  conduction  from  the  cortex  to 
the  centres  of  articulation  and  deglutition  in  the  medulla 
oblongata>  though  the  latter  may  be  entirely  intact.  A 
case  of  this  description,  in  which  I  was  fortunate  enough 
to  obtain  an  autopsy,  was  seen  bv  me  only  a  few  days 
ago.  In  this  instance  a  spot  of  softening  was  situated  in 
the  anterior  third  of  the  posterior  half  of  the  right  in- 
ternal capsule,  and  also  involved  slightly  the  anterior  part 
of  the  optic  thalamus. 

Diagnosis. — The  diagnosis  of  cerebral  embolism  has 
been  considered  in  part  in  the  discussion  of  cerebral 
haemorrhage,  so  that  very  little  need  now  be  said  on  the 
subject. 

cine  combination  of  symptoms,  viz. ,  the  sudden  occur- 
rence of  right  hemiplegia  and  aphasia  in  a  patient  who 
has  previously  presented  no  cerebral  symptoms,  is  ex- 
tremely characteristic  of  embolism  of  the  left  middle 
cerebral  artery.  This  group  of  symptoms  is  observed 
with  comparative  rarity  as  the  result  of  any  other  lesion, 
though,  of  course,  a  hfemorrhage  occurring  in  the  inter- 
nal capsule  may  give  rise  to  the  same  symptoms.  In  the 
latter  event,  however,  the  disturbance  of  consciousness  is 
usually  more  severe  than  in  the  former,  and,  in  addition, 
the  onset  of  the  disease  is  generally  not  so  sudden. 

The  development,  during  an  apoplectiform  attack,  of 
an  embolism  of  the  central  artery  of  the  retina  is  very 
significant  of  a  similar  affection  of  one  of  the  cerebral 
vessels.  Symptoms  indicative  of  the  formation  of  in- 
farctions in  the  spleen,  kidneys,  and  lungs,  may  also  aid 
us  in  coming  to  a  conclusion. 

Youthful  age  and  the  presence  of  valvular  disease  of 
the  heart  also  point  to  embolism  rather  than  hsemorrhage. 
In  very  young  children  and  infants,  however,  cerebral 
embolism  is  much  rarer  than  hsemorrhage. 

If  aphasia  occurs  as  the  sole  symptom  the  diagnosis 
must  be  made  from  the  attendant  circumstances,  such  as 
the  existence  of  cardiac  disease,  the  occurrence  of  pre- 
vious attacks  of  a  clearer  natjire,  the  age  of  the  patient, 
and  the  subsequent  history  of  the  disease. 

Berger  states  that  the  pseudo-bulbar  symptoms  men- 
tioned in  the  preceding  section  are  distinguished  from 
glosso-labio-pharyngeal  paralysis  by  the  following  differ- 
ential features : 

1.  Sudden  apoplectiform  development  of  the  symptoms, 
which  present  no  tendency  to  progre.ssion. 

2.  The  presence  of  other  cerebral  disturbances. 

3.  The  absence  of  atrophy  of  the  paralyzed  muscles, 
even  after  the  disease  has  lasted  a  considerable  time. 

4.  The  absence  of  defeneration  reaction. 

5.  The  intact  reflex  irritability  of  the  paralyzed  mus- 
cles. 

6.  The  absence  of  signs  of  progressive  muscular 
atrophy. 

Prognosis. — This  depends  mainly  upon  the  situation 
and  character  of  the  artery — whether  terminal  or  not — in 
which  the  embolus  has  lodged,  and  upon  its  complete  or 
incomplete  occlusion.  The  latter  factor  is  of  compara- 
tively slight  importance,  since  incompletely  occluding 
emboli  usually  are  converted  into  completely  occluding 
ones  from  the  secondary  deposition  of  a  thrombus.  As 
a  matter  of  course,  the  occlusion  of  one  of  the  vessels  sup- 
plying the  pons  or  medulla  may  prove  rapidly  fatal. 


If  improvement  occurs  it  usually  takes  place  within 
one  or  two  weeks.  Otherwise  the  symptoms  remain  sta- 
tionary or  are  complicated  at  a  later  period  with  second- 
ary contractures,  etc.,  as  in  cerebral  hsemorrhage.  Ac- 
cording to  our  experience,  there  is  less  danger  of  mental 
impairment  than  in  cerebral  hsemorrhage.  Relapses  may 
occur  at  any  time  from  the  continuance  of  the  primary 
cause.  Death  occurs  much  less  frequently  than  in  hsemor- 
rhage of  the  brain,  unless  the  embolus  lodges  in  the  basilar 
artery. 

Cbkebbal  Thkombosis. — Etiology. — Thrombosis  of 
the  cerebral  arteries  is  generally  the  result  of  atheroma- 
tous degeneration  of  the  vessels.  In  such  cases  the  cur- 
rent of  blood  is  also  usually  slowed  on  account  of  weak- 
ness of  the  heart's  action,  and  coagulation,  therefore, 
takes  place  upon  the  roughened  parts  of  the  inner  coat  of 
the  vessel.  The  deposit  of  coagulated  blood  gradually 
increases  in  extent,  until,  as  a  rule,  the  lumen  is  entirely 
occluded.  In  rare  instances,  however,  a  parietal  throm- 
bus forms,  leaving  part  of  the  lumen  free  for  the  passage 
of  blood. 

As  we  have  stated  previously,  it  is  quite  common  to 
find,  also,  that  a  secondary  thrombus  is  deposited  upon 
a  cerebral  embolus,  whatever  the  origin  of  the  latter  may 
have  been. 

A  syphilitic  affection  of  the  walls  of  the  vessels  may 
lead  to  thrombosis  in  the  samte  way  that  atheroma  does, 
but  the  syphilitic  vascular  lesions  have  been  discussed 
under  a  separate  heading. 

As  atheroma  of  the  vessels  is  usually  one  of  the  acci- 
dents of  advancing  age,  so  thrombosis  is  also  most  fre- 
quent after  middle  life. 

Another  variety  of  cerebral  thrombus  is  that  known  as 
the  marasmic  thrombus.  This  develops  in  intact  vessels 
as  the  result  of  simple  retardation  of  the  current  of  blood 
(perhaps  associated  with  a  change  in  its  chemical  consti- 
tution), and  is  observed  usually  after  protracted,  exhaust- 
ing diseases,  or  severe  attacks  of  an  acute  infectious 
disease.  This  variety  is  also  observed  in  childhood,  from 
similar  causes. 

Another  form  of  thrombosis  is  the  result  of  direct  com- 
pression of  the  vessel,  either  from  a  mass  of  surrounding 
exudation,  particularly  in  tubercular  meningitis,  from  the 
growth  of  a  tubercular  new-formation  through  the  wall 
of  the  vessel,  or  from  the  pressure  of  a  tumor  of  the 
brain.  In  such  cases,  however,  the  clinical  history  of 
the  thrombus  is  usually  lost  in  that  of  the  primary  disease. 

Olinical  History. — Cerebral  thrombosis  is  frequently 
preceded  by  prodromal  symptoms,  which  vary  greatly  in 
character  and  duration,  lasting  at  times  for  many  months. 
These  symptoms  are  due  probably  to  the  impaired  nutri- 
tion of  the  brain,  on  account  of  the  slowly  increasing 
diminution  of  the  elasticity  and  calibre  of  the  affected 
vessel. 

Dizziness  is  one  of  the  most  common  prodromal  mani- 
festations ;  it  may  be  constant  or  intermittent,  and  is  often 
aggravated  by  any  sudden  change  in  position.  Violent 
headache  is  more  infrequent,  and  is  usually  diffused  over 
the  entire  head.  The  patient  grows  moody  and  morose, 
the  memory  is  weakened,  and  impairment  of  speech  may 
also  be  noticed.  Sometimes  intercurrent  attacks  occur, 
in  which  the  individual  partly  loses  consciousness,  ex- 
periences numbness  in  an  arm  or  leg,  and,  perhaps,  has  a 
slight  loss  of  power  in  these  parts. 

After  a  longer  or  shorter  duration  of  the  prodromal 
stage,  the  symptoms  proper  of  the  thrombosis  usually 
develop  with  great  rapidity.  Sometimes,  indeed,  the 
attack  is  as  sudden  as  one  caused  by  embolism  or  haamor- 
rhage,  and  if  no  previous  symptoms  have  been  observed, 
it  may  be  impossible  to  make  a  differential  diagnosis. 
The  symptoms  of  the  attack  itself  can  usually  be  dis- 
tinguished in  no  respect  from  those  of  cerebral  hsemor- 
rhage, but  there  is  some  difference  to  be  noted  in  the 
subsequent  history.  Recovery  from  the  paralysis  which 
has  been  produced  is  extremely  exceptional.  On  the  con- 
trary, the  impairment  of  motion  grows  more  marked  with 
time.  This  feature  is  explained  in  part  by  another  pe- 
culiarity of  the  affection,  viz.,  that  very  commonly  the 
mental  power  becomes  steadily  impaired  after  the  attack 
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of  paralysis.  If  several  seizures  occur  (as  is  not  infre- 
quently the  case),  the  patient  gradually  sinks  into  a  con- 
dition in  which  he  forgets  almost  everything,  and  even 
fails  to  attend  to  the  wants  of  nature  ;  his  speech  is  thick 
and  indistinct,  etc. 

The  symptoms  due  to  thrombosis  of  the  basilar  artery 
are  so  peculiar  that  they  merit  separate  consideration. 

The  symptoms  develop  suddenly  or  gradually,  accord- 
ing to  the  mode  of  development  of  the  thrombus. 

Sometimes  merely  a  severe  apoplectic  attack  is  pro- 
duced, accompanied  often  by  contraction  of  the  pupils 
and  irregular  breathing;  the  attack  proving  fatal  in  a 
period  varying  from  a  few  hours  to  several  days. 

But  usually  very  characteristic  phenomena  are  devel- 
oped. If  hemiplegia  is  present  (and  this  is  usually  the 
case),  it  is  generally  of  the  so-called  "alternate"  type 
(Gubler).  In  this  form  of  hemiplegia  the  body  is  par- 
alyzed on  one  side  and  the  face  on  the  opposite  side  (the 
paralysis  of  the  facial  nerve  involves  the  occipito-f rontalis 
and  orbicularis  palpebrarum,  and  is,  therefore,  similar  to 
peripheral  facial  paralysis).  In  addition,  there  is  another 
very  rare  form  of  alternate  hemiplegia,  in  which  the  face 
and  body  are  paralyzed  on  the  same  side,  the  motor  oculi 
communis  on  the  opposite  side.  Leyden  proposes  to  call 
the  former  variety  inferior  alternate  hemiplegia,  the  latter 
variety  superior  alternate  hemiplegia. 

In  addition,  disturbances  of  speech  and  deglutition  are 
frequently  produced,  the  former  more  commonly  than 
the  latter.  The  difficulty  of  speech  is  shown  by  the 
thick,  muffled  articulation,  and  is  due  to  paresis  of  the 
muscles  of  articulation ;  in  other  words,  it  does  not  present 
the  characteristics  of  any  of  the  forms  of  aphasia.  The 
tongue  is  usually  moved  with  difficulty.  The  bodily 
temperature  is  apt  to  rise  very  high  in  these  cases  shortly 
before  death,  and  Eichhorst  has  reported  a  case  in  which 
the  temperature  reached  108°  F. 

Despite  the  gravity  of  the  lesion,  some  patients  make  a 
tolerably  complete  recovery,  and  again  become  able  to 
walk  about,  until  a  further  extension  of  the  disease  pro- 
duces a  second  and  fatal  attack. 

Diagiiosis. — As  we  have  on  several  occasions  remarked, 
the  symptoms  of  an  apoplectic  seizure  due  to  cerebral 
hsBmorrhage,  embolism,  and  thrombosis,  may  be  iden- 
tical with  one  another.  But  the  attendant  circumstances 
are  often  of  such  a  nature  that  we  shall  be  enabled  to  dis- 
tinguish cerebral  thrombosis  from  the  two  other  affec- 
tions mentioned. 

When  the  prodromal  stage  is  very  long  and  the  attack 
itself  develops  slowly,  the  recognition  of  thrombosis  is 
usually  quite  easy.  But  when  these  conditions  do  not 
hold,  the  diagnosis  depends  chiefly  upon  the  age  of  the 
patient,  the  condition  of  the  blood-vessels  (particularly 
the  radial  and  temporal  arteries),  and  the  subsequent 
history  of  the  case. 

Furthermore,  it  is  characteristic  of  this  disease  that  it  is 
very  often  attended  by  a  gradual,  pronounced  failure  of 
the  mental  powers,  so  that  the  patients  finally  sink  into  a 
demented  condition. 

In  a  large  proportion  of  cases,  however,  it  is  impossible 
to  make  a  diagnosis  between  cerebral  haemorrhage  and 
thrombosis. 

Prognosis. — The  prognosis,  as  regards  complete  recov- 
ery, is  extremely  unfavorable,  not  so  much  on  account 
of  the  severity  of  the  lesion  itself,  but  from  the  fact  that 
the  vital  powers  are  usually  at  such  a  low  ebb  that  resto- 
ration of  function  in  the  affected  parts  is  impossible. 

Sometimes  a  considerable  interval  elapses  between  the 
individual  attacks,  but  the  disease  is  always  progressive, 
and  unless  carried  off  by  an  intercurrent  disease,  the  pa- 
tient gradually  sinks  into  a  condition  of  imbecility,  finally 
gets  up  bed-sores,  etc. 

Treatment. — During  attacks  of  cerebral  embolism  or 
thrombosis  very  little  can  be  done  beyond  keeping  the 
patient  perfectly  quiet.  When  indicated  by  the  pulse, 
-stirmilants  should  be  administered  to  rouse  the  failing 
action  of  the  heart. 

■After  the  primary  attack  has  passed  over,  the  treatment 
'of  the  residua  of  embolism  will  be  essentially  the  same 
'as  that  advised  .concerning  cerebral  hsemorrhage. 


After  thrombosis,  the  paralysis  and  other  symptoms  do 
not  yield  to  treatment,  and  little  need  be  done  beyond 
keeping  up  the  general  nutrition  of  the  patient. 

Leopold  Puizel. 

BRAIN,  HYPER/EMIA  OF.  A  term  used  to  signify 
augmentation  of  the  mass  of  blood  in  the  vascular  de- 
partment of  the  brain.  An  equivalent  meaning  is  con- 
veyed by  cerebral  congestion.  Both  terms  indicate  in 
the  main  an  extra  physiological  accumulation  in  the  cir- 
culation of  the  encephalon,  and  express  the  same  cause 
united  to  different  symptoms,  although  congestion  would 
seem  to  apply  rather  to  the  sudden  or  the  so-called 
fluxionary  hyperaemias.  Some  writers  claim,  however, 
that  increase  of  arterial  blood  passing  through  the  en- 
cephalon is  the  only  true  hypersemia,  and  that  fulness  of 
the  brain  should  more  properly  be  described  by  "  venous 
congestion,"  which  is  rather  associated  with  anaemia. 

Like  that  of  many  questions  in  medicine,  the  history 
of  cerebral  congestion  is  old  and  so  completely  chaotic 
that  in  recent  times  the  possibility  of  its  occurrence,  and 
consequently  its  clinical  importance,  have  been  doubted. 
Putting  aside  its  existence  as  a  separate  disease,  or  as 
a  morbid  entity  having  pathognomonic  and  regular  symp- 
toms, we  will  assume  that  the  brain,  like  any  other  organ 
may  be  the  seat  not  only  of  anaemias  but  of  hyperaemias, 
either  circumscribed  or  generalized.  Analogical  justifi- 
cation so  obvious  as  that  furnished  by  experimental  in- 
vestigation on  the  lower  animals,  having  reference  to 
venous  hypersemia,  renders  the  possibility  of  increased 
vascularization  of  the  brain  admissible.  Further  evi- 
dence that  the  contents  of  the  cranial  cavity  may  vary  in 
quantity  is  furnished  by  the  intracranial  pressure  detected 
in  infants  in  whom  the  fontanelles  are  open,  the  scali) 
being  raised  above  the  level  of  the  skull,  or  depressed,  ac- 
cording as  the  head  is  raised  or  lowered,  or  when  the 
tension  of  the  f  ontanelle  is  increased  by  compression  of 
the  jugular  veins.  Where  a  portion  of  the  brain  is  ex- 
posed, after  an  injury  of  the  skull,  it  will  be  observed  to 
enlarge  and  to  contract  in  correspondence  with  the  eleva- 
tion or  depression  of  the  head,  the  presence  or  absence  of 
sleep  and  emotional  excitement,  or  with  the  action  of  any 
cause  that  accelerates  the  circulation.  Any  cause  that  con- 
stricts the  neck  may  produce  a  sensation  of  fulness  and 
pain  about  the  head,  with  bleeding  from  the  nose  ;  and 
as  a  fact  of  pathological  moment  that  should  be  empha- 
sized, there  may  be  mentioned  the  obstruction  to  the 
flow  of  venous  blood  resulting  from  insufficient  removal 
of  carbon  dioxide.  In  dependent  positions  of  the  head, 
indications  of  congestion  are  noticeable  in  the  bloodshot 
countenance  and  oth^.r  evidences  of  imperfect  return  of 
blood.  The  existence  of  intracranial  congestion  under 
such  circumstances  is  further  demonstrated  by  the  very 
red  papillae  and  much  congested  vessels  of  the  optic  nerve. 
These  changes  at  the  fundus  of  the  eye  are  not  found  in 
such  gymnasts  as  trapeze  performers  and  "  fly -walkers," 
because  by  constant  training  and  habit  the  animal  econ- 
omy accommodates  itself  to  the  abnormal  positions. 
Variability  of  the  cerebral  circulation  is  further  shown  in 
the  pallor  of  the  fundus  of  the  eye,  following  the  ad- 
ministration of  drugs  that  .are  known  to  irritate  the  vas- 
cular nerve-centres,  as  ergotine  and  belladonna.  Finally, 
the  existence  of  cerebral  hyperaemia  is  revealed  by  the 
necroscopic  appearance  of  the  brains  of  persons  or  of 
animals  who  during  life  suffered  from  interruption  to  the 
perfect  return  of  blood  from  the  head. 

It  is  more  difficult  to  recognize  cerebral  hypersemia  on 
the  cadaver,  since  evident  traces  are  not  always  left  in  the 
brain,  and  there  may  be  sanguinary  stases  brought  about 
by  gravity  and  the  position  of  the  cadaver  which  do  not 
exist  during  life.  Venous  hyperaemia  is  more  easily 
recognizable  after  death  than  the  arterial  form.  In  a 
severe  case  of  hyperaemia  the  tissues  over  the  cranium 
are  often  found  to  contain  an  abnormal  quantity  of  blood ; 
drops  of  extravasated  blood  from  ruptured  vessels  are 
seen  on  the  dura  after  removing  the  calvarium  ;  the  dura 
mater,  when  detached,  is  of  a  bluish  tint ;  the  sinuses  of 
the  dura,  the  veins  emptying  into  the  sinuses,  the  veins  of 
the  pia  and  the  choroid  plexuses  are  distended  with 
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blood ;  and  degeneration  of  the  vessels  themselves  has 
been  frequently  observed.  The  mass  of  the  brain  ap- 
pears larger  and  swollen,  the  convolutions  and  the 
gyri  are  flattened,  the  sulci  are  effaced,  the  ventricles 
may  be  filled  from  subarachnoidean  efEusion,  there  is 
a  reddening  of  the  whole  organ,  and  the  membranes  are 
dry  and  viscous.  This  reddish  or  deep-red  tint  is  particu- 
larly noticeable  in  the  intense  hypersemia  of  the  new- 
born. 

The  gray  substance,  increased  in  consistence,  presents  a 
reddish-gray  color,  and  if  the  hypersemia  has  been  in- 
tense, small  punctiform  haemorrhages  are  observed.  The 
white  substance,  also  increased  in  consistence  and  in  den- 
sity, is  of  a  uniform  rose  color.  On  section  the  brain, 
without  being  oedematous,  shows  numerous  sanguinary 
points  which  are  larger  than  usual,  owing  to  increased 
size  of  the  capillaries.  The  meninges  are  usually  filled, 
and  .the  veins  of  the  cortex  are  tortuous.  If  the  case  has 
been  a  chronic  one,  uniform  widening  and  tortuosity  of 
the  vessels  is  much  more  pr(mounced,  showing  the  devel- 
opment of  small  aneurismal  dilatations,  and  sequelae  condi- 
tioned by  the  increased  vaccularization,  such  as  vascular 
development  of  the  cellular  tissue  which  enters  into  inti- 
mate relations  with  the  glia.  The  cribriform  or  sieve-like 
appearance  observed  on  making  a  transverse  section  of  the 
hemispheres  is  usually  regarded  as  a  consequence  of  long- 
standing stasis,  especially  if  found  in  the  brains  of  old 
people,  of  chronic  drunkards,  opium-eaters,  or  of  maniacs. 
There  are  also  reasons  for  believing  that  cerebral  atrophy 
may  be  developed  in  old  people  in  consequence  of  con- 
tinuous venous  stasis.  The  pathological  changes  of  ar- 
terial hypersemias  peculiar  to  the  cranial  cavity  are  rarely 
observed  on  the  cadaver,  as  they  usually  disappear,  with 
its  causes,  after  death.  When  we  take  into  consideration 
the  imperfect  knowledge  both  of  its  mechanism  and  of  its 
anatomical  details,  and  the  difficulty  to  establish  the  rela- 
tions existing  between  its  numerous  symptoms  and  the 
lesions  that  determine  them,  it  is  not  surprising  that  the 
existence  of  cerebral  hypersemia  is  not  always  easily  de- 
monstrable. The  condition  may  sometimes  be  studied 
on  the  large  arteries  of  the  pia,  but  no  one  has  yet  distin- 
guished an  arterial  from  a  venous  hypereemia  in  the  cor- 
tical portion  of  the  brain.  It  is  only  in  such  processes  as 
Basedow's  disease  that  chronic  arterial  hypersemia  is 
recognized.  The  difficulty  of  recognition  is  increased  by 
the  inflammatory  changes  and  simple  hyperplasias  that 
are  often  present,  and  often  overlooked  after  frequent 
and  long-continued  attacks  of  chronic  arterial  hypersemia. 
According  to  recent  researches,  when  the  disorder  has 
run  a  rapid  course,  pathological  changes  may  be  found 
in  the  ganglion  cells,  or  in  the  cortical  connective-tissue, 
with  nuclear  proliferations  in  the  walls  of  the  vessels,  and 
in  the  fibrillary  plexus  of  the  cortical  substance. 

If  there  exist  a  disproportion  between  the  clinical  and  the 
post-mortem  phenomena  of  cerebral  hypersemia,  it  must  be 
admitted  that  the  mass  of  the  blood  within  the  skull  varies 
according  to  certain  circumstances,  and  that  the  brain, 
like  other  organs  of  the  body,  is  subject  both  to  anajmia 
and  to  hypersemia ;  indeed  it  would  be  surprising  if  it  were 
not.  The  question  of  hypersemia  resolves  itself  into  that 
of  a  liquid  circulating  in  tubes,  in  which  repletion  or  en- 
gorgement can  be  produced  in  but  two  ways,  namely,  by 
mcrease  of  the  inflow,  or  by  diminution  of  the  outflow. 
Active  fluxionary  hypersemia  may  be  caused  by  the  aug- 
mentation, and  passive  hypersemia,  or  that  of  stasis,  by 
diminution  of  the  sanguinary  flow.  The  force  and  abun- 
dance of  the  inflow  of  blood  into  the  vessels  of  the  brain 
is  influenced  by  the  general  increase  of  pressure,  and  by 
diminution  of  local  resistance,  and  it  seems  as  if  the  greater 
number  of  active  congestions  should  be  brought  under 
the  first  category.  For  a  long  time  the  congestive  influ- 
ence of  certain  exciting  drinks,  as  tea.  Coffee,  and  alcohol, 
has  been  admitted  ;  and  violent  muscular  exertion,  gen- 
eral plethora,  cardiac  hypertrophy,  emphysema  of  the 
lungs,  the  effects  of  strong  emotion,  and  the  exaggeration 
of  normal  functional  activity,  are  believed  to  take  great 
part  in  the  production  of  cerebral  congestion.  But  the 
general  increase  of  blood-pressure  plays  simply  a  second- 
ary part  in  the  production  of  hyperemia,  which  it  can 


only  facilitate  or  augment  when  there  exist  local  altera- 
tion, such  as  inflammations  or  vascular  lesions.  Hyper- 
trophy of  the  heart  can  scarcely  be  said  to  cause  con- 
gestion of  the  brain,  except  in  cases  in  which  the  cerebral 
vessels  have  become  weakened  on  account  of  other 
causes,  and  the  same  may  be  said  of  other  agents  that  in- 
crease the  cardiac  impulse. 

Other  conditions  that  tend  to  produce  congestion  of  the 
brain,  by  excess  of  arterial  tension  and  too  considerable 
afflux  of  blood,  are  chronic  Bright's  disease,  Basedow's 
disease;  intermittent  fever,  extremes  of  heat  and  cold, 
and  the  tension  produced  in  the  vessels  of  the  head  and 
neck  when  the  aorta  is  constricted  or  strongly  compressed 
by  a  thoracic  or  an  abdominal  tumor.  'This  increased 
arterial  tension  may  also  be  brought  about  by  the  sup- 
pression of  the  normal  or  pathological  secretions,  as  the 
menses  at  the  menopause  or  other  period,  by  the  sudden 
stoppage  of  hsemorrhoidal  bleeding  when  general  plethora 
(exists,  by  the  checking  of  a  chronic  diarrhoea  of  long 
standing,  or  by  stopping  the  haemorrhages  in  haemato- 
philia,  and  it  may  result  from  facial  erysipelas,  or  any 
cerebral  or  meningeal  phlegmasise,  from:  diverse  peri- 
pheral irritations,  from  extended  lesions  of  the  skin  pro- 
duced by  burns  and  eruptive  diseases,  as  variola,  scarla- 
tina, and  measles. 

An  important  and  considerable  class  of  congestions 
may  result  from  local  increase  of  pressure  or  collateral 
fluxions,  by  means  of  which  the  entrance  of  blood  is  shut 
out  from  the  organs.  The  pathological  phenomena  sus- 
ceptible of  giving,  place  to  collateral  fluxions  are  acute 
inflammations,  thromboses,  and  embolisms,  and  the  in- 
farctions resulting  therefrom.  Interstitial  hsemorrhage 
may  have  the  same  result ;  and  the  energetic  local  com- 
pression excited  on  the  skin  by  the  application  of  thick 
layers  of  collodion  also  produces  a  considerable  local 
hypersemia.  Fluxionary  hypersemias  from  exaggeration 
of  pressure  result  from  general  pressure  only,  not  from 
local,  and  the  greater  part  of  them  result  from  the  patho- 
logical causes  above  mentioned. 

Hypersemias  of  fluxion,  by  diminution  of  local  resist- 
ance, may  result  when  atmospheric  pressure  is  diminished 
or  defective,  the  simplest  type  of  which  is  furnished  by 
the  application  of  the  large  exhausting  apparatus  used  to 
produce  cutaneous  revulsion.  The  opposite  condition 
may  bring  about  the  hypersemias  peculiar  to  workmen  in 
condensed  air.  The  congestive  phenomena  brought 
about  by  the  rapid  disappearance  of  a  considerable  effu- 
sion, as  ascites,  and  even  by  the  extirpation  of  certain 
tumors,  belong  to  the  same  category.  The  condition  ia 
also  brought  about  by  direct  or  reflex  paralysis  of  the 
vaso-motors  which  influence  the  dimensions  of  the  vessels 
in  the  brain  cavity.  The  innervation  of  the  vascular 
walls  may  be  directly  diminished  by  any  pressure  what- 
ever, as  that  of  a  tumor,  or  they  may  be  paralyzed  by 
reflex  action  in  consequence  of  an  irritation  of  the  sensi- 
tive nerves  of  a  part,  as  observed  in  inflammation  and  in 
lesions  of  the  nerve-centres.  Direct  paralysis  of  the  mus- 
cular walls  of  vessels  may  be  brought  about  by  varia- 
tions of  temperature.  Extreme  heat  and  cold  and  inso- 
lation are  capable  of  producing  intense  congestion,  and 
the  action  of  rubefacients  is  analogous.  Direct  insolation 
doubtless  acts  by  raising  the  temperature  of  the  cranium 
to  such  a  degree  as  to  cause  incipient  paralysis  of  the 
muscular  action  of  the  vessels,  and  consequent  diminu- 
tion in  the  tonic  force  of  their  walls.  The  same  nervo-vas- 
cular  phenomena  are  asserted  to  be  brought  about  by  the 
action  of  such  substances  as  opium,  alcohol,  belladonna, 
hyoscyamus,  haschisch,  stramonium,  and  amyl  nitrite. 
Fatty  or  amyloid  degeneration  of  the  vascular  walls,  es- 
pecially in  old  people,  transforms  the  vessels  into  inert 
and  dilatable  tubes,  which  may  favor  hypersemias  of  this 
order.  The  presence  of  entozoa,  or  of  any  pre-existing 
focus  of  disease  in  the  brain,  is  also  an  etiological  factor. 
Finally,  all  the  processes  that  decrease  intracranial  press- 
ure favor  the  creation  of  cerebral  hypersemia.  Among 
them  must  be  reckoned  such  causes  as  intense  excite- 
ment, no  matter  whether  produced  by  imagination,  tem- 
perament, or  thought.  Intellectual  work  that  consists  in 
logical  combinations  of  ideas  seems  to.be  less  hurtful  in 
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this  respect  than  the  more  exciting  results  of  a  heated 
Imagination,  or  the  depressing  effects  of  sadness,  sorrow, 
and  sudden  shocks. 

Passive  hyperaemia,  or  the  hypersemia  of  stasis,  may 
result  from  the  active  or  fluxionary  form.  It  happens 
that  the  capillary  vessels  do  not  regain  their  first  tonicity 
after  the  enormous  distention  of  an  active  hypersemia,  so 
that  the  stases  become  confused  with  the  preceding 
fluxions.  The  causes  of  hyperasmia  by  stasis  are  princi- 
pally those  thg,t  retard  the  return  of  blood  from  the  brain, 
either  by  diminution  of  the  local  pressure  or  by  increase 
of  the  obstacles  opposed  to  the  returning  circulation. 
The  former  exists  in  the  case  of  alterations  of  the  arterial 
walls,  or  when  their  contractility  and  elasticity  are  lost, 
and  in  obliteration  of  the  arteries  ;  the  second  is  seen 
in  the  hypostases  of  certain  congestions  resulting  from 
the  long  continuance  of  one  position  of  the  body,  or  in 
those  following  certain  maladies,  and  in  the  compressions 
of  the  venous  system  by  tumors  or  any  neoplasm  what- 
ever. Venous  congestion  or  hsemorrhagic  stasis  may  re- 
sult from  thrombosis,  or  it  may  result  from  congestion 
of  the  vena  portse,  from  compression  of  the  jugular,  from 
a  stasis  in  the  region  of  the  lesser  circulation,  from  mitral 
insufficiency,  emphysema,  and  stenosis  of  the  larynx, 
from  all  forced  expiratory  efforts  made  with  closed 
glottis,  and  from  all  processes  that  invade  the  abdominal 
cavity,  especially  in  plethoric  individuals.  Chronic  con- 
stipation and  flatulence,  blowing  wind-instruments,  vio- 
lent vocal  efforts,  parturition,  epilepsy,  hysteria,  and 
chlorosis,  are  all  at  fault  in  producing  this  variety  of 
hypersemia. 

Although  no  one  sign  of  cerebral  hypersemia  is  ol  ab- 
solute diagnostic  value,  yet  its  existence  is  often  estab- 
lished by  the  symptoms  alone.  Fluxionary  hypersemia 
constitutes  rather  a  phenomenon  superadded  to  various 
morbid  states,  but  in  certain  cases  of  mental  alienation 
over-activity  of  the  mind,  though  always  secondary,  is 
very  nearly  the  only  pathological  manifestation.  As  in 
ansBmia,  the  symptoms  met  with  in  exaggerated  disten- 
tion of  the  vessels  of  the  brain  are  those  arising  from  de- 
rangements of  the  sensorium,  the  organs  of  special  sense, 
and  of  the  sensitive  and  motor  nerves.  The  manifestar 
tions  of  cerebral  hypersemia  are  perhaps  better  known  to 
alienists  and  neurologists  than  to  other  physicians.  They 
are  most  important  as  throwing  light  on  the  general  path- 
ology of  insanity,  many  cases  of  which,  having  unknown 
or  undetermined  lesions,  are  doubtless  owing  to  ence- 
phalic congestions.  Of  the  cerebral  functions' the  most 
strongly  affected  is  the  intelligence.  Delirium  is  the 
promment  symptom  of  cerebral  hypersemia.  It  is  gen- 
erally that  of  excitement,  and  in  many  cases  in  no  way 
connected  with  general  paralysis  there  are  found  to  pre- 
dominate the  delusions  of  grandeur,  riches,  ambition,  and 
the  like,  characteristic  of  congestive  mania.  The  super- 
activity of  the  cerebral  circulation,  as  well  as  that  of 
thought  and  well-being,  may  be  recalled  in  the  rosy  ex- 
citement produced  by  wine  and  good  cheer,  in  the  arti- 
ficial excitement  of  poetic  frenzy,  in  the  beatific  visions 
of  psychopathic  women,  and  in  religious  ecstasy.  Iij- 
somnia  is  one  of  the  surest  signs  of  hypersemia  of  the 
brain.  In  many  cases  mania  and  certam  hallucinations 
are  connected  with  a  notable  hypersemia  of  the  gray 
layer.  The  delirium  of  febrile  congestion,  which  is  of  a 
more  distressing  character,  is  owing  less  to  quantity  than 
to  the  quality  of  the  blood,  which  is  warmer,  and  besides 
charged  with  pyrogenic  substances,  as  miasms,  pus,  and 
the  like. 

General  hypersesthesia  most  often  coincides  with  furi- 
ous delirium,  and  headache  also  exists  in  a  great  number 
of  cases.  Tlie  troubles  of  the  organs  of  sense  are  charac- 
terized by  excitement  and  irritability.  It  is  claimed  that 
paraesthesia  may  be  detected  with  the  sesthesiometer. 
Generally  the  pupil  is  contracted.  This  has  been  noted 
in  the  greater  proportion  of  cases.  Paralysis  of  the 
dilator,  or  irritation  of  the  sphincter  is  met  with.  Pho- 
tophobia, ocular  spectra,  and  ringing  in  the  ears  are 
symptoms  peculiar  rather  to  cerebral  ansemia  or  to  the 
venous  variety  of  hypersemia.  The  ophthalmoscope 
teaches  but  little  in  regard  to  cerebral  hyperajmia.    Its 


use  has,  however,  justified  the  supposition  of  a  transitory 
vaso-motor  paralysis  during  frequent  and  severe  attacks 
of  cerebral  congestion  in  a  case  of  hysteria  with  paralysis 
and  other  symptoms.  Diplopia  and  illusive  transforma- 
tions of  hearing  are  often  present  with  the  other  derange- 
ments of  the  special  senses.  Recent  observations  point  to 
the  connection  between  tympanic  congestion  and  cerebral 
hypersemia.  Examination  of  the  membrana  tympani  ap- 
pears to  indicate  the  state  of  the  cerebral  circulation,  a  fact 
demonstrated  by  comparing  the  state  of  this  membrane 
before  and  after  the  administration  of  quinia  or  amyl 
nitrite.  It  is  remarked,  in  connection  with  this  circum- 
stance, that  evidences  of  congestion  are  noticed  in  the  ves- 
sels over  the  handle  of  the  malleus,  and  that  the  mem- 
brana tympani  is  of  a  light  pinkish  color.  There  is  also 
a  rise  of  temperature  in  the  external  auditory  canal. 

Motor  disorders  are  seen  in  the  agitations  and  struggles 
of  the  patient.  There  may  be  numbness  and  formication 
of  the  extremities,  but  paralysis  does  not  in  any  way  be- 
long to  arterial  hypersemia.  Convulsions  are  most  com- 
mon in  infants,  and  belong  rather  to  ansemia  or  venous 
stasis  than  to  arterial  hypersemia,  and  they  may  be  con- 
founded with  epilepsy.  The  vomiting  sometimes  met 
with  belongs  also  most  often  to  ansemia.  The  circulatory 
apparatus  is  more  or  less  disturbed  in  cases  of  active 
congestion.  There  is  palpitation  and  a  sense  of  oppres- 
sion ;  the  pulse  is  full  and  rapid  and  the  carotids  pulsate. 
This  morbid  excitability  of  the  heart  is  particularly  in- 
fluenced by  emotional  disturbance.  There  is,  however, 
a  difference  of  opinion  as  to  its  symptomatic  importance. 
Reflex  excitability  is  preserved. 

The  phenomena  of  venous  or  passive  congestions  are 
in  reality  those  that  commonly  relate  to  ansemia  of  the 
brain,  and  in  a  given  case  of  anoxohsemia  it  is  difficult  to 
recognize  whether  the  condition  be  owing  to  want  of 
blood  in  totality  or  to  venous  stasis.  In  a  venous  stasis 
from  thrombosis  of  the  sinus  or  from  embolism  the  symp- 
toms present  are  similar  to  those  of  congestion,  namely, 
derangements  of  the  intelligence,  the  sensibility  and  mo- 
tility, and  sometimes  there  is  an  agitated  state  of  mind, 
with  dilated  pupils.  Vertigo,  photophobia,  auditory 
subjective  phenomena,  and  incoherence  of  ideas  exist, 
however,  to  a  less  degree  in  this  form  than  in  the  fluxion- 
ary, and  in  the  case  of  delirium  it  is  rather  of  the  mild  or 
demented  kind.  The  symptoms  of  cerebral  hypersemia 
may  vary  according  to  age,  sex,  and  other  circumstances. 
Men  are  more  subject  to  it  than  women.  The  different 
periods  of  life  known  as  increase,  maturity,  and  decline, 
are  modifying  influences,  but  it  does  not  appear  that 
season  exerts  any  influence.  The  symptoms  may  be  light 
or  severe,  and  they  may  be  acute  or  chronic. 

In  a  case  of  acute  fluxionary  hypersemia  the  patient 
may,  after  a  short  premonitory  headache  and  dizziness, 
fall  senseless,  with  or  without  convulsive  movements. 
The  face  is  red,  the  conjunctivse  injected,  the  pupils  con- 
tracted, the  temporals  and  carotids  pulsate  vehemently, 
the  pulse  is  hard  and  strong,  the  respiration  stertorous. 
There  are  often  convulsive  movements  and  twitchings, 
especially  in  children,  combined  with  slight  paresis,  and 
the  condition  often  ends  in  stupor  and  death.  If  the 
case  do  not  terminate  fatally,  the  symptoms  decrease  in 
severity  and  disappear  entirely,  or  they  may  pass  into  the 
chronic  form.  The  latter  is  characterized  by  a  sense  of 
fulness  and  heaviness  in  the  head,  by  continuous  or  par- 
oxysmal headache,  dizziness,  and  pulsations  of  the  tem- 
poral and  carotid  arteries.  These  symptoms  become 
worse  by  lowering  the  head,  and  by  the  influence  of  alco- 
hol, if  the  hypersemia  is  still  active.  The  frame  of  mind 
is  rarely  serene,  the  patient  is  morose,  excitable,  and  ex- 
plosive. There  is  a  disinclination  to  mental  labor,  with 
confusion  of  thought,  the  combinations  of  which  are  il- 
logical, morbid,  and  exaggerated  ;  and  symptoms  of  mor- 
bid apprehension,  like  those  common  to  agoraphobia,  are 
often  present.  A  morbid  fear  of  impotence  is  a  preaomi- 
nant  idea  in  this  condition.  Other  symptoms  arrange 
themselves  accordin'g  to  the  fundamental  conditions  that 
originate  the  exaggerated  distention  of  the  cerebral  vessels. 

The  symptoms' of  passive  hypersemia  are  not  entirely 
identical  with  the  foregoing.    There  is  more  apathy,  and 
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the  patient  is  more  depressed.  It  should  be  taken  into 
account  that  the  poisonous  influences  of  carbon  dioxide 
obtain  in  this  condition  :  it  is  the  defect  of  oxygen  m  the 
venous  blood,  and  not  its  quantity,  which  causes  the  char- 
acteristic phenomena.  .    .     ,^         XI 

The  diagnosis  of  cerebral  hyperemia  is  often  not  clear, 
because  of  the  likeness  of  the  symptoms  to  those  of  anaj- 
mia.  The  question  here  concerns  the  symptoms  that 
have  already  been  mentioned  in  connection  with  the  ex- 
citements of  the  three  great  faculties  of  the  nervous  sys- 
tem another  enumeration  of  which  would  be  tedious. 
In  the  delirium  of  anaemic  origin,  as  in  grave  fevers  and 
inanition,  the  aspect  of  the  patient  is  quite  the  opposite  ot 
the  flushed  face,  the  brilliant  eye,  and  general  rugged 
appearance  so  often  associated  with  hypersemic  delirium. 
The  essentially  transitory  character  of  the  excitement 
met  with  in  these  cases,  the  syncope  and  convulsions, 
leave  no  doubt  as  to  the  ansemic  cause  of  the  delirium. 
Delirium  tremens  and  a  certain  kind  of  delirium  from 
lead-poisoning  resemble  in  some  points  the  delirium  of 
cerebral  hypersemia,  but  the  discrimination  is  easy  when 
attention  is  directed  to  the  history  of  the  case  and 
a  knowledge  of  the  patient's  habits.  Elevation  of  tem- 
perature is  of  use  in  distinguishing  inflammatory  diseases 
of  the  brain  from  hypersemia.  The  latter  condition  is 
usually  apyretic,  but  at  times  it  is  possible  to  detect  an 
elevation  of  one  or  two  degrees  above  the  normal  by 
means  of  the  differential  calorimeter  applied  to  different 
regions  of  the  head.  Vertigo,  epilepsy,  uraemia,  embol- 
ism, thrombosis,  softening,  and  haemorrhage  may  be  con- 
founded with  cerebral  hyperaemia  ;  but  each  of  these  af- 
fections may  be  distinguished  after  careful  examination 
into  the  condition  of  the  urine,  the  heart,  lungs,  and 
blood-vessels,  and  on  comparing  the  symptomsof  the 
before-mentioned  diseases  with  those  of  hyperaemia. 

The  prognosis  of  cerebral  hyperaemia  depends  upon  the 
intensity  and  duration  of  the  symptoms  as  well  as  on  in- 
dividual circumstances.  Children  are  more  liable  to  suc- 
cumb to  the  intensity  of  congestion,  and  in  old  people 
cerebral  congestion  is  particularly  dangerous,  because  of 
the  tendency  to  rupture  in  the  degenerated  vessels. 
Strong  cerebral  congestions  are  as  grave  as  cerebral  haem- 
orrhage, and  may  lead  to  death.  They  may  also  prove 
the  immediate  cause  of  death  in  such  chronic  conditions 
as  tumor  of  the  brain  and  senile  degeneration  of  its  ves- 
sels. The  tendency  to  such  secondary  lesions  as  haemor- 
rhage, softening,  cerebritis,  and  the  like,  is  greatly  in- 
creased by  the  frequency  of  the  paroxysms.  Active 
cerebral  hyperaemia,  being  more  amenable  to  treatment,  is 
consequently  more  favorable  to  recovery,  than  is  the  pas- 
sive variety. 

The  chief  therapeutic  indication  in  acute  fluxionary  hy- 
peraemia is  to  diminish  the  sanguineous  afflux,  and  this 
is-  perhaps  best  done  by  judicious  inaction  and  careful 
watching  of  the  symptoms.  The  condition  is  not  one 
either  of  pressure  or  of  oedema,  but  of  an  over-active 
circulation,  and  the  treatment  must  vary  according  as 
the  causes  are  primary  or  secondary.  The  nature  of  the 
treatment  of  active  congestion  from  sach  causes  as  ex- 
tremes of  temperature,  insomnia,  or  other  imtable  con- 
dition of  the  brain,  will,  of  course,  differ  from  that  re- 
quired by  the  secondary  congestions  caused  by  suppression 
of  the  menses,  by  gout,  or  by  rheumatism.  Rest  and 
position  are  of  primary  importance  during  an  attack. 
The  head  should  be  elevated  and  the  arms  stretched  up- 
ward. Quiet  surroundings,  fresh  air,  and  a  darkened 
room  are  advisable.  Local  bleeding  is  recommended  by 
most  practitioners,  but  it  should  be  done  with  a  certain 
amount  of  discretion  and  caution.  As  a  rule  it  is  contra- 
indicated  in  children  and  old  people,  and  in  hysteric  or 
chlorotic  persons.  The  so-called  derivation  and  revulsion, 
in  which  a  considerable  congestion  of  the  whole  or  part 
of  the  intestinal  canal  is  produced  by  the  administration 
of  a  drastic  purgative,  may  diminish  the  afflux  of  blood 
to  the  brain.  In  fact,  main  reliance  is  to  be  placed  upon 
the  derivative  effects  of  croton-oil,  colocynth,  and  irri- 
tating enemata,  as  of  vinegar ;  the  irritation  of  hot,  or 
mustard,  baths  for  both  the  hands  and  feet ;  and  the  pro- 
duction of  diuresis.    Reflex  action  is  further  brought 


about  by  the  application  of  a  mustard-plaster  to  the  epi. 
gastrium,  and  the  actual  cautery  to  the  nape  of  the  neck. 
Cold  vigorously  applied  to  the  head,  in  the  form  of  ice, 
or  cold  douches  upon  the  head,  combined  with  a  hot 
bath,  are  adjuncts  in  the  treatment  too  valuable  to  be 
overlooked.  Where  there  is  a  heart  complication  it  may 
be  met  with  cardiac  medicaments.  Among  the  internal 
remedies  that  it  is  advisable  to  employ  as  agents  in  reliev- 
ing the  cerebral  congestion  are  the  bromides,  ergot, 
oxide  of  zinc,  eucalyptus,  and  hydrobromip  acid.  When 
the  symptoms  of  congestion  have  disappeared,  strychnia, 
phosphorus,  and  cod-liver  oil  may  be  administered  with 
advantage,  and  at  the  same  time  the  patient's  nervous 
system  is  to  be  carefully  nursed.  This  is  particularly  to 
be  enjoined  in  the  case  of  chronic  hyperaemia.  Complete 
intellectual  rest,  fresh  air,  regular  habits,  and  the  disuse 
of  tea,  coffee,  alcohol,  and  tobacco  should  form  part  of 
the  hygienic  treatment.  The  milk-cure  and  the  grape-cure 
may  be  mentioned  as  valuable  dietetic  measures.  If 
the  congestion  arise  from  stoppage  of  a  hsemorrhoidal  flow, 
leeches  may  be  applied  to  the  anus.  Wonderful  effects 
have  been  thus  brought  about.  Like  results  have  been 
obtained  by  applying  leeches  to  the  mouth  of  the  uterus 
in  secondary  hyperaemia  caused  by  suppression  of  the 
menses.  In  this  condition  the  electric  brush  applied  to 
the  thighs,  with  douches  to  the  loins  and  perineum,  has 
been  found  efficacious  in  restoring  the  menses.  Galvani- 
zation of  the  head  and  of  the  sympathetic  nerve,  having 
the  power  to  contract  the  cerebral  blood-vessels,  may  of  tea 
be  used  with  good  effect.  A  systematic  course  of  hydro- 
therapeutics  is  often  advantageous. 

In  passive  hypersemia  the  causes  are  to  be  made  the 
special  objects  of  treatment.  Generally,  it  is  a  question 
of  restoring  vascular  tonicity  and  combating  symptoms 
that  in  many  respects  resemble  those  of  cerebral  anaemia. 
Stimulants  may  be  administered  in  many  cases.  Satis- 
factory results  have  been  obtained  from  ether  inhaled  in 
small  quantities.  The  use  of  cardiac  tonics,  as  digitalis, 
when  the  stasis  results  from  some  vascular  or  cardiac 
lesion,  or  when  theise  is  cirrhosis  of  the  kidney,  is  a  ques- 
tion that  still  admits  of  a  satisfactory  solution. 

Irving  G.  Basse. 

BRAIN,  MALFORMATIONS  OF  THE.  Malformations 
of  the  brain  embrace  two  classes,  according  as  the  in- 
dividuals presenting  them  are  viable  or  non-viable. 

Class  I. — In  the  first  class  may  be  included  cases  al- 
ready described  among  the  atrophies  of  the  brain,  cases 
of  microcephalus,  and  of  absence  of  the  cerebellum  or 
corpus  callosum.  To  this  class  also  belongs  heteropia, 
a  condition  in  which  masses  of  gray  matter  are  found 
transplanted  into  the  white,  and  one  which  is  invariably 
associated  with  idiocy.  Finally,  <U'etinoid  idiocy  is  as- 
sociated with  a  malformation  of  the  cranium,  which  re- 
acts more  or  less  distinctly  upon  the  brain.  "The  basal 
cartilages  are  prematurely  ossified,  and  thus  the  body  of 
the  sphenoid  and  the  basilar  process  are  arrested  in  their 
growth,  and  the  base  of  the  skull  is  shortened.  The  bas- 
ilar process  is  inclined  more  vertically  than  normal.  The 
vault  of  the  cranium  expands,  and  the  brain  is  forced 
upward  into  it  from  the  base.  The  basal  ganglia  are  re- 
latively crowded  for  room,  and  it  is  probaisie  that  the 
ganglionic  motor  centres  are  imperfectly  developed ; 
hence  one  cause,  at  least,  of  the  muscular  inertness  of 
cretins. 

Class  II. — Non-viable  malformations  of  the  brain  con- 
stitute monstrosities.  These  have  been  divided  by 
Isidore  St.  Hilaire  into  three  classes,  forming  together 
the  third  tribe  of  his  autosite  monsters.  These  classes 
are  called  respectively,  exencephalians,  pseudenceplia- 
lians,  and  anencephalians.  In  the  first  class  the  brain 
exists,  though  malformed  and  small,  and  protrudes 
through  an  opening  in  the  skull,  forming  a  hernia  or  en- 
cephalocele.  Sometimes  the  membranes  enclosing  it  con- 
tain also  serum,  and  the  hernia  is  then  called  hydrence- 
phalocele  (Ackerman). 

In  the  pseudencephalians,  the  brain  is  destroyed  and 
replaced  by  a  reddish  mass,  consisting  of  membranes  and 
bundles  of  engorged  blood-vessels.    This  mass  also  pro- 
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trades  through  the  skull,  no  longer  through  a  single  cleft, 
but  through  a  large  opening  left  by  the  complete  absence 
of  the  cranial  vault. 

In  the  anencephalians,  finally,  the  cranial  cavity  is  en- 
tirely empty.  The  cases  vary  according  as  the  cerebral 
defect  is,  or  is  not,  complicated  with  spina  bifida,  or  even 
an  absence  of  the  spinal  cord.  Thus  there  is  an  anen- 
cephalia  simplex,  an  anencephalia  cum  amyelia,  and  an 
anencephalia  cum  spina  bifida. 

Cases  of  encephalocele  are  further  subdivided  into  not- 
encephalon,  when  the  tumor  occupies  the  occipital  re- 
gion ;  proencephalon,  when  it  is  in  the  frontal  region ; 
and  podencephalon,  when  it  perforates  the  cranial  vault 
by  a  pedicle.  In  thefourth  subdivision,  hyperencephalon, 
the  cranial  vault  has  disappeared ;  in  anencephalon  there 
is  an  analogous  defect  at  the  occipital  region,  coinciding 
with  a  cleft  in  the  vertebral  column.  Finally,  in  exen- 
cephalon,  the  fissure  extends  through  the  cervical  ver- 
tebrae, while  the  vault  of  the  cranium  is  also  wanting. 
The  spinal  cord  is  absent,  but  the  spinal  nerves  persist. 

In  the  first  three  genera  the  cranial  tumor  may  be  cov- 
ered with  ordinary  skin ;  or  this  may  be  so  thinned  as  to 
be  rendered  transparent.  The  hernia  always  takes  place 
on  the  median  line,  and  through  the  natural  openings  be- 
tween bones,  or  the  united  symmetrical  segments  of 
bones ;  thus  between  the  two  halves  of  the  squamous 
portion  of  the  occipital,  or  of  the  vertical  portion  of  the 
frontal,  or  between  the  two  parietal  bones. 

The  notencephalon  is  the  most  frequently  encountered 
malformation  of  this  class,  and  compatible  with  the  great- 
est degree  of  viability.  A  (probably  apocryphal)  case  is 
mentioned  by  St.  Hilaire,  of  an  individual,  a  Russian, 
affected  with  this  malformation,  who,  nevertheless,  at- 
tained adult  life,  and  the  possession  of  some  intelligence. 
The  notencephalon  is  the  first  link  in  the  chain  of  mon- 
sters, which  leads  by  insensible  gradations  to  the  aceph- 
alians,  deprived  not  only  of  brain,  but  of  head.  The 
teratological  series  is  almost  as  complete  as  a  zoological 
series  could  be  (St.  Hilaire). 

Proencephalon  is  much  more  rare.  In  1677  a  case  is 
reported,  when  the  child  is  said  to  have  lived  four  days. 
Small  meningoceles  are  less  uncommon,  and  may  persist 
after  closure  of  the  frontal  suture,  as  a  soft  tumor  lying  at 
the  root  of  the  nose,  and  not  interfering  with  the  well- 
being  of  the  child.  We  have  seen  such  a  case.  In  the 
first  three  genera  of  this  teratological  series  the  cerebral 
tumor  protrudes  between  simply  separated  bones ;  in  the 
last  three,  large  openings  are  left  because  the  bones  are 
atrophied.  They  are  also  flattened,  partly  from  loss  of  in- 
tracranial pressure  when  the  cranial  contents  have  been 
evacuated,  partly  from  the  backward  traction  exercised 
when  the  tumor  is  situated  posteriorly.  The  vertical  plates 
of  the  frontal  bone  become  nearly  horizontal,  the  upper 
border  of  the  orbits  becomes  posterior  to  the  lower,  the 
parietal  bones  are  flattened,  the  superior  occipital  bones 
are  atrophied,  and  increasingly  so  as  the  series  pro- 
gresses from  the  notencephalon  to  the  exencephalon. 
The  face  is  oblique. 

At  the  base  of  the  skull  the  bones  are  intact.  The  ca- 
pacity of  the  basal  fossae  is  greatly  diminished  from 
diminution  of  their  contents,  but  there  is  no  synostosis  of 
the  articulations.  The  anterior  part  of  the  body  of  the 
sphenoid  bone  is,  however,  drawn  upward,  and  thus  the 
angle  between  Its  long  axis  and  the  plane  of  the  occipital 
foramen  is  diminished. 

The  lesions  are  all  thus  concentrated  upon  the  cranial 
bones  which  are  formed  in  membrane,  as  distinguished 
from  those  which  develop  from  the  primordial  cartilage. 
It  is  these  same  bones,  moreover,  which,  Ijring  on  the 
periphery,  receive  the  full  force  of  excessive  intracranial 
pressure. 

These  facts  speak  against  the  hypothesis  of  a  simple 
arrest  of  development  as  the  cause  of  the  malformation. 
They  point  rather  to  a  rupture  of  the  cranial  shell  under 
the  influence  of  a  morbid  increase  of  intracranial  press- 
ure. This,  again,  is  due  to  a  dropsical  effusion,  depen- 
dent probably  on  irregularities  in  the  circulation,  or  an 
imperfect  structure  of  blood-vessels. 

The  cranial  bones  formed  in  membranes  begin  to  os- 


sify at  three  and  one-half  months.  The  rupture  of  the 
membranes  usually  occurs  at  one  or  two  months  before 
the  middle  of  pregnancy,  when  the  brain  is  completely 
destroyed,  but  it  may  occur  later,  when  the  destruction 
is  only  partial. 

The  pseudencephalian  monstrosity  is  of  a  different  nat 
ure.  As  in  the  first  class,  there  is  a  tumor  which  pro- 
trudes from  the  cranium,  but  this  does  not  consist  of  brain 
substance  and  serum,  but  of  a  mass  of  engorged  blood- 
vessels enveloped  in  membranes,  and  from  which  ner- 
vous tissue  has  almost  entirely  disappeared.  The  de- 
struction seems  due  to  an  intense  hyperaemia,  or  even 
inflammation.  The  tumor  is  reddish,  covered  externally 
by  a  thin  transparent  membrane,  divided  internally  into 
lobes,  a  division  probably  correlated  with  the  ramifications 
of  the  hypertrophied  blood-vessels.  The  carotid  and 
basilar  artery  can  generally  be  distinguished.  The  tumor 
may  be  as  large  as,  or  larger  than,  the  normal  brain,  but  is 
usually  smaller.  In  this  form  of  monstrosity  the  mother 
has  usually  suffered  from  some  traumatism  during  preg- 
nancy. 

The  viability  is  much  less  than  that  of  the  higher 
grades  of  exencephalians,  and  many  subjects  die  im- 
mediately after  birth.  Others  live  a  few  days,  or  even  a 
week.  In  such  cases,  pressure  on  the  tumor  seems  to  irri- 
tate the  medulla,  accelerating  the  respirations,  or  render- 
ing them  convulsive,  or  provoking  cries. 

There  are  three  genera.  In  nosencephalon  {nosos, 
disease)  the  vascular  tumor  projects  through  a  large 
opening  on  the  upper  part  of  the  head,  left  by  defect  in 
the  frontal  and  parietal  bones.  In  thlipsencephalon 
{thlipso,  I  crush),  the  tumor  emerges  through  the  vault 
of  the  cranium,  but  is  then  prolonged  backward  so  as  to 
occupy  the  entire  occipital  region.  The  posterior  fossa 
disappears,  so  that  there  is  no  distinct  occipital  foramen. 
Finally,  in  the  pseudencephalon,  the  cranium  and  verte- 
bral canal  are  both  largely  open,  and  the  cord  is  absent. 
The  first  two  genera  are  among  the  most  frequent  of  all 
human  monstrosities,  but  are  never  seen  in  animals. 

The  anencephalians  result  from  the  same  morbid  proc- 
ess which  causes  a  hydrencephalocele,  but  which  is  carried 
to  the  farthest  possible  degree  of  intensity.  It  is  more 
frequently  met  with  than  the  higher  grades  of  the  classes 
already  mentioned.  Hannover  gives  nine  cases  of  anen- 
cephalia for  10,683  births  occurring  at  Copenhagen  in 
the  course  of  ten  years.  An  anencephalic  mummy  was 
found  by  the  French  in  Egypt,  and  described  to  the 
Academy  of  Sciences,  in  1836,  by  Geoffrey  St.  Hilaire. 
This  mummy  had  been  interred  among  the  sacred  mon- 
keys at  Hermapolis — a  proof  of  the  extraordinary  impres- 
sion it  had  made  upon  the  persons  who  had  been  present 
at  its  birth. 

This  monstrosity  is  twice  as  frequent  in  females  as  in 
males.  Half  of  the  foetuses  are  born  at  term,  nearly  one- 
fourth  at  eight  or  at  seven  months,  very  few  earlier. 
The  rupture  of  the  cranial  shell,  by  which  its  contents  are 
evacuated,  usually  takes  place  through  the  posterior 
f ontanelle.  This  fact  is  in  accord  with  the  preponderat- 
ing frequency  of  posterior  hernias  among  the  exen- 
cephalians. After  the  brain  has  been  destroyed,  the 
bones  of  the  cranial  vault  are  gradually  absorbed,  and 
thus  the  original  opening  is  continually  being  enlarged. 

Thus  disappear  the  upper  portions  of  the  frontal  and 
the  parietal  bones,  and  the  squamous  portions  of  the 
temporal  and  occipital.  The  sphenoid,  petrous,  and 
basal  occipital  persist ;  but  the  condyloid  portion  of  the 
occipital  is  drawn  downward  and  outward,  the  mastoid 
portion  becoming  first  oblique,  then  almost  transversal. 
The  body  of  the  sphenoid  is  deformed,  the  lesser  wings 
forming  two  loops. 

Cases  complicated  with  spina  bifida  are  about  half  as 
frequent  as  those  of  anencephalon  simplex  (Hannover). 
The  spinal  column,  deprived  of  its  posterior  arches,  is 
converted  into  a  shallow  canal,  covered  by  a  transparent 
membrane,  through  which  may  be  seen  the  spinal  nerves. 
If  the  defect  extend  only  through  the  cervical  vertebrae, 
the  malformation  is  called  derencephalon.  "When  the 
cord  is  completely  absent,  and  all  the  vertebral  arcs,  the 
malformation  is  anencephalon  proper. 
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It  is  said  that  anencephallan  monstrosities  are  peculiar 
to  the  human  race.  This  may,  perhaps,  be  due  to  the 
more  rapid  growth  of  the  human  brain ;  hence  greater 
liability  to  disturbance  in  circulation,  to  serous  effusions, 
and  to  variations  in  intracranial  pressure.  The  antece- 
dents are  rarely  traumatic ;  much  more  frequently  do 
they  consist  in  profound  moral  impressions  on  the  part  of 
the  mother.  A  singular  case  of  anencephalon  is  related, 
in  which  the  individual  was  the  bastard  offspring  of  a 
Jew  and  a  Christian  woman,  and  in  which,  throughout 
her  pregnancy,  the  mother  was  tormented  by  religious 
teiTors.  The  writer  has  seen  a  case,  in  which  the  mother, 
to  avert  the  disgrace  of  an  illegitimate  confinement,  tried 
during  four  months  to  procure  an  abortion  by  means 
of  ergot  and  the  local  application  of  the  faradic  cur- 
rent. 

In  the  class  of  monstrosities  known  as  cyclopians,  char- 
acterized by  absence  of  the  nasal  apparatus,  including  the 
ethmoid  bone,  the  brain  is  also  malformed.  It  is  much 
smaller  than  norpaal,  and  without  distinct  convolutions. 
The  anterior  part  of  the  cerebrum  consists  of  a  single 
lobe,  which  lies  obliquely,  instead  of  on  a  horizontal  plane. 
The  corpus  callosum  is  rudimentary,  and  the  trigonum 
is  absent,  as  are  also  the  corpora  striata  and  olfactory 
bulbs.  There  is  neither  median  fissure  nor  falx  cerebri. 
The  lateral  ventricles  are  confounded  with  the  median, 
which  represents  the  original  ventricle  of  the  brain.  The 
tendency  to  fusion  of  symmetrical  halves,  upon  which 
these  various  alterations  depend,  is  especially  conspicu- 
ous in  the  fusion  of  the  eyes  into  a  single  enormous 
eye,  uncovered  by  eyelids,  and  placed  in  the  middle  of 
the  forehead  (hence  the  name  of  the  monstrosity,  from 
Cyclops).  Similar  fusions  are  often  seen  in  the  vis- 
cera. 

The  cyclopian  monstrosity  originates  in  an  incomplete 
formation  of  the  anterior  part  of  the  primordial  cartilage 
of  the  cranium  (Hannover).  The  forehead  is  narrow, 
and  the  vertical  and  horizontal  parts  of  the  frontal  bone 
meet  at  a  very  obtuse  angle.  The  lower  part  of  the  occi- 
put is  flattened,  the  entire  skull  brachycephalic,  the  bones 
ossified  and  prematurely  closed,  the  fontanelles  small. 
There  is  a  deformed  external  nose,  which,  however,  does 
not  communicate  with  the  buccal  cavity,  and  thus  nasal 
respiration  is  impossible  ;  the  monsters  are  non-viable,  and 
die  within  a  few  hours  after  birth.  About  half  are  born  at 
term ;  the  rest  at  six  or  eight  months. 

The  immediate  cause  of  cyclopia  is  the  failure  of  the 
first  cerebral  vesicle  to  advance  between  the  optic  vesi- 
cles.   It  is  on  this  account  that  the  latter  coalesce. 

Gbnehal  Etiology  of  Cerebral  Malformations. 
— These  monstrosities  have  always  greatly  excited  the 
popular  imagination.  Until  modern  times,  they  have 
always  been  explained  by  an  admixture  of  the  human 
parentage  with  an  extra-human  paternity.  In  a  remote 
antiquity,  as  is  shown  by  the  Egyptian  mummy  described 
by  St.  Hilaire,  this  unknown  parent  was  supposed  to  be 
a  god.  In  the  more  sceptical  ages  of  Greece  and  Rome, 
it  was  suspected  to  be  an  animal,  a  theory  favored  by  the 
fanciful  resemblance  to  animals  easily  traceable  in  tlie 
monster.  The  theory  was  also  rendered  plausible  by 
the  universal  belief  in  the  possibility  of  fruitful  sexual 
intercourse  between  human  beings  and  animals.  The 
gloomy  imagination  of  mediaeval  times,  which  saw  the 
devil  everywhere,  could  not  fail  to  find  traces  of  him  in 
monstrous  births,  and  their  paternity  was  attributed  to 
demonic  incubi. 

The  modern  substitute  for  these  hypotheses  was,  for  a 
long  time,  the  theory  of  maternal  impressions  received  at 
the  moment  of  conception,  or  during  pregnancy.  Inju- 
rious impressions  have  undoubtedly  often  been  produced 
upon  the  women  who  have  subsequently  given  birth  to 
monsters  ;  but,  on  the  other  hand,  the  association  is  far 
from  being  constant.  Further,  such  impressions,  to  be 
operative,  must  occur  before  the  fifth  month  of  preg- 
nancy ;  yet  in  many  of  the  most  apparently  plausible 
cases  the  perturbatmg  incident  occurred  only  shortly 
before  birth. 

In  any  case,  the  mechanism  of  the  influence,  even  when 
it  exists,  is  at  present  quite  inexplicable. 
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Mm-y  Putnam- Jacdbi. 

BRAIN,   MECHANICAL    INJURIES  TO  THE.     The 

brain  is  contained  in,  and  protected  from  injury  by,  the 
skull,  a  bony  case  which  is  constructed  upon  the  principle 
of  an  arch,  and  which  rests  upon  two  supports,  the  spinal 
column  behind,  and  the  bones  of  the  face  in  front  (Til- 
laux).  The  skull  is  composed  of  the  vault  and  base. 
The  former  has  an  outer  and  inner  table  of  dense  bone, 
separated  by  cancellated  bony  structure.  The  inner  tabl» 
is  more  brittle  than  the  outer,  and,  in  case  of  fracture  from 
force  applied  from  without,  usually  suffers  over  a  larger 
extent  than  the  external  table.  The  bones  entering  into 
the  base  present  much  greater  irregularity  of  surface  and 
thickness  than  those  of  the  vault.  The  thicker  portions 
are,  however,  weakened  by  numerous  canals  passing 
through  them,  which  transmit  vessels  and  nerves.  The 
resisting  power  of  the  base  varies  greatly  in  different 
parts,  at  places  being  only  thin  plates  of  bone,  as  in  the 
horizontal  plate  of  the  ethmoid  and  roof  of  the  orbit,  and 
in  otherg  offering  broad  bony  buttresses,  strongly  sup- 
ported and  capable  of  resisting  great  violence,  as  is  found 
in  the  condyles  of  the  occipital  bone.  Closely  applied  to 
the  outside  of  the  skull  is  the  pericranium,  and  within  is 
the  dura  mater,  and  these  two  membranes  undoubtedly 
add  considerably  to  its  strength  and  elasticity.  In  the 
living,  the  base  of  the  skull  from  within  does  not  present 
the  same  irregularities  of  surface  and  prominent  projec- 
tions as  are  seen  in  the  dried  specimen.  These  are  covered 
in,  and  protected  in  great  measure  by  the  dura  mater  and 
the  great  sinuses,  and  the  vessels  and  nerves  passing 
through  the  various  openings  found  in  the  base.  The 
central  zone  of  the  base  is  composed  of  wedge-shaped 
masses  of  bone  on  either  side,  the  petrous  portions  of  the 
temporal  bones,  which  run  not  directly  transversely,  but 
obliquely  forward.  This  obliquity  is  an  important  factor 
in  the  resistance  of  the  skull  to  blows  upon,  or  crushing 
force  applied  to,  the  sides  of  the  head.  The  brain-case,  as 
thus  constructed,  possesses  a  considerable  degree  of  elas- 
ticity, and  Felicet  has  shown  that  a  blow  upon  the  vault 
may  produce  a  yielding  of  the  bone  to  the  depth  of  one- 
third  of  an  inch  without  frapture  occurring,  and  that  the 
resiliency  is  suflScient  to  completely  restore  the  part.  As 
a  result  of  injury,  fractures  of  the  skull  may  be  localized 
at  the  vault,  or  may  radiate  from  the  vault  to  the  base. 
Fractures  of  the  base  seldom,  if  ever,  occur  alone,  unless 
as  the  result  of  direct  perforation'  through  nose,  mouth, 
or  orbit.  Again,  fractures  may  be  linear,  without  de- 
pression, depressed,  comminuted,  and  compound. 

The  surface  of  the  brain  is  bathed  with  cerebro-spinal 
fluid,  which  is  found  in  the  subarachnoid  space.  This 
fluid  is  present  in  the  greatest  quantity  at  the  base  (lacuna 
centralis),  and  is  continuous  with  the  fluid  contained  in 
the  ventricles  through  the  foramen  of  Majendie,  Sur- 
rounding the  arteries  upon  the  surface  of  the  brain  are 
lymph-spaces,  known  as  perivascular  spaces,  which  open 
into  the  subarachnoid  space,  and  which  also  contain 
cerebro-spinal  fluid.  It  is  thus  apparent  that  the  fluid 
upon  the  surface  is  continuous  with  that  found  in  the 
ventricles,  and  that  it  likewise  penetrates  into  the  brain- 
tissue  itself  by  these  perivascular  channels.  Any  com- 
motion or  movement  in  this  fluid  may,  therefore^  be  felt 
throughout  the  encephalic  mass,  and  may  be  followed  by 
increase  or  diminution  of  pressure  in  various  parts  widely 
separated  from  each  other,  and  from  the  point  of  original 
disturbance. 

Distention  of  the  perivascular  spaces,  due  to  movements 
in  the  cerebro-spinal  fluid,  must  produce  compression  of 
the  vessels  within,  and  a  corresponding  ansemia  of  the  tis- 
sue which  they  supply.  Such  contraction  is  likely  to  be 
followed  by  expansion,  or  even  rupture,  when  the  pressure 
is  removed.    This  fluid  plays  an  important  r61e  in  the  pro- 
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duction  and  distribution  of  the  brain-lesions  which  fol- 
low mechanical  injuries  ;  for  every  shock,  and  any  diminu 
tion  in  the  size  of  the  intracranial  space,  must  be  followed 
by  a  disturbance  of  the  existing  equilibrium.  The  effect 
produced  will  varjr  with  the  degree  of  the  disturbing 
force,  and  "  the  primary  effects,  in  which  the  arteries  may 
be  assumed  to  be  constricted,  would  be  again  different 
from  the  secondary  effects,  in  which  they  may  be  assumed 
to  be  dilated."  "  The  sensation  of  vertigo  and  noises  in 
the  ears,"  which  often  follow  head  injuries,  "are  prob- 
ably caused  bj  sudden  transportation  of  lymph-fluid 
into  the  posterior  cerebellar  fossa.  In  like  manner  the 
phenomena,  so  common  in  brain  disease,  of  vomiting, 
of  irregular  motions  of  the  eyeballs,  of  paralysis  of  the 
facial  muscles,  of  the  tongue,  or  of  one  or  more  muscles 
of  the  eye,  may  be  often  attributed  to  the  pressure  of  the 
lymph,  either  against  the  nuclei  of  origin  of  the  cranial 
nerves  lying  in  the  gray  matter  of  the  iter,  or  beneath  the 
floor  of  the  fourth  ventricle,  or  against  the  nerve-trunks 
as  they  pass  from  their  apparent  origin  to  their  points  of 
exit"  (Allen).  The  brain  being  completely  covered  by 
the  skull,  all  mechanical  injury  to  it  must  occur  through 
force  applied  either  directly  or  indirectly  to  this  bony 
case,  or  by  foreign  bodies  which  have  penetrated  the 
same.  Damage  to  the  encephalic  mass  may  be  produced 
without  apparent  injury  to  the  skull,  or  may  be  coin- 
cident with,  or  the  consequence  of,  more  or  less  exten- 
sive fracture  or  contusion  of  the  bones. 

Injuries  of  the  brain  have  usually  been  considered 
under  the  headings  of  concussion,  contusion,  laceration, 
and  compression. 

A  classification  into  such  definite  divisions  has  undoubt- 
edly tended  to  produce  a  wrong  conception  of  the  condi- 
tions which  actually  exist,  and  has  introduced  and  per- 
petuated a  great  deal  of  obscurity  in  this  subject ;  for 
while  a  general  shaking,  or  concussion,  of  the  brain  may 
occur  without  injury  to  the  skull,  this  condition  must  be 
inseparable  from  all  injuries  producing  fracture,  with  or 
without  laceration  of  brain-tissue,  and  the  so-called  con- 
cussion therefore  undoubtedly  plays  an  important  r61e  in 
the  production  of  symptoms,  immediate  and  remote, 
which  follow  nearly  all  forms  of  head  injuries.  Indeed, 
the  investigations  of  Duret  seem  to  show  that  concussion 
of  the  brain,  pure  and  simple,  as  conceived  of  by  the  older 
writers,  does  not  exist,  and  that  there  is  really  no  such  a 
thing  as  "  cerebral  vibration  without  visible  lesion,"  but 
that  in  all  cases  there  are  changes  in  the  vascular  supply, 
disseminated  minute  extravasations,  and  actual  destruc- 
tion of  brain-tissue ;  in  other  words,  that  contusion  and 
laceration,  in  greater  or  less  degree,  are  inseparable  from 
concussion,  and  with  such  qualification  the  word  will  be 
used  in  what  follows. 

The  reaction  of  the  brain  to  injury  depends  very  largely 
upon  the  part  affected,  and  while  m  certain  portions  ex- 
tensive destruction  has  been  followed  by  no  symptoms  of 
cerebral  origin,  certain  constant  manifestations  always  re- 
suh  from  even  very  limited  lesions  of  other  portions.  The 
effects  of  injuiy  may  be  either  local  or  diffused,  and  may 
result  in  abolishing  function  (paralysis,  anaesthesia)  in 
case  of  destructive  lesions,  or  of  intensifying  function 
(spasm,  hyperaesthesia)  where  there  is  only  an  irritative 
lesion.  The  important  role  played  by  the  cerebro-spinal 
fluid  in  the  production  of  these  lesions  has  already  been 
mentioned. 

So-called  concussion  of  the  brain  may  be  produced  by 
blows  and  falls  upon  the  head,  or  by  falls  upon  the  feet, 
knees,  or  buttocks.  Duret  has  shown  that,  if  an  animal 
is  struck  a  blow  upon  the  head  of  "sufficient  violence  to 
produce  unconsciousness  and  death,  that  laceration  of  the 
walls  of  the  iter  and  floor  of  the  fourth  ventricle  are  con- 
stantly found,  together  with  congestion  of  the  pia  mater, 
and  disseminated  extravasations  of  variable  amount,  and 
often  minute  punctiform  haemorrhages  in  the  substance 
of  the  brain.  The  same  symptoms  were  found  to  follow 
the  sudden  injection  of  fluid  wax  into  the  intracranial 
space  through  an  opening  in  the  skull.  These  results  he 
explains  in  the  following  manner  :  The  blow  produces  a 
depression  of  the  skull  at  the  point  struck,  and  compres- 
sion of  the  underlying  brain.     This  compression  drives 
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the  fluid  in  the  lateral  and  third  ventricles  through  the 
iter  into  the  fourth  ventricle,  vrith  force  enough  to  lacerate 
the  walls  of  the  two  latter ;  at  the  same  time  wave-like  un 
dulations  are  produced  in  the  cerebro-spinal  fluid,  which 
reach  their  greatest  intensity  in  the  lacunae  at  the  base  and 
about  the  medulla,  so  that  here  we  usually  find  the  largest 
amount  of  extravasation,  and  coincidently  the  perivascular 
spaces  of  the  cortex  are  over-distended,  the  vessels  which 
they  contain  compressed,  and  a  corresponding  anaemia  of 
the  brain-tissue  produced.  Following  contraction  of  the 
arterioles,  paralytic  expansion  follows  with  rupture  and 
extravasation.  The  intensity  of  the  result  will  depend 
upon  the  determining  cause,  and  the  symptoms  which  fol- 
low will  depend  upon  the  degree  of  anasmia,  and  the  local- 
ity and  extent  of  the  lesions  produced.  The  results  of 
these  experiments  correspond  so  closely  with  what  has 
been  found  following  blows  upon  the  head  in  man 
(Hewett),  that  the  explanation  given  seems  equally  ap- 
plicable ;  and  although  these  observations  of  Duret  have 
not  been  fully  confirmed  by  Groeningen  and  Blumen- 
stoch  in  similar  experiments,  we  shall  accept  his  conclu- 
sions, that :  1.  A  localized  lesion,  produced  by  the  action 
of  the  cerebro-spinal  fluid,  is  followed  by  symptoms  de- 
pending on  the  functions  of  the  part  affected.  3.  Imme- 
diately following  concussion  (choc)  the  symptoms  depend 
upon  the  intensity  of  the  lesion,  (a)  If  the  destruction 
of  the  part  is  complete,  there  is  loss  of  function  (paralysis) ; 
(b)  if  the  lesion  is  slight,  non-destructive,  there  is  irrita- 
tion and  exaltation  of  function  (spasm).  3.  In  case  of  any 
lesion  there  may  be  observed  the  phenomena  of  a  diffu- 
sion of  the  symptoms,  i.e.,  epileptiform  attacks,  reflex 
contractions,  etc. 

Contusion  of  the  brain  may  be  either  disseminated  or 
localized.  The  role  played  by  the  cerebro-spinal  fluid  in 
the  production  of  the  first  has  been  sufficiently  dwelt 
upon  in  the  above  description.  The  localized  form  may 
occur  immediately  below  the  point  of  impact  of  the 
skull,  or  at  a  point  diametrically  opposite  ;  in  the  latter 
the  lesion  being  due  to  the  brain  being  driven  forcibly 
against  its  bony  case.  In  slight  cases  of  contusion,  if 
seen  before  the  occurrence  of  inflammatory  changes,  the 
injury  is  superficial  and  the  area  affected  is  of  a  purplish 
color,  which  is  due  to  closely  aggregated  minute  extravasa- 
tions, and  which  gradually  fades  into  the  surrounding  nor- 
mal tissue.  The  consistency  of  the  injured  area  is  little,  if 
at  all,  altered.  In  the  severer  forms  there  are  larger  ex- 
travasations and  visible  destruction  of  brain-tissue.  Both 
forms  of  contusion  may  follow  blows  or  falls  on  the 
head  without  the  occurrence  of  fracture,  and  the  natural 
elasticity  of  the  skull  is  probaloly  an  efficient  factor'  in 
their  production.  With  the  lesion  of  the  brain- tissue  it- 
self more  or  less  injury  to  the  overlying  membrane  gener- 
ally occurs,  and  there  may  be  extravasations,  usually  cir- 
cumscribed, in  the  pia  mater,  but  more  frequently  there 
will  be  found  haemorrhage,  often  of  considerable  amount, 
in  the  cavity  of  the  arachnoid,  and  less  frequently  be- 
tween the  bone  and  dura  mater.  In  cases  of  depressed 
fracture  pieces  of  bone  may  produce  direct  laceration  of 
the  brain  and  membranes.  Limited  fractures  of  this 
kind  are  much  more  apt  to  be  compound  than  simple. 
In  both  simple  and  compound  fractures  of  the  vault, 
lines  of  fracture  may  extend  to  the  base,  lacerating  the 
nerves  as  they  pass  through  the  bones,  or  wounding  the 
membranes  or  brain-substance  itself.  In  all  of  these 
cases  there  may  be  disseminated  lesions  due  to  the  action 
of  the  cerebro-spinal  fluid,  and  haemon-hage  of  large  ex- 
tent may  occur  into  the  ventricles,  due  probably  to  the 
same  cause.  In  cases  of  compound  fracture  there  may 
be  a  loss  of  brain-tissue,  and  in  certain  fractures  of  the 
base  cerebro-spinal  fluid  may  escape  for  some  time  subse- 
quent to  the  injury.  Fractures  of  the  petrous  portion  of 
the  temporal  bone,  with  laceration  of  tympanum  or  of 
the  ethmoid,  are  most  apt  to  be  followed  by  this  latter 
phenomenon.  Again,  the  brain  and  membranes  may  be 
directly  injured  by  foreign  bodies  penetrating  the  skull. 
These  wounds  may  be  either  incised  or  punctured,  or 
may  be  due  to  the  passage  of  a  bullet  or  some  other  for- 
eign body.  In  such  cases  it  sometimes  happens  that  there 
is  an  entire  absence  of  all  evidence,of  general  concussion 
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of  the  encephalic  mass,  though  usually  indications  of  a 
concomitant  concussion  are  present.  The  amount  of  in- 
jury to  the  brain  varies  greatly  in  difEerent  cases.  A  bul- 
let, for  example,  may  remain  lodged  in  the  skull  and 
press  upon  without  wounding  the  brain,  or  it  may  he 
embedded  in  the  cerebral  tissue.  Again,  it  may  traverse 
the  entire  head,  leaving  a  wound  of  exit,  or  passing 
through  the  brain  it  may  lodge  beneath  the  skull  on  the 
opposite  side,  or  it  may  even  rebound,  penetrating  the  brain 
at  an  angle  with  its  former  course.  Flourens  has  shown 
that  bullets  introduced  beneath  the  vault  in  dogs  tend  to 
gravitate  toward  the  base.  A  similar  change  of  position 
probably  can  occur  in  man,  and  may  account  for  some 
cases  in  which  there  is  a  sudden  development  of  new 
symptoms  without  apparent  cause.  In  many  cases  the 
bullet  becomes  encysted. 

There  are  numerous  histories  on  record  of  very  exten- 
sive lacerations  of  the  brain  by  the  passage  of  foreign 
bodies  without  a  fatal  result  following,  and  without  any 
permanent  impairment  being  left  behind.  In  all  of  these 
cases  more  or  less  extensive  disorganization  of  brain-tissue 
occurs,  which  necessarily  gives  rise  to  inflammatory 
action.  This  may  be  strictly  circumscribed  and  only 
sufficient  in  intensity  to  remove  or  encapsulate  the  injured 
tissue,  or  it  may  result  in  yellow  softening  and  in  the  for- 
mation of  an  abscess.  Traumatic  abscess,  from  any  cause, 
may  be  either  deep-seated  or  superficial,  and  the  inflam- 
mation may  extend  to  the  membranes  and  result  in  the 
formation  of  adhesions  overlying  the  seat  of  injury,  or, 
what  is  of  more  frequent  occurrence,  may  produce  a 
general  purulent  effusion  into  the  cavity  of  the  arachnoid 
which  will  extend  over  an  entire  hemisphere,  or,  indeed, 
may  pass  to  the  opposite  side.  General  purulent  effusion 
into  the  cavity  of  the  arachnoid  is  one  of  the  most  frequent 
and  fatal  of  all  the  complications  to  which  brain  injuries 
are  liable.  In  many  cases  entire  restoration  of  the  injured 
part  seems  to  occur,  if  we  can  judge  from  the  disappear- 
ance of  the  symptoms  present  for  a  time.  In  these  cases 
the  symptoms  have  probably  been  due  to  pressure  from 
extrava.sated  blqpd,  which  has  subsequently  been  removed 
by  absorption,  though  the  possibility  of  the  restoration  of 
severed  nerve-tracts  must  be  admitted  from  the  frequency 
with  which  union  occurs  in  the  peripheral  nerves.  In 
other  cases  the  adhesions  formed  during  the  process  of 
healing,  especially  when  associated  with  depressed  bone, 
or  where  there  has  been  a  loss  of  a  portion  of  the  skull, 
may  produce  ulterior  effects,  even  where  immediate  re- 
covery has  taken  place.  These  cases  result  in  permanent 
impairment  of  the  mind,  or  in  the  development  of  epilep- 
tic seizures,  which  usually  tend  to  increase  in  frequency 
and  severity,  and  which  only  yield  to  the  removal  of  the 
depressed  bone  or  irritating  cicatrix  which  has  been  the 
efficient  factor  in  their  production.  We  must  not,  how- 
ever, too  hastily  conclude  that  complete  restoration  has 
taken  place  because  the  symptoms  do  not  persist.  Hewett 
has  reported  a  case,  examined  twenty  years  after  a  blow 
upon  the  forehead,  followed  by  the  symptoms  of  con- 
tusion at  the  time,  in  which  there  was  a  considerable  de- 
pression at  the  tip  of  the  frontal  lobe,  which  was  bridged 
over  by  the  arachnoid,  and  filled  by  a  quantityof  cerebro- 
spinal fluid. 

Experiments  in  animals  have  clearly  demonstrated  that 
certain  limited  areas  (centres)  in  the  cortex  control  cer- 
tain definite  functions,  and  that  destruction  of  these 
centres  is  followed  by  permanent  abolition  of  function 
and  loss  of  power  in  the  corresponding  part,  while  stimu- 
lation produces  action  confined  and  limited  to  the  same 
part.  The  facts  thus  demonstrated  by  experiment  are 
fully  confirmed  by  clinical  observation  in  man,  and 
limited  injuries  to  the  brain  are  found  to  be  constantly 
followed  by  paralysis  of  certain  limited  sets  of  muscles. 
The  centres  for  the  face,  arm,  and  leg  have  been  de- 
monstrated to  occupy  the  convolutions  on  either  side  of 
the  fissure  of  Rolando,  while  the  speech-centre  is  found 
in  the  base  of  the  third  frontal  convolution.  These 
centres  are  now  generally  admitted,  and  Ferrier  furthei 
claims  an  oculo-motor  centre  just  anterior  to  that  of  the 
leg,  and  a  centre  for  vision  situated  in  the  angular 
gyrus.    The  facts  of  localization,  as  established,  are  of  the 


utmost  importance  in  considering  the  symptoms  which 
follow  injuries  to  the  brain,  for  as  limited  lesions  in 
certain  regions  are  found  to  produ.ce  paralysis  or  spasm 
in  certain  limited  sets  of  muscles,  the  occurrence  of 
similar  symptoms  point  to  the  location  of  the  lesion  on 
which  they  depend  in  those  cases  in  which  there  is  no 
visible  injury  to  guide  us. 

In  slight  cases  of  concussion  the  symptoms  are  transient ; 
there  is  more  or  less  giddiness  with  some  bewilderment,' 
and  possibly  some  staggering,  with  momentary  loss  of 
consciousness.  The  patient,  if  standing,  may  fall,  but 
will  usually  at  once  be  able  to  rise,  and  all  of  the  symp- 
toms promptly  disappear,  or  may  for  a  time  leave  some 
uncertainty  of  gait  and  slight  obscurity  in  the  intellect- 
ual functions.  In  grave  cases  the  symptoms  indicate 
profound  shock.  The  patient  is  unconscious,  the  muscles 
relaxed,  or  certain  sets  of  muscles  may  be  firmly  con- 
tracted, as  in  clenching  the  fists.  The  breathing  is  slow, 
catching,  and  irregular.  The  pulse  is  extremely  feeble, 
is  apt  to  be  intermittent,  and  at  times  seems  to  have 
stopped  altogether.  The  face  exhibits  extreme  pallor,  and 
the  temperature  may  fall  below  normal.  The  pupils  are 
either  dilated  or  contracted,  and  are  often  unequal  on  the 
two  sides,  and  contraction  is  often  followed,  after  a  short 
interval,  by  dilatation.  During  this  period  they  either 
respond  very  sluggishly  to  light,  or  may  fail  entirely  to 
do  so. 

In  this  state  the  patient  may  die.  If  improvement  oc- 
curs it  manifests  itself  first  in  the  circulation,  and  the 
pulse  becomes  stronger,  though  the  irregularity  may  re- 
main. The  face  loses  its  pallor  and  becomes  flushed. 
The  eyes  respond  to  light,  the  breathing  becomes  more 
regular,  and  is  often  sighing,  and  the  patient  manifests 
more  or  less  restlessness  by  moving  his  limbs. 

Paralysis,  if  it  exist,  can  now  be  detected.  Vomiting  at 
this  period  is  of  frequent  occurrence,  and  involuntary 
discharges  from  both  bladder  and  rectum  may  occur, 
though  retention  of  urine  is  more  often  observed.  This 
seeming  improvement  may  be  only  temporary,  and  all 
of  the  symptoms  may  again  become  more  intensified ; 
the  patient  sinks  into  profound  coma  and  death  follows. 
If  the  case  pursues  a  favorable  course,  there  is  gradual 
improvement  in  all  of  the  symptoms,  the  pulse  and  respi- 
ration become  normal,  and  the  patient  is  readily  roused  to 
answer  questions  and  take  nourishment,  though  when  left 
to  himself  he  will  soon  sink  into  a  listless  semi-conscious 
condition.  This  may  assume  the  character  of  normal 
sleep,  from  which  he  may  awake  in  some  hours  with  the 
intellectual  functions  entirely  restored  ;  or  a  condition  of 
partial  consciousness  may  last  for  some  days  and  only 
gradually  pass  off.  This  condition  may  be  interrupted 
by  the  occurrence  of  delirium,  either  passive,  in  which  the 
patient  lies  muttering  to  himself,  or  it  may  be  of  the  more 
active  kind,  requiring  restraint.  These  attacks  of  delirium 
are  often  associated  with  an  increase  of  temperature,  and 
indicate  the  extension  of  intracranial  inflammation,  or 
the  occurrence  of  septic  infection  ;  indeed  both  of  these 
conditions  are  often  combined.  During  the  state  of  par- 
tial consciousness  and  delirium,  bladder  and  rectum  may 
both  be  evacuated  involuntarily,  or  the  use  of  the  cathe- 
ter may  be  required  habitually.  The  existence  of  pa- 
ralysis during  complete  unconsciousness  can  only  be  sur- 
mised. When  this  has  passed,  even  partially,  away, 
complete  hemiplegia  may  be  found  to  exist,  or  mono- 
plegia of  arm,  leg,  or  face,  or  a  condition  of  aphasia 
or  spasm  may  occur,  limited  to  the  affected  muscles, 
or  it  may  extend  to  others  upon  the  same  side.  In  rare 
cases  muscles  of  the  opposite  side  are  attacked.  These 
limited  spasms  may  recur  at  short  intervals,  and  con- 
tinue for  days,  and  then  subside.  During  their  occur- 
rence the  patient  retains  complete  consciousness.  A^ain, 
general  convulsions,  with  complete  loss  of  conscious- 
ness, may  develop.  They  are  always  of  serious  im- 
port. Local  paralysis,  incomplete  at  first,  may  become 
complete,  and  may  extend,  and  thus  a  monoplegia  may 
become  hemiplegia.  Such  extension  indicates  the  super- 
vention of  inflammation,  extending  the  area  of  the  original 
lesion.  The  increase  of  the  paralysis  may  be  Independent 
of  any  changes  in  the  mental  condition ;  usually,  however, 
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it  is  the  forerunner  of  coma  and  death.  In  other  cases  the 
paralysis  persists  without  extending,  and  remains  perma- 
nent ;  more  often,  however,  improvement  occurs,  which 
either  continues  to  complete  cure  or  leaves  some  slight 
impairment  behind.  Paralysis  of  arm,  leg,  or  face  should 
always  direct  attention  to  the  motor  area  of  the  opposite 
side,  and  even  if  injury  to  the  skull  is  not  apparent 
it  is  fair  to  conclude  that  local  injury  to  the  brain  exists. 
This  conclusion  does  not,  however,  justify  too  early  oper- 
ation for  its  relief,  for  monoplegia  of  even  some  days' 
standing  may  disappear.  Fever,  after  injury  to  the  brain, 
indicates  the  occurrence  of  intracranial  inflammation,  or 
it  may  be  due  to  septic  infection  alone,  or  to  a  septo- 
encephalitis.  It  is  of  constant  occurrence  where  diffuse 
arachnitis  exists,  and  is  here  always  followed  by  hemi- 
plegia. When  the  injury  to  the  brain  is  beyond  the 
motor  area  no  paralysis  exists.  Thus,  in  limited  fracture 
of  the  frontal  bone  there  may  be  no  symptoms  indicating 
any  injury  to  the  brain,  even  where  there  is  marked  de- 
pression of  fragments  and  the  development  of  a  circum- 
scribed abscess.  If,  however,  this  condition  is  not  relieved 
by  the  elevation  of  the  fragments  and  evacuation  of  the 
pus,  evidence  of  compression  usually  occurs  with  more 
or  less  fever,  and  coma  and  death  ensue.  These  symp- 
toms often  do  not  develop  for  some  days,  and  then  begin 
very  insidiously.  In  fracture  of  the  base  involving  the 
petrous  portion  of  the  temporal  bone,  cerebro-spinal  fluid 
may  continue  to  escape  from  the  external  auditory  canal 
ior  some  days.  The  same  phenomena  have  been  observed 
after  fracture  of  the  ethmoid.  Where  the  pericranium 
remains  unbroken  after  fracture,  the  gradual  accumula- 
tion of  fluid  beneath  it  may  form  a  meningo-encephalo- 
cele.  In  compound  fracture  of  the  vault  there  may  be  a 
loss  of  brain-tissue,  and  such  fractures  are  often  the  oc- 
casion for  the  formation  of  hernia  cerebri.  These  last 
cases  usually,  though  not  always,  terminate  fatally. 

The  intellectual  faculties  may  be  entirely  unaffected 
after  recoyery  from  even  severe  brain  injury,  or  the  mind 
may  remain  more  or  less  impaired.  Such  impairment 
will  sometimes  develop  after  a  long  interval,  and  finally 
lead  to  entire  loss  of  reason.  In  other  cases  epileptic 
seizures  develop.  These  are  generally  dependent  upon 
some  depression  or  thickening  of  bone  at  the  seat  of  in- 
jury, or  are  the  result  of  irritation  from  a  cicatrix,  or  of 
pressure  from  a  foreign  body. '  The  removal  of  the  cause, 
even  after  the  lapse  of  years,  is  often  followed  by  the  cessa- 
tion of  the  unpleasant  symptoms.  Injury  to  the  cerebral 
nerves  is  due  either  to  rupture,  laceration,  or  pressure  from 
■effused  blood  about  them,  or  extravasation  within  their 
sheath.  The  symptoms  due  to  loss  of  function  in  these 
■cases  may  be  either  permanent  or  temporary  ;  in  the  lat- 
ter pressure  has  probably  been  relieved  by  absorption. 
The  optic  nerve,  one  or  all  of  the  branches  of  the  third, 
the  abducens,  and  the  auditory  nerves  are  the  ones  most 
■often  injured. 

The  diagnosis  of  the  extent  and  character  of  a  cerebral 
lesion  is  always  obscure,  even  when  fracture  of  the  skull 
•exists.  Without  visible  external  injury  the  location  of 
the  lesion  in  the  brain  must  be  determined  by  the  facts  of 
localization. 

The  prognosis  of  these  injuries  is  always  uncertain  ; 
trivial  cases  in  the  outset  may  become  grave,  and  even 
fatal  in  the  end,  and  apparent  recovery  may  be  followed 
by  the  renewal  of  dangerous  symptoms  or  succeeded  at 
a  long  interval  by  epilepsy,  or  more  or  less  impairment 
■of  the  mind. 

The  general  indications  for  treatment  are  prevention  of 
inflammatory  complications,  and  to  this  end  the  removal 
of  all  present  and  possibly  future  sources  of  irritation. 
Depressed  fragments  of  bone  are  to  be  removed,  and  the 
membranes  and  brain-substance  itself  incised  for  the  es- 
cape of  pus  when  it  is  apparent  that  an  abscess  has 
formed.  In  these  cases,  and  wherever  there  has  been  de- 
struction of  brain-tissue,  especially  in  gunshot  wounds, 
thorough  drainage  is  of  the  utmost  importance.  In  gun- 
shot wounds  the  ball  should  be  removed,  if  possible,  and 
in  a  limited  number  it  has  been  traced  through  the  brain 
and  extracted  by  trephining  the  skull  opposite  the  point 
of  entrance.      Monoplegia  and  monospasm,  when  they 


persist  or  tend  to  increase,  are  likewise  indications  for  the 
use  of  the  trephine  over  the  appropriate  region,  even 
where  no  evidence  of  external  injury  is  apparent.  This 
rule  is,  however,  by  no  means  absolute,  and  even  where 
there  is  evident  injury  (undepressed  fracture)  to  the  skull, 
with  paralysis  of  the  corresponding  muscles,  complete 
cure  without  operation  may  ensue.  Recumbency,  per- 
fect quiet,  and  the  avoidance  of  excitement  must  be  en- 
forced. Calomel  in  small  doses,  frequently  repeated, 
seems  to  exercise  a  controlling  influence  upon  the  de- 
velopment of  inflammation.  For  the  periods  of  excite- 
ment chloral,  bromide  of  potassium,  and  opium  must  be 
exhibited.  During  the  depression  following  the  first 
shock  stimulants  and  the  application  of  external  warmth 
are  indicated.  In  all  cases  the  condition  of  the  bladder 
requires  frequent  examination,  lest  retention  pass  unob- 
served. The  occurrence  of  epilepsy  justifies  the  re- 
moval of  depressed  bone  or  an  irritable  cicatrix,  and  the 
trephine  is  indicated  even  when  at  the  seat  of  injury  there 
is  no  evident  depression,  as  thickening  of  bone  may  have 
occurred  or  a  foreign  body  lodged  beneath  the  skull. 

JT.  P.  Dandridge. 

BRAIN,  SOFTENING  OF.  The  brain  is  said  to  be 
softened  when  its  consistency  is  less  than  that  taken  as  a 
normal  standard.  Diminution  of  consistence,  however, 
shows  but  a  part  of  the  morbid  work  of  an  affection  in 
which  this  phenomenon  is  only  a  circumstance  quite  ac- 
cessory to  the  more  important  cerebromalacia,  and  the 
term  in  its  literal  acceptation  could  apply  only  to  a 
diminution  of  the  cohesion  of  the  brain-tissues,  while  its 
other  properties  remained  intact.  Softening  being  a 
symptomatic  word  with  a  pathological  meaning,  like  the 
word  apoplexy,  is  rather  a  survival  of  a  former  belief, 
and  its  use  is  perhaps  for  this  reason  undesirable  ;  but  the 
name  having  been  retained  amid  the  fluctuations  of 
opinions  of  writers  on  the  subject,  and  in  spite  of  its  in- 
congruity and  the  fact  that  it  is  often  applied  to  cases  in 
which  there  is  really  no  softening,  it  is  now  employed  to 
designate  a  necrobiotic  process  occurring  in  the  elements 
of  the  brain-tissues  consequent  upon  nutritive  changes 
ordinarily  attended  by  sensory,  motor,  and  mental  dis- 
turbances, which  may  vary  according  as  the  lesion  is  cir- 
cumscribed or  general  in  character. 

Descriptions  of  the  pathological  changes  accompanying 
occlusion  of  the  cerebral  arteries  and  the  so-called  en- 
cephalomalacia  are  comparatively  new.  Their  discussion 
is  limited  to  contemporary  authors,  who  have  definitely 
settled  certain  points  involved  in  the  development  of  a  new 
subject,  notwithstanding  diversity  of  opinion  touching  the 
nature  and  character  of  softening. 

In  determining  the  question  whether  the  diminished 
consistence  or  diffluence  of  cerebral  substance  be  of  patho- 
logical origin,  two  sources  of  deception  should  be  yarded 
against;  for  this  condition  may  be  the  result  either  of 
cadaveric  decomposition  or  of  accident  happening  during 
the  extraction  of  the  brain  from  the  skull.  The  genuine 
morbid  appearances  are  then  to  be  distinguished  from  the 
artefacta  produced  by  the  investigator,  and  from  the 
spontaneous  changes  occurring  after  death.  Nor  should 
the  condition  be  confounded  with  diminished  density  or 
specific  gravity.     Normal  white  matter  gives  a  specific 

fravity  of  1.040,  but  when  softened  it  is  from  six  to  eight 
egrees  of  the  hydrometer  scale  lower  than  the  normal 
condition ;  and  the  consistency  of  the  brain  is  the  same  in 
individuals  of  all  ages  excepting  the  new-born  and  very 
young  children.  Season,  temperature,  and  the  disease 
to  which  the  patient  has  succumbed,  affect  this  con- 
sistence. An  epileptic,  dying  during  a  paroxysm,  in  the 
month  of  June,  by  asphyxia  from  the  penetration  of  food 
into  the  respiratory  ways,  has  been  known  to  present  at 
the  necropsy,  twenty-four  hours  afterward,  a  completely 
dilBuent  encephalon.  In  a  second  instance,  forty  hours 
after  death,  with  the  same  temperature,  and  in  marasmus 
and  an  organic  affection  of  the  liver  without  cerebral 
symptoms,  the  brain  was  found  to  be  in  such  a  softened 
state  that  when  it  was  placed  on  the  hand  the  fingers  pene- 
trated by  reason  of  its  weight  alone  ;  while  that  of  another 
cadaver,  examined  seventy  hours  after  death  and  twenty- 
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four  hours  after  the  necropsy,  was  far  from  this  state  of 
softening. 

Though  most  frequent  in  old  age,  softening  spares  no 
period  of  life,  its  occurrence  having  been  noted  in  the  new- 
born and  even  in  the  foetus.  That  form  peculiar  to  the 
senile  condition  appears  to  have  served  as  a  type  in  all  the 
descriptions  given  by  the  best  writers,  who  seem  to  have 
overlooked  the  pathological  conformity  shown  in  the  fail- 
ure of  the  nutrition  as  the  primary  and  common  cause 
of  cerebral  softening  at  the  two  extremes  of  life.  In  the 
new-born  the  profound  disturbance  of  nutrition  which, 
through  the  intermediary  of  the  blood,  disintegrates  an 
organ  whose  softness  has  not  yet  been  effaced  by  age,  is 
essentially  the  same  as  that  which  in  the  senile  state  pre- 
pares for  arterial  and  cardiac  lesions,  the  formation  of 
embolism  or  thrombosis,  and  the  consequent  incomplete 
irrigation  of  the  cerebral  substance  by  the  blood.  This 
starvation  of  the  brain  consequent  upon  diminished  sup- 
ply of  arterial  blood  is  now  spoken  of  as  necrobiotic  and 
non-inflammatory  in  its  nature.  Such  terms,  however, 
as  cerebral  infarction  and  necrobiosis,  though  establishing 
facts,  do  not  explain  the  phe^^^mena  of  cerebral  disinte- 
gration. 

Certain  observers  recognize  In  brain-softening  inflam- 
mation of  an  absolute  kind ;  some  regard  it  as  a  morbid 
state  analogous  to  senile  gangrene ;  others  see  a  vital 
lesion  affecting  the  nutritive  integrity  of  the  brain  ;  while 
others  consider  it  as  a  lesion  of  nutrition  owing  to  local 
ischaemia,  provoked  by  arrest  or  diminution  of  circulation 
either  in  one  of  the  cerebral  arteries  or  in  the  capillaries 
of  the  brain. 

This  profound  trouble  of  nutrition,  the  essence  of 
which  is  unknown,  may  occur  as  a  primitive  necrobiosis 
of  the  brain  substance,  or  this  necrobiosis  may  be  pre- 
ceded by  a  vascular  lesion  that  causes  a  want  of  supply 
of  blood  effected  through  embolism,  the  local  formation 
of  a  thrombus,  or  by  compression  of  the  vessels.  If  a 
cerebral  vessel  be  stopped,  that  part  of  the  brain  supplied 
by  the  vessel  is  suddenly  deprived  of  nourishment,  and 
this  will  be  definitely  the  case  if  the  embolism  remains  in 
place.  When  the  vessel  in  question  is  a  terminal  artery, 
which  does  not  exchange  blood  with  other  arteries,  there 
will  be  immediate  stoppage  of  cerebral  function,  followed 
by  rapid  changes  into  fat  of  the  brain  element,  and  eventu- 
ally into  the  liquescent  state. 

The  anatomical  characters  and  circumstances  that  pre- 
side at  the  evolution  of  cerebral  softening  have  been 
fairly  made  out.  Observations  in  tliis  direction  warrant 
the  statement  that  the  arieria  fosam  Sylmi  sinistra  is  most 
exposed  to  embolic  occlusion,  which  circumstance  may 
be  explained  anatomically  by  the  difference  in  the  angles 
at  which  the  left  carotid  and  the  innominate  arteries  are 
given  off  by  the  aorta.  For  this  reason  the  left  carotid  is 
liable  to  catch  an  embolus  coming  from  the  heart,  and 
the  left  Sylvian  artery  being  the  terminal  artery  in  ques- 
tion, the  regions  provided  by  this  vessel  are  consequently 
most  in  danger  of  being  affected  by  the  embolic  process. 
These  regions  are  the  nucleus  lenticularis,  the  terminal 
nuclei  in  part,  the  external  capsule,  and  part  of  the  in- 
ternal capsule.  The  terminal  branches  of  this  vessel  sup- 
ply tlie  second  and  third  frontal  convolutions,  the  island 
of  Reil,  and  proximal  surroundings,  these  being  the  por- 
tions of  the  brain  most  likely  to  suffer  from  the  necrobi- 
otic process.  Further  anatomical  changes  in  the  cerebral 
substance  may  result  from  the  formation  of  an  autoch- 
tlionous  coagulation,  in  consequence  of  degeneration  of 
the  intracranial  vessels.  Circumstances  favoring  the  rapid 
formation  of  the  thrombus  are  diminished  motor  force 
of  the  heart,  roughening  of  the  inner  walls,  narrowing, 
and  loss  of  force  and  elasticity  of  the  vessels.  Tumors 
Of  rapid  growth,  and  inflammatory  processes  and  their 
surroundings,  which  compress  the  vessels  to  such  an  ex- 
tent as  to  lead  to  softening,  are  phenomena  often  observed 
in  connection  with  softening.  Occasionally  the  affected 
vessel  is  discovered  entirely  empty  at  the  post-mortem 
examination,  and  for  this  reason  it  is  supposed  that  the 
occluding  mass  has  been  reabsorbed. 

The  first  fact  of  importance  in  connection  with  the 
pathological  details  of  softening,  is  the  infrequency  of 


anatomical  changes  in  the  cerebral  substance  when  the 
seat  of  obstruction  is  on  the  cardiac  side  of  the  circle  of 
Willis,  which  permits  the  prompt  re-establishment  of  the 
circulation  on  account  of  its  free  anastomosis.  If,  how- 
ever, the  embolus  is  lodged  in  one  of  the  terminal  arte 
ries  of  the  basal  arterial  system,  and  a  large  region  be 
thereby  deprived  of  the  necessary  supply  of  fresh  blood, 
there  will  be  flowing  back  from  the  veins,  and  the  tissues 
will  become  hypersemic  and  oedematous,  and  filled  with 
small  extravasations  known  as  hsemorrhagic  infarctions 
In  this  simple  necrobiotic  change,  the  blood  and  coloring 
matter  pass  through  the  ordinary  metamorphosis,  the 
tissue  of  the  brain  swells  and  decays,  leading  to  the  rapid 
development  of  masses  of  granular  cells,  and  finally  to 
fatty  emulsion.  Later  the  diseased  focus  may  become 
reabsorbed  and  a  cyst  remain  in  the  place  of  the  soften- 
ing, but  this  is  rare  ;  in  fact,  such  a  result  may  never  oc- 
cur except  in  the  case  of  a  small  focus  of  inflammation 
The  process  is  more  of  ten  followed  by  red  sanguineous  in 
filtration  and  yellow  softening.  Sanguineous  infiltratiou 
is,  however,  not  always  present,  and  yellow  softening  is 
sometimes  observed  without  its  presence. 

Although  the  etiology  of  the  large  group  of  clinical 
symptoms  popularly  known  as  brain-softening  touches 
one  of  the  most  delicate  points  of  medicine,  but  little  sat- 
isfactory is  to  be  said  regarding  its  remote  causes.  Among 
those  which  predispose  more  or  less  are  old  age  (from 
fifty  to  eighty)  or  agedness,  chronic  alcoholism,  syphilis, 
sexual  excesses  and  fast  life,  Bright's  disease,  acute  rheu 
matism,  the  dartrous  diathesis,  chorea,  scarlet  fever, 
insolation,  intense  cold,  intense  and  long-continued  intel- 
lectual exertion,  severe .  and  protracted  emotional  dis- 
turbance, misery,  fright,  overwork  and  responsibility, 
the  abuse  of  opium,  menstrual  troubles,  and,  according 
to  some  authorities,  the  puerperal  state.  The  cachexias, 
and  the  inopectic  diathesis  (that  is,  a  tendency  to  embol- 
ism, to  thrombosis,  and  to  coagulation  of  flbrine),  are  ad- 
juvant causes,  the  importance  of  which  should  not  be 
overlooked.  Among  negroes,  the  intertropical  races,  and 
the  inferior  races  generally,  softening  and  other  forms  of 
brain  disease  are  infrequent,  and  the  aptitude  for  such 
disease  grows  with  the  degree  of  perfection  of  the  species. 
Women  are  less  subject  than  men,  principally  for  the 
reason  that,  being  women,  they  do  not  undergo  the  strain 
and  exhaustion  of  high  brain  energy  and  severe  muscular 
labor,  and  are  not  so  exposed  as  men  to  the  poison  and 
excitement  of  alcohol,  syphilis,  and  tobacco. 

Brain-softening  is  the  pathological  sequence  of  many 
different  conditions ;  but  the  more  important  causes  that 
bring  about  the  results  in  question  may  be  stated  as  fol- 
lows, when  brought  concisely  together :  Endocarditis, 
through  the  production  of  movable  products ;  myocar- 
ditis, through  the  formation  of  thrombosis  in  the  heart ; 
all  processes  in  vhe  lungs  leading  to  coagulation  or  to  the 
reception  of  septic  material  into  the  veins  of  the  lungs  ; 
aneurism  of  the  aortic  arch ;  atheroma  of  the  cerebral  ar- 
teries ;  tumors  of  the  brain,  and  even  encephalitic  foci ; 
syphilis  of  the  brain  ;  the  accumulation  of  pigment  and 
pigmentous  flakes  in  the  blood,  in  connection  with  severe 
cases  of  malarial  intermittent  fever ;  and  capillaiy  occlu- 
sion through  drops  of  fat.  Other  sources  are  injuries 
and  inflammations  of  the  bone,  the  occlusion  brought 
about  by  pus-cells  or  white  corpuscles,  and  the  blocking 
of  the  vessels  by  lime  metastasis. 

Of  the  phenomena  of  the  occlusion  of  the  intracranial 
vessels  usually  preceding  the  encephalomalacia,  it  is  im- 
possible to  present  a  clinical  picture  in  definite  terms 
without  going  into  the  details  of  embolism,  thrombosis, 
and  liremorrhage,  for  full  particulars  of  which  the  reader 
is  referred  to  their  respective  headings.  Although  spoken 
of  in  the  same  connection,  cerebral  softening  and  occlu- 
sion of  the  cerebral  vessels  are  not  necessarily  interde. 
pendent,  since  softening  does  not  always  follow  occlu 
sion,  and  for  this  reason  there  is  a  tendency  among  som« 
to  consider  softening  as  a  distinct  pathological  condition. 

Softeniuig  of  embolic  origin  always  begins  by  the  symp 
toms  peculiar  to  encephalic  effusion  of  blood,  or  to  thos« 
of  apoplexy,  the  word  being  taken  in  its  traditional  sense, 
In  fact,  the  symptoms  are  so  similar  to  each  other  thai 
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their  differentiation  may  be  a  matter  of  great  difficulty  to 
the  most  experienced.  The  symptoms  that  characterize 
the  early  period  of  embolism  are  sudden.  Without  pre- 
monition the  patient  is  seized  with  a  sudden  dizziness,  or 
a  momentary  headache,  and  with  an  involuntary  cry  falls 
consciousless  ;  motion  and  sensation  appear  to  be  extin- 
guished, and  unilateral  paralysis,  generally  of  the  right 
side,  follows.  The  only  apparent  difference  between  the 
symptoms  occasioned  by  embolism  of  a  cerebral  artery 
and  those  of  haemorrhage,  is  the  more  transient  state  of 
the  unconsciousness.  For  this  reason  part  of  the  symp- 
toms are  often  spoken  of  as  apoplectic.  .In  some  cases, 
where  the  symptoms  are  less  distinct,  the  unilateral  pa- 
ralysis forms  a  prominent  feature.  Other  cases  are  promi- 
nently marked  by  more  or  less  dizziness,  by  the  absence  of 
coma,  by  convulsions,  and  by  unilateral  symptoms.  This 
seems  chiefly  the  case  when  embolism  occurs  in  a  cir- 
cumscribed smaller  cortical  region,  or  when  the  embolus 
is  reabsorbed  and  the  circulation  restored.  Vomiting 
sometimes  attends  the  onset  of  the  attack ;  at  other  times 
delirium  of  a  transitory  character  occurs,  and  in  many 
cases  sudden  aphasia  results  from  the  anaemia  produced 
in  the  speech-centre  by  the  embolic  occlusion  of  the  artery 
supplying  that  region.  There  seems  to  be  diversity  of 
opinion  among  observers  regarding  the  state  of  the  pupils 
during  the  onset  of  the  attack ;  it  is  probable,  however, 
that  they  vary  in  different  cases.  At  the  fundus  of  the 
eye  there  may  be  found  papillary  or  retinal  oedema.  It 
is  only  in  chronic  senile  cases  that  papillary  atrophy  oc- 
curs. 

Thrombosis  of  the  cerebral  vessels  is  usually  attended 
by  premonitory  symptoms,  as  persistent  headache,  either 
diffused  or  localized,  slight  dizziness,  a  sense  of  general 
confusion,  unilateral  disturbances  of  sensation,  and  even 
violent  transient  paresis.  Further  development  of  the 
trouble  gives  rise  to  excitement  and  active  delirium,  caus- 
ing the  patient  to  get  out  of  bed  at  night  and  to  commit 
other  unreasonable  acts.  Symptoms  of  depression  may 
follow  this  period  of  excitement,  the  patient  becoming 
apathetic  and  answering  questions  with  difficulty.  His 
movements  are  slow  ;  there  is  tendency  to  somnolency ; 
and  a  notable  decrease  occurs  in  the  psychic  functions, 
this  decrease  being  characterized  mainly  by  failures  of 
the  reasoning  process,  and  by  a  more  or  less  compro- 
mised memory,  both  of  which  are  shown  in  verbal  amnesia 
and  other  dysphasic  affections.  The  humor  is  chang- 
ing and  emotional,  and  later  the  mental  and  other  symp- 
toms may  become  those  of  localized  cerebral  disease  gen- 
erally. As  the  patient  goes  into  greater  decline  there 
may  be  decubitus,  and  he  may  die  from  bed-sores ;  from 
an  intercurrent  malady,  as  a  cardiac,  renal,  or  splenic 
complication,  or  a  pulmonary  phlegmasia ;  from  a  new 
attack,  or  from  some  new  lesion  of  the  encephalon. 
Generally  the  patient  dies  in  a  state  of  profound  ady- 
namia. The  size  and  physiological  importance  of  the 
occluded  vessels  determine  the  difference  in  the  extent 
and  duration  of  the  symptoms.  In  fresh  and  vigorous 
subjects  the  occlusion  of  a  small  vessel  may  be  followed 
by  recovery,  if  the  collateral  circulation  be  established 
before  the  stage  of  necrobiosis  begins.  However,  in 
most  cases  of  autochthonous  thrombosis  that  survive, 
the  subsequent  history  is  that  of  chronic  localized  brain 
disease,  and  of  the  motor,  sensory,  and  intellectual  dis- 
turbances that  follow.  The  same  may  be  said  of  em- 
bolic softening.  Actual  softening  being  fully  established, 
the  most  prominent  symptoms  are  permanent  weakness, 
often  persistent  hemiplegia  accompanied  by  athetoid 
spasms,  and  progressive  mental  weakness  ending  in  pa- 
retic dementia.  With  the  exception  of  the  disturbances 
of  vision,  the  affections  of  the  special  senses  are  the  same 
as  those  that  occur  in  connection  with  cerebral  hsemor- 
rhage.  The  same  is  true  of  the  sensory,  trophic,  and 
vaso-motor  disturbances.  Sudden  amaurosis  from  occlu- 
sion of  the  arteria  centralis  retinae  has  been  observed  to 
occur  in  some  cases  of  embolism.  Anaemia  of  the  fundus 
has  also  been  found  ;  and  certain  observers  attach  much 
diagnostic  importance  to  the  arterial  and  venous  hyper- 
aemia  of  the  retinal  vessels  and  to  congestion  of  the  optic 


The  paralyzed  limbs  are  generally  those  of  the  right 
side,  for  the  simple  reason  that  the  left  Sylvian  artery  is 
of  tener  occluded  than  the  right.  Bilateral  paralysis  may, 
however,  follow  bilateral  vascular  occlusion.  Since  we 
are  unable  to  offer  any  satisfactory  explanation  of  either 
the  presence  or  the  absence  of  contractures  of  the  par- 
alyzed limbs,  they  can  scarcely  be  regarded  as  of  pathog 
nomonic  significance,  Motor  restlessness,  though  char^ 
acteristic  of  the  worst  cases,  is  greatly  influenced  by 
heredity.  A  patient  of  bad  nervous  antecedents,  with  a 
spot  of  progressive  softening  in  one  of  the  corpora  striata, 
may  become  noisy  and  restless  and  suffer  from  insomnia, 
while  another,  with  no  nervous  heredity  and  under  the 
same  conditions,  is  quiet  and  manageable.  As  enfeeble- 
ment  progresses  the  motor  symptoms  are  particularly 
noticeable  in  the  paretic  walk  and  aphasic  speech,  the  lat- 
ter resulting  from  a  disturbance  of  the  secondary  co-ordi- 
nation consequent  upon  a  lesion  of  the  basal  motor-gan- 
glia (see  Aphasia). 

A  brain  affected  by  softening  being  on  the  verge  of  dis- 
solution, the  most  prominent  and  troublesome  symptom 
is  the  disturbance  of  the  mental  functions.  The  faculty 
most  prone  to  fail  is  memory.  The  vesicular  neurine  not 
being  susceptible  to  the  impression  of  events,  the  patient 
is  unable  to  recall  recent  experiences  and  impressions 
with  distinctness.  The  destructive  metamorphosis  of  the 
convolutional  structure  is  further  shown  in  the  impair- 
ment of  the  reflective  faculty  or  power  of  judgment ;  and 
as  the  cerebromalacia  progresses  the  patient  may  become 
whimsical  and  peevish,  or  his  affective  power  may  be 
deadened,  and  the  intellectual  faculties  may  decline  into 
childishness  and  finally  become  extinct. 

The  occurrence  of  these  mental  changes  in  connection 
with  the  situation  of  the  brain  lesion  may  be  further 
studied  under  other  headings  (see  Brain,  Diagnosis  of 
Local  Lesions  in,  and  Cerebral  Cortex,  Functions  of 
the). 

The  diagnosis  of  cerebral  softening  should  be  based 
upon  the  history  of  the  case  and  the  proving  of  such 
fundamental  conditions  as  may  produce  hsemorrhage  and 
embolism  or  thrombosis.  Haemorrhage  cannot  be  distin- 
guished from  thrombosis  by  any  absolute  means,  not- 
withstanding the  various  diagnostic  signs  that  have  been 
proposed  at  various  times ;  but  the  condition  of  softening 
may  be  established  with  a  probability  bordering  on  cer- 
tainty when  the  associated  symptoms  are  taken  into  ac- 
count. When  the  premonitory  symptoms  have  continued 
for  a  long  time,  the  so-called  apoplectic  accidents  point 
to  cerebral  haemorrhage  rather  than  to  embolism ;  but 
the  syrhptoms  in  all  probability  may  be  owing  to  throm- 
bosis. Gradual  march  of  the  paralysis  indicates  throm- 
bosis rather  than  cerebral  haemorrhage.  The  rapid 
appearance  or  disappearance  of  the  attack,  and  the  situa- 
tion of  a  centre  of  softening  in  the  left  hemisphere  point 
rather  to  embolism  than  to  thrombosis.  It  can  also  be 
affirmed  with  almost  entire  certainty  that  the  encephalic 
foyer  is  of  embolic  origin  when  the  presence  of  the_  symp- 
toms permits  us  to  suspect  the  formation  of  splenic  or  of 
renal  infarction.  Such  symptoms  would  be  likely  to 
occur  after  a  sudden  attack  in  a  young  subject  with  an. 
active  bruit  de  souffle  and  enlargement  of  the  spleen,  pains 
in  the  lumbar  region,  and  the  presence  of  blood  in  the 
urine.  Cerebral  softening  may  be  confounded  with  en- 
cephalitis, with  haematoma  of  the  dura  mater,  and  with 
tumors.  In  tumors  the  speech  and  intellect  are  generally 
unaffected,  and  there  is  pain  with  convulsions,  vomiting, 
double  optic  neuritis,  and  choked  disk ;  in  haematoma  the 
history  of  the  case  is  the  main  reliance  in  making  out  a 
correct  diagnosis ;  while  in  encephalitis  there  is  a  con- 
siderable rise  in  temperature,  and  the  evidence  of  tissue 
action  in  the  respective  region  of  the  brain,  which  is 
notably  absent  in  softening.  The  signs  of  arterial  athe- 
roma are  of  no  value. 

Softening  of  the  brain,  more  or  less  grave  accordmg  to 
the  extent  and  intensity  of  the  functional  troubles,  is  a 
disease  that  ends  in  death  after  a  certain  time,  varying 
from  a  few  days  to  several  months  or  years.  More  die 
of  the  acute  than  of  the  chronic  form.  Some  think  the 
malady  curable,  but  it  leaves  ineffaceable  marks  in  the 
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most  favorable  cases,  and  the  reported  recoveries  are  to 
be  looked  upon  with  a  great  deal  of  doubt.  They  are 
said  to  have  occurred  in  young  and  vigorous  subjects ; 
and  when  it  is  taken  into  consideration  that  the  symp- 
toms may  have  been  incorrectly  observed,  or  that  they 
may  have  been  those  following  various  depraved  states  of 
the  nervous  system,  the  statement  becomes  more  problem- 
atical. When  not  carried  off  by  the  initial  symptoms, 
the  patient  is  left  with  an  incurable  infirmity,  in  one  of 
the  most  unfavorable  conditions  known.  With  the 
gradual  enfeeblement  of  the  intellect  he  is  constantly 
threatened  with  new  symptoms,  and  the  reproduction  of 
the  original  causes  that  produced  the  centre  of  soften- 
ing. In  fact,  these  causes  greatly  influence  any  forecast 
that  it  is  possible  to  make  concerning  the  march  and  dura- 
tion of  the  malady.  As  a  rule,  it  may  be  said  that  the 
indications  are  the  more  favorable  in  simple  circumscribed 
embolism,  and  most  unfavorable  in  cases  of  autochtho- 
nous thrombosis.  The  prognosis  is  worse  when  there  is 
slight  impairment  of  the  intellect,  sensibility,  and  motil- 
ity taken  together  than  it  is  when  any  one  of  these  singly 
is  profoundly  impaired.  A  case  may  be  regarded  as 
hopeless  as  long  as  the  underlying  cause  of  the  attack 
remains,  and  extreme  gravity  is  to  be  attached  to  such 
symptoms  as  rise  of  temperature  and  bed-sores. 

The  causes  that  produce  softening  are  difficult  to  re- 
move and  the  therapeutical  treatment  of  their  effects  is 
generally  barren  in  results,  notwithstanding  correctness 
of  diagnosis  and  the  most  judicious  efforts  to  meet  symp- 
toms as  they  occur.  Preventive  measures"  bejng  out  of 
the  question,  except  when  the  premonitory  _^ymptoms 
have  continued  for  a  long  time,  a  consideration  of  the 
causes  becomes  a  fundamental  matter,  and  the  state  of 
the  heart  and  its  action  the  main  question.  A  declivous 
position  of  the  head  and  perfect  rest  in  a  uniform  tem- 
perature are  advisable  during  an  acute  attack,  while  the 
body  should  be  kept  warm  by  artificial  heat,  warm  cloth- 
ing, and  the  cautious  administration  of  stimulants.  The 
caution  in  regard  to  stimulation  is  the  more  to  be  ob- 
served if  there  be  the  least  suspicion  of  hsemorrhage.  In 
such  a  contingency  it  is  deemed  wise  to  act  as  if  the  case 
were  one  of  cerebral  haemorrhage,  since  hsemorrhage  is 
more  likely  to  occur  than  occlusion,  and  the  harm  fol- 
lowing stimulation  in  such  a  case  would  seem  to  justify 
the  diagnostic  doubt.  Symptoms  pointing  to  a  severe 
collateral  hypersemia  may  be  treated  with  large  doses  of 
the  bromides,  sinapisms,  dry  cupping,  and  mild  purga- 
tion. The  actual  cautery  and  bleeding  are  to  be  avoided  ; 
but  when  there  is  general  vascular  irritation,  leeches  may 
be  applied  to  the  anus  and  behind  the  ears,  in  connection 
with  intestinal  revulsives  and  cold  applications  to  the 
head.  The  use  of  digitalis  is  indicated  if  the  arterial 
tension  be  weak  ;  its  use  is,  however,  inadvisable  in  old 
persons.  Recourse  may  be  had  to  nervine  tonics  and  to 
mild  forms  of  slow  derivation  after  the  attack  has  passed. 
The  diet  should  be  strictly  regulated,  all  intellectual 
effort  should  be  interdicted,  the  integrity  of  the  nutritive 
functions  should  be  maintained  as  much  as  possible,  and 
the  methods  of  treatment  applicable  to  the  chronic 
symptoms  of  circumscribed  cerebral  disease  should  be 
generally  observed.  Irmng  0.  Sosse 

BRAIN,  SYPHILITIC  DISEASES  OF.  Under  this 
head  the  syphilitic  diseases  of  the  brain,  of  the  cerebral 
meninges,  and  of  the  cranium  will  be  considered. 

History. — Professional  opinion  is  at  variance  as  to  the 
date  at  which  syphilis  first  appeared  among  mankind. 
Some  writers  contend  that  it  is  comparatively  a  new 
disease,  and  first  attacked  man  in  the  fifteenth  century. 
Other  authorities  believe  that  the  disease  is  coeval  with 
the  human  race.  Others,  not  subscribing  to  this  latter 
opinion,  aSlrm  that  it  prevailed  in  China  long  prior  to  the 
Christian  era. 

No  such  difference  of  opinion  exists  as  to  the  date  at 
which  the  syphilitic  diseases  of  the  nervous  system  were 
first  recognized.  By  universal  agreement  the  time  at 
which  this  class  of  diseases  began  to  attract  attention  has 
been  fixed  at  the  beginning  of  the  present  century.     Any- 


thing like  accurate  information  on  this  subject  did  not 
exist  even  half  a  century  ago.  It  is  true  that  some  few 
of  the  early  writers  on  venereal  diseases  state  that  epi- 
lepsy, paralysis,  apoplexy,  etc.,  had  been  observed  by 
them  in  the  course  of  syphilis,  but  the  history  of  the 
cases  reported  was  vague  and  indefinite,  and  the  views  of 
these  writers  were  formed  independently  of  pathological 
demonstrations,  and  failed  to  command  professional  as- 
sent. Even  John  Hunter  and  Sir  Astley  Cooper  denied 
that  syphilis  attacked  the  nervous  system,  and  this  was 
the  professional  opinion  prevalent  at  the  beginning  of  the 
nineteenth  century.  It  is  only  within  the  past  forty  years 
that  clinical  observation  and  pathological  research  have 
furnished  data  sufficient  for  the  building  of  this  depart- 
ment of  medicine  into  a  science. 

In  a  limited  article  it  is,  of  course,  impossible  to  trace 
the  history  of  this  subject,  and  to  do  justice  to  the  labors, 
of  the  vast  number  of  physicians  who  have  patiently  and 
assiduously  cultivated  this  field.  Suffice  it  to  say,  briefly, 
that  in  Prance  Lallemand  and  Rayer  especially  dis- 
tinguished themselves,  and  were  among  the  pioneers  in 
observing  the  clinical  history  and  examining  the  patho- 
logical anatomy  of  this  class  of  diseases.  Schutzenberger, 
among  the  physicians  of  Germany,  is  entitled  to  like 
credit.  Prom  the  long  list  of  those  who  have  added  to 
the  exacter  knowledge  of  syphilitic  diseases  of  the  ner- 
vous system  the  following-named  physicians  are  entitled 
to  especial  mention.  They  are  :  Lancereaux,  Gros,  Zam- 
baco,  Ricord,  Jaksch,  Braus,  Dietrich,  Pidoux,  Trous- 
seau, Yvaren,  Pournier,  Virchow,  Heubner,  Hutchin- 
son, Broadbent,  Hughlings  Jackson,  Todd,  Echeverria, 
Reed,  Moxon,  Buzzard,  Wilks,  Cornil,  Dowse,  and  All- 
butt.  The  literature  upon  this  especial  subject  is  vo- 
luminous, and  evidences  the  fact  that  no  department  of 
syphilography  has,  within  the  past  fifteen  years,  been  so 
patiently  and  exhaustively  investigated  as  that  of  syphilitic 
nervous  diseases.  These  diseases  are  now  known  to  be 
of  frequent  occurrence,  and  may  be  diagnosticated  with 
as  much  certainty  as  any  other  class  of  nervous  diseases, 
and  the  treatment  of  them  is  often  followed  by  marvel- 
lous results. 

Etiology. — The  immediate  cause  of  this  class  of  affec- 
tions is  the  existence  of  constitutional  syphilis  in  the  sys- 
tem of  the  individual. 

The  predisposing  causes  are,  mainly,  inefficient  treat- 
ment of  the  primary  or  secondary  stages  of  syphilis, 
mental  strain,  sexual  excesses,  alcoholic  intemperance, 
depressing  emotions,  cachexia,  gout,  sunstroke,  and  me- 
chanical injuries  of  the  head. 

Syphilitic  diseases  of  the  brain  originate  in  lesions  of 
one  or  more  of  the  following  structures : 

1.  The  skull. 

3.  The  dura  mater,  arachnoid,  or  pia  mater. 

3.  The  brain. 

4.  The  arteries. 

The  membranes,  brain,  or  cranial  nerves  may  be  affected 
in  consequence  of  either  of  the  following  lesions : 

1.  Syphilitic  nodes,  gummata,  or  necrosis  of  the  cra- 
nium ;  or  growths  in  the  endosteal  linings  through  which 
the  nerves  course  prior  to  their  exit  from  the  skull. 

2.  Syphilitic  inflammation  or  growths  in  one  or  more 
of  the  membranes  of  the  brain. 

3.  Growths  connected  with  the  brain  substance. 

4.  Changes  in  the  arteries  of  the  brain,  eventuating  in 
narrowing,  occlusion,  or  rupture  of  the  artery,  with  con- 
sequent atrophy  or  softening  of  the  brain. 

Osseous  Affections. — Any  lesion  located  on  the  in- 
ner surface  of  the  cranium  can  develop  inflammation  of 
one  or  all  of  the  membranes  of  the  brain,  and  may  be 
causative  of  diseased  processes  of  the  brain  substance. 
Nodes,  exostoses,  caries,  and  necrosis  constitute  the  prin- 
cipal syphilitic  affections  of  the  skull.  Generally  speak- 
ing, nodes  of  the  cranium  are  met  with  in  the  tertiary 
period  of  syphilis,  though  they  have  been  known  to  be 
developed  on  the  outer  table  of  the  skull  within  a  few 
months  after  the  chancre  first  appeared.  It  may,  there- 
fore, be  affirmed  that  nodes  of  the  inner  table  may  occa- 
sionally be  found  within  a  few  months  subsequent  to  the 
primary  affection,  or  either  of  these  lesions  may  appear 
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as  late  as  twenty  or  even  fortyyears  after  the  chancre. 
They  are  causative  of  serious  affections  of  the  meninges 
and  of  the  brain,  which  arise  from  an  extension  of  the 
inflammation  therein,  or  from  pressure  of  growths  there- 
on, upon  the  brain  and  its  coverings,  these  latter  lesions 
being  secondary  to  the  osseous  affection.  Finally,  thicken- 
ing of  the  periosteum,  or  other  osseous  growths  around  any 
foramen  through  which  a  cranial  nerve  finds  exit  from 
the  skull,  may  impair  or  destroy  the  function  of  the  nerve 
so  endangered. 

Meninges.  —  The  syphilitic  lesions  of  the  meninges 
are : 

Paehymeningitis. — The  dura  mater  is,  of  all  the  mem- 
branes of  the  brain,  most  liable  to  attacks  of  syphilitic  in- 
flammation. The  inflammation  is  circumscribed  in  the 
form  of  gummata,  or  a  fibrous  thickening  of  portions  of 
the  membrane  may  occur.  The  product  of  these  changes 
is  usually  found  to  be  a  yellow,  lymph-like  substance 
which,  when  developed  on  the  inner  surface  of  the  dura 
mater,  causes  a  coalescence  of  that  membrane  with  the 
arachnoid,  pia  mater,  and  brain ;  if  it  be  developed  on 
the  outer  surface  of  the  dura  mater  the  inner  table  of  the 
skull  may  be  secondarily  involved.  The  dura  mater  is 
occasionally  found  to  be  the  only  one  of  the  meninges  af- 
fected. ^ 

Gummatous  GnowtHs. — Gummata  of  the  meninges 
will  be  more  frequently  encountered  than  any  other  syph- 
ilitic lesion  of  the  brain  or  its  coverings.  They  will  be 
found  dispersed  as  nodules,  of  a  cheese-like  consistency, 
Ijetween  the  meninges,  or  surrounded  by  hardened 
patches  of  pachymeningitis,  or  as  distinct  tumors  of 
large  or  small  size  on  the  outer  surface  of  the  dura  mater, 
or  between  the  several  meninges. 

Syphilitic  Affections  of  the  Cebbbral  Artebibs. 
—Exact  knowledge  on  this  subject  really  dates  from  the 
publication  of  Heubner's  monograph  in  relation  thereto. 
The  following  is  transcribed  from  Heubner,  on  "  Cere- 
bral Syphilis"  ("Ziemssen's  Cyclopaedia,"  vol.  xii.,  pp. 
309,  310).  "  In  addition  to  the  atheromatous  process 
which  sometimes  affects  the  vessels  of  syphilitic  patients, 
the  arteries  at  the  base  of  the  brain  are  subject  to  a  pecu- 
liar form  of  disease,  sometimes  when  a  syphilitic  growth 
is  developed  around  them,  but  sometimes  entirely  inde- 
pendent thereof. 

"As  the  disease  begins  the  blood-vessels  become  less 
transparent,  their  reddish  color  gets  a  whitish  glimmer, 
and  finally  becomes  completely  grayish-white  ;  they  lose 
their  usual  shape  of  a  fiattened  cylinder,  and  become  com- 
pletely round ;  they  are  firmer  to  the  touch,  and  at  last 
perfectly  stiff  and  hard  as  cartilage.  Upon  section  we 
may  remark,  even  with  the  naked  eye,  that  the  lumen  of 
these  vessels  has  been  more  or  less  encroached  upon  ;  at 
first  by  semilunar  segments,  and  later  by  zones  of  new- 
formed  substance  lying  around  the  periphery.  This  sub- 
stance Is  of  a  white  or  gray  color ;  at  first  moist,  after- 
ward more  dry,  of  a  tough,  in  the  later  stages  hard  and 
cartilaginous,  consistency.  The  calibre  of  the  vessel  is 
thus  reduced  to  one-third,  one-fourth,  or  one-fifth  of  its 
original  dimensions,  and,  at  last,  places  may  be  found 
where  the  remaining  passage  is  stopped  by  an  adherent 
thrombus,  or  where  there  is  no  passage  at  all,  but  the 
whole  artery  is  changed  into  a  solid  cylinder.  In  such 
cases  the  whole  arterial  system  at  the  base  of  the  brain 
exhibits  a  general  narrowing. 

"This  growth  is  developed  between  the  elastic  lamina  of 
the  intima  (membrana  fenestrata)  and  the  endothelium, 
and  consists  at  first  of  endothelial  cells,  which  constantly 
increase  and  change  into  a  firm,  felted  connective-tissue, 
composed  of  spindle  and  stellate  cells,  into  which  the  emi- 
gration of  round  cells  from  the  vasa  nutrientia  of  the  ves- 
sels takes  place,  so  that  a  granulation  tissue  is  formed  like 
that  of  syphiloma  in  other  places.  The  new  tissue  grows 
often  in  distinct  periods  in  two  directions,  toward  the  in- 
terior of  the  artery  and  in  the  direction  of  its  length  ;  and 
thus,  on  the  one  hand,  gradually  narrows  the  starting- 
point,  and,  on  the  other,  involves  in  the  degeneration 
more  and  more  of  the  main  artery,  with  the  communicat- 
ing vessels  and  branches,  even  to  those  of  small  dimen- 
sions. 


"In  its  further  course  the  new  growth  either  be- 
comes organized— taking  a  similar  structure  to  that  of 
the  original  wall  of  the  vessel,  and  the  process  comes 
to  &  standstill  after  great  diminution  of  the  vascular 
calibre  _; — or  cicatrization  occurs  after  complete  oblitera- 
tion, with  transformation  into  fibrous  connective-tissue, 
and  the  whole  portion  of  the  artery  affected  becomes 
useless. 

"  By  this  process  a  more  or  less  extensive  portion  of  the 
channels  by  which  blood  is  carried  to  the  brain  is  ren. 
dered  materially  less  capable  of  its  normal  action,  and 
functional  disturbances  of  the  brain  substance  arise  ;  oi 
when,  either  by  the  new-growth  itself  or  by  an  added 
thrombus,  such  portions  of  the  vessels  as  give  rise  to  ter- 
minal arteries  are  obliterated,  softening  of  the  brain 
takes  place.  This  degeneration  most  frequently  affects 
the  carotids  and  their  branches,  the  arteries  of  the  fossa 
Sylvij  and  of  the  corpus  callosum  near  their  origins. 
But  it  is  exactly  these  portions  from  which  the  terminal 
arteries,  supplying  the  nucleus  lenticularis  and  nucleus 
caudatus,  arise  ;  and  hence  the  frequent  softening  in  these 
regions." 

The  syphilitic  lesions  of  the  brain  are  ; 

1.  Gummata. 

3.  Softening. 

Cerebral  gummata  are  of  two  forms . 

(a)  Large  gummatous  growths  located  upon  the  sur- 
face of  the  brain,  or  within  the  convolutions,  the  gray  or 
white  substance.  They  are  generally  multiple,  and  vary 
in  size.  Occasionally  these  growths  are  located  upon  the 
cerebellum. 

(J)  The  second  form  of  these  gummata  is  that  of  small 
nodules,  accompanying  the  cerebral  arteries,  especially 
the  middle  cerebral. 

Both  forms  from  a  histological  point  differ  but  slightly 
in  structure,  but  vary  somewhat  in  development.  The 
second  form  is  usually  associated  with  endarteritis,  which 
often  leads  to  anaemic  softening  of  the  brain. 

Cornil  says  of  these  growths :  The  cerebral  gumma  is, 
therefore,  characterized  by  two  zones.  One  peripheral, 
in  which  are  found  nerve-fibres,  reticulated  tissue,  swol- 
len and  sometimes  branching  cells  of  the  neuroglia,  and 
a  great  abundance  of  small  cells  among  the  preceding 
elements  and  in  the  perivascular  lymphatic  sheaths  ;  the 
other  central,  in  which  the  numerous  cells  of  new  forma- 
tion, crowded  one  against  the  other  and  compressing  the 
vessels,  have  destroyed  all  the  elements  of  the  nervous 
tissue,  and  are  themselves  undergoing  a  granulo-fatty 
atrophy.  The  diagnosis  of  gummata  of  the  central  ner- 
vous tissue  may  be  made  by  their  known  characteristics 
as  revealed  both  to  the  naked  eye  and  under  the  micro- 
scope. They  are  tumors  or  neoplasms  formed  in  the  nor- 
mal tissue,  with  which  they  incorporate  themselves,  and 
which  they  partially  destroy  in  their  process  of  forma- 
tion. 

Softening  of  the  Brain. — This  affection  is  almost 
invariably  secondary  to  lesions  of  the  cranium,  the 
membranes,  or  the  vascular  system.  The  softening  is 
usually  limited  to  the  area  of  the  brain  compressed  by 
growths,  or  deprived  of  blood-supply.  Softening  due  to 
loss  of  blood-supply  may  be  limited  to  a  short  portion  of 
a  single  artery  and  the  area  supplied  thereby. 

The  following  are  the  syphilitic  diseases  of  the  brain : 

Epilepsy. — Epilepsy  is  frequently  encountered  in  the 
course  of  cerebral  syphilis.  It  is  always,  so  far  as  yet 
known,  the  result  of  a  material  lesion,  which  is  usually 
located  at  the  surface  of  one  of  the  cerebral  hemispheres. 
It  may  be  caused  by  tumors  growing  from  the  internal  sur- 
face of  the  cranial  bones,  or  from  the  dura  mater  or  pia 
mater,  or  from  the  substance  of  the  hemispheres  reaching 
the  surface,  or  by  diffuse  exudation  between  the  mem- 
branes, or  by  thrombosis  of  cerebral  vessels.  The  most 
usual  cause  of  syphilitic  epilepsy  is  a  gummatous  tumor 
in  the  pia  mater  on  the  convexity  of  one  of  the  cerebral 
hemispheres.  It  may  be  limited  and  superficial,  or  it 
may  involve  the  cortex  to  a  greater  or  less  extent.  Of 
twenty-six  cases  of  gummatous  tumors  on  the  surface  of 
the  brain,  observed  by  Heubner,  twenty  were  attended 
with  convulsions ;  while  in  nineteen  other  cases,  where 
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the  morbid  process  was  located  in  the  white  substance  or 
base  of  the  brain,  convulsions  were  observed  in  only  two 
cases.  Hughlings  Jackson,  Wilks,  Jaksch,  and  others  have 
had  a  like  experience.  Syphilitic  epilepsy  is  generally 
observed  in  the  tertiary  period  of  syphilis,  though  it  has 
occasionally  been  seen  within  a  few  months  of  the  pri- 
mary affection.  The  convulsive  phenomena  may  be  the 
only  prominent  sign  of  cerebral  syphilis,  or  they  may  be  the 
forerunners  of  more  serious  lesions,  or  may  be  associated 
with  other  grave  affections.  The  convulsions  are  usually 
unilateral  and  vary  in  degree  from  the  slightest  to  the 
severest  manifestations.  Convulsive  manifestations  may 
be  limited  to  the  face,  arm,  leg,  or  side,  and  in  rare  in- 
stances, both  sides  of  the  body  may  be  ■  convulsed. 
Hughlings  Jackson's  experience  is  that  when  the  con- 
vulsive movements  of  partial  epilepsy,  commencing  in 
the  arm,  tend  to  become  more  general,  they  attack  the 
face  before  they  extend  to  the  leg.  If  the  irregular 
movements  have  commenced  in  the  face,  the  disease  ex- 
tends to  the  upper  extremity  first,  and  then  to  the  leg. 
Lastly,  if  it  be  the  lower  extremity  which  is  first  attacked, 
the  disorder  of  motor  power  is  seen  in  the  arm  first,  and 
then  in  the  face.  This  constancy  in  the  order  of  succes- 
sion is  very  marked.  Complete  loss  of  consciousness  is 
extremely  rare  in  syphilitic  epilepsy.  In  the  cases  ob- 
served by  me  I  have  never  seen  one  in  which  conscious- 
ness was  not  retained  to  some  extent. 

Differential  Diagnosis. — 1.  Age  is  an  important  point  in 
diagnosis.  In  simple  epilepsy  the  attacks  usually  com- 
mence before  the  individual  is  thirty  years  of  age — most 
frequently  between  the  ages  of  ten  and  twenty  years,  and 
next  between  two  and  ten  years  of  age.  In  the  syphilitic 
variety  the  attacks  are  generally  observed  after  the  pa- 
tient has  reached  thirty  years.  Of  course  this  varies 
with  the  age  of  the  individual  at  the  time  of  contracting 
the  primary  infection.  In  children,  the  subjects  of  hered- 
itary syphilis,  convulsions  may  be  observed  before  the 
subject  is  one  year  old.  In  thirteen  cases  observed  by 
Drs.  Gros  and  Lancereaux,  syphilitic  epilepsy  com- 
menced ten  times  near  the  age  of  thirty  and  three  times 
in  persons  between  the  ages  of  fifteen  and  sixteen.  Of 
these  latter  individuals  one  contracted  syphilis  at  seven 
years  old,  and  the  other  two  at  fourteen.  Jaksch  col- 
lated the  records  of  forty-three  cases  of  syphilitic  epilepsy, 
and  found  that  the  ages  of  thirty-one  of  the  individuals 
were  from  thirty  to  forty  years,  eleven  from  forty  to 
fifty,  and  only  one  was  as  young  as  twenty  years.  Dowse, 
from  an  examination  of  the  recoi-ds  of  two  hundred  and 
seventy -four  cases,  found  that  the  patients  in  the  maiority 
.  of  instances  were  from  thirty  to  forty  years  old.  Pour- 
nier,  Gowers,  and  other  writers  have  had  a  like  experi- 
ence. 

2.  Cephalalgia.  In  syphilitic  epilepsy  there  has  usu- 
allj  been  persistent  cephalalgia  for  days,  weeks,  or  months 
prior  to  the  epileptic  seizure,  and  the  pain  generally  con- 
tinues between  the  attacks.  In  the  simple  variety  the 
vast  majority  of  patients  have  had  no  prodromal  symp- 
toms— the  onset  of  the  attack  was  sudden,  and  the  subse- 
quent cephalalgia  of  short  duration. 

3.  Loss  of  consciousness  is  rarely  absent  in  the  simple 
variety,  and  seldom  observed  in  syphilitic  epilepsy. 

4.  Recurrences  of  convulsions  are  usually  infrequent 
in  the  simple,  and  frequent  in  the  syphilitic  variety. 

5.  Mental  derangements  between  the  epileptic  seizures, 
are,  as  a  rule,  persistent  in  syphilitic  epilepsy.  They  are 
of  various  proportions — in  some  instances  being  with 
difficulty  detected.  Unrelieved  by  treatment,  these  de- 
rangements are  progressive.  In  the  simple  variety  men- 
tal disturbances  rarely  persist  beyond  a  few  hours. 

6.  Optic  neuritis  is  frequently  associated  with  specific 
epilepsy,  and  is  absent  in  the  simple.  Optic  neuritis,  it 
should  be  remembered,  may  be  caused  by  non-syphilitic 
tumors  of  the  brain. 

7.  Paralytic  phenomena  often  precede,  accompany,  or 
follow  the  convulsive  seizures  in  syphilitic  epilepsy.  They 
are  absent  in  simple  epilepsy. 

8.  Unilateral  spasm  is  the  rule  in  syphilitic  epilepsy, 
general  spasm  in  the  non-syphilitic. 

9.  History  of  previous  syphilitic  infection,  or  mani- 


festations of  constitutional  syphilis  on  the  body  of  the 
patient. 

10.  Results  of  treatment.  Marked  diminution  of  symp- 
toms during  a  course  of  anti-syphilitic  treatment  is  pre 
sumptive  evidence  of  the  syphilitic  nature  of  the  disease. 

In  considering  these  diagnostic  points,  it  must  be  re 
membered  that  by  no  one  symptom  can  syphilitic  epilepsy 
be  diagnosticated.  Any  one  of  them,  taken  by  itself, 
only  indicates  some  lesion  affecting  parts  of  the  motor 
or  sensory  tracts.  The  concurrence  of  several  or  all  of 
the  above-named  signs  will  be  necessary  to  enable  the 
physician  to  arrive  at  a  positive  diagnosis. 

The  following  is  a  brief  epitome  of  the  governing 
principles  by  which  syphilitic  tumors  of  the  brain  may 
be  diagnosticated  from  those  which  are  non-syphilitio. 
The  tumors  of  this  region  most  frequently  encountered 
are  the  following : 

1.  Tubercular  growths.  These  are  usually  observed  at 
an  early  age,  and  are  attended  by  fever  and  a  tubercu- 
lous history,  or  tuberculosis  will  be  found  in  some  other 
part  of  the  body. 

3.  Cancer  of  the  brain  is  indicated  when  the  patient  is 
forty -five  years  of  age  or  more,  and  when  there  is  an  hered- 
itary tendency  to  cancer,  or  when  a  cancer  exists  in  any 
other  portion  of  the  body,  or  when  marked  cachexia  with 
continued  emaciation  of  the  body  accompanies  the  cere- 
bral affection. 

3.  Gliomata  result  from  traumatic  injuries  of  the  cra- 
nium. The  progress  of  these  tumors  is  slow,  and  they 
rarely  interfere  with  the  general  health. 

4.  Syphilomata  are  usually  accompanied  by  nocturnal 
cephalalgia,  by  symptoms  of  constitutional  syphilis,  or 
the  evidences  of  previous  syphilitic  infection.  Mydriasis 
and  ptosis  are  more  frequently  met  with  in  syphilitic 
tumors  of  the  brain  than  with  any  other  cerebral  tumor. 
The  symptoms  of  specific  tumors  often  remit  from  time 
to  time,  and  when  attacked  with  anti-syphilitic  remedies 
in  the  early  stages  they  rarely  persist  for  any  great  length 
of  time. 

Syphilitic  Paealtsbs. — These  are  among  the  most 
frequent  and  serious  results  of  syphilitic  diseases  of  the 
brain.  Of  100  cases  of  cerebral  syphilis  reported  by 
Braus,  it  was  shown  that  paralysis  occurred  in  83.  They 
were  as  follows :  Paralysis  of  the  ocular  muscles,  34 ; 
of  the  face,  27  ;  of  tongue,  33  ;  of  bladder,  17 ;  of  intes- 
tines, 15  ;  hemiplegia,  31 ;  of  one  limb,  18 ;  paraplegia,  8. 
Such  paralyses  are  occasionally  incomplete  and  tran- 
sient, others  complete  and  permanent.  The  relief  of  these 
phenomena  depends  upon  the  retrogression  or  resorp- 
tion of  neoplasms  in  the  membranes,  the  neuroglia, 
the  arteries,  or  the  cranial  bones.  Where  multiple  pa- 
ralyses are  observed  gummata  will  generally  be  found 
at  the  base  of  the  brain,  or  chronic  basilar  meningitis, 
with  constriction  of  cranial  nerves  due  to  shrinking  of  the 
exudation,  or  syphilitic  endarteritis  of  the  basilar  or  ver- 
tebral arteries. 

Syphilitic  Hbmiplbgia. — Of  the  several  syphilitic 
diseases  of  the  brain,  this  is  one  of  the  most  frequent, 
According  to  Rosenthal  it  occurs  in  about  one-third 
of  the  individuals  affected  with  brain  syphilis.  It  may 
be  caused  by  a  gummatous  tumor  pressing  upon  the 
motor  tract,  or  located  upon  the  surface  of  the  cerebral 
hemispheres,  or  the  tumor  may,  by  pressure  upon  an 
artery,  produce  obstruction  of  cerebral  circulation,  with 
subsequent  degenerative  changes  in  the  brain-substance ; 
or  the  disease  may  occur  in  consequence  of  syphilitic 
arteritis — which  has  been  so  graphically  described  by 
Heubner.  The  prodromal  manifestations  are  usually 
cephalalgia,  sleeplessness,  vertigo,  mental  disturbances, 
convulsions,  etc.  Hemiplegia  is  often  developed  gradu- 
ally. After  several  or  all  of  the  above-named  prodromal 
symptoms  have  shown  themselves  for  a  greater  or  less  pe- 
riod of  time,  the  patient  discovers  paralysis  of  one  or  m9re 
of  the  cerebral  nerves,  manifested  by  squinting,  impair- 
ment of  vision,  diplopia,  ptosis,  etc. ,  followed  by  paraly- 
sis or  impairment  of  motion  in  the  arm,  leg,  or  side  of 
the  body.  In  this  form  of  paralysis  the  lesion  will  gen- 
erally be  found  at  the  base  of  the  brain — the  rule,  as  stated 
by  Broadbent,  being  that  paralysis  of  the  limbs  and  era- 
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nial  nerves,  gradual  in  development,  Is  characteristic  of 
lesions  located  at  the  hase  of  the  brain.  In  this  form  loss 
of  consciousness  is  rare,  except  in  those  cases  which  have 
not  been  promptly  treated. 

In  other  cases  of  hemiplegia  the  patient  is  struck  down 
suddenly  in  the  midst  of  apparent  health,  the  apoplectic 
seizure  being  the  first  sign  observed.  This  sudden  attack 
is  at  times  accompanied  by  alarming  symptoms,  such  as 
■weak  pulse,  cold  extremities,  slow  and  stertorous  breath- 
ing, etc.  The  stupor  may  continue  for  several  months 
before  improvement  is  observed.  The  patient  is  in  a 
typhoid-like  condition.  He  can  be  roused  only  by  per- 
sistent effort,  and,  if  undisturbed,  he  rapidly  sinks  into 
insensibility,  or  there  may  be  more  or  less  restless  activity 
of  body,  associated  with  purposeless  impulses.  He  often 
attempts  to  leave  his  bed,  but  may  be  unable  to  stand  or 
walk.  If  asked  what  he  is  doing  or  where  he  is  attempt- 
ing to  go,  his  answer  will  demonstrate  that  he  does  not 
know.  Faecal  evacuations  are  made  in  the  bed,  or  on  the 
floor,  the  patient  thinking  he  is  over  a  vessel.  If  asked 
any  question  he  seems  dazed,  and  answers  in  a  hesitant, 
incoherent  manner.  Impairment  of  memory  is  especially 
noticeable.  He  will  generally  drink  whatever  is  proffered 
him,  though  he  rarely  asks  for  food.  During  any  act  he 
readily  sinks  into  sleep,  which  requires  much  effort  to 
arouse  him  from.  Sensibility  in  the  paralyzed  limb  or 
limbs  is  preserved  to  some  extent,  as  will  be  made  mani- 
fest by  pricking  with  a  pin.  There  may  not  be  actual 
paralysis,  the  impairment  of  motion  being  only  partial. 
As  a  rule  these  sudden  paralytic  attacks  are  due  to  arterial 
lesions,  with  or  without  morbid  affections  of  brain-sub- 
stance. Upon  regaining  consciousness  the  patient  will  find 
that  he  is  paralyzed  in  the  arm,  leg,  or  one  side  of  the  body, 
often  associated  with  aphasia.  In  these  cases  restoration 
to  health  is  gradual ;  full  recovery  of  mental  and  physical 
health  is  seldom  observed.  Mental  disorders  often  per- 
sist where  apparent  restoration  of  physical  vigor  is  shown. 
The  memory  is  impaired,  or  the  former  readiness  of  men- 
tal perception  or  fluency  of  speech  is  absent.  The  dis- 
turbances of  locomotion  usually  continue  for  lengthened 
periods  of  time,  as  evidenced  by  dragging  of  the  foot  or 
helplessness  of  the  arm ;  the  patient  being  unable  to  walk 
unless  the  use  of  a  stick  is  called  to  his  aid.  Where  hemi- 
plegia was  complete,  and  improvement  commences,  the 
use  of  the  leg  is  generally  restored  before  that  of  the  arm. 
In  many  cases  in  which  the"f  uU  use  of  the  leg  is  recovered 
the  paralysis  of  the  arm  is  permanent.  Paralysis  of  cra- 
nial nerves  is  marked  by  a  like  protracted  duration,  and 
while  recovery  is  the  rule,  permanent  loss  of  function  is 
by  no  means  infrequent.  In  cases  in  which  all  paralytic 
phenomena  disappear  and  full  health  is  apparently  re- 
covered, the  patients  are  liable  to  recurrences  of  these  at- 
tacks. The  physician  should,  therefore,  be  cautious  in 
promising  permanent  relief.  If  the  morbid  process  is 
located  in  the  arteries  of  the  brain  the  prognosis  is  im- 
favorable.  Treatment  may  remove  more  or  less  of  the 
new  growths  in  or  around  the  arteries,  and  thereby  effect 
a  restoration,  complete  or  partial,  of  the  circulation,  yet 
disorganization  of  arteries  or  of  brain  substance  can  never 
be  remedied  by  any  treatment,  no  matter  how  judicious 
or  prolonged.  In  these  latter  instances  impairment  of 
mind  is  inevitable,  the  impairment  being  governed  only 
by  the  seat  and  extent  of  the  lesion. 

Diagnosis. — There  are  several  points  in  diagnosis  of 
syphilitic  hemiplegia.     They  are  : 

1.  Age.  Hemiplegia  occurring  in  an  individual  from 
twenty  to  forty-flve  years  old,  and  which  is  not  connected 
with  mechanical  injury,  embolism  of  brain  consequent 
upon  heart  disease,  or  Bright's  disease,  maj^  with  reason- 
able certainty  be  claimed  to  be  of  syphilitic  origin.  In 
nineteen  out  of  every  twenty  such  case-j  this  proposition 
will  be  verified. 

S.  The  simultaneous  occurrence  of  paralysis  of  two  or 
more  portions  of  the  nervous  system,  not  necessarily  con- 
nected, is  frequently  observed  in  brain  syphilis,  and  is 
rarely  seen  except  as  the  result  of  this  disease. 

3.  The  co-existence  of  cachexia  which  cannot  be  traced 
to  constitutional  diseases  other  than  syphilis. 

4.  The  history  of  a  former  attack  of  syphilis.     The 


infection  may  have  occurred  from  two  to  thirty  years 
preceding  the  hemiplegia.  Upon  this  point  it  must  be 
remembered  that  the  patient's  mental  condition  may  pre- 
clude his  giving  any  history  of  his  case.  Again,  the  in- 
fection may  have  occurred  so  long  prior  to  the  hemiplegia 
that  he  may  have  forgotten  that  he  was  ever  the  subject 
of  syphilis.  In  other  cases  infection  of  the  wife  by  the 
husband  may  have  occurred,  and  the  wife  is  rarely  if 
ever  informed  that  she  has  had  the  disease.  This  fact 
should  always  be  remembered  in  attempting  to  trace  in- 
fection in  women. 

5.  Caries,  necrosis,  or  nodes  found  upon  the  skull,  or 
upon  the  long  bones,  especially  with  the  concurrence  of 
iritis,  retinitis,  or  convulsions,  are  important  signs  of 
the  nature  of  the  affection.  If  these  are  discovered  to 
have  preceded  or  concuiTed  with  the  hemiplegia,  the 
syphilitic  origin  of  the  latter  is  rendered  little  short  of 
certain. 

6.  Results  of  anti-syphilitic  treatment.  If  improve- 
ment follows  the  administration  of  this  class  of  medicines 
the  presumption  is  fair  that  the  disease  was  syphilitic 
— even  in  the  absence  of  a  history  of  the  former  infec- 
tion. 

Finally,  if  these  diagnostic  points  be  analyzed  singly  no 
positive  diagnosis  can  be  made,  for  the  reason  that  this 
affection  is  not  made  manifest  by  any  invariable  symp- 
toms or  order  of  succession  of  such  symptoms.  The 
diagnosis  rests  upon  the  grouping  of  several  or  all  of  the 
signs  before  mentioned.  Where  the  majority  of  them  are 
found,  a  positive  diagnosis  can  be  made  when  no  history 
of  former  infection  is  given. 

The  differential  diagnosis  between  syphilitic  and  non- 
syphilitic  tumors  of  the  brain  will  be  found  under  the 
head  of  Diagnosis  of  Epilepsy,  on  p.  664. 

Syphilitic  Insanity. — Acute  and  chronic  mania,  de- 
mentia, and  general  paralysis  are  occasionally  observed  as 
results  of  cerebral  syphilis.  There  are  no  distinct  symp- 
toms by  which  either  of  these  diseases  can  with  certainty 
be  diagnosticated.  In  fact,  the  whole  subject  is  sur- 
rounded with  much  uncertainty.  The  history  of  a  former 
syphilitic  infection,  or  the  manifestation  of  constitutional 
signs — such  as  cicatrices  in  the  throat,  nodes,  enlarged 
glands,  cutaneous  eruptions,  optic  neuritis,  etc. — will 
materially  aid  in  arriving  at  a  correct  diagnosis.  In  these 
cases  patients  can  give  little  or  no  history  of  their  cases. 
It  is  therefore  necessary  tliat  the  physician  should  in  every 
such  case  carefully  examine  the  whole  body  for  signs  of 
former  or  present  syphilitic  infection.  Fournier,  a  dis- 
tinguished specialist  and  careful  observer,  has  written 
upon  this  subject,  and  his  views  are  presented  as. sum- 
marized by  M.  Ball  ("  Comil  on  Syphilis,"  p.  333). 

"According  to  Fournier,  insanity  attending  syphilis 
presents  itself  either  as  a  syphilitic  dementia,  as  mania, 
or  as  general  pseudo-paralysis. 

"  In  syphilitic  dementia  the  patient's  temperament  un- 
dergoes a  radical  change.  His  intelligence  is  clouded 
and  his  conduct  strange.  He  becomes  moody  and  taci- 
turn. Labor  is  fatiguing  and  intolerable.  His  memory 
fails,  though  judgment  often  remains.  Loss  of  memory 
may  either  be  sudden  or  complete,  or  gradual  and  im- 
perfect. 'The  patient  becomes  careless  as  to  his  personal 
appearance,  and  very  irritable.  This  condition  may  be 
designated  as  a  precocious  senility  of  the  mind,  differing 
from  senile  dementia,  however,  in  being  curable." 

"  Syphilitic  mania  may  be  suddenly  developed  or  pre- 
sent prodromal  symptoms.  The  latter,  when  present, 
consist  in  a  peculiar  excitement,  feverish  activity,  and  in 
unusual  loquacity.  These  prodromata  terminate  in  de- 
lirium, which  may  manifest  itself  in  several  forms.  Some- 
times it  is  active  and  attended  by  complete  insomnia. 
The  patient  becomes  destructive,  and  suicidal  tendencies 
show  themselves.  The  delirium  assumes  the  form  of 
hypochondriasis  or  syphiliphobia.  The  patient  believes 
himself  persecuted.     The  delirium  is  impulsive." 

Syphilitic  General  Paralysis.— It  is  necessary  in 
this  disease  to  be  able  to  diagnosticate  it  from  non-syph- 
ilitic general  paralysis  of  the  insane.  A  summary  of  the 
points  in  contrast  in  the  two  diseases  is  given  from  a 
table  compiled  from  a  lecture  by  Dr.  E.  C.  Seguin  on  m- 
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SypMlUic  General  ParalysU. 

AbBent. 

Bare  or  absent. 


Speech  IB  thick. 

Absent  as  a  rule. 

ParesiB  or  actual  paralysis. 

Apt  to  be  open  or  wide. 

Palsy  of  the  third  or  other  cranial 
nerves. 

Headache  nocturnal. 

More  serious  aphasic  attacks. 

Progressive,  except  under  treat- 
ment. 

None. 

Diminished  virility. 

Usually  none. 

Actual  paralysis. 


sanity,  in  1878,  to  be  found  in  "  Cornil  on  Syphilis,"  p. 

323.    It  is : 
General  Paralynls  of  the  Insane, 

Prodromal  stage. 

Exalted  notions,  numerous  and  va- 
ried, and  relatively  exalted  ac- 
cording to  position  in  life. 

Speech  is  tremulous  and  jerky. 

Tremor  of  hands  and  lips. 

Preservation  of  strength. 

Pupils  are  apt  to  be  contracted. 

No  involveraemt  of  cranial  nerves. 

No  headache. 

Transient  aphasic  attacks. 

Spontaneous  remissions. 

Abnormal  cravings  or  appetites. 
Satyriasis. 

Elevation  of  temperature. 
Irritation  and  inco-ordination,  usu- 
ally without  true  paralysis. 

Syphilitic  Aphasia.— This  is  a  frequent  result  of 
cerebral  syphilis.  It  is  usually  observed  in  the  tertiary 
period,  but  is  occasionally  encountered  in  the  secondary. 
It  may  manifest  itself  by  hesitation  in  speech  on  the 
part  of  the  patient,  by  an  inability  to  call  to  mind  certain 
words  in  speaking  or  writing,  or  by  the  inopportune  use 
of  words  in  attempting  to  make  himself  understood,  or 
he  may  be  able  to  use  but  two  or  three  words  of  the 
language,  etc.  The  aphasia  may  be  constant  or  intermit- 
tent. There  is  nothing  in  this  disease  which  of  itself  de- 
termines its  origin.  The  history,  and  concurrent  signs 
of  syphilis  must  guide  us  in  making  a  diagnosis. 

Brain  Syphilis  CouNTBKi'BiTiNe  Sunstroke. — The 
writer  has  seen  several  cases  of  syphilis  of  the  brain  which 
were  mistaken  for  sunstroke.  The -syphilitic  causation, 
not  having  been  detected  in  the  earlier  course  of  the  dis- 
ease, resulted  in  permanent  disablement  of  two  of  the 
Individuals.  In  such  cases  the  individual,  while  engaged 
in  the  discharge  of  business  engagements,  is  suddenly  at- 
tacked with  intense  headache,  vertigo,  faintness,  or  loss  of 
consciousness.  Upon  the  return  of  consciousness,  these 
symptoms  are  followed  by  marked  impairment  of  strength, 
weariness  upon  making  any  physical  or  mental  effort, 
succeeded  by  total  incapacity  for  any  kind  of  business. 
Sleepiness  is  a  prominent  manifestation.  The  appetite  may 
be  as  usual,  the  food  being  ingested  in  quantities  custom- 
ary to  the  patient,  but  mental  and  physical  prostration 
continue  to  oppress  him.  The  patient  having  been  ex- 
posed to  the  sun,  or  overpowered  in  a  hot  season,  is  con- 
sidered to  have  had  an  attack  of  sunstroke.  He  may 
have  .forgotten  that  he  had  ever  had  syphilis,  or,  not  ap- 
preciating it  as  causative  of  the  present  illness,  he  fails  to 
call  attention  to  former  syphilitic  infection.  If  paralysis 
does  not  follow,  and  no  signs  of  syphilis  be  discovered 
on  the  body  of  the  patient,  the  specific  element  of  the  dis- 
ease is  frequently  overlooked,  and,  as  a  consequence,  the 
patient  often  drags  out  a  miserable  existence  from  phys- 
ical and  mental  infirmities.  There  are  no  symptoms 
pointing  directly  to  syphilis  as  the  cause  of  this  disease. 
The  diagnosis  rests  upon  the  history  of  former  attacks  of 
syphilis,  and  the  concomitant  signs  of  syphilis  on  the  body 
of  the  patient.  Unless  the  disease  be  promptly  recog- 
nized and  energetically  treated  permanent  disablement 
usually  results. 

Syphilis  op  Cranial  Nbrvbs.  • — Syphilis,  In  conse- 
quence of  lesions  of  the  brain,  or  of  its  membranes,  or  of 
the  skull,  often  produces  impairment  of  function,  or 
actual  paralysis  of  cranial  nerves.  These  affections  are 
secondary  in  their  nature,  as  these  nerves  are  not  affected 
except  by  pressure  of  neoplasms  in  the  bone  through 
which  they  find  exit,  or  of  neoplasms  in  the  brain  or  mem- 
branes. These  obstructions  may  produce  neuritis,  and 
finally  atrophy  of  the  nerve.  The  effect  in  these  cases  is 
similar  to  that  of  pressure  from  non-specific  tumors  of  the 
brain.  Syphilis  may  by  congestive,  hyperplastic,  or  gum- 
matous developments  in  the  connective-tissue  or  sheaths 
of  these  nerves  themselves,  while  wlihin  the  cranium, 
cause  impairment  or  loss  of  function  of  cranial  nerves. 

The  nerves  most  often  involved  are  : 

The  Motor  Oculi. — In  this  affection  the  first  symptom 


is  usually  ptosis,  with  subsequent  paralysis  of  the  recti 
muscles,  with  external  strabismus  and  mydriasis. 

Of  the  motor  cerebral  nerves  the  seventh  is  the  one  next 
most  frequently  affected.  No  detailed  description  of  this 
affection  is  necessary,  as  it  is  frequently  met  with  in 
practice  and  is  familiar  to  the  general  practitioner. 

The  sixth  cranial  nerve  is  oftentimes  affected  in  brain 
syphilis,  and  may  be  the  only  one  implicated.  The 
prominent  signs  of  paralysis  of  this  nerve  are  internal 
strabismus,  with  diplopia. 

The  fifth  nerve  is  frequently  paralyzed  in  consequence 
of  cerebral  syphilis.  If  the  whole  of  the  nerve  is  in- 
volved the  muscles  of  mastication  become  paralyzed. 
There  are  no  diagnostic  points  by  which  this  form  of 
paralysis  can  be  detected  in  its  early  stage,  except  con- 
currence of  nocturnal  pain.  In  this,  as  in  paralysis  of 
all  other  cranial  nerves,  the  history  of  syphilitic  infec- 
tion, or  the  evidences  of  the  disease  on  the  body  of  the 
patient  will  aid  in  forming  a  correct  diagnosis. 

The  optic  nerve  is  more  frequently  attacked  by  syphilis 
than  any  of  the  nerves  of  special  sense.  Optic  neuritia 
caused  by  syphilitic  tumors  differs  in  no  way  from  that 
produced  by  non-syphilitic  affections  of  the  brain.  The 
special  features  of  syphilitic  ocular  diseases  will  be  de- 
scribed by  the  writers  of  the  various  articles  relating  to 
diseases  of  the  eye. 

Prognosis. — The  prognosis  of  cerebral  syphilis  varies- 
with  the  location  and  extent  of  the  lesion,  and  the  length 
of  time  which  the  affection  is  permitted  to  exist  without 
treatment.     It  must  be  admitted  that  the  prognosis  in  this 
class  of  diseases  is  vastly  more  favorable  than  in  non- 
syphilitic  diseases  with  similar  symptoms.     These  affec- 
tions are  among  the  most  serious  of  the  lesions  which  the 
syphilitic  poison  produces  in  the  body.     The  functions  of 
the  brain  are  often  hopelessly  impaired  by  the  anatomical 
changes  caused  by  syphilitic  infection,  and  death  as  the 
immediate  result  of  these  morbid  developments  is  by  no 
means  rare.     Syphilitic  diseases  of  the  brain  are  serious 
for  the  additional  reason  that,  even  where  improvement  is 
apparent,  relapses  frequently  occur.     When  these  affec- 
tions have  been  recognized  in  their  early  stages,  and 
prompt  and  energetic  treatment  applied,  a  fatal  termina- 
tion is  comparatively  infrequent.     The  power  of  remedies 
over  these  diseases  is  truly  remarkable — far  excelling  any- 
thing observed  in  the  treatment  of  non-syphilitic  affec- 
tions.    However  hopeful  the  case  may  appear  the  prog- 
nosis is  to  be  considered  better,  so  far  as  the  immediate 
attack  is  concerned,  under  which  the  patient  is  suffering, 
than  it  is  in  regard  to  his  future.     The  power  of  anti- 
syphilitic  remedies  to  remove  the  immediate  results  of 
syphilis  is  greater  than  to  eradicate  the  dyscrasia,  and 
hence,  when  syphilitic  neoplasms  have  been  developed 
within  the  cranium  the  physician  can  never  assert  posi- 
tively that  they  will  not  recur.     On  the  contrary,  so  fre- 
quently are  these  recurrences  observed  that  the  physician 
has  a  continual  dread  of  them,  even  in  the  face  of  judi- 
cious treatment,  and  he  always  fears  that  each  return  will 
be  attended  with  greater  danger  than  the  preceding  one. 
The  hope  of  continued  improvement  of  the  patient  is  to 
be  founded  upon  the  recognition  of  the  disease  at  a  time 
prior  to  degenerative  changes  in  the  brain-substance,  and 
upon  prompt  and  long-continued  treatment.     If  the  treat- 
ment does  not  wholly  prevent  returns  of  neoplasms,  it 
will  cause  prompt  absorption  of  them.     In  such  cases  the 
hope  of  eventual  recovery,  or  improvement  to  a  fair  state 
of  health,  is  a  rational  one.     If,  however,  the  syphilitic 
nature  of  the  affection  be  not  promptly  detected,  most  val- 
uable time  will  be  lost  and  the  patient  will  be  likely  to  fall 
into  hopeless  invalidism.     Affections  of  the  cranium,  me- 
ninges, and  outer  surface  of  the  brain,  are  far  less  grave 
than  those  situated  in  the  deeper  parts  or  at  the  base  of  the 
brain.     Mental  disorders,  epilepsy,  and  hemiplegia  when 
due  to  growths  located  on  the  periphery  are  favorable  as 
to  prognosis,  for  improvement  or  recovery  in  these  affec- 
tions is  a  matter  of  daily  experience.     Paralysis  of  cranial 
nerves,  when  caused  by  similar  lesions  with  the  above- 
mentioned  diseases,  admit  of  favorable  prognosis.     When 
hemiplegia  is  due  to  softening  of  the  brain  consequent 
upon  tumors,   arterial    contractions,   or  occlusions,  the 
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prognosis  is  unfavorable.  Judicious  treatment,  long-con- 
tinued, may  arrest  the  process  of  degenerative  changes, 
but  cannot  restore  disorganization  of  tissue. 

Treatment. — In  the  treatment  of  syphilitic  diseases  of 
the  brain,  the  physician  should  ever  bear  in  mind  the  ex- 
treme delicacy  of  the  structures  involved,  or  threatened 
by  diseased  processes.  If  the  periosteum  is  congested,  the 
tendency  to  formation  of  nodes  must  be  repressed.  If 
gummata  appear,  they  will  cause  serious  mental  or  motor 
disturbances,  with  subsequent  degenerative  changes  in  the 
brain-substance  if  not  promptly  removed.  If  arteritis  oc- 
curs it  must  be  promptly  arrested,  or  nan-owing  or  occlu- 
sion of  the  aflected  vessels  will  ensue,  and  be  followed  by 
destruction  of  brain-tissue  which  no  skill  of  the  physician 
can  restore.  In  order  to  combat  syphilitic  diseases  of  the 
brain  they  must  be  recognized  early  and  attacked  with 
vigorous  anti-syphilitic  remedies.  The  armamentarium 
of  the  medical  man  holds  but  few  remedies  powerful  for 
the  emergency  which  is  upon  him,  and  these  must  be 
used  in  large  and  oft-repeated  doses.  Mercury  and  iodide 
of  potassium  are  mainly  to  be  relied  upon  in  this  class  of 
affections.  It  has  come  to  be  a  fundamental  principle 
among  the  general  practitioners  of  medicine  in  this  coun- 
try that  mercury  is  indicated  in  the  treatment  of  second- 
ary, and  iodide  of  potassium  in  the  tertiary  lesions  of 
syphilis.  Unfortunately  it  is  frequently  impossible  to 
make  these  refinements  in  diagnosis,  i.e.,  to  say  whether 
the  particular  lesion  is  a  secondary  or  tertiary  develop- 
ment. As  a  rule  these  affections  are  found  in  the  tertiary 
period,  but  the  exceptions  to  this  rule  are  frequent.  The 
most  important  point  to  be  decided  is,  which  of  the  two 
remedies — mercury  or  iodide  of  potassium — will  most 
certainly  and  speedily  arrest  these  growths  and  produce 
a  retrograde  process.  If  only  one  of  them  is  to  be  ad- 
ministered, I  am  convinced,  after  repealed  trials,  that 
mercury  is  the  most  certain  to  produce  the  desired  results. 
But  in  the  face  of  serious  lesions,  where  destruction  of 
brain-substance  is  imminent,  both  mercury  and  iodide 
of  potassium  should  be  prescribed.  Whenever  intense 
cephalalgia,  vertigo,  mental  disturbances,  epilepsy,  threat- 
ened or  actual  paralysis  are  met  with  in  a  syphilitic  pa- 
tient, both  remedies  should  be  persistently  and  unsparingly 
administered.  Of  the  numerous  preparations  and  modes 
of  administering  mercury,  inunction  with  mercurial  oint- 
ment is  the  best.  It  presents  the  advantage  of  introduc- 
ing into  the  system  the  largest  amount  of  the  medicine 
possible,  with  the  least  detriment  to  digestion,  and  it  can 
be  used  when  the  patient  cannot  or  will  not  take  mercury 
internally.  The  amount  necessary  to  be  used  at  one 
time  varies  with  the  urgency  of  the  case.  In  severe  cases 
inunction  of  one  drachm  daily  should  be  directed.  After 
marked  improvement  is  observed  in  the  patient's  con- 
dition the  amount  may  be  reduced  to  half  a  drachm  every 
second  or  third  day.  Mercurial  stomatitis  should  be 
guarded  against  by  giving  fifteen  grains  (one  gramme) 
of  chlorate  of  potash  three  times  daily.  If  stomatitis  is 
seriously  threatened,  the  mercurial  should  be  discon- 
tinued for  several  days.  As  to  the  length  of  time  during 
which  large  doses  of  mercury  may  be  given  in  these  cases, 
Yvaren  laid  down  the  golden  rule  when  he  said,  "The 
treatment  must  be  as  obstinate  as  the  disease."  As  a  gen- 
eral rule,  it  is  well  to  prescribe  fifteen  grains  (one  gramme) 
of  mercurial  ointment,  to  be  rubbed  in  every  third  day 
for  several  weeks  after  all  serious  symptoms  have  disap- 
peared. 

After  discontinuance  of  the  inunctions  the  patient  should 
from  time  to  time  take  small  doses  of  mercury  internally 
for  the  next  two  years.  Plummer's  pills  are  well  toler- 
ated, and  have  a  happy  effect  in  subduing  the  disease. 
One  or  two  of  these  pills  should  be  given  each  night  and 
morning  for  a  period  of  several  weeks.  Or  a  mixed 
treatment  of  mercury  and  iodide  of  potassium,  like  the 
following  formula,  may  be  given : 

? .  Hydrargyri  bichloridi grs.  viij. 

Potassii  iodidi 3  v. 

Aqua) I  viij. 

M.  Sig. — Shake  bottle  and  take  a  teaspoonful  in  a  wine- 
glass of  water  after  each  meal-time. 


In  cases  of  marked  anaemia  the  following  combination 
of  mercury  and  iron  may  be  used  with  benefit : 

9 .  Pilulse  hydrargyri 3ij. 

Ferri  sulphatis  exsiccati ',  g  j. 

Extracti  opii gr.  v. 

Mix  and  divide  into  twenty  pills.  Sig.— Dose,  one  pill 
three  times  daily. 

In  the  treatment  of  syphilitic  nervous  affections  the 
iodide  of  potassium  is  a  valuable  remedy.  The  writer  re- 
gards it  as  an  adjuvant  to  the  mercurial  treatment.  In 
serious  cases  inunction  of  mercury  with  the  internal  ad- 
ministration of  iodide  of  potassium  should  invariably  be 
prescribed  ;  the  dose  of  the  iodide  varying  from  five  to 
sixty  grains,  three  times  daily,  according  to  the  urgency 
of  the  symptoms.  The  effect  of  iodide  of  potassium 
alone,  in  the  treatment  of  some  of  these  cases,  is  often 
truly  phenomenal.  Unfortunately  for  this  remedy,  it  has 
greater  power  to  subdue  present  symptoms  than  to  per- 
manently control  them.  Upon  the  discontinuance  of  the 
iodide  the  symptoms  often  recur  with  a  virulence  equal 
to  that  which  characterized  them  prior  to  its  use.  In 
such  cases  the  patient  must  continue  to  use  this  remedy 
almost  indefinitely,  or  resort  to  mercury  for  more  abiding 
results.  In  yet  other  cases  the  iodide  produces  marked 
diminution  of  the  symptoms  up  to  a  certain  point,  but 
beyond  this  no  improvement  takes  place,  no  matter  how 
large  the  dose,  nor  how  long  the  remedy  is  used.  In 
these  cases  rapid  and  marked  improvement  will  follow 
if  mercury  is  called  to  the  aid  of  the  iodide.  Cachexia, 
not  connected  with  lardaceous  changes,  is  no  contra-indi- 
cation  to  the  use  of  either  the  iodide  or  the  mercury. 
During  the  continuance  of  either  or  both  of  these  reme- 
dies marked  improvement  will  be  observed  in  the  mental 
and  physical  condition  of  the  patient.  His  appetite  will 
increase  and  be  followed  by  improvement  in  flesh  and 
strength.  The  writer  has  frequently  observed  remark- 
able effects  from  the  following  prescription,  when  the 
iodide  alone  was  of  questionable  benefit : 

^.  Ferri  et  potassii  tartratis 3  v. 

Potassii  iodidi 3  x. 

A^use I  viij. 

M.  Sig. — Shake  bottle  and  take  a  teaspoonful  in  a 
wine-glass  of  water  after  each  meal. 

Individuals  are  occasionally  met  with  who  cannot  take 
iodide  of  potassium  even  in  minute  doses.  In  all  such 
mercury  must  be  prescribed.  During  the  administration 
of  the  iodide,  symptoms  of  iodism,  partial  or  complete, 
often  appear.  Not  infrequently  these  symptoms  disap- 
pear entirely  when  the  remedy  is  continued  and  the  dose 
increased  ;  a  continuance  of  the  treatment  with  the  iodide 
seeming  to  establish  a  tolerance  of  it  in  many  of  these  cases. 
The  physician  should,  therefore,  be  well  satisfied  of  the 
inability  of  his  patient  to  take  this  medicine  before  he 
abandons  its  use. 

In  the  treatment  of  syphilitic  diseases  of  the  brain  as- 
sociated with  lardaceous  changes,  neither  iodide  of  potas- 
sium nor  mercury  should  be  given  until  preceded  by 
other  remedies.  Here  preparations  of  iron,  cod-liver  oil, 
and  moderate  doses  of  stimulants  should  be  prescribed, 
and  a  full  and  nutritious  diet,  with  careful  attention  to 
the  hygienic  surroundings  of  the  patient,  should  be  di- 
rected. After  this  preliminary  course  of  treatment  large 
doses  of  iron,  combined  with  minute  doses  of  mercury, 
should  be  cautiously  given,  and  followed  by  iodide  of  po- 
tassium if  indicated. 

Finally,  and  almost  as  important  as  any  part  of  the 
treatment  of  syphilitic  diseases  of  the  brain,  the  hygiene 
of  each  patient  must  engage  the  constant  attention  of  the 
physician.  Rest  of  mind  and  body  must  be  insisted 
upon.  The  individual  should  abandon  business,  and  de- 
vote himself  to  the  duty  of  attempting  to  regain  his 
health.  Mental  application  to  study  or  business  pursuits 
will  be  followed  by  calamitous  results.  Undue  physical 
exertion,  sexual  indulgences,  smoking,  free  use  of  alco- 
hol, exciting  scenes,  etc.,  are  all  to  be  interdicted.  The 
alvine,  renal,  and  hepatic  functions,  must  be  maintained 
as  in  health.     The  diet  should  be  abundant  in  quantity. 
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nutritious,  and  easy  of  digestion,  and  taken  regularly. 
The  sleep  of  tlie  patient  should  be  restful,  and  of  proper 
lengths  of  time.  If  necessary  to  secure  it,  hydrate  of 
chloral  and  bromide  of  potassium  should  be  given  as  in- 
dicated; Paralysis,  continuing  after  disappearance  of 
the  other  symptoms,  must  be  treated  by  daily  frictions, 
inassage,  electricity,  etc.  This  treatment  may  have_  to 
be  continued  for  weeks  or  months  before  marked  im- 
provement is  observed.  The  persistent  and  methodical 
application  of  these  remedial  measures  will  often  prevent 
atrophy  of  the  affected  muscles.  Bugene  Foster. 


BRAIN,  TUMORS  OF  THE.  The  symptoms  caused 
by  tumors  of  the  brain  are  due,  first,  to  irritation  or  de- 
struction of  the  portions  of  the  nerve-tissue  in  which  they 
are  embedded,  or  near  to  which  they  lie  ;  second,  to  press- 
ure exercised  upon  the  entire  contents  of  the  cranium 
— nerve-tissue,  blood-vessels,  and  lymphatics.  The  first 
class  of  symptoms  are  common  to  tumor,  and  to  all  other 
circumscribed  lesions  of  the  same  locality,  thus  especially 
patches  of  chronic  softening.  The  second  class  are  com- 
mon to  all  conditions  in  which  the  intracranial  space  is 
encroached  upon  ;  such  are  extra-  as  well  as  intra-cere- 
bral  tumors,  morbid  products  within  the  brain,  which  dif- 
fer considerably  from  neoplasms  proper,  and,  finally,  ab- 
scesses and  aneurisms.  Thus,  the  investigation  of  the  case 
of  any  patient  exhibiting  cerebral  symptoms  demands  that 
we  decide :  First,  whether  these  are  caused  by  a  new 
growth  of  any  kind,  which  is  encroaching  upon  the  cra- 
nial cavity ;  second,  this  being  admitted,  what  is  the 
nature  of  the  growth ;  third,  what  is  its  precise  locality. 

The  prognosis  must  then  be  framed  according  to  the 
fact,  the  nature,  and  the  seat  of  tlie  growtli ;  and,  finally, 
the  (very  limited)  indications  for  treatment  must  be  con- 
sidered. 

Symptoms  Indicating  the  Existence  of  an  Intra- 
cranial Growth. — These  are  of  two  kinds:  those  be- 
longing to  the  perversion  or  abolition  of  cerebral  function, 
and  those  indicating  a  rise  of  intracranial  pressure.  The 
first  are  the  focal,  the  second  the  diffused  symptoms 
(Griesinger).  It  is  this  second  class  of  symptoms  which 
are  of  the  most  importance  in  distinguishing  between 
tumor  and  other  cerebral  lesions,  and  they  may  therefore 
be  considered  first. 

Diffused  Symptoms. — These  are  headache,  vertigo,  vom- 
iting, general  epileptiform  convulsions,  apoplectiform  at- 
tacks, psychic  disturbances,  and  choked  disk. 

Headache  is  one  of  the  earliest  and  most  constant  symp- 
toms of  intracranial  tumor.  It  is  also  often  one  of  the 
most  severe,  and,  by  its  persistence  and  intensity,  may 
be  usually  distinguished  from  cephalalgia  of  other  causa- 
tion. It  may  precede  all  other  symptoms  of  the  disease 
for  some  time,  and  it  is  then  that  some  absolutely  pathog- 
nomonic characteristic  would  be  most  desirable,  but  is 
hard  to  find.  In  a  certain  number  of  cases  the  seat  of 
the  headache  corresponds  to  the  seat  of  the  tumor ;  this 
is  oftenest  tlie  case  with  tumors,  intra-  or  extra-cerebral, 
which  occupy  the  posterior  cranial  fossa.  Even  here,  how- 
ever, the  pain  is  sometimes  frontal.  Localized  percussion 
will  sometimes  greatly  intensify  the  pain  at  a  particular 
point ;  and  this  may  be  found  to  correspond  to  the  seat  of 
the  tumor.  The  headache  is  often  periodic,  and  then  is 
easily  mistaken  for  an  apyretic  malarial  attack.  This  is 
especially  the  case  when  a  frontal  headache  seems  to  imi- 
tate brow-ague.  On  the  other  hand,  occipital  headache 
may  simulate  the  cervico-occipital  neuralgia  of  gouty 
persons.  The  diagnosis  may  be  facilitated  in  either  case 
by  careful  exploration  along  the  track  of  the  nerve.  Noc- 
turnal headache  resembles  the  syphilitic  cephalalgia ;  and 
the  question  is  rendered  all  the  more  difficult  from  the 
fact  that  brain  tumors  are  frequently  of  a  syphilitic 
nature. 

Although  so  prominent  a  symptom  when  it  exists, 
headache  is  by  no  means  always  present.  It  was  absent 
in  one  hundred  and  forty-eight  out  of  two  hundred  and 
seventy-four  cases  analyzed  by  Ball  and  Krishaber.'  By 
combining  the  tables  of  Ladame  and  of  Bernhardt  (the 
first  summing  up  all  cases  published  earlier  than  1868, 


the  second  those  between  that  date  and  1880),  we  can 
construct  the  following  table,  showing  the  proportion 
of  cases  of  headache  with  cerebral  tumors  of  dfeerent 
localities. 

Table  I. 


Seat. 


Cerebral  peduncle 

Basal  ganglia 

Cortex 

Medulla 

Cerebral  lobes 

Pons ; 

Cerebellum 

Corpora  quadrigemina 


No.  of 

No 

.  with 

cases. 

headache. 

Per  cent. 

10 

4 

40 

41 

19 

48 

74 

87 

SO 

28 

16 

60 

196 

129 

66 

66 

37 

67 

186 

150 

81 

13 

9 

69 

This  table  helps  to  confirm  the  inferences  that  might 
be  drawn  from  the  physiology  of  pain.  It  is  rarely 
to  be  attributed  to  irritation  of  sensory  centres ;  but 
rather  to  the  stretching  of  the  dura  mater,  with  its  rich 
supply  of  sensory  nerve-filaments  from  the  trigeminus. 
As  some  degree  of  stretching  always  takes  place,  no  mat- 
ter what  the  seat  of  the  tumor,  headache  is  always  im- 
minent, but  it  may  not  manifest  itself  if  the  tumor  grows 
very  slowly,  and  makes  way  for  itself  by  gradual  compres- 
sion of  the  brain-substance,  and  displacement  of  its  fluids. 
On  the  other  hand,  the  pain  is  most  certain  to  occur,  and 
also  to  be  most  violent,  when  the  tumor  grows  in  the 
cerebellum  under  the  tense  fold  of  the  tentorium ;  it  is 
least  likely  to  occur  when  room  is  left  for  the  expansion 
of  the  growth  at  the  interpeduncular  space.  In  the  pons 
and  medulla,  direct  irritation  of  the  trigeminus  may  add 
a  special  liability  to  pain.  The  great  liability  to  headache 
with  tumors  of  the  corpora  quadrigemina  may  perhaps 
be  due  to  their  intimate  connections  with  the  cerebellum, 
In  the  cortex,  only  half  the  cases  are  attended  by  head- 
ache ;  this  probably  being  due  to  the  tendency  of  tlie 
tumor  to  grow  downward,  and  thus  to  relieve  the  tew 
sion  of  the  dura.  The  periodicity  in  the  pain  is  un- 
doubtedly^ associated  with  fluctuations  of  the  circulation, 
always  liable  to  be  diurnally  periodic.  An  initial  head- 
ache often  disappears  when  paralysis  sets  in ;  probably 
because,  by  that  time,  a  zone  of  softening  has  usually 
developed  around  the  tumor.  The  intensity  of  the  press- 
ure is  at  first  either  partially  or  entirely  relieved ;  head- 
ache may  set  in,  if  the  tumor  suddenly  assume  a  more 
rapid  rate  of  gi-owth ;  it  necessarily  subsides  at  the  ap- 
pearance of  the  terminal  symptoms  of  drowsiness  and 
comatose  apathy,  the  pain  being  blunted,  like  other  signs 
of  irritation,  in  the  general  depression  of  the  sensibility. 

Vertigo  is  a  prominent  symptom  of  any  organic  brain 
disease,  and  although  frequently  present  with  tumor,  is 
far  from  characteristic  of  it.  It  is  probably  always  asso- 
ciated with  direct  or  indirect  irritation  of  those  portions 
of  the  brain  which  are  concerned  in  equilibration ;  and  it 
agrees  well  with  this  presumption  that  vertigo  so  much 
more  frequently  occurs  with  tumors  of  the  cerebellum 
than  with  those  of  other  parts  of  the  brain.  Other 
"space-encroaching"  lesions,  e.g.,  abscesses,  so  situated 
as  to  affect  the  middle  or  internal  ear,  may  cause  vertigo 
by  the  same  mechanism  as  that  which  is  brought  into 
play  in  ear  disease  proper,  namely,  by  excitation  of  the 
auditory  nerve.  As  the  central  fibres  of  this  nerve  have 
been  traced  to  the  cerebellum,  it  seems  probable  that  the 
sensation  of  vertigo,  whether  cerebral  or  aural  in  origin, 
is  always  finally  produced  by  the  same  mechanism.  The 
third  diffused  symptom,  vomiting,  follows  the  same  law 
of  predominance  as  headache  and  vertigo,  namely,  it  is 
much  more  frequent  and  severe  in  tumors  of  the  cere- 
bellum than  in  those  involving  some  other  portion  of  the 
brain,  with  the  exception  of  the  cprpora  quadrigemina, 
where  the  liability  is  at  the  maximum. 

From  the  following  table  it  appears  that  vomiting  is  a 
much  less  frequent  symptom  than  headache,  but  follows 
exactly  the  same  order  of  predominance,  except  in  respect 
to  the  centrum  ovale.  This  is  because  the  vomiting  is 
partly  due  to  the  same  cause  as  the  headache,  namely, 
the  extreme  tension  of  the  tentorium.  Extreme  tension 
does  not,  however,  always  cause  vomiting. 
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Table  II. 


Seat  of  tamor. 


Cerebral  peduncle. 

Oerebral  lobes 

Basal  ganglia  . . . . 

Oortex 

Pons 

Medulla 

Cerebellum 

Corp.  quad 

Total 


Gases. 

4 
129 
19 
37 
37 
16 
150 
9 


Per  cent, 
40.0 
66.0 
46.0 
50.0 
6T.0 
BO.O 
83.0 
69.0 


423 


in  568  cases 
74  per  cent. 


Vomiting. 


CaseB,        Per  cent. 


18 
15 
12 
75 

8 


18.5 
19.5 
33.0 
27.0 
40.0 
46  0 
61.0 


172  in  668  oases  = 
30  per  cent. 


Convulsion. 


Cases. 

2 

49 

7 

20 

2 

.     2 

18 

1 


20.0 
26.0 
19.0 
26.0 
5.0 
6.0 
12.0 


Choked  disk  (Bernhardt  alone). 

Amaurosis.  Vision  intact.  Total. 

Cases.        Per  cent.    Cases.       Per  cent.  Cases.  Per  cent. 

15  in  124 12.0     12  in  124" '"  9.0     =  27  in  124  21.0 

2in   26         5.0    =  2  in   26  7.0 

6  in   57            8.0       5  in  67         9.0    =  10  in   57  17.0 

4  in   30           13.0       2  in    30         6.0    =  6  in    30  20.0 

2in   21          9.0     =  9.0 

18  in   90           20.0     13  in   90        14.0    =  31  in    90  34.0 

5  in    11           45.0       1  in    11        10.0     =  6  iu    11  54.0 


91  in  668  cases  = 
16  per  cent. 


I  in  362  cases  =  22  per  cent. 


Case,  by  King  (Brain,  October,  1882) :  Two  tumors,  one 
on  right  side  of  pons  extending  to  left  middle  peduncle  of 
the  cerebellum,  the  second  embedded  in  the  left  side  of  the 
floor  of  the  fourth  ventricle,  convolutions  flattened,  much 
serum  in  ventricles,  showing  extreme  intracranial  press- 
.ure;  but  optic  neuritis  developed  only  after  attacks  of 
coma.    Headache,  but  no  vomiting. 

The  immediate  cause  of  vomiting  is  supposed  to  be  al- 
ways the  excitation  of  a  vomiting  centre  in  the  medulla  ; 
and  this  can  be  brought  about  by  pressure  transmitted 
from  any  part  of  the  brain.  This  pressure  is,  however, 
more  direct  when  exercised  from  some  point  in  the  pos- 
terior cranial  fossa  ;  hence  a  second  reason  for  the  inten- 
sity of  the  symptom  in  cases  of  tumor  of  this  locality. 

Epileptiform  convulsions  constitute  a  fourth  diffused 
symptom,  which  is  very  characteristic  of  tumors  of  the 
brain.  Their  causal  relations  to  increased  intracranial 
pressure  has  been  strikingly  shown  by  Leyden's  experi- 
ments. In  these,  pressure  was  directly  applied  to  the 
brain  of  animals  previously  trepanned  for  the  purpose. 
.Convulsions  occurred  as  soon  as  the  pres.sure  had  risen  to 
130  mm.  of  mercury.  Pressure,  however,  is  only  one  of 
the  mechanisms  by  which  convulsions  may  be  excited. 
Kussmaul's  experiments,  made  many  years  ago,  showed 
that  sudden  anaemia  of  the  brain,  such  as  might  be  induced 
by  copious  lieemorrhage,  was  invariably  followed  by  con- 
vulsions. The  predominance  of  convulsions  in  cases  of 
brain  tumor,  according  to  the  locality  occupied  by  the 
latter,  does  not  follow  the  law  which  is  applicable  to 
symptoms  traceable  to  increased  pressure,  for  convul- 
sions occur  oftenest  in  cases  of  tumor  of  the  cortex  and 
cerebral  lobes,  presumably  of  the  portions  of  the  centrum 
ovale  which  lie  immediately  beneath  the  cortex.  General 
convulsions,  therefore,  like  local  spasms,  are  rendered  im- 
minent by  direct  excitation  of  the  motor  tracts.  Curiously 
enough,  convulsions  are  almost  excluded  from  the  symp- 
tomatology of  the  pons,  though  this  region,  which  is  tra- 
versed in  every  direction  by  motor  tracts,  probably  con- 
tains the  convulsing  centre.  But  apparently  the  properties 
of  the  centre  become  abolished  before  they  can  be  effect- 
ually irritated.  This  absence  of  convulsions,  when  cer- 
tain positive  signs  are  present  at  the  same  time,  is  of  real 
value  in  localizing  a  tumor  in  the  pons. 

As  the  convulsion  is  not  proportioned  to  the  locality  of 
greatest  tension,  so  it  stands  in  no  relation  to  the  time  at 
which  tension  is  greatest.  It  occurs  as  an  initial  symp- 
tom, or  during  the  active  period  of  the  disease  ;  but  it  usu- 
ally disappears,  with  other  irritative  symptoms,  in  some 
other  manner  toward  the  close,  when  intracranial  press- 
ure is  at  its  maximum.  Sudden  variations  in  such  press- 
ure, caused  by  fluctuations  of  the  circulation,  seem  to  be 
the  essential  proximate  cause  of  the  convulsions  of  brain 
tumors.  The  form  of  the  convulsion  does  not  differ  from 
that  observed  in  idiopathic  epilepsy,  and  the  diagnosis  be- 
tween tumor  and  epilepsy  is  often  difficult.  It  can  only 
be  made  by  means  of  the  concomitant  symptoms. 

Apoplectiform  attacks  occur  with  brain  tumors,  and 
may,  though  rarely,  be  the  first  symptom  and  followed 
by  paralysis  or  paresis.  It  is  extremely  difficult,  then,  to 
distinguish  the  case  from  one  of  ordinary  cerebral  haemor- 
rhage. HsemoiThage  into  or  around  the  tumor  is  a  fre- 
quent cause  of  apoplexy,  and  thus  may  first  reveal  the 
existence  of  a  tumor  hitherto  latent ;  or  it  may  occur  in- 


cidentajly  among  phenomena  already  well  defined  and 
recognized.  Finally,  the  apoplectic  attack  may  usher  in 
the  terminal  period ;  the  patient  never  completely  recover- 
ing, but  passing  into  a  soporose  condition  and  finally  into 
coma.  The  apoplectic  ictus  is  not  invariably  associated 
with  hsemori-hage;  it  may  be  due  to  sudden  alterations  of 
intracranial  pressure,  by  which  the  functions  of  brain- 
tissue  are  temporarily  suspended,  as  after  concussicm. 

Paychie  Changes. — The  earliest  is  usually  an  extreme  ir- 
ritability, which  contrasts  with  the  lachrymose  emotion- 
ality characteristic  of  softening  of  the  brain.  Occasion- 
ally this  culminates  in  attacks  of  maniacal  excitement ; 
oftener,  however,  the  patient  suffers  from  melancholic 
depression,  and  gradually  becomes  more  and  more  apa- 
thetic and  taciturn.  This  taciturnity,  which  is  a  diffused 
symptom,  must  be  distinguished  from  true  aphasia.  As 
in  all  mental  disturbances,  the  memory  fails.  Dementia 
may  precede  death  for  some  time,  especially  if  epileptic 
convulsions  have  been  severe. 

Case  VII,,  by  Mills  :*  Attacks  of  mania  at  intervals, 
Tumor  occupies  occipital  and  postero-parietal  gyri. 

Case,  by  Hunt :  ^  Speech  mumbling,  thick,  no  wrong 
words,  mental  confusion,  drowsiness,  loss  of  memory. 
Tumor  occupies  angular  and  supramarginal  gyri. 

When  tumor  complicates  a  diffused  meningo-enceph- 
alitis,  the  mental  symptoms  are  attributable  rather  to  that. 

Case,  by  Magnan  {Brain,  1879) :  Angiolithic  sarcoma 
(psammoma),  reducing  ascending  parietal  gyrus  to  one- 
third  its  volume,  associated  with  diffuse  meningo-en- 
cephalitis  ;  epileptiform  convulsions  for  eight  years  ;  in- 
tellectual faculties  impaired  ;  loss  of  memory  and  moral 
sense ;  mania,  dementia. 

The  following  case  is  remarkable  for  the  short  duration 
of  the  symptoms : 

Case,  by  Bristowe  {Brain,  1884) :  First  symptoms  four- 
teen weeks  before  death.  Intelligence  early  impaired, 
after  headache  and  right  hemiparesis.  "With  progress  of 
paresis  patient  became  stupid,  drowsy,  finally  comatose. 
Tumor  in  anterior  part  of  corpus  callosum. 

It  is  extremely  noticeable  from  Table  III.,  that  the  lia- 
bility to  perversion  of  intelligence  is  not  at  its  maximum 
when  the  tumor  is  seated  at  the  cortex,  nor  when  a  cor- 
tical tumor  is  in  the  frontal  lobes.  Cortical  tumors  stand 
third  from  the  bottom  of  the  scale,  in  this  respect ;  the 
highest  place  is  occupied  by  tumors  of  the  corpora  quad- 
rigemina,  seventy-seven  per  cent.  A  relative  infrequence 
of  mental  disturbances  is  observed  in  tumors  of  the  me- 
dulla and  pons.  On  the  other  hand,  the  high  percentage 
of  such  disturbances  in  tumors  of  the  centrum  ovale  may 
probably  be,  at  least  in  part,  attributed  to  their  influence 
upon  the  cortex.  To  such  influence  must,  in  last  anal- 
ysis, all  psychic  perversions  be  ascribed ;  and  the  high 
proportion  of  cases  in  which  these  are  present  with  tumor 
in  any  locality  of  the  brain,  is  explained  by  the  extreme 
sensitiveness  of  the  cortical  substance  to  disturbance  of  the 
intracranial  pressure  from  whatever  point  diffused.  Psy- 
chic symptoms,  of  one  kind  or  another,  are  seen  to  be  ex- 
tremely frequent  in  tumors  of  the  brain,  being  present  in 
about  half  the  cases.  Their  presence,  therefore,  materi- 
ally aids  in  establishing  the  diagnosis. 

Choked  Disk.— Tins  symptom,  when  present,  is  more 
nearly  pathognomonic,  than  any  other,  of  cerebral  tumor. 
The  phenomenon  of  the  choked  disk  has  been  regarded  as 
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Table  III. 

iNTEUIiiaEHGE   DlSTURBSD. 

NoSMiL. 

Seat  of  tumor. 

Mental  depression, 
apathy,lo880f  mem- 
ory, imbecility. 

Hallucinations. 

Delirium  or  mania. 

Drowsiness  or 
stupor. 

Total. 

Cases.       Per  cent. 
6               20.0 
48               29.0 

27              4S.0 
18              46.0 
90               46.5 
1 

6              10.0 
9              15.5 
2                 3.0 
4              30.0 

Cases.       Per  cent. 
2                7.0 
1 

'i              '.. 
1 
9               4.0 

i 

Cases.       Per  cent. 
2                7.0 
6                3.0 

2 

11                5.5 

'h              '.'.'. 
2               15.0 

Cases,       Per  cent. 
1                 3.5 
9           ■      5.0 

i            '.'.'. 

5                2.5 

■7               12.6 
4               30.6 

Cases. 
11 
64 
28 
29 
21 
115 

6 
19 

io 

Per  cent. 
38.0 
39.0 
49.0 
B1.5 
52.0 
60.0 

10.0 
33.0 

77'.6 

CSiaBR.      Percent. 
18             62.0 

Cerebellum,  162  cases  

98             60.0 

,. 

27              48.S 

Basal  ganglia,  40  cases 

Lobes  192  cases    ... 

10              47.0 
77              40.0 

1 

11              19.0 

Parietal  

17              29.6 

3              23.0 

the  expression  of  two  different  morbid  processes — the  one 
an  inflammation  of  the  optic  nerve,  the  other  a  mechani- 
cal obstruction  to  its  circulation.  In  either  case,  to  the 
ophthalmoscope  the  papilla  appears  engorged,  tumefied, 
nebulous,  irregular,  and  with  ill-defined  edges ;  a  species 
of  cloud  covers  both  the  centre  and  the  circumference, 
rendering  the  whole  surface  opaque.  The  arteries  are 
diminished  in  calibre ;  the  veins  appear  interrupted  at 
various  points.  In  one  form  of  choked  disk,  probably 
the  inflammatory,  the  capillaries  seem  increased  in  size, 
in  the  other  effaced. 

According  to  the  celebrated  doctrine  of  von  Graef  e,  these 
appearances  are  always  due  to  an  obstruction  offered 
to  the  venous  circulation  of  the  optic  nerve,  from  mediate 
or  immediate  pressure  exercised  upon  the  sinus  caver- 
nosus.  Hence  a  serous  transudation  from  the  veins,  ren- 
dering the  papilla  swollen  and  oedematous.  It  has 
been  shown,  however,  that  the  free  inosculation  of  the 
ophthalmic  vein  with  the  angular  branch  of  the  facial, 
suffices  to  avert  complete  venous  obstruction,  even  when 
the  circulation  in  the  cavernous  sinus  has  been  retarded. 
Further,  a  free  communication  has  been  demonstrated 
between  the  intervagiual  lymphatic  space  of  the  optic 
nerve  and  the  subarachnoid  space  of  the  brain.  It  has 
been  shown  that  a  rise  of  intracranial  pressure  suffices  to 
force  cerebro-spinal  fluid  into  the  intervagiual  space  of 
the  nerve,  thus  causing  compression  of  its  central  vessels, 
local  obstruction,  and  swelling  from  transudation,  apart 
from  venous  obstructions. 

Choked  disk  sometimes  appears  in  cases  in  which  the 
tumor  is  so  small  that  much  increase  of  intracranial  press- 
ure seems  doubtful.  It  is  then  more  probably  due  to  in- 
flammation of  the  optic  nerve,  first  propagated  from  irri- 
tated brain-tissue  to  the  central  terminations  of  the  nerve 


— neuritis  from  diffused  cerebritis  (Mackenzie),  or  excited 
by  direct  pressure  upon  the  optic  tract.  The  latter  may 
be  effected  by  tumors  of  the  corpora  quadrigemina,  of 
the  cerebral  peduncles,  or  of  the  interpeduncular  space. 
The  table  given  on  p.  669  shows  that  the  percentage  of 
cases  of  choked  disk,  in  cases  of  intracranial  tumor,  is 
greater  in  this  locality  than  in  any  other.  But  as  shown 
by  Table  X.  it  is  only  present  in  twenty-two  per  cent,  of 
all  cases  hitherto  observed,  thus  is  less  frequent  than  any 
of  the  diffused  symptoms  except  convulsion. 

Choked  disk  is  found  far  more  frequently  (54  per  cent.) 
in  cases  in  which  the  tumor  involves  the  corpora  quadri- 
gemina, than  in  those  in  which  it  involves  any  other  part 
of  the  brain.  The  smallest  percentage  is  in  the  class  of 
cases  in  which  the  basal  ganglia  are  the  seat  of  the  tumor. 
When  there  is  direct  pressure  on  the  optic  tract,  the 
papilla  sometimes  atrophies  without  passing  through  any 
stage  of  choked  disk.  Until  atrophy  sets  in,  vision  is  not 
necessarily  impaired.  Thus,  out  of  a  total  of  82  cases  of 
choked  disk,  vision  remained  intact  in  37,  or  45  per  cent. 
In  a  great  many  cases  no  ophthalmoscopic  examination 
is  made,  unless  vision  is  impaired,  and  this  explains  why 
such  examination  is  lacking  to  the  history  in  232  out  of 
485  observations  analyzed  by  Bernhardt  (47.8  per  cent.). 
In  many  of  these  negative  cases  it  is  very  possible  that 
choked  disk  really  existed,  so  that  the  real  proportion  of 
this  lesion  in  brain-tumor  cannot  be  considered  as  known. 

In  a  certain  number  of  cases  cerebral  tumor  manifests 
itself  exclusively  by  one  or  more  of  the  foregoing  "dif- 
fuse" symptoms.  Among  Bernhardt's  cases  of  tumors 
of  the  cortex,  centrum  ovale,  cerebellum,  and  basal  gan- 
glia, this  limitation  may  be  found  seventy-one  times  out 
of  a  total  of  397  cases,  or  23.8  per  cent. 

The  existence  of  mental  symptoms  in  a  large  proper- 


Table  IV 

—Cases  of  Diffused  Symptoms  Alone. 

Seat. 

1 

4 
5 
2 
2 

1- 

li 
II 

c 

d 

4 

S  o 

M 

a 

ill 

111 

X 

11. 
Ill 

M   ■ 

> 

'3 
> 

ll 

s  * 

Psychic  alteration. 

Total. 

3 

3 
1 
6 

1 
8 

i 

2 

*4 

h 

1 

5 

-^— 

■3 

4 

2 

1 
4 
2 
1 

1 
1 

In  7  of  tbese. 

In  22  of  these. 

1  alone,  1  besides. 

In  4  of  these. 

11  =  19  per  cent 
37  =  29  per  cent. 
6  =  23  per  cent. 
17  =  18.5  per  cent. 

Lobes,  124  caae3   

Total  

13 

13 

10              9 

7 

6 

7 

2 

« 

2 

35 

71  =  23.8  per  cent. 

tion  of  these  cases  (49  per  cent,  of  them)  is  the  circum- 
stance that  mi^ht,  perhaps,  most  surely  guide  in  the  di- 
agnosis, otherwise  so  difficult. 

The  proximate  consequences  of  increased  intracranial  ■ 
pressure,  and  which  are  the  immediate  cause  of  the  dif- 
fused symptoms,  have  been  differently  interpreted.  It 
was  long  maintained  that  the  brain  substance  was  nearly 
as  incompressible  as  water.  Room,  therefore,  could 
only  be  made  within  the  cranium  for  a  neoplasm,  by  pro- 
portionate expulsion  of  blood  and  lymph,  and  by  atrophy 
of  the  brain-tLssues  in  the  immediate  vicinity  of  the  tu- 


mor. Adamklewicz's  experiments  have  shown,  however, 
that  the  nerve-tissue  surrounding  the  tumor  is  compressed, 
i.e.,  its  solid  molecules  are  approximated,  and  the  fluid, 
normally  interposed  between  them,  is,  to  a  greater  or 
less  extent,  expelled.  For,  when  a  piece  of  lammaria  was 
inserted  under  the  skull  of  an  animal  previously  trepan- 
ned for  the  purpose,  and  was  allowed  to  swell,  thus  rapidly 
encroaching  upon  the  intracranial  space,  microscopic  ex- 
amination of  the  tissue  in  which  the  foreign  body  was 
embedded  revealed  the  fact  that  all  the  nerve-elements  of 
this  tissue  were  closely  crowded  together,  thus  apparer'-^y 
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multiplied  in  a  given  space.  The  zone  adjacent  to  this 
■was  intensely  vascularized  from  dilatation  and  new  de- 
velopment of  capillaries,  and,  in  addition,  it  was  hyper- 
trophied  from  proliferation  of  connective-tissue. 

In  the  experiment,  the  swelling  of  the  laminaria  was 
much  more  rapid  than  is  the  growth  of  any  tumor,  and 
the  condensation  and  nutritive  irritation  of  tissue  were, 
therefore,  exaggerated.  To  a  greater  or  less  extent,  how- 
ever, hoth  these  lesions  must  always  be  produced  by  the 
presence  of  a  foreign  body  within  the  cavity  of  the  cra- 
nium. Only  when  the  tumor  grows  very  slowly  are  they 
absent,  or  reduced  to  such  a  minimum  as  to  occasion  no 
symptoms,  either  diffused  or  focal. 

The  occurrence,  in  twenty-three  per  cent,  of  the  cases, 
of  diffused  without  focal  symptoms,  indicates  that  the 
centres  of  origin  of  nerve-tracts  have  remained  unaffected, 
though  the  vomiting  and  convulsive  centres  and  the  ner- 
vous filaments  of  the  dura  mater  have  been  irritated ; 
that  lymph  has  been  forced  into  the  sheath  of  the  optic 
nerve,  or  that  a  descending  neuritis  has  been  excited  by 
propagation  from  the  zone  of  cerebritis  surrounding  the 
tumor  ;  *  and  that  the  delicate  psychic  mechanisms  of  the 
cerebral  cortex  have  been  irreparably  jarred  and  are  out  of 
working  order. 

This  immunity  of  motor,  sensory,  or  special-sense  nerve- 
functions  is  usually  due  to  the  localization  of  the  tumor 
in  a  "  latent "  portion  of  the  brain,  but  it  is  also  sometimes 
observed  in  cases  in  which  the  tumor  occupies  a  (presum- 
able) focus  of  nerve-origin.  Thus,  although  there  can  be 
no  doubt  that  the  ultimate  origin  of  the  motor  nerves  con- 
tained in  the  pyramidal  tracts  is  in  the  central  gyri  and 
paracentral  lobule,  tumors  seated  in  these  localities  have 
sometimes  been  observed  entirely  unaccompanied  by  motor 
symptoms,  either  irritative  or  paralytic.  Two  such  cases 
are  contained  among  the  eleven  of  the  table.  In  one  of 
these  there  were  forty  hydatid  cysts  in  the  brain,  a  form 
of  neoplasm  very  frequently  latent.''  In  the  second  case, 
however,  there  was  a  most  extensive  sarcoma  occupying 
the  lower  half  of  the  anterior  central  gyrus,  posterior  half 
of  third  frontal  gyrus,  and  under  half  of  insula.* 

Two  explanations  are  offered  for  these  cases.  First, 
that  the  elements  of  the  neoplasm  have  insinuated  them- 
selves so  gradually  between  those  of  the  nerve-tissue,  or 
have  displaced  them  with  so  little  injury  that  \the  functions 
of  this  tissue  have  not  suffered.  This  explanation  applies 
to  cases  in  which,  instead  of  the  cells  of  a  nucleus  of  origin, 
the  fibres  of  a  nerve-tract  have  been  displaced,  as  in  some 
extraordinary  cases  on  record  in  which  a  tumor  has  occu- 
pied nearly  the  entire  pons,  yet  has  occasioned  no  motor 
symptoms.  The  second  explanation  applies  only  to  corti- 
cal centres.  According  to  Exner,  the  different  mechan- 
isms of  the  cortex,  though  specially  concentrated  at  certain 
localities,  exert  their  influence  somewhat  beyond  these 
limits,  though  with  constantly  diminishing  intensity  and 
effectiveness.  Hence  it  is  occasionally  possible,  though 
the  main  centre  be  destroyed,  that  its  action  may  be  sup- 
plemented by  that  of  others  habitually  subordinate. 

In  more  than  three-fourths  of  the  cases  of  brain-tumor, 
in  addition  to  the  diffused  symptoms  hitherto  described, 
the  patient  suffers  from  perversions  or  abolition  of  one  or 
more  cerebral  functions  other  than  psychic  ones.  These 
are  known  as  the  focal  symptoms. 

Focal  Symptoms. — They  consist  of  the  perversion  or 
abolition  of  mobility  or  sensibility  in  one  or  more  cranial 
nerves  or  spinal  nerve-tracts ;  or  in  similar  alterations  of 
one  or  more  of  the  special  senses.  Among  the  latter, 
however,  is  to  be  excepted  the  impairment  of  vision 
directly  traceable  to  choked  disk  or  optic  neuritis.  An 
intense  interest  has  recently  attached  to  these  symptoms, 
as  a  means  of  unravelling  the  physiological  problems  of 
the  localization  of  brain  functions.  For  this  purpose, 
however,  the  study  of  tumors  is  much  less  valuable  than 
that  of  other  brain  lesions,  such  as,  for  example,  localized 
softening  ;  for  their  limits  are  irregular,  and  their  effects, 
through  transmission  of  pressure,  often  diffuse  themselves 
in  structural  or  functional  changes  far  beyond  these  visi- 
ble limits.    For  cKnical  purposes,  therefore,  it  is  necessary 

*  Demonstrated  by  Adamkiewioz  (see  ut  $upra). 


to  ascertain  first,  what  symptoms  are  generated  by  lesions 
really  limited  to  certain  localities  ;  second,  to  what  extent 
the  complication  of  these  by  others,  diffused  or  sympto- 
matic of  different  localities,  may  aid  us  in  diagnosing  the 
existence  of  tumor  as  distinguished  from  other  focal  dis- 
ease. 

Focal  symptoms  are  always  unilateral  at  the  beginning 
— a  most  useful  criterion  in  distinguishing  tumor  (as  well 
asjother  localized  lesions)  from  a  diffused  disease  of  the 
brain.  The  appearance  of  sip^mptoms  on  the  opposite  side 
of  the  body  from  that  on  which  they  first  began,  indicates 
an  extension  of  the  growth  across  the  median  line.  This, 
for  obvious  reasons,  most  frequently  occurs  at  the  nar- 
rowest regions  of  the  encephalon,  the  pons  and  (though 
less  frequently)  the  medulla.  It  is,  however,  also  seen  in 
tumors  of  the  corpus  callosum,  but  the  second  hemipar- 
alysis  is  much  slighter  than  the  first. 

Case  (Bristowe,  Brain,  October,  1884) :  Illness  twelve 
weeks.  Left  hemiplegia,  gradually  extending  to  right 
side  ;  then  general  paralysis,  principally  on  the  left  side, 
ten  days  before  death.  Progressive,  drowsinss  or  stupid- 
ity, aphasia.  Sarcoma  occupied  anterior  two-thirds  of 
fornix  and  corpus  callosum,  extending  into  the  centrum 
ovale  in  both  hemispheres,  but  principally  in  the  right. 

In  addition  to  these  symptoms  involving  purely  cere- 
bral functions,  the  functions  of  respiration  and  circula- 
tion are  sometirries  modified  from  the  direct  or  indirect 
morbid  influence  exercised  upon  the  medullary  centres. 

Ledons  of  Motility. — These  are  by  far  the  most  numer- 
ous, the  most  varied  in  character  and  in  combination,  of 
all  the  focal  symptoms  of  brain  tumor.  They  belong  to 
three  different  classes :  First,  irritative,  including  tremors, 
choreiform  movements,  and  local  spasms ;  *  second,  ataxic, 
implying  inco-ordination  among  functionally  combined 
movements ;  third,  paralytic,  consisting  in  the  partial  or 
complete  abolition  of  motive  power. 

Irritative  Lesions  of  Mobility. — A  fine  tremor  or  a  clonic 
spasm,  incessant  or  periodically  repeated,  is  often  seen, 
either  in  muscles  which  have  already  become  paralyzed, 
or  in  those  which  become  paralyzed  at  a  later  date. 

Case  (Berger,  Arch,  der  Meilkunde,  XIX.  Jahr.) : 
Woman,  aged  forty-eight.  During  a  year,  about  every 
eight  days,  an  attack  of  clonic  spasms  in  the  right  arm, 
then  paralysis  of  the  same  arm,  followed  by  paresis  of 
the  buccal  branches  of  the  right  facial:  clonic  spasms 
persist  after  paralysis  sets  in ;  death  a  week  later.  Tumor 
in  left  anterior  central  gyrus,  compressing  the  posterior 
and  second  frontal  gyri. 

Case  (Berkley,  Med.  News,  1883)  :  Patient  with  spasm 
of  the  left  angle  of  the  mouth  for  two  and  a  half  years. 
Sudden  death  from  cardiac  disease.  Calcareous  nodule 
three-sixteenths  of  an  inch  in  diameter  on  the  right  as- 
cending frontal  convolution,  one  and  a  half  inch  above 
the  fissure  of  Sylvius ;  the  locality  corresponds  to  Fer- 
rier's  centre  for  the  zygomatic  muscles. 

Tremors  and  localized  spasms  are  valuable  diagnostic 
symptoms;  for, first,  they  are  more  frequent  with  tumors 
than  with  other  localized  brain  lesions  ;  second,  they  are 
more  frequent  in  the  cortex  ;  and,  third,  they  are  especially 
frequent  in  the  motor  zones.  All  these  circumstances  are 
demonstrated  by  the  following  tables.  The  first  is  com- 
piled from  Exner's  collection  of  one  hundred  and  sixty- 
four  cases,  exclusively  of  cortical  lesions. 

Tumors  of  cortex  (44  cases) ;  Spasm,  8  =  6.5  per  cent.  ; 
spasm  and  paralysis,  14  =  31  per  cent.  ;  paralysis,  14  = 
31  per  cent.  ;  no  motor  symptoms,  13  =  29  per  cent. 
Total  spasm,  17  =  38  per  cent. 

Other  lesions  of  cortex  (100  cases) :  Spasm,  1  =  0.9  per 
cent.  ;  spasm  and  paralysis,  18  =  11.5  per  cent.  ;  paraly- 
sis, 63  =  56  per  cent.  ;  no  motor  symptoms,  36  =  82  per 
cent.     Total  spasm,  14  —  12  per  cent. 

Thus,  in  more  than  one-third  of  all  cases  of  brain  tu- 
mor, localized  spasms  or  contractures  exist  at  some  period 
of  the  disease.  When  present,  they  indicate  a  greater  prob- 
ability of  localization  in  the  cortex  than  in  any  other  part 
of  the  brain  ;  and  after  that,  in  the  region  of  the  corpus 
striatum  and  thalamus  opticus.     In  the  table,  the  highest 


♦  The  general  epileptiform  convulsions  being  a  diffuse  symptom. 
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percentage  falls  to  tumors  of  the  peduncle ;  but  this  fact 
is  offset  by  the  great  rarity  of  tumors  in  this  region. 
Table  V.— Pbopobtion  of  Cases  of  Spasm  with  Tdmohs. 


Seat. 

xn 
1 

en 

4 

1 

i 

f 

HI 

Cortex- 
Central  gyri 

Parietal  lobe  (mo- 
tor)       

39 
11 

4 

24 

7 

10 

1 

28 
7 

71 
63 

2 
3 

Total  motor  zone 
Frontal  gyri .... 
Other  latent  parts 

SO 
14 
13 

4 
2 

1 

81 
1 
2 

11 

4 
2 

35  • 
3 
3 

70 
21 
23 

5 

7 
8 

Total  cortex... 

Centrum  ovale 

Basal  ganglia 

77 

124 
41 
10 
13 
56 

165 
30 

7 

12 
9 

1 
1 
3 
20 
8 

34 

22 

10 
6 
3 
7 

12 
2 

17 

45 
14 
3 
2 
38 
26 
15 

41 

34 
19 
6 

4 
10 

82 
10 

53 

27 
46 
60 
30 
17 
19 
33 

Fer  cent. 

20  =  25.0 

45  =  36.0 
8  =  19,0 
2  =  20.0 

Corp.  quad 

7  =  53.0 

8  =  14.0 

Cerebellum 

Medulla 

107=64.5 
5  =  16.0 

Total 

516 

•■ 

156 

30 

202  =  37.5 

It  is  evident  that  spasmodic  contractions  of  muscles 
may  be  caused  by  irritation,  either  of  the  nerve-elements 
of  a  motor-centre,  or  of  the  fibres  of  a  motor-tract  de- 
scending from  it,  but  that  the  first  condition  is  more 
favorable.  Tumors  of  the  pons  and  medulla  are  rarely 
accompanied  by  spasm  ;  it  seems  that  the  liability  to  irri- 
tation increases  higher  up  in  the  tract,  and  also  when. the 
latter  is  more  incompletely  invaded. 

Paralyses  of  Motility. — These  are  especially  character- 
ized, as  a  rule,  by  their  gradual  development,  a  circum- 
stance vfhich  is  most  useful  in  distinguishing  brain  tumors 
from  haemorrhage.  It  does  not,  however,  serve  to  differ- 
entiate tumors  from  softening,  for  in  the  latter  the  pa- 
ralysis is  also  gradually  developed. 

To  a  certain  extent  the  paralyses  of  tumors  share  the 
peculiarities  of  those  caused  by  other  lesions  of  the  same 
locality.  As  already  stated,  however,  in  the  case  of  tu- 
mors, the  paralyses  are  rarely  purely  typical  throughout 
the  whole  course  of  the  disease,  because  they  constantly 
tend  to  encroach  upon  other  regions  than  that  in  which 
they  originated ;  and  because  their  influence,  by  trans- 
mitted pressure  and  nutritive  irritation,  is  apt  at  all  times 
to  diffuse  itself  considerably  beyond  the  region  which 
they  visibly  occupy.  A  paralysis  which  may  seem  at  a 
given  stage  to  be  entirely  atypical,  may,  however,  exhibit  in 
the  history  of  its  development  peculiarities  which  point  out 
the  true  nature  of  the  disease.  The  paralysis  has  been 
preceded  by  a  slowly  progressing  paresis,  or  by  tremor  or 
spasm  in  the  affected  muscles,  or  has  existed  in  one  set  of 
muscles,  or  in  orte  limb,  or  in  one  or  more  cranial  nerves  ; 
or  there  has  been  a  combination  of  paralyses  of  such  nerves 
with  others  of  the  extremities,  before  the  disease  reached 
its  complete  evolution.  Or,  further,  the  very  first  appear- 
ance of  paralysis  may  have  been  preceded  by  one  or  more 
diffused  symptoms  ;  or  it  may  have  been  ushered  in  by  an 
epileptiform  convulsion  or  an  apoplectic  attack,  remark- 
able for  its  brevity  and  incompleteness.  Or  a  paralysis 
may  declare  itself  at  once,  in  a  fully  developed  form,  but 
isolated,  as  in  one  facial  nerve,  and  after  prolonged  head- 
ache, attacks  of  vomiting,  and  change  of  mind  or  charac- 
ter of  the  patient.  The  typical  characteristics  of  the 
paralyses,  according  to  locality,  are  as  follows  : 

Cortex. — The  paralysis,  at  the  outset  at  least,  is  "  disso- 
ciated," monoplegic.  One  arm  or  one  side  of  the  face  is 
affected,  or  the  two  together  are  affected  on  the  same  side. 
It  is  extremely  rare  that  paralysis  begins  in  the  leg ;  but 
this  extremity  of  ten.  becomes  involved  later,  and  then  the 
patient  suffers  from  a  complete  hemiplegia,  difficult  to 
distinguish  at  first  from  the  common  hemiplegia  due  to 
htemorrhage  into  the  internal  capsule.  It  is  very  rare, 
however,  that  the  paralyzed  limbs  become  rigid.  It  is 
with  tumors  in  this  region  that  clonic  spasms  are  most 


frequent,  either  before  or  during  the  paralysis.  Symp- 
toms of  tumors  of  different  regions  of  the  cortex  follow, 
approximately,  the  rules  which  have  been  laid  down  for 
other  lesions,  according  as  they  occupy  the  "latent"  or 
the  motor  zones.  The  latent  regions  are  those  parts  of 
the  brain  in  which,  with  rare  exceptions,  lesions  produce 
no  motor  symptoms.  The  motor-zones  are  those  whose 
lesions  are  always  followed  by  spasm  or  paralysis,  except 
in  a  very  few  cases,  in  which  the  absence  of  symptoms  is 
explained  by  the  extremely  slow  growth  of  the  tumor, 
which  allows  nerve-tissue  to  accommodate  itself  to  in- 
creased pressure.  When  an  ' '  absolute  field  "  exists  it  will 
be  found  that,  in  all  cases  in  which  motor  symptoms  are  ab- 
sent, this  field  is  entirely  free  from  lesion.  In  the  regions 
adjacent  to  these,  lesions  sometimes  do  and  sometimes  do 
not  produce  symptoms.  This  fact,  as  already  stated,  has 
been  explained  in  two  ways — by  the  theory  of  transmit- 
ted pressure,  and  by  the  theory  of  a  "relative  field," 
which  contains  motor  mechanisms  of  less  degree  of  inten- 
sity and  concentration  than  those  belonging  to  the  "ab- 
solute field."    The  absolute  motor  zones  are : 

First,  for  the  upper  extremity,  the  anterior  central  con- 
volutions, especially  the  lower  two-thirds,  the  upper  half 
of  the  posterior  central  convolution,  the  paracentral  lobule, 
and,  in  the  left  hemisphere,  the  greatest  part  of  the  superior 
parietal  lobe,  and  possibly  a  few  points  on  the  occipital. 

Second,  for  the  lower  extremity,  it  is  the  upper  third  of 
both  central  convolutions  and  the  paracentral  lobule, 
and  in  the  left  hemisphere  again  the  greater  part  of  the 
superior  parietal  lobe.  This  "absolute  field"  is,  ac- 
cording to  Exner,  surrounded  by  a  relative  field  which 
occupies  the  posterior  half  of  the  superior  frontal  gyrus, 
almost  the  entire  convex  surface  of  the  other  two  frontal 
gyri,  both  parietal  lobes,  and  the  upper  part  of  the  occip- 
ital  lobe.     This  field  belongs  to  both  extremities. 

Third,  there  is  no  absolute  field  for  either  facial  mus- 
cles or  tongue,  the  mechanisms  for  both  seeming  to  be 
diffused  over  the  greatest  part  of  the  hemispheres.  But 
the  seat  of  greatest  concentration,  for  the  facial  nerve, 
exists  at  the  lower  half  of  the  anterior  central  gyrus,  and 
the  lower  third  of  the  posterior  central ;  while  a  relative 
field  extends  over  the  posterior  half  of  both  lower  frontal 
gyri  and  the  anterior  part  of  the  supramarginal  gyrus. 
The  principal  centre  for  the  hypoglossal  nerve  is  the 
lower  part  of  the  anterior  central  gyrus  and  adjacent  part 
of  the  middle  and  inferior  frontal  gyri. 

Fourth,  no  definite  cortical  field  has  been  outlined  for 
either  the  motor  oculi  nerve  or  the  trigeminus.  In  regard 
to  the  first,  however,  it  seems  certain  that  all  the  branches 
of  both  nerves  are  influenced  by  the  centres  of  a  single 
hemisphere. 

The  zone  for  common  sensibility  coincides  with  the 
motor  zone  as  above  defined. 

Fifth,  the  zones  latent  in  regard  to  motor  or  sensory 
symptoms  include  all  the  frontal  lobes,  the  temporo-sphe- 
noidal  lobes,  the  parietal  lobe  of  the  right  hemisphere, 
and  the  occipital  lobes.  Lesions  of  these  lobes  may  re- 
main absolutely  latent,  and  did  so  in  13  of  Exners  44 
cases  of  tumors,  that  is,  in  29  per  cent.  But,  even  when 
unattended  by  paralysis  or  spasm,  lesions  of  these  latent 
zones  are  liable  to  be  followed  by  such  disorders  of 
speech,  of  vision,  or  of  hearing  as  lead  to  the  localization, 
within  their  boundaries,  of  the  centres  for  these  impor- 
tant functions.*  In  Table  V.  it  will  be  seen  that  there 
were  9  cases  of  paralysis,  with  or  without  spasm, 
occasioned  by  tumors  m  the  non-motor  regions;  the 
percentage  of  paralysis  to  whole  number  of  such  tumors 
being  37  per  cent.  Out  of  the  whole  number  of  cases  of 
paralysis  from  77  tumors  of  the  cortex  (51  cases),  the  per- 
centage belonging  to  tumors  of  non-motor  regions  was 
17.5  per  cent.  ;  that  of  those  belonging  to  motor  regions 
(43  cases)  was  54  per  cent,  of  the  whole,  and  84  per  cent, 
of  the  tumors  of  that  region  ;  while,  finally,  the  probabil- 
ity that  a  tumor  situated  in  the  cortex  would  occasion 

•  The  wide  diSusion  of  the  mechanisms  for  the  motor-oculi  nerve  and 
the  facial,  which  render  their  paralyses  of  little  value  in  regional  diag- 
nosis, is  probably  correlated  to  the  complex  relations  of  these  two  nerves 
to  the  mechanisms  of  psychic  existence,  and  their  functions  in  the  in- 
numerable shades  of  facial  expression. 


672 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Brain. 
Brain. 


some  form  or  degree  of  paralysis  is  indicated  by  the  re- 
lation of  51  to  77,  or  66  per  cent. 

Centrum  Ovale. — Amuch  larger  percentage  of  tumors  re- 
main latent  in  this  region  than  in  the  cortex,  as,  for  example, 
36  per  cent. ,  instead  of  25  per  cent,  (see  Table  V.).  The  ab- 
sence of  symptoms  is  to  be  expectedwhen  the  tumor  neither 
occupies  nor  affects  bundles  of  fibres  coming  from  the 
motor  regions  of  the  cortex.  In  the  following  tafile  La- 
dame's  and  Bernhardt's  cases  are  combined,  and  show  to 
what  extent  tumors  situated  in  non-motor  regions  may 
yet  inhibit  the  mechanisms  of  the  motor  regions. 

Table  VI. — ^Pabalybib  with  Tumors  op  Centruu  Ovale. 


MoiOB  BEQiosa. 

NON-UOTOIt  Bboiohb. 
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61 

16 
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3 
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3 

7 
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16 

49 

70 

The  paralyses  which  are  associated  with  tumors  of  this 
region  present  nearly  the  same  characteristics  as  do  those 
associated  with  tumors  of  the  cortex  if  they  are  near  the 
surface  :  that  is,  they  are  liable  to  be  monoplegic  ;  but 
they  resemble  those  of  tumors  of  the  internal  capsule,  if 
they  approach  the  basal  ganglion,  in  which  case  they  may 
become  completely  hemiplegic,  and  may  be  followed  by 
rigidity.  Usually  a  long  period  of  paresis  precedes  that 
of  complete  paralysis. 

The  percentage  of  cases  of  paralysis  in  tumors  of  the 
centrum  ovale,  whether  calculated  from  the  smaller  num- 
ber of  cases  in  Table  VI.,  or  from  the  larger  number  in 
Table  V.,  is  about  the  same,  viz.,  54  per  cent,  in  the  first 
case,  56  per  cent,  in  the  second. 

Basal  Qanglia. — Tumors  of  the  corpora  striata,  optic 
thalami,  and  lenticular  nuclei  occasion  hemiplegias, 
which  often  differ  from  those  of  haemorrhage  in  the  same 
region,  exclusively  by  their  gradual  rate  of  development. 
The  paralysis  is,  however,  sometimes  monoplegic  ;  thus, 
out  of  41  cases,  it  was  confined  to  the  facial  nerve  four 
times,  to  the  arm  once,  to  the  arm  and  facial  once,  and  to  the 
leg  once.  It  is  extremely  remarkable  that  large  tumors  may 
exist  in  this  region  without  causing  any  symptoms  what- 
ever. This  is  the  rule  for  tumors  limited  to  the  thalamus 
or  to  the  lenticular  nucleus.  Acute  lesions,  such  as  haemor- 
rhage in  the  latter  ganglion,  cause  temporary  hemiplegic 
symptoms,  but  these  subside,  probably  because  the  func- 
tion of  the  destroyed  tissue  is  supplemented  by  that  of 
other  motor  centres.  But  such  temporary  paralyses  are 
not  seen  with  chronic  lesions,  as,  for  example,  tumors,  un- 
less these  are  complicated  by  an  accidental  haemorrhage. 

But  tumors  limited  to  the  corpus  striatum  will  certain- 
ly cause  paralysis  if  they  involve  the  anterior  two-thirds 
traversed  by  the  motor  tract  of  the  internal  capsule.  It 
is  injury  to  this  tract  which  determines  the  phenomenon 
of  "  late  rigidity ; "  a  phenomenon  depending  on  the  de- 
scending degeneration  which  reaches  the  spinal  cord,  and 
which,  though  so  commonly  seen  after  cerebral  hsemor- 
rhage,  is  not  peculiar  to  that  lesion,  but  only  to  the  local- 
ity which  it  most  frequently  occupies. 

If  a  tumor  involve  the  posterior  third  of  the  internal 
capsule,  whose  fibres  pass  between  the  corpus  striatum 
and  the  thalamus,  it  tends  to  destroy  the  sensory  fibres 
which  pass  in  this  locality  (Charcot,  Veysifere),  and  causes 
a  hemiansesthesia  in  addition  to  the  motor  paralysis. 
This  complication  is  therefore  of  great  use  in  establishing 
the  diagnosis  of  tumors  of  this  region,  which'  from  their 
encroaching  tendencies  are  so  liable  to  involve  all  parts 
of  the  internal  capsule.  It  is  possible  that  a  transmitted 
irritation  to  sensory  fibres  has  something  to  do  with  the 
high  percentage  of  spasms  observed  in  tumors  of  the  basal 
ganglia  (46  per  cent. ,  see  Table  V.).  There  were  34  cases 
of  paralysis,  with  and  without  spasm,  which  is  58  per 
cent,  of  the  whole  number. 
Vol.  I. —43 


Peduncle. — As  might  be  expected,  tumors  of  this  region 
cause  hemiplegic  paralysis  in  almost  all  cases  (eighty  per 
cent.).  Together  with  the  extremities,  the  facial  nerve 
and  also  the  hypoglossus  are  usually  involved.  The  most 
characteristic  circumstance,  however,  is  the  paralysis  of 
the  motor-oculi  nerve  by  direct  pressure  upon  its  trunk, 
as  it  emerges  in  the  interpeduncular  space.  The  paraly- 
sis is  on  the  same  side  as  the  tumor,  that  is,  on  the  side  op- 
posite to  the  hemiplegia.  The  paralysis  is  usually  total, 
in  which  case  there  will  be  unilateral  dilatation  of  the 
pupil,  ptosis  from  paralysis  of  the  levator  palpebrae 
muscle,  and  divergent  strabismus  from  paralysis  of  the 
internal  rectus.  In  other  cases,  one  or  more  of  thes" 
symptoms  may  exist  alone.  As  the  tumor  grows  larger 
it  sometimes  crosses  the  interpeduncular  space,  and  com- 
presses the  nerve  on  the  opposite  side.  This  irnportant 
symptom  existed  in  seven  out  of  the  ten  cases  of  Ladamt 
and  Bernhardt.  It  is  not,  however,  absolutely  pathogno- 
monic of  lesions  of  the  peduncle ;  for  it  results,  with 
exactly  the  same  forms,  from  every  tumor  of  the  inter- 
peduncular space  ;  thus,  from  those  springing  from  the 
base  of  the  cranium. 

Corpora  Quadrigemina. — Tumors  of  these  bodies  lie 
outside  of  the  direct  cerebro-spinal  motor  tracts,  and  thus 
produce  much  less  definite  motor  symptoms.  Some  de- 
gree of  paralysis  existed  in  5  out  of  13  cases ;  in  1,  paresis 
of  the  arm  and  facial  nerve  ;  in  2,  a  unilateral  facial  pare- 
sis ;  in  1,  paresis  of  one  leg  ;  and  in  1,  paresis  of  one-half 
of  the  body. 

On  the  other  hand,  the  motor-oculi  nerve  seems  to  be 
paralyzed  as  often  as  in  the  case  of  tumors  of  the  pedun- 
cles ;  a  fact  which  might  be  expected  from  the  proximity 
of  the  corpora  quadrigemina  to  the  nuclei  of  the  nerves, 
which  lie  immediately  below  them.  In  14  cases,  diver- 
gent strabismus  existed  in  8  (five  cases  of  Bernhardt, 
three  related  by  Nothnagel).  In  one  other  case,  the  ab- 
ducens  was  paralyzed,  so  that  internal  strabismus  existed 
(Gowers,  Lancet,  1879). 

Cerebellum. — Absence  of  true  motor  paralysis,  taken 
together  with  impairment  of  the  power  of  equilibration,  is 
highly  characteristic  of  tumors  of  the  cerebellum.  Out 
of  a  total  of  165  cases,  only  88  showed  any  kind  of  pa- 
ralysis (28  per  cent.).  This  is  almost  the  proportion  in 
which  the  symptom  is  absent  in  tumors  of  the  cerebral 
cortex.  Excluding  the  cerebellum  and  corpora  quadri- 
gemina, the  probabilities  of  paralysis  with  brain  tumor 
are  expressed  by  the  percentage  89,  while  for  the  cere- 
bellum and  coi-pora  quadrigemina  alone,  the  percentage  is 
only  24. 

Tumors  of  either  lateral  lobe  of  the  cerebellum  cause 
of  themselves  no  motor  symptoms,  even  ataxic,  and  may 
be  completely  latent.  Out  of  the  88  cases  of  paralysis 
the  tumor  occupied  the  middle  lobe  of  the  cerebellum  in 
4 ;  in  5,  one  of  the  peduncles  ;  in  15,  though  mainly  situ- 
ated in  a  lateral  lobe,  it  extended  into  the  middle  lobe,  or 
else  compressed  the  pons  or  medulla. 

The  facial  nerve  may  be  affected  cither  by  an  isolated, 
by  an  alternating,  or  by  a  hemiplegic  paralysis,  in  the 
rare  cases  in  which  hemiple^a  occurs.  The  lesion  is 
never  really  of  cerebellar  origin,  but  always  secondary  to 
encroachment  upon  the  pons  or  medulla. 

Pons  Varolii.— In  this  locality  tumors  produce  the 
most  extensive  and  also  the  most  complex  combinations 
of  paralyses.  They  are  occasionally  paraplegic,  and  not 
infrequently  they  become,  little  by  little,  generalized 
throughout  the  four  limbs.  This  creeping  generalization 
is  highly  characteristic  of  tumors  of  the  pons.  On  the 
other  hand,  only  cranial  nerves  may  be  affected. 

Case  (Wernicke,  Archiv.  f.  Psychiat,  Bd.  vii.) :  Pa- 
tient aged  fifty-eight  years.  In  July,  headache,  diplopia ; 
difficulty  in  opening  and  shutting  mouth.  By  end  of 
August,  paralysis  of  left  facial  nerve,  including  upper 
branches  ;  rigidity  of  left  masseter  ;  eyes  persistently  de- 
viated toward  the  right ;  diminished  sensibility  of  face  and 
head  on  the  right  side,  that  is,  on  the  side  opposite  to  the 
facial  paralysis.  Death  occurred  in  October  without 
further  motor  affection.  Section  discovered  a  tumpr  on 
the  floor  of  the  fourth  ventricle,  on  the  left  side  of  the 
middle  line.    Associate  nucleus  of  facial  and  abducens 

673 


Brain. 
Brain. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


completely  destroyed  ;  left  facial  nerve  nucleus,  as  also 
part  of  the  fibres  of  the  right  trigeminus,  destroyed. 

After  the  frequent  generalization  of  the  paralysis,  the 
remarkable  symptoms  of  pontine  tumors  are :  1.  The  co- 
existence of  hemiplegic  paralysis  of  the  extremities  with 
paralysis  of  one  or  more  cranial  nerves  on  the  opposite 
side  of  the  body  ;  alternate  paralyses.  3.  The  occurrence 
of  a  persistent  conjugate  deviation  of  the  eyes,  thus  dis- 
tinguished from  the  same  symptom  in  lesions  of  the  hemi- 
spheres, where  it  is  always  transitory.  To  these  positive 
symptoms  may  be  added  an  important  negative  charac- 
teristic, namely,  the  nearly  complete  absence  of  local 
irritative  symptoms,  and,  to  an  even  more  marked  degree, 
of  general  convulsions.  The  alternate  paralyses  are  pro- 
duced by  tumors  in  the  lower  part  of  the  pons,  which 
injure  the  nerve-nucleus  or  compress  the  nerve-trunk  on 
the  side  on  which  they  are  situated,  and  injure  the  general 
motor  tracts  of  the  limbs  previous  to  their  decussation, 
so  that  the  resultant  hemiplegia  follows  the  usual  law  for 
cerebral  paralysis,  and  appears  on  the  side  of  the  body 
opposite  to  the  lesion.  When  the  tumor  occupies  tlie 
upper  segment  of  the  pons,  anterior  to  the  cerebral 
peduncles,  the  facial  paralysis  will  be  on  the  same  side 
as  the  limbs,  since  it  depends  not  on  a  lesion  of  the  nu- 
cleus or  nerve-trunk,  but  on  one  involving  the  central 
fibres  after  their  decussation. 

In  the  most  typical  cases,  all  the  branches  of  the  facial 
are  paralyzed,  Including  those  innervating  the  orbicularis 
palpebrae.  The  eye  cannot  be  closed,  and  the  patient  pre- 
sents the  appearance  of  Bell's  paralysis.  The  electric  ex- 
citability of  the  nerve  may  then  be  diminished.  However, 
neither  of  these  last  conditions  is  invariable,  even  when 
the  paralysis  is  alternate. 

Double  facial  paralysis  is  extremely  rare.  It  is  lesions 
of  the  pons  which  have  furnished  the  explanation  of  the  re- 
markable phenomenon — conjugate  deviation  of  the  eyes — 
which  for  a  long  time  puzzled  pathologists.  This  devia- 
tion implies  paralysis  of  the  abducens  nerve  of  one  side, 
supplying  the  external  rectus,  and  coincident  paralysis  of 
a  branch  of  the  motor-oculi  nerve  supplying  the  internal 
rectus  on  the  opposite  side.  The  apparent  remoteness 
from  each  other  of  the  nuclei  of  origin  of  these  two  nerves 
rendered  this  phenomenon  extremely  difficult  to  under- 
stand, until  the  discovery  was  made,  in  the  pons,  of  a 
common  nucleus,  which  unites  fibres  of  the  abducens  with 
fibres  from  the  lower  nucleus  of  the  motor  oculi  on  the 
opposite  side.  Destructive  lesions  of  this  associate  nucleus 
are  followed  by  a  permanent  conjugate  deviation,  as  in 
the  case  (Wernicke)  above  quoted,  It  becomes  evident  that 
the  transitory  deviations  of  the  eye,  frequently  seen  im- 
mediately after  an  attack  of  haemorrhage  into  any  part  of 
the  brain,  are  due  to  a  remote  shock  propagated  to  this 
same  nucleus. 

The  abducens  nerve  is  not  infrequently  paralyzed  alone, 
causing  a  converging  strabismus  of  the  affected  eye. 

Isolated  paralysis  of  the  motor-ocuU  nerve  is  much 
more  rare,  and  is' seen  only  when  the  tumor  or  its  influ- 
ence extends  above  the  pons  into  the  cerebral  peduncles, 
or  above  them  to  the  nerve  nuclei.  Ptosis,  from  isolated 
•  paralysis  of  the  levator  palpebral  branch,  has  sometimes 
been  observed  alone,  and,  so  far,  in  cases  of  tumors,  but 
not  in  those  of  any  other  lesion.  This  symptom  would, 
therefore,  be  useful  in  differential  diagnosis. 

Paralysis  of  the  hypoglossus  is  not  rare.  It  is  indicated 
by  an  impairment  of  the  voluntary  movements  of  the 
tongue  and  by  disturbance  of  speech,  anarthria.  This 
paralysis  alternates  with  that  of  the  extremities.  It  is  dis- 
tinguished from  progressive  bulbar  paralysis  by  absence 
of  atrophy  of  the  tongue. 

The  motor  branch  of  the  trigeminus  if  Sometimes  para- 
lyzed, more  often  irritated,  causing,  in  the  latter  case, 
spasmodic  trismus  or  clonic  convulsions  of  the  muscles  of 
mastication. 

Difficult  deglutition  is  also  sometimes  present,  but  does 
not  seem  to  be  attributable  to  paralysis  of  the  pharynx 
muscles,  but  rather  to  be  a  secondary  consequence  of  pa- 
ralysis of  the  tongue  and  of  certain  muscles  innervated 
by  the  facial  nerve,  the  styloglossus,  digastricus,  and 
stylohyoideus  (Nothnagel). 


The  following  table  exhibits  the  various  combinations 
of  paralyses,  which  have  been  observed  with  tumors  of 
the  pons. 

Table  VII.— Moiob  Pabaltses  with  Tumors  op  Pons  (56  Cases). 


Cranial  nerves 
alone. 

Limbs  alone. 

Combination  of 
limbs  and  cra- 
nial nerves. 

No  motor 
symptoms. 

Sdnerve 2 

Hemiplegia 7 

Four  extreiiuUes   2 
Armalone 1 

On  name  mde. 
Hemiplegia  and 

7thnerve 4 

Alternate  paralysis. 
Hemiplegia  and: 

Sdnerve 2 

6th  nerve 3 

7th  nerve 4 

Sd     and     6th 

nerves 1 

3d      and     7th 

nerves 3 

6th     and    7th 

nerves 5 

3d,6th,and7rh 

nerves 1 

3d.5th,7th,and 

12th  nerves..    1 
3d*6th,7th,and 
12th  nerves..    1 

Tthnerve 3 

Sd  and  6th  nerves  2 
6th      and      7th 

nerves 8 

7th     and.   13th 

nerves 1 

Sd,  7th,  and  12th 

nerves 1 

3d,  5th,  7th,  and 

lath  nerves....    1 

4 

Total                 IS 

Total 18 

Total 26 

4 

The  number  of  cases  in  which  the  cranial  nerves  or 
those  of  the  limbs  were  paralyzed  independently  of  each 
other  is,  in  this  collection  of  cases,  exactly  equal.  The 
number  of  cases  of  combined  paralyses  is  just  double  that 
of  either  of  the  classes  of  isolated  paralyses.  Among  the 
cranial  nerves,  the  liability  of  the  facial  is  evidently 
the  greatest ;  it  was  affected,  alone  or  in  combination, 
twenty- four  times  ;  the  abducens  sixteen  times. 

Medulla. — In  this  region  the  liability  to  paralysis  again 
diminishes.  Tumors  of  the  riieduUa  are  not  infre- 
quently confined  to  the  floor  of  the  fourth  ventricle,  so 
that  the  motor  tracts  and  nuclei  are  both  left  uninjured. 
In  this  case,  the  patient  escapes  all  paralysis ;  indeed,  he 
often  remains  with  singularly  few  symptoms  for  the  sub 
ject  of  an  organic  disease  seated  so  near  to  vital  nerve- 
centres.  Out  of  30  cases,  12,  or  nearly  half,  remained 
free  from  motor  symptoms.  In  one  case,  so  far  unique 
(Erichsen,  Petersb.  Med.  Zeitschr.,  1870),  a  bilateral  paral- 
ysis of  the  vocal  cords  was  noted,  due  to  lesion  of  the 
accessory  nerve. 

Table  VIII.— Motob  Fabaltsbs  -with  Tumoes  of  Medttlla  (30  Cases). 


Cranial  nerves 
alone. 

Extremities. 

Combination. 

Negative. 

Sdnerve 2 

Hemiplegia 1 

Sextrenuties..,.    1 

Paraplegia 2 

General 2 

Hemiplegia  and 

6th  nerve I 

Same  aide. 
Hemiplegia  and ; 
6th  nerve  (al- 
ternating)...   1 
Sd,6th,ana7tJi 

nerves...:...    1 
Sd,     7th,     and 

feth  nerves..    1 
7th  and  associ- 
ated 3d  and 
6th  nerves  . .    1 

Vthnerve 2 

Sd  and  7th  nerves   1 

.  nerves 1 

5tta,  Gth,  and  7th 
nerves 1 

U 

Total                   7 

Total 6 

Total 5 

13 

Ataxia. — This  third  form  of  motor  lesion  is  principally 
seen  with  tumors  of  the  cerebellum  and  corpora  quadri- 
gemina  ;  the  latter,  possibly  from  the  connection  of  these 
bodies  with  the  cerebellum  through  the  superior  cerebellar 
peduncles.  In  the  pons  and  medulla,  the  advent  of  paral' 
ys;^  Is  often  preceded  for  some  time  by  a  staggering  or 
reeling  gait  "  like  a  drunkard's."  This  same  symptom  is 
very  conspicuous  in  tumors  of  the  cerebellum,  and,  when 
associated  with  the  negjative  symptoms  of  absence  of 
motor  or  sensory  paralysis,  points  very  strongly  to  tumors 
of  this  region.  For  the  development  of  the  symptom, 
however,  it  is  essential  that  the  middle  lobe  be  involved 
or  indirectly  affected ;  tumors  limited  to  a  lateral  lobe 
are  characteristically  latent. 

Forced  movements,  or  inclinations  of  the  body  or  head 
to  one  side  or  the  other,  are  sometimes  associated  with 
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tumor  in  a  lateral  peduncle  on  the  corresponding  side. 
A  tendency  to  fall  forward  or  backward  has  been  asso- 
ciated with  the  situation  of  the  tumor  in  the  anterior  or 
posterior  extremity  of  the  upper  or  lower  processus  ver- 
miformis  (middle  lobe). 


Lesions  of  Sensibility.— With  the  exception  of  head- 
ache, already  described  as  a  diffuse  symptom,  altera- 
tions of  sensibility  are  very  much  less  prominent  in  the 
symptomatology  of  tumors  than  alterations  of  motility. 

It  is  evident  from  this  table  that,  in  the  cortex,  the  seat 


Table  IX. — Lesions  of  Sensibiijtt  with  Bbaih  Tumobs, 


With  Motob  Paealtbis. 

Without  Motob  Paealysib. 

u 

^P. 

Beat. 

tTnilateral. 

Donble. 

Trigeminal. 

TTnilateral. 

Double. 

Trigeminal. 

No.  of  caa 

Total  per  c 

age  lesions 

sensibilit 

Pain. 

AnsBS- 
thesia. 

Fain. 

AnsBS- 
tbesia. 

Pain. 

Anaes- 
thesia. 

Fain. 

Anses- 
ttaesia. 

Pain. 

AnEes- 
thesia. 

Pain. 

Anees- 
tbesia. 

Cortex  (57  caaeB) : 

Central  gyri 

6 

1 

7 
3 

■■2' 

•••■ 

■••• 

.... 

.1 
.... 

.... 

11 

12 
9 
1 

1 

14  -  56 

Parietal  gyri 

5-29 

1  -  10 

3  —  75 

Occipital 

0=    0 

8 

1 

1 
Same  side,  1 
0pp.  side,   7 

4 

2 

1 

16 
14 
6 
3 
10 

"b' 

7 

"2' 
2 

1 

"s 

"i' 
1 

1 
4  , 

"b" 

1 

■■2' 

.... 
5 

.34 

105 

31 

6 

16 

142 
11 

23-40 

Centrum  ovale  (124  oaBea). . . 

Basal  gauglia  (39  cases) 

Peduncle  (10  cases) 

19  =  15 
8  =  25 
5-50 

Pons  (51  cases) -j 

Medulla  (30  cases) 

27  =  52.5 
14-  46 

■Cerebellum  (167  oases) 

Corp.  quad.  (IS  cases) 

25  =  14.5 
2=15 

Total  (491  cases) 

30  =  6^  of  all 
cases. 

B9  =  12$ 

L 

4  =  0.8^ 

10  =  3% 

8  =  1.2$ 

8=1.6$ 

1 

368 

0-  i;4 

Percentage  of  lesions  of  senBibility  in  all  cases  equals  twenty-five. 


of  sensibility  coincides  with  the  seat  of  mobility.  Pain  or 
anaesthesia  rarely  exists  without  paralysis,  or  except  in 
connection  with  tumors  situated  in  the  motor  zones.  The 
liability  to  pain,  other  than  headache,  with  tumors  of  the 
centrum  ovale,  is  very  slight  (5  cases  out  of  124).* 

It  has  already  been  pointed  out  that  tumors  of  the 
basal  ganglia  will  cause  hemiansesthesia  in  paralyzed 
limbs,  provided  they  involve  the  bundle  of  fibres  which 
pass  in  the  posterior  third  of  the  internal  capsule  ;  other- 
wise they  will  not  be  attended  by  lesions  of  sensibility. 
The  table,  therefore,  expresses  the  probabilities  of  this 
precise  situation,  in,  giving  the  proportion  of  cases  of 
pain  or  anaesthesia  as  8  out  of  39,  or  twenty  per  cent. 

The  highest  percentage  is  with  tumors  of  the  pons,  and 
the  next  highest,  if  the  few  cases  of  tumors  of  the  pedun- 
cles of  the  cerebrum  be  excluded,  is  with  those  of  the  me- 
dulla. In  these  places  occur  pain  and  anaesthesia  in  the  fa- 
cial range  of  the  trigeminus,  symptoms  almost  peculiar  to 
such  tumors.  When  similar  symptoms  are  excited  by  tu- 
mors of  the  cerebellum,  it  is  only  because  the  pons  or  me- 
dulla has  been  compressed.  Trigeminal  neuralgia  or  anaes- 
thesia is,  like  cramp  or  paralysis  of  the  masticatory  mus- 
cles, a  most  important  symptom  for  helping  to  localize  a 
tumor  in  the  posterior  cranial  fossa.  It  is  noticeable  (see 
Table)  that  trigeminal  anaesthesia  has  hitherto  been  ob- 
served on  the  side  opposite  to  the  paralysis,  while  anaes- 
thesia of  the  extremities  1ms  nearly  always  existed  on  the 
same  side. 

The  cerebellum  and  corpora  quadrigemina  show  the 
same  minimum  liability  to  lesions  of  sensibility  as  they 
do  to  motor  paralysis.  Their  percentage,  almost  alike 
for  the  two  cases,  is,  however,  not  lower  than  that  of 
the  centrum  ovale. 

Comparison  of  the  latter  with  the  cortex  on  the  one  hand, 
and  with  the  peduncle,  pons,  and  medulla  on  the  other, 
seems  to  indicate  that  sensation  is  affected  either  by  lesion 
of  terminal  nerve-cells  (as  in  the  cortex),  or  of  very  con- 
centrated bundles  of  nerve-flbres.  When  these  are  widely 
disseminated,  as  in  the  centrum  ovale,  so  that  a  few 
can  only  be  involved  in  the  lesion,  motor  power  may, 
nevertheless,  suffer  extremely,  while  sensibility  remains 
intact. 

*  The  percentage  of  headache,  however,  was  aizty-six,  the  highest  after 
the  cerebellum  and  rare  oases  of  corpora  quadrigemina.  The  liability  to 
headache,  from  dietention  of  the  dura  mater,  is  constantly  seen  to  bear 
no  proportion  to  perversions  of  sensibility  due  to  lesion  of  sensory  tracts 
or  centres. 


Lesions  of  the  Special  Senses. — Vmon. — Disturb- 
ances of  vision  are  extremely  frequent  as  symptoms  of 
brain-tumor,  and  are  of  three  kinds  :  First,  atrophy  of 
the  optic  papilla  as  a  consequence  of  choked  disk,  and 
therefore  as  a  remote  consequence  of  increased  intracra- 
nial pressure ;  second,  deviations  of  the  eyeball  or  eyelids 
from  isolated  or  combined  paralyses  of  the  nerves  sup- 
plying the  ocular  muscles,  the  third,  sixth,  and  seventh  ; 
third,  finally  amblyopia  or  amaurosis,  resulting  from  direct 
affection  of  the  optic  nerve  in  its  course  through  the 
cranium,  or  at  its  cerebral  centres,  the  mode  of  develop- 
ment being  therefore  almost  precisely  analogous  to  that  of 
paralysis  of  any  other  nervous  tract  by  direct  compres- 
sion. The  first  two  kinds  of  ocular  defect  have  been 
sufficiently  described  ;  the  third  comprises  two  different 
kinds  of  lesions,  those  affecting  (by  compression)  the  optic 
tract  or  chiasma,  and  those  which  affect  the  optic  stations 
at  the  posterior  extremity  of  the  thalami  or  at  the  corpora 
quadrigemina,  or  else  at  the  final  visual  centres  of  the 
cortex. 

The  optic  nerve  or  chiasma  is  liable  to  compression 
from  tumors  arising  from  the  base  of  the  cranium,  or  from 
the  hypophysis,  and  also  from  tumors  of  the  peduncle  ; 
an  acute  descending  optic  neuritis,  with  atrophy  of  the 
papilla,  is  usually  excited.  When  one  tract  or  one  side 
of  the  chiasma  is  compressed,  hemiopia  results,  a  phe- 
nomenon dependent  on  the  semi-decussation  of  nerve- 
flbres  which  takes  place  in  the  human  chiasma.  Thus 
pressure  on  the  right  side  beyond  the  chiasma,  of  such  a 
nature  as  to  injure  the  fibres  of  one  tract,  will  abolish 
vision  in  the  right  half  of  both  eyes.  A  tumor  in  front  of 
the  chiasma  may  cause  temporal  hemiopia  of  both  eyes, 
since  it  injures  fibres  coming  from  the  nasal  half  of  both 
eyes.  There  is  no  way  in  which  a  double  nasal  hemiopia 
can  be  produced  by  tumors  at  the  base  of  the  brain. 

Tumors  of '  the  thalamus  might  be  expected  to  affect 
the  sight  from  lesion  of  the  corpus  geniculatum,  with  its 
branch  to  the  optic  tract.  As  a  matter  of  fact,  however, 
blindness  is  not  very  common  from  tumors  of  this  lo- 
cality—only 5  cases  out  of  26  (19  per  cent.).  Tumors  of 
the  corpora  quadrigemina,  however,  have  an  immensely 
large  proportion  of  cases.  Out  of  11,  9  showed  either 
amblyopia  or  amaurosis,  5  with  and  4  without  choked 
disk  (81  per  cent.). 

Visual  defects  from  lesions  of  the  cortex  are  extremely 
interesting  in  connection  with  two  physiological  problems, 
viz.,  the  question  of  a  second  decussation  of  optic  nerve- 
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fibres  in  the  cerebrum  (Charcot),  and  that  of  the  localiza- 
tion of  the  mental  centre  of  vision.  This  centre  was 
placed  by  Ferrier  at  the  angular  gyrus,  as  an  inference 
from  direct  experiment  upon  the  bram  of  monkeys.  But 
Exner,  on  the  authority  of  four  cases  of  lesion  reaching 
to  the  cortex,  of  which  two  were  tumors,  places  the  visual 
centre  in  the  first  and  second  occipital  gyri— the  cuneus 
and  adjacent  part  of  the  lobulus  quadratus. 

Case  (Gowers,  Lancet,  1879) :  Visual  hallucinations  of  a 
peculiar  nature,  associated  with  some  degree  of  amblyo- 
pia, aJEEecting  both  eyes,  but  more  markedly  the  left.  Tu- 
mor occupying  first  and  second  occipital  gyri,  posterior 
half  of  superior  and  inferior  parietal  lobes,  the  cuneus, 
and  a  part  of  the  lobulus  quadratus. 

Case  (Jastrowitz,  CentraJM.  fur  prakt.  Augenheilkunde, 
vol.  i.,  1877):  Paralysis  of  both  right  extremities  and 
facialis ;  aphasia,  with  agraphia ;  hemianopsia  dextra. 
Tumor  of  the  left  occipital  lobe,  principally  in  the  occip- 
ital gyri  and  the  prsecuneus. 

Case  (Pooley,  Arch.  f.  Augen.  und  Ohrenheilk.,  Bd. 
vi.) :  Together  with  various  characteristic  symptoms  of 
brain  tumor  in  a  syphilitic  man,  extensive  binocular  hemi- 
anopsia. Tumor  in  posterior  lobe  of  left  hemisphere, 
surrounded  by  extensive  zone  of  softening.  Left  thala- 
mus completely  softened. 

A  tumor  of  one  hemisphere  may  thus  cause  double 
hemiopia,  a  single  or  double  amblyopia  or  amaurosis,  and 
visual  hallucinations  of  various  kinds.  The  double  hemi- 
opia from  unilateral  lesion,  has  been  interpreted  as  a 
proof  that,  arrived  at  the  cerebral  hemispheres,  optic 
fibres  which  had  decussated  in  the  chiasma,  recrossed  to 
the  opposite  hemisphere,  thus  finally  arriving  at  the  same 
side  as  the  retina,  from  which  they  started.  Hemiopia 
is  habitually  unaccompanied  by  choked  disk.    It  is  indeed 


rare  as  a  symptom  of  tumor,  and  has  been  principally 
studied  in  connection  with  other  lesions. 

Six  cases  of  amblyopia  and  amaurosis  have  been  ob- 
served with  cortical  tumors,  unaccompanied  by  choked 
disk.  These  are  all  to  be  attributed  to  a  lesion  of  the  vis- 
ual centre;  and,  when  located  in  the  frontal  lobe,  the 
lesion  must  be  regarded  as  indirect.  The  amaurosis  or 
hemiopia,  with  tumors  of  the  centrum  ovale  (39  cases, 
or  31  per  cent.),  probably  always  implies  a  transmitted 
lesion  of  the  cortical  visual  centre.  Of  the  two  cases  of 
hemiopia,  referred  to  in  table  X.,  one  is  used  by  Exner 
and  Nothnagel  as  documentary  evidence  in  support  of 
the  theory  of  a  visual  centre  in  the  cortex  of  the  occipital 
lobe,  but  it  is  placed  by  Bernhardt  among  the  tumors  of 
the  lobes.  The  total  percentage  of  blindness  is  higher 
with  tumors  of  the  cerebellum  than  with  those  of  any 
other  locality,  except  the  corpora  quadrigemina.  Out  of 
91  cases  there  are  41  with  some  degree  of  blindness  (45 
per  cent. ) .  Of  these,  23,  or  nearly  half,  are  without  choked 
disk ;  the  blindness  being  therefore  due  to  the  direct  action 
of  the  tumor  upon  some  visual  centre.  It  seems  most 
probable  that  the  centre  affected  is  that  of  the  corpora 
quadrigemina ;  the  influence  being  transmitted  through 
the  superior  cerebellar  peduncles.  The  high  percentage 
of  blindness  in  the  two  localities  so  especially  liable 
would  be  shown,  therefore,  to  have  the  same  significance. 
Tumors  of  the  pons  and  medulla  also  determine  amau- 
rosis otherwise  than  by  choked  disk,  through  direct  up- 
ward pressure  upon  the  corpora  quadrigemina.  The 
direction  of  the  transmission  is  the  same  as  for  the  upper 
(unassociated)  nucleus  of  the  motor-oculi  nerve,  which  lies 
just  below  the  corpora  quadrigemina.  Out  of  a  total  of 
51  cases  for  medulla  and  pons  together,  there  are  14  cases 
of  amblyopia  or  amaurosis,  or  27  per  cent. 


Table  X. — Lesions  of  Vision  (in  369  Gases). 
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Total  lesions  of  viBion  =  118  in  362  cases  =  31  per  cent. 


To  judge  from  this  table  we  should  infer  that  the 
chances  of  amaurosis  in  brain  tumor  were  exactly  equal, 
whethet  choked  disk  existed  or  not ;  but  that  the  chances 
of  amblyopia  were  three  times  as  great  without  the 
choked  disk  as  with  it.  This  probably  means  that  if 
choked  disk  occur,  the  impairment  of  vision  which  may 
have  been  initiated  independently  of  it,  by  the  direct  influ- 
ence of  the  tumor,  will  rapidly  increase  to  complete 
blindness ;  whereas,  without  this  local  complication,  the 
visual  defect  may  for  a  much  longer  time,  or  even  alto- 
gether, remain  partial  and  incomplete. 

Hearing,  Taste,  and  Smell.— All  these  special  senses  to- 

g ether  are  less  frequently  affected  than  is  vision  alone, 
lut  of  a  total  of  369  cases  of  brain  tumor,  lesions  of 
vision  existed  in  118,  or  31  per  cent.  But  in  a  total 
of  554  cases  (which  include  Ladame's),  hearing,  taste,  and 
smell  are  altogether  only  affected  in  67,  or  12  per  cent. 
In  46  out  of  these  67  cases  the  patient  suffered  from 
either  tinnitus  or  deafness,  the  latter  rarely  complete.     In 


26  out  of  the  46,  thus  in  more  than  half,  56  per  cent., 
the  tumor  was  situated  in  the  cerebellum.  This  fact 
tends  to  confirm,  if  need  be,  the  recent  anatomical  de- 
monstration, which  traces  the  central  fibres  of  the  acoustic 
nerve  to  the  cerebellum.  By  far  the  highest  percentage 
of  disturbance  of  hearing  is  exhibited  by  tumors  of  the 
corpora  quadrigemina.  It  is  singular  that  reports  of 
tumors  of  the  frontal  lobes  so  rarely  mention  symptoms 
indicating  lesion  of  the  olfactory  tracts.  It  would  seem 
that  an  indirect  influence  or  diffused  pressure  is  insufficient 
to  pervert  the  sense  of  smell ;  this  is  only  affected  by 
actual  disorganization  of  the  tracts.  In  a  few  cases,  anos- 
mia, associated  with  frontal  headache,  psychic  disturb- 
ance, and  absence  of  motor  or  sensory  paralysis,  has  been 
a  valuable  symptom  which  correctly  pointed  to  tumor  in 
the  frontal  lobes.  But  anosmia  has  also  been  observed 
with  a  tumor  of  the  supramarginal  convolution.  The 
sense  of  taste,  though  controlled  by  two  medullary  nerves, 
usually  escapes  injury,  even  with  tumors  of  the  medulla. 
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Brain. 
Brain. 


Table  XI.— Lesions  of  Spsciai.  Sehbss  (B61  Cases — 369  fob 
Vision). 


Seat  of  tumor. 
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Disturbances  of  Language. — These  symptoms,  formerly- 
confounded  either  with  symptoms  of  mental  alienation, 
or  else  with  difficult  articulation  caused  by  tongue  pa- 
ralysis, have,  during  the  last  two  decades,  acquired  an 
extreme  interest  and  Importance.  The  discovery  that  a 
patient  may  retain  other  mental  conceptions,  yet  lose  that 
of  spoken  or  written  speech;  furthermore,  that  the  ge- 
neric defect  may  be  again  resolved  into  several  modes, 
namely,  aphasia  proper,  agraphia,  alexia,  and  simple 
"  word-blindness ; "  this  discovery  has  immensely  widened 
the  horizon  of  ideas  in  regard  to  the  physiology  and 
pathology  of  the  brain,  and  has  enriched  the  symptoma- 
tology of  all  brain  diseases,  including  tumors. 

From  the  foregoing  analysis  of  the  causation  and  es- 
pecial probabilities  of  diffuse  and  focal  symptoms,  it  is 
possible,  in  a  given  case,  to  answer  the  two  questions  : 
first,  Is  there  a  brain  tumor  present  ?  second,  In  what 
part  of  the  brain  is  it  situated  ? 

I.  Existence  of  Bbain  Tumok. — Although  a  tumor 
of  the  brain  may  develop  during  either  childhood  or  ado- 
lescence, let  us  suppose  it  to  have  begun  its  growth  in  an 
individual  of  middle  age,  who  perhaps  has  shown  a  ten- 
dency to  tuberculosis.  In  such  a  case  we  can  assume 
that  the  clinical  picture  will  be  somewhat  like  the  follow- 
ing :  For  weeks  or  months  the  patient  will  suffer  from 
persistent  or  periodic  headache,  usually  localized  at  one 
spot ;  the  pain  is  peculiarly  severe,  and  is  increased  by 
percussion.  After  a  time  there  will  be  attacks  of  vomit- 
ing, which  sometimes  coincide  with  the  most  intense  par- 
oxysms of  pain,  and  sometimes  do  not.  These  attacks, 
furthermore,  seem  to  bear  no  relation  to  the  character  of 
the  food  taken,  or  to  the  condition  of  the  digestive  organs ; 
they  do  seem,  however,  to  be  dependent  upon  changes  in 
the  position  of  the  body,  as,  for  example,  from  the  recum- 
bent to  the  upright  position.  As  in  the  ease  of  sea-sick- 
ness, the  attacks  are  sometimes  incoercible.  They  are 
associated  with  vertigo ;  and,  in  turn,  the  vertigo  may 
occiir  independently  of  either  the  headache  or  the  vomit- 
ing. It  is  apt  to  occur  at  intei-vals,  and  is  often  chronic 
in  character.  After  the  symptoms  which  have  just  been 
enumerated  have  lasted  for  a  variable  length  of  time,  the 
patient's  gait  becomes  uncertain  ;  he  reels  or  staggers,  or 
shows  a  tendency  to  fall  forward  or  backward.  This 
tendency  sometimes  increases  until  complete  loss  of  equi- 
libration renders  the  patient  unable  to  stand,  though  he 
may  be  entirely  free  from  paralysis.  The  muscles  of  one 
side  of  the  face  or  of  one  arm  begin  to  twitch,  or  even  to 
be  agitated  by  clonic  spasms,  which  may  either  persist 
all  the  time,  except  during  sleep,  or  else  may  recur  in 
periodic  paroxysms,  followed  by  paresis,  gradually  in- 
creasing to  paralysis  in  the  same  muscles  or  in  others, 
e.g.,  in  the  arm  or  leg,  after  tvritching  of  the  muscles  of 
the  face.  The  progress  of  the  paralysis  is  apt  to  be  in- 
terrupted by  one  or  more  convulsions,  or  by  attacks  of 
apoplexy  or  of  loss  of  consciousness  ;  or  one  of  these  may 
usher  in  the  first  signs  of  paralysis,  wliich,  at  the  outset, 
may  be  complete,  facial,  monoplegic,  or  hemiplegic. 
Paresthesia  or  anaesthesia  is  next  likely  to  manifest  itself 
in  the  paralyzed  limbs,  or  on  the  side  of  the  face  opposite 
to  these.  Afterward  the  symptoms  succeed  one  another 
in  about  the  following  order :  alternate  paralysis  of  cra- 
nial nerves  and  extremities ;  deviations  of  the  eyeballs, 
isolated  or  conjugate ;  dilatation  of  the  pupils,   ptosis, 


much  more  rarely  appearance  of  Bell's  paralysis  ;  occur- 
rence at  this  time  of  diplopia,  hemiopia,  or  amblyopia, 
gradually  increasing  to  complete  amaurosis  ;  much  more 
rarely  deafness  or  anosmia,  and  the  discovery  of  choked 
disk  before  or  after  the  development  of  ocular  symptoms ; 
progressively  increasing  modification  of  psychic  character 
— at  first  marked  irritability,  then  impairment  of  mental 
powers,  loss  of  memory,  apathy  or  hallucinations,  mani- 
acal excitement,  and  melancholic  insanity  ;  before  or  at 
the  same  time  with  the  appearance  of  this  mental  change, 
there  will  be  lesions  of  speech,  dysarthria,  aphasia,  or  word- 
blindness,  the  two  latter  often  suddenly  developed,  as 
after  an  embolus,  the  first  proportioned  to  the  degree  of 
tongue  paralysis,  and  gradual.  A  patient  presenting  the 
foregoing  assemblage  of  symptoms,  all  progressively  in- 
creasing, has,  with  very  great  probability,  a  brain  tumor. 
In  addition  is  to  be  noted  the  freedom  from  pyrexia,  and 
usually  from  changes  in  the  rhythm  of  either  pulse  or  res- 
piration. The  gradual,  sometimes  rapid,  emaciation,  the 
fact  that  acute  accidents,  though  often  followed  by  an  ex- 
acerbation of  existing  symptoms,  or  even  by  the  first  ap- 
pearance of  new  ones,  have  nearly  always  been  preceded 
by  others  which  have  established  themselves  insidiously, 
are  circumstances  important  to  the  diagnosis. 

This  being  the  general  picture  of  the  disease,  individual 
cases  are  framed  by  the  special  emphasis  of  one  or  more 
symptoms,  or  the  obliteration  of  others.  The  individual 
peculiarities  depend  upon  (1)  the  locality  of  the  tumor, 

(3)  upon  its  rate  of  growth,  (3)  upon  its  complications, 

(4)  and,  only  to  a  very  slight  extent,  upon  its  nature. 
Peculia/rities  due  to  Locality. — These  may  be  divined  ap- 
proximately from  such  an  analysis  as  has  already  been 
given  of  the  symptoms  proper  to  lesions  of  each  given  lo- 
cality. The  a  priori  judgment  must,  however,  be  modi- 
fied in  view  of  the  tendency  of  tumors  to  encroach,  in 
growing,  upon  territories  adjoining  their  original  seat, 
and  also  in  view  of  the  frequent  diffusion  of  their  influ- 
ence beyond  any  situation  which  they  may  occupy. 

The  following  summary  of  symptom  groups  is  ar- 
ranged in  the  order  of  characteristicness.  It  does  not 
correspond  to  the  order  of  frequency  of  locality,  which, 
as  indicated  by  the  combined  tables  of  Ladame  and  Bern- 
hardt, would  be  as  follows : 

Centrum  ovale 192  =  29  per  cent. 

Cerebellum 167  =  27 

Cortex 74  =  11 

Pons 56  =    8  " 

Basal  ganglia 36  =    5  " 

Medulla 30  =    4  " 

Corpora  quadrigemina 13  =    2  " 

Cerebral  peduncle 10  =    1  '* 

Extracerebral  {including  pituitary  gland)    71=11  ** 

649 

1.  Tvmorof  CerAdlum  inmlmng  Middle  Lobe. — ^Vertigo, 
vomiting,  and  headache,  early,  severe,  and  prolonged; 
latter  often  occipital ;  epileptiform  convulsions  of  gresit 
violence,  but  not  often  repeated ;  choked  disk  early,  pre- 
ceding amaurosis,  but  also  followed  by  this ;  deafness ; 
ataxic  loss  of  equilibrium,  tendency  to  fall  forward  or 
backward  ;  absence  of  motor  or  sensory  paralysis ;  intel- 
ligence clear  till  toward  the  end,  when  apathy  gradually 
deepens  to  coma. 

3.  Tumor  of  Lateral  Lobe  of  Cerebellum  pressing  on 
Pores.— Similar  symptoms  to  1,  but  complicated  late  in 
the  disease  by  hemiplegia  or  hemlansesthesia,  or  both,  or 
by  alternate  paralysis.  Distinguished  from  pontine  tu- 
mors by  marked  ataxia  preceding  paralysis. 

3.  I\imo9-  of  Pons,  Lower  Bay.— Uncertainty  of  gait, 
rather  than  ataxia,  succeeded  by  isolated  paralysis  of 
third  or  sixth,  or  seventh,  or  twelfth  nerve,  not  preceded 
by  symptoms  of  irritation  in  the  muscle  which  it  supplies ; 
or  else  alternate  paralysis,  passing  into  incomplete  para- 
plegia or  general  paralysis  ;  permanent  conjugate  devia- 
tion of  the  eyes  ;  amaurosis  in  a  third,  choked  disk  m  a 
fifth,  of  the  cases  ;  entire  absence  of  convulsions ;  head- 
ache vomiting,  and  vertigo  milder  than  in  cerebellar  tu- 
mor or  absent,  but  intelligence  affected  in  half  the  cases. 

4  Tumor  of  Upper  Part  of  Pons.  —  Combination  of 
symptoms  proper  to  cerebellum  and  pons,  as  lobe  of  cere- 
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bellum  is  frequently  compressed.  Isolated  rather  than 
conjugate  paralysis  of  the  third  nerve ;  paralysis  of  the 
facial  on  same  side  as  hemiplegia ;  irritation  of  the  tri- 
geminus, sometimes  of  motor  root,  occasioning  trismus  ; 
or  of  sensitive  root,  causing  neuralgia  on  the  side  opposite 
to  the  hemiplegia.  Sudden  death  is  especially  frequent 
in  tumors  of  the  pons. 

5.  Tumor  of  Cerebral  Peduncle,  or  of  Interpeduncular 
(Space.— Diffuse  symptoms  mild  or  absent ;  complete  hemi- 
plegia, including  buccal  branches  of  facial,  usually  ac- 
companied by  hemiansesthesia  on  same  side ;  paralysis  of 
motor-oculi  nerve,  causing  divergent  strabismus  on  side 
opposite  to  hemiplegia,  this  frequently  passing  over  to 
opposite  side. 

6.  Tumor  of  Cerebral  Cortex,  or  Upper  Part  of  Centrum 
OuaZe.— Epileptiform  convulsions,  frequently  repeated, 
but  often  brief  and  of  moderate  severity.  Headache  usu- 
ally frontal,  possibly  on  one  side,  severe  at  first,  apt  to 
gradually  lessen  ;  choked  disk  infrequent,  vomiting  and 
vertigo  much  less  marked  than  with  tumors  of  posterior 
fossa.  Spasmodic  tvpitchings  or  clonic  convulsions,  in  face 
or  limb  muscles,  followed  by  dissociate  or  monoplegic 
paresis  increasing  to  paralysis,  rarely  accompanied  by 
ansesthesia.  ParSysis  of  tongue,  hemiopia,  or  peculiar 
visual  hallucinations,  sometimes  seen  when  tumor  is  in 
occipital  lobe,  but  also  (once  at  least)  when  in  frontal. 
Aphasia,  especially  in  connection  with  right  hemiplegia. 
Word-blindness  sometimes  without  paralysis,  the  tumor 
being  in  the  temporal  lobe.  Psychic  disturbance  in  about 
half  the  cases  (49  per  cent.). 

7.  Basal  Ganglia,  or  Lower  Pa/rt  of  Cenl/rum  Quale. — 
Complete  hemiplegia,  often  followed  by  rigidity,  thus 
resembling  the  hemiplegia  of  haemorrhage,  except  in  re- 

fard  to  the  more  gradual  development  of  the  former, 
ometimes  associated  with  complete  permanent  hemian- 
sesthesia. Often  complicated,  late  in  the  disease,  with 
symptoms  of  Intraventricular  efEusion ;  thus,  for  example, 
there  are  convulsions,  retraction  of  the  head,  loss  of  con- 
■  sciousness,  slow  pulse,  contracted  pupils,  as  in  acute  hy- 
drocephalus. 

8.  Cm'pora  Quadrigemina. — Individual  cases  can  with 
difficulty  be  distinguished  from  tumors  of  the  cerebellum. 
In  the  calculation  of  probabilities,  however,  the  much 
greater  frequency  of  cerebellar  tumors  (twenty-seven  per 
cent,  of  the  whole  number  as  compared  with  two  per 
cent.)  is  not  to  be  forgotten.  With  tumors  of  the  cor- 
pora quadrigemina,  however,  the  percentage  of  headache, 
though  high,  is  less  so  than  with  those  of  the  cerebellum  ; 
the  percentage  of  vomiting  is  higher ;  convulsions  seem 
to  be  so  rare  that  their  presence  in  a  doubtful  case  would 
turn  the  scale  against  the  corpora.  The  proportion  of 
cases  of  choked  disk  is  high,  and  of  amaurosis,  as  also 
of  psychical  defect,  higher  than  for  tumors  of  any  other 
locality  (eighty-one  per  cent,  of  cases  are  amaurotic ; 
seventy-seven  per  cent,  present  psychic  symptoms).  Di- 
vergent strabismus  from  paralysis  of  the  motor  oculi  is 
sometimes  present,  and  is  then  very  characteristic. 

9.  Medulla. — All  symptoms  ill-defined  ;  they  resemble 
those  of  tumors  of  the  pons.  Dysarthria,  dysphagia,  and 
irritation  of  the  cardiac  and  respiratory  centres  are  more 
frequent.  Paralysis  of  the  vocal  cords  has  been  observed 
in  a  single  instance. 

Besides  the  localities  already  mentioned,  the  clinician 
must  always  inquire  whether  the  tumor  whose  existence  is 
suspected  does  not  spring  from  the  cranial  bones  or  the 
dura  mater  lining  them.  Tumors  of  the  anterior,  middle, 
and  posterior  cranial  fossae  excite  symptoms  which  ap- 
proximately resemble  those  belonging  to  the  cerebral  or- 
gans reposing  in  the  same  spaces. 

Anterior  Fossa. — This  comprises  two  regions,  the  sella 
turcica,  with  the  pituitarjr  gland  and  the  optic  chiasma, 
and  the  part  anterior  to  this,  upon  which  repose  the  frontal 
lobes  of  the  hemispheres.  In  the  latter  position  tumors 
may  cause  exophthalmia  on  one  or  both  sides.  Apart 
from  this,  the  characteristics  are  similar  to  those  of  tumors 
of  the  frontal  lobes.  Hemiplegia,  spasms,  and  epilepti- 
form attacks  are  in  the  background,  while  headache  and 
vomiting  play  about  the  same  part  that  they  do  in  other 
tumors.    It  is  asserted  that  the  most  notable  symptom  is 


psychical  in  character,  viz.,  a  peculiar  childish  alteration 
of  character. 

Sella  Turcica. — Although  tumors  in  this  region  involve 
the  pituitary  gland,  it  is  impossible  to  assign  any  special 
symptoms  to  lesions  of  that  organ,  whose  functions  are  so 
entirely  unknown.  Patients  suffer  from  severe  frontal 
headache,  but  they  manifest  a  striking  apathy  and 
drowsiness,  without  marked  motor  or  sensory  paralysis, 
or  any  disturbance  of  speech.  From  generalized  pressure 
on  the  chiasma  results  double  progressive  amblyopia  or 
amaurosis. 

When  the  tumor  bears  other  relations  to  the  chiasma, 
it  produces  some  species  of  hemiopia.  If  anterior  to  the 
chiasma,  it  produces  a  double  temporal  hemiopia,  from 
compression  of  the  fibres  coming  from  the  inner  half  of 
each.retina.  On  one  side  of  the  chiasma  the  tumor  would 
only' affect  the  outer  fibres  of  one  retina,  or,  if  situated, 
further  back,  so  as  to  compress  an  entire  optic  tract  after 
decussation — that  is,  all  the  fibres  from  the  homonymous 
parts  of  the  two  retinae,  as,  for  example,  the  right  or  the' 
left  halves  of  both  eyes — it  would  produce  homonymous 
hemiopia. 

Middle  Fossa. — The  most  characteristic  symptoms  of  a 
tumor  of  the  middle  fossa  depend  upon  lesion  of  the  tri- 
geminal nerve.  Thus,  there  may  be  unilateral  anaesthesia 
of  the  face,  unilateral  weakness  of  the  masticatory  mus- 
cles, and,  finally,  if  the  Gasserian  ganglion  be  injured, 
n  euro-paralytic  keratitis  of  one  eye.  Through  the  me- 
dium of  the  chorda  tympani  branch  of  the  trigeminal  the 
sense  of  taste  may  also  be  paralyzed. 

In  addition  to  these  most  characteristic  paralyses,  there 
is  frequently  paralysis  of  the  motor-oculi  nerve,  of  the 
facial  (five  times  out  of  nine),  and  of  the  acoustic  nerve — 
the  latter  usually  by  penetration  of  the  tumor  into  the 
internal  auditory  canal  of  the  petrous  bone.  With  the 
facial  paralysis  there  is  degenerative  electrical  reaction. 
With  these  marked  positive  symptoms  are  associated  cer- 
tain negative  symptoms — absence  of  motor  or  sensory 
paralysis  in  the  extremities,  absence  of  convulsions,  ab- 
sence or  mildness  of  the  headache  or  the  vomiting. 

Posterior  Fossa. — Tumors  of  this  region  cannot  with, 
an/ certainty  be  distinguished  from  those  of  the  medulla, 
pons,  or  lower  segment  of  the  cerebellum.  In  one  case 
a  peculiar  conjugated  deviation  of  the  eyes  has  been  ob- 
served, the  right  eye  turning  upward  and  outward,  the  left 
inward  and  downward.  This  deviation  recalls  Magendie's 
experiment  of  section  of  the  right  lateral  peduncle  of  the 
cerebellum ;  and  it  is  probable  that  this  organ  was  in- 
volved in  the  tumor.  Amaurosis  or  amblyopia  exists  in. 
one-third  of  the  cases ;  that  is  to  say,  even  more  fre- 
quently than  in  tumors  of  the  cerebellum.  But,  in  any 
individual  case,  this  symptom  can  serve  no  purpose  of 
diagnosis. 

Parts  of  Brain  in  which  Tumors  are  most  Fre- 
quently Latent. — Complete  latency  implies  absence  of 
all  symptoms  ;  incomplete  latency  implies  absence  of 
focal  symptoms  only.  The  localities  in  which  the  latter 
condition  is  characteristically  observed  are  also  those  in 
which  tumors  may  most  often  be  completely  latent. 
These  localities  are  :  The  temporal,  occipital,  or  even, 
but  less  easily,  the  frontal  lobes  of  the  cerebral  hemi- 
spheres, provided  the  central  gyri  are  not  indirectly  af- 
fected ;  the  parts  of  the  centrum  ovale  corresponding  to 
these  regions,  and  hence  untraversed  by  fibres  from  the 
pyramidal  tract ;  the  lateral  lobes  of  the  cerebellum,  the 
thalamus  opticus,  and  the  lenticular  nucleus.  Finally, 
it  is  possible  that  in  any  portion  of  the  brain  a  tumor 
may  remain  latent,  providing  it  grow  slowly  enough. 

DiFFBRBNTiAi,  DIAGNOSIS. — The  epileptiform  convul- 
sions dependent  upon  cerebral  tumor  differ  little  or  not  at 
all  from  those  of  functional  epilepsy.  They  are,  however, 
often  slighter,  or  at  least  the  loss  of  consciousness  is  much 
less  profound.  The  headache,  on  the  contrary,  is  chiefly 
noticeable  for  its  extreme  intensity  and  persistence,  in 
which  respect  it  exceeds  even  nervous  headaches.  The 
vomiting  is  also  noticeable  for  its  violence,  and  for  the 
absence  of  any  other  symptoms  of  disordered  digestion, 
such  as  furred  tongue,  epigastric  uneasiness,  etc.  The 
diagnosis  in  regard  to  these  symptoms  ultimately  depends 
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on  their  combination,  and  on  their  association  with  pa- 
ralysis or  with  psychical  symptoms.  Conversely,  the  psy- 
chical symptoms  of  tumor  are  distinguished  from  pure 
mental  alienation  chiefly  by  the  existence  of  these  physi- 
cal signs ;  also  by  their  greater  vagueness,  which  renders 
precise  psychiatric  classification  difficult  or  impossible. 

It  is  by  no  means  always  easy  to  decide  whether  a  pa- 
tient with  cerebral  symptoms  is  suffering  from  a  diffused 
or  focal  disease,  and  in  the  diagnosis  of  tumor  it  is  neces- 
sary to  exclude  meningo-encephalitis,  progi'essive  gen- 
eral paralysis,  chronic  basal  meningitis,  hydrocephalus, 
cerebro-spmal  form  of  multiple  sclerosis,  and  locomotor 
ataxy. 

Tubercular  meningo-encephalitis,  which  easily  lasts 
three  months,  has,  it  must  be  remembei'ed,  a  duration  not 
inferior  to  that  of  many  tumors,  and  many  of  the  symp- 
toms are  identical :  violent  headache,  convulsions,  vomit- 
ing, neuritis  optica,  changes  of  character,  monoplegic 
paralysis,  and  spasms.  In  the  diffused  inflammation, 
however,  these  paralyses  are  transient  and  variable,  a  con- 
dition sometimes,  but  rarely,  seen  in  tumor.  The  disease, 
moreover,  is  always  attended  by  more  or  less  fever,  by 
more  marked  variations  in  the  pupils,  by  a  slow,  hard 
pulse,  by  obstinate  constipation,  by  retraction  of  the  ab- 
domen, and  by  vaso-motor  symptoms.  "When  a  tuber- 
cular tumor  is  associated  with  diffused  inflammation,  it 
is  masked  by  the  symptoms  characteristic  of  the  latter. 

A  tumor  of  the  medulla  may  especially  simulate  pro- 
gressive general  paralysis  by  producing  a  diffused  paresis 
without  distinct  paralysis,  embarrassment  of  speech,  de- 
pression of  mental  power,  headache,  and  unequal  dilata- 
tion of  the  pupils.  A  tumor,  however,  is  indicated  by  the 
occurrence  of  amaurosis,  convulsions,  vomiting,  localized 
paralyses  ;  while  the  diffused  disease  is  characterized  by 
the  appearance  of  ambitious  delirium,  and  by  the  peculiar 
trembling  of  the  lips.  Tumors  of  the  sella  turcica  may 
be  closely  simulated  by  chronic  basal  meningitis,  which 
is  most  frequently  situated  in  exactly  the  same  locality, 
and  also  involves  the  same  nerves.  It  is  distinguished  by 
the  occurrence  of  descending  optic  neuritis,  unattended 
by  symptoms  of  intracranial  pressure.  In  young  children 
premature  closure  of  the  fontanelles,  with  blindness, 
would  point  to  meningitis ;  enlargement  of  the  head,  to 
tumor. 

Hydroeephaliia  may  also  have  choked  disk,  and  is 
usually  associated  with  depressed  mental  capacity.  Slow 
enlargement  of  the  head  belongs  either  to  this  disease  or  to 
tumor,  in  young  children.  The  rolling  down  of  the  eyes 
and  subsequent  retraction  of  the  head  point  to  an  effu- 
sion. Ventricular  effusions  are  not  infrequent  complica- 
tions of  tumor,  especially  of  tubercular  tumor ;  but  the 
idiopathic  disease  does  not  occur  except  in  very  young 
children. 

Multiple  cerebrospinal  sclerosis  may  for  a  time  simulate 
tumor,  the  disease  being  characterized  by  headache,  ver- 
tigo, disturbances  of  speech  and  of  vision  (diplopia  and  am- 
blyopia), and  by  the  occurrence  of  apoplectiform  attacks, 
followed  by  incomplete  hemiplegia.  The  latter,  how- 
ever, are  rare  in  tumor,  but  are  apt  to  be  frequently  re- 
peated in  sclerosis.  In  sclerosis,  on  the  other  hand,  there 
is  an  absence  of  convulsions  and  of  motor  paralyses,  except 
after  apoplectiform  attacks.  Instead,  there  is  a  diffused 
loss  of  power,  with  muscular  rigidity,  absence  of  vomit- 
ing and  choked  disk.  Finally,  the  appearance  of  the  char- 
acteristic tremor  of  the  limbs  is  a  positive  symptom  which 
decides  the  question  in  favor  of  sclerosis. 

Locomotor  Ataxy. — It  may  occasionally  be  difficult  to 
distinguish  the  ataxia  of  cerebellar  tumor  from  that  of 
tabes  spinalis.  But  in  the  tumor  the  patient  has  a  stag- 
gering or  reeling  gait,  like  that  of  a  drunken  man,  and 
there  is  no  sign  of  ataxy  in  either  upper  or  lower  ex- 
tremities when  the  patient  is  in  a  horizontal  position  (Alt- 
haus).  The  alterations  of  sensibility,  characteristic  of 
tabes,  are  absent  in  tumor,  and  most  of  the  positive  symp- 
toms of  tumor  are  absent  in  tabes. 

Abscess  of  the  brain,  which,  from  its  focal  symptoma- 
tology, is  ranked  by  Ball  and  Krishaber  with  tumors, 
sometimes  simulates  typhoid  fever  with  pronounced  cere- 
•  bral  symptoms.     The  absence  of  either  pulmonary  or  ab- 


dominal symptoms,  however,  may  prevent  error,  until  the 
appearance  of  some  localized  paralysis  decides  the  diag- 
nosis. Two  focal  diseases  of  the  brain  often  resembla 
tumor  extremely — cerebral  haemorrhage  and  softening. 

Cerebral  IIoEmorrhage. — The  onset  of  the  paralysis  is 
sudden,  instead  of  being  slow  and  insidious,  and  the 
paralysis  is  usually  at  once  complete.  But  the  cranial 
nerves  are  rarely  affected,  with  the  excejjtion  of  the  facial ; 
vomiting,  headache,  vertigo,  and  choked  disk  are  absent, 
as  are  also  mental  symptoms  after  recovery  from  the  apo 
plectiform  shock.  Haemorrhage  into  the  meninges,  whicK 
scarcely  ever  occurs  except  in  children  and  old  people, 
does  not  resemble  tumor  in  any  of  its  symptoms  with  the 
exception  of  convulsions. 

Softeniiig. — The  diagnosis  from  tumor  is  often  ex- 
tremely difficult  when  the  softening  is,  from  the  begin- 
ing,  chronic  in  character.  Lesions  of  special  senses 
are  much  less  frequent  in  softening,  and  choked  disk  is 
rare ;  so  also  are  lesions  of  cranial  nerves,  vomiting,  and 
convulsions ;  while  the  headache  is  less  circumscribed  and 
intense.  Contractures  of  paralyzed  limbs  are  more  fre- 
quent. Psychic  alterations  are  marked,  but  are  of  a 
different  character  from  those  of  tumor.  There  is  emo- 
tional instability  instead  of  irritability,  dementia  rather 
than  the  depression  and  apathy  of  tumor. 

A  diagnosis  of  the  nature  of  the  tumor  can  rarely  be 
made. 

Carcinoma  is  often  indicated  by  the  rapid  progress  of 
the  symptoms,  and  by  signs  of  multiple  foci  successively 
developing.  Perforating  tumors  are  almost  invariably 
malignant— cai'cinoma,  sarcoma,  or  osteo-sarcoma.  The 
tumor  is  nearly  always  primary,  and  destroys  life  before 
it  has  occasioned  cachexia. 

Tubercula/r  tumor  often  complicates  tubercular  men- 
ingitis, or  is  complicated  by  it.  In  either  case  the  focal 
symptoms  are  much  obscured  by  those  of  the  diffuse 
disease.  When  isolated,  a  tubercular  tumor  may  be  sus- 
pected from  the  youth  or  scrofulous  constitution  of  the 
patient. 

Oummuta. — Their  diagnosis  principally  depends  upon 
the  presence  of  other  signs  of  syphilis.  The  evolution 
is  relatively  rapid,  and  the  invasion  of  drowsiness  and 
coma  may  be  hastened  by  the  coexistence  of  diffused  en- 
darteritis. 

Glioma. — This  remains  the  most  probable  when  the 
diathetic  tumors  have  been  excluded.  It  not  infre- 
quently develops  after  a  blow  on  the  head,  and  then 
seems  to  result  from  chronic  inflammation  of  the  neu- 
roglia. 

Intracranial  aneurisms  occasion  symptoms  which  are 
indistinguishable  from  those  of  neoplasms  proper.  It  is 
the  basilar  artery  which  is  most  often  affected,  and  the 
symptoms  then  resemble  those  of  tumors  of  the  pons. 
But  all  the  arteries  are  liable  to  be  the  seat  of  this  lesion. 
It  is  said  that  headache  is  more  diffuse  and  more  intense 
than  with  other  tumors,  while  vomiting  is  ISss  frequent. 
Sudden  attacks  of  loss  of  consciousness  often  occur,  due 
undoubtedly  to  inequalities  in  the  distention  of  the  tumor, 
and  consequent  variations  In  the  brain  pressure. 

Aneurisms  of  the  posterior  commimicating  artery  oc- 
casion symptoms  of  motor-oculi  paralysis  (ptosis,  exter- 
nal strabismus,  fixed  dilatation  of  the  pupil),  and  finally, 
—the  effect  spreading  to  the  corpora  quadrigemina— 
amblyopia.  When  the  aneurism  is  seated  on  the  internal 
carotid,  the  sensitive  root  of  the  trigeminus  may  be  af- 
fected;  hence  neuralgias  or  anaesthesia.  Aneurisms  of  the 
carotid  which  communicate  with  the  cavernous  sinus  are 
characterized  by  exophthalmia,  and  a  susurrus  which  is 
heard  when  the  stethoscope  is  applied  over  the  eyeball 
(Case  Gruening).  ,.      ,   . 

The  termination  of  aneurismal  tumors  is  pecuhar,  being 
always  by  rupture  and  sudden  death,  with  the  symptoms 
of  intracranial  hsemorrhage. 

Abscesses  of  the  brain  comport  themselves  like  an  acute 
tumor.  Their  evolution  is  habitually  much  more  rapid, 
and  their  progression  much  more  regular  than  that  of 
neoplasms.  There  is  sometimes  fever,  but  often  this  is 
absent,  and  the  tumor  may  be  entirely  latent  for  some 
time.     An  abscess  is  always  to  be  suspected  when  local- 

679 


Brain. 
Brancblal  Cysts. 


EEFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


ized  cerebral  symptoms  develop  in  the  course  of  an  otitis 
media.  Extremely  chronic  cases  of  this  aural  affection 
sometimes  pass  into  an  acute  exacerbation,  during  which 
the  cerebral  membranes  become  infected  through  the  roof 
of  the  tympanum,  through  the  fenestras,  or  through  the 
auditory  canal. 

Prognosis. — The  prognosis  of  cerebral  tumor  is  not 
modified  by  the  diagnosis  of  either  the  seat  or  the  nat- 
ure of  the  tumor,  unless  the  latter  can  be  shown  to  be 
syphilitic.  Gummatous  tumors  sometimes  yield  with 
remarkable  rapidity  to  the  mixed  treatment  for  syphilis. 
All  others  are  invariably  fatal,  but  after  a  longer  or 
shorter  lapse  of  time,  and  with  somewhat  different  modes 
of  termination.  Thus,  as  has  been  said,  aneurisms  ter- 
minate by  rupture,  and  death  occurs  with  all  the  symp- 
toms of  cerebral  haemorrhage.  In  the  majority  of  cases 
the  patients  die  in  coma,  gradually  developed  from  a 
condition  of  apathy  and  drowsiness.  These  states  are 
associated  with  continually  increasing  brain-pressure, 
which  often  results  in  oedema.  Sudden  death  is  not  un- 
common, and  is  dependent  upon  inhibition  of  the  cardiac 
centre.  This  sudden  death  may  occur  as  an  accident 
after  the  most  variable  duration  of  the  disease ;  but  even 
the  mode  of  death  which  seems  to  indicate  the  natural  evo- 
lution of  the  morbid  process,  leaves  a  most  variable  time 
for  this  to  be  accomplished.  The  patient  sometimes  dies 
as  early  as  ten  or  even  eight  weeks  from  the  appearance 
of  the  first  symptoms  ;  in  other  cases,  these  have  been  pro- 
longed for  ten  years. 

Pathological  Anatomy. — The  histological  structure 
of  many  cerebral  neoplasms,  including  aneurisms,  does 
not  differ  from  that  of  the  same  growths  in  any  part  of 
the  body.  Tubercular  tumors,  like  miliary  tubercle, 
always  start  from  the  lymphatic  sheaths  of  the  Mood- 
vessels,  beginning  in  a  local  accumulation  of  adenoid 
elements.  Grliomata  are  a  species  of  sarcomatous  tumors, 
which  are  peculiar  to  the  brain.  They  were  described  as 
neuromata,  until  Virchow  demonstrated  that  they  con- 
tained no  nerve  elements,  but  developed  from  the  neu- 
roglia. The  glioma  may  consist  almost  exclusively  of  cells, 
and  is  then  called  a  medullary  glioma  ;  or  it  may  contain  a 
large  amount  of  connective-tissue,  which  either  remains 
soft  and  of  the  myxoma  type  (myxoglioma),  or  becomes 
hard,  fibrous,  or  even  cartilaginous  (fibrous  glioma). 
Finally,  some  among  these  tumors  are  so  rich  in  vessels 
as  to  have  acquired  the  name  telangiectasic  gliomas.  All 
develop  from  the  neuroglia.  The  tumor  appears  as  a 
grayish  mass,  becoming  pink  or  red  as  vessels  develop  in 
it.  If  these  are  numerous,  apoplexies  may  take  place 
into  the  substance  of  the  tumor.  The  three  forms  of 
malignant  tumor  of  the  brain  are  sarcomas,  carcinomas, 
and  melanoid  tumors.  The  first  are  closely  related  to  the 
gliomas,  arising  like  the  medullary  variety  of  the  latter ; 
the  chief  difference  consisting  in  the  greater  size  of  the 
cells  and  thp  larger  amount  of  intercellular  substance. 
Cancer  of  the  brain  is  nearly  always  encephaloid,  pri- 
mary, and  not  infrequently  congenital.  The  growth  is 
rapid,  and  the  size  ultimately  attained  by  the  tumor  is  in 
inverse  proportion  to  the  vital  importance  of  the  part  of 
the  brain  in  which  it  is  seated.  Enucleation  of  the  tumor 
is  impossible.  Cancer  of  the  upper  part  of  the  cerebral 
hemispheres  not  infrequently  perforates  the  dura  mater, 
and  even  the  skull.  Conversely,  cancer  of  the  eyeball, 
usually  melanotic,  constantly  tends  to  penetrate  the  brain. 
Melanoid  tumors  are  forms  of  carcinoma  in  which  the 
tissue  is  infiltrated  with  pigment.  Their  most  frequent 
seat  is  the  eyeball,  the  pigment  being  derived  from  that 
of  the  choroid. 

Hydatid  cysts  are  found  in  the  brain,  but  they  usually 
remain  latent,  especially  if  small  and  multiple.  Other 
forms  of  cyst  are  not  infrequently  formed  by  hsemor- 
rhagic  effusion,  by  softening  of  brain-tissue  from  extensive 
necrobiosis,  or  by  the  softening  of  myxomatous  tumors. 

Complicating  Lesions.  —  With  glioma,  congestion 
and  hemorrhage  in  the  vicinity  of  the  tumor  are  the  most 
frequent  complications,  the  latter  often  being  the  cause  of 
death.  The  tissue  around  the  tumor  is  often  the  seat  of 
an  inflammatory  softening.  Effusion  into  the  ventricles 
is  often  caused  by  compression  of  vessels  which  return 
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blood  from  the  choroid  plexus.  Such  effusion  is  common 
with  tubercle,  and  then  may  depend  on  granular  thicken- 
ing of  the  ependyma. 

A  zone  of  non-inflammatory  softening  surrounds  most 
tumors.  It  depends  upon  necrobiosis  of  nerve-tissue 
from  localized  obstruction  to  the  circulation  and  cedema! 
When  this  softening  is  extensive,  functional  regions  quite 
different  from  those  actually  occupied  by  the  tumor  be- 
come involved.  This  circumstance,  as  has  often  been 
shown,  by  complicating  the  symptoms,  often  materially 
obscures  the  diagnosis. 

When  the  fibres  of  the  pyramidal  tract  have  been 
affected  by  the  tumor,  descending  degeneration  or  second- 
ary sclerosis  may  set  in,  and  even  reach  the  lateral  col- 
umns of  the  cord.  This  is,  however,  much  less  common 
thai!  after  hsemorrhage  ;  and,  correlatively,  late  rigidity 
is  correspondingly  rare.  Conversely,  the  appearance  of 
rigidity  in  limbs  paralyzed  from  the  effects  <rf  a  cerebral 
tumor,  often  indicates  that  hsemorrhage  has  been  excited 
in  its  vicinity. 

Treatment. — There  is  no  radical  medical  treatment 
except  for  ^ummata,  and  for  these  the  mixed  treatment 
sometimes  yields  brilliant  results. 

The  suggestion  has  recently  been  made  to  remove  tu- 
mors situated  near  the  surface  of  the  brain  by  a  sur- 
gical operation.  The  suggestion  has  been  carried  out  in 
the  following  remarkable  case  (Bennett  and  G-odlee,  Lon- 
don Lancet,  December  30,  1884) : 

Parmer,  aged  twenty-five.  Symptoms  lasted  three 
years,  beginning  one  year  after  a  blow  on  the  head. 
Paroxysmal  twitching  of  the  left  side  of  the  face  and 
tongue.  General  convulsions,  then  local  spasms  of  the 
left  arm,  cessation  of  the  convulsions,  paresis  of  the  arm, 
twitching  of  the  left  leg,  violent  headaches,  attacks  of 
vomiting,  double  optic  neuritis.  Patient  trepanned  at 
point  of  skull  corresponding  to  upper  (?)  part  of  the  fis- 
sure of  Rolando.  Dura  divided,  ascending  frontal  convo- 
lution exposed,  and  found  to  be  distended.  Incision  of 
one-fourth  inch  disclosed  hard  glioma,  of  the  size  of  a 
walnut.  Patient  at  once  relieved  of  lancinating  pains, 
vomiting,  and  convulsions,  but  paresis  of  left  leg  in- 
creased. Improvement  up  to  twenty-first  day.  Then 
rigor,  fever,  nausea,  and  pain  in  head ;  hernia  cerebri. 
Death  on  twenty -eighth  day.  On  post-mortem  examina- 
tion, signs  of  meningitis  at  lower  portion  of  the  wound, 
spreading  downward  toward  the  base  of  the  brain  on  the 
same  side,  the  whole  of  which  was  inflamed  and  covered 
vfith  plastic  lymph.  Mary  Pvtnam-JacoU. 

*  Dictionnaire  Encyclopfedique,  art.  Cerveau, 

"  Boston  Med.  and  Surg.  Jour.,  1883.  »  Brainl  January,  1879. 

*  Samt. :  Arch.  (.  Psyoh.,  v.,  1874. 

'Bramwell :  Edinb.  Journal,  1878,  vol.  xxvii.,  p.  1. 

BRANCHIAL  CYSTS.  Branchial  cysts  are  cystic  tu- 
mors of  the  neck  and  some  parts  of  the  head,  originating 
from  congenital  defects  of  development,  their  matrix  be- 
ing composed  of  foetal  epiblastic  or  hypoblastic  tissue 
which  remains  in  its  embryonal  state  for  an  indefinite 
time,  and  later,  by  proliferation  of  its  epithelial  eleilients, 
gives  rise  to  a  distinct  and  characteristic  type  of  cystic 
tumors.  They  have  been  variously  designated  as  bran- 
chial cysts  (Roser),  dermoid  cysts  of  the  sheath  of  the  in- 
ternal jugular  vein  (Langenbeck),  deep-seated  atheroma- 
tous tumors  (Schede),  tumors  of  the  branchial  clefts  (Vir- 
chow), hydrocele  colli  congenita  (Maunoir),  hygroma 
colli  (Luschka),  and  atheromatous  cysts  of  the  lymphatic 
glands  (Luecke),  in  accordance  with  the  nature  of  the 
contents  of  the  tumor  or  the  peculiar  etiological  views  en- 
tertained by  the  different  authors.  It  appears  to  me, 
however,  that  "branchial  cysts"  is  the  most  appropriate 
term,  as  it  expresses  at  once  both  the  location  and  char- 
acter of  the  tumor. 

Toward  the  end  of  the  first  month  of  foetal  life  we  see, 
under  the  frontal  process,  open  in  front  and  bounded  on 
the  sides  by  four  plates,  the  pharyngeal  cavity.  The  up- 
per pair  of  plates  constitute  the  first  branchial  arch.  The 
next  three  pairs  of  plates  make  up  the  second,  third,  and 
fourth  branchial  arches,  which  decrease  in  size  from  above 
downward,  so  that  their  median  interspaces  in  front  are 
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narrow  above  and  wider  lower  down.  Between  any  two 
individual  branchial  arches,  on  each  side,  remains  a  trans- 
verse cleft,  and,  during  early  foetal  life,  these  branchial 
clefts,  with  the  exception  of  the  first  one,  from  which  the 
external  auditory  canal,  the  cavity  of  the  tympanum,  and 
the  Eustachian  tube  are  developed,  unite.  The  neck  is  thus 
built  up  of  continuous  lateral  walls.  From  the  second 
branchial  arch  are  developed  the  styloid  process,  the  stylo- 
hyoid ligament,  and  the  lesser  cornua  of  the  hyoid  bone  ; 
the  third  arch  forms  the  large  horns  and  the  body  of  this 
bone ;  the  fourth  arch  assists  in  forming  the  soft  tissues 
of  the  neck.  The  larynx,  trachea,  and  adjacent  glands 
are  developed  from  other  centres  of  foetal  growth.  The 
primary  origin  of  these  tumors  necessarily  must  corre- 
spond to  the  location  of  one  of  these  branchial  clefts,  and 
clinical  experience  has  demonstrated  that  they  are  most 
frequently  found  in  the  region  of  the  second  and  third 
branchial  clefts,  in  the  vicinity  of  the  larynx  and  pharynx, 
and  in  intimate  relation  with  the  sheath  of  the  large  ves- 
sels of  the  neck,  in  contradistinction  to  dermoid  cysts 
about  the  orbits  and  in  the  scalp,  which  are  more  super- 
ficially located.  In  the  case  of  a  young  lady,  Langenbeck 
observed  a  cyst  situated  on  the  left  side  of  the  epiglottis 
and  pharynx,  which  occupied  one-half  of  the  floor  of  the 
mouth,  and  which  projected  from  underneath  the  chin 
on  that  side  in  the  shape  of  a  smooth  tumor  of  the  size  of 
a  fist.  Respiration,  deglutition,  and  the  motions  of  the 
tongue  were  greatly  impeded.  The  cyst  contained  eight 
ounces  of  atheromatous  matter.  The  same  author  states 
that  he  has  frequently  found  these  tumors  attached  to  the 
greater  horn  of  the  hyoid  bone  or  to  the  thyro-hyoid  liga- 
ments, localities  which  plainly  indicate  that  they  origi- 
nated from  remnants  of  former  branchial  clefts. 

As  they  are  often  in  intimate  connection  with  the  sheath 
of  the  large  vessels  of  the  neck,  it  is  very  important  to 
study  their  anatomical  relations  to  these  important  struct- 
ures. The  jugular  vein  is  surrounded,  throughout  its 
whole  course  in  the  neck,  by  a  distinct  and  separate  sheath 
of  areolar  tissue  which,  on  the  outer  side  of  the  artery, 
penetrates  into  the  deep  tissues  of  the  neck,  thus  com- 
pletely separating  the  two  vessels.  The  jugular,  enclosed 
in  its  sheath,  may  be  easily  drawn  over  the  artery  toward 
the  median  line  without  producing  any  change  of  location 
of  the  artery.  The  vein  being  in  front  of  the  artery  and 
covering  half  of  the  lumen  of  the  latter,  it  can  be  readily 
understood  that  when  the  vein  is  drawn  forward,  with  its 
sheath,  it  can  be  injured,  while  the  artery  is  not  exposed 
to  the  same  danger.  Branchial  cysts  of  the  second  and 
third  clefts  are  always  observed  in  the  sheath  of  the  large 
cervical  vessels,  usually  in  the  carotid  triangle  above  the 
omo-hyoid  muscle.  They  appear  to  occur  more  frequently 
on  the  left  side  of  the  neck.  Their  shape  is  invariably 
round  or  oval,  with  a  smooth  surface.  The  contents  of 
tliese  cysts  being  either  fluid  or  semifluid,  fluctuation  can 
be  felt,  more  particularly  if  the  tumor  is  palpated  between 
two  fingers,  one  of  which  is  placed  in  the  pharynx  or  on 
the  floor  of  the  mouth,  and  the  other  on  the  external  sur- 
face. Only  lateral  motion  of  the  tumor  is  possible,  on 
account  of  its  peculiar  attachments  to  the  deep  tissues  of 
the  neck.  If  the  tumor  is  only  of  moderate  size  the  pul- 
sations of  the  carotid  artery  can  be  felt  on  its  inner  mar- 
gin. If  it  is  large  it  overlaps  the  artery,  in  which  case 
tlie  pulsations  of  the  vessel  are  communicated  to  the  tu- 
mor. Smaller  tumors  can  be  made  to  pulsate  by  bending 
the  head  backward  and  in  a  direction  opposite  to  the 
tumor. 

Branchial  cysts  should  be  classified  according  to  their 
contents.  The  cyst- walls  being  lined  with  epithelium,  the 
only  histological  elements  in  the  contents  are  epithelia. 
In  most  instances  the  epithelia  lining  the  cyst  belong  to 
the  tessellated  variety,  but  Rehn  discovered,  in  a  blind  con- 
genital fistula  ending  near  the  mucous  membrane  of  the 
pharynx,  ciliated  epithelium ;  and  Neumann  found  cy- 
lindrical and  pavement  epithelium  in  two  cystic  tumors 
of  the  neck,  one  of  which  was  congenital  while  the  other 
was  developed  in  later  years.  The  physical  and  chemical 
properties  of  the  cyst  contents  will  depend  largely  on  the 
amount  and  degree  of  activity  of  the  retrograde  processes 
which  may  have  taken  place  in  the  epithelium. 


Clinical  experience  and  pathological  examination  have 
shown  that  these  tumors,  according  to  the  physical  prop- 
erties of  their  contents,  may  be  divided  into  the  following 
four  principal  varieties : 

1,  Mucous  cysts;  3,  atheromatous  cysts;  3,  serous 
cysts ;  4,  heemato-cysts. 

Variable  as  the  contents  of  these  varieties  may  be,  more 
uniformity  is  observed  in  the  structure  of  the  cyst-wall. 
In  the  primary  stage  of  the  affection  it  consists  of  a  con- 
nective-tissue capsule  with  an  epithelial  lining  on  its  inner 
surface,  and  a  delicate  layer  of  a  loosely  connected  reticu- 
lum of  connective-tissue  (pericystium)  which  is  very  vas- 
cular, and  covers  the  outer  surface  of  the  cyst.  A  high 
degree  of  intracystic  pressure  may  cause  atrophy  of  the 
epithelial  lining  and  thinning  of  the  walls  of  the  sac,  and, 
on  the  other  hand,  inflammatory  proliferation  produces 
great  thickening  of  the  cyst-walls.  While  dermoid  cysts 
contain  the  characteristic  secretions  of  the  skin  and  its 
appendages,  the  branchial  cysts  only  contain  the  products 
of  the  epithelial  cells,  because  their  walls  do  not  contain 
any  hair-follicles,  sebaceous  or  sweat-glands,  as  the 
branchial  clefts  close  before  these  appendages  are  formed. 
_  I.  Mucous  Branchial  Cysts. -^As  a  primary  forma- 
tion, this  form  of  branchial  cyst  is  usually  found  in  the 
upper  branchial  clefts.  Their  origin  is  attributable  to  an 
imperfect  closure  of  the  upper  portion  of  the  branchial 
tract ;  consequently  the  cyst-wall  may  derive  its  lining 
from  the  mucous  membrane  of  the  pharynx,  and  the  re- 
tention of  the  physiological  secretion  produces  a  mucous 
cyst.  Many  of  the  so-called  ranular  cysts,  about  the  base 
of  the  tongue,  belong  to  this  variety  of  tumors. 

3.  Atheromatous  Branchial  Cysts. — This  form  of 
branchial  cysts  has  been  described  by  some  authors  as 
deep-seated  atheromatous  cysts  of  the  neck  (Schede),  and 
dermoid  cysts  of  the  sheath  of  the  large  vessels  of  the  neck 
(Langenbeck).  They  are  usually  located  in  the  second 
and  third  branchial  tracts  in  the  region  of  the  hyoid  bone, 
and  are  intimately  connected  with  the  sheath  of  the  large 
cervical  vessels.  These  cysts  contain  an  atheromatous 
material  resembling  the  contents  of  an  ordinary  retention 
cyst  of  the  skin,  with  this  difference,  however,  that  they 
never  contain  anything  which  would  indicate  the  presence 
of  hair-follicles,  as  lanuginose  hair  or  sebaceous  material, 
or  any  of  tlie  more  complicated  products  of  dermoid 
cysts.  For  the  purpose  of  furnishing  a  clear  clinical  pict- 
ure of  this  form  of  branchial  cysts,  I  will  give  a  synopsis 
of  two  cases  which  have  come  under  my  observation. 

Case  I. — Mrs.  H ,  aged  thirty-six.   German.   Family 

history  reveals  no  tendency  to  congenital  malformations. 
About  one  year  ago  the  patient  discovered  a  small  tumor 
on  the  right  side  of  the  neck,  between  the  angle  of  the  jaw 
and  the  larynx,  which  slowly  increased  in  size,  and,  after 
a  few  months,  became  the  seat  of  an  acute  inflammation 
which  terminated  in  suppuration,  requiring  an  incision  for 
the  relief  of  urgent  symptoms.  The  fluid  which  escaped 
consisted  of  pus  mixed  with  a  gruelly  substance.  Prompt 
relief  followed  the  incision.  The  inflammatory  symptoms 
subsided  and  the  tumor  diminished  in  size.  In  a  few  weeks 
the  opening  closed,  leaving  a  small  and  painless  swelling. 
The  same  symptoms  were  repeated  about  four  months 
subsequently.  When  the  patient  came  under  my  obser- 
vation, during  the  summer  of  1883, 1  found  a  tumor  about 
the  size  of  a  hen's-egg,  located  between  the  angle  of  the 
jaw  and  the  larynx,  resting  directly  upon  the  large  vessels 
of  the  neck,  as  was  evident  from  the  distinct  pulsations 
which  it  received  and  which  could  be  seen  and  felt.  The 
posterior  portion  was  under  the  sterno-cleido-mastoid. 
Over  its  centre  was  seen  the  scar  which  had  resulted  from 
the  previous  incisions.  The  swelling  presented  a  regular, 
smooth  surface  and  an  oval  outline,  with  the  long  diameter 
parallel  to  the  cervical  vessels.  It  was  only  slightly  mov- 
able from  side  to  side,  and  perfectly  immovable  from 
above  downward,  showing  that  it  had  a  firm  point  of  at- 
tachment to  the  deep  tissues  of  the  neck.  Fluctuation 
could  be  detected  on  the  outer  surface  and  also  through 
the  mouth.  The  original  location  corresponded  to  the 
third  branchial  cleft.  As  it  had  on  two  different  occa- 
sions undergone  acute  inflammatory  changes  without  any 
benefit  resulting  from  them,  the  extirpation  of  the  cyst 
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was  deemed  the  only  measure  which  promised  a  perma- 
nent result.    The  operation  was  done  under  antiseptic  pre- 
cautions.    A  straight  incision  was  made  over  the  tumor, 
parallel  to  the  sterno-cleido-mastoid.    The  cyst  was  firmly 
adherent  to  the  surrounding  tissue,  as  the  result  of  ante- 
cedent inflammatory  infiltrations,  and  required  much  time 
and  patience  to  effect  its  separation.     After  it  had  been 
isolated  from  all  attachments  on  its  sides,  it  was  seized 
with  a  tenaculum-forceps  and  drawn  forward,  and  toward 
the  median  line  of  the  neck,  while  the  sterno-cleido-mas- 
toid was  held  in  an  opposite  direction,  so  as  to  afford  easy 
access  to  its  base.     The  attachments  here  were  very  firni, 
and  it  appeared  as  though  the  base  of  the  tumor  and  the 
large  cervical  vessels  underneath  were  einbedded  in  a 
mass  of  cicatricial  tissue.     Keeping  as  close  to  the  cyst- 
wall  as  possible,  I  carried  out  the  dissection  very  care- 
fully, proceeding  mostly  with  blunt  instruments.    When 
nearly  one-half  of  the  pedicle  had  been  separated  in  this 
manner,  we  were  suddenly  surprised  by  a  tremendous  gush 
of  dark  venous  blood,  which  in  a  second  flooded  the  whole 
field  of  operation.     It  was  only  too  evident  that  the  inter- 
nal jugular  vein  had  been  torn,  and,  for  the  purpose  of 
preventing  further  loss  of  blood,  and  to  guard  against  in- 
stant death  by  admission  of  air  into  the  vein,  I  made  firm 
digital  compression  above  and  below  the  injured  vein, 
while  my  assistant  pushed  a  sponge  into  the  wound. 
Haemorrhage  was  controlled  in  this  manner,  and,  as  soon 
as  I  could  be  relieved  by  an  assistant,  I  carefully  removed 
the  sponge,  and,  after  locating  as  nearly  as  possible  the 
exact  seat  of  bleeding,  I  seized  the  vein,  with  some  of  its 
adjacent  tissues,  with  a  stout  pair  of  haemostatic  forceps. 
I  was  fortunate  enough  to  grasp  the  bleeding  point  at  the 
first  attempt,  and  the  haemorrhage  was  completely  con- 
trolled.    The  tumor  was  now  removed,  and  by  making 
slight  traction  on  the  forceps  I  drew  the  vein  forward 
and  applied  a  catgut  ligature  without  isolating  the  vessel. 
I  was  unable  to  ascertam  the  exact  size  or  direction  of  the 
wound  in  the  vein,  but  the  ligature  arrested  the  hemor- 
rhage   promptly   and   permanently.     The    wound   was 
thoroughly  irrigated,  and,  as  in  Langenbeok's  case,  the 
vein  seemed  to  disappear  underneath  the  deep  tissues  of 
the  neck.     In  the  wound  could  be  seen  the  oesophagus, 
lateral  wall  of  the  larynx,  carotid  artery  in  its  sheath,  and 
the  great  horn  of  the  hyoid  bone.     After  suturing  and 
draining  the  wound  I  applied  a  graduated  compress. 
For  the  first  twentjr-f our  hours  after  the  operation  the  pa- 
tient suffered  from  intense  headache  on  the  corresponding 
side,  which  induced  me  to  believe  that  the  circulation  in 
the  vein  had  been  completely  interrupted,  either  by  the 
ligature  alone  or  by  the  formation  of  a  thrombus  at  the 
point  of  ligation.     After  the  first  twenty-four  hours  the 
patient  suflered  no  further  inconvenience.     The  wound 
healed  by  primary  union,  and  the  recovery  has  been  per- 
manent and  complete.     There  is  no  question  but  that  the 
adhesions  of  the  cyst  with  the  sheath  of  the  cervical  ves- 
sels were  due  to  the  attacks  of  acute  inflammation  which 
had  preceded  the  operation  on  two  different  occasions. 
A  microscopical  examination  of  the  contents  showed  flat 
epithelial  cells,  cholesterine  crystals,  fat  granules,  and  a 
mass  of  debris,  the  product  of  epithelial  degeneration. 
The  cyst-wall  was  composed  of  connective-tissue,  thick- 
ened and  infiltrated  with  embryonal  elements,  and  lined 
with  epithelial  cells. 

The  next  case  very  nicely  illustrates  the  oral  variety  of 
branchial  cysts. 

Case  II. —  Mary  H ,  aged  twenty-five.     German. 

Her  family  history  is  good,  especially  as  regards  congeni- 
tal malformations,  such  as  tumors  or  fistulae  in  the  cervi- 
cal region.  Patient  has  always  appeared  round  and  full 
underneath  the  chin,  but  during  the  last  four  years  a 
tumor  has  been  growing  rapidly  on  the  floor  of  the  mouth 
until,  at  present,  it  is  considerably  larger  than  a  goose's 
egg.  The  mouth  is  completely  filled  by  it,  the  tongue  is 
pressed  against  the  palate,  its  movements  are  limited 
only  the  tip  of  it  being  visible  at  the  upper  border  of  the 
tumor,  and  speech  and  deglutition  are  greatly  impeded 
Laterally  the  tumor  extends  very  near  the  angles  of  the 
inferior  maxillary  bone,  and  downward  it  overlaps  the 
larynx  and  upper  part  of  the  trachea,  entirely  obliterating 
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the  round  contour  of  the  upper  cervical  region.  It  ij 
painless  and  distinctly  fluctuating  to  the  touch,  presents 
a  smooth  surface,  and  gives  rise  to  no  inconvenience  ex- 
cept that  which  results  from  its  mechanical  interference 
with  speech  and  deglutition.  When  the  patient  opens 
her  mouth,  the  apertures  of  Wharton's  ducts  are  plainly 
visible  on  each  side  of  the  median  line,  and,  by  exerting 
lateral  pressure  upon  the  submaxillary  glands,  the  patient 
can  expel  a  stream  of  saliva  from  them.  Previous  treat- 
ment, consisting  of  external  applications  of  iodine,  etc. 
had  had  no  effect  on  the  jgrowth.  Desiring  to  avoid  any 
deformity  resulting  from  an  external  cicatrix,  I  decided 
to  remove  the  tumor  through  the  mouth.  A  linear  in- 
cision was,  therefore,  made  in  the  median  line,  extending 
from  above  downward  from  the  tip  of  the  tongue  to  the 
symphysis  menti,  the  ducts  of  the  salivary  glands  being 
carefully  avoided.  Adhesions  existing  between  the  tumor 
and  its  surrounding  tissues  were  easily  severed,  when  it 
was  seen  that  it  would  be  impossible  to  remove  the  tumor 
in  its  entirety,  owing  to  its  immense  size.  The  sac  was, 
therefore,  opened,  and  a  large  quantity  of  its  gruelly  con- 
tents removed  by  pressure.  The  operation  was  then  con- 
tinued, without  any  difficulty,  until  the  entire  cyst  had 
been  removed.  It  was  now  noticed  that  the  cyst  was 
constricted,  in  its  middle,  by  the  inferior  maxillary  bone, 
the  upper  and  lower  portions  of  it  bulging  out  on  both 
sides  of  the  constriction.  There  was  no  haemorrhage 
worth  mentioning.  The  body  and  great  wings  of  the 
hyoid  bone  could  be  plainly  felt  in  the  posterior  recess  of 
the  wound.  The  cyst-wall  was  thin,  and  its  external  sur- 
face was  quite  vascular.  The  microscopical  examination 
of  the  contents  of  the  cyst,  as  well  as  the  primary  loca- 
tion of  the  tumor,  revealed  its  branchial  origin.  The 
wound  healed  very  kindly,  and  shortly  afterward  nothing 
in  the  looks  of  the  young  lady  showed  any  traces  of  the 
deformity  which  had  previously  disfigured  her  face  and 
neck. 

3.  SBEOtrs  Branchial  Cysts.— This  variety  of  bran- 
chial cysts  is  composed  of  thin  cyst-walls  and  serous  con- 
tents, and  may  develop  from  any  one  of  the  branchial 
clefts  failing  to  undergo  complete  obliteration.  This  af- 
fection has  been  described  under  the  name  of  hydrocele  colli 
(Maunoir),  congenital  hygroma  of  the  neck  (Wernher), 
congenital  hydrocele  of  the  neck,  and  congenital  cystic 
tumor  of  the  neck  (Thomas  Smith).  Maunoir,  under  the 
name  of  hydrocele  colli,  described  certain  serous  cysts 
occurring  between  the  angle  of  the  jaw  and  the  mastoid 
process,  and  between  the  larynx  and  the  anterior  margin 
of  the  sterno-cleido-mastoid,  a  region  which  corresponds 
to  the  second  and  third  branchial  clefts,  which  were  sup- 
posed not  to  have  been  obliterated  at  the  time  of  birth. 
We  have  seen,  however,  that  branchial  cysts  are  not  ne- 
cessarily developed  during  intrauterine  life  or  soon  after 
birth.  All  that  is  necessary  is  that  the  matrix  for  the 
cysts  be  present  at  birth,  from  which,  at  some  future  time, 
the  tumor  may  be  developed.  These  tumors  appear  as 
single  or  multilocular  cysts  with  thin  membranous  walls; 
their  internal  surface  is  lined  with  pavement  epithelium. 
Like  cavities  lined  with  a  serous  membrane,  they  contain 
a  limpid,  watery,  or  tenacious  fluid,  holding  in  suspen- 
sion epithelial  cells  and  cholesterine  crystals.  These  cysts 
are  formed  anywhere  in  the  neck,  within  the  area  of  the 
branchial  clefts,  between  the  lower  jaw  and  the  clavicle. 
They  are  usually  deep-seated,  though  occasionally  they 
are  superficial.  They  are  painless,  and  give  annoyance 
only  from  their  size.  Clinically  they  may  be  recog'nized 
from  their  location,  their  globular  cystic  form,  soft  fluctu- 
ating feel,  and  painless  growth.  The  existence  of  tes- 
sellated epithelium  upon  the  inner  surface  of  these  cysts 
has  been  demonstrated  by  Neumann  and  Baumgarten. 
When  these  cysts  spring  from  the  second  or  third  braa- 
chial  clefts  they  are  usually  deeply  located.  Hueter,  in 
extirpating  a  tumor  of  this  kind  in  a  child  two  years  of 
age,  ascertained  that  it  extended  between  the  two  carotid 
arteries  back  to  the  walls  of  the  pharynx.  When  they 
are  deeply  situated  they  are  usually  in  contact  and  con- 
nected with  the  sheath  of  the  large  cervical  vessels,  and' 
receive  a  distinct  impulse  from  the  underlying  artery. 
When  thus  located,  they  offer  the  same  difficulties  to  ex 
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tirpation  as  do  those  of  the  atheromatous  variety.  The 
following  case  may  serve  as  an  illustration  of  this  type  of 
branchial  cysts : 

The  patient  was  a  healthy,  stronj^,  male  child,  six 
months  of  age.  No  history  of  congenital  malformation, 
especially  branchial  fistula,  in  the  family.  When  the 
child  was  born,  a  small  tumor,  the  size  of  a  pea,  was  dis- 
covered on  a  level  with,  and  somewhat  to  the  inner  side 
of,  the  sternal  origin  of  the  sterno-cleido-mastoid  muscle. 
The  tumor  was  painless  and  movable,  but  rapidly  in- 
creased in  size;  When  the  child  was  brought  to  me,  the 
tumor  was  as  large  as  a  walnut.  The  skin  over  it  was 
natural  in  appearance  and  movable.  The  tumor  itself 
presented  a  smooth  surface.  Fluctuation  was  distinct, 
but  the  cyst  appeared  to  be  somewhat  firmly  attached  to 
■  the  adjacent  tissues.  The  cyst  was  readily  enucleated, 
the  adhesions  not  being  very  firm  except  over  the  most 
prominent  point  of  the  tumor,  where  inversion  of  the  skin 
had  undoubtedly  occurred  during  the  closure  of  the  ex- 
ternal opening  of  the  fourth  branchial  tract.  The  adher- 
ent portion  of  the  skin  was  excised  with  the  tumor.  The 
cyst  was  found  to  be  oval  in  shape,  and  smooth,  and  the 
outer  layers  were  quite  vascular.  The  walls  being  thin 
and  the  contents  serous,  the  whole  tumor  presented  a 
translucent  appearance.  The  wound  was  closed  with 
sutures,  and  healed  by  primary  union  under  an  antiseptic 
dressing.  Similar  cases  have  been  reported  by  Smith, 
Vonwiller,  Frederick  Treves,  and  others. 

Thomas  Smith  reports  a  case  which  would  show  that 
these  cysts  may  occasionally  disappear  by  spontaneous 
absorption  of  their  contents.  The  patient  was  a  healthy 
babe,  three  weeks  old.  Immediately  after  birth  a  swell- 
ing was  noticed  in  the  neck,  which  rapidly  increased  in 
size.  When  the  patient  was  first  seen,  a  cystic  tumor 
occupied  almost  the  entire  region  of  the  left  side  of  the 
neck,  extending  from  under  the  lower  jaw  to  the  clavicle. 
The  mother  objected  to  any  kind  of  treatment..  Three 
months  later  the  child  was  seen  again,  when  the  growth 
had  greatly  diminished  in  size.  There  was  nothing  to 
he  felt  but  a  loose,  flabby,  cystic  mass,  not  much  larger 
than  a  hen's  egg.  The  skin  over  it  was  shrivelled,  loose, 
and  baggy.  Three  months  later  the  tumor  was  still 
smaller. 

4.   HiEMATO-CTSTS   OF   BRANCHIAL   CLE^'TS.-^In   SOme 

Instances  of  serous  branchial  cysts  the  fluid  is  discolored 
by  an  admixture  of  blood  from  minute  haemorrhages  into 
the  sac,  but  when  the  contents  are  of  such  dark  color  as 
to  resemble  venous  blood,  they  are  properly  called  hse- 
mato-cysts,  and,  from  a  pathological,  diagnostic,  and 
clinical  point  of  view,  they  constitute  a  distinct  and  well- 
marked  variety  of  branchial  cysts.  Albert  remarks  that 
two  kinds  of  these  cysts  have  been  observed  :  1.  Such  as 
may  be  emptied  by  pressure,  and  are  in  communication 
with  blood-vessels.  3.  Those  which  cannot  thus  be  emptied 
by  pressure,  and  which  simulate  the  appearance  of  an  or- 
dinary serous  cyst  so  closely  that  their  nature  is  only 
recognized  by  puncture.  The  latter  class,  when  they  oc- 
cur in  the  neck,  usually  belong  to  the  branchial  cysts, 
because  they  are  observed  during  early  life,  and  originate 
in  places  which  correspond  to  the  location  of  the  branchial 
clefts.  This  variety  of  cysts  has  been  called  lusmatooele 
coin  by  Michaux,  and  Tuemaioma  by  J.  P.  Frank.  H»- 
msito-cysts  resemble  the  serous  cysts  in  every  particu- 
lar, with  the  exception  of  the  presence  of  blood  in  their 
contents.  It  is  not  an  easy  matter,  however,  to  make  a 
diagnosis  of  this  variety  of  branchial  cysts,  and  it  should 
always  be  made  by  exclusion,  due  attention  being  given 
to  the  location  of  the  cyst,  the  time  of  development,  and 
the  character  of  its  contents. 

Branchial  cysts  are  of  comparatively  rare  occurrence, 
and  the  statistics  cannot  be  relied  upon  in  estimating  the 
frequency  with  which  these  tumors  occur,  as  many  of  them 
have  been  classified  and  described  under  the  generic  and 
indefinite  term,  "  cystic  tumors  of  the  neck,"  without  re- 
gard to  their  etiology.  Guret,  in  1855,  compiled  44  cases 
of  serous  and  6  cases  of  atheromatous  cysts.  Since  that 
time  quite  a  number  of  new  cases  have  been  described 
by  Volkmann,  Billroth,  Esmarch,  Roser,  Langenbeck, 
Luecke,  and  Bruns.    The  serous  variety  of  cysts  is  more 


likely  to  develop  early  ;  they  are  often  congenital,  or  ap- 
pear during  infancy  or  childhood,  while  the  atheromatous 
cysts  are  the  products  of  early  adult  life.  Of  63  cases 
mentioned  by  Schede,  9  occurred  between  the  1st  and 
10th  years  of  life,  31  between  the  11th  and  30th,  10  be- 
tween the  31st  and  30th,  6  between  the  31st  and  40th,  5 
between  the  41st  and  50th,  and  3  between  the  51st  and  60th. 

Like  the  dermoid  cysts,  the  branchial  tumors  show  a 
tendency  to  develop  during  the  period  of  puberty,  at  a 
time  when  the  epiblast  enters  upon  a  new  phase  of  de- 
velopment and  becomes  the  seat  of  renewed  and  active 
tissue-proliferation.  The  remnants  of  the  branchial  cleft 
may  remain  dormant,  as  a  matrix  for  the  future  growth  of 
the  tumor,  for  an  indefinite  time,  and  may  become  the  seat 
of  tissue-growth  during  puberty,  or  upon  the  advent  of 
any  determining  cause  or  causes.  There  are  many  in- 
stances in  which  remnants  of  foBtal  tissue  have  remained 
latent  in  the  branchial  tracts  throughout  a  lifetime,  for 
want  of  an  exciting  cause  of  sufficient  strength  to  call  into 
morbid  activity  the  slumbering  forces  inherent  in  the  his- 
tological elements  of  the  matrix. 

Diagnosis. — The  diagnosis  is  oftentimes  no  easy  task. 
The  importance  of  the  tissues  and  organs  which  are  in 
close  and  intimate  relation  with  these  tumors  renders  it 
imperative  upon  the  surgeon  to  make  a  correct  diagnosis 
before  an  operation  is  undertaken  for  their  removal.  The 
following  conditions  may  simulate  a  branchial  cyst :  1, 
Aneurism  ;  3,  angioma  ;  3,  dermoid  cysts  ;  4,  retention- 
cysts  ;  5,  affections  of  lymphatic  vessels  and  glands ;  6, 
struma  cystica  ;  7,  simple  serous  cysts. 

1.  Aneurism. — As  most  of  the  branchial  cysts  are  in 
immediate  contact  with  the  large  cervical  vessels,  and 
usually  receive*the  impulse  from  the  underlying  artery, 
it  is  always  important  to  exclude  the  possible  presence  of 
an  aneurism.  At  the  age  when  branchial  cysts  are  most 
frequent,  aneurisms,  except  of  traumatic  origin,  are  ex- 
ceedingly rare.  Pressure  does  not  affect  the  volume  of  a 
branchial  cyst,  and  the  pulsations  are  only  felt  in  one  di- 
rection, away  from  the  artery.  Auscultation  furnishes 
another  important  negative  symptom.  An  exploratory 
puncture,  which  should  always  be  made  in  doubtful 
cases,  will  also  furnish  valuable  information,  as  it  will 
afford  an  opportunity  to  examine  the  contents  of  the  tu- 
mor. In  hsemato-cysts  the  contents  may  resemble  venous 
blood,  but  a  microscopical  examination  will  show,  in 
addition,  the  presence  of  epithelium  or  the  products  of 
epithelial  degeneration. 

3.  Angioma. — Deep-seated  angiomata  are  occasionally 
met  with  in  children,  and,  as  the  skin  may  present  a  per- 
fectly natural  appearance,  they  might  be  mistaken  for 
branchial  cysts.  If  the  tumor  disappears  under  pressure 
it  may  be  an  angioma,  but  never  a  branchial  cyst. 

3.  Dei-moid  Oyst.—Ka  dermoid  cysts  may  occur  in  the 
same  localities  and  at  the  same  age,  they  are  frequently 
mistaken  for  branchial  cysts,  and  mee  versa.  As  both 
varieties  of  cysts  require  the  same  treatment,  a  positive 
diagnosis  is  not  essential.  A  correct  anatomical  diagnosis 
can  be  made  by  examining  the  contents  and  the  cyst-waUs. 
A  branchial  cyst  contains  only  one  constant  histological 
element  — epithelium— as  obliteration  of  the  branchial 
tracts  takes  place  long  before  the  appendages  of  the  skin 
are  formed.  A  dermoid  cyst,  on  the  other  hand,  contains 
the  products  of  secretion  of  the  skin  and  its  appendages. 
The  walls  of  a  branchial  cyst  are  composed  of  a  connec- 
tive-tissue capsule,  lined  with  epithelium,  while  the  sac 
of  a  dermoid  cyst  is  composed  of  true  skin. 

4  Retention-Oysts.— The  only  two  forms  of  retention- 
cysts  which  call  for  consideration  in  this  connection  are 
the  true  atheroma  of  the  skin,  the  result  of  obstruction  m 
the  ducts  of  the  sebaceous  glands,  and  the  retro-tracheal 
cyst,  which  originates  in  a  similar  manner  in  the  retro- 
tracheal  glands.  Cysts  arising  from  the  second  and  third 
branchial  clefts  are  always  deeply  located,  and  when  first 
observed  are  distant  from  the  skin,  while  an  atheroma 
primarily  develops  in  the  skin,  and  usually  grows  m 
a  peripheral  direction.  Lanuginose  hair  is  sometimes 
found  in  the  contents  of  an  atheroma,  the  product  ot  re- 
tained hair-follicles  ;  it  is  never  seen  in  branchial  cysts. 

Virchow  has  called  attention  to  a  peculiar  kmd  ot  re- 
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tention-cyst  which  is  found  between  the  oesophagus  and 
the  trachea,  and  which  arises  from  an  obstruction  in  the 
duct  of  one  of  the  retro-tracheal  glands.  These  glands 
are  situated  between  the  trachea  and  oesophagus,  but  their 
ducts  traverse  the  entire  tldckness  of  the  tracheal  wall 
and  terminate  upon  the  free  surface  of  the  mucous  mem- 
brane. These  cysts  are  so  located  that  they  give  rise  to 
distressing  symptoms,  referable  to  deglutition  and  respi- 
ration, before  they  attain  any  considerable  size,  differing 
greatly  in  this  respect  from  the  clinical  history  of  a 
branchial  cyst. 

5.  Affections  of  Lymphatic  Olanda  and  Vessels. — A  deep- 
seated,  isolated,  caseous,  lymphatic  gland  might  be  easily 
mistaken  for  a  branchial  cyst,  more  particularly  after  the 
cyst  had  become  the  seat  of  inflammatory  infiltration. 
It  is  seldom  that  we  meet  any  such  extensive  pathological 
changes  in  a  single  lymphatic  gland  as  to  simulate  a  bran- 
chial cyst,  without  participation  of  one  or  more  adjacent 
glands.  Again,  in  cases  of  disease  of  the  lymphatics,  the 
general  condition  of  the  patient  usually  indicates  the  ex- 
istence of  a  serious  affection,  while  a  branchial  cyst  is  a 
purely  local  condition,  never  affecting  the  general  health 
except  when  it  interferes  with  important  functions  of  the 
neighboring  organs.  Cancerous  or  sarcomatous  affections 
of  the  lymphatic  glands  would  reveal  themselves  by  the 
clinical  symptoms  characteristic  of  these  tumors. 

6.  Struma  Cystica. — Cystic  degeneration  of  the  thyroid 
gland  proper  can  never  be  mistaken  for  a  branchial  cyst, 
as  the  connection  of  such  cysts  with  the  thyroid  body  can 
be  traced  without  any  diflSculty ;  but  recently  it  has  been 
ascertained  that  not  infrequently  small  accessory  thyroid 
glands  exist  in  the  neck,  which  may  undergo  cystic  de- 
generation, and  Madelung  has  made  the  assertion  that  the 
so-called  hydrocele  of  the  neck  is  only  a  struma  cystica 
of  a  supernumerary  thyroid  gland.  The  possibility  of  a 
cystic  degeneration  of  such  an  accessory  thyroid  body 
should  always  be  borne  in  mind  in  examinations  for  bran- 
cliial  cysts. 

7.  Simple  Serous  Cysts. — Virchow  asserts  that  many  of 
the  serous  cysts  develop  without  a  particular  matrix,  as 
new  formations,  in  the  connective-tissue.  It  is  a  well- 
known  physiological  fact  that  the  connective-tissue  cells 
are  occasionally  converted  into  endothelia,  as  during  the 
formation  of  new  synovial  membranes ;  hence  w^e  should 
d  priori  expect  that  in  simple  serous  cysts,  developed 
from  connective-tissue,  the  inner  surface  of  the  sac  would 
be  lined  with  endothelia,  the  existence  of  which  would  be 
sufficient  to  disprove  their  branchial  origin. 

In  repetition  I  will  enumerate  the  following  points, 
which  should  be  considered  in  the  differential  diagnosis 
of  cystic  tumors  of  the  neck  with  special  reference  to 
branchial  cysts  ;  1.  Primary  seat  of  tumor ;  2,  effect  of 
pressure  ;  3,  general  condition  and  age  of  patient ;  4, 
character  of  contents. 

Prognosis. — Branchial  cysts  always  remain  purely 
local  affections  and  manifest  no  tendency  to  destroy  life, 
except  when  they  are  of  sufficient  size  to  interfere,  by 
their  pressure,  with  the  performance  of  important  func- 
tions of  neighboring  organs.  On  the  other  hand,  it  may 
be  said  that  they  manifest  no  tendency  to  spontaneous 
cure,  and  prove  exceedingly  obstinate  to  all  forms  of 
treatment  short  of  complete  extirpation. 

Treatment. — The  inner  surface  of  branchial  cysts 
being  lined  with  epithelium,  it  is  evident  that  obliteration 
of  the  sac  can  only  be  obtained  after  the  destruction  or 
removal  of  this  epidermal  lining.  The  radical  treatment 
for  the  removal  of  these  tumors  must  have  for  its  object 
either  the  production  of  an  artificial  inflammation,  in  the 
interior  of  the  sac,  of  sufficient  intensity  to  destroy  the 
epidermal  matrix,  or  complete  extirpation  of  the  cyst. 
The  former  procedure  is  exceedingly  unreliable,  and  ex- 
tirpation in  many  instances  must  be  looked  upon  as  a 
very  formidable  and  dangerous  operation.  The  follow 
in^  means  have  been  employed  in  the  treatment  of  bran- 
chial cysts :  1,  incision  ;  2,  actual  cautery  ;  3,  seton  ;  4, 
puncture,  with  subsequent  injection  ;  5,  extirpation  ;  6, 
antiseptic  drainage. 

1.  Incision. — In  all  cases  in  which  incision  was  practised, 
the  relief  from  existing  symptoms  was  prompt ;  the  cyst 


collapsed,  a  certain  amount  of  inflammation  was  estab- 
lished, suppuration  followed,  and,  in  some  instances,  the 
patient  and  surgeon  were  led  to  believe  that  a  radical  cure 
was  obtained.  Usually,  after  healing  of  the  wound,  a 
small  nodule  remained,  which,  in  a  few  months,  again  be- 
came the  seat  of  active  tissue  growth,  and  a  speedy  re- 
lapse was  an  almost  constant  occurrence.  In  infants  the 
laying  open  of  cysts  is  a  perilous  plan  of  treatment. 
Volkers  relates  a  case  in  which  a  cystic  tumor  was  laid 
open  in  a  new-born  child,  who  died  sixteen  days  after- 
ward in  consequence  of  the  operation.  A  branchial  cyst 
cured  by  simple  incision  is  reported  by  Billroth.  In  the 
case  of  serous  cysts,  in  which  the  seton  and  iodine  injec- 
tions have  occasionally  been  successful  in  producing  ob- 
literation, it  seems  to  me  that  the  same  object  would  be 
accomplished  more  speedily  and  safely  by  incision  and 
drainage  practised  in  a  similar  manner  as  in  Volkmann's 
operation  for  hydrocele. 

3.  Actual  Cautery. — Dieffenbach  employed  the  actual 
cautery  in  opening  the  cyst  in  one  of  his  cases,  after  he 
had  made  an  unsuccessful  attempt  at  removing  it  by 
extirpation,  and  after  incision  had  failed  in  producing 
obliteration  of  the  sac.  The-  use  of  the  cautery  met  with 
no  more  encouraging  result.  It  would  seeni  to  me  that 
incision,  combined  with  an  energetic  use  of  the  cautery, 
would  be  most  applicable  in  the  most  dangerous  and  for- 
midable class  of  cases,  viz.,  cysts  which  have  become 
firmly  adherent  to  the  sheath  of  the  cervical  vessels  by 
repeated  attacks  of  inflammation. 

3.  Seton. — This  form  of  treatment  proved  successful  in 
several  of  Thomas  Smith's  cases  of  serous  cysts  of  the 
neck,  but  in  some  of  them  their  branchial  origin  does  not 
appear  to  be  established.  Smith  uses  a  single  thread  of 
silk,  and  removes  it  before  suppuration  sets  in.  If  the 
tumor  is  polycystic,  he  attacks  only  one  cyst  at  a  time. 
Gurlt  very  justly  has  entered  his  protest  against  tlie  use 
of  the  seton.  As  in  the  case  of  hydrocele,  the  seton  is  an 
exceedingly  uncertain  agent  in  calculating  with  precision 
the  amount  of  inflammatory  action  which  will  follow  its 
use.  The  degree  of  irritation  produced  by  it  is  very  liable 
to  be  inadequate  to  produce  adhesion,  or  it  exceeds  the 
desirable  boundary,  and  induces  suppuration  with  all  its 
evil  consequences.  Butlin  reports  the  case  of  a  young 
child,  in  whom  a  seton  was  passed  through  a  serous  tu- 
mor, and  which  was  followed  by  death  on  the  third  day 
from  the  violence  of  the  inflammation.  For  this  and 
other  obvious  reasons,  the  seton  should  never  be  used  in 
the  treatment  of  branchial  cysts. 

4.  Puncture,  with  Subsequent  Injection. — In  the  trans- 
actions of  the  Fourth  Congress  of  German  Surgeons, 
the  treatment  of  branchial  cysts  by  puncture  and  injec- 
tion was  fully  discussed.  Esmarch's  experience  appeared 
to  be  the  most  extensive,  and  his  results  were  more  uni- 
formly favorable  than  the  practice  of  any  other  surgeon. 
He  claims  to  have  cured  about  a  dozen  cases  by  puncture 
and  subsequent  injection  of  Lugol's  solution  of  iodine 
(lodinii,  pot.  iod.,  aa  1.35  ;  aquae,  30.0).  Whenever  com- 
plete obliteration  does  not  follow  the  first  puncture,  he 
repeats  the  operation.  This  method  of  -procedure  is  as 
follows  :  By  means  of  a  fine  hydrocele  trocar  the  sac  is 
emptied  of  its  contents,  when  repeated  injections  of  a  one 
per  cent,  solution  of  carbolic  acid  are  made,  to  remove 
the  masses  of  epithelium  adherent  to  the  cyst- wall.  These 
injections  are  continued  until  the  water  returns  perfectly 
clear,  then  Esmarch  injects  from  ten  to  twenty  grammes 
of  Lugol's  solution  of  iodine,  which,  after  gentle  pressure 
to  bring  it  in  contact  with  the  inner  surface  of  the  sac,  is 
allowed  to  escape.  The  patient  is  then  directed  to  return 
in  six  or  eight  weeks.  Like  a  hydrocele,  the  cyst  refills 
rapidly,  and  becomes  somewhat  painful.  If,  after  the 
lapse  of  the  time  mentioned,  the  tumor  has  not  greatly  de- 
creased in  size,  the  same  operation  is  repeated,  and  in  about 
six  months  the  cyst  will  be  found  atrophied  to  a  small 
tubercle.  According  to  Esmarch,  the  cure,  in  most  cases, 
has  been  permanent.  From  the  discussion  which  followed 
Esmarch's  remarks,  it  is  evident  that  the  majority  of 
German  surgeons  have  no  confidence  in  the  efficacy  of 
iodine  injections  in  obliterating  branchial  cysts.  If  we 
consider  the  numerous  failures  of  iodine  injections  >» 
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cases  of  hydrocele,  in  which  the  anatomical  conditions  for 
success  are  so  much  more  favorable,  we  shall  be  better 
prepared  to  appreciate  the  causes  of  its  still  more  frequent 
failures  when  used  in  the  treatment  of  branchial  cysts. 
In  infants,  even  simple  tapping  is  not  always  devoid  of 
danger,  as  one  instance  of  death  is  recorded,  caused  by 
puncture.  The  case  occurred  to  Volkers,  who  tapped  a 
cystic  cervical  tumor  in  an  infant  eight  days  old,  the  child 
dying  of  trismus  on  the  third  day. 

5.  Extirpation. — A  positive  diagnosis  made,  the  best 
plan  to  pursue  is  to  make  an  incision  over  the  most  prom- 
inent portion  of  the  tumor,  and,  in  case  the  adhesions 
can  be  separated  without  endangering  the  deep  cervical 
vessels,  the  entire  cyst  should  be  removed.  If  inflamma- 
tory infiltrations  obscure  the  field  of  operation  at  the  base 
of  the  tumor,  and  after  careful  examination  it  is  not 
deemed  advisable  to  perform  complete  extirpation,  the 
sac  should  be  opened  and  the  lateral  walls  excised  ;  then 
tlie  epidermal  matrix  which  remains  adherent  to  the 
sheath  of  the  cervical  vessels  can  be  destroyed  completehf 
by  a  careful  but  vigorous  use  of  the  actual  cautery.  If 
an  early  diagnosis  is  made,  and  prompt  treatment  insti- 
tuted, complete  extirpation  should  always  be  attempted, 
and  will,  in  the  majority  of  cases,  prove  successful  and 
comparatively  free  from  danger. 

6.  Antiseptic  Drainage. — In  the  case  of  infants  and 
very  young  children  suffering  from  large  serous  cysts,  it 
would  he  imprudent  to  resort  to  any  of  the  severer  meas- 
ures with  a  view  to  a  radical  cure.  In  such  instances, 
drainage  under  antiseptic  precautions  should  be  resorted 
to  as  a  temporary  measure,  and  in  some  instances  it  may 
be  followed  by  permanent  results.  The  same  course  of 
treatment  should  be  adopted  in  adults  suffering  from 
cysts  which  are  inaccessible  to  any  other  operation,  and 
in  which  irritating  injections  are  contraindicated. 
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BREAD,  CRUMB  OF  (Mica  Panis,  Br.  Ph.).  "The 
soft  part  of  bread  made  with  wheat  flour."  This  is  re- 
tained in  the  British  Pharmacopoeia  as  part  of  the  basis 
of  its  Charcoal  Poultice  (Gataplamia  Oarbonis,  Br.),  added 
probably  to  the  linseed  meal,  which  the  poultice  also  con- 
tains, to  make  it  lighter  and  more  porous.  Bread  is  very 
frequently  used  in  this  country  as  the  foundation  of  do- 
mestic poultices,  and  answers  a  good  purpose  where 
flaxseed  is  not  to  be  had ;  but  it  is  less  plastic  and  more 
friable  than  the  latter,  and  is  apt  to  sour  quicker.  As  a 
pill-mass  it  is  entirely  obsolete.  W.  P.  Bollea. 

BREAST,  FEMALE.  The  structure  of  the  female 
breast  varies  with  its  physiological  requirements.  Dur- 
ing lactation  and  the  latter  part  of  pj'egmmcy  it  reaches 
its  maximum  of  development.  The  following  descrip- 
tion is  based  on  that  stage :  The  breast  is  a  compound 
acinous  gland  without  distinct  septa,  the  various  lobes 
being  separated  by  loose  connective  and  adipose  tissue. 
The  number  of  lobes  corresponds  with  that  of  the  efferent 
canals  (sixteen  to  twenty).    The  lobes  consist  of  a  vary- 


ing number  of  lobules,  i.e.,  small  clusters  of  terminal 
vesicles  (acini),  in  which  the  milk  is  secreted.  The  ves- 
icles, round  or  pear-shaped  in  form,  terminate  in  small 
tubes,  these  in  ducts  of  larger  calibre,  which  unite  in  the 
lactiferous  (efferent)  canals.  Thus  the  individual  lobes 
represent  a  system  of  ramifying  ducts  and  their  vesicles 
(see  Fig.  522).    The  lactiferous  canals  converge  toward 


Fio.  622.— Dissection  of  the  Lower  Half  of  the  Female  Slamma  during 
the  Period  of  Lactation,  (Luschka.)  a  a  a,  Undissected  part  of  the 
mamma  ;  1,  the  mammilla ;  2,  areola  ;  3,  subcutaneous  masses  of  fat ; 
5,  three  lactiferous  ducts  passing  toward  the  mammilla  where  they 
open  ;  6,  one  of  the  sinnses  or  ampullae ;  7,  some  of  the  glandular  lobules 
which  have  been  unravelled  ;  7',  others  massed  together.    (Quain,) 

the  nipple,  in  which  they  assume  a  parallel  course,  and 
open  in  groups  of  two  or  three  In  the  wrinkles  of  that 
organ  by  very  small  orifices.  Beneath  the  areola  they 
form  dilatations  (ampuUse,  sinus  lactiferi),  serving  as 
milk  reservoirs.  The  walls  of  the  efferent  canals  consist 
of  fibrillated  connective- tissue  ; 
those  of  the  smaller  tubes  and 
vesicles  are  hyaline.  In  the  nip- 
ple the  canals  are  lined  with 
stratified  flat  epithelium,  the 
smaller  ducts  and  the  tubes  with 
a  single  layer  of  low  columnar, 
the  terminal  vesicles  with  cu- 
boidal  epithelium  (Figs.  533  and 
524).  The  whol^  canal  system 
is  accompanied  by  elastic  fibres, 
fibrillated  connective-tissue,  and 
bands  of  smooth  muscle  fibres. 
The  protoplasm  and  nuclei  of 
the  epithelium  lining  the  termi- 
nal vesicles  contain  fat  globules. 
Shortly  before  and  after  deliverjr  the  vesicles  and  ducts 
are  filled  with  a  fluid  abounding  in  colustrum  corpuscles, 
large,  round  cells  having  indistinct  nuclei  and  containing 
many  fat  granules.  They  are  (probably)  cast-off  epi- 
thelial cells  in  a  state  of  fatty  degeneration  derived  from 
the  terminal  vesicles.    The  nipple  is  conical  or  cylindrical 

in    form,    and 


Fia.  633. — Mammary  Gland  of 
the  Dog.  Transverse  section 
of  a  terminal  vesicle,  showing 
an  early  stage  of  the  forma- 
tion of  fat  globules.  (Heiden- 
hain.) 


H 
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erectile,  owing 
to  circular  and 
longitudinal 
bands  of  smooth 
muscular  fibres. 
Its  apex  is  pro- 
vided with  tac- 
tile corpuscles ; 
its  integument 
'^*~  contains    min- 

Fro.  524,— T  o  lationaasare    ute     sebaceoUS 

shown  in  Fig.  u,«,j,     j.iic  emuu,  u^vvever,  is  in  its    ^Jands       The 
highest  stage  of  functional  activity.     (Heiden-    °„„^7„'   „,,  „ 
hain. )  av  eo  uu>     aVii  - 

rounds  the  base 
of  the  nipple  ;  it  is  of  a  rosy  hue  in  the  virgin,  darker 
colored  in  pregnancy,  owing  to  pigment  (brown  or  yellow) 
deposited  in  the  cells  of  the  rete  mucosum.  Its  papillae 
are  prominent,  the  sweat-glands  voluminous.  Highly 
developed  sebaceous  glands,  the  glanduloe  aberrantes  of 
Montgomery,  discharge  their  contents  partly  on  the  free 
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surface,  partly  into  the  subjacent  lactiferous  canals. 
The  arteries  are  derived  from  the  superior  thoracic, 
acromial  thoracic,  thoracica  longa,  the  rami  infracostales 
of  the  posterior  or  intercostal  arteries,  and  the  perforat- 
ing branches  of  the  internal  mammary.  The  veins  de- 
scribe a  radiating  course  in  the  areola  {circulus  venosus 
HalUri),  transmit  the  blood  to  the  circumference,  and  end 
in  the  cephalic,  axillary,  and  internal  mammary  veins. 
Numerous  plexuses  of  lymphatic  vessels  accompany  the 
ducts  and  surround  the  acini.  Nerves  are  numerous  in 
the  nipple  and  areola,  and  scanty  in  the  interior  of  the 
gland.  They  are  distributed  pnncipally  to  the  blood- 
vessels, and  are  derived  from  the  supraclavicular,  the 
second,  third,  and  sixth  intercostal  nerves.  The  breast  is 
formed  in  the  third  month  of  embryonic  life,  and  originally 
represents  a  group  of  enormously  developed  sebaceous 
glands.  Up  to  pul>er1ij)  their  development  is  the  same 
in  the  two  sexes.  At  this  period  the  ducts  in  the  female 
begin  to  ramify  and!  form  clusters  of  vesicles  whose  num- 
ber is  increased  during  pregnancy.  In  the  male  the  ducts 
remain  stationary  at  puberty,  and  atrophy  in  middle 
age.  In  the  virgin  the  connective-tissue  of  tlie  breast 
consists  of  dense  and  interlacing  fibres  forming  a  com- 
pact mass  ;  adipose  tissue  between  the  lobes  is  wanting. 
The  hyaline  walls  of  the  termiaal  vesicles  are  very  thick, 
the  epithelia  cylindrical.  After  each  childbed  there  is  a 
subinvolution  of  the  gland,  the  terminal  vesicles  diminish- 
ing in  size,  and  the  lumen  of  the  ducts  narrowing.  "With 
the  climacteric  period  a  permanent  involution  of  the  organ 
takes  place,  the  terminal  vesicles  disappear  entirely,  and 
the  ducts  only  remain  in  a  collapsed  state. 

Physiology  of  the  Breast. — The  breast  is  emptied  of 
its  contents  partly  by  suction,  partly  by  contraction  of 
its  smooth  muscle  fibres.  The  contraction  is  due  to  a 
reflex  action  of  the  motor  nerves  produced  by  the  irrita- 
tion of  the  sensory  nerves  of  the  nipple.  During  suction 
the  gland  is  stimulated  to  increased  secretion.  Whether 
the  amount  of  milk  depends  on  blood-pressure  and  the 
action  of  the  vaso-motor  nerves  alone,  or  whether  there 
are  secretory  nerves  proper,  as  in  the  salivary  glands,  is 
an  open  question.  The  influence  of  the  emotions  on 
quantity  and  quality  of  the  milk  is  well  known.  The 
physiological  experiment  shows,  that  on  irritating  the 
mammary  nerve  (in  the  bitch)  erection  of  the  nipple, 
dilatation  of  the  vessels,  and  secretion  of  milk  ensue. 
Section  of  the  cerebro-spinal  nerves  (in  the  goat)  abol- 
ishes the  erectiliUf  of  the  nipple,  but  does  not  interfere 
with  secretion.  It  is  a  question  whether  the  fat  globules 
of  the  milk  are  secreted  by  the  epithelia  of  the  acini,  the 
protoplasm  of  the  cells  merely  expelling  them  by  con- 
traction ;  or  whether  they  are  derived  from  immigrated 
leucocytes  changed  and  disintegrated  into  fat  granules; 
or  whether  they  owe  their  existence  to  the  fatty  degenera- 
tion and  destruction  of  the  cells  of  the  acini,  newly 
formed  epithelial  cells  continually  replacing  the  destroyed 
ones.  The  last-mentioned  view  seems  to  be  most  gen- 
erally accepted. 

The  exact  knowledge  of  the  anatomy  of  the  breast  we 
owe  to  Langer.  To  Eckhard,  Heidenhain,  LafEont, 
Partsch,  Roehrig,  Strieker,  and  others  is  due  the  credit 
for  successful  physiological  investigations. 

L.  Bremer. 

BREAST,  FEMALE,  DISEASES  OF  THE.  A  knowl- 
edge of  diseases  of  the  breast  is  necessarily  preceded  by 
information  as  to  mammary  anatomy  and  physiology, 
since  no  organ  of  the  body  passes  through  more  phases 
during  its  life.  This  information  is  furnished  mainly  in 
the  preceding  article  ;  but  there  are  still  certain  points  in 
regard  to  which  the  writer  desires  to  draw  attention. 

The  mamma  is  a  portion  of  the  reproductive  apparatus, 
and  as  such  is  of  suflJcient  importance  to  designate  a 
most  extensive  class  of  the  animal  kingdom  in  which  it  is 
present,  mammalia.  As  would  be  expected,  there  is  a 
certain  concordance  between  the  number  of  mammary 
glands  with  which  an  animal  is  provided  and  the  number 
of  young  likely  to  be  produced.  The  larger  animals,  e.g. , 
elephant,  possess  two  breasts  ;  the  smaller,  many.  They 
are  always  met  with  normally  in  pairs,  being  ranged  on 
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either  side  of  the  middle  line  of  the  body  anteriorly.  In 
quadrupeds  they  are  usually  abdominal,  but  not  alwavs 
the  horse's  being  in  the  groin,  and  the  elephant's  in  the 
pectoral  region.  While  both  sexes  are  provided  with 
mammae,  they  are  so  decidedly  rudimentary  in  the  male 
as  to  be  deserving  of  no  mention,  and  are  of  interest  only 
pathologically,  and  exceptionally  even  then. 

In  the  adult  human  female  there  are  found  two  breasts 
forming  round  eminences  upon  the  front  of  the  chest! 
These  eminences  are  composed  of  the  mammary  glands 
enclosed  each  in  its  cellulo-adipose  envelope  and  covered 
by  integument,  save  where  they  are  in  connection  with  the 
thorax.  From  the  third  to  the  seventh  xife,  and  from  the 
axilla  to  the  border  of  the  sternum,  is  usually  accepted  as 
the  position  of  the  mamma,  but  to  this  there  are  many  ex- 
ceptions due  to  physiological  conditions  present  at  the  time 
of  observatioa.  Over  the  fifth  intercostal  space  upon  the 
front  of -the  breast,  rather  below  the  centre  of  the  gland, 
the  nipple  .(mamilla)  projects  forward  and  outward ;  sur- 
rounding the  nipple,  covering  a  circle  two  inches  or  so 
in  diameter,  there  exists  an  area  of  darker  hue  than  the 
rest  of  the  breast  (areola).  The  size  and  color  of  boUi 
nipple  and  areola  vary  greatly  in  different  women,  and 
also  at  different  stages  of  pregnancy.  The  general  shape 
of  the  mammary  gland  proper  is  that  of  a  flattened  pyra- 
mid, having  the  base  somewhat  concave,  corresponding 
to  the  thoracic  contour,  and  oval,  the  long  diameter 
reaching  toward  the  axilla.  The  horizontal  section  of  a 
cadaver  at  the  level  of  the  nipples  passes  through  the 
upper  portion  of  the  body  of  the  eighth  dorsal  vertebra. 
The  nipple  forms  the  apex  of  the  pyramid,  the  rounded 
contour  of  the  breast  depending  upon,  the  presence  of 
subcutaneous  fat.  In  the  negress,  the  virgin  mamma  is 
more  pointed  and  less  rounded  than  in  the  white  race. 

In  regard  to  the  structure  of  the  breast,  it  is  only  neces- 
sary to  say,  in  addition  to  what  has  already  been  said  in 
the  ijreceding  article,  that  the  color  of  the  glandular  tis- 
sue is  less  yellow  than  that  of  the  adjacent  fat ;  it  is  also 
more  firm  ;  both  facts  of  moment  to  the  operator  when 
excising  a  breast.  It  should  also  be  remembered  that  fat 
does  not  exist  between  the  chest  and  the  mamma,  and 
likewise  it  is  wanting  under  the  skin  of  the  areola.  Fur- 
thermore, while  the  skin  covering  the  breasts  is  of  fine 
texture,  the  areola,  as  well  as  the  nipple,  is  studded  with 
sebaceous  glands,  whose  secretion  protects  the  surface 
while  the  child  is  being  suckled. 

During  pregnancy  remarkable  darkening  of  the  nipple 
and  areola  occurs,  and  though  after  lactation  the  pigmen- 
tation somewhat  lightens  agsiin,  yet  it  never  disappears. 
The  general  coloring  of  the  woman  influences  the  color 
of  the  areola,  in  dark  women  the  change  being  more  pro- 
nounced than  in  fair  ones.  The  same  rule  holds  for 
negroes  and  the  mixed  races,  mulattoes,  Indians,  etc. 
The  strong  fibrous  investment  of  the  mamma  is  joined  to 
the  skin  by  connective-tissue.  Posteriorly,  equally  strong 
connective-tissue  (the  suspensory  ligaments  of  the  older 
writers)  holds  the  gland  against  the  gi'cat  pectoral  muscle, 
and,  if  the  mamma  be  large,  against  the  serratus  also. 
Beneath  the  pectoralis  major  are  often  found  two  or  three 
small  glands,  which  are  very  generally  in  relation  with  a 
large  and  constant  gland,  situated  near  the  coracoid  pro- 
cess (inward  from  it),  beneath  the  attachment  of  the  pec- 
toralis minor.  I  have  found  this  chain  of  lymphatics 
enlarged  more  than  once  in  consequence  of  mammary 
cancer. 

Capable  of  recognition  about  the  third  or  fourth  month 
of  intra-uterine  life,  the  mammse,  at  birth,  are  well  devel- 
oped, and  often  contain  a  lactescent  fluid  which  may  es- 
cape for  a  day  or  two  ;  from  birth  until  puberty,  in  the 
two  sexes,  these  glands  pursue  about  the  same  course, 
the  nipple  being  perhaps  a  little  larger  in  the  female. 
At  puberty  the  mammse  in  the  male  enlarge  somewhat, 
and  become  painful,  a  thin  fluid  will  occasionally  exude, 
and  a  few  hairs  appear  in  the  areola.  In  the  course  of  a 
few  months  the  glands  return  to  their  former  quiet  state. 
The  enlargement  of  the  breasts  and  nipples,  the  increase  in 
size,  and  the  deepening  in  color  of  the  areola  at  the  time  of 
puberty  in  the  female,  present  phenomena  sufficiently 
familiar.     These  changes  may  precede  or  follow  com 
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mencing  menstruation.  The  gland  has  now  reached  a 
condition  of  passive  maturity  which  is  preserved  until 
the  cessation  of  menstruation.  The  occuiTence  of  preg- 
nancy awakens  the  gland  into  active  maturity,  never  to 
regain  its  former  condition  (see  Lactation).  After  a  preg- 
nancy the  areola  is  permanently  darkened,  the  nipple  is 
enlarged,  the  sebaceous  glands  are  prominent,  and  the  con- 
nective-tissue of  the  breast  is  stretched  so  that  the  lobules  of 
the  gland  are  easily  defined,  while  the  breast  is  attached 
more  loosely  to  the  thorax,  and  the  skin  covering  it  may  be 
wrinkled.  There  is  a  widely  diffused  opinion  that  lacta- 
tion induces  a  flaccid  condition  of  the  breast,  and  that,  to 
preserve  the  figure,  the  secretion  of  milk  should  be  ar- 
rested as  soon  as  possible  after  confinement.  In  scrofu- 
lous women,  and  those  of  lax  fibre,  this  is  true,  but  it  is  not 
so  in  all  healthy,  well-formed  females.  It  would  appear, 
also,  as  though  there  were  certain  race  peculiarities  ;  thus 
Hottentot  and  Indian  women  are  reported  to  be  furnished 
with  such  pendulous  mammae  as  to  be  able  to  give  suck 
to  an  infant  carried  on  their  (the  mothers')  backs.  A 
few  hairs  sometimes  grow  from  the  areola,  not  usually, 
however,  except  in  nulliparae.  In  this  class,  also,  the  sub- 
cutaneous fat  is  apt  to  be  more  or  less  removed  by  ab- 
sorption. After  the  menopause,  atrophy  of  the  glandular 
tissue  occurs,  coincident  occasionally  with  a  large  de- 
posit of  fat  about  the  part.  Atrophy  rarely  takes  place 
in  all  lobules  exactly  at  the  same  time  ;  hence  there  will 
be  present  a  slightly  lumpy  or  nodular  condition  which 
is  not  to  be  mistaken  for  a  new  formation  ; — the  fatty  de- 
posit mentioned  above,  by  producing  apparent  increase 
in  size,  aiding  such  an  error.  Asymmetrical  develop- 
ment of  the  breasts  at  puberty  is  exceptional,  but  is  occa- 
sionally noticed  ;  it  is  but  a  temporary  condition,  and 
usually  need  cause  no  anxiety.  Absence  of  function  in 
one  breast  is  extremely  rare ;  in  such  a  case  one  breast 
will  do  duty  for  two.  An  instance  is  on  record  of  four 
sisters  whose  left  breasts  secreted  no  milk  after  pregnancy. 

Entire  absence  of  mammary  glands  is  extremely  rare — 
amazia — and  is  accompanied  by  other  deformities  usually 
incompatible  with  life.  Absence  of  one  breast  is  more 
often  met  with,  and  the  corresponding  ovary  is  found  to 
be  wanting  as  well  (Scanzoni),  or  the  great  pectoral  mus- 
cle of  the  same  side.  Probably  absence  of  one  breast  and 
deformity  of  the  other  is  the  nearest  approach  to  amazia 
found  in  the  adult. 

Supernumerary  mammae  (Polymastia)  are  not  uncom- 
mon. Bruce,'  in  4,000  examinations,  found  this  deform- 
ity present  in  1.54  per  cent.,  a  ratio  greater  than  usual,  I 
believe.  He  also  finds  men  more  often  affected  than 
women,  in  the  proportion  of  4  to  1,  a  result  contrary  to  that 
obtained  by  Godfrain.*  I  have  seen  the  deformity  .more 
often  in  females.  Axillary  prolongations  are  not  infre- 
quently met  with,  and  may  be  mistaken  for  lymphatics. 
They  undergo  the  usual  development  during  pregnancy, 
the  secretion  escaping  by  the  nipple.  Supernumerary 
mammse  occur  most  frequently  in  pairs,  and  are  situated 
below  the  normal  glands,  rather  nearer  to  the  middle  line  of 
the  body ;  the  situation  next  in  frequency  is  above  the  nor- 
mal glands  and  further  from  the  middle  line,  i.e.,  toward 
the  axilla.  "When  the  defoVmity  is  unilateral,  the  left  side 
is  most  often  chosen.  Supernumerary  glands  below  the 
normal  mammae  are  larger  and  better  supplied  with  nip- 
ple and  areola  than  when  situated  on  the  side  toward  the 
axilla.  They  of  course  follow  the  evolution  of  the  natural 
gland,  becoming  most  apparent  during  lactation,  and 
undergoing  atrophy  after  the  menopause.  Klob  has  re- 
corded an  additional  mamma,  on  the  shoulder,  the  size  of 
a  nut ;  it  was  provided  with  a  nipple.  Two  examples  have 
been  noticed  on  the  back.  Robert  reports  an  instance 
upon  the  thigh  ;  Percy,  one  upon  the  epigastrium.  Mul- 
timammse  are  not  over  fecund,  and  may  or  may  not  be 
provided  with  nipples  for  the  additional  glands,  or  the 
secretion  may  escape  by  a  small  opening.  Functionally 
also  there  may  be  great  variation.  Ross '  reports  a  mu- 
latto with  a  third  breast  beneath  the  normal  left  one.  It 
was  six  inches  in  circumference,  was  provided  with 
nipple,  follicles,  and  areola,  yielded  milk,  and  if  not  at- 
tended to  was  painful  from  over-distention.  The  nipple 
was  too  small  for  the  child  to  nurse.    Lynceus  *  reports 


a  woman  with  four  breasts  in  two  vertical  lines.  All  gave 
milk  abundantly.  Gardner'  a  similar  case  in  a  negress, 
the  supernumerary  glands  being  in  the  neighborhood  of 
the  axillae.  Percy '  reports  the  case  of  a  vivandidre  who 
had  four  mammae  in  two  vertical  lines,  and  a  fifth  five 
inches  above  the  umbilicus,  in  the  middle  line.  This' 
latter  resembled  the  breast  of  an  impubic  girl ;  the  other 
four  secreted  milk. 

Alexander '  records  the  case  of  a  mulatto  male  with 
six  nipples  in  two  vertical  lines,  there  being  a  distance  of 
four  inches  between  the  nipples  vertically.  The  subject 
of  the  report  stated  that  his  mother  was  malformed  in 
like  manner,  four  of  her  nipples  giving  issue  to  milk ; 
also,  that,  of  several  brothers  and  one  sister,  all  save  one 
brother  were  provided  with  four  supernumerary  breasts. 
Unfortunately  these  statements  could  not  be  verified  by 
an  examination.  Robert's '  case,  already  referred  to,  is  as 
follows  :  A  woman,  whose  mother  had  three  breasts,  her- 
self had  a  supernumerary  mamma  upon  the  outer  surface 
of  the  left  thigh,  four  inches  below  the  great  trochanter 
Her  own  child  sucked  the  additional  mamma  for  twenty- 
three  months.  Four  foster-children  nursed  from  it  during 
six  years.  Robert  examined  this  mamma  and  found  it 
atrophic  like  the  (pectoral)  others,  the  menopause  being 
past.  Handyside '  reports  three  brothers  each  with  four 
mammae.  The  parents  were  normal.  Variations,  both  as 
regards  nipples  and  areolae,  are  observed  to  occur,  not 
only  in  connection  with  additional  breasts,  but  also  with 
mammae  in  the  usual  situation  and  otherwise  normal.  G. 
Honnaus  saw  five  nipples  to  one  breast.  Imperfectly  de- 
veloped nipples,  or  indeed  entire  absence  of  nipples,  is 
more  common,  and  this  condition  is  the  cause  of  much 
pain  and  inconvenience,  owing  to  the  infant  being  un- 
able to  nurse  properly,  and  so  inducing  engorgement, 
with  consecutive  inflammation  of  the  corresponding 
mamma.  Congenital  abnormalities  of  the  mamma  are 
hereditary.  They  have  been  seen,  according  to  my  ex- 
perience, more  often  in  the  negro  and  mulatto  than  in  the 
white  race. 

Hypertrophy  of  the  mamma  is  seen  in  both  sexes,  oc- 
curring in  one  or  both  glands.  The  lymphatic  and 
scrofulous  are  more  likely  to  be  so  affected.  As  a  sequel 
of  mumps,  it  may  accompany  atrophy  of  the  correspond- 
ing testicle.  Olphan  quotes'"  from  "Soc.  de  Biologie" 
the  case  of  a  man  who  lost  a  testicle  from  cancer,  and  sub- 
sequently died  from  a  recurrence  of  the  disease  One 
breast  was  enlarged,  and  showed,  on  microscopic  exami- 
nation, colostrum  and  milk-globules.  Gorham  "  records 
the  following  case :  The  patient,  a  soldier,  received  in- 
juries in  battle,  and  acquired  Pott's  disease  of  the  upper 
dorsal  and  lower  cervical  vertebrae.  Atrophy  of  the  testes 
was  observed,  and  coincidently  progressive  enlargement 
of  both  breasts  took  place.  Sexual  desire  was  in  abeyance 
after  the  spinal  injury.  Four  and  a  half  years  subse- 
quent to  the  accident,  Gorham  says  :  "Each  breast  is  at 
this  period  the  size  of  an  orange,  glandular  to  the  touch, 
and  pendulous."  Prior  to  the  spinal  hurt,  the  patient  had 
three  children  by  his  wife  ;  subsequently,  his  figure  and 
appearance  changed,  resembling  that  of  a  eunuch.  This 
case  appears  to  be  the  one  reported  by  Thompson '«  pre- 
viously. Unilateral  hypertrophy  has  not  been  noticed 
coincidently  with  non-descent  of  one  testicle.  Petrequin 
("  Labarraque,  These  de  Paris,"  1875)  saw  a  man  with  a 
pendulous  mamma,  forty-eight  centimetres  long;  no 
cause.  Enlargement  of  one  breast  in  young  boys  has 
been  noted  as  occurring  without  cause,  but  such  increase 
may  be  simulated  by  retro-mammary  lipoma,  as  m  the 
instance  recorded  by  Lobker."  ,       ,    ,       . 

Hypertrophy  of  the  mamma  in  the  female  has  been 
noticed  a  number  of  times.  Inasmuch  as  there  are 
physiological  variations  in  the  size  of  the  mamma,  it  is 
not  easy  to  say  just  when  enlargement  beconies  patho- 
logical. The  breasts  have  been  found  to  weigh  many 
pounds,  constituting  enormous  tumors  pendent  from  the 
front  of  the  thorax,  sufficient,  indeed,  to  prevent  locomo- 
tion, to  any  extent,  on  the  part  of  their  unfortunate  pos- 
sessor. In  Huston's  '*  case  the  right  breast  weighed  twelve 
pounds,  the  left,  twenty  pounds,  Demarquay '»  removed 
a  left  mamma,  after  second  pregnancy,  weighing  eight 
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kilogrammes.  Skuhersky  "  records  mammae  of  eighteen 
pounds  and  nineteen  pounds.  Esterle,"  in  a  case  which 
came  under  his  observation,  judged  the  breasts,  in  the 
third  month  of  pregnancy,  to  weigh  from  twenty-six  to 
thirty  pounds,  confining  the  patient  to  bed.  Chassaignac 
and  Richelot  report  an  instance  of  a  breast  which  weighed 
thirty  pounds,  and  hung  down  as  low  as  the  knee.  Dur- 
ston  '*  made  an  autopsy  of  a  girl  whose  right  breast  was 
supposed  to  weigh  forty  pounds,  and  whose  left  actually 
did  weigh  sixty-four  pounds.  The  skin  covering  such 
enormous  masses  as  these  will,  of  course,  be  greatly 
stretched  and  somewhat  yellowish  in  color,  usually 
roughened  also.  A  certain  woman  was  married  in  1853. 
After  two  pregnancies  the  left  breast  was  so  large  that  it 
reached  to  the  umbilicus,  and  was  removed  in  1858. 
After  removal  it  was  found  to  weigh  sixteen  and  a  half 
pounds.  The  following  in  regard  to  it  is  from  Schmidt's 
"  Jahrbucher,"  t.  cvi.,  p.  51,  1860:  About  two  litres  of 
milk,  very  white,  flowed  from  the  tumor,  showing  here 
and  there  a  streak  of  blood,  without  odor,  alkaline,  thick, 
lesembling  good  cream ;  specific  gravity,  0.98  to  0.99. 
Quantity,  analyzed  by  Professor  Schlossberger,  showed  : 
Water,  67.52;  fat,  38.54;  sugar  and  extractive  matters, 
Q. 75  ;  casein,  3.75  ;  salts,  0.41. 

The  tumor  was  examined  microscopically,  and  from  this 
examination  it  appeared  that  "  the  stroma  was  made  up  of 
fibrous  connective-tissue  split  roughly,  the  cells  communi- 
cating with  each  other  by  numerous  projections,  contain- 
ing, here  and  there,  fatty  granulations.  The  small  vesicles 
of  the  acini,  pear-shaped,  rounded,  or  elongated,  .  .  . 
were  slightly  longer  than  normal,  and  enclosed,  as  did  the 
commencing  excretory  canals,  many  small  bodies  having 
a  well-defined  outline,  and  containing  shining  nucleoli, 
and  a  large  number  of  fatty  globules.  The  larger  excre- 
tory canals  presented  the  usual  structure.  The  lumen 
walls  were  made  up  of  compact  fibrous  connective-tissue, 
mixed  with  cells,  but  without  trace  of  glandular  elements. 
Epithelial  lining  was  lacking.  The  origin  of  these  cavities 
was  due,  very  probably,  to  a  partial  dilatation  of  the  tissue 
by  accumulation  of  its  contents,  which  had  brought  about, 
on  the  one  hand,  destruction  of  gland  sub.stance,  and  on 
the  other,  a  new  formation  of  connective-tissue."  Demar- 
quay's  case,  already  referred  to,  showed  on  microscopic 
examination  fibrous  degeneration.  There  existed,  in  the 
extirpated  breast,  a  central  cavity  containing  serosity  in 
which  were  small  oil-globules,  granular  globules,  and 
blood-cells. 

Cause. — Nothing  certain  is  known  as  to  the  cause  of 
this  increased  growth ;  menstrual  irregularity  or  actual 
suppression  has  seemed  to  be  the  exciting  cause.  In- 
crease with  each  succeeding  pregnancy  is  noted.  In  Hus- 
ton's case  the  ovaries  were  found  diseased.  Recognizing 
the  close  relations  between  the  different  parts  of  any  system 
in  the  human  economy,  it  is  fair  to  infer  some  general  dis- 
turbance of  the  generative  apparatus  prior  to  the  onset  of 
mammary  hypertrophy,  but  of  what  character  such  dis- 
turbance is,  we  are  for  the  present  in  doubt. 

Between  the  ages  of  fourteen  and  thirty  the  affection 
under  consideration  is  most  likely  to  occur.  While  both 
breasts  have  been  hypertrophied,  the  left  seems  to  show 
a  greater  predisposition  to  such  hypertrophy.  An  ex- 
tremely interesting  example  of  temporary  "  increase  in 
bulk,  the  erection  of  mamma,  during  a  paroxysm  of  in- 
termittent fever,  is  noted  byPerrus  (Gaz.  des  Hop.,  1846, 
No.  90,  p.  358) ;  it  yielded  to  quinine.  At  the  onset  of 
the  trouble  the  mammse  are  large  and  firm ;  subse- 
quently, however,  they  are  pendulous,  and  thus  appear 
pedunculated ;  the  lobes  are  easily  distinguished,  the 
areola  is  large,  sensibility  is  lessened,  and  perhaps  there 
may  be  some  oedema  at  the  depending  portion.  'The 
beginning  of  the  disease  is  insidious,  and  its  progress  is 
characterized  by  alternations  of  rapid  increase  and  ap- 
parent quiet ;  entire  retrocession  is  not  observed.  Dur- 
ston's™  case  was  very  rapid,  death  closing  the  scene  in 
three  and  a  half  months.  After  delivery,  should  hyper- 
trophy commence  during  pregnancy,  growth  ceases.  In 
Huston's  case,  gangrene  followed  a  blow,  death  ensuing. 
MacSwiney '-'  relates  a  case  in  which  removal  of  one  breast 
made  the  other  grow  faster. 


The  prognosis  is  not  grave,  except  when  the  mammary 
increase  is  accompanied  by  general  emaciation,  with  fre- 
quent pulse.  Esterle  '^^  met  with  such  a  state  of  affairs, 
and  found  opium  to  give  relief  up  to  the  time  of  confine- 
ment, when  improvement  took  place.  It  is  possible  that 
the  induction  of  a  miscarriage  would  be  necessary,  other 
means  failing,  but  this  should  be  done  only  when  the  life 
of  the  mother  is  gravely  imperilled. 

The  indications  for  treatment  are  both  local  and  gen- 
eral. If  menstruation  be  absent,  induce  it ;  if  it  be  too 
profuse,  diminish  it ;  if  it  occur  during  lactation,  arrest 
it ;  should  arrest  of  lactation  be  the  exciting  cause,  then 
re-establish  the  secretion  ; — in  other  words,  keep  the  gen- 
erative apparatus  normal.  Iodine  and  iodide  of  potas- 
sium, internally  and  by  friction,  are  indicated.  Locally, 
support  and  compression  by  rubber  bands  will  be  found 
useful.  Other  means  failing,  removal  of  the  ovaries,  or 
the  ovaries  and  tubes,  by  establishing  the  menopause, 
might  bring  about  a  cure  of  the  trouble  under  considera- 
tion. I  am  not  aware  that  this  last  treatment  has  ever 
been  adopted  ;  it  is,  however,  physiological,  and  worthy 
of  trial. 

Where  growth  has  ceased  and  the  size  of  the  mamma 
is  inconvenient,  amputation  is  indicated,  as  in  a  case 
already  quoted. 

Variation  in  the  physiology  of  the  mammary  glands  is 
not  less  marked  than  the  anatomy.  Secretion  soon  after 
birth  is  not  so  very  uncommon,  and  in  a  case  recorded  by 
Stephen,"'  abscess  followed  its  retention.  Baudelocque'* 
notes  a  girl,  aged  eight,  who  suckled  a  brother,  and 
Audibert,"  a  woman,  aged  sixty-two,  with  active  mam- 
mae. J.  Young  notes  absence  of  milk  in  the  left  breast 
of  four  sisters ;  for  a  full  account  of  the  subject  the  reader 
should  consult  the  article  Lactation.  The  sympathy 
existing  between  the  breasts  and  other  parts  of  the  genera- 
tive apparatus  is  too  well  known  to  need  more  than  pass- 
ing mention — instance  the  mammary  pain  during  men- 
struation, often  observed. 

Diseases  of  the  Nipple. — The  nipple,  save  in  lacta- 
tion, rarely  attracts  notice  ;  during  the  active  life  of  the 
mamma,  however,  it  is  far  otherwise.  Its  physiological 
perfection  is  a  matter  of  extreme  moment,  not  for  the 
mother  only,  but  for  the  health  of  the  infant.  A  well- 
formed  nipple  of  sufficient  size,  not  buried  deeply  in  the 
areola,  but  standing  out  from  the  skin  surface,  is  to  he 
secured  before  the  end  of  pregnancy.  Should  this  de- 
velopment not  occur  during  the  last  months  of  gestation, 
gentle  traction  upon  the  nipple,  with  pressure  backward 
on  the  areola,  will  be  of  use  in  aiding  protrusion.  Suc- 
tion by  means  of  an  air-pump  has  also  been  tried. 

After  the  termination  of  labor,  two  causes  are  paramount 
in  causing  nipple  disease.  1,  Lack  of  development ;  2, 
lack  of  cleanliness.  The  first  offers  an  obstacle  to  the 
emptying  of  the  breast,  while  the  effort  of  the  child  to 
suckle  excites  the  mamma  to  active  secretion  ;  there  re- 
sults retention  and  engorgement.  The  second  conduces 
to  an  unhealthy  condition,  with  a  long  catalogue  of  skin 
diseases,  erosions,  fissures,  etc.  Not  only,  then,  is  the  pro- 
trusion of  the  nipple'  to  be  assisted,  in  the  manner  de- 
scribed above,  but  the  tender  skin  covering  it  and  the 
areola  should  be  hardened  by  frequent  cool  bathing 
during  the  eighth  and  ninth  months  of  gestation,  or,  per- 
haps, by  the  employment  of  a  slightly  astringent  lotion. 

After  the  child  nurses,  the  nipple  and  areola  are  to  be 
gently  and  thoroughly  cleansed,  in  order  that  the  baby's 
saliva  or  a  little  milk,  etc.,  may  not  rest  in  the  natural 
rugae  of  the  part,  and  so  induce  irritation  or  a  worse  con- 
dition. Erythema  and  eczema  present  no  symptoms  not 
seen  elsewhere  ;  ecchymoses,  from  the  child's  suction  and 
chewing  while  suckling,  are  recognized  by  the  ordinary 
signs.  Paget  has  described  a  chronic  eczema  which  has 
its  starting-point  in  the  nipple  ;  after  destroying  the  latter, 
the  disease  gradually  extends  both  over  the  surface  and 
into  the  substance  of  the  mamma,  and  finally  terminates 
in  carcinoma.  Investigation  seems  to  negative  the  simple 
character  of  this  eczema,  and  it  is  known  as  malignant 
papillary  dermatitis.  The  exact  nature  of  the  disease 
cannot  yet  be  considered  as  settled  upon  an  anatomical 
basis.     The  prominent  characteristics  are :  a  bright  red 
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raw  surface,  slightljr  raised,  with  a  well-defined  border  ; 
to  the  touch,  a  certain  firmness  or  parchment  induration  ; 
secretion  scanty  ;  existence  very  chronic.  The  areola 
and  nipple  are  affected ;  the  latter  disappears  and  is 
replaced  by  a  crater-like  depression.  By  extension  along 
the  milk-ducts,  carcinoma  of  the  mamma  is  established  ; 
topical  applications  have  not  hitherto  been  of  use.  When 
the  disease  under  consideration  is  established,  extirpation, 
as  soon  as  the  diagnosis  is  assured,  should  be  done. 

Fissures,  erosions,  etc. ,  when  first  established,  are  best 
treated  by  slightly  astringent  applications,  afterward  by 
emollient  washes.  Later,  after  the  child  has  nursed,  the 
breast  may  be  washed,  dried,  and  powdered  with  bis- 
muth subnit.,  lycopodium,  etc.  I  have  seen  excellent 
results  follow  the  application  of  pure  rubber,  dissolved  in 
chloroform,  to  the  fissures,  before  the  child  is  allowed  to 
nurse.  The  application  of  a  four  per  cent,  solution  of 
cocaine  is  reported  as  giving  excellent  results.  Shields 
and  artificial  nipples  of  one  kind  or  another  may  give 
good  results,  or  the  secretion  of  milk  may  require  sup- 
pression, in  order  to  bring  about  healing.  Abscess  of 
the  nipple  is  infrequent,  and,  according  to  Velpeau,  occurs 
in  a  milk  channel  most  often ;  under  such  conditions 
milk  will  escape  after  the  discharge  of  matter.  Rarely 
more  than  a  drop  or  two  of  pus  is  formed. 

Chancre  of  the  nipple  and  areola  are  usually  acquired 
by  inoculation  from  a  mucous  patch,  and  resemble 
chancre  of  the  lip.  The  amount  of  induration  is  very 
marked,  not,  however,  appearing  suddenly  ;  parchment- 
like at  first,  the  induration  spreads  to  subjacent  tissues, 
and  may  involve  an  area  equal  to  that  of  a  silver  dollar. 
If  the  breast  is  being  nursed,  a  scab  is  not  allowed  to  form ; 
otherwise  a  covering  crust  is  not  unusual.  The  primary 
lesion  of  syphilis  may  appear  as  an  erosion,  fissure,  or 
ulceration.  An  axillary  bubo  will  exist,  more  often  just 
under  the  edge  of  the  great  pectoral  muscle  rather  than, 
deep  in  the  axilla.  The  progress  of  the  chancre  is  slow 
and  painless,  changing  with  the  advent  of  secondary  ac- 
cidents into  a  mucous  patch.  During  the  early  stage 
only  of  the  disease  will  there  be  room  for  doubt ;  absence 
of  pain,  however,  a  raw  surface  existing,  is  to  be  looked 
upon  with  grave  suspicion.  A  nursing  woman  being 
affected,  the  mouth  of  the  infant  she  nurses  is  to  be  scru- 
tinized closely. 

HyperaBsthesia  of  the  nipple,  accompanying  a  rigid 
condition  of  the  organ,  has  been  noted,  and  will  probably 
depend  upon  disturbed  function  of  the  uterus  and  ap- 
pendages. 

A  similar  hypersesthesic  condition  of  one  or  both 
breasts  may  be  met  with,  and  is  likewise  dependent  upon 
an  artificial  mode  of  life,  inducing  defective  menstrua- 
tion. 

Neuralgia  of  the  breast,  the  so-called  irritable  mamma, 
is  to  be  classed  with  the  two  preceding  affections,  and 
is  the  outgrowth  of  incomplete  or  deranged  sexual  life. 
The  subjects  are  usually  unmarried,  but  not  always ; 
young,  under  twenty -five  years,  slender,  with  pale  com- 
plexion, of  lax  muscular  fibre,  and  not  dependent  on  their 
own  exertions  for  a  livelihood.  They  will  show  strong 
predilection  for  trashy  literature  and  laziness,  rather  than 
for  the  standard  authors  and  exercise ;  the  ism  of  the 
day  will  prove  a  subject  of  absorbing  interest.  Other 
hypersesthesic  spots  or  lines  generally  exist  upon  the  skin 
of  such  individuals,  along  the  spine,  for  instance,  or  over 
the  intercostal  nerves,  and  certain  attitudes  or  motions 
will  be  complained  of  as  liable  to  induce  great  suffering. 
Some  sorrow  may  have  been  experienced,  and  the  sub- 
ject of  it,  from  overmuch  thought,  gradually  develops 
sympathy  for  herself,  changes  her  mode  of  life,  and 
generates  a  mammary  pain.  Physical  examination  of  the 
breast  shows  no  cause  for  suffering. 

Treatment  consists  in  regulating  menstrual  life  and 
causing  the  patient  to  pursue  an  active  and  useful  exist- 
ence. In  my  hands,  far  more  success  has  been  thus  at- 
tained than  by  resorting  to,  and  relying  largely  upon, 
drugs.  Menstruation,  whether  excessive  or  deficient,  is 
to  be  rendered  normal  by  appropriate  means.  An  action 
of  bowels  once  daily  is  to  be  secured,  diet  should  be  sim- 
ple, nutritious,  and  not  in  excessive  quantity ;  clothing 
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should  be  warm  and  loose,  not  confining  natural  move- 
ments ;  the  function  of  the  skin  should  be  assisted  by 
cold  sponging,  regular  exercise  insisted  on,  the  patient 
should  retire  to  bed  early  and  rise  early,  dime  novels  put 
aside  and  the  classics  read,  so  that  both  mind  and  body 
are  gradually  led  to  a  normal  healthy  condition,  the 
mammary  pain  departing  meantime.  Briefly,  the  treat- 
ment may  be  stated  in  the  old  saying,  ' '  Live  on  sixpence 
a  day  and  earn  it." 

Contusions  of  the  mamma  are  of  interest  as  having 
given  rise  to  malignant  disease  in  a  certain  number  of 
cases.  In  order  properly  to  estimate  violence  as  a  factor 
in  the  etiology  of  carcinoma  or  sarcoma,  the  number  of 
bruised  breasts  not  the  seat  of  malignant  growths  should 
be  known.  This  is  manifestly  impossible,  and  with  our 
present  knowledge  we  must  remain  in  doubt  concern- 
ing violence  as  a  factor  in  the  etiology  of  malignancy. 
Ecchymoses  without  traumatism  have  been  observed  in 
women  menstruating  with  difficulty,  blood  also  oozing 
from  the  nipple,  perhaps. 

Wounds  of  the  mammary  gland  bleed  freely  ;  parenchy- 
matous hsemorrhage  and  much  oozing  follows.  Pressure 
with  sponges  or  cloths  wrung  out  in  hot  water  is  the  most 
efficient  hsemost^tic  ;  healing  is  not  rapid  and  pus-forma- 
tion usual. 

Inflammation  of  the  breast — mastitis — may  occur  at  any 
age,  but  is  found  far  more  often  during  the  early  days  of 
a  first  lactation  than  at  any  other  time.  It  is  no  uncom- 
mon circumstance  for  the  mammse  at  birth  to  be  some- 
what swollen  and  to  give  exit  to  a  small  amount  of  discharge 
more  or  less  milky  in  character ;  if  let  alone,  no  harm  fol- 
lows. Injudicious  handling  on  the  nurse's  part  to  "work 
out  the  milk  "  is  almost  always  indulged  in  with  the  result 
of  causing  an  abscess  somewhat  often.  Up  to  and  includ- 
ing early  puberty  mastitis  is  rare,  and  when  present  is 
apt  to  be  chronic  rather  than  acute.  The  subjects  are 
girls  of  feeble  muscles,  pasty  complexion,  torpid' bowels, 
etc.,  and  present  those  symptoms  generally  grouped  under 
the  term  strumous.  Early  opening  of  the  abscess,  general 
tonics,  and  out-of-door  life,  with  regular  hours,  suffice  for 
a  cure.  During  pregnancy  and  the  normal  mammary 
development  consequent  thereon,  save  from  traumatism, 
abscess  is  very  rare ;  but  with  labor  the  scene  changes  ; 
mammary  inflammation  and  abscess  occurring  most  fre- 
quently during  the  first  month  of  lactation  depend,  in 
the  great  majority  of  cases,  upon  a  defective  development 
of,  or  morbid  condition  of,  the  nipple.  The  nipple  is 
so  small  that  the  child  grasps  it  with  difficulty,  suck- 
ling is  imperfect,  and  the  mamma  is  not  emptied ;  or  a 
cracked  and  fissured  nipple  is  so  painful,  when  grasped 
by  the  baby's  mouth,  that  suckling  is  again  imperfect,  or 
from  the  inflamed  nipple  through  the  lymphatics,  trouble 
is  induced  at  a  distance.  The  inflammation  and  abscess 
met  with  in  early  lactation  are  recognized  as  occurring, 
first,  superficial  to  the  gland — subareolar ;  second,  be- 
neath the  gland  in  relation  with  the  thorax — submam- 
mary ;  third,  in  the  connective-tissue  of  the  mamma — 
interlobular.  To  these  three  classical  situations  I  will 
add  a  fourth  :  in  a  lacteal  sinus,  which,  although  not  met 
with  so  soon  after  birth  as  the  others,  is  worthy  of  recog- 
nition. 

The  cause  of  mammary  abscess  is  not  difficult  to  fine" 
Pregnancy  calls  into  life  a  hitherto  comparatively  rudi- 
mentary organ  for  the  performance  of.  an  active  function, 
and  failure  of  any  part  of  the  organ  determines  an  acci- 
dent. The  nipple,  a  healthy  condition  of  which  is  essen- 
tial to  proper  escape  of  the  mammary  secretion,  is  sub- 
ject to  violence,  etc.,  from  the  infant,  and  an  inflammatory 
accident  follows,  by  continuity  of  tissue  or  lymphatic 
transmission. 

A  subareolar  abscess,  not  larger  than  a  filbert,  is 
found  in  the  connective-tissue  of  the  locality  implied  by 
the  name,  and  is  recognized  by  the  usual  si^ns.  An 
early  incision  is  indicated,  in  a  direction  radiatmg  from 
the  nipple  to  the  periphery.  I  have  never  been  able  to 
appreciate  the  humanity  of  waiting  until  a  mammary 
abscess  "  points ; "  great  pain  is  thereby  entailed  upon  the 
unfortunate  woman,  and  the  function  of  the  breast  is  kept 
in  abeyance,   or  perhaps  permanently   impaired.     The 
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many  means  for  obtunding  suffering  now  at  the  surgeon's 
command  render  procrastination  most  injudicious  from 
a  painsaving  point  of  view,  if  from  no  other.  Submam- 
mary abscess  is  rare  ;  a  collection  of  pus  forms  in  the 
connective-tissue  joining  the  breast  to  the  great  pectoral 
muscle.  Inflammatory  fever  is  apt  to  run  high,  move- 
ment of  arm  and  chest  muscles  increases  pain,  and  the 
whole  breast  is  pushed  forward,  is  tense,  retains  its  con- 
tour, and  imparts  to  the  examining  hand  a  sensation  as 
though  the  mamma  rested  upon  an  elastic  cushion  ;  fluc- 
tuation at  the  periphery  of  the  breast  may  sometimes  be 
felt,  late  in  the  aiiection.  Large  veins  will  be  seen  wan- 
dering in  the  skin  covering  the  breast.  This  variety  of 
abscess  may  be  caused  by  an  interlobular  mastitis,  by  an 
axillary  abscess,  by  a  carious  rib,  or  by  the  bursting  of  an 
empyema  through  the  chest-wall.  An  opening  is  best 
made,  in  the  absence  of  some  special  indication,  below  and 
to  the  outer  side.  The  incision  should  be  of  -moderate 
length,  and  a  director  should  be  introduced  into  the  wound 
as  a  guide  for  the  dressing-forceps,  which  should  be  with- 
drawn open  in  the  usual  manner.  The  use  of  a  drainage- 
tube  is  expedient,  and  should  free  exit  for  inflammatory 
discharge  not  be  afforded  by  one  opening,  then  another 
is  indicated.  The  breast  should  be  well  supported  and 
pressed  against  the  chest  by  a  bandage  or  by  strips  of  ad- 
hesive plaster.  Should  an  empyema  or  carious  rib  exist, 
treatment  proper  for  it  is  to  be  instituted.  Inflammation 
of  the  gland  proper  or  of  the  interlobular  tissue  follows 
engorgement  consequent  upon  a  cracked  or  excoriated 
nipple,  or,  indeed,  upon  any  cause  preventing  free  dis- 
charge of  milk.  A  sense  of  discomfort  is  soon  followed 
by  pain,  etc.,  and  fever  is  very  marked.  Occasionally  a 
chill  ushers  in  the  disease.  The  interlobular  tissue  is  first 
attacked,  and  the  inflammation  may  extend  between  sev- 
eral lobes,  or  to  the  sublobular  tissue.  The  strong  cap- 
sule of  the  mamma  opposes  extension  toward  the  skin, 
and  pointing  occurs  late,  pending  which  the  glandular 
tissue  may  become  involved  and  suppuration  in  it  occur, 
permanently  impairing  the  affected  lobe  or  lobes.  Fluc- 
tuation is  not  found  early,  and  should  not  be  awaited ; 
acute  pain  somewhat  localized,  hardness,  and  elastic  ten- 
sion, will  suffice  for  a  diagnosis,  and  will  justify  a  pimct- 
ure,  followed  by  incision  if  matter  escape.  In  this  form 
of  abscess,  as  well  as  in  others,  a  sensitive  and  enlarged 
gland  may  be  met  with  in  the  axilla.  Should  artificial 
opening  be  deferred,  the  matter  slowly  approaches  the 
surface  and  then  points  rather  suddenly.  Successive  ab- 
scesses may  form  in  the  mamma,  as  the  infiammation 
slowly  extends  from  one  place  to  another. 

Successive  formations  of  pus-depots,  following  acute 
mastitis,  are  indications  of  a  too  limited  opening,  with  in- 
complete discharge  of  matter.  During  acute  inflamma- 
tion a  mamma  should  not  be  nursed  by  the  infant,  but 
lacteal  engorgement  must  be  carefully  prevented  by  the 
diligent  use  of  a  breast-pump ;  it  is  usually  not  necessary 
to  entirely  arrest  milk  formation  by  drugs,  etc.,  unless  a 
discharge  of  pus  by  the  nipple  is  chronic  or  the  abscess 
shows  no  disposition  to  heal.  Acute  inflammation  of  a 
lacteal  sinus  is  infrequent,  occurs  usually  long  after  the 
puerperal  condition  is  met  with,  in  ansemic  patients,  and 
follows  interlobular  mastitis,  or  more  often,  perhaps,  ob- 
struction of  the  outlet  through  the  nipple.  Probably  a 
catarrhal  inflammation  of  the  mucous  membrane  is  pres- 
ent. The  prominent  symptoms  are:  pain  over  the  sinus, 
which  increases  with  distention  ;  discomfort  on  pressure 
usually;  and,  during  quiescence  of  the  gland,  pressure 
will  cause  pus  to  exude  from  the  nipple.  The  two  in- 
stances in  whiclr  I  have  recognized  this  condition  were 
treated  in  various  ways,  but  the  mammary  secretion  dis- 
agreed with  the  nurslings  and  it  became  necessary  to 
arrest  lactation  in  order  to  effect  a  cure. 

It  has  been  already  said  that  the  incision  to  evacuate 
pus  from  a  mammary  abscess  should  be  made  in  the  di- 
rection of  a  line  drawn  from  the  nipple  toward  the  pe- 
riphery of  the  gland. 

Chronic  abscess  is  sometimes,  though  rarely,  met  with, 
and  is  more  apt  to  be  confounded  with  scirrhous  carcinoma 
than  with  any  other  morbid  condition.  It  begins  deeply 
in  the  gland,  and  incorporates  surrounding  parts  by  firm 


exudation  ;  later,  the  nipple  may  be  somewhat  retracted, 
the  skin  dimpled,  reddened,  and  adherent,  also  the  axillary 
lymphatics  may  be  enlarged  and  tender.  Women  whose 
health  is  poor  and  nutrition  defective  are  usually  affected. 
A  diagnosis,  differential,  between  chronic  abscess  and 
seirrhus,  is  sometimes  so  difficult  as  to  require  an  incision. 
The  treatment  is  free  incision,  generous  diet,  and  general 
tonic  regimen.  Port,  beer,  or  porter  will  assist  recovery 
by  strengthening  the  patient.  Tuberculosis  of  the  mamma, 
with  our  present  knowledge,  would  probably  escape  rec- 
ognition. A  tumor  slowly  suppurating,  leading  to  the  for- 
mation of  sinuses  with  undermined  edges,  in  a  subject  of 
tuberculous  tendencies,  would  excite  suspicion  which  the 
microscope  would  be  called  upon  to  confirm,  by  disclos- 
ing the  bacillus.  Extirpation  will  be,  of  course,  the 
proper  treatment ;  sinuses  should  be  "  spooned  "  and  iodo- 
form applied.  In  a  certain  number  of  women  a  breast 
which  has  been  the  seat  of  abscess  becomes  the  seat 
of  malignant  disease  subsequently.  I  have  not  been  able 
to  see  that  the  two  conditions  bore  to  each  other  the  rela- 
tion of  cause  and  effect.  For,  while  carcinoma  is  found 
in  a  breast  which  has  been  the  seat  of  mastitis,  yet  many 
mammse,  which  have  been  similarly  affected,  do  not  de- 
velop carcinoma.  I  have  noted  a  carcinoma  in  one 
mamma  which  had  always  been  healthy,  the  other  breast 
having  suffered  from  inflammation  after  confinement.  It 
is  natural  to  suppose  that,  if  much  induration  remains 
permanently  after  mastitis,  malignant  disease  would  be 
more  apt  to  develop  than  if  no  such  induration  were 
present. 

Classiticatign  or  Mammabt  Tumors. 

With  our  present  knowledge  of  mammary  tumors,  it 
may  be  safely  said  that  any  classification  is  but  provis- 
ional, and  will  need  modification  from  time  to  time,  as 
additional  facts  are  added  to  those  already  known. 
Tumors  may  be  considered  as  indicating  new  formations 
and  cysts,  alone  or  in  combination,  and  are  best  grouped 
according  to  their  anatomical  elements.  It  is  unfortu- 
nately a  fact  that  the  clinical  history  of  a  growth  cannot 
be  stated  so  soon  as  the  histology  is  known,  but  it  can  be 
done  far  more  accurately  now  than  was  possible  some 
time  since,  and  more  accuracy  is  daily  being  attained.  I 
submit  the  following : 

L  Cysts. 

II.  (as)  Tumors  resembling  fully  developed  connective- 
tissue  :  fibrous  tissue,  fibroma ;  adipose-tissue,  lipoma ; 
mucous  tissue,  myxoma ;  bone,  osteoma. 

(b)  Tumors  resembling  embryonic  connective -tissue: 
sarcoma. 

III.  Tumors  resembling  epithelial  (secreting)  tissue  : 
carcinoma. 

IV.  Tumors  resembling  the  more  complex  higher  tis- 
sues :  gland -tissue,  adenoma;  nerve-tissue,  neuroma; 
vascular  tissue,  angioma ;  the  two  latter  so  rare  as  to 
be  disregarded. 

Of  the  foregoing  tumors,  sarcoma  and  carcinoma  are 
classed  as  malignant,  the  others  as  non-malignant  or  be- 
nign. Carefully  kept  clinical  records,  supplemented  by 
accurate  anatomical  research,  are  greatly  needed  in  the 
study  of  mammary  growths,  and  the  absence  of  such  rec- 
ords renders  much  experience  in  the  pas';  quite  useless 
at  the  present  time.  Probably  no  one  word  has  brought 
about  this  result  so  much  as  the  term  "  cancer,"  which  is 
used  either  clinically,  or  anatomically,  or  as  a  means  of 
concealing  ignorance,  by  different  observers.  Clinically 
it  means  malignant,  anatomically  it  means  carcinoma; 
to  avoid  misunderstanding,  the  term  will  not  be  employed. 

Cysts  are  sacs  enclosing  fluid  more  or  less  thick.  A 
lacteal  cyst — galactocele — is  a  tumor  containing  milk,  nor- 
mal perhaps,  but  more  often  having  undergone  changes 
during  retention.  A  sinus  or  duct  becomes  closed,  and  is 
gradually  dilated  by  milk  as  fast  as  it  is  secreted.  The 
tumor  begins,  as  a  rule,  beneath  the  areola,  without  infiam- 
mation, and  with  little  pain,  and  extends  toward  the  pe- 
riphery, usually  in  a  nursing  woman.  Should  the  oc- 
cluded duct  be  in  a  lobule,  the  tumor  will  commence 
deeply,  and  at  a  distance  from  the  nipple.  Increase  at 
first  IS  rapid ;  later,  however,  if  lactation  cease,  diminu- 
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tion  in  bulk  occurs,  the  cyst  parting  with  its  fluid  and 
becoming  more  solid  ;  its  contents  will  then  be  curd-like, 
consisting  of  epithelium  and  fatty  matters.  Lacteal 
cysts  have  been  noted  of  enormous  size ;  they  are  usu- 
ally single,  and  do  not  discolor  or  involve  the  overlying 
skin  unless  inflammation  supervene.  In  a  case  observed 
by  me  tension  of  the  cyst  varied  with  the  active  or  pas- 
sive state  of  the  gland.  Pain  is  very  rare,  and  the  size 
of  the  breast  is  complained  of  only.  The  general  outline  of 
the  cyst  is  oval  and  smooth,  more  rarely  lobulated.  This 
latter  shape  is  due  to  rupture  of  the  wall  at  some  point, 
and  escape  of  contents  which  become  encapsulated  in 
connective-tissue.  The  diagnosis  offers  difficulty  only 
when,  from  long  retention,  the  cyst-contents  have  become 
more  or  less  solid ;  but  even  then  the  previous  history 
enables  the  surgeon  to  usually  avoid  mistakes. 

In  a  nursing  woman,  puncture  or  aspiration  relieves 
temporarily,  but  does  not  cure,  for  the  cyst  refills  quickly ; 
injection  with  iodine  tincture  is  equally  inefficient.  A 
free  incision,  followed  by  suppuration  of  the  sac,  or  extir- 
pation of  the  cyst,  are  the  most  reliable  methods  of  cure ; 
of  the  two,  probably  extirpation  is  the  less  painful.  In 
a  non-nursing  woman  aspiration,  followed  by  injection 
of  iodine  tincture,  offers  more  chance  of  cure,  and 
should  be  tried,  but  the  more  radical  measures  men- 
tioned above  will  probably  be  resorted  to. 

Non-lacteal  cysts  occur  before  and  after  the  menopause, 
and  result  from  the  obstruction  and  subsequent  dilatation 
of  one  or  more  ducts.  Such  cysts  are  usually  multiple, 
not  large,  scattered  through  the  gland,  and  contain  a  fluid 
more  or  less  thick,  secreted  by  the  lining  membrane  of 
the  dilated  duct.  This  fluid  may  be  clear  or  colored ;  and 
these  colored  cysts,  in  which  the  colors  red  and  yellow 
predominate,  are  found  more  often  in  advancing  years 
than  at  an  earlier  period.  In  the  nursing  woman  the 
cysts  under  consideration  are  rare  ;  they  are  met  with  in 
sterile  women,  or  in  those  who  have  long  ceased  to  bear 
children  and  approach  the  menopause.  Pain  is  excep- 
tional, but  weight  and  discomfort  are  complained  of.  In- 
crease is  slow  and  gradual ;  lymphatic  implication  is  never 
seen.  The  diagnosis  is  made  with  difficulty  ;  and,  after 
all,  that  is  a  matter  of  small  importance,  since  extirpation 
alone  promises  relief,  if  multiple  cysts  exist.  Discharge 
from  the  nipple  is  a  not  infrequent  accompaniment  of 
cystic  growths.  Large  single  cysts  are  usually  found 
near  the  centre  of  the  mamma  ;  multiple  cysts,  generally 
small,  occur  more  often  near  the  periphery.  Both  breasts 
are  sometimes  affected,  but  never  to  the  same  degree. 
Obstruction  of  a  duct,  causing  the  cyst,  occurs  in  the  old, 
probably  from  contraction  of  the  fibrous  stroma,  while 
in  youth  defective  evolution — excessive — of  an  acinus  is 
invoked  as  a  cause  ;  hence  the  terms  "  involution  cysts" 
and  "  evolution  cysts,"  as  they  are  called.  The  diagnosis 
rests  on  the  slow  growth,  shape,  consistence,  and  multi- 
plicity, on  the  absence  of  glandular  enlargement  in  the 
axilla,  and,  in  case  of  puncture,  on  the  escape  of  contents. 
When  many  cysts  exist  removal  of  the  breast  only  will 
afford  relief ;  a  single  cyst  may  be  opened,  suppuration 
induced,  and  a  cure  by  granulation  obtained.  Hydatid 
cysts  of  the  breast  are  extremely  rare,  and  the  growth 
being  slow,  this  variety  will  usually  be  confounded  with 
a  retention-cyst.  On  incision,  daughter  cysts  may  be 
seen,  or  booklets  may  be  found  with  the  microscope. 
HeaUng  by  granulot.ion  after  discharge  of  the  hydatid  is 
to  be  expected. 

Cysts  in  relation  -with  tumors  will  be  found  under  the 
heading  of  the  appropriate  new  growths. 

Extravasation  of  blood,  which  may  become  encysted, 
has  already  been  referred  to.  The  ordinary  wen — se- 
baceous cyst — occurs  rarely  in  the  breast,  and  attains  but 
small  size. 

TuMOBS  Resembling  fully  foembd  Connective- 
TisswB— Fibroma,  Lipoma,  Myxoma,  En(j!hondroma. 
—Of  these  the  first-named  is  much  the  most  frequently 
met  with ;  indeed,  it  is  much  the  least  rare  of  benign 
mammary  growths.  It  is  composed  of  hyperplastic  con- 
nective-tissue, together  with  glandular  elements,  more  or 
less  imperfect.  It  is  this  latter  circumstance  which  has 
given  rise  to  confusion,  the  terms  adenoid,  fibro-adenoma, 


adenocele,  being  used  by  various  observers.  The  fibroma 
may  enclose  one  or  more  cysts,  from  dilatation  of  con- 
tained ducts,  or  may  project  into  a  duct  which  becomes 
dilated,  thus  appearing  as  an  intracystic  tumor.  More 
precise  •  information  will  be  found  under  the  heading 
Tumors. 

Fibrous  tumors  are  observed  during  the  period  of  ac- 
tive menstrual  life,  preferably  between  the  ages  of  sixteen 
and  thirty,  yet  instances  have  been  recorded  as  early  as. 
twelve  and  as  late  as  fifty-six  years.  An  overgrowth 
existing  in  an  active  organ  would  be  expected  to  induce 
pain  and  impair  function ;  and  the  first  expectation  is 
verified  in  many  cases,  for  pain  in  the  breast  during  men- 
struation and  pregnancy  is  common ;  during  menstruation 
and  pregnancy,  also,  increase  in  size  of  the  tumor  may 
occur,  to  subside  as  the  gland  regains  physiological  rest. 
Hereditary  predisposition  is  not  apparent,  and  it  is  a  sin- 
gular fact  that  the  negro,  in  whom  fibroma  uteri  is  very 
often  found,  is  very  rarely  the  subject  of  circumscribed 
fibroma  mammse  The  variety  of  growth  under  consid- 
eration presents  itself  as  a  circumscribed,  rounded  mass, 
firm  and  elastic  to  the  touch,  with  here  and  there,  per- 
haps, a  protruding  boss,  in  which  fluctuation  may  be  ap- 
parent, indicating  cystic  association.  The  most  usiial  site 
is  at  the  periphery  of  the  breast,  above  the  nipple,  where 
the  tumor  will  be  found  projecting  under  the  skin  ;  deeply 
within  the  gland  a  fibroma  is  more  apt  to  be  intracanalic- 
ular.  Variation  in  tension  of  a  cyst,  from  absorption  of 
its  contents,  will  cause  an  apparent  change  of  consistence 
in  the  tumor.  A  capsule  is  usually  present,  but  where 
much  glandular  tissue  is  joined  with  the  fibrous — e.g., 
in  intracanalicular  growths — the  capsule  is  not  complete. 
Neighboring  tissues  move  freely  over  the  growth.  Sec- 
tion shows  interlacing  bundles  of  white  fibrous  tissue, 
with  moist  surface,  and  also,  perhaps,  acini  or  ducts  di- 
lated into  cysts.  While  these  fibroids  usually  occur  singly, 
several  may  exist  in  one  breast,  or  in  both  breasts  simulta- 
neously ;  they  only  exceptionally  attain  great  size.  The 
rate  of  growth  is  slow  in  solid  tumors,  but  more  rapid 
in  the  cystic  variety ;  a  sudden  and  very  rapid  increase 
is  almost  certainly  an  evidence  of  the  cystic  character  of 
the  tumor,  and  will  cause  change  in  its  shape  ;  cysts  are 
more  apt  to  occur  (cysto-fibroma)  toward  the  end  rather 
than  the  beginning"  of  menstrual  life.  A  discharge  of 
serous  fluid  from  the  nipple  may  occur  with  an  intracana- 
licular growth  ;  when  the  fluid  is  bloody,  telangiectatic 
formation,  or  rapid  growth  with  increased  vasciUarity  is 
probable.  Adhesion  of  the  growth  to  the  skin,  or  surface 
ulceration,  occurs  as  an  accident  only.  The  neighboring 
lymphatics  are  not  involved,  and  though  a  recurrence  may 
be,  and  is,  observed  in  rare  cases,  yet  such  recurrence  is 
as  a  local  growth  without  tendency  to  infiltrate  adjacent 
parts.  Fibroma  rarely  undergoes  degenerative  change- 
fatty,  myxomatous,  and  cystic  changes  being  the  most 
frequent.  So  far  as  regards  danger  to  life,  a  favorable 
prognosis  is  indicated.  The  treatment  proper  for  fibroma 
is  removal  by  incision,  so  directed  as  to  interfere  as  little 
as  possible  with  mammary  function. 

Lipoma  and  enchondroma  are  not  met  with  in  the 
mamma,  or  so  rarely  as  to  be  museum  curiosities.  Sub- 
mammary lipoma  has  been  seen,  however,  a  certain  num- 
ber of  times,  and  in  nowise  differs  from  fatty  tumor  else- 
where in  the  body,  save,  perhaps,  that  in  early  life  it  has 
been  more  frequently  observed.  The  diagnosis  and  treat- 
ment are  the  same  as  in  other  parts.  Myxoma  is  rare, 
and  presents  itself  in  the  breast  as  a  single,  rounded,  per- 
haps bossed  tumor,  usually  in  the  upper  half  of  the  breast. 
On  section  it  appears  as  a  light-colored,  jelly-like  mass, 
yielding  apparently  mucin— hence  the  name.  Not  infre- 
quently fibrous,  vascular,  or  fatty  areas  exist  in  the  growth. 
The  tumor  originates  in  the  connective-tissue  between 
the  lobules  and  is  usually  encapsulated.  The  latter  half 
of  menstrual  life  is  the  chosen  age.  Inflammation  occurs 
exceptionally,  but  may  induce  ulceration  of  skin  already 
infiltrated  or  stretched,  with,  perhaps,  protrusion  of  the 
growth  which  is  movable  usually  in  the  mammary  tis- 
iue  and  also  upon  the  thorax.  Increase  is  more  rapid 
than  that  of  fibroma,  and  consistence  less  firm  ;  a  cyst,  it 
present,  will  not  be  recognized  very  easily.    Involvement 
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of  both  breasts  (simultaneously)  is  not  seen.  Retraction 
of  the  nipple  is  not  observed,  pain  is  wanting,  and  adja- 
cent lymphatics  are  uninvolved.  An  incision  will  usually 
be  required  in  order  that  the  diagnosis  may  be  made. 
Removal  of  the  tumor  by  careful  dissection  will  some- 
times be  followed  by  a  recurrence  in  situ  ;  removal  of  the 
entire  gland  is,  therefore,  indicated,  together  with  any 
involved  skin. 

The  term  malignant,  applied  to  a  morbid  growth,  is 
used  to  indicate  a  tumor  differing  histologically  from  the 
tissue  in  which  it  is  situated,  having  a  tendency  after  re- 
moval to  recur  in  situ,  and  having  a  tendency  to  repro- 
duce itself  in  distant  parts  of  the  organism. 

Sarcoma  is  a  tumor  composed  of  cellular  elements  of 
the  connective-tissue  type,  which  do  not  develop  to  matur- 
ity but  remain  embryonic  ;  an  intercellular  substance  is 
present,  though  but  in  scant  quantity,  and  there  is  a  new 
growth  of  vessels. 

Sarcomata  are  named  according  to  the  character  of  the 
cells  of  which  they  are  mainly  composed :  spindle-celled, 
round-celled,  myeloid,  lymphoid,  etc.  Not  infrequently 
different  parts  of  the  same  tumor  show  variations  of  cell 
growth,  and  with  some  this  is  the  rule,  e.g.,  with  myeloid 
tumors,  in  which  the  giant-cells  (myeloplaxes)  rest  in  a 
spindle-  and  round-celled  stroma  (for  histology  see  Tu- 
mors). Rarely  seen  before  the  establishment  of  menstrua- 
tion, sarcoma  invades  the  breast  by  preference  between 
the  ages  of  thirty  and  forty  years,  appearing  infrequently- 
after  the  cessation  of  menstrual  life.  In  this  respect  it 
differs  from  carcinoma.  Spindle-celled  sarcoma  is  most 
often  met  with  at  an  earlier  age  than  other  varieties.  I 
am  unable  to  connect  the  sterile  or  multiparous  state  with 
the  etiology  of  sarcoma,  although  the  relation  with  men- 
struation has  been  referred  to.  Traumatism  is  the  unmis- 
takable starting-point  in  certain  cases  ;  antecedent  inflam- 
mation, save  in  very  exceptional  instances,  is  lacking. 
Carcinoma  I  have  noted  as  commencing  in  an  induration 
left  by  puerperal  mastitis  ;  such  an  experience  with  sar- 
coma I  do  not  recall.  The  upper  half  of  the  breast  is 
more  often  affected. 

In  its  general  outlines  sarcoma  of  the  breast  is  rounded, 
oval,  etc.,  and  there  exists  a  capsule  which  does  not  shut 
off  the  tumor  from  sun-ounding  parts,  so  as  to  prevent  ex- 
tension ;  the  capsule  is  formed  of  connective-tissue  pushed 
aside  by  the  increasing  tumor,  and  is  infiltrated  by  its 
proliferating  cells ;  outside  of  the  capsule  there  are  to 
be  seen  (microscopically),  principally  along  the  vessels, 
numerous  cells,  which  I  believe  are  already  impressed 
with  the  character  of  the  original  tumor,  or  are  directly 
offshoots  from  it,  and  develop  into  a  similar  neoplasm. 
The  insufficiency  of  any  operation  which  attempts  to  effect 
a  cure  without  destroying  such  an  area  of  infection  is 
patent.  The  shape  of  the  sarcoma  varies  with  the  rapid- 
ity of  its  growth,  there  being  always  a  tendency  to  in- 
crease in  the  direction  of  least  resistance  ;  sudden  change 
in  outline  indicates  a  giving  way  of  an  opposing  structure, 
cyst-formation,  or  else  extravasation  of  blood  from  a  rup- 
tured vessel ;  a  general  rounded  outline  will  be  preserved, 
however.  Trauma  may  give  rise  to  extravasation  of 
blood  and  consequent  change  of  shape,  but  here  the 
history  aids  the  diagnosis.  The  growth  of  sarcoma  varies 
much,  and  bears  a  certain  relation  to  its  anatomy,  the 
spindle-celled  variety  being  of  slowest  growth  and  firm- 
est consistence,  and  having  a  more  perfectly  defined  cap- 
sule ;  while,  on  the  other  hand,  a  round-celled  sarcoma  is 
softer,  grows  rapidly,  presents  often  rounded  outcrop- 
pings,  and  the  new-formed  vascular  channels  are  apt  to 
rupture  and  permit  extravasation,  not  in  one  only  but  in 
several  places.  Cystic  formation  may  cause  sudden 
change  of  shape.  Variation  in  rate  of  increase  charac- 
terizes sarcoma  ;  a  nodule  may  remain  for  years  without 
exciting  suspicion,  and  then,  from  no  known  cause,  grow 
with  extreme  rapidity.  It  is  not  usual  for  rapid  growth 
to  be  succeeded  by  slow  increase,  but  nevertheless  this 
has  been  observed.  When  cystic  or  other  degeneration 
occurs,  slow  growth  is  not  to  be  expected,  but  rather  con- 
tinuous progress  ;  and  the  same  is  to  be  said  when  extra- 
vasation occurs,  save  from  trauma ;  inflammation  occur- 
ring is  apt  to  induce  quick  growth. 


Increased  temperature  is  noted  in  rapidly  growing 
sarcomata.  The  volume  sometimes  attained  is  enormous 
tumors  of  many  pounds  in  weight  being  recorded. 

Sarcoma  is  usually  single,  and  very  rarely  affects  both 
breasts  simultaneously. 

Adhesion  to  the  chest- wall  is  not  usual,  although  the 
tumor  be  of  extreme  size  ;  on  the  other  hand,  implication 
of  the  great  chest-muscle  is  seen,  but  not  so  frequently  as 
with  carcinoma.  A  protrusion  through  an  intercostal 
space  into  the  thorax  has  been  observed. 

Implication  of  the  chest-muscle  will  be  recognized  by 
investigating  the  mobility  of  the  tumor  when  the  great 
pectoral  is  tense  and  relaxed  alternately.  The  skin,  al- 
though greatly  stretched,  is  generally  movable  over  the 
neoplasm  for  a  long  time,  and  may  be  discolored  red  or 
purplish.  Ulceration  of  the  skin  from  pressure  of,  and 
incorporation  with,  a  subjacent  growth  is  much  less  often 
seen  than  with  carcinoma.  When,  however,  the  skin  has 
given  way,  fungous  protrusion  is  usual ;  the  nipple  is 
not  affected,  and  a  serous  or  somewhat  blood-stained  ooz- 
ing, which  has  been  observed  in  many  cases,  indicates 
involvement  of  ducts  in  or  by  the  morbid  growth ;  hence 
it  occurs  with  cysts. 

Pain  is  often  complained  of,  not,  however,  in  my  ex- 
perience until  the  tumor  had  attained  a  certain  size. 
When  ulceration  is  present,  a  certain  discomfort  is  to  he 
expected.  I  am  inclined  to  attribute  the  occurrence  of 
pain  to  pressure  and  traction  upon  nerves,  rather  than 
to  the  fact  of  their  being  involved  in  a  rapidly  growing 
tumor.     Pain  is  referred  to  the  arm  in  certain  cases. 

Lymphatic  enlargement  is  rare  in  sarcoma,  and  when 
present,  is  due  to  irritative  rather  than  to  specific  implica- 
tion of  the  glands.  Axillary  bubo  is  therefore  not  often 
seen,  and  if  present,  would  raise  a  suspicion  of  carcinoma. 
The  presence  of  ulceration,  either  from  impUcation  of 
skin  in  the  morbid  growth  or  from  irritating  applications, 
is  often  followed  by  hyperplasia  of  the  adjacent  lym- 
phatic glands. 

It  is  believed  that  sarcoma  becomes  generalized  by  vas- 
cular channels  rather  than  by  lymphatic  ;  hence  the  ap- 
parent immunity  of  the  axilla  in  advanced  disease. 

General  infection  (sarcomatosis)  is  recognized  by  the 
formation  of  metastatic  tumors.  The  lungs,, presenting 
the  first  set  of  capillaries  which  sarcoma-elements  would 
meet  after  entering  the  circulation,  would  be  expected  to 
frequently  be  the  seat  of  secondary  growths,  and  it  is  so. 
It  is  not  possible  to  say  at  what  time  secondary  tumors 
are  most  likely  to  appear,  but  it  is  always  wise  to  question 
tlie  lungs  before  operating  upon  a  sarcomatous  breast,  lest 
a  pulmonary  metastasis  be  present,  and  the  operation  do 
harm  by  reducing  the  patient's  strength.  Local  recur- 
rence after  operation  is  f reciuent,  and  while  it  is  not  possi- 
ble to  state  the  percentage  m  which  return  in  situ  is  to  be 
looked  for,  yet  it  can  be  accepted  as  the  result  of  clinical 
observation  that  the  softer  and  more  rapidly  growing  a 
sarcoma  is,  the  more  likelihood  exists  of  recurrence ;  con- 
versely, the  firmer  and  more  slow-growing  the  tumor  is, 
the  less  chance  is  there  of  return. 

From  the  foregoing,  one  would  expect  a  round-celled 
sarcoma  to  justify  a  more  unfavorable  prognosis  than  a 
spindle-celled  one. 

Cystic  formations  are  present  in  many  sarcomata,  either 
resulting  from  dilatation  of  ducts  or  from  fatty  or  mucoid 
degeneration.  Calcareous,  bony,  or  cartilaginous  forma- 
tions have  been  noted,  and  are  to  be  considered  as  curi- 
osities. 

The  only  treatment  offering  prospect  of  cure  is  extir- 
pation, free  and  complete,  so  as  to  remove  not  only  the 
tumor,  but  the  area  of  infection,  already  referred  to,  as 
well.  Failure  to  succeed  in  this  latter  condemns  a  pa- 
tient to  early  recurrence  in  situ.  Local  recurrent  tumors 
also  are  to  be  excised,  and  immunity  from  return  is  thus 
gained.  The  removal  of  one  tumor,  when  the'  disease 
is  generalized,  is  useless.  The  well-known  case  of  S.  D. 
Gross  may  be  recalled  with  advantage.  A  single  woman 
was  subjected  to  twenty-two  operations  in  four  years ; 
the  number  of  recurrent  tumors  removed  was  fifty-one, 
and  varied  in  size  from  an  almond  to  a  hen's  egg.  Large 
portions  of  the  pectoral,  and  also  of  the  external  and  in- 
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ternal  intercostal  muscles,  were  cut  away.  Ten  years 
and  nine  months  after  the  last  operation  she  was  in  per- 
fect health. 

Melanotic  sarcoma  is  usually  very  malignant. 

Carcinoma  is  an  atypical  new. formation  of  epithelioid 
elements ;  for  the  anatomy,  the  reader  will  consult  the 
article  on  Tumors. 

Carcinoma  is  the  most  common,  and,  at  the  same  time, 
the  most  fatal  of  breast-tumors  ;  it  affects  all  classes  and 
all  social  conditions.  Scirrhus  and  encephaloid,  usually 
known  as  hard  and  soft  cancer,  are  the  varieties  most 
often  met  with,  the  former  in  far  greater  proportion  than 
the  latter,  however.  Forty-eight  to  forty-nine  years  is 
generally  accepted  as  the  average  age  of  patients  com- 
mg  under  treatment ;  but  it  is  to  be  remembered  that  the 
tumor  will  have  existed  for  a  certain  time  already  before 
being  seen  by  a  physician,  or,  what  is  occasionally  met 
with,  but  I  am  glad  to  say  rarely,  a  patient  will  have 
been  advised  by  a  physician  to  pay  no  attention  to  the 
lump,  and  so  a  long  time  may  be  passed  in  fancied  se- 
curity. My  personal  experience  leads  me  to  consider 
forty-eight  years  too  late  an  average  age  when  carcinoma 
is  first  observed,  forty-five  or  forty-six  being  more  exact. 
The  menopause  is  the  period  just  before  or  after  which 
carcinoma  may  be  expected  to  appear  ;  indeed,  the  period 
of  two  years  preceding  the  cessation  of  menstruation  is 
especially  favorable  for  its  development.  The  earliest  age 
at  which  I  have  seen  a  scirrhous  carcinoma  is  thirty  years, 
in  a  married  woman,  the  mother  of  four  children ;  the 
tumor  was  stated  to  have  existed  one  year..  Before  thirty- 
five  the  occurrence  of  carcinoma  is  veiy  rare.  Trauma- 
tism and  preceding  inflammation  are  occasionally  exciting 
causes,  but  not  sufficiently  often  to.  be  considered  as  ex- 
ercising a  potent  influence  for  evil. 

Heredity  has  been  long  held  up  as  having  causative 
power,  but  such  predisposition  can,  at  most,  be  traced  to 
nine  or  ten  per  cent.     Occasionally  the  opposite  is  seen, 

as  in  the  case  of  Mme.  Z and  family,^'   in  whom 

sixteen  deaths  from  cancer  occurred  in  seventy  years. 

While,  then,  blows,  the  remains  of  previous  abscess,  and 
hereditary  peculiarity  may  and  do  exist  in  a' causative 
relation  with  carcinoma,  yet  the  degenerative  changes  in 
the  mamma  consequent  upon  cessation  of  function  is, 
without  doubt,  the  most  powerful  influence  in  the  de- 
velopment of  carcinoma.  Carcinoma  begins  in  one  breast ; 
its  presence  in  both  should  be  accepted  as  indicative  of 
general  infection  ;  it  is  never  encapsulated,  but  is  infil- 
trated into  the  adjacent  structures.  Thus,  the  outline  is 
not  so  well  defined  as  in  sarcoma,  and  while  out-eroppings 
are  rounded,  the  body  of  the  tumor  may  be  in  shape  ir- 
regular ;  this  is  especially  the  case  with  scirrhus.  Soft 
carcinoma  is  of  rapid  growth  as  compared  with  the  hard 
variety ;  it  is  more  vascular,  more  rounded  in  form,  and 
gives  to  the  hand  a  sense  of  fluctuation ;  the  mammary 
gland  is  incorporated  with,  and  not  distinguishable  from, 
the  neoplasm.  Scirrhous  carcinoma,  on  the  other  hand, 
is  of  slower  growth,  of  extremely  hard  consistence  without 
much  elasticity,  presents  to  the  examining  hand  firm  but 
not  large  irregularities,  and  is  apt  to  be  flattened,  as  in- 
deed the  mamma  is  flattened ;  in  a  late  stage  only  is  it 
to  be  seen  as  a  projecting  tuber  elevating  the  skin. 
Scirrhus  conveys  to  the  hand  a  sense  of  weight  rather 
than  of  bulk.  Soft  carcinoma  may  attain  great  size.  As  a 
point  of  differential  diagnosis  it  is  to  be  noted  that  scirrhus 
commences  generally  within  the  mamma,  which  is  felt,  in 
an  early  stage,  to  suiTound  it  on  all  sides,  except  toward 
the  thorax,  of  course.  Adhesion  to  chest-wall  contra- 
indicates  an  operation,  the  rule  in  this  respect  differing 
from  that  for  sarcoma,  which  may  sometimes  be  removed 
with  advantage  under  such  circumstances,  if  of  slow 
growth.  Fixation  to  skin,  as  well  as  to  chest,  is  marked 
in  the  scirrhus  variety,  showing  itself  by  lessened  mobility 
and  later  by  the  formation  of  dimples. 

Adhesion  to  chest  is  recognized  by  lessened  mobility, 
and  is  always  preceded  by  the  tumor  becoming  incor- 
porated with  the  great  pectoral  muscle  ;  axillary  swelling 
will  also  be  found  at  this  time  if  sought  for.  Retraction 
of  the  nipple  is  an  almost  constant  symptom  in  scirrhus, 
and  results  from  incorporation  of  the  large  ducts  with  the 


tumor.  _  Soft  carcinoma  and  sarcoma  do  not  present  this 
peculiarity ;  hence,  its  importance  from'a  diagnostic  view. 
A  discharge  from  the  nipple  would  indicate  implication 
of  the  ducts ;  it  is  a  rare  symptom  and  has  no  clinical 
significance.  In  adeno-carcinoma  a  serous  discharge  from 
the  nipple  is  common.  From  the  preceding  it  would  be 
expected  that  a  certain  fixation  of  the  nipple,  the  impos- 
sibility of  drawing  it  forward,  would  be  present  before 
retraction  took  place ;  this  is  so,  and  constitutes  a  val- 
uable diagnostic  sign  early  in  the  life  of  carcinoma 
(scirrhus).  Besides  adhesion  and  dimpling,  infection  of 
the  skin  may  be  recognized  by  the  appearance  of  small, 
firm  infiltrations,  without  elevation  of  surface  or  discolor- 
ation, in  the  neighborhood  of  the  original  growth.  These 
indurations,  which  are  first  recognized  by  the  touch,  be- 
come harder,  elevated,  discolored,  livid,  and  then  ulcerate ; 
in  atrophic  carcinoma  they  may  even  cicatrize.  Their  pres- 
ence is  indicative  of  an  extremely  large  infected  territory 
around  the  primary  growth.  I  have  never  seen  good  re- 
sults follow  operations  upon  such  growths ;  the  resulting 
wound  does  not  cicatrize,  and  the  skin-edges  rapidly  be- 
come infiltrated  with  new  growth.  Much  importance 
has  been  attributed  to  the  presence  of  large  veins  in  the 
skin  of  a  breast  as  indicating  a  certain  kind  of  tumor ;  I 
cannot  admit  that  this  is  quite  the  fact,  except  in  the 
general  way  that  it  is  usual  to  find  large  vascular  chan- 
nels in  the  vicinity  of  a  rapidly  growing  neoplasm.  In 
atrophic  carcinoma  enlarged  veins  are  very  rarely  seen, 
for  here  the  circulation  near  the  surface  is  not  greatly 
increased.  Ulceration  in  the  skin  is  seen,  commencing  as 
a  crack  or  Assure,  which  widens  out  and  deepens,  present- 
ing the  appearance  of  a  shallow  excavation  with  indu- 
rated edges  and  base  usually  ragged,  of  pale  color  ;  the 
discharge  is  thin  and  ill-smelling ;  partial  healing,  with  a 
thin,  unhealthy  scar,  sometimes  takes  place.  When  soft- 
ening of  the  tumor  occurs,  from  one  cause  or  another, 
and  the  skin  gives  way,  there  results  a  deep,  crater-like 
pit,  with  everted  edges,  hard,  irregular  base,  and  profuse 
discharge.  Hard  carcinoma  pursues  the  manner  of  ulcer- 
ating first  described,  soft  carcinoma  the  latter.  Fungous 
protrusion  I  have  not  seen  follow  carcinoma  ulceration. 

Pain  is  variable.  I  have  repeatedly  seen  carcinoma  of 
the  breast,  with  implication  of  the  skin  and  several  glan- 
dular enlargements  in  the  axilla,  and  yet  the  patient  only 
accidentally  discovered  that  the  mamma  was  involved  in 
any  morbid  process.  Two  such  cases  have  come  under 
my  notice  within  the  past  month :  both  patients  were 
seen  within  four  days  after  the  discovery  of  the  mammary 
swellings.  The  classical,  lancinating,  darting,  shooting 
pains  are  exceptional  in  the  incipient  stage  of  the  tumor ; 
later,  however,  they  are  present ;  with  inflammation  and 
sloughing  the  pain  is  great ;  in  atrophic  scirrhus,  with 
ulceration  long  continued,  pain  is  extremely  varied.  In- 
fection of  adjacent  lymphatic  glands  in  carcinoma  is  a 
question  of  time ;  sooner  or  later  it  will  occur,  save  in 
rare  instances.  The  axillary  glands  are  the  first  involved, 
then  the  supraclavicular.  Just  how  soon  glandular  in- 
fection occurs  is  not  known,  as  the  pritaary  growth  exists 
some  time  before  being  discovered  ;  it  is  found  to  be  pres- 
ent, usually,  about  the  time  when  the  skin  becomes  some- 
what adherent  to  the  mammary  tumor ;  but  a  hard  and 
fast  rule  cannot  be  laid  down. 

The  axillary  enlargements  result  from  the  passage  of 
elements  from  the  original  tumor  through  the  lymphatics, 
and  their  arrest  and  growth  in  the  lymph  glands,  thus 
reproducing  the  disease  in  the  armpit,  from  which,  con- 
tinuing their  journey  by  lymph  channels,  tumor  elements 
enter  the  general  circulation,  and  carcinosis  results.  It 
will  sometimes,  though  very  rarely,  be  found  that  general 
infection  occurs  without  glandular  implication  to  any  de- 
gree ;  this  is  to  be  explained  by  direct  transmission  through 
veins.  Occasionally  also  slight  glandular  enlargement  will 
disappear  after  removal  of  the  original  growth  ;  in  such  a 
case  it  is  clear  that  the  glands  were  not  carcinomatous,  and 
were  probably  only  irritated  ;  but  why  this  should  occur 
in  one  case  and  not  in  another,  we  do  not  yet  know.  Car- 
cinoma shows  a  predilection  for  the  liver,  lungs,  and  se- 
rous surfaces  when,  it  attacks  internal  organs.  Colloid 
and  cystic  degenerations  are  those  most  often  met  with 
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in  carcinoma.  Inflammation  running  into  abscess  is 
rarely  seen  except  in  connection  with  rapid  growth,  when 
also  acute  sloughing  may  occur.  • 

The  prognosis  of  carcinoma  is  extremely  grave,  if  leit 
alone  or  if  operated  upon.  S.  "W.  Gross  "  gives  the  aver- 
age duration  of  life  for  patients  not  operated  upon  as  37.1 
months,  and  for  those  who  died  after  they  had  submitted 
to  an  operation,  as  39  months;  which  shows  that  the 
operation  added  a  year  of  life  to  each  patient.  He  fur- 
thermore computes  the  percentages  of  recovery  at  9.05,  a 
small  proportion,  but  how  much  better  than  a  certainly 
fatal  issue ! 

Carcinoma  following  long-continued  ulceration  of  the 
nipple,  Paget's  disease,  has  already  been  referred  to. 

Within  the  past  few  years  our  knowledge  of  adenoma 
has  undergone  a  great  change.  Instead  of  being  often  met 
with  it  is  now  believed  to  be  one  of  the  growths  most 
rarely  encountered,  and  the  so-called  adenoid  growths, 
adenocele,  and  adeno-cystic  tumors  are  recognized  as 
composed  of  connective-tissue,  containing  deformed  glan- 
dular elements — fibromata. 

It  is  doubtful  whether  it  would  be  possible  to  differen- 
tiate clinically  between  fibroma  and  adenoma,  nor  indeed 
does  it  appear  to  be  necessary,  since  both  belong  to  the 
category  of  benign  growths,  and  are  to  be  subjected  to 
like  treatment.  Perhaps  the  most,  notable  fact  observed 
in  connection  with  adenoma,  is  the  extreme  frequency 
with  which  cysts  occur  in  its  substance,  a  circumstance 
which  is  due  of  course  to  the  presence  of  ducts  which 
have  undergone  dilatation. 

Transformation  or  change  in  a  tumor  is  often  met  with, 
and  is  always  to  be  regarded  with  suspicion  if  charac- 
terized by  rapid  growth.  It  is  a  fact  admitting  of  no 
dispute  that  a  tumor  of  formed  connective-tissue  may 
develop  into  a  sarcoma  and  increase  quickly,  while  an 
epithelial  or  glandular  formation  may  also  grow  fast  with 
carcinomatous  degeneration.  Under  such  conditions  the 
treatment  should  not  remain  in  doubt  for  a  moment. 

Treatment. — A  benign  tumor  of  the  breast  is  removed 
by  freely  uncovering  it ;  the  incision  is  to  be  directed  from 
the  nipple  outward  so  as  to  do  as  little  harm  as  possible  to 
adjacent  ducts,  after  which  the  growth  is  to  be  freed  from 
attachment.  It  has  been  suggested  that,  to  avoid  a  scar,  the 
following  manner  of  operating  be  adopted :  "  Carry  an  in- 
cision as  long  as  necessary  around  the  lower  edge  of  the 
breast  where  it  joins  the  thorax,  raise  the  breast,  and 
through  the  incision  indicated  remove  the  growth  from 
the  posterior  aspect  of  the  gland,  arrest  hsemorrhage,  in- 
sert a  glass  drainage-tube,  replace  the  breast,"  etc.  It  is 
probable  that  few  tumors  require  such  an  operative  meas- 
ure ;  benign  growths  are  usually  situated  in  the  upper 
half  of  the  breast,  not  beneath  it,  so  that  an  incision 
through  the  skin,  and  at  once  down  upon  the  tumor,  is 
more  simple.  As  the  mamma  is  generally  covered  save 
in  exceptional  instances,  the  presence  of  a  scar  may  be 
disregarded. 

In  operating  for  a  malignant  growth,  there  are  to  be 
considered  three  things :  first,  removal  of  the  tumor ;  sec- 
ond, recovery  of  the  patient ;  third,  recurrence  of  the  dis- 
ease. It  has  been  already  said  that  outside  and  around  a 
malignant  tumor  there  is  an  area  of  tissue  already  sown 
with  seed  which,  if  not  removed,  will  reproduce  the  origi- 
nal growth.  Any  operation  which  removes  the  tumor  and 
leaves  this  infected  area,  will  certainly  be  followed  by 
speedy  recurrence  ;  free  and  complete  extirpation  is  there- 
fore the  first  duty  of  the  surgeon.  In  carcinoma,  and  per- 
haps sometimes  in  sarcoma,  the  axillary  glands  are  in- 
volved ;  they,  if  movable  and  not  adhering  too  closely  to 
surrounding  parts,  are  to  be  taken  away.  If  they  are  en- 
larged and  cannot  be  removed,  no  operation  on  the  breast  is 
to  be  undertaken.  The  incision  for  the  removal  of  the  breast 
Is  to  be  extended  into  the  axilla,  and  carried  along  the  arm 
sufficiently  far  to  fully  open  the  armpit.  The  direction 
of  the  cutting  for  breast-extirpation  is  a  matter  of  no  mo- 
ment ;  the  necessity  of  the  case  will  indicate  the  lines  of 
incision.  All  skin  involved  in  the  tumor  is  to  come  away, 
all  skin,  fat,  and  connective-tissue  near  the  tumor  is  to 
come  away,  and  the  entire  gland  is  to  be  removed.  As 
carcinoma  is  a  degeneration  of  an  atrophying  mamma,  no 


mamma  tissue  should  be  left  by  an  operation  lest  it  de. 
velop  carcinoma,  and  the  same  rule  applied  to  a  sarcoma 
will  do  no  injury.  If  there  is  a  suspicion  that  the  great 
pectoral  muscle  is  involved,  the  incisions  are  to  be  deepened 
and  everything  is  to  be  removed  down  to  the  thorax.  The 
axilla  being  widely  open,  glands  are  to  be  sought  for,  and, 
if  found,  removed.  It  was  formerly  my  habit  to  extirpate 
axillary  glands,  when  carcinomatous,  by  tearing  them  out, 
using  fingers  or  a  blunt  instrument ;  I  do  so  no  longer, 
for  a  far  more  simple  and  efficacious  method  is,  having 
widely  opened  the  axilla,  to  at  once  clear  with  the  knife 
the  axillary  vein,  after  which  the  rest  of  the  axilla  gives 
no  trouble  whatever.  It  has  been  my  fortune,  more  than 
once,  to  remove  with  the  knife  small  glands  so  near  the 
vein  that  any  tearing  would  probably  have  ruptured  the 
wall  of  the  vein.  It  is  proper  to  open  the  axilla  even  if  ho 
glands  have  been  discovered  prior  to  operating,  since  the 
fingers  passed  into  the  wound  may  recognize  glands  en- 
larged by  disease,  yet  too  small  to  be  felt  through  the 
skin  ;  furthermore,  I  believe  the  risk  to  the  patient  by  so 
doing  is  scarcely  increased,  while  the  advantage  is  great. 
The  number  of  glands  sometimes  taken  away  is  large. 
The  wound  may  be  so  extensive  that  the  edges  of  the  sBn 
are  separated  more  or  less  widely.  This  is  an  aflfair  of  no 
moment ;  the  important  matter  is,  first  to  remove  the  tu- 
mor, and  then  heal  the  wound.  It  is  best  for  the  patient 
that  healing  be  rapid  and  without  inflammation,  and 
union  is  to  be  secured  as  early  as  possible ;  but  of  course 
free  extirpation  of  the  neoplasm,  together  with  infected 
skin  and  other  tissue,  must  be  the  first  thing  thought  of. 
The  wound  should  be  treated  on  general  principles  and 
healing  secured.  I  have  observed  that  patients  whose 
wounds  do  badly,  from  erysipelas  or  other  cause,  suffer 
speedy  recurrence ;  an  additional  reason  for  securing 
early  cicatrization.  Recovery  from  amputation  of  the 
breast  is  usually  rapid,  and  the  mortality  is  small. 

Recurrence  after  amputation  is  frequent,  and  demands 
extirpation  as  in  the  first  instance,  unless  the  secondary 
growth  occur  at  a  spot  where  complete  removal  is  not 
possible.  By  repeated  operations  I  have  prolonged  life 
and  given  comfort  for  years.  Within  the  past  month 
(June,  1885)  I  have  operated  upon  a  single  woman,  aged 
forty-eight,  for  the  third  time,  removing  a  small  nodule  as 
large  as  a  pea,  one-fourth  inch  in  diameter,  and  also  two 
indurated  axillary  glands.  She  was  first  operated  upon 
in  1878,  and  for  recurrence  in  1883.  Microscopical  ex- 
amination enabled  me  to  make  a  positive  diagnosis  in  re- 
gard to  its  carcinomatous  nature.  An  operation  should 
not  be  undertaken  if  the  primary  growth  cannot  be  re- 
moved together  with  involved  axillary  glands,  or  where 
it  is  apparent  that  general  infection  has  already  taken 
place.  The  surgeon,  therefore,  must  not  only  examine 
the  apparently  affected  region,  but  also  investigate  the 
integrity  of  internal  organs  as  well.  Extirpation  of  mam- 
mary growths  by  means  other  than  the  knife,  e.g.,  by 
caustics,  scarcely  requires  mention,  so  much  the  best  in- 
strument is  a  knife,  if  properly  guided.  Until  we  can 
find  a  caustic  which  will  seek  out  and  destroy  the  neo- 
plasm, sparing  healthy  tissue,  the  knife  will  hold  the  first 
place.  It  may  be  expedient,  after  the  knife  has  been 
used,  perhaps,  to  apply  a  caustic  in  vascular  tissue,  or 
when  the  ribs  are  suspiciously  near  the  base  of  a  carcino- 
ma ;  but  such  instances  are  exceptions.  The  knife  is  less 
painful  than  anything  else  for  the  removal  of  tissue,  when 
the  patient  is  coming  out ,  from  the  effects  of  the  anses- 
thetic.  When  an  operation  is  inexpedient,  the  surgeon 
must  direct  his  efforts  to  the  relief  of  the  local  discom- 
fort by  proper  dressings,  and  to  the  amelioration  of  the 
general  condition  bj^  appropriate  medication.  The  con- 
dition of  the  patient  is  most  unhappy,  and  I  have  always 
thought  it  expedient  to  allow  opium  or  its  alkaloid,  mor- 
phia, in  suificient  quantity  to  bring  about  a  state  of  com- 
parative relief.  I  have  observed  that  in  stout  people  re- 
currence of  an  extirpated  growth  is  more  rapid  than  in 
those  of  more  slender  build.  L.  McLane  """ 
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BREATH.  The  expired  air,  called  the  breath,  is  com- 
posed of  nitrogen  and  oxygen,  the  latter  in  a  proportion 
less  than  that  existing  in  the  atmosphere,  and  contains  a 
little  over  four  per  cent,  of  carbonic  acid,  besides  aqueous 
vapor,  ammonia,  and  organic  impurities.  The  propor- 
tion of  carbonic  acid  is  increased  in  the  early  stages  of 
small-pox,  measles,  and  scarlatina,  diminished  in  typhus 
fever,  and  increased  during  the  existence  of  any  extensive 
skin  disease.  The  temperature  varies  somewhat,  being 
influenced  slightly  by  that  of  the  external  air,  but  seldom 
falls  below  90°  F.  When  the  temperature  of  the  inspi;red 
air  is  very  high,  as  in  the  hot  room  of  a  Turkish  bath, 
the  breath  may  appear,  by  comparison,  to  be  cool.  In 
fevers  its  heat  is  increased,  but  in  the  algid  stage  of 
cholera  it  is  almost  cold. 

In  health  the  breath  is  nearly  odorless,  but  it  is  modi- 
fled  in  this  respect  by  often  very  slight  causes,  and  in 
certain  morbid  conditions  the'odor  is  quite  characteristic 
and  may  be  valuable  as  a  diagnostic  sign.  Thus,  in  dia- 
betes mellitus,  there  is  often  a  peculiar  sweetish  odor 
which  is  difficult  to  describe,  and  has  been  likeued  to  that 
of  honey,  sweet  apples,  or  hay.  In  pyaemia,  also,  the 
breath  is  peculiar  and  characteristic.  In  chronic  alcohol- 
ism the  odor  of  the  expired  air  is  very  foul,  not  necessar- 
ily alcoholic  unless  liquor  has  been'receiitljr  taken,  but 
possessing  a  peculiarity  all  its  own,  and  unlike  anything 
else.  Dr.  Tavignot,  a  French  writer,  described,  some 
years  ago,  a  peculiarity  of  the  breath  in  glaucoma,  to 
which  he  gave  the  name  of  haleine  safraTiie,  and  he 
maintained  that  this  was  constantly  present  in  persons 
suffering  from  that  affection.  Many  volatile  substances 
taken  into  the  system  through  the  ordinary  channels  are 
excreted  in  part  through  the  lungs,  and  impart  their  odor 
to  the  breath.  Thus  turpentine,  alcohol,  onions,  and 
many  other  alimentary  and  medicinal  substances,  taken 
into  the  stomach,  are  quickly  detected  by  their  peculiar 
smell  in  the  expired  air. 

A  permanent  foulness  of  the  breath  is  due  either  to 
local  causes  existing  in  some  part  of  the  respiratory  tract, 
or  to  interference  with  the  elimination  of  the  products  of 
decomposition  by  the  intestines  and  kidneys.  Among 
the  local  causes  we  have  to  consider  various  affections  of 
the  mouth,  nose,  pharynx,  larynx,  and  lungs. 

Dental  caries  is  a  well-known  cause  of  foul  breath. 
This  arises  not  only  in  consequence  of  the  decay  of  the 
teeth,  but  also,  and  chiefly,  from  decomposition  of  parti- 
cles of  food  lodged  in  the  cavities  and  between  the  teeth. 
The  latter  may  give  occasion  to  a  fetid  breath  in  persons 
who  are  careless  in  cleansing  the  mouth,  even  when  the 
teeth  are  perfectly  sound.  In  necrosis  of  the  jaw  the  odor 
is  frequently  sickening,  as  it  is  also  in  follicular  tonsillitis 
and  pharyngitis.  In  the  latter  case  the  odor  is  due  to  de- 
composition of  the  secretion  and  food  particles  filling  up 
the  follicles,  and  is  often  suggestive  of  faecal  matters.  In 
diphtheria,  also,  there  may  be  a  disagreeable  foe  tor  of  the 
expired  air  suggestive  of  putrefaction.  There  is  a  condi- 
tion known  as  catarrh  of  the  tongue,  which  is  usually  as- 
sociated with  dyspepsia,  but  may  occur  independently  of 
it.  Here  again  decomposition  of  mucus,  epithelial  scales, 
and  food  particles  is  the  offending  cause.  Gingivitis, 
from  arsenical  or  mercurial  poisoning  or  from  scurvy, 
may  give  rise  to  a  bad  breath,  as  may  also  syphilitic  ul- 
cerations of  the  buccal  cavity  or  fauces.  Ozsena,  from 
whatever  cause  produced,  is  frequently  responsible  for  a 
most  foul  and  repulsive  odor.  Syphilitic  and  tubercular 
ulcerations  in  the  larynx  often  impart  an  unpleasant  odor 
of  the  breath,  and  the  f cetor  of  some  forms  of  bronchitis, 


of  bronchiectasis,  and  of  abscess  and  gangrene  of  the 
lungs,  is  too  well  known  to  require  any  description. 

Perhaps  the  most  frequent  cause  of  a  bad  breath  is 
dyspepsia,  either  gastric  or  intestinal.  In  this  case  the 
elimination  of  the  products  of  decomposition  and  of  the 
effete  matters  of  the  tissues  by  the  normal  channels  is 
interfered  with  to  a  greater  or  less  extent,  and  the  task  of 
their  excretion  from  the  economy  is  in  part  thrown  upon 
the  lungs.  The  expired  air  contains  a  large  amount  of 
organic  matter  which  is  often  very  ill-smelling  and  offen- 
sive. It  is  in  chronic  constipation,  especially,  that  this 
odor  of  decomposing  organic  matter  is  most  marked.  In 
uraemia  the  breath  is  said  to  often  acquire  a  strongly  am- 
moniacal  odor,  due  to  the  non-elimination  of  the  urea. 

The  odor  of  the  breath  is  modified  temporarily  by  many 
causes.  As  stated  above,  various  substances,  when  taken 
into  the  stomach,  impart  their  characteristic  odor  to  the 
breath.  In  women  the  expired  air  frequently  acquires  a 
disagreeable  character  during  the  menstrual  period,  and 
a  fetid  breath  is  often  excited  by  fits  of  anger  or  other 
strong  emotions.  In  feverish  conditions  the  breath  ac- 
(juires  a  sweetish,  or  sometimes  sickening,  character.  This 
is  particularly  noticeable  in  children,  and  in  them  is  often 
suggestive  of  the  odor  of  chlorofoi'm. 

Various  mineral  substances,  which  are  themselves 
nearly  or  quite  without  smell,  cause,  when  introduced 
into  the  system  in  sufficient  quantities,  and  during  a  cer- 
tain period  of  time,  a  very  disagreeable  odor  of  the 
breath.  This  occurs  from  stomatitis  in  some  cases,  and 
in  others  from  the  disturbance  of  digestion,  induced  by 
the  chronic  poisoning.  The  substances  which  most  fre- 
quently are  concerned  in  the  production  of  toxic  halitosis 
are :  antimony,  arsenic,  lead,  mercury,  phosphorus,  and 
sulphur. 

Finally,  some  individuals  suffer  from  a  more  or  less 
fetid  breath,  the  cause  of  which  is  impossible  to  discover. 
It  is  constant,  and  not  dependent  upon  any  apparent 
deviation  from  health,  but  is  often  associated  with  a 
strong  and  unpleasant  odor  of  the  sweat  and  other  se- 
cretions. 

In  the  following  table  these  various  conditions  leading 
to  the  production  of  a  bad  breath  are  arranged  under 
their  several  classes  for  convenience  of  reference  : 


Transient. , 


Systemic  . 


Toxic  . 


Digestive . 


Buccal  , 


Nasal , 


Fancial., 


Laryngeal . 


Oacsks  of  Hautosis. 

Mental  disturbance. 

Various  ingesta,  medicinal  and  alimentary. 

The  menstrual  period. 

Fevers. 

Diabetes  mellitus. 

Uraemia. 

Pyaemia. 

Glaucoma  (?). 

Antimony. 

Arsenic. 

Lead. 

Mercury. 

Phosphorus. 

Sulphur. 

Alcohol. 

Gastritis. 

Dyspepsia. 

Cancer  of  stomach  or  liver. 

Constipation. 

Hepatic  disorders. 

Enteritis. 

Intestinal  worms,  paiUcularly  ascand^  in  children 

Dental  caries. 

_.     .  .,.     (Toxic. 

Gingivitis.  )  s<„jbatio. 

8t»™at*8-|.Syphmtio. 

Lingual  catarrh. 

Necrosis  of  jaw. 

Carcinoma  of  tongue  and  other  parts. 

Cancrum  oris. 

Lack  of  cleanliness. 

Polypi. 

r  Herpetic, 
J  Syphilitic. 

)  Idiopathic. 

[  Osteo-necrotic, 
Follicular  tonslUitii'. 
Follicular  pharyngitis. 
Syphilitic  ulceration. 
Diphtheria, 
Putrid  sore  throat. 
Carcinoma, 

.,       ( Syphilitic. 
Ulceration.  \  tubercular. 
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[■Bronchiectasis. 
Putrid  bronchitis. 
1  Tubercular  ulceration  (oavitica). 
■  ■  •  [  Gangrene. 
Abscess. 


r 


Carcinoma, 


Pulmonary  . 
Idiopathic. 

The  treatment  of  a  foul  breath  consists  essentially  in 
discovering,  and,  if  possible,  removing  the  cause.  In  by 
far  the  larsjest  number  of  cases  the  origin  of  the  trouble 
resides  In  digestive  disturbances,  usually  associated  with 
constipation,  or  in.carious  or  dirty  teeth.  The  first  care 
of  the  physician  should  be,  therefore,  to  regulate  the  di- 
gestive functions,  and  to  see  that  the  liygiene  of  the 
mouth  is  properly  attended  to.  If  the  gums  are  spongy 
or  receding,  a  tooth-wash  containing  myrrh  should  be 
used.  All  cavities  should  be  plugged  with  gold  or  some 
other  suitable  filling,  as  the  dentist  may  advise,  and  the 
tartar,  which  accumulates  between  and  behind  the  teeth, 
should  be  removed  from  time  to  time.  The  teeth  shotild 
be  picked,  after  each  meal,  to  remove  the  particles  of  food, 
and  should  then  be  brushed  with  plain  water,  soap  and 
water,  or  a  reliable  dentifrice.  If  the  stomach  is  at  fault, 
in  addition  to  the  remedies  suitable  to  the  condition,  a 
piece  of  charcoal  cake  or  charcoal  powders  may  be  taken 
shortly  after  meals.  An  odor  which  cannot  be  removed 
may  be  more  or  less  effectually  disguised  by  oil  of  nut- 
meg, cinnamon,  cardamom  seeds,  cloves,  pimenta  or 
allspice,  coffee,  and  other  aromatics.  A  solution  of  car- 
bolic acid  (1  to  300)  may  be  used  as  a  mouth-wash  or 
gargle  when  the  foetor  is  due  to  organic  destruction  of 
tissue.  The  following  is  an  agreeable  mouth-wash  which 
will  often  disguise  unpleasant  odors :  Thymol,  0.50  gm. 
(7i  grains)  ;  borax,  1  gm.  (15  grains) ;  distilled  water,  500 
gm.  (1  pint).  The  mouth  is  to  be  rinsed  frequently  with 
this  solution.  All  these  deodorizers  are,  however,  of  ne- 
cessity merely  palliative  in  their  effects,  and  the  cause 
should  always,  if  possible,  be  searched  for  and  removed. 

Thomas  L.  StMrna/n. 

BRIGHTON,  ENGLAND.  Brighton  is  one  of  the  most 
fashionable  sea-side  resorts  of  England,  fifty  miles  from 
London,  on  the  south  coast  of  Sussex,  in  lat.  50°  50'  N., 
and  long.  0°  8'  W.  Including  Kemptown,  Brighton  ex- 
tends three  miles  along  the  coast,  fronted  by  a  high  sea- 
wall that  forms  a  magnificent  drive  and  promenade,  and 
occupies  a  central  valley  and  slopes  on  the  east  and  west. 
In  the  central  part  the  town  extends  a  mile  inland.  Fine 
hotels,  pleasant  walks,  places  of  amusement,  and  good 
baths  are  among  the  advantages  of  Brighton,  and  the  air 
is  free  from  the  smoke  of  manufactories.  But  it  has  the 
drawback  of  being  a  large  city,  and  there  is  naturally 
much  animal  and  vegetable  miasm,  which  is  especially 
apt  to  cling  to  the  beautiful  promenade  on  the  shore  when 
there  is  a  weak  land  breeze. 

The  subsoil  is  chalk  in  the  east,  chalk  covered  with  a 
layer  of  shingle  in  the  valley,  and  clay  in  the  western 
part  of  the  town.  The  drainage  is,  however,  considered 
to  be  good,  and  in  the  country  about  the  town  the  sub- 
soil is  gravelly  and  there  are  no  stagnant  waters. 

The  atmosphere  is  bracing,  particularly  in  the  east, 
but  in  the  valley  it  differs  little  from  that  of  an  inland 
town.  In  the  height  of  the  season,  from  October  to  Decem- 
ber, it  is  dryer,  warmer,  and  less  cloudy  than  inland  places, 
and  is  appropriate  for  chest  diseases  that  require  some 
protection,  particularly  by  reason  of  the  promenade  on  the 
east  .side  being  wholly  protected  from  the  north  wind. 

The  changes  of  temperature  in  Brighton  are  often  very 
rapid,  sometimes  as  much  as  10°  or  15°  F.  in  a  few  hours. 
Besides  this,  there  are  considerable  differences  of  tempera- 
ture at  the  same  time  in  various  parts  of  the  city.  The 
average  temperature  is  given  as  follows  by  Hann 
("Handb.  der  Klimatologie"):  January,  39.4°  F. ;  April, 
49.8°  F.  ;  July,  63.9°  F.  ;  October,  53.3°  F.  ;  and  for  the 
year,  50.7°  F.  In  general,  however,  Brighton  is  warm 
and  dry,  and  as  such  particularly  suitable  in  convalescence 
from  Bright's  disease  in  the  acute  form,  and  in  all  chronic 
forms.  It  is  of  service,  also,  in  diseased  conditions 
where  there  is  loss  of  appetite  and  anaemia,  and  in  some 
cases  of  asthma.  W.  G.  Le  BouUUier. 


BROMAL  HYDRATE,  CsHBrsO.  3HjO.  Likechloral. 
bromal  is  an  oily  fluid  which,  uniting  with  water,  forms  a 
crystalline  hydrate.  Bromal  hydrate  occurs  in  white 
crystalline  masses  of  a  sharp,  burning  odor  and  taste 
fusible  at  58.5°  C.  (138.3°  F.),  and  soluble  in  water. 
Physiologically  the  drug  is  severely  irritant,  and,  ab- 
sorbed into  the  circulation,  has  been  found  by  experi- 
ment (Steinauer)  to  cause  restlessness  followed  by  sleep, 
and,  if  dosage  be  pushed,  dyspnoea,  convulsions,  and  death. 
It  may  relieve  pain,  and  has  been  thought  to  be  of  avail 
in  averting  threatened  epileptic  fits,  but  it  is  not  officinal 
in  the  U.  8.  Pharmacopoeia  and  is  little  used  in  medicine. 
It  has  been  given  in  three-grain  doses  (Steinauer),  but  it 
is  so  disturbing  to  the  digestive  functions  that  the  dose 
must  be  given  in  great  dilution.  Edward  Curtis. 

BROMIDES.  1.  General  Medicinal  Properties 
OF  THE  Bromides. —  Compounds  of  bromine,  whose 
basylous  radicle  is  innocuous  enough  to  permit  of  their 
medicinal  administration  in  decided  quantity,  all  show  a 
certain  influence  over  the  animal  system,  commonly,  and 
undoubtedly  rightly,  referred  to  the  action  of  the  bro- 
mine of  their  composition.  Of  the  effects,  the  most 
striking  feature  is  derangement  of  nerve-function,  which, 
in  moderate  dosage,  takes  the  form  of  a  deadening  of 
reflex  irritability,  cerebral  and  spinal,  and  in  poisonous 
administration  shows  itself  as  failure  of  power,  voluntary 
as  well  as  reflex,  in  the  cerebro-spinal  centres.  Clinically, 
the  prominent  effects  are  that  the  nervous,  agitated,  and 
wakeful  subject  becomes  calm,  tranquil,  and  predisposed 
to  sleep ;  that  convulsive  seizures,  the  expressions  of  un- 
natural reflex  irritability,  such  as  the  convulsions  of  epi- 
lepsy and  of  tetanus,  tend  to  abate  in  frequency  and  vio- 
lence ;  that  a  qualmish  stomach  becomes  quieted,  that 
tickling  of  the  fauces  fails  to  provoke  gagging,  and  that 
sexual  eagerness  and  even  power  wane.  In  profounder 
bromism  what  was  at  first  intellectual  laziness  and  in- 
difference becomes  positive  stupidity,  with  failure  of 
memory  and  with  or  without  a  certain  grade  of  aphasia ; 
what  was  a  dulness  of  reflex  activity  passes  to  motor 
and  sensory  weakness — paresis  of  sight,  hearing,  and 
tactile  sense  and  profound  muscular  debility,  until  at 
last,  after  apparently  total  abolishment  of  all  conscious 
existence,  the  poisoned  subject  dies,  either  from  respira- 
tory or  cardiac  failure.  Minor  effects  are,  when  a  bro- 
mide is  continuously  taken,  a  peculiar  foetor  to  the 
breath,  a  tendency  to  an  acneform  eruption,  most  pro- 
nounced on  the  face,  arms,  back,  and  buttocks,  and  a  ten- 
dency to  congestion  and  even  oedema  of  the  fauces  and 
uvula,  and,  later,  of  the  conjunctiva  also.  All  of  these 
various  symptoms,  formidable  though  many  of  them  are, 
rapidly  abate  upon  discontinuance  of  the  medicine,  and, 
as  a  rule,  leave  no  permanent  morbid  results.  Other 
effects,  notably  derangement  of  the  circulation  and  lower- 
ing of  body-temperature,  are  observed  in  the  operation  of 
the  most  commonly  used  bromide,  namely,  the  potassic, 
and  also  in  that  of  the  closely  allied  lithic  bromide ;  but 
inasmuch  as  these  are  effects  which  are  more  or  less  com- 
mon to  all  salts  of  potassium  and  lithium,  it  is  an  open 
question  whether  their  occurrence  in  the  present  connec- 
tion is  not  rather  due  to  the  basylous  element  of  the 
bromide  than  to  the  bromine.  Bromides  are  quick  of 
absorption,  and,  generally  speaking,  fairly  quick  of  eUm- 
ination,  and  in  such  elimination  are  to  be  found  in  all 
the  secretions — urine,  faeces,  sweat,  saliva,  and  even  in 
the  pus  of  the  acne-pustules. 

The  most  interesting  effect  of  bromides,  namely,  the 
derangement  of  function  of  the  cerebro-spinal  nervous 
system,  has  been  made  the  theme  of  much  experimenta- 
tion for  the  purpose  of  finding  just  where  the  bromide  in- 
fluence strikes.  As  usual,  the  experiments  are  not  wholly 
in  accord,  but  their  general  drift  clearly  indicates,  as  H. 
C.  Wood  points  out,  that  the  peripheral  ends  of  the  af- 
ferent nerves  and  those  portions  of  the  axis  that  have  to 
do  with  the  reception  of  sensory  impressions  and  their 
transmission  as  an  impetus  for  motor  reflex  response, 
suffer  first  and  most  severely  in  deadening  of  functional 
activity,  while  later,  and  to  a  proportionately  lesser  de- 
gree, are  affected  the  motor  tract  of  the  cord  and  the 
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motor  nerves.  By  this  hypothesis  is  rendered  intelligible 
the  oft-observed  occurrence  that  a  bromized  frog,  while 
profoundly  indifferent  to  pricks  or  searings,  from  evident 
cutaneous  anaesthesia,  may  still  retain  enough  command 
of  motor  power  to  hop,  and  vigorously  too,  at  will. 

The  therapeutics  of  the  bromides  consist  of  the  direct 
application,  for  clinical  ends,  of  the  bromine  influence  to 
blunt  nervous  impressibility.  Such  displays,  therefore, 
of  so-called  nervous  excitement  as  are  the  expressions  of 
a  state  of  direct  morbid  irritation  of  the  nervous  system, 
in  whole  or  in  part,  are  conditions  proper  for  the  action 
of  a  bromide  ;  but,  on  the  other  hand,  the  derangements 
of  nerve  function  caused  by  exhaustion,  general  or  local, 
are  distinctly  not  to  be  treated  by  bromine  medication. 
For  in  such  latter  case,  because  of  the  generally  depressing 
character  of  the  bromine  influence,  the  exhaustion  will  be 
deepened,  and  the  nervous  symptoms,  therefore,  intensi- 
fied. Prominent  illustrations  of  the  conditions  where  bro- 
mides may  be  of  benefit  are  undue  restlessness  and  wakeful 
ness,  or  mental  irritability  or  morbidness  from  any  emotion  ■ 
al  cause,  or  from  severe  intellectual  labor  under  pressure  ; 
undue  excitability  of  a  lusty  sexual  apparatus  from  too 
free  indulgence  ;  and,  more  notable  still,  expressions  of  re- 
flex action,  such  as  the  convulsions  of  epilepsy,  of  tetanus, 
or  of  strychnine  poisoning  ;  the  convulsions  of  children, 
so  easily  induced,  in  many,  by  a  variety  of  causes  ;  sea- 
sickness or  the  vomiting  of  pregnancy  or  of  neurotic 
poisoning.  Conditions  where,  on  the  other  hapd,  bro- 
mides are  useless  or  harmful,  are  restlessness,  wakefulness, 
or  mental  derangement  from  want  of  sleep,  from  starva- 
tion, from  loss  of  blood,  or  devitalization  from  a  prostrat- 
ing disease,  such  as  typhoid  fever,  or,  locally,  irritability 
of  the  sexual  organs  when  associated  with  beginning 
of  failure  of  power  through  exhaustion  from  excessive 
abuse.  In  cases  for  which  bromides  are  fitting  it  is 
hardly  necessary  to  say  that  the  remedy  will  promise  more 
if  resorted  to  at  the  outset,  and  that  large  doses  may  con- 
quer where  small  ones  will  utterly  fail.  In  chronic  and 
intractable  disease,  such  as  epilepsy,  two  points,  beside 
sufficiency  of  dosage,  must  be  observed,  namely :  first, 
that  the  blood  must  be  kept  evenly  and  continuously 
charged  with  the  bromide  salt,  a  result  which,  considering 
tlie  comparatively' rapid  elimination  of  the  salt,  can  only 
be  secured  by  giving  the  daily  allowance  in  at  least  three 
doses,  whereof  the  evening  one,  having  longer  to  last, 
should  be  larger  than  the  others  ;  and,  secondly,  that  the 
medication  must  not  be  too  speedily  discontinued  after 
apparent  cure  of  the  malady,  but,  on  the  contrary,  must  be 
kept  up  for  months,  and  even  years,  thereafter.  In  epilep- 
sy, it  is  singular  that  the  form  of  the  disease  called  petit 
mat  should  be,  as  it  is,  distinctly  less  amenable  to  bromide 
medication  than  the  classical  f  oi-m  where  the  fits  are  out- 
spoken. In  epilepsy,  when  the  disease  is  recent  and  of 
the  latter  variety,  the  curative  power  of  the  bromides  sur- 
passes that  of  any  other  drug,  but  the  remedy  will  com- 
monly have  to  be  pushed  to  the  development  of  a  certain 
grade  of  bromism  before  benefit  appears.  In  tetanus, 
also,  the  results  of  bromine  medication  fully  equal  those 
of  any  other  treatment,  and  a  bromide  in  conjunction  with 
chloral  hydrate  is,  at  present  writing,  probably  the  remedy 
in  most  repute. 

2.  The  Medicinally  used  Bromides. — The  bromides 
officinal  in  the  U.  8.  Pharmacopoeia  are,  among  bases  of 
the  heavy  metals,  eineic  bromide,  and  among  those  of  the 
alkali  metals  and  metals  of  the  earth,  potassic,  sodic,  lithie, 
ammonic,  and  calcic  bromides.  Hydrobromic  acid  and 
brominated  camphor  may  also  be  mentioned  as  being, 
logically,  bromides,  and  as  furthermore  showing  in  their 
action  upon  the  animal  system  the  peculiar  bromine  in- 
fluence in  addition  to  their  other  effects.  Lastly,  an 
ethereal  bromide,  namely,  monobromeihane  ("  bromide  of 
ethyl,"  "  hydrobromic  ether  "),  although  not  oflScinal,  has 
been  used  in  medicine  as  an  anaesthetic.  In  the  present 
article  will  be  discussed  only  the  bromides  of  the  metals 
of  the  alkalies  and  earths,  in  which  alone  the  bromine  in- 
fluence is  the  dominant  medicinal  virtue.  For  bromide 
ofzine,  see  Zinc ;  for  hydrobromic  acid,  see  Hydrobromic 
Acid ;  for  brominated  camphor,  see  Camphor ;  and  for  bro- 
mide  of  ethyl,  see  Ethy lie  Bromide. 


Potassic  Bromide :  KBr.  Potassic  bromide  is  officinal 
in  the  U.  S.  Pharmacopoeia  as  Potassii  Bromidum,  Bro- 
mide of  Potassium.  It  occurs  in  "  colorless,  translucent, 
cubical  crystals,  permanent  in  dry  air,  odorless,  having  a 
pungent,  saline  taste,  and  a  neutral  reaction.  Soluble  in 
1.6  part  of  water  and  in  200  parts  of  alcohol  at  15°  0. 
(59°  F.) ;  in  1  part  of  boiling  water,  and  in  16  parts  of 
boiling  alcohol.  The  commercial  salt  generally  appears 
in  white,  opaque,  or  semitransparent  crystals,  having  a 
faintly  alkaline  reaction ;  but  single  crystals  laid  upon 
moistened  red  litmus-paper  should  not  at  once  produce  a 
violet-blue  stain  (absence  of  more  than  about  0.1  per  cent, 
of  alkali).  At  a  dull  red  heat  the  salt  melts  without  los- 
ing weight.  At  a  full  red  heat  it  is  slowly  volatilized 
without  decomposition"  (U.  S.  Ph.).  In  some  commer- 
cial samples  the  alkalinity  is  said  to  be  decided,  suffi- 
ciently so  to  enable  the  salt  to  precipitate  alkaloids  from 
solutions  of  their  salts.'  Potassic  bromide  should  be  kept 
in  well-stopped  bottles. 

Potassic  bromide  is  the  most  generally  active,  the  best 
known,  and  the  most  commonly  prescribed  bromide.  It 
is  capable  of  producing,  to  the  highest  degree,  the  peculiar 
bromine  effects  already  detailed,  and  also  has  a  marked 
influence  over  the  circulatory  organs,  and,  if  pushed  to 
poisoning,  a  power  to  distinctly  lower  body-temperature. 
The  circulatory  derangement  consists  in,  first,  a  slowing 
and  weakening  of  the  heart's  contractions,  passing  even 
to  stoppage  of  the  organ  in  diastole ;  and,  secondly,  a 
probable — but  probable  only — narrowing  of  the  lumen  of 
the  smaller  blood-vessels,  through  vaso-motor  spasm. 
Partly  because  of  the  certain  effect  upon  the  heart,  and 
partly  also  because  of  the  possibly  rightly  assumed  effect 
upon  the  blood-vessels,  potassic  bromide  is  commonly 
held  to  induce  partial  capillaiy  anaemia,  especially  of  the 
nerve-centres — spinal  cord  and  brain.  And  because  of 
this  anaemia,  in  turn,  it  has  been  imagined  by  some,  and 
become  quite  a  text-book  tradition  with  many,  that  the 
action  upon  the  vascular  organs  is  the  only  direct  one 
that  potassic  bromide  exerts,  all  the  nervous  phenomena 
being  sweepingly  accounted  for  as  mere  secondary  con- 
sequences of  a  diminished  blood-supply  to  the  cerebro- 
spinal axis.  To  refute  this  notion,  it  seems  only  neces- 
sary to  cite,  on  the  one  hand,  the  fact  that  other  bromides 
than  the  potassic,  which  have  but  little  of  the  depressing 
effect  of  the  latter  salt  upon  circulation,  yet  show  the 
bromine  influence  over  nerve-function,  and,  on  the  other 
hand,  to  note  that  cerebro-spinal  anaemia,  occurring  as 
it  can  easily  be  made  to  do,  experimentally,  by  other 
methods  and  to  any  degree,  is,  when  so  determined,  never 
followed  by  the  peculiar  phenomena  of  bromism. 

As  the  drug  is  medicinally  given,  the  clinical  effects  of 
potassic  bromide  are  a  salty  taste  in  the  mouth,  with  a 
little  increase  in  the  flow  of  the  saliva,  and  perhaps  also 
some  diuresis  ;  an  abatement  of  all  forms  of  nervousness, 
fidgets,  or  even  sijasms,  with  a  tendency  to  mental  calm  and 
indifference,  intellectual  and  physical  sloth,  and,  if  cir- 
cumstances favor,  drowsiness.  Along  with  these  sugges- 
tive symptoms  the  pulse  falls  somewhat  in  force  and 
frequency.  If  the  dose  have  been  single  and  not  over 
large,  little  other  than  the  foregoing  effects  will  be  de- 
clared ;  but,  if  the  taking  be  continuous  and  the  doses 
range  high,  the  derangement  may  be  profound,  the  sub- 
ject presenting  the  picture  of  one  mentally  dull  even  to 
idiocy,  with  perhaps  some  aphasia ;  dtill  of  hearing,  sight, 
and  feeling;  physically  weak  even  to  paresis,  sexually 
impotent,  and  with  the  peculiar  symptoms  of  a  foetid 
breath,  a  whispering  voice,  a  face  broken  out  in  acne, 
a  congested  or  even  (Edematous  faucial  arch,  a  slow  and 
failing  pulse  and  respiration,  and  a  depressed  body-tem- 
perature. In  overwhelming  dosage,  paralysis  of  sense 
and  motion  becomes  absolute,  and  death  ensues  quietly 
by  failure  of  respiration  or  of  cardiac  action— the  former  if 
the  poisoning  have  been  progressive  by  accumulating 
small  doses,  the  latter  if  by  a  single  overpowering  charge. 
But  as  usual  with  the  bromides,  so  long  as  the  condition 
is  one  short  of  death,  the  symptoms  will  quite  certainly 
ameliorate— and  that,  too,  without  lasting  results— upon 
discontinuance  of  the  administration.  In  case  of  senous 
poisoning,  the  treatment  must  be  in  accordance  with  gen- 
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eral  principles  only,  consisting  in  evacuation  of  the  stom- 
ach, if  a  large  single  dose  have  been  taken,  and,  for  the 
rest,  the  employment  of  measures  addressed  to  maintain- 
ing the  action  of  the  heart  and  lungs. 

Potassic  hromide  is  used,  medicinally,  exclusively  for 
the  peculiar  purposes  of  the  bromides  generally,  as  set 
forth  in  the  first  section  of  this  article.  "Where  the  need 
is  transient  only,  as  to  quiet  a  squeamish  stomach,  or  to 
calm  a  restless  subject  and  invite  sleep,  the  dose  vi^ill 
range  from  1.30  to  3.00  Gm.,  or  thereabouts  (twenty  to 
forty-five  grains),  according  to  the  intensity  of  the  dis- 
turbance and  the  susceptibility  of  the  individual.  "Where, 
on  the  other  hand,  a  continuous  and  powerful  impression 
is  necessary,  as  in  treating  epilepsy  or  tetanus,  the  doses 
may  have  to  be  both  large  and  frequent.  In  deahng  with 
epilepsy,  the  daily  quantity  will  rarely  be  less  than  6.00 
Gm.  (ninety  grains),  and  may  need  to  reach  15.00  Gm. 
(half  an  ounce),  given  broken  up  into  three  or  four  doses 
evenly  distributed  over  the  waking  hours,  excepting  as 
to  the  evening  portion,  which  should  be  somewhat  larger 
than  the  others.  The  actual  dosage  in  a  given  case  must 
be  determined  by  the  effects  produced  upon  the  fits.  A 
clinical  rule  with  some  is  to  give  the  salt  until  the 
usual  reflex  gagging,  occurring  upon  tickling  the  fauces, 
is  found  to  have  become  abolished.  Even  with  the  small- 
est daily  quantity  above  named,  a  certain  degree  of 
"  bromism  "  will  follow  the  continuous  giving,  and  such 
must  be  expected.  Rarely,  indeed,  will  any  impression 
be  made  upon  the  epilepsy  until  some  bromism  does  show 
itself.  In  tetanus  or  strychnine  poisoning  the  dosage  of 
bromide  reaches  its  maximum,  the  extraordinarily  height- 
ened reflex  irritability,  which  is  the  essence  of  the  morbid 
condition  in  the  two  affections,  making  the  subject  com- 
paratively insusceptible  to  the  benumbing  influence  of 
bromine.  Doses  of  15.00  Gm.  (half  an  ounce),  even,  have 
been  given  at  a  single  draught,  and  the  daily  total  should 
certainly  reach  this  figure.  Yet  in  strychnine  poisoning  it 
must  be  remembered  that  the  tetanus,  if  it  does  not  kill 
within  a  couple  of  hours,  then  rapidly  abates,  and  simul- 
taneously, of  course,  disappears  the  insusceptibility  to 
bromide  influence.  Care  must  therefore  be  taken  to 
diminish  the  bromide  dosing,  as  the  morbid  irritability 
fades,  else,  as  has  actually  happened,  the  subject  may  be 
saved  from  death  by  strychnine  convulsions  only  to  be 
brought  to  the  verge  of  the  grave  by  bromide  palsy. 
Potassic  bromide  is  administered  in  solution,  either  in 
simple  iced  water,  or,  what  is  pleasanter,  and  in  case  of 
large  doses  makes  the  draught  less  obnoxious  to  the 
stomach,  in  water  slightly  alkalized  by  the  addition  of  a 
little  sodic  bicarbonate ;  or,  best  of  all,  in  water  both 
alkaline  and  effervescent,  as  "Vichy '^  or  Apollinaris. 

8odia  Bromide:  NaBr.  The  salt  is  officinal  in  the 
U.  S.  Pharmacopoeia,  as  Sodii  Bromidum,  Bromide  of 
Sodium.  It  occurs  in  "  small,  colorless  or  white,  mono- 
clinic  crystals,  or  a  crystalline  powder,  permanent  in  dry 
air,  odorless,  having  a  saline,  slightly  bitter  taste,  and  a 
neutral  or  faintly  alkaline  reaction.  Soluble  in  1.3  part 
of  water,  and  in  thirteen  parts  of  alcohol  at  15°  C.  (59° 
F.) ;  In  0.5  part  of  boiling  water,  and  in  eleven  parts  of 
boiling  alcohol.  "When  heated  to  a  dull  red  heat,  the 
salt  melts  without  losing  weight.  At  a  full  red  heat,  it 
is  slowly  volatilized  without  decomposition.  A  frag- 
ment of  the  salt  imparts  to  a  non-luminous  flame  an  in- 
tense yellow  color,  not  appearing  more  than  transiently 
red  when  observed  through  a  blue  glass"  (U.  S.  Ph.). 
Sodic  bromide  is  hygroscopic,  and  should  be  kept  in  well- 
stopped  bottles. 

Sodic  bromide  is  less  unpleasant  to  taste  than  the 
potassic  salt,  and  is  in  every  way  less  deranging  of  func- 
tion. But  yet,  despite  the  fact  that  its  innocuousness 
permits  of  its  prescription  in  larger  doses  and  for  more 
continuous  administration  than  is  always  possible  with 
potassic  bromide,  the  bulk  of  testimony  goes  to  show 
that  the  sodic  salt  is  of  distinctly  inferior  curative  power. 
Its  use  is,  therefore,  properljr  confined  either  to  cases  where 
but  a  mild  effect  is  called  tor,  or  to  those  where,  for  any 
reason,  the  potassic  salt  cannot  be  given,  or  having  been 
given  must  be  abandoned.  The  fact  that  weight  for 
weight,  sodic  bromide  contains  more  bromine  than  potas- 


sic (in  the  proportion  of  77.63  to  67.13),  simply  shows  the 
more  forcibly  the  intrinsic  physiological  feebleness  of  the 
compound.  Sodic  bromide  should  be  given  in  he  same 
manner  as  the  potassic  salt,  and  may  be  begun  with  in 
the  same  dose,  to  be  carefully  augmented  according  to 
the  effects  produced. 

LUMc  Bromide :  LlBr.  The  salt  is  officinal  in  the 
U.  S.  Pharmacopoeia  as  Lithii  Bromidum,  Bromide  of 
Lithium.  It  occurs  as  a  "  white,  granular  salt,  very 
deliquescent,  odorless,  having  a  very  sharp,  somewhat 
bitter  taste,  and  a  neutral  reaction.  Very  soluble  in 
water  and  alcohol.  At  a  low  red  heat  the  salt  fuses,  and 
at  a  higher  heat  it  is  slowly  volatilized.  A  fragment  of 
the  salt  imparts  a  crimson  color  to  a  non-luminous 
flame"  (U.  S.  Ph.).  Being  exceedingly  deliquescent, 
this  salt  should  be  kept  in  well-stopped  bottles. 

So  far  as  observed,  lithic  bromide  very  closely  resem- 
bles the  potassic  salt  in  its  effects,  as  the  nature  of  its 
base  would  render  likely.  Dr.  S.  "Weir  Mitchell,  of 
Philadelphia,  who  first  advocated  this  bromide  for  use  in 
the  nerve  affections  for  which  potassic  bromide  is  com- 
monly prescribed,  considers  the  lithic  salt  more  speedily 
and  more  powerfully  hypnotic  than  the  potassic.  It  has 
the  demerit  of  comparative  costliness.  It  contains,  pro- 
portionally, more  bromine  than  does  any  other  of  the 
alkaline  bromides,  and  has  been  advised  to  be  given  in 
one-half  the  dose  of  the  potassic  salt  ("Weir  Mitchell). 

Ammonie  Bromide:  NHiBr.  The  salt  is  officinal  in 
the  U.  S.  Pharmacopoeia  as  Ammonii  Bromidum,  Bro- 
mide of  Ammonium.  It  occurs  as  "colorless,  transpar- 
ent, prismatic  crystals,  or  a  white,  granular  salt,  becom- 
ing yellow  on  long  exposure  to  air,  odorless,. having  a 
pungent,  saline  taste,  and  a  neutral  reaction.  Soluble 
in  1.5  part  of  water,  and  in  150  parts  of  alcohol  at  15°  C. 
(59°  F.)  i  in  0.7  part  of  boiling  water  and  in  15  parts  of 
boiling  alcohol.  Upon  ignition  the  salt  volatilizes  com 
pletely  without  melting "  (U.  S.  Ph.). 

From  the  point  of  view  of  the  clinician,  ammonie  bro- 
mide may  be  regarded  as  substantially  a  duplicate  of 
potassic  bromide  m  medicinal  virtues,  while,  at  the  same 
time,  more  acrid  in  taste  and  in  local  action.  It  has  been 
used  for  the  same  purposes  as  the  potassic  salt,  and  in 
the  same  dose,  but  though  strongly  recommended  by 
Brown-Sequard  and  others  in  epilepsy,  it  has  not  made 
itself  generally  believed  to  be  any  better  than  potassic 
bromide. 

Calcic  Bromide :  CaBrj.  The  salt  is  officinal  in  the 
U.  S.  Pharmacopoeia  as  Calcii  Bromidum,  Bromide  of 
Calcium.  It  is  a  "  white,  granular  salt,  very  deliquescent, 
odorless,  having  a  pungent,  saline,  and  bitter  taste,  and  a 
neutral  reaction.  Soluble  in  0.7  part  of  water,  and  in 
1  part  of  alcohol  at  15°  C.  (59°  F.) ;  very  soluble  in  boil- 
ing water  and  in  boiling  alcohol.  At  a  dull  red  heat  the 
salt  fuses  without  losing  anything  but  moisture.  At  a 
higher  temperature  it  is  partly  decomposed"  (U.  S.  Ph.). 
The  salt  must  be  kept  in  well-stopped  bottles. 

Like  the  ammonie  salt,  calcic  bromide  does  not  seem 
to  differ  materially  in  properties  from  potassic,  and  stands 
in  medicine  as  an  additional  and  not  over-necessary  sub- 
stitute for  the  same,  in  the  same  range  of  application  and 
in  the  same  dosage.  It  was  originally  proposed  by  Dr. 
"W.  A.  Hammond,  of  New  York,  in  1871. 

Edward  Curtis. 

*  tr.  S.  DlBpeneatory,  15th  ed.,  quoting  Ghas.  D.  Chase. 
'^  Seguin ;  Archives  of  Medicine. 

BROMIDROSIS.  Bromidrosis  is  a  functional  disorder 
of  the  sweat-glands,  characterized  by  more  or  less  sweat- 
ing and  an  offensive  odor.  It  may  be  general  or  local. 
"When  universal  the  patient  exhales  a  heavy,  disagreeable 
odor,  which  at  times  has  a  distinctive  character,  as  of  a 
goat,  of  urine,  onions,  assaf  oetida,  sulphur,  or  musk.  The 
odor  of  the  body  may  in  some  cases  be  connected  with 
some  systemic  disease,  as  measles,  small-pox,  etc.,  or  it 
may  be  due  to  medicines  taken  or  to  certain  forms  of  diet. 
In  the  generalized  form  of  bromidrosis  the  odor  is  net 
necessarily  connected  with  sensible  perspiration. 

The  local  form  of  bromidrosis  is  that  usually  encoun- 
tered, it  is,  in  fact,  a  form  of  Hyperidrosis  (g.  v.).    Ths 


698 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Bromides. 
Bronchi. 


axillae,  genitalia,  perineum,  and  feet  are  the  usual  seats 
of  the  disorder.  The  odor  is  sometimes  slight,  at  other 
times  so  offensive  as  to  exclude  the  sufEerer  from  all 
society. 

In  ihs  feet  the  odor  proceeds  from  the  stockings  and 
shoes,  and  treatment  must  include  some  means  of  keeping 
these  pure.  Thin  recommends  cork  insoles  soaked  in 
boracic  acid,  and  also  that  the  stockings  should  be  soaked 
in  the  same  and  dried  before  using.  Local  medication  is 
most  important.  The  remedies  mentioned  under  Hyperi- 
drnsis  are,  of  course,  useful,  and  in  addition  solutions  of 
permanganate  of  potassium,  from  one  to  three  grains  to 
the  ounce  ;  of  boracic  acid,  saturated  ;  or  of  chloral,  ten 
to  forty  grains  to  the  ounce,  are  of  use.  Among  powders, 
salicylic  acid  with  starch  is  perhaps  the  best.  The  treat- 
ment for  general  bromidrosis  must  be  based  on  an  exami- 
nation of  the  patient's  general  condition,  and  directed  to 
obviate  any  defect  which  may  be  observed. 

Arthur  Van  Harlingen. 


BROMINE.  Bromine  is  officinal  in  the  U.  S.  Pharma- 
copoeia, as  Bromwm,  Bromine.  It  is  described  as  "  a  dark, 
brownish-red,  mobile  liquid,  evolving,  even  at  the  ordi- 
nary temperature,  a  yellowish-red  vapor  highly  irritating 
to  the  eyes  and  lungs,  and  having  a  peculiar,  suffocating 
odor,  resembling  that  of  chlorine.  ■  It  boils  at  63°  C. 
(145.4°  P.),  and  has  the  sp.  gr.  2.990.  It  is  soluble  in  33 
parts  of  water  at  15°  C.  (59°  P.),  and  is  dissipated  on  boil- 
ing the  water,  and  is  very  soluble  in  alcohol  and  in  ether 
with  gradual  decomposition  of  these  two  liquids ;  also 
very  soluble  in  chloroform  and  in  disulphide  of  carbon. 
It  is  completely  volatilized  by  exposure  to  air  or  to  heat. 
It  destroys  the  color  of  litmus  and  of  sulphate  of  indigo, 
and  renders  gelatinized  starch  yellow  "  (U.  S.  Ph.).  Bro- 
mine has  the  same  intense  affinity  for  hydrogen  that 
chlorine  has,  and  so,  in  similar  manner  to  chlorine,  deter- 
mines the  oxidation  of  organic  matter  in  the  presence  of 
moisture  by  appropriating  the  hydrogen  of  the  water  and 
liberating  the  oxygen.  The  fumes  of  bromine  are  thus 
deodorant,  like  chlorine,  and  if  present  in  an  atmosphere 
in  great  volume  would  doubtless  prove  disinfectant  to 
floating  disease-germs.  Mixed  directly  with  foul-smell- 
ing or  infectious  matter,  bromine  is  powerfully  deodor- 
ant and  disinfectant.  But  while  there  is  thus  no  defi- 
ciency of  power,  yet  bromine  is  but  little  used  for  the 
purposes  just  suggested,  for  the  several  reasons  of  its  ex- 
pensiveness,  abominable  smell,  caustic  and  bleaching  ten- 
dency, and  the  exceedingly  irritant  action  of  its  vapor 
upon  the  human  air-passages.  Squibb  estimates  that  an 
ounce  of  bromine,  accidentally  spilled  in  an  ordinary 
chamber,  would  render  the  air  thereof  dangerous  to  life. 

Locally  applied  to  living  animal  tissues,  pure  bromine 
is  a  very  searching  and  painful  caustic,  and  non-caustic 
dilutions  act  as  detergent  and  stimulant  lotions  to  foul  or 
sloughing  ulcers.  Here  again,  however,  the  cost  of  the 
remedy  and  its  oflfensiveness  render  it  less  practicable 
than  its  efficiency  would  suggest.  For  caustic  purposes, 
bromine  is  applied  clear,  the  patient,  if  the  area  to  be 
cauterized  is  at  all  extensive,  being  etherized,  and  the 
operator  taking  care  that  his  eyes  and  nose  do  net  come 
too  near  the  fumes  of  the  very  volatile  and  pungent 
liquid.  As  a  strong  lotion,  a  ten  per  cent,  solution  in 
water  may  be  employed,  the  solution  of  the  bromine 
being  effected  by  adding  one-third  its  weight  of  potassic 
bromide  to  the  mixture.  For  weaker  lotions — any  per- 
centage less  than  three — bromine  is  directly  soluble  in 
water  without  any  saline  addition.  Taken  internally, 
bromine  is  doubtless  absorbed  as  a  bromide.  It  was  for- 
merly used  as  an  internal  medicine  in  the  class  of  diseases 
for  which  iodine  or  the  alkaline  iodides  are  now  so  ex- 
tensively employed.  For  the  specific  purposes  of  the 
alkaline  bromides  (see  Bromides),  bromine  is  practically 
unavailable,  because  of  the  inevitably  irritating  effect,  to 
say  nothing  of  the  disagreeableness  of  the  draught,  of 
the  large  dose  that  would  be  required.  Bromine  has  been 
given  internally  in  the  dose  of  from  three  to  six  drops  of 
a  two  and  a  half  per  cent,  aqueous  solution. 

Edwa/rd  Curtis. 


BROMINE  CHLORIDE.  By  direct  union  of  the  two 
elements,  bromine  and  chlorine,  a  compound  is  formed, 
appearing  as  a  reddish-yellow,  volatile,  mobile  fluid,  sol- 
uble in  water.  This  compound  is  powerfully  caustic, 
but  has  never  been  used  in  regular  medicine  except  as  an 
ingredient  of  a  caustic  paste  used  by  Landolfi,  of  Naples, 
for  the  treatment  of  cancer.  Edward  Ciirtis. 

BROMOFORM.  Bromoform,  or  tribromoniethane, 
CHBra,  is  a  heavy,  colorless  liquid,  volatile,  of  a  sharp 
ethereal  odor  and  rather  sweetish  taste.  It  dissolves 
sparingly  in  cold  water,  but  readily  in  warm  water  and 
in  ether;  specific  gravity,  2.9;  boiling-point,  151° C. 
(303.8°  F.)  (Horoch).  Bromoform  has  recently  been  ex- 
perimented with  as  a  possible  anaesthetic  by  von  Horoch, 
of  Vienna.  Administered  to  cats  and  rabbits  by  inhalation, 
by  the  mouth  and  by  hypodermatic  injection,  the  agent 
produced  narcosis  easily  developed  and  with  a  short  initial 
stage  of  excitement.  During  the  narcosis  the  body-tem- 
perature sank,  and  reflex  irritability  entirely  disappeared, 
while  yet  the  heart-action  remained  good  and  the  respi- 
ration was  but  little  affected.  Recovery  took  place  with- 
out vomiting.  The  narcosis,  especially  when  established 
by  hypodermatic  injection,  was  profound  and  prolonged. 
In  three  cases  bromoform  was  given  by  inhalation  to  men 
with  the  production  ..of  effects  similar  to  those  obtained 
upon  animals.  A  disagreeable  feature  of  the  anaesthetic 
was  irritation  of  the  mucous  membrane  of  the  air-pas- 
sages and  of  the  conjunctiva.  Edward  Curtis. 

BRONCHI,  MINUTE  ANATOMY  OF.  As  a  preface 
to  the  histology  of  the  bronchi,  a  short  riaume  of  the  gross 
anatomy  seems  here  desirable.  The  bronchi — more  prop- 
erly bronchia,  Ppoyx^a,  meaning  swallow  or  throat — prob- 
ably received  the  name  through  Plato,  who  taught  that 
their  function  was  to  receive  the  liquids,  the  oesophagus 
receiving  the  solids.  Aristotle  having  supported  this 
theory,  the  name  remained  so  long  in  medical  use  as  to 
become  a  fixture. 

The  bronchia,  beginning  at  the  tracheal  bifurcation  op- 
posite the  third  dorsal  vertebra  (fourth  in  female),  termi- 
nate in  the  pulmonary  lobules.  The  primary  tracheal 
branches,-  from  their  distribution,  are  named  the  right 
and  left  bronchus.  The  former  is  shorter,  larger,  and 
more  horizontal  than  the  latter,  and  the  septum  bronchiale 
separating  them  is  placed  to  the  left  of  the  longitudinal  (in 
the  recumbent  posture  of  the  body)  axis  of  the  trachea. 
Hence,  bodies  falling  into  the  trachea  lodge  more  fre- 
quently in  the  right  bronchus.  Hyrtl  teaches  that  post- 
mortem examinations  of  the  new-born,  dying  after  a  few 
respirations,  show  that  the  right  lung  respires  before  the 
left,  and  he  explains  the  fact  by  the  diflerence  in  size  and 
location  of  the  beginning  of  the  right  bronchus.  The 
general  rule  of  dichotomous  subdivision  obtains,  but  is 
not  without  exception ;  e.g.,  the  right  bronchus  subdivid- 
ing into  three  branches,  one  for  each  lobe.  Occasional 
small  branches  are  given  off  by  the  main  trunk.  Having 
reached  the  diameter  of  0.31  mm.  (rh  inch),  they  enter 
the  apices  of  the  pulmonary  lobules.  Here  again  branch- 
ing at  acute  angles  they  dilate  slightly,  becoming  funnel- 
shaped,  whence  the  name  "  infundibula  vesicae '  (see  art. 
Lungs,  Minute  Anatomy  of). 

Structueb.— The  bronchia  are  hollow  cylmdrical 
tubes,  which  retain  in  structure,  through  a  large  portion 
of  their  extent,  the  characteristics  of  the  trachea.  Like 
the  latter,  they  consist  of  four  distinct  layers,  an  external 
fibrous,  a  muscular,  an  internal  elastic,  ^nd  a  mucous 
layer. 

The  external  fibrous  layer  consists  of  a  dense  meshwork 
of  connective-tissue,  in  which  are  to  be  found  rings  or 
laminae  of  hyaline  cartilage.  In  the  primary  bronchia 
these  are  disposed  as  in  the  trachea,  i.e.,  in  broken  rings 
like  the  letter  C,  held  together  by  fibrous  bands.  The 
ring  is  made  complete  by  small  transverse  bundles  ot  un- 
striped  muscular  fibres  attached  by  microscopic  tendons 
to  the  ends  of  the"  rings.  By  their  contraction  they  in- 
crease the  curvature  of  the  cartilage  and  so  diminish  the 
calibre  of  the  tube.  The  right  bronchus  contains  six  to 
eight  of  these  cartilages  ;  the  left  ten  to  twelve.    Further 
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removed  from  the  tracliea  the  cartilages  gradually  lose 
their  ring-like  shape,  and  are  disposed  in  irregular  po- 
lygonal laminae.  Becoming  smaller  and  less  frequent,  they 
finally  disappear  in  tubes  of  less  diameter  than  0.23  mm. 
irhs  inch),  the  fibrous  layer  still  continuing  to  form  the 
external  coat. 

The  muscular  layer  lies  within  the  fibrous  layer  just 
described.  It  consists  of  separate  bundles  of  unstriped 
muscular  fibres,  disposed  for  the  most  part  transversely 
to  the  tube.  It  is  better  developed  in  the  intervals  be- 
tween the  cartilages  than  just  beneath  them.  As  the  car- 
tilages disappear  this  muscular  layer  becomes  better  and 
better  developed,  so  that  it  completely  surrounds  the 
bronchioles,  which,  on  section,  but  for  the  epithelial  lin- 
ing, might  be  mistaken  for  arterioles.  The  muscular 
layer  can  be  traced  to  the  final  branching  of  the  bron- 
chiole to  form  the  alveolar  passages,  where,  according  to 
Rindfleisch,  it  becomes  again  better  developed  into  a  sort 
of  "sphincter"  at  the  point  of  entrance  to  the  alveolar 
passages.  The  function  of  the  muscular  layer  is  to  nar- 
row the  calibre  of  the  tubes.  This  is  only  manifested  to 
any  appreciable  extent  in  the  bronchioles.  The  cartilages 
prevent  any  decided  narrowing  where  they  exist.  In  the 
experiments  of  Dr.  C.  J.  B.  Williams  with  electrical 
stimulation  on  bronchioles  of  less  than  a  line  in  diameter. 


Flo.  625.— (Drawn  with  camera  by  Dr.  F.  Oary.)  Represents  a  Trans- 
Yerse  Section  of  the  BronohUl  Wall  at  the  Fifth  Bifurcation  in  the 
Human  Adult,  o.  Epithelial  layer  of  mucous  membrane ;  b,  hyaline 
basement  membrane,  formed  from  c,  internal  elastic  layer,  nhowing 
its  varying  thickness ;  a  d,  muscular  layer ;  e,  muciparous  crypts ;  / 
cartilaginous  lamina  ;  g,  external  layer  ;  ft,  branch  of  branchial  artery' 
(About  30  diameters.) 

they  were»seen  to  contract  until  nearly  obliterating  their 
lumen.  Dr.  Gairdner  suggested  that  the  contractility  of 
the  minute  bronchioles  may  serve  to  expel  collections  of 
mucus  which  have  accumulated  in  them,  that  neither 
ciliary  action  nor  the  ordinary  expiratory  efforts  would 
dislodge. 

The  Internal  Elastic  Layer. — Within  the  muscular 
layer,  and  beneath  the  mucous  membrane,  lie  longitudinal 
bundles  of  elastic  tissue  tolerably  regularly  disposed. 
They  project,  as  it  were,  partly  into  the  lumen  of  the 
tube,  and  so, give,  on  transverse  section,  a  wavy,  corru- 
gated appearance  to  the  lining  membrane ;  on  longitu- 
dinal section,  a  grooved  or  furrowed  one.  Piercing  this 
as  well  as  the  muscular  layer,  chiefly  in  the  bronchial 
tubes  containing  cartilages,  are  to  be  seen  the  mucip- 
arous ducts,  lined  with  epithelium,  leading  inward  to 
open  on  the  free  surface  of  the  mucous  membrane.  The 
mucous  crypts  lie  in  the  external  fibrous  layer,  chiefly  in 
the  intervals  between  the  cartilages. 

The  mucous  membrane  of  the  bronchia  and  bronchioles, 
forming  the  internal  layer,  possesses,  throughout  the  great 
portion  of  its  extent,  the  characteristics  of  that  of  the 
tracheal  mucous  membrane.    Like  the  latter,  it  consists 


of  epithelial  cells  of  the  ciliated  columnar  variety,  super, 
imposed  upon  a  basement  membrane,  which  "latter  ia 
made  by  a  condensation  of  the  inner  part  of  the  internal 
elastic  layer.  When  the  tube  has  reached  the  diameter 
of  0.2  mm.  (-^  inch),  these  cells  lose  their  cilia,  become 
shorter,  smaller,  and  rounded,  in  the  ultimate  tubules 
becoming  the  simple  pavement  cells.  Here  the  membrane 
loses  its  character  as  a  mucous  membrane,  and  resembles 
that  which  lines  the  alveoli  (see  art.  Lungs).  Here  and 
there  in  the  larger  tubes  are  to  be  found  the  cup-shaped 
cells  {Becherzellen)  of  Schulze,  the  function  of  which  is 
yet  unknown. 

Yasculwr  Supply. — From  the  thoracic  aorta  are  given 
off  the  bronchial  arteries,  which,  receiving  occasionally 
branches  from  the  first  intercostal  and  internal  mammary 
arteries,  accompany  closely  the  subdivisions  of  the  bron- 
chia, supplying  their  walls,  the  walls  of  the  large  pul- 
monary vessels,  the  lymphatic  glands,  and  the  connective- 
tissue  of  the  lungs,  to  terminate  finally  in  capillaries 
which  inosculate  freely  with  the  respiratory  plexus 
Injections  thrown  into  these  vessels  will  fill  also  the 
capillary  plexus  of  the  arteria  pulmonalis.  The  corre- 
sponding bronchial  veins  empty  in  part  into  the  vena 
azygos,  in  part  into  the  vena  pulmonalis  ;  the  venous 
radicles  from  the  ultimate  bronchioles  emptying  into  the 


Fio.  I>26.— (Drawn  by  Dr.  F.  Gary,  from  a  microscopical  section,  with  cam- 
era.) a,  A  minute  bronchiole  splitting  Into  the  ultimate  branches, 
which  terminate  in  the  alveolar  passages  ;  the  epithelium  has  become 
of  the  simple  pavement  variety  ;  on  the  left  branch  can  be  seen  one 
of  the  so-called  ".saccular  dilatations";  6,  artery;  c,  medium-sized 
bronchiole  having  no  cartilaginous  lamina.  The  remainder  of  the  field 
is  normal  lung  tissue.    (About  30  diameters.) 

latter,  those  corresponding  to  the  arterial  branches  to  the 
bronchia  and  lymphatics,  into  the  former.  - 

Lymphatic  Supply. — The  lymphatics  arise  in  the  al- 
veolar septa.  Stomata  open  on  the  alveolar  walls  be- 
tween the  epithelial  cells,  communicating  thus  directly 
with  the  alveolar  cavity.  They  form  a  plexus  in  the 
submucous  tissues,  accompany  the  branches  of  the  bron- 
chia, as  well  as  the  pulmonary  veins  and  arteries,  empty- 
ing finally  into  the  bronchial  glands  at  the  roots  of  the 
lungs.  Within  the  lungs  they  often  possess  a  gray  or 
black  speckled  appearance,  from  the  absorption  of  pig- 
ment or  foreign  bodies. 

_  Mrve-supply.— The  nerve-supply  to  the  lungs  is  de- 
rived from  the  pulmonary  plexuses  formed  from  branches 
of  the  vagus  and  sympatheticus.  The  filaments  from 
these  plexuses— situated  at  the  lung  hilum— follow  the 
ramifications  of  the  bronchia,  becoming  lost  finally  on 
them,  and  in  the  parenchyma  of  the  lungs.  When  care- 
fully stained  they  are  seen  to  possess  the  microscopic 
fanglia  in  parts  of  their  course,  to  which  Remak  and 
chifE  first  called  attention. 
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The  sensibility  of  the  bronchia  must  be  very  slight ;  at 
least  in  their  smaller  branches,  because  of  the  slight  com- 
plaint made  by  consumptives  in  whom  large  portions  of 
bronchial  and  lung  structure  are  being  destroyed. 

Lewis  L.  McArthur. 

BRONCHITIS.  In  no  affection  is  the  practical  impor- 
tance of  the  distinction  between  acute  and  chronic  disease 
better  illustrated  than  in  bronchitis.  A  bronchitis  of 
recent  origin,  or  of  sudden  development,  is  hardly  the 
same  disease  as  a  bronchitis  of  long  standing,  because, 
aside  from  the  fact  that  they  both  involve  the  same  local- 
ity, and  that  cough  is  a  leading  symptom  in  both,  the 
essential  features  in  the  course  of  each  are  quite  dissimi- 
lar. Moreover,  in  acute  bronchitis  itself,  the  conditions 
vary  to  such  an  extent,  according  to  the  part  of  the  bron- 
chial tract  affected,  that  it  will  be  more  advantageous  to 
consider  capillary  bronchitis  separately.  Hence  we  prefer, 
in  beginning  with  acute  bronchitis,  to  restrict  the  term  to 
that  common  affection  known  as  an  acute  catarrh  of  the 
larger  and  medium -sized  bronchi. 

1.  Acute  Bronchitis.  —  Symptomatology.  —  Nearly 
every  one  in  our  climate  has  experienced  the  first  stage,  at 
least,  of  an  attack  of  this  complaint.  When  a  catarrh  of 
the  upper  respiratory  tract  has  been  severe  enough  to 
pass  beyond  the  larynx  and  trachea  and  become  a  Verit- 
able bronchitis,  though  yet  only  extending  to  the  primary 
divisions,  the  symptoms  are  then  readily  distinguishable 
at  sight  from  any  other  cough-producing  affection.  Pain 
is  soon  complained  of  and  the  patient's  gesture  in  describ- 
ing it  is  distinctive.  Instead  of  applying  his  finger-ends 
against  one  side,  as  he  does  to  indicate  the  stitch  or  side- 
stab  of  a  pleurisy  or  a  pneumonia,  or  holding  his  side  as 
in  pleurodynia,  he  lays  his  open  hand  on  his  breast  as  if 
taking  an  oath,  and  then  passes  it  across  the  chest  from 
side  to  side  to  indicate  a  suffocative  sense  of  pain  and 
tightness,  which  in  severe  cases  feels  as  if  the  chest  Were 
transfixed  with  a  disk  of  iron.  Instead,  also,  of  a  carefully 
chosen  and  maintained  decubitus,  he  changes  frequently 
about,  or  else  sits  up  and  leans  forward,  a  sure  sign  of 
a  bilateral  cause  in  dyspncea,  and  one,  therefore,  which 
usually  would  exclude  either  a  pneumonia  or  a  pleurisy 
or  phthisis.  Although  the  patient  may  complain  of  diffi- 
cult breathing,  and  although  in  active  attacks  he  may 
breathe  with  both  nostrils  dilated,  yet  it  will  be  noticed 
that,  quite  differently  from  what  takes  place  in  other  feb- 
rile pulmonary  affections,  the  respiration  is  but  slightly 
accelerated  ;  and,  furthermore,  the  thermometer  tells  the 
same  story  in  this  as  in  inflammation  of  other  mucous 
membranes,  namely,  that  it  rarely  causes  a  greater  rise 
than  100.5°  to  101.5°  F.,  unless  some  other  element  is 
entering  into  the  course  of  the  complaint.  The  other  in- 
dications of  a  febrile  complaint  are  usually  present  in  a 
moderate  degree  also.  The  face  is  flushed,  the  eyes 
watery,  the  voice  husky,  the  pulse  somewhat  faster  than 
usual,  the  tongue  furred,  and  along  with  a  dry  skin  (not 
always)  and  headache  there  is  also  some  chilliness,  but 
not  a  distinct  rigor,  like  that  which  ushers  in  a  pneumonia. 

The  pain  of  bronchitis  is  an  early  symptom  and  often  a 
sign  that  an  acute  catarrh,  in  its  journey  downward,  has 
just  entered  the  bronchi ;  for  it  is  one  of  the  peculiarities  of 
the  nervous  supply  of  the  respiratory  tract  that  its  sensi- 
tiveness differs  markedly  in  different  portions.  The 
much  greater  irritability  of  the  larynx  over  the  trachea  is 
well  known,  but  it  has  been  found  by  experiment  that 
nearly  the  same  proneness  to  cough  on  irritation  is  localized 
at  the  bifurcation  of  the  bronchi.  From  this  point  on- 
ward, however,  the  irritability  progressively  diminishes, 
until,  as  a  result,  serious  accumulations  of  fluid  may 
form  in  the  smaller  bronchi  without .  occasioning  other 
symptoms  than  dyspnoea.  This  early'  inflammatory  irri- 
tatioQ  will  prove,  on  examination,  to  interfere  with  the 
breathing,  mainly  from  spasmodic  action  of  the  bron- 
chial muscles,  conjoined  with  swelling  of  the  miicous 
membrane  itself,  and  consequent  narrowing  of  the  affect- 
ed tubes,  in  much  the  same  manner  as  the  wide  outlet 
of  the  nasal  passage  is  closed  in  the  beginning  of  a  coryza. 
As  soon,  therefore,  as  a  secretion  bathes  the  irritated  mu- 
cous surfaces,  though  the  tubes  be  largely  filled  with  it. 


the  breathing  becomes  easier  from  relaxation  of  the  spasm 
and  reduction  of  the  tumefaction,  while  the  pain  likewise 
is  mitigated,  except  just  after  a  fit  of  coughing. 

Cough  is  a  necessary  element  in  bronchitis,  and  its 
sound  indicates  its  character,  so  that  a  practised  ear  will 
distinguish  it  as  bronchitic  without  difficulty.  With  ref- 
erence to  this  subject  of  cough-sound,  it  may  be  said  that 
all  coughs  can  be  divided,  according  to  their  sound,  into 
two  classes,  whose  nature  and  import  may  be  recognized 
by  simply  hearing,  without  seeing,  the  patient.  The 
first,  or  the  irritant  cough,  is  the  result  of  direct  or  refiex 
irritation  alone,  and  it  neither  produces  expectoration  nor 
is  caused  by  any  need  for  expectoration.  It  is  always 
composed  of  separate  coughs  or  hacks,  which,  however 
frequent  and  prolonged,  or  even  though  they  be  severe 
enough  to  prevent  all  sleep,  are  yet  each  independent  of 
the  other,  like  the  blows  of  a  hammer.  The  second,  or 
the  expectorant  cough,  on  the  contrary,  is  like  the  run- 
ning of  a  chain  over  a  pulley,  and  though  it  may  be 
deliberate  and  slow,  yet  each  cough  is  connected  with 
the  preceding  and  the  following  cough,  and  when  once 
begun  it  will  not  stop  until  some  expectoration  has  oc- 
curred. The  patient,  and  all  within  hearing,  are  aware 
that  the  cough  cannot  be  arrested  until  something  is 
brought  up,  though,  as  in  a  case  of  viscid  chronic  bron- 
chitis, the  pellet  which  is  dislodged,  at  last,  seems  an  in- 
significant product  for  such  a  strangling  time  as  the 
sufferer  has  had  of  it.  To  the  irritant  class  belongs  the 
characteristic  hack  of  acute  and  of  chronic  pleurisy,  and, 
therefore,  also  the  ominous  slight  cough  of  early  phthisis. 
It  becomes,  however,  very  loud  and  barking  in  hysteri- 
cal or  uterine  cough.  One  of  the  most  violent  coughs 
which  I  have  ever  heard  was  in  a  lady  who  proved  to 
have  a  polypus  extruding  from  the  os  uteri,  and  as  soon 
as  it  was  removed  this  cough,  of  several  years'  standing, 
ceased.  Children  often  have  such  coughs  at  night,  from 
intestinal  irritation,  and  the  cough  of  thoracic  aneurism 
is  another  instance  of  the  kind,  and  lastly,  it  is  the  cough 
of  direct  laryngeal  irritation,  as  in  croup.  This  irritant 
cough,  if  present  at  all,  is  found  only  in  the  very  first 
stage  of  acute  bronchitis,  and  soon  gives  place  to  an 
expectorant  cough,  which  is  comparatively  slow  if  moist, 
and  rapid  if  dry ;  its  conclusion  in  expectoration  being 
always  announced  by  the  last  one  or  two  coughs  being 
more  or  less  liquid,  and  following  after  a  short  or  very 
prolonged  antecedent  series,  according  to  the  character  of 
the  secretion  expectorated. 

In  acute  bronchitis,  as  just  remarked,  all  cough  is  in 
the  beginning  painful.  As  each  paroxysm  ceases,  the  pa- 
tient presses  his  hand  againt  the  chest  with  an  expression 
of  distress,  and  in  dread  of  the  next  return.  After  a 
while  he  experiences  a  good  deal  of  soreness  between  the 
ribs,  with  some  tenderness  on  pressure,  which,  however, 
must  not  be  confounded  with  the  same  symptom  in  either 
pleurisy  or  pleurodynia,  for  in  bronchitis  it  is  located  at 
the  attachment  of  the  diaphragm  and  of  the  other  mus- 
cles engaged  in  the  act  of  coughing,  and  is  but  the  com- 
mon result  of  unwonted  muscular  exertion. 

Cough,  therefore,  is  the  chief  cause  of  the  patient's  dis- 
comfort in  acute  bronchitis,  and  simply  to  allay  it  is  the 
main  indication  in  treatment.  Hence  the  relief  will  cor- 
respond with  the  ease  of  expectoration,  and  this  in  turn 
depends  upon  the  character  of  the  secretion.  As  a  rule, 
the  secretion  first  formed  is  the  most  difficult  of  expec- 
toration, owing  to  its  viscidity.  It  is  composed  of  a  clear 
tenacious  mucus,  much  mixed  with  air  from  the  pro- 
tracted efforts  of  coughing,  and  contains  also  a  few 
mucus-corpuscles,  and  sometimes  streaks  of  blood.  After 
a  time  the  secretion  becomes  either  more  liquid  from 
greater  watery  admixture,  or  else  more  turbid  and  yel- 
lowish, according  to  the  formation  of  a  greater  or  less 
quantity  of  pus.  This  latter  change,  in  acute  bronchitis, 
is  a  sign  pointing  toward  recovery,  for  as  the  expectora- 
tion becomes  more  purulent,  it  rolls  into  rounded  masses 
of  increasing  consistency,  but  of  less  frequent  fonnation, 
until  but  one  or  two  such  accumulations  are  expecto- 
rated in  the  morning,  and  then  they  cease  altogether. 
When  that  desired  termination  will  occur  is  uncertain, 
for  the  duration  of  acute  bronchitis,  like  that  of  other 
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catarrhs,  varies  indefinitely,  as  it  has  no  critical  periods, 
and  ends  irregularly. 

Diagnosis. — Bronchitis  is  oftenest  confounded  with 
pneumonia,  especially  if  the  expectoration  be  bloody. 
From  lobar  (croupous)  pneumonia  we  have  already  indi- 
cated some  points  of  difference  in  the  nature  and  bilateral 
extent  of  the  pain,  in  the  history  usually  of  an  antecedent 
naso-pharyngeal  or  laryngeal  catarrh,  in  the  absence  of  a 
distinct  rigor  at  the  beginning,  in  the  moderate  rise  of 
temperature,  and  in  the  non-acceleration  of  the  respira- 
tion. Physical  exploration  of  the  chest  now  completes 
the  demonstration.  In  acute  bronchitis  there  is  no  dul- 
ness  on  percussion  anywhere,  if  anything,  the  stroke-note 
is  increased  in  intensity  all  over  the  chest,  and  the  vocal 
fremitus  is  diminished.  In  the  early  "  dry  "  stage  auscul- 
tation reveals  sibilant -asthmatic  breathing  in  both  lungs, 
varying  constantly  in  intensity,  and  usually  sufficiently 
marked  to  mask  or  extinguish  the  vesicular  murmur.  As 
soon  as  secretion  commences,  the  whistling  sounds  give 
place  to  sonorous  rhonchi  produced  in  -tlie  larger  tubes, 
mixed  with  the  characteristic  suberepitant  r&le  proceeding 
from  the  lesser  bronchi.  This  rale  is  not  as  dry  or  sharp 
as  the  crepitant  rale  of  pneumonia,  and  specifically  differs 
from  it  in  occurring  during  both  inspiration  and  expira- 
tion, while  the  pneumonic  rSle  is  known  by  the  wholly 
clear  and  high-pitched  expiration  which  follows  it.  As 
the  bronchial  rale  is  itself  often  heard  only  at  the  end  of 
inspiration,  it  should  be  watched  for  a  numbei  of  respi- 
rations, and  especially  after  coughing,  when  its  true  char- 
acter will  be  revealed  by  its  being  heard  also  in  expira- 
tion ;  or  else  it  is  greatly  modified  by  the  cough,  while 
the  pneumonic  rWe  can  neither  be  removed  nor  modified 
by  any  respiratory  act.  This  distinction  also  separates 
the  bronchial  r41e  from  a  pleuritic  friction-sound,  which 
it  often  closely  resembles,  for  whereas  the  friction-sound, 
like  the  suberepitant  rdle,  is  heard  during  both  inspira- 
tion and  expiration,  it  cannot  be  modified  by  a  deep  in- 
spiration or  ever  coughed  away. 

Etiology. — Bronchitis  is  sometiihes  an  accompaniment 
of  other  acute  diseases,  like  small-pox,  but  especially  of 
measles  and  pertussis,  and  then  it  is  apt  not  only  to  pro- 
long convalescence,  but  also  to  cause  permanent  mischief 
by  generating  a  ijroclivity  to  asthjna.     Its  frequent  oc- 
currence in  typhoid  fever  is  due,  as  will  appear  further 
on,  to  the  special  muscle-weakening  effect  of  fever,  caus- 
ing paralysis  of  the  bronchial  muscles  and  stasis  of  the 
bronchial  circulation,  and   thus  medisposing  to  a  low 
grade  of  bronchitis  when  it  is  excited  in  the  usual  way, 
namely,  by  a  partial  exposure  of  the  skin  to  some  chill- 
ing impression  when  the  patient  is  lying  uncovered  or  in 
a  draught.     It  is  this  external  or  surface  origin  of  the 
great  majority  of  cases  of  bronchitis  which  constitutes 
the  most  important,  but  at  the  same  time  the  most  ob- 
scure, problem  of  practical  medicine.    Excluding  for  the 
present  the  relation  of  phthisis  to  bronchitis,  it  is  noticeable 
that  bronchitis  occurs  only  exceptionally  as  a  direct  re- 
sult of  some  irritant  property  or  ingredient  of  the  inspired 
air  upon  the  bronchial  mucous  membrane  itself.     The 
frequency  of  bronchitis  among  workers  in  dusty  air,  such 
as _  millers,  rope-makers,  etc.,  does  not  militate  against 
this  statement,  for  when  every  such  instance  is  taken  ac- 
count of,  it  only  shows  that  dusty  air  can  cause  bron- 
chitis, as  also  measles  does,  but  it  does  not  explain  why 
the  great  majority  of  cases  of  bronchitis  have  not  been 
in  dusty  air  at  all.     On  the  other  hand,  bronchitis  can  be 
produced  almost  to  order  by  wetting  certain  parts  of  the 
skin  and  then  exposing  them  to  a  current  of  air.     A  cold 
draught  upon  a  person  perspiring  in  sleep,  even  though 
it  be  upon  a  very  limited  part  of  the  body,  or  sitting  still 
with  wet  feet  in  a  cool  room,  will  induce  a  severe  attack 
of  the  complaint  much  more  commonly  than  the  breath- 
insf  of  any  air,  however  cold  or  hot  or  dry  or  moist  it  be. 
When  the  bronchial  mucous  membrane  is  already  in- 
fiamed,  especially  in  phthisis,  it  does  frequently  happen 
that  sudden  changes  into  very  cold  or  into  hot  dry  air 
excite  coughing,  but  there  are  many  things  capable  of  ag- 
gravating an  inflammation  which  yet  could  never  pro- 
duce it. 
The  susceptibility  of  mucous  membranes  to  congestion 
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and  inflammation  after  some  partial  exposure  of  the  sur- 
face of  the  body  to  chill  is  well  known  ;  but  in  every  case 
— with  the  exception  of  the  respiratory  tract — it  generally 
requires  long  antecedent  disorder  in  the  part  before  this 
susceptibility  becomes  well  marked.     Thus,  in  cases  of 
chronic  diarrhoea  or  dysentery,  but  especially  in  chronic 
cystitis  and  urethritis,  the  patients  are  often  quickly  vis- 
ited with  a  relapse  of  their  symptoms  after  a  severe  wet- 
ting, or  after  a  chilling  of  the  feet.     Much  the  same  bene- 
fit is  also  -derived  by  such  patients  from  removal  to  an 
equable  climate,  or  from  wearing  a  protective  covering 
on  the  susceptible  region  and  -over  the  feet.    But  that 
condition  which  rarely  befalls  those  mucous  membranes, 
except  in  chronic  inflammation,  is  a  habitual  state  in  the 
respiratory  tract,  though  with  varying  susceptibility  in 
different  parts  of  that  tract  in  different  individuals,  some 
being  more  liable  to  pharyngeal  or  to  nasal,  and  others  to 
bronchial  catarrhs.     It  is  thus  plain  that  the  association 
between  the  skin  and  the  respiratory  mucous  membrane 
is  more  intimate  than  that  between  any  other  parts  of  the 
body.     This  fact  should  always  be  borne  in  mind  and 
acted  upon  practically,  although,  so  far,  we  know  noth- 
ing of  its  cause  or  conditions.     As  a  mere  speculative 
suggestion  we  might  refer  to  the  demonstrated  relations 
of  the  skin  to  respiration  and  to  the  maintenance  of  the 
mass  of  the  circulation.     In  frogs  the  lungs  may  be  cut 
out,  and  yet  respiration  be  carried  on  for  a  number  of 
days  by  the  skin  alone,  for  in  the  Batrachia  the  pulmo- 
nary artery  divides  into  two  branches,  one  going  to  the 
lungs  and  the  other  to  the  skin.     Pettenkofer  also  found 
that  when  warm-blooded  animals  are  covered  with  var- 
nish, one  of  the  most  noticeable  results,  next  to  the  sud- 
den suppression  of  urine  and  the  great  fall  of  tempera- 
ture, is  that  the  excretion  of  carbonic  acid  by  the  lungs 
falls  off  at  once,  while  the  oxygen  continues  to  be  ab- 
sorbed.    The  cause  of  death  from  sealing  up  the  skin, 
which  is  also  more  speedy  than  if  the  abdomen  be  cut 
open  and  the  kidneys  taken  out,  has  never  been  satis- 
factorily explained,  for  the  supposition  that  it  is  due  to 
the  retention  of  a  toxic  cutaneous  secretion  is  scarcely 
plausible  ;  it  is  much  more  probably  due  to  interference 
with  a  necessary  function  of  tho  skin  in  relation  to  the 
respiration  and  to  the  circulation,  for  it  should  be  remem- 
bered that,  while  the  skin  does  not  take  up  fluids,  its 
absorption  of  vapors  and  of  gases  is  of  much  wider  range 
than  the  lungs,  which  can  only  take  in  oxygen  and  a  few 
ethers.     Though  nitrogen  enters  the  lungs  with  each  in- 
spiration, and  m  so  much  greater  quantity  than  oxygen, 
yet  none  of  it  can  pass  the  thin  barrier  of  the  air-vessels 
inward,  any  more  than  carbonic  acid  can  traverse  it,  ex- 
cept from  within  outward.     But  the  skin,  on  the  contrary, 
readily  absorbs  the  vapor  of  even  heavy  metals,  like  lead 
and  mercury,  and  watery  vapor  is  absorbed  with  such 
rapidity  that  experiments  have  shown  that  six  pounds  of 
water  may  be  added  thus  to  the  circulation  in  less  than 
half  an  hour.     Workmen  exposed  to  great  heat  in  glass 
furnaces  have  been  known  to  lose  four  pounds  weight  in 
an  a,f ternoon,  and  then  to  regain  it  after  an  hour  spent 
outside  without,  meantime,  eating  or  drinking  anything. 
This  rapid  absorption  of  wfl,ter  renders  the  first  entrance 
to  a  vapor  bath  so  apt  to  produce  giddiness,  and,  more- 
over, it  is  a  real  danger  to  persons  with  diseased  cerebral 
arteries,  or  to  those  in  whom  the  existence  of  dropsy 
shows  that  the  circulation  is  already  embarrassed.    It 
may,  therefore,  be  owing  to  some  element  in  the  relation 
of  the  functions  of  the  skin  to  the  respiration  and  to  the 
circulation  that  a  disturbance  of  the  cutaneous  equilibrum 
by  change  of  temperature  causes  internal  congestion,  just 
as  varnishing  the  skin  so  promptly  causes  hsematuria  and 
suppression  of  the  urine.     But  we  are  still  without  any 
clue  to  the  fact  that  mucous  catarrhs,  and  all  "  colds,"  are 
so  much  more  apt  to  occur  from  partial,  and  often  very 
limited,  exposure  of  the  surface,  than  when  the  action  of 
either  cold  or  wet  is  general.     Most  colds,  in  fact,  are 
caught  indoors,  from  sitting,  for  example,  on  a  winter 
day  too  near  a  window  without  weather  strips,  rather  than 
from  going  out  and  facing  the  elements  in  all  their  fury. 
To  attribute  this  to  vaso-motor  association  is  little  better 
than  an  explanation  by  words,  and  yet  there  are  some 
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facts  of  experience  which  show  that  there  are  particular 
associations  in  this  matter  which  it  is  difficult  to  account 
for,  except  by  supposing  some  nervous  interdependence. 
A  cold  draught  on  the  nape  of  the  neck,  in  healthy  indi- 
viduals, is  most  apt  to  cause  a  coryza,  especiallj^  if  the 
hair  of  the  back  of  the  head  be  wet  with  perspiration ; 
with  patients  who  are  already  the  subjects  of  pharyngeal 
or  bronchial  catarrh,  such  an  exposure  is  likely  to  pro- 
duce an  increased  irritation  in  the  pharynx  and  bronchi 
instead  ;  but  in  the  normal  state  it  is  otherwise.  A  chill- 
ing of  the  anterior  surface  of  the  chest  is  most  likely  to 
occasion  a  bronchitis.  Throat  afEections,  whether  pha- 
ryngeal or  laryngeal,  are  the  most  likely  developments 
after  chilling  of  the  feet.  This  particular  relation  is  in 
keeping  with  the  sensitiveness  of  the  pelvic  viscera  to  im- 
pressions of  cold  or  of  heat  to  the  feet  (fi.g.,  in  menstrua- 
tion, in  cystitis,  in  irritable  stricture  of  the  urethra, 
etc.) ;  while,  conversely,  nervous  disturbances  of  these  or- 
gans affect  the  voice,  as  in  hysterical  cough,  aphonia,  etc. 

As  remarked  above,  whatever  the  explanation  or  cause, 
it  still  remains  indisputable  that  the  beginning  of  most 
cases  of  bronchitis,  as  well  as  of  most  acute  catarrhs  of 
the  respiratory  tract,  is  in  some  chill  of  the  skin.  Such 
a  chill  is  more  likely  to  happen  if  the  skin  be  wet  by  per- 
spiration or  otherwise  than  if  it  be  dry,  and  particularly  if 
it  be  simultaneously  exposed  to  a  draught  of  air,  as  the  re- 
frigerating effect  of  evaporation  is  then  more  than  doubled. 
Hence  bronchial  catarrhs  are  common  in  hot  and  dry 
countries,  provided  that  the  nights  are  cool,  for  persons 
are  then  prone  to  be  awakened  in  the  latter  part  of  the 
night  by  the  need  of  more  clothing,  and  often  also  by  a 
cold  induced  by  exposure  while  in  perspiration.  Other- 
wise the  uniform  experience  of  the  world  is  that  respira- 
tory catarrhs  in  general,  but  especially  bronchitis,  are 
endemic  wherever  the  climate  is  wet,  windy,  and  prone 
to  sudden  cold  changes.  That  this  is  not  due  to  the  in- 
jurious effect  of  cold  air  inspired  by  sensitive  bronchi,  is 
shown  by  the  relative  infrequency  of  bronchitis  in  the 
extreme  cold  of  arctic  winters,  compared  with  its  fre- 
quency in  New  England  and  Scotland.  .  That  it  is  not  due 
to  wetting  the  skin,  is  also  shown  by  its  inf  requency  in 
the  wettest  climate  of  the  globe — in  Penang  and  Assam. 
In  temperate  climates,  therefore,  the  greater  and  oftener 
the  changes  from  warm  to  simply  chilly  weather,  the 
greater  the  prevalence  of  bronchitis,  while  the  more 
equable  the  seasons,  even  if  cold,  the  less  is  its  frequency. 
The  spring  and  autumn  months,  therefore,  are  in  some 
localities  the  most  dangerous,  while  in  others  this  is  true 
of  the  winter  months. 

Pathology, — Acute  catarrh  of  the  primary  and  medium- 
sized  bronchi  is  rarely  a  dangerous  complaint,  and,  if  we 
consider  its  frequent  occurrence,  it  is  the  least  serious  of 
any  of  the  pectoral  affections,  particularly  when  com- 
pared either  with  laryngitis,  on  the  one  side,  or  with 
catarrh  of  the  smaller  bronchi  on  the  other.  A  post-mor- 
tem examination,  if  it  could  be  had,  of  an  adult  who,  at 
the  time  of  his  death,  was  suffering  from  a  severe  chest- 
cold  such  as  we  are  now  considering,  would  reveal  very 
Uttle,  if  any,  departure  from  health,  owing  to  the  removal 
of  all  traces  of  hyperemia  by.  the  emptying  action  of  the 
elastic  fibres  which  line  the  tubes.  It  is  far  different  in 
chronic  bronchitis,  while  in  diffuse  bronchitis,  which  has 
travelled  to  the  ultimate  divisions,  it  is  common  to  find 
the  mucous  membrane  of  the  larger  tubes  also  injected 
and  red,  especially  at  the  points  of  bifurcation.  In  most 
cases,  however,  this  reddening  is  in  scattered  points  or 
patches,  except  in  bronchitis  which  is  secondary  to  heart 
disease,  when  it  is  usually  stained  of  a  uniform  dark 
color. 

Treatment. — There  is  no  disease  in  this  country  which 
so  often  brings  patients  for  a  prescription  as  this  form  of 
bronchitis.  This  is  not  only  due  to  its  own  exceptional 
frequency,  and  the  discomfort  which  it  occasions,  but 
also  to  the  just  dread  which  a  visitation  of  cough  causes 
among  most  persons.  Ordinarily,  of  course,  they  are 
mistaken  in  supposing  that  phthisis  means  a  neglected 
cough,  and  therefore  that  "  it  will  never  do  to  let  a  cough 
run ; "  but  there  is  cause  enough  always  for  shortening 
every  bronchial  catarrh  in  order  to  prevent  the  formation 


of  a  habit  of  the  kind,  which  is  common  to  all  inflamma- 
tions of  the  mucous  membranes.  Like  a  single  attack 
of  urethritis,  so  a  single  bronchitis  is  sometimes  never 
wholly  recovered  from,  but  remains  indefinitely  at  its  origi- 
nal seat.  The  aim,  therefore,  should  always  be  to  prevent 
an  acute  bronchitis  from  becoming  chronic,  either  actually 
or  potentially,  and  hence,  in  this  complaint,  the  less  trust 
in  nature,  or  in  spontaneous  recovery,  the  better.  "When 
called  to  a  patient  who  has  not  passed  beyond  the  condi- 
tion of  hyperaemia  and  swelling,  generally  termed  "the 
dry  stage  "  of  bronchitis,  the  physician's  first  duty  should 
be  to  induce  secretion  as  quickly  as  possible.  If  the  pa- 
tient be  not  too  young,  or  too  old,  or  too  debilitated,  much 
the  most  effectual  proceeding  to  secure  this  end  is  to  dis- 
solve a  grain  of  tartar  emetic  in  a  teacup  of  water,  and 
tell  him  to  take  a  teaspoonf  ul  of  this  every  ten  minutes. 
As  soon  as  he  begins  to  be  slightly  nauseated  by  it  his 
pain  rapidly  subsides,  owing  to  the  anaesthetic  effect  of 
antimony ;  the  spasm  of  the  bronchial  tubes  relaxes,  and 
soon  a  watery  secretion  flows  and  expectoration  begins. 
It  is  not  necessary  to  carry  the  administration  of  the  an- 
timonial  to  the  point  of  producing  emesis,  for  it  cannot 
abort  the  inflammation,  and  we  have  much  better  reme- 
dies for  the  succeeding  stages  of  the  complaint. 

As  we  have  remarked  before,  cough  is  the  one  symp- 
tom to  combat  in  acute  bronchitis  (not  bronchiolitis),  for 
it  is  apt  to  do  a  great  deal  more  than  produce  expectoration. 
In  acute  (not  chronic)  inflammations  the  first  indication  is 
to  secure  quietude  of  the  inflamed  part,  and  every  act  of 
cough  is  an  infringement  of  this  rule.  The  severe  pain 
which  each  paroxysm  causes  proves  the  mischief  which 
it  occasions,  and  hence,  as  some  coughing  must  occur  in 
order  to  remove  the  secretion  formed,  the  purpose  should 
be  to  render  the  secretion  capable  of  removal  by  as  few 
acts  of  coughing  as  possible,  and  then  to  suppress  the 
superfluous  remainder.  Hence  the  more  watery  and  the 
less  adhesive  the  mucus  can  be  made,  and  the  less  reflex 
irritation  there  be  from  the  inflamed  part,  the  sooner  will 
the  bronchitis  subside.  To  fulfil  the  first  indication, 
namely,  that  of  inducing  a  watery  flux,  the  most  effi- 
cacious remedies  are  oils.  To  prove  this  one  need  only 
introduce  a  few  drops  of  sweet-oil  into  his  nose  and  note 
the  flow  which  will  speedily  follow.  The  action  of  castor- 
oil  on  the  intestinal  mucous  membrane  is  another  illus- 
tration of  the  action  of  oils,  and  we  may  mention  in  passing 
that  castor-oil  on  this  principle  is  a  dangerous  cathartic  to 
givo  to  infants  with  bronchitis,  from  its  tendency  to  fill 
their  small  tubes  with  too  much  secretion.  Now  certain 
oils  have  a  particular  affinity  for  the  bronchial  mucous 
membrane,  and  honce  have  a  right  to  be  classed  among 
expectorants,  and  ono  oil,  the  oleum  lini,  or  linseed-oil, 
has  this  property  to  such  a  remarkable  degree  that  it  is 
one  of  Ihe  very  best  means  at  our  disposal  for  painful 
bronchial  coughs  of  every  kind,  including  phthisical  bron- 
chitis. On  this  account  the  prescription  which  I  use  of- 
tener than  any  other  for  acute  bronchitis  is  an  emulsion 
of  this  oil  with  sedative  neurotics,  somewhat  after  the 
following  formula :  B .  01.  lini,  1  ij.  ;  pulv.  acacise,  |  j. 
3ij.  ;  aq.,  §iij. ;  glycerinse,  3  vj.  ;  syr.  simpl.,  |  j.  3ij. 
M.  Ft.,  emulsio,  et  adde  ol.  gaultherise,  ol.  cinnamomi, 
aa  ITtxv. ;  acid,  hydrocyanici  dil.,gtt.  xvj.;  chloral,  Jij.; 
morphiae  sulph.,  gr.  j.  Sig. — One  tablespoonful  four 
times  a  day.  In  a  large  proportion  of  cases  the  "  loosen- 
ing" and  quieting  effect  of  this  prescription  is  immediate, 
and,  if  there  be  much  asthmatic  wheezing,  it  answers  to 
add  the  tinctura  belladonnse,  ten  drops  or  so,  to  each  dose. 

Where  the  bronchitis  develops  in  the  course  of  a  de- 
scending catarrh  from  the  pharynx  and  larynx,  and  es- 
pecially in  those  with  laryngeal  pain,  the  action  of  full 
doses  of  aconite  is  very  beneficial.  A  combination  of 
tincture  of  aconite  and  camphorated  tincture  of  opium 
with  spirit  of  nitrous  ether  and  syrup  of  senega  may  be 
employed  for  the  same  purpose  as  the  linseed-oil  emul- 
sion, especially  in  patients  who  dislike  all  oily  mixtures. 
Iodide  of  potassium,  in  doses  of  four  grains,  also  comes 
under  the  head  of  liquefying  expectorants,  and  to  a  less 
degree  the  carbonate  of  ammonia. 

After  a  few  days,  in  many  persons  the  secretion  often 
increases,  especially  in  those  who  have  had  repeated  at 
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tacks,  until  it  becomes  a  very  inconvenient  and  obstinate 
bronchial  flux.  Here  the  indication  is  for  a  combination 
■which  will  start  secretion  and  at  the  same  time  not  allow 
it  to  become  too  viscid.  Dr.  C.  J.  B.  Williams'  favorite 
prescription  for  phthisical  bronchitis,  with  abundant  ex- 
pectoration, is  useful  under  these  circumstances  ;  it  con- 
tains nitric  acid,  iodide  of  potassium,  syrup  of  senega, 
and  balsam  of  tolu.  The  addition  of  belladonna  renders 
it  still  more  certain  in  diminishing  the  flux. 

The  use  of  hot  drinks  on  going  to  bed,  especially  those 
containing  alcohol,  for  the  purpose  of  getting  up  a  per- 
spiration, should  be  reprobated.  Alcohol  is  uniformly 
mischievous  in  all  catan-ha,  acute  or  chronic,  and  the 
benefit  of  perspiration  can  be  much  better  obtained  by  a 
Dover's  powder  and  aconite  taken  while  the  patient  wraps 
himself  in  an  extra  covering  and  sits  with  his  feet  to  a 
fire  without  moving  from  it  for  some  hours  until  he  can 
go  directly  to  bed.  This,  then,  should  not  be  too  warm, 
for  a  nocturnal  perspiration  is  always  risky. 

Counter-irritation  is  justly  reputed  among  the  laity  as 
of  much  service  in  bronchitis.  At  the  very  start,  a  sina- 
pism to  the  chest,  especially  if  made  large  and  applied 
for  only  a  short  time,  may  cut  an  attack  short.  After 
the  second  day  it  is  rarely  of  anv  use,  and  furthermore  it 
should  never  be  applied  in  measles,  as  the  action  of  mus- 
tard on  the  skin  when  inflamed  by  measles  is  apt  to  be 
very  severe,  and  I  have  known  of  two  fatal  cases,  in  chil- 
dren, of  gangrene  of  the  surface  of  the  chest  from  the 
ignorant  use  of  mustard  in  this  exanthem.  Stimulating 
embrocations,  however,  such  as  the  soap  liniment,  with 
turpentine  and  aqua  ammouise,  are  useful  both  in  the  on- 
set and  decline  of  bronchitis,  if  only  to  lessen  the  cutane- 
ous hyperaesthesia  or  sensitiveness  to  draughts,  which  ac- 
companies all  severe  catarrhs  of  the  respiratory  mucous 
membrane. 

2.  Acute  Bkonchiolitis,  oe  Capillary  Bronchitis. 
— This  formidable  disease,  with  a  mortality  from  thirty- 
five  to  fifty  per  cent,  of  all  attacked,  is  much  more  than 
a  simple  bronchitis,  for  the  accompanying  inflammation 
not  only  extends  beyond  the  terminal  bronchi  into  the 
alveoli,  but  also  affects  the  peribronchial  tissue,  and  may 
even  involve  the  pleura.  The  affected  tubes  lie  far  within 
the  substance  of  the  lung,  and,  having  lost  all  cartilage, 
they  ramify  as  small  thin  membranous  channels  between 
textures  rich  in  blood-vessels  and  in  meshes  of  connective- 
tissue.  An  inflammation  reaching  to  them,  therefore, 
may  thus  give  rise,  by  involving  the  surrounding  struct- 
ures, to  both  acute  and  chronic  changes  of  greater  con- 
stitutional effect  than  in  the  case  of  any  simple  mucous 
catarrh.  A  pretty  sure  indication  of  this  fact  is  found  in 
the  sudden  rise  of  temperature  which  is  observed  whenever 
an  acute  bronchitis  is  passing  into  a  bronchiolitis,  for  this 
proves  that  a  profounder  reaction  has  occurred  than  per- 
tains to  the  course  of  a  mucous  membrane  inflammation. 
It  is  difficult,  indeed,  to  draw  a  sutficiently  marked  distinc- 
tion between  the  lesions  which  are  apt  to  arise  from  the 
extension  of  a  bronchiolitis  and  the  phenomena  of  so-called 
catarrhal  pneumonia.  The  term  catarrhal  has  been  ob- 
jected to  as  applicable  to  a  pneumonia,  because  the  air- 
cells  cannot  be  said  to  contain  mucous  membrane,  but 
the  significance  is  obvious  enough  as  indicating  a  pul- 
monary consolidation  arising  in  a  pneumonic  process 
whose  origin  really  comes  from  the  bronchial  tubes. 
While,  therefore,  capillary  bronchitis  as  such  is  a  fre- 
quent disease  of  early  childhood,  and  often  proceeds  to  a 
fatal  termination  without  general  implication  of  lung- 
tissue,  in  adults  pneumonia,  consecutive  to  difl:use  bron- 
chitis, is  a  common  affection,  especially  in  the  aged  or 
feeble,  or  when  supervening  upon  a  chronic  bronchitis. 
In  these  patients  greater  areas  of  consolidation  are  found 
in  both  lungs  than  is  common  in  children  ;  but  it  is  diffi- 
cult to  demonstrate  any  specific  difference  in  the  morbid 
processes  themselves,  as  the  gradations  between  the  two 
are  of  every  degree,  the  smaller  bronchi  being  almost  ex- 
clusively affected  in  some  adults,  and  pneumonic  consoli- 
dation being  the  most  pronounced  lesion  in  many  children. 

The  main  reason  for  the  gravity  of  capillary  bronchitis 
is  to  be  found  in  the  comparative  weakness  of  the  bron- 
chial muscles  of  patients  affected  with  this  disease.    This 


cause  pertains  equally  to  the  affection  in  children  and  in 
the  aged.  "The  muscular  coat  begins  in  the  trachea  and  in 
the  primary  bronchi,  where  it  joins  together  the  free  ends 
of  the  incomplete  rings  or  C-shaped  cartilages,  and  can 
thus,  on  occasion,  contract  the  calibre  of  even  these 
larger  tubes.  As  the  bronchi  further  divide,  the  muscu- 
lar layer  relatively  increases,  becoming  more  or  less  a  cir- 
cular coat,  until  it  ends  at  the  alveolar  massages  as  a  thick 
bundle  of  annular  muscle  fibre-cells,  i-orming  a  kind  of 
sphincter  (Rindfleisch).  Upon  the  muscular  layer  lies  the 
thick  layer  of  longitudinal  yellow  elastic  fibres  which  are 
continued  on  into  the  texture  of  the  air-vesicles  them- 
selves. Now,  as  the  one  function  of  muscle  is  to  produce 
movement,  it  is  plain  that  these  muscles,  acting  upon  the 
recoil  of  the  elastic  fibres  at  the  moment  when  the  external 
expiratory  muscles  are  driving  the  air  through  the  tubes 
in  coughing,  could,  by  a  quick  contraction  upon  the  cur- 
rent of  air,  greatly  assist  the  propulsion  of  fluids  toward 
the  larynx. 

In  children  the  bronchial  muscles  are  not  only  rela- 
tively of  much  less  development  and  power  in  proportion 
to  their  youth,  but  they  are  equally  weak  in  the  muscu- 
lar apparatus  of  the  throat  and  in  the  expiratory  muscles 
of  the  chest,  the  latter  having  the  further  disadvantage 
of  the  yielding  nature  of  the  chest-walls  to  which  they 
are  attached.  Young  children,  therefore,  cannot  clear 
even  their  throats  of  mucus,  but  rather  swallow  that 
which  is  brought  up,  and  in  proportion  to  their  debility, 
whether  due  to  age  or  to  imperfect  development,  will  the 
danger  increase  of  suffocative  accumulation  in  their  air- 
tubes.  In  the  aged,  on  the  other  hand,  bronchial  palsy, 
consecutive  to  chronic  bronchitis,  is  the  commonest  con- 
dition which  leads  to  a  fatal  complication. 

Capillary  bronchitis  affects  children  more  commonly 
in  the  first  year  of  life,  the  frequency  then  diminishes 
progressively  up  to  the  third  or  fourth  year ;  and, 
finally,  the  disease  may  develop  from  any  of  the  com- 
mon causes  of  acute  catarrh  of  the  respiratory  tract. 
It  is,  therefore,  of  exceptional  severity  in  whooping- 
cough,  and  ranks  as  the  commonest  cause  of  death  in 
measles.  It  occurs  also  during  the  winter  months,  as  one 
of  the  complications  of  dentition.  At  other  times  it  de- 
velops upon  an  ordinary  cold,  which  has  begun  with 
sneezing,  and,  after  setting  up  a  coryza,  goes  on  to  de- 
velop laryngo-tracheal  symptoms  for  several  days,  until 
finally  symptoms  of  a  more  pronounced  constitutional 
kind  begin  to  manifest  themselves.  The  child  becomes 
heavy  and  drowsy,  with  longer  and  more  severe  parox- 
ysms of  coughing,  followed  by  dyspnoea,  which  is  evi- 
dently due  to  paroxysmal  spasmodic  action  in  the  bron- 
chial tubes.  After  a  time  the  nostrils  begin  to  be 
permanently  in  action,  a  constant  restlessness  sets  in,  the 
respirations  become  accelerated,  the  head  grows  hot,  and 
the  face  is  deeply  reddened  during  the  attacks  of  cough- 
ing, which,  though  very  hard,  yet  do  not  brihg  up  much 
secretion.  The  cough  has  a  peculiar  whistling  character, 
quite  different  from  the  brassy  sound  of  croup,  and  a 
distinct  wheeze  is  audible  in  many  cases  without  apply- 
ing the  ear  to  the  chest.  The  thermometer  now  shows 
that  a  rising  fever  is  on  hand,  for  a  temperature  from 
103°  to  103°  F.  in  a  child  with  a  cough  should  always  cause 
solicitude.  Percussion  at  this  stage  does  not  afford  much 
information,  but  later  on  it  may  reveal  localized  areas  of 
dulness,  especially  in  the  infrascapular  and  subaxillary 
spaces.  Auscultation  sometimes  affords  nothing  but 
highly  puerile  respiration,  but  of  tener  a  great  number  of 
high-pitched  line  sibilant  sounds  are  heard  accompanying 
both  inspiration  and  expiration.  The  presence  of  areas 
of  consolidation  is  sometimes  made  out  by  localized  ex- 
aggeration of  both  breathing  and  voice-sounds,  especially 
after  a  fit  of  coughing.  It  should  be  remembered  that 
a  child's  chest,  being  so  much  smaller  relatively  than 
an  adult's,  is  proportionately  more  resonant,  and  often 
transmits  sounds  of  all  kinds  over  to  the  side  opposite 
to  that  on  which  they  originated. 

Meantime,  with  the  progress  of  the  case,  both  pulse  and 
respiration  grow  more  and  more  frequent.  The  child  can 
nurse  or  drink  only  with  a  short,  hurried  effort,  and,  as  the 
respiratory  obstacle  increases,  its  chest  begins  to  show 
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signs  of  disordered  breathing  which  are  very  significant. 
The  lower  ribs  and  the  epigastrium  sink  in,  during  in- 
spiration, indicating  widespread  obstacles  to  the  ingress 
of  air.  On  the  other  hand,  the  residual  air  in  the  lungs 
both  increases  and  becomes  rarefied,  so  that  the  supra- and 
infra-clavicular  spaces  become  distended  and  the  upper 
part  of  the  chest  seems  scarcely  to  move  with  the  breath- 
ing. As  the  case  progresses  the  body-temperature  varies 
from  103°  or  103°  in  the  morning,  to  104°,  105°,  or  even 
more,  In  the  evening.  The  pulse  rises  from  150  to  180  or 
SCO,  and  the  respirations  to  50,  80,  or  100,  per  minute, 
while  the  constant  tossings  of  the  patient  and  its  expres- 
sion of  terror  too  plainly  indicate  the  dread  of  approach- 
ing suffocation.  As  might  be  expected  from  the  lack  of 
air,  its  cry  is  low,  plaintive,  and  short.  If  relief  does  not 
come,  signs  of  exhaustion,  from  the  excessive  labor  of  the 
breathing,  begin  to  appear ;  the  lips  first  turn  blue,  the 
face  and  surface  generally  become  cool,  pale,  and  livid, 
the  pulse  grows  thready,  the  cough  ceases,  and  the  stupor 
of  carbonic-acid  poisoning  grows  deeper  until  death  closes 
the  scene,  with  or  without  slight  convulsions. 

The  duration  of  the  disease  is  not  very  definite.  In 
favorable  cases  it  may  last  ten  days  and  then  occupy  a 
week  iuTecovery,  with  increased  but  more  expectorant 
coughing  at  first,  and  with  a  plain  increase  of  inspiratory 
power.  In  others  who  recover,  the  febrile  stage  may  yet 
last  for  from  three  to  four  weeks.  In  a  certain  proportion 
of  cases  the  disease  passes  into  a  fibroid  alteration  of  ex- 
tensive regions  in  one  or  in  both  lungs.  As  the  inflam- 
mation then  becomes  chronic  the  peribronchial  connective- 
tissue  greatly  hypertrophies,  causing  more  or  less  oblitera- 
tion of  the  air-cells,  and,  finally,  adhesions  of  the  thickened 
pleura  to  the  chest-walls.  Great  bronchial  dilatation  is 
then  apt  to  follow  in  the  consolidated  parts,  surrounded 
by  emphysematous  lobules,  and  a  constant  secretion  of 
muco-purulent  sputa  Is  thrown  offl.  These  symptoms, 
combined  with  the  great  emaciation  of  the  patient,  seem 
to  leave  nothing  wanting  for  the  diagnosis  of  tubercular 
phthisis.  Often,  however,  so  much  improvement  of  a 
permanent  kind  occurs,  if  the  patient  survives  for  a  few 
years,  that  the  prognosis  need  not  be  as  hopeless  as  the 
same  degree  of  wasting  would  imply  in  an  adult. 

The  post-mortem  appearances,  after  capillary  bronchi- 
tis, vary  according  to  the  participation  of  the  lungs  in  the 
inflammation.  If  the  case  has  been  chiefly  bronchitic,  the 
lungs  do  not  collapse  when  the  chest  is  opened,  but  may 
even  bulge  out  as  if  they  had  been  compressed  by  the  ribs. 
This  pseudo-emphysema  is  caused  by  the  occlusion  of  the 
bronchi  by  mucus  and  other  products  of  the  inflamma- 
tory process.  Commonly,  however,  the  surface  of  the 
lungs  is  irregular  from  alternate  collapsed  and  over-dis- 
tended lobules,  according  as  the  valve-like  action  of  the 
secretion  in  the  tubules  had  allowed  more  air  to  pass 
during  inspiration  or  more  during  expiration ;  the  con- 
dition of  over-distentlon  being  produced  when  less  air 
could  be  forced  past  the  obstacle  during  expiration  than 
during  Inspiration,  and  a  condition  of  collapse  being  pro- 
duced when  the  reverse  was  true.  The  bronchi,  which  are 
universally  stuffed  with  mucus,  pus,  epithelial-cells,  etc., 
show  very  generally  a  reddish  and  swollen  mucous  mem- 
brane, this  condition  extending  even  to  the  primary 
bronchi,  if  not  to  the  trachea  ;  m  which  respect  the.  ap- 
pearances presented  in  this  disease  contrast  strongly  with 
those  observed  in  simple  bronchitis. 

Treatment. — We  scarcely  need  say  that  the  treatment 
of  capillary  bronchitis  should  be  prompt  and  decisive, 
and  hence  according  to  clearly  defined  purposes.  As  soon 
as  the  thermometric  rise  and  the  other  symptoms  indicate . 
the  threatening  approach,  the  aim  should  be  to  shorten 
the  acute  stage  of  the  inflammation  as  quickly  as  possible. 
For  this  purpose  aconite  is  the  best  medicine,  and_  should 
he  given  with  the  set  determination  to  make  the  patient  fee' 
it.  Every  two  hours  doses  of  one,  two,  or  three  drops  <  ^ 
the  tincture  of  the  root,  in  a  solution  of  citrate  of  potash, 
should  be  given  until  the  pulse  falls  in  frequency  and 
"  excitement."  Should  the  pulse  grow  weak  or  intermit- 
ent  under  this  course,  the  use  of  stimulants  will  soon  show 
that  the  acute  inflammation  is  itself  a  guard  against  too  great 
doses  of  aconite,  for  only  a  few  teaspoonf uls  of  brandy 
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will  be  enough  soon  to  counteract  the  depression  of  aco- 
nite, which  in  a  normal  state,  or  In  a  chronic  disease,  would 
continue  for  hours.  There  is  no  remedy  which  can  do  as 
much  as  aconite  just  at  this  juncture  ;  later  on  it  is  mis 
chievous,  but  at  the  beginning  it  is  much  the  best  anti- 
pyretic and  antiphlogistic  that  can  be  employed,  because 
of  its  specific  effect  in  lessening  the  initial  engorgement  of 
the  respiratory  mucous  membrane  when  acutely  inflamed. 
We  see  this  exemplified  in  tonsillitis.  In  which  disease, 
when  given  in  full  dose,  it  often  cuts  short  the  otherwise 
tedious  course  of  the  affection  toward  suppuration  ;  and 
a  like  power  to  prevent  the  congestion  and  the  formation 
of  muco-pus  may  be  fairly  attributable  to  It  In  bronchitis, 
while  its  anaesthetic  effect  is  beneficial  both  to  relieve  the 
pain  and  to  control  the  consequent  asthmatic  spasm  of 
the  bronchioles.  We  do  not  have  the  same  reason  to  fear 
cardiac  weakness  in  capillary  bronchitis  of  children  as  in 
the  aged,  for  the  heart  of  the  child  is  relatively  stronger 
than  that  of  the  adult,  at  least  as  regards  the  right  side, 
which  has  about  the  same  thickness  in  early  life  as  the  left. 

When  sibilant  r&les  begin,  we  should  add,  and  continue 
systematically  to  give,  the  tincture  of  belladonnse  in  full 
doses,  combined  with  half  a  drachm  to  two  drachms  of 
the  spirit  of  nitrous  ether,  in  sweetened  water  or  milk, 
every  three  or  four  hours.  This  combination  is  not  to  be 
omitted  until  convalescence  begins  ;  for  while  the  aconite 
may  be  dropped  as  soon  as  signs  of  exhaustion  appear,  or 
if  the  temperature  is  relatively  low,  the  belladonna  and 
nitre  shoiild  be  faithfully  persisted  In  as  respiratory 
stimulants,  to  strengthen  the  function  most  imperilled 
and  also  to  lessen  the  complication  of  bronchial  spasm. 

Then  when  moist  rSles,  a  recurrent  dyspncea,  and  excit- 
ing hard  cough  come  on,  we  have  a  plain  indication  to 
try  and  expel  retained  secretions.  Here  a  single  emetic, 
administered  every  twelve  hours,  is  of  true  service. 
Some  writers  condemn  emetics  on  the'gi'ound  of  fail- 
ure, in  their  experience,  to  afford  relief  by  their 
use.  If  wrongly  administered,  emetics  are  not  reme- 
dial in  bronchitis,  but  dangerous  Instead  ;  still,  that  Is 
no  reason  for  neglecting  the  most  «flicient  method  of 
expelling  mucus  in  children.  Vomiting  is  both  nat- 
ural and  easy  to  children,  while  expectoration  is  much 
the  reverse,  and  no  one  who  has  witnessed  the  great  re- 
lief following  upon  the  effective  action  of  the  abdominal 
muscles  after  an  emetic,  in  dislodging  a  quantity  of  mucus 
where  the  hardest  coughing  of  children  had  failed  to  pro- 
duce any  effect,  will  doubt  that  emetics  can  do  great 
good  in  the  hands  of  those  who  know  how  to  use  them. 
In  the  present  instance,  neither  antimony,  Ipecacuanha, 
nor  apomorphia  should  be  employed,  because  they  excite 
too  much  bronchial  secretion,  and  hence  when  they  do 
act  they  give  but  the  most  evanescent  relief.  Often  also 
they  fail  to  act  as  emetics  at  all,  whereupon  their  effect 
is  bad,  for  nothing  Is  so  calculated  to  fill  the  tubules  with 
liquid  as  a  prolonged  nausea.  Instead  of  these  emetics 
we  would  recommend,  first,  the  turpeth  mineral,  or  yel- 
low sulphate  of  mercury.  In  doses  of  two  to  five  grains  ;  or, 
second,  the  sulphate  of  "copper,  half  a  grain ;  or,  third,  the 
sulphate  of  zinc,  in  a  dose  of  five  grains  combined  with 
the  same  amount  of  powdered  alum,  in  a  tablespoonful  of 
water.  None  of  these  emetics  operates  except  in  the  one 
way  of  irritating  the  nervous  association  with  the  gastric 
nerves  to  expel  a  gastric  irritant.  The  heart  Is  not  de- 
pressed by  them,  nor  the  bronchial  mucous  membrane 
rendered  oedematous,  and  moreover,  if  emesis  does  not 
follow  very  speedily  after  their  administration,  they  do 
not  act  at  all,  and  may  safely  be  left  alone,  as  far  as  the 
bronchial  membrane  is  concerned,  if  a  second  dose  has 
not  been  followed  in  ten  minutes  by  vomiting.  The  case 
then  is  not  one  In  which  emesis  should  receive  further 
trial,  at  least  for  another  twelve  hours.  A  more  frequent 
administration  of  emetics  than  once  in  twelve  hours  is 

When  the  struggle  for  breath  once  begins  in  deadly 
earnest,  the  indications  change  to  the  two  purposes  of 
supplying  oxygen  and  of  sustaining  the  patient  in  the 
dread  struggle.  Why  should  the  necessary  restlessness 
of  the  patient  be  now  smothered  by  opium  ?  It  is  diffi- 
cult to  see  any  reason  for  the  employment  of  this  drug, 
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from  first  to  last,  in  this  critical  disease,  other  than  that  of 
securing  the  deceptive  quiet  which  this  most  effective 
paralyzer  of  respiration  may  occasion  in  bronchitis  pre- 
paratory to  a  quiet  forever  permanent.  That  opium  is  a 
cardiac  stimulant  is  quite  true,  if  the  cause  of  the  heart 
weakness  he  abdominal,  but  not  otherwise ;  and  meantime 
opium  always  slows  the  respiration,  causes  retention  of 
carbonic  acid,  and  weakens  the  bronchial  muscles.  A 
much  better  relief  to  the  distress  and  cough  is  afforded  by 
a  mixture  of  chloral  and  camphor,  to  which  a  very  small 
quantity  of  an  opiate  is  added,  as  in  the  following :  3 . 
Chloral,  3  j.;  Magend.  sol.  of  morphia,  KTLx.;  syr.  simpl., 
I  ss. ;  aq.  camphor*,  ad  |  ij.  M.  Sig. :  Teaspoonful  in 
sweetened  milk.  In  the  meantime,  if  pure  oxygen  gas 
can  be  procured  for  inhalation,  we  can  speak  very  favor- 
ably of  its  aid  in  battling  for  life  in  these  cases,  both  by 
assisting  the  breathing  and  by  strengthening  the  heart. 
On  this  account,  the  au-  of  the  room  in  the  immediate 
neighborhood  of  the  patient  should  be  constantly  renewed, 
while,  at  the  same  time,  any  chilliness  noticeable  in  it 
should  he  counteracted  by  artificial  heat,  tempered  with 
steam.  Inhalations  of  steam  vapor  are  not  called  for,  if 
laryngitis  is  absent,  inasmuch  as  the  necessary  measures 
for  steaming  may  interfere  with  the  free  supply  of  oxygen. 
The  indications  to  sustain  the  patient's  powers  now  call 
for  the  most  fearless  use  of  alcoholic  stimulants.  Of  all 
such  preparations  brandy  does  best  for  children,  and  may 
be  given  to  them  with  or  without  milk,  generally  best  in 
some  hot  liquid ;  in  the  suffocative  stage  of  bronchitis  it 
may  be  given  continuously  in  doses  of  one,  two,  three,  or 
even  four  drachms  every  hour.  It  will  be  noted,  now,  that 
cardiac  stimulants  are  of  the  most  service,  and  hence  ex- 
ternal irritants  will  often  greatly  aid  the  other  measures 
adopted.  While  an  external  covering  is  of  great  value  in 
the  first  onset,  and  then  the  more  soothing  its  effect  the 
better,  exciting  ones  are  the  effective  means  at  the  last. 
We  would  recommend,  therefore,  a  jacket  of  wadding  for 
the  chest,  covered  with  oiled  silk,  during  the  early  stage 
of  the  complaint,  to  be  followed  later  on  by  baths  in  hot 
mustard-water.  The  latter  should  be  taken  once  in  six 
hours,  and  should  be  continued  each  time  until  the  skin 
is  reddened  ;  and  occasionally  a  cloth  wrung  out  of  a  hot 
infusion  of  capsicum,  3  j.  to  the  pint,  should  be  applied 
to  the  chest  for  from  five  to  ten  minutes,  and  then  the 
wadding  jacket  should  bo  put  on  again  as  befoi'e.  An- 
other good  point  in  practice  is  to  give  an  infant  who  is 
struggling  for  breath  something  hot  to  swallow  every  few 
minutes.  Half  a  teaspoonful  of  hot  milk  and  lime-water, 
or  some  such  excitant  of  the  act  of  deglutition,  power- 
fully helps  expectoration,  as  I  have  had  frequent  occasion 
to  note,  as  well  as  relaxes  bronchial  spasm.  Kroenecker 
found  that  every  act  of  deglutition  acts  as  a  cardiac  stim- 
ulant, and  raises  the  blood-pressure. 

Many  of  the  favorite  remedies  employed  by  different 
writers  in  the  treatment  of  broncho-pneumonia  can  only 
be  mentioned  briefly,  because,  having  tried  them,  we 
are  too  uncertain  of  their  beneficial  effects  to  prescribe 
them  hereafter  in  cases  of  our  own.  First,  ammonia, 
as  a  cardiac  stimulant  and  expectorant,  is  largely  eni- 
ployed,  and  in  older  children  may  be  beneficial,  as  it 
certainly  is  in  the  pneumonia  of  adults.  The  difficulty 
with  it  in  little  patients  is  the  irritation  which  its  admin- 
istration, however  disguised,  causes  in  them  compared 
with  adults,  for  it  excites  both  coughing  and  crying. 
Chlorate  of  potash  is  relied  upon  by  many  also,  but  is 
of  doubtful  utility  in  any  except  diphtheritic  cases.  Qui- 
nine is  given  in  pulmonary  inflammations  with  the  same 
regularity  at  present  as  blood-letting  was  resorted  to  half 
a  century  ago,  and  with  no  better  reason.  Aconite  is  a 
far  more  certain  antipyretic  than  quinine  in  this  com- 
plaint ;  while  the  depression  produced  by  quinine  upon 
the  heart  is  decidedly  more  permanent  than  that  of  aco- 
nite in  children,  and,  at  the  same,  time  there  are  no  com- 
pensations to  warrant  its  administration. 

3.  Chronic  Bronchitis. — This  common  disease,  un- 
like the  preceding,  is  usually  a  complaint  of  middle  or  of 
declining  life,  and  fully  illustrates  in  its  course  the  invet- 
eracy and  proneness  to  relapse  of  all  chronic  disorders  of 
mucous  membranes.     Although  the  structural  changes 


which  chronic  bronchitis  induces  may  become  very  ex- 
tensive and  may  involve  secondarily  the  most  distant  parts 
of  the  body,  producing  changes  in  the  abdominal  viscera 
and  in  the  entire  circulatory  system,  yet  it  always  remains 
essentially  a  local  and  not  a  constitutional  disease.  This  is 
a  matter  of  practical  importance  to  the  physician,  and  is 
well  shown  by  a  comparison  between  chronic  bronchitis 
and  pulmonary  phthisis,  the  disease  with  which  it  is  most 
apt  to  be  confounded,  on  account  of  the  most  prominent 
symptoms  of  each  being  cough  and  profuse  expectoration. 
Thus,  a  significant  difference  meets  us  at  the  outset  in  the 
personal  appearance  of  patients,  even  in  the  advanced 
stages  of  these  two  complaints,  and  one  which  indicates  a 
difference  of  both  nature  and  origin.  Phthisis,  from  the 
beginning,  is  a  wasting  constitutional  disease,  frequently 
manifesting  a  loss  of  bulk  in  every  structure  which  is  re- 
lated in  any  way  to  the  function  of  respiration,  before 
any  respiratory  changes  can  be  detected,  except  perhaps 
quickened  breathing.  The  early  contraction,  or  want  of 
action  of  the  lung-apices,  produces  a  characteristic  elon- 
gation of  the  neck  from  sinking  down  of  the  clavicles, 
which  causes  the  patient  to  carry  his  chin  forward  be- 
yond the  line  of  the  chest  and  abdomen.  The  muscles  of 
the  neck  also  appear  thin  and  ribbon-like,  although  the 
imperfect  respiration  causes  these  auxiliary  muscles  to 
stand  out  more  plainly  under  the  skin  in  forced  inspira- 
tion than  they  do  in  health.  Following  upon  this  change 
in  the  neck,  there  is  a  peculiar  retraction  of  the  cheek 
toward  the  angle  of  the  jaw,  while  the  early  emaciation 
appears  in  the  pinched  features,  the  sharply  defined  nos- 
trils and  ears,  and  the  too  clear  conjunctiva,  which  shows 
the  sclerotic  through  it  like  a  polished  glass  ball.  The 
hands,  which  in  all  cases  show  emaciation  better  than  the 
face,  look  bony,  and  have  a  bird-claw  contour,  from  wast- 
ing of  both  dorsal  and  palmar  muscles  ;  while  the  bones 
generally,  like  the  muscles,  have  a  tendency  to  be  narrow 
and  thin.  The  skin  of  the  consumptive  is  of  silky 
smoothness,  with  long  blue  veins,  and,  except  at  the  onset 
of  the  daily  fever,  is  moist  as  well  as  soft.  In  contrast  to  all 
these  characters,  a  case  of  severe  bronchitis  presents  us  with 
a  round  and  much  distended  chest  in  the  very  region 
where  it  is  flattened  or  sunk  in  phthisis.  The  clavicles, 
therefore,  are  elevated  instead  of  depressed,  and  the  neck 
is  directly  shortened.  The  chin,  instead  of  being  carried 
forward,  is  drawn  back,  and  the  neck  muscles  are  large, 
broad,  and  massive,  being  much  hypertrophied  by  the 
labor  which  they  are  called  upon  to  undergo  in  lifting  the 
chest,  because  in  chronic  bronchitis  the  vertical  move- 
ment of  the  chest- walls  is  increased  in  proportion  as  the 
lateral  and  the  antero-posterior  movements  are  decreased. 
Chronic  bronchitis,  moreover,  being  a  non-febrile  disease, 
does  not  cause  atrophy  of  the  muscles,  and  hence  the 
powerful  array  which  may  be  seen  under  the  skin  of  the 
neck  whenever  coughing  begins.  Owing  to  the  same 
cause,  the  supraclavicular  depression,  which  is  nearly 
obliterated  in  phthisis,  is  much  deepened  in  bronchitis, 
in  some  instances  sufficiently  so  to  admit  of  several  fin- 
gers being  laid  in  the  cavity  ;  and  if  emphysema  also  be 
present,  quite  notable  tumors  rise  from  the  bottom  of  the 
depression  during  Coughing,  which  are  caused  by  the 
distended  subclavian  and  innominate  veins.  The  face,  is 
turgid,  the  complexion  is  often  suffused,  the  nose  and 
ears  are  thickened,  the  conjunctiva  has  an  oedematous  ap- 
pearance and  is  traversed  by  tortuous  veins,  while  the 
skin,  particularly  if  emphysema  and  consecutive  chronic 
hepatic  congestion  be  present,  is  dry  and  leathery,  and 
can  be  drawn  into  wide,  non-elastic  folds.  Everywhere 
under  this  thickened  skin  the  veins  appear  enlarged,  tor 
tuous,  and  dark-colored. 

Symptomatology.  —  The  most  common  history  of  a 
chronic  bronchitis  is  that  the  patient  was  at  first  subject 
to  frequent  attacks  of  acute  bronchitis,  especially  in  the 
last  weeks  of  winter  or  in  a  belated  spring.  His  cough, 
he  tells  us,  hung  on  by  his  taking  a  fresh  cold  every  time  he 
went  out  or  the  weather  changed ;  and  he  tells  his  story  cor- 
rectly, because  he  had  reached  that  state  of  susceptibility  to 
relapse  on  slight  provocations  which  is  the  penalty  of  leav- 
ing an  inflammation  of  a  mucous  membrane  only  partially 
healed.    Just  as  an  old  gleet  will  return  after  some  trifling 
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error  of  diet,  so  does  a  bronchitis  revisit  its  victims  upon 
the  slightest  chill  or  exposure  to  a  draught  of  air.  So 
soon,  however,  as  milder  weather  comes,  when  the  skin  is 
kept  in  a  state  of  gentle  perspiration,  the  bronchitis  is 
displaced  and  the  cough  ceases  until  the  chilly  season 
comes  round  again,  when  the  same  experience  is  repeated, 
with  an  increase,  each  year,  of  the  severity  or  the  dura- 
tion, or  both,  of  the  bronchitic  attacks.  After  an  indefi- 
nite length  of  time,  according  to  the  individual  case,  the 
cough  becomes  permanent,  and  merely  decreases  in  sever- 
ity during  the  favorable  season.  But  meantime  it  is  worthy 
of  note,  that  not  until  long  after  the  bronchitis  has  be- 
come continuous,  so  to  speak,  does  the  patient's  general 
health  seem  to  suffer  materially  ;  for,  in  great  contrast  with 
a  true  consumptive  after  the  same  lapse  of  time,  he  loses 
but  little  in  flesh  or  color,  and  in  summer  often  seems 
quite  well.  Prolonged  cough,  however,  at  last  begins  to 
tell,  and  the  first  sign  of  injury  is  usually  breathlessness 
upon  muscular  exertion.  This  is  mainly  due  at  first  to 
weakening  of  the  air-vesicles  by  overstrain,  and  may  be 
entirely  recovered  from.  Another  complication  is  soon 
added,  which  in  some  individuals  comes  on  much  earlier, 
namely,  asthmatic  breathing.  This  is  a  most  unwelcome 
addition  to  a  bronchitis,  for  it  rarely  parts  company  with 
it  thereafter,  and  meantime  greatly  increases  the  textural 
mischief  wrought  by  the  primary  disease.  In  time  dysp- 
noea becomes  habitual,  whether  the  patient  has  been 
coughing  or  not,  and,  ere  long,  signs  of  embarrassment  of 
the  pulmonary  circulation  develop  from  weakness  of  the 
right  ventricle,  the  far-reaching  results  of  which  are  now 
to  be  detailed. 

The  cough  of  chronic  bronchitis  is  varied  in  character 
according  to  the  quantity  and  quality  of  the  secretions 
expectorated.  One  kind  has  been  graphically  termed 
"  dry  "  catarrh,  from  the  small  amount  but  great  viscidity 
of  the  discharge.  This  secretion  can  scarcely  be  propelled 
along  the  bronchial  walls,  and  when  it  reaches  the  bifur- 
cation of  the  trachea  the  most  violent  and  rapid  par- 
oxysms of  coughing  commence,  in  which  reflex  laryngeal 
spasm  participates,  causing  the  sound  to  become  like  a 
whistling  squeak.  The  patient  has  to  use  every  expira- 
tory muscle  to  the  utmost,  and  doubles  himself  up  with 
the  efEort,  while  his  face  grows  purple  and  his  eyes  and 
nostrils  water,  until  the  tenacious  streak  of  mucus  is 
finally  dislodged  with  much  gagging  or  even  vomiting. 
This  severe  coughing  naturally  produces  injury  of  the 
small  bronchi  and  of  the  air- vesicles  from  mere  mechani- 
cal violence,  so  that  emphysema  is  mora  likely  to  occur 
in  this  than  in  any  other  form  of  bronchitis. 

The  other  and  more  common  form  is  that  in  which  the 
secretion  is  abundant  and  liquid.  The  amount  and  con- 
sistency of  this,  however,  vary  greatly.  Some  are  able 
to  get  rid  of  the  most  of  it  at  one  fit  of  coughing,  and 
then  remain  measurably  free  for  hours ;  others  have  a 
steady  flux,  which  rarely  allows  them  any  prolonged  inter- 
mission in  their  efforts  at  expectoration.  This  bronchor- 
rhoea  is  apt  to  be  particularly  harassing  at  night,  and  is 
the  torment  of  many  old  persons,  who  can  rarely  lie  down 
after  midnight.  In  the  majority  of  cases  this  condition 
is  dependent  upon  cardiac  weakness,  and  hence,  even  in 
the  best  summer  weather,  when  the  cough  is  much  miti- 
gated although  still  moist,  rales  will  be  found  to  prevail  at 
the  bases  of  both  lungs  posteriorly. 

The  character  of  the  expectoration  of  these  patients 
varies,  also,  in  other  respects.  In  some,  the  watery  flow 
is  markedly  predominant,  and,  when  expectorated  into  a 
vessel  containing  water,  the  muco-pus  floats  in  irregular 
masses  on  the  surface,  owing  to  the  air  which  is  entangled 
in  its  meshes.  In  others,  pus  itself  is  raised  in  great  quan- 
tities and  in  rounded  masses.  In  still  other  cases,  however, 
which  are  usually  of  long  standing,  the  expectoration  is 
very  liquid  in  parts,  and  of  a  brownish  tinge  ("prune 
juice''),  with  masses  of  fetid,  purulent,  and  rather  adhe- 
sive secretion  which  sinks  to  the  bottom  of  the  cup. 
This  fetor  has  been  interpreted  as  a  sign  of  prolonged 
retention  in  some  cavity  on  the  way,  and  therefore  an  evi- 
dence of  sacculated  enlargement  of  the  bronchi.  While 
this  is  doubtless  true  of  most  cases,  yet  it  is  not  so  of  all, 
and  the  fetid  secretion  may  then  be  caused  by  some  special 


putrefactive  ferment  in  the  bronchial  wall  itself.  This  is 
rendered  possible  by  the  curious  fact  that  the  fetor  is  so 
much  greater  in  many  instances  than  is  found  in  the 
largest  phthisical  vomicae,  and,  moreover,  is  so  much  less 
easy  to  disinfect.  It  is  sometimes  difficult  to  distinguish 
it  from  the  odor  of  gangrene  of  the  lungs,  and  the  diag- 
nosis has  to  be  based  upon  the  different  antecedent  history 
and  subsequent  course.  The  breath  also  often  remains 
offensive  after  the  expectoration  has  chiefly  lost  its  odor  ; 
at  other  times,  the  fetor  comes  and  goes  without  any  as- 
signable reason.  Neither  is  it  necessarily  a  dangerous 
complication,  for  the  worst  case,  as  regards  odor,  that  I 
have  ever  seen  was  in  a  young  man  who  had  it  for  sev- 
eral years,  while  his  general  appearance  continued  ex- 
tremely good. 

Aoute  Broncho-'pneumonia  supervening  upon  Chronic 
Bronchitis. — Chronic  bronchitis  may  terminate  rather  sud- 
denly by  the  supervention  of  an  acute  diffuse  bronchitis 
with  consecutive  pneumonia.  There  is  reason  to  fear  an 
access  of  this  kind  if  a  patient,  who  has  suffered  from 
this  complaint  for  a  long  time,  begins  to  feel  chilly  and 
feverish.  A  development  of  fever  in  a  comparatively 
non-febrile  complaint  like  this,  is  always  of  serioiis  sig- 
nificance, as  it  is  in  the  bronchitis  of  children.  The  cough 
becomes  much  more  severe  and  exhausting,  and  the  im- 
plication of  the  smaller  bronchi  is  rendered  probable  by 
the  characteristic  appearance  in  the  sputa  of  long  threads 
of  mucus  hanging  down  from  the  larger  masses  as  they 
float  in  the  more  liquid  portion.  These  mucus-strings  are 
derived  from  the  smaller  bronchi,  which  they  nearly  pc- 
clude  until  expelled  by  great  effort,  and,  if  the  patient's 
strength  fails,  the  symptoms  rapidly  assume  a  grave  con- 
stitutional character.  The  cough  grows  more  and  more 
ineffectual,  the  fever  increases,  and  a  low  delirium  sets  in, 
with  much  subsultus  tendinum,  a  dry  tongue,  and  often 
free  sweating.  It  is  an  unfavorable  sign  when  the  patient 
no  longer  attempts  to  sit  up,  or  to  turn  on  his  side,  or  when 
the  cough  ceases.  Physical  exploration  shows  the  ordi- 
nary signs  of  broncho-pneumonia,  and  while  the  prognosis 
is  always  serious,  it  is  worst  when  among  the  antecedents 
there  has  been  a  weak,  dilated  heart,  emphysema,  bron- 
chiectasis, or  old  age. 

PATHOLOGicAii  An ATOMY. — There  is  no  disease  the 
general  course  of  which  is  better  explained  by  its  mor- 
bid anatomy  than  chronic  bronchitis.  The  changes  that 
are  found  after  death  are  so  manifestly  explanatory  of 
the  ante-mortem  history  that  both  the  symptoms  and  the 
sequelae  of  chronic  bronchitis  are  best  understood  by 
keeping  in  mind  the  organic  alterations  which  produce 
them.  After  chronic  bronchitis,  there  is  usually  found 
considerable  discoloration  of  the  lining  mucous  mem- 
brane of  the  bronchi,  either  brownish  and  generally  dif- 
fused, especially  if  the  case  has  been  complicated  by 
cardiac  disorder,  or  else  in  scattered  red  points,  which 
increase  to  patches  about  the  bifurcation  of  each  bron- 
chus. Of  greater  significance,  however,  than'  these 
vascular  signs  is  the  hypertrophy  of  the  mucous  mem- 
brane itself,  which  shows  also  a  very  irregular  surface 
from  still  greater  thickening  of  the  subjacent  longitudi- 
nal elastic  fibres  and  hypertrophy  of  the  muscular  coat. 
Like  all  hypertrophied  unstriped  muscular  fibre,  the  mus- 
cles are  frequently  found  in  a  state  of  fatty  degeneration, 
and  evidently  possess  but  little  of  their  normal  contractile 
power.  This  is  especially  the  case  in  the  sodden  tissues 
found  in  bronchorrhoea.  The  bronchi  themselves  appear 
to  be  passively  dilated,  and,  on  section  of  the  lung,  mul- 
titudes of  the  tubules  are  found  to  resemble  the  primary 
divisions  in  calibre,  until  further  examination  shows  ttiat 
they  spring  from  smaller  bronchi  than  themselves.  The 
secretion  found  differs  according  to  the  form  of  the  dis- 
ease in  life,  being  highly  purulent  and  tenacious  in  the 
so-called  dry  catarrh,  and  filling  all  the  smaller  divisions 
with  watery  mucus  in  those  characterized  by  more  flux. 
It  is  however,  as  we  proceed  further  into  the  adjoining 
tissues  that  the  most  instructive  lesions  are  found.  Em- 
physema, as  might  be  expected,  is  always  present  to  a 
lesser  or  greater  extent,  sometimes  occupying  mainly  the 
edges  of  the  lung,  at  other  times  spreading  out  in  every 
direction,  interspersed  with  bands  of  fibrous  tissue  which 
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strikingly  assimilate  the  appearance  of  the  viscus  to  that 
of  a  case  of  fibroid  phthisis.  The  recent  demonstration, 
however,  of  the  specific  nature  of  tuberculosis  and  its 
dependence  upon  a  parasitic  organism,  renders  it  as  in- 
correct to  speak  of  a  bronchitis  turning  into  phthisis  as 
of  a  urethritis  changing  into  syphilis ;  while  of  course 
it  is  not  denied  that  a  peribronchial  inflammation,  due 
originally  to  a  chronic  bronchitis,  may  afford  a  good 
nidus  for  the  reception  and  development  of  the  phthisical 
virus.  The  common  accompaniment  of  fibroid  thicken- 
ing from  any  cause,  namely,  the  development  of  bron- 
chiectatic  cavities,  leads  to  a  still  further  resemblance  to 
phthisis,  and  one  which,  in  some  cases,  makes  it  difficult 
to  settle  the  diagnosis  without  a  full  history  of  the  begin- 
ning and  course  of  the  disease. 

Besides  the  production  of  emphysema,  one  of  the  com- 
mon results  of  chronic  bronchitis  is  a  slow  implication  of 
the  surrounding  connective-tissue,  which,  as  we  have 
seen  in  capillary  bronchitis,  occurs  with  great  rapidity. 
Peribronchitis  is  distinguished  by  a  tendency  to  pass  from 
lobule  to  lobule  outward,  until  it  involves  the  pleura  and 
produces  thickening  of  that  membrane.  This  effect  has 
been  ascribed,  by  some,  to  an  extension  of  the  inflamma- 
tory changes  along  the  nutrient  channels,  which  belong 
to  the  bronchial  arterial  system,  rather  than  to  those  of 
the  pulmonary  vessels.  One  result  is  a  great  fettering 
of  the  expansion  of  the  lungs  in  this  complaint,  so  that 
on  inspection  of  old  cases  we  often  flnd  the  lower  ribs 
contracted,  and  either  wholly  immovable  or  else  falling 
in. with  each  inspiration,  the  only  well-marked  thoracic 
movement  being  vertical,  and  carried  on  mainly  by  the 
neck  and  shoulder  muscles. 

The  results  of  such  changes  upon  the  circulation  now 
remain  to  be  briefly  considered.  It  is  inevitable  that  the 
right  ventricle  should  sooner  or  later  become  enlarged 
and  dilated  by  the  prolonged  obstruction  caused  by  the 
disease  in  the  pulmonaiy  circulation.  Universal  venous 
congestion,  therefore,  is  a  common  result  of  a  bronchitis 
■which  has  lasted  long  enough  to  embarrass  the  outflow 
into  the  lungs.  Brown  induration  of  the  liver,  with 
gastro-intestinal  derangement,  follows.  The  marasmus 
of  chronic  hepatic  disease  shows  itself  over  the  body  in 
the  dry,  thickened,  and  wrinkled  skin,  in  general  arte- 
rial rigidity  and  muscular  atrophy,  and  in  a  tendency  to 
interstitial  increase  of  connective-tissue  throughout  all 
the  organs.  Hence  old  bronchitic  cases,  instead  of  resem- 
bling the  soft,  white,  emaciated  forms  of  the  phthisical, 
much  oftener  look  like  the  withered  and  dusky  sufferers 
from  cirrhosis  of  the  liver.  The  portal  congestion  in- 
duced by  the  hepatic  obstruction  produces  gastric  catarrh, 
constipation,  and  haemorrhoids,  and  later  the  kidneys  par- 
take in  the  venous  stasis,  so  that  the  urine  becomes  scanty 
and  high-colored.  As  the  return  current  of  blood  be- 
comes more  and  more  impeded,  ascending  cedema  from 
the  feet  develops  on  to  general  anasarca,  in  the  usual 
fashion  characteristic  of  cardiac  dropsies. 

Etiology. — The  causation  of  chronic  bronchitis  is  de- 
pendent, in  the  majority  of  cases,  upon  recurrent  acute 
attacks,  as  just  described.  The  original  proclivity  to 
such  attacks,  however,  undoubtedly  varies  in  nature  in 
different  cases.  Some  persons  seem  to  have  a  hereditary 
diathetic  tendency  to  bronchial  catarrh,  beginning  gener- 
ally with  a  chronic  sensitiveness  of  the  pharynx.  These 
cases  are  characterized  by  imperfect  circulation  of  the 
feet.  There  are  a  number  of  individuals,  however,  who 
are  prone  to  chronic  hypersemia  of  all  mucous  mem- 
branes, which  shows  itself  in  swollen  and.  reddened  eye- 
lids, and  in  chronic  nasal,  pharyngeal,  or  aural  inflam- 
mations ;  they  also  have  disorders  of  the  abdominal  vis- 
cera, accompanied  by  sediments  in  the  urine,  etc.,  all  of 
which  ailments  seem  connected  with  some  irritajit  in  the 
blood  from  mal-assimilation ;  and  when  persons  of  this 
class  contract  a  bronchitis  they  seem  never  to  get  rid  of  it. 
That  the  gouty  diathesis  disposes  to  chronic  bronchitis  is 
well  known,  but  so  also  do  all  sclerosing  disorders,  such 
as  chronic  alcoholism,  with  or  without  cirrhotic  changes 
in  liver  or  kidneys,  and  particularly  when  arterial  degen- 
eration is  added.  Lastly,  mitral  valvular  disease  leads  to 
bronchial  stasis  and  flux,  the  more  so  on  account  of  the 


peculiarity  of  the  lironchial  arteries  which  communicate 
freely  not  only  with  the  general  systemic  veins,  but  also 
with  the  pulmonary  veins — vessels,  therefore,  which  lie 
in  the  direct  track  of  a  mitral  obstruction. 

JyiagTiosis. — The  diagnosis  of  chronic  bronchitis  is  diffl 
cult  only  where  the  discrimination  has  to  be  made  be 
tween  it  and  fibroid  phthisis  or  chronic  pleurisy.  Tho 
points  in  which  it  differs  from  phthisis  hjive  already  been 
reviewed.  Fibroid  changes  in  the  lung,  however  con- 
secutive to  chronic  pleuritic  adhesions,  are  very  analogous 
to  those  in  many  cases  of  chronic  bronchitis  ;  but  the  in- 
itial history  of  the  former  is  very  different,  as  it  begins 
with  pleuritic  pains  and  continues  frequently  to  repeat 
this  symijtom  to  the  last.  Similar  pains  also  characterize 
the  course  of  fibroid  phthisis  to.  a  much  greater  degree 
than  they  do  bronchitis.  Physical  exploration  of  the 
chest  is  not  very  satisfactory  in  chronic  bronchitis,  from 
the  too  great  number  of  signs.  Aside  from  a  few  cases 
with  pleuritic  adhesions,  the  sounds  obtained  by  percus- 
sion are  usually  not  much  altered  from  the  normal  ex- 
cept in  the  direction  of  increased  resonance.  Ausculta- 
tion,' however,  meets  with  nearly  every  sound  which  can 
be  generated  in  the  chest.  When  we  reflect  that  in  a 
well-marked  old  case  we  may  have  a  much  greater  than 
the  usual  number  of  large  tubes,  filled  in  varying  degree 
with  various  kinds  of  secretions,  in  close  proximity  to 
asthmatically  narrowed  bronchi,  and  these  again  near 
cavities  as  large  as  ordinary  vomicae,  surrounded  by 
fibroid  bands,  emphysematous  lobules,  and  lastly,  pleu- 
ritic thickenings,  we  should  not  be  surprised  if  we  meet 
simultaneously  noises  belonging  to  each  of  these  condi- 
tions, interspersed  with  certain  areas  in  which  we  would 
flnd  diminution  or  absence  of  all  sound,  whether  normal 
or  adventitious.  This  is  the  case  to  such  an  extent  that  a 
differential  diagnosis,  based  upon  physical  signs  alone,  is 
not  to  be  trusted. 

Treatment. — One  of  the  first  indications  in  the  treat- 
ment of  any  chronic  discharge  from  a  mucous  membrane 
is  to  disinfect  it,  for  experience  proves  that  in  so  doing 
we  remove  a  leading  cause  of  the  inveteracy  of  the  com- 
plaint, viz.,  local  irritation  of  the  membrane  by  its  own 
perverted  secretion.  It  has  been  pithily  said  that  it  is  no 
business  of  a  mucous  membrane  to  secrete  mucus,' but 
rather  only  an  aqueous,  slightly  saline  fluid,  with  but  a 
trace  of  mucus  to  diffuse  it  equally  over  the  surfac?. 
The  presence  of  a  layer  of  mucus,  therefore,  is  a  sure 
sign  of  something  wrong,  and  we  may  add  that  the 
longer  that  layer  is  allowed  to  remain,  the  more  it  acts 
as  an  irritant  by  its  fermentative  operation  upon  the  sub- 
jacent membrane.  In  practice,  there  can  be  no  doubt 
that  the  sooner  mucus  is  removed  the  sooner  will  an  in- 
flamed membrane  recover,  as  we  see  illustrated  by  washing 
the  bladder  in  cystitis.  But  washing  is  only  a  mode  of 
disinfection,  and  hence  illustrates  the  same  general  prin- 
ciple. In  the  alimentary  canal,  the  natural  gastro-intes- 
tinal secretions  are  each  strongly  antiseptic,  and  therefore 
the  presence  of  a  gastric  or  of  an  intestinal  catarrh  is 
evidence  of  the  absence  of  those  preservative,  as  well  as 
digestive,  juices.  The  best  remedy  for  catarrhs  of  that 
mucous  membrane,  therefore,  is  the  restoration  of  those 
secretions.  On  the  other  hand,  where  those  secretions 
cannot  reach,  as  in  chronic  dysentery,  I  have  repeatedly 
succeeded  in  arresting,  without  any  internal  medication, 
the  muco-purulent  discharge  from  old  rectal  ulcers, 
simply  by  ordering  the  rectum  to  be  thoroughly  washed 
out  after  each  passage  by  an  enema  of  hot  water,  made 
'  disinfectant  by  the  addition  of  twenty  drops  of  the  oil  of 
peppermint. 

I  refer  thus  generally  to  the  subject  only  to  emphasize 
the  more  that  prime  indication  in  managing  so  intracta- 
ble a  disorder  as  chronic  bronchitis,  for  next  to  the  lesser 
exposure  of  the  skin  to  chill,  it  is  plain  that  the  mitiga- 
tion of  a  bronchitis  during  the  summer  season  is  owing 
to  the  fact  that  the  patients  are  at  that  time  able  to  inhale 
the  open  air  so  much  more  continuously  than  when  they 
are  jealously  housed  in  winter.  The  open  air  is  "  bland, ' 
not  because  it  contains  some  soothing  ingredient  charac- 
teristic of  a  given  locality,  but  simply  because  the  oxygen 
which  it  contains,  is  the  natural  disinfectant  for  the  re- 
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gpiratory  passages.  The  best,  indeed  the  only  euratim 
prescription  for  a  settled  case  of  chronic  bronchitis  is  a 
place  where  the  patient  may  spend  two  or  more  years  in 
continuous  out-door  life,  preferably  in  a  tent,  and  sleeping 
in  a  hammock,  because  all  catarrh  will  cease  when  the  air- 
tubes  have  become  thoroughly  disinfected.  The  choice 
of  climate,  therefore,  is  not  to  be  regulated  by  its  heat  or 
its  moisture,  or  the  reverse,  but  rather  by  the  number  of 
days  in  which  it  is  comfortable  to  remain  out-doors  with- 
out exposure  to  chill. 

Another  prime  indication  subserved  by' open-air  life  is 
the  toning-up  of  the  weakened  bronchial  muscles  and  of 
the  heart.  Throughout  the  whole  animal  kingdom,  the 
muscular  power  is  directly  proportioned  to  the  activity 
of  the  respiration,  that  is,  to  the  amount  of  oxygen  taken 
into  the  system.  It  is  the  wonderful  breathing  capacity  of 
insects  which  explains  their  wonderful  muscular  energy, 
and  so  soon  as  muscular  tissue  begins  to  weaken,  or  is  prone 
to  fatty  degeneration,  the  greater  is  the  need  to  afEord  it  the 
freest  supply  of  oxygen.  This  principle,  therefore,  illus- 
trates the  clinical  fact  that  one  of  the  most  eflBcacious 
remedies  in  chronic  bronchitis,  and  especially  in  the  bron- 
chorrhoea'  of  the  aged  who  have  enfeebled  hearts,  is  iron. 
As  the  only  r61e  of  iron  in  the  system  is  to  carry  oxygen, 
so  I  have  been  accustomed  to  prescribe  the  tincture  of 
the  chloride  of  iron,  with  excess  of  hydrochloric  acid,  in 
every  case  of  heart  disease,  and  of  chronic  bronchitis,  as  a 
prophylactic  against  dilatation  or  muscle  failure,  with  the 
result  of  greatly  diminishing  the  expectoration  in  the 
bronchial  trouble,  and  enabling  the  patients  to  sleep 
much  more  continuously  at  night.  In  distinction  from 
its  effects  in  phthisis,  iron  is  always  well  borne  in  chronic 
bronchitis,  partly,  no  doubt,  from  the  more  febrile  char- 
acter of  the  former  disease.  As  adjuvants  to  iron,  we 
nlay  recommend  the  ethers,  such  as  the  compound  spirit 
of  ether,  the  spirit  of  nitrous  ether,  dulc,  and,  in  cases 
in  which  there  is  cardiac  complication,  digitalis. 

A  certain  class  of  remedies  may  also  be  chosen  for 
their  antiseptic  powers,  such  as  the  balsams  and  terebin- 
thinates,  like  copaiba,  buchu,  tolu,  etc.  The  objection 
to  them,  however,  is  that  they  are  apt  to  disorder  the 
stomach,  and  hence  can  be  employed,  advantageously, 
only  now  and  then,  especially  on  some  exacerbation  of 
the  chronic  disease  with  pain  and  increased  coughing. 
Carbolic  acid  itself,  made  up  into  pills  and  taken  in  doses 
of  about  twelve  grains  a  day,  is  more  effective  and  better 
borne.  A  drink  composed  of  twelve  grains  of  carbolic 
acid  and  half  an  ounce  of  paregoric  in  a  pint  of  water,  to 
be  taken  through  the  day,  is  a  frequent  prescription 
when  the  cough  is  severe  and  the  expectoration  at  all 
offensive.  On  the  same  principle  we  would  recommend 
the  daily  use  of  inhalations  of  carbolized  steam,  described 
in  the  article  on  Asthma.  The  use  of  quinine,  also  as  an 
antiseptic,  in  moderate  daily  dose,  however,  is  to  be  rec- 
ommended on  general  principles,  particularly  when  there 
is  free  secretion  of  pus.  The  nitric  acid,  ,in  combination 
with  the  iodide  of  potassium,  is  sometimes  of  great  service 
in  profuse  expectoration,  especially  when  there  is  reason 
to  diagnose  the  presence  of  sacculated  bronchial  cavities. 
In  some  of  these  cases  the  oxide  of  zinc,  with  belladonna, 
has  seemed  to  diminish  secretion,  as  it.  does  in  phthisical 
cavities  with  profuse  expectoration. 

In  those  cases  in  which  the  expectoration  is  very  viscid, 
and  the  cough  correspondingly  severe,  I  have  found  no 
remedy  equal  to  the  emulsion  of  linseed-oil,  already  re- 
ferred to.  It  soon  renders  the  sputa  less  tenacious,  and 
similarly  lessens  the  violent  coughing,  while  it  seems  to 

f)romote  a  restoration  to  a  more  healthy  circulation  by 
essening  the  congestive  tumefaction  through  the  specific 
action  of  oils  on  such  conditions  in  mucous  membranes. 
The  aid  of  chloral  and  morphia  is  also  valuable  here,  in 
checking  the  irritability  of  the  bronchial  nerves.  In  this 
class  of  cases  a  good  deal  of  benefit  may  be  derived  from 
a  prolonged  course  of  mineral  waters ;  those  containing  the 
largest  proportion  of  common  salt  are  to  be  preferred. 
Such  a  course  is  also  to  be  recommended  in  those  cases, 
above  described,  of  lithaemic  or  of  .gouty  tendencies,  and 
in  the  bronchitis  of  chronic  alcoholism.  If  there  be 
much  asthmatic  wheezing,  the  administration  of  iodide 


of  potassium  with  belladonna,  and  occasionally  a  course 
of  arsenic,  will  prove  of  service.  In  all  cases  of  diflScult 
expectoration,  it  is  well  to  rememeber  the  help  which 
may  be  obtained  from  sipping  hot  drinks.  A  cup  of  hot 
coffee  taken  thus,  before  rising  in  the  morning,  may  en- 
able a  patient  to  rid  himself  of  an  accumulation  of  mu- 
cus which  otherwise  would,  be  voided  only  by  repeated 
and  exhausting  efforts. 

The  importance  of  protecting  the  skin  of  persons  af- 
fected with  bronchitis,  in  such  a  climate  as  ours,  cannot 
be  overrated.  They  should  be  dressed  in  buckskin  un- 
derwear from  head  to  foot  throughout  the  whole  autumn, 
winter,  and  spring  months.  The  suit  should  be  worn 
over  a  light  flannel,  which  may  be  changed  to  thicker 
material  in  mid-winter.  All  chest  protectors  should  be 
discarded  because  they  are  altogether  inadequate  for  a 
condition  in  which  a  chill  to  any  part  of  the  surface,  and 
especially  to  the  feet,  is  quite  enough  to  set  up  a  fresh  ac- 
cess of  inflammation.  When  such  exacerbations  occur, 
one  of  the  best  measures  is  to  resort  to  free  diaphoresis 
by  the  hot-water  and  blanket  pack.  The  patient  should 
go  to  bed  and  imdergo  this  thoroughly,  three  or  more 
times  a  day,  and  by  so  doing  he  va&y  effectually  cut  short 
a  severe  visitation  of  his  enemy.  During  the  summer,  it 
is  very  desirable  that  the  patient  take  daily  cold  salt-water 
sponge-baths,  followed  by  active  friction.  This  measure 
certainly  lessens  the  tendency  to  catching  cold,  and  the 
same  may  be  said  of  the  use  of  oil  inunctions  for  the 
whole  body,  to  be  practised  every  morning  in  the  winter, 
with  the  precaution  of  exposing  the  body  only  in  a  warm 
room. 

The  treatment  of  acute  diffuse  bronchitis,  supervening 
upon  the  chronic  form  of  the  disease,  belongs  more  prop- 
erly to  the  subject  of  broncho-pneumonia. 

William  H.  Thomson. 

BROOM  {Seoparim,  U.S.  Ph.;  Seoparii  Gaeumina.BT. 
Ph.),  Cytisus  Scopariiis  Link.  (Sa/rothammis  Sooparitts 
Koch,  Genista  Scoparia  Lamk.) ;  Order,  Leguminosai,  Pa- 
pUionaeecB.  It  is  a  well-known  European  shrub,  occa- 
sionally cultivated  here  for  ornament.  It  gvows  from 
half  a  metre  to  one  and  a  half  metres  high  (twenty  to 
sixty  inches) ;  has  numerous  slender,  upright  branches ; 
rather  few  small  leaves ;  large,  bright  yellow  flowers. 
The  lower  leaves  are  ternate,  with  obovate,  hairy  leaf- 
lets, the  upper  often  reduced  to  a  single  blade.  The 
flowers  are  solitary,  or  two  or  three  together,  and  have  a 
broad,  two-lipped,  persistent  calyx ;  a  fine,  showy,  papili- 
onaceous corolla,  with  a  long  style  rolled  upon  itself  like 
a  bugle.  The  fruit  is  a  flat,  hairy,  many-sided  legume. 
This  plant  is  abundant  in  sandy  and  waste  places  in 
England  and  Central  Europe,  growing  in  large  clumps, 
or  colonies,  and  also  extends  eastward  into  Russia  and 
part  of  Asia.  It  has  been  known  as  a  medicine  for  sev- 
eral hundred  years. 

The  part  gathered  for  medicinal  use  is  the  branches, 
although  the  whole  plant  is  active.  These  are  long  and 
wand-like,  sharply  flve-angled,  not  very  leafy,  of  a  green 
color  when  fresh,  but  becoming  very  dark  upon  drying. 
They  are  tough,  nearly  smooth,  odorless,  and  very  bitter. 
The  flowers  are  occasionally  used ;  they  also  become 
brown  by  drying. 

Broom  contains  two  interesting  principles,  discovered 
by  Stenhouse,  in  1Q51  ■,—apa/rteine  is  a  colorless,  thick, 
oily,  liquid  alkaloid,  having  a  peculiar  odor  and  an  ex- 
ceedingly bitter  taste.  It  is  only  slightly  soluble  in  water, 
although  it  holds,  itself,  a  little  water  in  solution.  Its 
salts  are  usually  solid,  but  not  crystalline.  "With  care  and 
protection  from  the  air  sparteine  may  be  distilled  with- 
out change,  but  upon  exposure  to  the  atmosphere  it 
quickly  becomes  brown  and  opalescent.  It  is  an  active 
paralyzing  and  narcotic  poison.  Plants  grown  in  the 
shade  are  said  to  be  especially  rich  in  it.  The  yield  is 
only  about  one-half  of  one  thousandth  part.  The  other 
constituent,  a<^ann,  is  solid,  either  colloid  or  crystalline, 
in  pale  yellow  tufts  or  scales,  easily  soluble  in  hot  water 
and  alcohol,  but  sparingly  so  in  cold  water.  Its  solutions 
are  greenish.  This  is  considered  to  be  the  diuretic  ele- 
ment of  Broom. 
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Broom  is  a  well-established  "  hydragogue "  diuretic, 
and  indicated  in  general  oedema,  from  various  causes ;  in 
full  doses  it  usually  also  acts  as  a  cathartic,  which  is  an 
added  advantage.  Very  large  doses  may  produce  alarming 
purging  and  vomiting.  Dose,  two  grammes  (2  Gm.  =  gi'. 
XXX.),  frequently  repeated  until  some  effect  is  obtained. 
A  decoction  is  a  suitable  form  for  administration.  Bco- 
parin  has  also  been  given,  but  not  sufficiently  to  establish 
its  value.  Dose,  one  to  three  decigrammes  (0.1  to  0.3  = 
gr.  jss.  ad  v.)  once  or  twice  a  day. 

Allied  Plants. — A  number  of  poisonous  plants  of 
similar  qualities  to  those  of  Broom  belong  to  neighboring 
genera.  Dyer's  Broom  {Qeniata  tinctoria  Linn.),  whose 
flowers  are  used  for  their  yellow  color,  was  formerly 
given  for  the  same  purpose  as  Broom.  The  beautiful 
Laburnum  (Gyiisus  Laburnum  Linn.)  occasions  vomit- 
ing, purging,  and  coma  when  taken,  and  contains  a  poi- 
sonous alkaloid,    Cytisine.     The  Lupins  are  generally 
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harmless,  and  several  species  are  used  as  food  plants,  but 
others  are  bitter  and  contain  alkaloids.  For  a  list  of' use- 
ful or  interesting  LeguminoscB,  see  Senna. 

Allied  Drugs. — Conine  and  Nicotine  are  brought  to 
mind  by  the  alkaloid  Sparteine ;  but  this,  though  the  most 
active,  is  not  probably  the  most  useful  principle  in  Broom. 
Digitalis  and  Squill  as  diuretics,  Elaterium,  Colocynth] 
and  Senna  as  cathartics,  are  used  in  similar  cases  to  those 
in  which  Broom  is  indicated.  W.  P.  Bollea. 

BROWNSVILLE.  The  accompanying  chart,  represent- 
ing the  climate  of  the  city  of  Brownsville,  Tex.,  and 
obtained  from  the  Chief  Signal  Office  in  Washington,  is 
here  inserted  for  convenience  of  reference,  A  detailed 
explanation  of  this  and  of  other  similar  charts  will  be 
found  under  the  heading  Climate ;  where  also  the  reader 
may  find  suggestions  as  to  the  method  of  using  these 
charts.  M.  B. 

97°  26'. — Period  of  Observations,  July  1,  1876,  to  Decern- 
Observation  above  tJie  Sea-leml,  28  Feet. 
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S. 

N. 

N. 
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N, 

N. 
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Miles. 
7.0 


8.9 
7,6 
7,3 
6.9 
5.0 
4.3 
5.2 
6.9 
7.0 

8.2 
6.4 
5.5 
7.4 


*  Miles  per  hour. 

BRUCIA,  TOXICOLOGY  OF.  Brucia  is  an  alkaloid 
associated  with  strychnia  in  the  seeds  of  the  genus  Strych- 
nos  In  chemical  composition  the  alkaloids  are  allied, 
and  statements  have  been  published  of  the  conversion  of 
one  into  the  other  by  laboratory  manipulation.     Poison- 
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ing  by  brucia  is  rare,  and  the  doses  by  which  dangerous 
symptoms  are  caused  are  much  larger  than  those  of 
strychnia.  The  symptoms  of  poisoning,  in  fatal  cases, 
have  closely  resembled  those  by  strychnia,  and  the  two 
are  generally  regarded  as  differing  only  in  degree.  It 
appears,  however,  from  some  very  recent  investigations 
that  the  effects  generally  observed  in  brucia-poisoning 
are  due  to  the  impurity  of  the  alkaloid,  by  the  presence 
of  strychnia,  the  entire  separation  being  a  difficult  opera- 
tion. Dr.  Thos.  J.  Mays,  of  Philadelphia,  in  a  paper 
contributed  to  the  Therapeutical  Gazette  for  June,  1885, 
has  recorded  some  interesting  observations  with  brucia, 
both  in  the  ordinary  and  pure  form.  He  points  out  that 
all  common  samples  show  strychnia  effects,  which  are  en- 
tirely wanting  when  the  absolutely  pure  alkaloid  is  used. 
Dr.  Mays  has  shown  that  in  frogs  the  first  effect  is  a  mo- 
tor paralysis,  followed  by  convulsions  and  hypersesthesia. 
Locally  applied,  it  has  a  benumbing  action  on  the  skin 
analogous  to  cocaine,  but  not  so  prompt,  probably  due  to 
slower  absorbability,  A  ten  per  cent,  solution  will  re- 
lieve the  pain  of  toothache,  and  the  scalding  of  the  tongue 
caused  by  Cayenne  pepper.  Applied  on  the  skin,  it  will 
cause  marked  dimidution  of  sensibility.  Its  analogy  to 
cocaine  thus  becomes  very  striking.  The  commercial 
article  is,  however,  entirely  unfit  for  such  use ;  nothing 
but  an  absolutely  pure  brucia  should  be  employed. 

It  is  obvious  from  these  considerations  that  it  would 
not  be  worth  while  to  give  a  summary  of  the  symptoms, 
treatment,  etc.,  of  brucia-poisoning  as  recorded  from  the 
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Broom* 
Bubo. 


observed  cases,  as  they  are  doubtless  merely  cases  of  poi- 
soning by  strychnia  complicated  by  the  effects  of  brucia. 

Henry  Leffimann. 

BRYONY  {Bryonia,  U.  S.  Ph.;  Bryone  blanche,  Codex 
Med.),  Bryonia  alba  Linn.,  and  Bryonia  dioica  Linn.; 
Order,  Cueurbiiacew.  The  Bryonys  differ  from  the  Cu- 
curbitas  (Pumpkins,  etc.)  principally  in  their  simple  sta- 
mens, usually  dioecious  and  clustered  flowers,  and  smaller 
fruits.  The  species  under  consideration  are  perennial 
herbs,  with  thick,  fleshy,  turnip-like  roots,  succulent, 
climbing  stems,  and  flve-angled  or  lobed  leaves. 

The  flowers  are  small,  dirty-white,  in  small  clusters ; 
stamens  five — four  in  two  pairs,  one  odd.  The  fruit  is  a 
small,  spherical,  three-celled,  indehiscent  berry.  Seeds 
rather  few,  not  margined  like  those  of  the  pumpkin.  B. 
aU)a  has  monoecious  flowers,  smooth  roots,  and  black 
fruits.  B.  dioica  has  dioecious  flowers,  rough,  warty 
roots,  and  scarlet  berries.  They  are  inhabitants  of  Eu- 
rope, Northern  Africa,  and  the  Orient ;  B.  alba  is  more 
common  in  the  east,  B,  dioica  in  the  west  of  Europe. 
The  root  is  thick,  spindle-shaped  (often  as  large  as  the 
arm),  fleshy,  branched,  pale  brown  externally,  white  and 
containing  milky  juice  within.  It  is  gathered  in  the 
spring,  and  prepared  for  use  by  being  cut  transversely 


Pio.  5S7.— Bryony  (B.  dioica),  Stamlnate  and  PiBtillate  Flowers  with 
Sections.    (Baillon.) 

into  slices  and  dried.  These  are  from  three  to  six  centi- 
metres in  diameter,  with  a  light  gray-brown,  wrinkled 
bark,  and  a  dirty  grayish  or  yellowish-white  section ; 
upon  the  latter  concentric  rings  of  woody  bundles  and 
nidiating  meduUary  rays  may  be  seen.  The  taste  is  dis- 
agreeably bitter,  odor  none.  Bryony  contains  a  peculiar, 
bitter  glucoside,  bryonin,  a  colorless,  amorphous  powder 
soluble  in  water  and  alcohol.  Treated  in  the  usual  way 
with  dilute  acids,  it  splits  into  sugar,  bryoretin  and 
hydrobryoretin.  This  decomposition  is  said  to  already 
have  taken  place  in  part  of  the  bryonin  of  the  dried  root. 

Action. — Bryony  is  an  active  and  harsh  cathartic  of 
the  colocynth  and  elaterium  type.  In  large  doses  it  is 
apt  to  induce  also  vomiting,  and  may  cause  inflammation 
of  the  stomach  and  intestine.  Death  has  followed  its 
medical  use.    Bryonin  has  the  same  action  as  the  root. 

The  dose  of  Bryony  (the  dried  root)  is  given  as  from 
one  to  four  grammes  (1  to  4  Gm.  =  gr.  xv.  ad  3  j.)  once 
or  twice  a  day ;  the  smaller  dose  should  be  first  tried. 
There  is  a  Tincture  (Tinctura  Bryonim,  U.  S.  Ph.), 
strength,  one-tenth,  in  which  form  it  may  be  given,  al- 
though probably  no  better  than  the  powdered  root.  Bry- 
onin IS  to  be  preferred  ;  dose,  one  decigramme. 

Allied  Plants,  Allied  Drugs. — See  CoLOCYiifTH. 

W.  P.  Bollea. 


BUBO  (from  BuvPav,  the  groin;  Ger.,  Leistenbevle ; 
Fr.,  biibon),  a  term  originally  used  by  medical  writers  of 
antiquity  to  designate  glandular  tumors  of  the  groin,  was 
applied  by  authors  of  the  period  of  the  Refonnation  to 
glandular  inflammations  of  every  part  of  the  body  irre- 
spective of  their  nature.  Modern  writers  have  again  re- 
served the  term  for  inflammatory  affections  of  the  lym- 
phatic glands  of  the  groin.  While  buboes  are  alluded  to  in 
the  earliest  medical  treatises  of  which  we  have  any  knowl- 
edge, and  the  pathogenetic  importance  of  the  genitalia  in 
their  causation  was  apparently  familiar  even  to  Hippoc- 
rates, the  distinctive  types  of  the  affection  which  are  now 
generally  recognized  were,  of  course,  unknown  until  long 
after  the  general  outbreak  of  syphilis,  which  appeared  at 
the  close  of  the  fifteenth  century.  Then,  besides  the 
adenitis,  which  suppurates  and  often  leaves  an  ulcer, 
there  presented  itself  a  bubo  which  from  its  inception  is 
indolent,  unattended  by  pain,  and  rarely  the  seat  of  sup- 
purative change,  ^as'pard  Torella,  Fallopiiss,  Nicolaus 
Massa,  Paracelsus,  and  other  writers  of  that  memorable 
epoch  in  the  history  of  venereal  diseases  speedily  recog- 
nized and  described  with  sufiicient  accuracy  this  earliest 
systemic  manifestation  of  syphilis.  Nevertheless,  the 
nature  of  buboes  was  so  little  comprehended  that  they 
were  regarded  as  sympathetic  in  character,  or  as  unsuc- 
cessful endeavors  of  nature  to  check  through  them  the 
invasion  of  the  system  by  the  disease.  That  the  majority 
of  buboes  result  from  the  deposit  in  the  lymphatic  glands 
of  a  poison  conveyed  to  them  from  a  distance  could  not 
have  been  known  prior  to  the  discovery  in  1651,  by 
Olaus  Rudbeck,  of  lymphatic  vessels  in  different  parts 
of  the  body,  and  with  a  function  of  absorption  like 
that  of  the  lacteals  previously  described  by  Asseli. 
Even  then  precise  knowledge  of  the  subject  was  slowly  de- 
veloped, and  it  remained  for  the  observations  of  Hunter, 
Swediaur,  Benjamin  Bell,  and  Ricord  to  depict  the  clin- 
ical symptoms  and  finally  establish  the  etiological  rela- 
tions of  the  different  varieties  of  the  disease  under  con- 
sideration. 

Anatomical  and  Pathological. — The  subcutaneous 
cellular  tissue  of  the  groin  encloses,  together  with  the  su- 
perficial blood  and  lymjphatic  vessels,  a  varying  number 
(8  to  12)  of  lymphatic  glands,  which  receive  their  lymph 
from  the  subumbilical  segment  of  the  anterior  abdominal 
wall,  from  the  external  genitalia,  urethra,  perineum, 
vagina,  cervix  uteri,  anus,  and  inferior  extremity.  The 
size  of  the  inguinal,  as  of  other  lymphatic  glands  in  their 
normal  state,  is  so  small  that  in  persons  with  a  pannieu- 
lus  adiposus  of  ordinary  thickness  they  cannot  be  felt 
through  the  skin.  Oval  or  elongated  in  form,  the  glands 
of  the  groin  are  arranged  in  two  quite  distinct  gi-oups, 
the  larger  of  which  follows  the  course  of  Pou  part's  liga- 
ment, while  the  smaller  forms  part  of  the  cribriform 
fascia  covering  the  saphenous  opening.  The  individual 
glands  of  these  groups,  when  naturally  large  or  enlarged 
from  disease,  present  distinctive  directions.  Those  which 
overlie  the  ligament  have  their  axes  parallel  to  the  in- 
guinal fold,  while  those  of  the  lower  group  have  their 
axes  parallel  to  that  of  the  lower  extremity.  This  factor 
is  of  considerable  importance,  in  that  it  often  gives  a  clue 
to  the  source  of  the  ganglionic  complication,  since  the 
lymph  from  the  external  genitalia  is  conveyed  to  the  up- 
per, while  that  from  the  lower  extremity  passes  to  the 
lower  chain.  It  must  not  be  forgotten,  however,  that 
these  groups  communicate  very  freely  with  each  other  by 
numerous  lymphatic  vessels,  in  which  the  circulation  is 
from  the  upper  to  the  lower  glands.  Indeed,  it  is  through 
the  glands  over  the  saphenous  orifice  and  through  one  or 
two  glands  (Rosenmuller's),  deeply  seated  underneath  the 
fascia  lata,  that  the  lymph  must  pass  from  both  lower 
extremity  and  genital  area  before  it  can  enter  the  general 
lymph-receptacle  in  the  abdomen.  This  anatomical  fac- 
tor will  account  for  the  not  very  infrequent  occurrence 
of  two  suppurating  glands  on  the  same  side  of  the  body, 
of  which  one  belongs  to  the  upper  and  the  other  to  the 
lower  chain,  the  inguinal  fold  lying  between  them. 

Formed  of  a  capsule  embedded  in  the  periglandular 
adipose  tissue,  containing  within  it  lymph-sinuses,  net- 
works of  reticular  connective-tissue  and  lymph-cells,  the 
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lymphatic  gland,  when  the  seat  of  inflammatory  changes,- 
presents  appearances  which  vary  greatly  with  the  degree 
of  the  inflammatory  process  and  the  nature  of  the  primary 
cause.  The  acute  adenitis  which  may  follow  in  the  wake 
of  any  traumatic  or  specific  ulcer  of  the  skin  or  mucous 
membrane,  and  which  manifests  itself  clinically  by  mod- 
erate swelling  and  tenderness  of  the  affected  gland,  is  as 
sociated  with  dilatation  of  its  blood-vessels  and  prolifera 
tion  of  the  lymph-corpuscles  contained  in  the  meshes  of 
the  reticular  network  or  stroma.'  When  this  cellular  in- 
filtration becomes  excessive  the  reticular  network  suffers 
from  compression  ;  it  becomes  rarefied  ;  the  capillaries 
are  obstructed  or  completely  torn.  When  deprived  of 
their  nutrition  the  infiltrating  cell-masses  are  speedily 
converted  into  pus  foci.  Through  the  confluence  of 
these  the  gland-capsule,  already  distended  from  the  in- 
ception of  the  process,  becomes  an  irritant  to  the  sur- 
rounding parts  ;  the  subcutaneous  cellular  layer  and  the 
skin  more  or  less  rapidly  participate  in  the  morbid 
changes,  and  soon  the  suppurating  bubo,  having  attained 
twenty-fold  the  size  of  the  normal  gland,  is  emptied  spon- 
taneously or  by  the  knife  of  the  surgeon.  After  the 
evacuation  of  the  pus  the  abscess-cavity  speedily  contracts, 
and  cicatrization  ensues  with  such  rapidity,  at  times,  that 
the  wound  is  closed  in  a  week  from  the  opening  of  the 
bubo.  Not  always  does  this  process  of  repair  follow  so 
quickly  the  elimination  of  the  pus.  The  behavior  of  the 
periglandular  tissue  is  a  most  important  factor  in  the 
events  that  are  to  follow.  This  is  often  the  seat  of  more 
extensive  inflammation  than  the  gland  itself.  Minute  ab- 
scesses form  around  the  inflamed  gland  from  obstruction 
of  its  afferent  vessels,  so  that  after  the  elimination  from  the 
gland  itself  this  remains  embedded  in  a  secondary  abscess- 
cavity  formed  about  it.  Covered  by  granulations,  it  may 
in  time  appear  as  a  foreign  body  in  the  floor  of  an  ulcer, 
or  it  may  remain  for  months  covered  by  integument  yet 
surrounded  by  indolent  sinuses.  Nor  is  the  pathological 
process  that  ends  in  suppuration  necessarily  limited  to 
one  gland  alone.  The  morbific  matter  may  be  conveyed 
from  the  gland  originally  involved  to  one  or  more  in  the 
vicinity,  until  a  number  of  them  are  bound  together  in 
one  large  inflammatory  nidus,  the  suppuration  of  which 
usually  entails  the  destruction  of  a  considerable  extent  of 
skin.  To  a  large  extent,  the  termination  of  an  adenitis 
depends  upon  the  nature  and  gravity  of  the  primary  dis- 
ease. If  the  irritation  in  the  lymph-radicles  of  the 
affected  gland  is  mild  or  evanescent,  as  in  herpes,  balanitis, 
erysipelas,  or  gonorrhoea,  the  consecutive  adenitis  rarely 
proceeds  to  suppuration.  Absorption  of  the  infiltrating 
cellular  elements  may  supervene  in  a  few  days,  or  even 
hours.  On  the  other  hand,  long  continuance  of  the  local 
irritation,  whatever  its  character,  will  at  times  completely 
change  the  results  of  the  glandular  inflammation  in  that 
the  cellular  infiltration,  being  insufiicient  in  extent  to  in- 
duce suppuration,  yet  not  disappearing  by  absorption, 
leads  to  organization.  Here  it  is  not  the  exuded  lymph- 
corpuscles  that  are  converted  into  a  durable  tissue,  but 
the  reticular  substance  which  forms  the  framework  of  the 
gland.  In  the  suppurating  adenitis  this  disappears,  in 
subacute  adenitis,  it  undergoes  a  reactive  hypertrophy. 
In  the  course  of  time  the  septa  of  the  gland  increase  so 
greatly  in  thickness  that  the  lymph-corpuscles  between 
them  are  seriously  encroached  upon.  Hence  the  firm 
fibrous  appearance  of  the  section  of  a  lymphatic  gland 
that  has  ijeen  the  seat  of  a  chronic  inflammation. 

Etiology  and  Varieties. — The  inguinal  glands  differ 
in  no  way  from  those  of  other  parts  of  the  body,  and  the 
morbid  processes  to  which  they  are  subjected  can  be  du- 
plicated in  those  of  the  groin.  Hence  a  priori  reasoning 
as  to  the  venereal  origin  (using  the  term  in  its  widest 
significance)  of  an  adenitis  here  situated  must  be  strenu- 
ously deprecated.  Violent  exercise,  strains  while  lifting, 
or  mounting  a  horse,  direct  trauma,  herpes,  furuncles, 
eczema  ^enitalium,  and  scabies  may  all  be  the  source  of 
an  inguinal  adenitis.  Only  a  short  time  ago  there  ap- 
peared at  my  clinic  a  lad  of  seven  years,  with  two  sup- 
purating glands,  the  one  above,  the  other  below  the  liga- 
ment. The  most  careful  inspection  of  genitalia  and 
lower  extremity  failed  to  reveal  anything  abnormal.    The 
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cervical  glands  were  not  enlarged,  nor  were  there  other 
traces  of  a  strumous  habit  discernible.  The  only  adducible 
cause  of  the  bubo  was  a  severe  fall  from  a  sand-bank,  which 
the  boy  had  sustained  one  week  before  aggravated  symp. 
toms  supervened.  Buboes,  such  as  these,  which  in  no 
way  depend  upon  an  inoculable  primary  disease,  and 
which  stand  neither  immediately  nor  remotely  in  connec- 
tion with  the  sexual  act,  I  have  been  in  the  habit  of 
designating  non-venereal  buboes. 

Each  of  the  three  typical  venereal  affections,  viz. 
gonorrhoea,  the  chancroid,  and  the  initial  lesion  of  syphi- 
lis, may  be  attended  by  complications  of  the  inguinal 
glands,  which  are  known  as  venereal  buboes,  and  are  sub- 
divided into,  1',  the  simple  or  inflammatory  ;  2,  the  viru- 
lent, and  3,  the  syphilitic  varieties.  They  are  produced 
respectively  (1)  by  the  irritation  of  a  gonorrhoea  and 
chancroidal  or  syphilitic  ulcer  ;  (2)  by  the  chancroid 
solely,  and  (3)  by  the  presence  of  the  initial  lesion  alone. 

1.  Buboes  are  rarely  produced  by  gonorrhosa.  While 
a  slight  tenderness  of  the  neighboring  glands  not  infre- 
quently attends  a  urethral  discharge,  it  is  very  excep- 
tional to  witness  in  them  an  inflammation  that'  ends  in 
suppuration.  Yet  buboes  of  considerable  size,  with  ex- 
tensive destruction  of  tissue,  are  occasionally  encountered 
as  complications  of  gonorrhoea.  They  have  been  met 
mostly  in  very  young  subjects,  in  persons  of  strumous 
habit,  or  in  subjects  debilitated  by  a  previous  attack  of 
syphilis.  Again,  it  is  not  unusual  to  find  a  chronic  hy- 
perplasia of  one  or  more  of  the  inguinal  glands  after  re- 
peated and  prolonged  urethral  discharges,  a  condition 
analogous  to  that  of  the  cervical  glands  in  persons  prone 
to  catarrhal  affections  of  the  throat.  The  term  "  sympa- 
thetic bubo,"  formerly  applied  by  preference  to  gland- 
complications  of  gonorrhoea,  is  gradually  being  discarded. 
Whether  the  bubo  results  from  purulent  preputial  catarrh, 
gonorrhoea,  or  chancroid,  instances  are  not  rare  in  which 
there  can  be  detected  that  cord-like  swelling  along  the 
dorsum  of  the  penis,  which  is  but  the  evidence  of  a 
lymphangitis  developed  by  direct  propagation' df<  the  dis- 
ease from  its  first  seal.  Still,  the  morbid  process  in  the 
lymphatic  vessels  does  not  usually  manifest  itself  by 
perceptible  symptoms.  Like  the  vas  deferens  in  epididy- 
mitis, the  lymphatic  vessel  conveys  the  irritant  to  the 
gland  without  being  often  seriously  affected  by  it. 

2.  The  chancroid  is  by  far  the  most  common  precursor 
of  the  bubo.  From  its  very  inception  to  the  period  of  its 
repair,  and  even  for  months  after  its  complete  closure, 
the  chancroid  may  be  the  cause  of  an  inflammatory  bubo. 
This  the  soft  sore  may  accomplish  in  its  dual  position  of 
a  local  irritant,  and  of  an  ulcer  producing  an  auto-inocu- 
lable  virus.  Ricord  has  formulated  the  law  that  when 
the  chancroidal  virus  is  absorbed  into  a  lymphatic  gland 
there  must  inevitably  be  a  suppurating  bubo,  the  pus  from 
which,  in  turn,  will  reproduce  a  chancroid.  When  the 
pus  from  a  bubo  of  chancroidal  origin  is  not  inoculable, 
it  is  presumed  that  the  fluid  absorbed  from  the  chancroid 
did  not  possess  the  characteristic  qualities  of  chancroidal 
virus.  This  is  the  distinguishing  feature  between  the 
simple  and  virulent  buboes  originating  in  chancroids. 
Still,  it  is  diiflcult  to  comprehend  why  a  large  suppurat- 
ing, yet  non-purulent  bubo  should  follow  from  the  irri- 
tation of  so  small  an  area  as  is  usually  covered  by  a 
chancroid,  when  it  so  rarely  follows  the  infinitely  more 
extensive  irritation  of  the  urethra  from  gonorrhoea.  It 
has  been  estimated  that  the  proportion  of  simple  to  viru-. 
lent  buboes  (following  chancroids)  is  nearly  equal;  it 
being  149  simple  to  138  virulent.*  These  figures  are  far 
from  conclusive,  since  every  case  should  be  made  the 
subject  of  most  careful  inoculation  before  being  utilized 
in  statistics.  The  relative  frequency  of  buboes  in  general 
as  a  complication  of  chancroids  has  been  more  accurately 
determined.  Fournier'  has  observed  307  chancroids 
of  which  65  were  complicated  by  suppurating  buboes. 

In  146  cases  of  chancroid  observed  at  my  dispensary  in 
the  Medical  College  of  Ohio,  during  a  period  of  two  years, 
suppurating  buboes  were  recorded  in  40.  Thus  it  ap- 
pears that  in  about  twenty-eight  per  cent,  of  the  total 
number  of  chancroids  buboes  appear.  It  is  a  remarkable 
fact  that  in  women  buboes  are  not  so  prone  to  develop  as 
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in  men,  owing,  probably,  to  the  fact  that  the  latter  can- 
not abstain  from  work  for  a  trivial  soft  chancre.  The 
size  of  the  original  sore  does  not  appear  to  influence,  in 
any  manner,  the  action  of  the  inguinal  glands,  since  it  is 
not  unusual  to  find  destructive  buboes  following  small 
and  superflcial  ulcers,  while  destructive  chancroids  re- 
main uncomplicated.  The  retention  of  the  discharge 
from  the  chancroid  is,  no  doubt,  an  important  element  m 
the  production  of  buboes,  since  those  of  the  fraehum,  and 
those  associated  with  phimosis,  are  relatively  most  often 
followed  by  them.  With  few  exceptions  the  chancroidal 
bubo  develops  in  the  groin  of  the  same  side  occupied  by 
the  first  sore.  When  this  is  situated  in  the  median  line, 
and  particularly  when  it  involves  the  frsenum,  bilateral 
buboes  are  apt  to  supervene.  Only  in  very  exceptional 
cases  is  the  irritation  or  virus  conveyed  across  the  median 
line,  to  the  glands  of  the  opposite  side,  through  the  anas- 
tomosis of  the  lymphatic  vessels.  Occasionally  a  bubo 
will  form  in  the  median  line  at  the  root  of  the  penis,  or 
in  the  pubic  region,  where  a  small  lymphatic  gland  is 
often  found  at  the  confluence  of  the  lymphatic  vessels 
of  the  two  sides.  Pubic  buboes  were  encountered  in  3 
out  of  398  cases.", 

3.  Syphilis.  The  initial  lesion  of  syphilis  is  almost  in- 
variably followed  by  a  sclerosis  of  the  upper  chain  of  the 
inguinal  lymphatic  glands,  of  which  the  innermost  is  first 
involved  during  the  first  fortnight  after  the  primary  sore 
manifests  itself.  In  the  course  of  a  few  weeks  the  other 
glands  of  this  region  [Pleiades  ganglionnairea),  and  subse- 
quently the  glands  in  general,  become  affected.  Eournier 
failed  to  find  induration  of  the  inguinal  lymphatics  5 
times  in  365  cases  ;  Berkeley  Hill  ^  3  times  in  176  cases, 
whereas  Bumstead '  has  never  "  met  with  a  chancre  which 
was  not  attended  by  induration  of  the  neighboring  lym- 
phatic ganglia."  It  is  a  characteristic  of  the.  syphilitic 
bubo  that  it  involves  the  entire  chain  of  lymphatic  glands, 
and  that  its  progress  is  not  attended  by  acute  symptoms. 
Hence  this  form  of  bubo  is  often  termed  indolent.  In  its 
morbid  anatomy  nothing  of  an  inflammatory  nature  is 
apparent.  The  small-celled  infiltration  which  takes  place 
in  the  initial  lesion  of  syphilis  is  reproduced  in  the  in- 
guinal glands.  Every  mesh  of  the  reticulum  is  fully  dis- 
tended by  cells.  The  induration  resulting  therefrom 
continues  for  months,  and  even  for  years,  without  termi- 
nating in  inflammation  or  necrosis  of  the  gland.  As  in 
the  case  of  the  primary  induration,  after  continuing  for  a 
varying  length  of  time,  a  fatty  metamorphosis  of  the 
cells  ensues  ;  the  detritus  is  absorbed,  and  the  gland  re- 
turns to  its  normal  condition  (Rindfleisch).'  In  gallop- 
ing syphilis  and  in  that  of  lymphatic  subjects,  the  in- 
guinal glands  at  times  undergo  extensive  suppuration. 
Even  then  it  will  be  found  that  the  immediate  cause  of 
the  inflammation  is  an  unusual  irritation  of  the  primary 
ulcer,  or  the  development  in  it  of  phagedaena  or  of  diph- 
theritic deposit.  This  suppuration  of  an  indolent  bubo, 
therefore,  has  neither  a  favorable  nor  contrary  influence 
on  the  subsequent  course  of  the  syphilis.  While  the  sup- 
purating adenitis  is,  as  a  rule,  a  sequel  of  the  soft  chancre, 
its  presence  does  not  infallibly  demonstrate  the  non-in- 
fecting (chancroidal)  character  of  the  primary  sore. 

Bvion  d'EmbUe. — The  buboes  which  have  been  thus 
far  considered  are  ascribable  to  plainly  discernible  lesions 
in  the  area  of  origin  of  the  lymphatic  radicles  of  the  af- 
fected gland.  Therefore  they  are  secondary  in  character. 
The  question  has  for  a  long  time  been  discussed,  whether, 
without  the  development  of  a  lesion  at  the  point  where 
the  virus  entered  the  body,  this  could  be  directly  ab- 
sorbed and  conveyed  to  the  glands  and  produce  in  them 
its  peculiar  pathological  efliects.  Authorities  of  great 
weight  (Vidal,  Reynaud,  Benjamin  Bell)  have  cited  nu- 
merous instances  in  which  such  absorption  without  local 
reaction  is  supposed  to  have  taken  place.  To  designate 
this  particular  form  of  ganglionic  disease  the  terms  "  pri- 
mary bubo,"  "idiopathic  bubo,"  and  "bubon  d'cmblSe," 
have  been  used  as  synonyms.  It  has  already  been  ob- 
served that  primary  buboes  could  arise  from  direct 
trauma,  excessive  exercise,  strumous  habit,  and  other 
like  causes.  Aside  from  these  etiological  factors,  it  is  at 
Siresent  deemed  impossible  for  a  venereal  bubo  to  develop 


without  pre-existing  primary  trouble.  It  is  within  the 
experience  of  every  one  that  this  primary  affection  may 
be  very  trivial  in  extent  and  of  remarkably  short  dura- 
tion, therefore  escaping  the  attention  of  the  patient. 
Here,  as  in  the  case  of  the  minute  dissecting-wound  that 
may  lead  to  suppurating  lymphadenitis,  and  even  to 
death,  the  original  lesion,  or  some  trace  of  it,  can  always 
be  found.  Until  it  can  be  demonstrated  that  chancroidal 
pus  or  syphilitic  virus  can  be  made  to  permeate  the  un- 
broken skin,  there  is  no  good  cause  for  believing  in  the 
bubon  d'embl6e.  It  is  particularly  through  the  efforts  of 
Ricord,  Langlebert,  Fournier,  and  others  that  the  "idio- 
pathic bubo,"  for  so  long  a  period  the  subject  of  most 
ardent  polemics,  is  now  generally  believed  to  have  no 
actual  existence. 

Symptomatology. — Simple  Bubo. — The  appearance  of 
an  inguinal  bubo  is  ordinarily  announced  by  a  feeling  of 
discomfort  while  walking.  A  passing  sense  of  fulness 
causes  the  patient  to  examine  the  part,  when  he  finds  one 
or  more  tender  glands  in  the  groin.  Palpation,  at  this 
time,  reveals  the  presence  of  a  resistant  movable  swelling, 
tender  to  the  touch,  and  varying  in  size  from  a  bean  to  a 
cherry.  Within  a  few  days  the  symptoms  rapidly  in- 
crease in  severity.  The  tumefaction,  increasing  in  extent, 
is  oblong  in  form  with  the  long  axis  parallel  to  the  groin 
when  a  gland  of  the  upper  chain  is  affected,  and  parallel 
to  the  axis  of  the  thigh  when  one  of  the  lower  group  is 
involved.  A  decided  elevation  of  the  skin  becomes  ap- 
parent before  its  implication  in  the  p-ocess  occurs.  Pain 
is  usually  complained  of,  and  it  is  either  sharp  and  spas- 
modic in  character,  or  dull  and  constant.  Hence  follow 
disturbed  sleep  and  impeded  progression.  With  the  ex- 
tension of  the  inflammation  to  the  periglandular  tissue, 
the  mobility  of  the  swelling  disappears,  the  tumor  loses 
its  well-defined  outline,  the  skin  itself  becomes  adherent, 
and  the  seat  of  more  or  less  redness.  Even  when  symp- 
toms so  pronounced  as  these  have  continued  for  a  week  or 
more,  resolution  may  supervene  in  the  course  of  two  or 
three  days.  Such  a  fortunate  termination  is  more  likely 
to  ensue  when  the  primary  affection  was  a  gonorrhoea, 
balano-posthitis,  or  herpes.  But  in  undoubted  cases  of 
chancroid,  a  gradual  resolution  of  the  acute  inflammation, 
or  its  termination  in  a  chronic  induration,  is  not  at  all  infre- 
quently observed.  These  terminations  are  quite  as  likely 
to  follow  in  the  buboes  which  supervene  during  the  early 
stages  of  the  chancroid,  as  in  those  that  attend  the  repara- 
tive process  of  the  sore  or  that  follow  its  cicatrization. 

When  the  inflammation  passes  to  the  suppurative  stage 
the  indurated  mass  generally  presents  a  softer  spot,  which 
is  as  often  situated  out  of,  as  in  the  centre  of  the  swelling. 
With  the  increase  of  the  area  of  softening  the  skin  changes 
to  a  dusky  hue.  An  examination,  while  the  skin  is  still 
intact,  reveals  distinct  fluctuation,  and  when  the  attenuated 
integument  is  indented  by  the  finger  the  indurated  wall 
of  the  abscess  can  ordinarily  be  distinguished.  It  is  at  this 
time,  from  ten  days  to  two  weeks  after  the  beginning  of 
the  bubo,  that  the  pus  is  usually  evacuated  by  incision. 
In  quantity  this  does  not  often  exceed  an  ounce.  If  left 
to  itself,  weeks  will  often  elapse  before  the  skin  yields  to 
the  ulcerative  process,  during  which  time  the  abscess  in- 
creases in  its  dimensions  until  it  contains  at  times  from 
four  to  six  ounces  of  thick,  creamy  pus.  When  permitted 
to  open  spontaneously,  the  abscess  usually  opens  at  one 
point  only,  although  two  or  three  apertures  are  often 
formed.  This  feature  of  inguinal  suppurating  buboes 
requires  especial  mention.  When  the  swelling  has  at 
tained  the  size  of  a  walnut  or  small  peach,  it  will  often 
appear  to  be  subdivided  by  a  deep  furrow  into  two  quite 
distinct  growths,  of  which  the  smaller  is  usually  situated 
below  and  nearer  the  median  line.  When  suppuration  is 
finally  established,  a  separate  opening  will  be  formed  or 
made  necessary  for  each  division  of  the  swelling,  irre- 
spective of  the  question  as  to  whether  more  than  one 
gland  is  involved.  Not  always  does  the  suppurating 
bubo  run  so  acute  a  course.  Instances  are  not  at  all  in- 
frequent in  which  the  inflammatory  symptoms  develop 
in  successive  stages  with  intervals  of  quiescence.  Such 
buboes  often  require  several  months  before  maturing,  and 
for  these  cases  the  term  "subacute"  is  occasionally  re- 
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eerved.     The  pus  contained  in  them  is  usually  watery  in 
character,  and  ordinarily  not  very  abundant. 

The  clinical  course  of  a  simple  bubo,  after  it  has  dis- 
charged, does  not  differ  materially  from  that  of  an  ab- 
scess from  other  causes.  In  about  thirty  per  cent,  of  all 
cases,  and  particularly  in  those  in  which  an  early  incision 
was  made,  the  walls  of  the  abscess  become  agglutinated, 
and  suppuration  rapidly  ceases.  Generally,  however,  the 
discharge  continues  from  one  week  to  many  months  be- 
fore the  abscess  cavity  is  obliterated.  Chronicity-of  dis- 
charge characterizes  particularly  those  abscesses  in  which 
more  openings  than  one  have  formed,  and  in  which 
sinuses  lined  with  exuberant  granulations  undermine  the 
skin.  In  many  of  these  cases,  the  force  of  the  inflamma- 
tion having  been  spent  on  the  periglandular  tissue,  these 
sinuses  lead  down  to  one  or  more  glands.  When  the  in- 
tegument covering  the  sinuses  finally  yields  to  the  sup- 
purative process,  or  is  divided  by  the  knife,  the  gland 
covered  by  granulations  will  appear  in  the  floor  of  the 
ulcer  or  in  the  wound  thus  produced. 

Virulent  Bubo. — It  has  already  been  observed  that 
when  the  virulent  element  of  the  chancroid  is  deposited 
in  a  lymphatic  gland,  suppuration  in  the  latter  is  in- 
evitable. The  bubo  of  absorption,  which  results  from 
this,  in  its  inception,  presents  symptoms  precisely  like 
those  that  belong  to  the  simple  bubo.  The  rapidity  of 
development  of  the  symptoms  alone  might  arouse  suspi- 
cions as  to  the  virulent  form  of  adenitis.  It  is  only  after 
the  evacuation  of  the  abscess  that  the  differential  diag- 
nosis becomes  practicable.  Inoculation  with  the  pus  of 
the  virulent  bubo  invariably  produces  a  chancroid ;  inoc- 
ulation with  the  pus  from  a  simple  bubo  yields  negative 
results  save  in  syphilitic  subjects.  But  the  inoculation 
test  is  superfluous,  since  the  progress  of  the  virulent  bubo 
after  it  is  opened  is  usually  suflSciently  pronounced. 
The  margins  of  the  wound  which  gave  passage  to  the  pus 
become  inoculated  with  the  chancroidal  virus.  As  in  the 
chancroid,  during  its  period  of  progress  the  integument 
covering  the  virulent  bubo  is  rapidly  destroyed  until  a 
true  chancroidal  ulcer,  varying  much  in  area  and  depth, 
presents  itself  in  the  groin.  When  fully  exposed  to  view, 
the  floor  of  the  bubo,  from  absorption,  presents  the  yel- 
lowish-gray, irregular,  and  worm-eaten  appearance  of  the 
chancroid.  The  margin  of  the  ulcer,  tumefied,  at  one 
part,  appears  attenuated  or  undermined  at  another.  Prom 
the  entire  surface  there  is  exuded  a  watery  pus  which  is 
often  tinged  with  blood.  Capillary  hsemorrhages  from 
the  bubonic  ulcer  are  often  encountered  as  in  the  chan- 
croid. Indeed,  the  clinical  history  which  belongs  to  the 
chancroid  is  on  a  larger  basis  duplicated  in  the  case  of  the 
bubo.  Healing  in  rare  instances  in  a  few  weeks,  it,  in 
less  fortunate  cases,  continues  in  its  destructive  course  for 
months,  and  occasionally  even  for  years.  When  thus 
protracted,  the  ulceration  usually  assumes  the  serpiginous 
type,  healing  in  one  portion  and  extending  in  another. 
Thus  the  ulcer  gradually  spreads  over  abdomen,  thigh, 
pubes,  or  gluteal  region,  leaving  frequently  ungainly 
cicatrices.  In  these  cases  the  ulcerative  action  is  often  so 
sluggish  that,  as  in  lupus  or  rodent  ulcer,  it  is  almost  im- 
perceptible. Continuous  auto-inoculation  of  the  skin  in 
the  vicinity  of  the  ulcer  is  the  only  plausible  explanation 
of  these  protracted  forms  of  bubo.  PhagedKna,  that 
most  terrible  complication  of  the  venereal  sore,  occasion- 
ally attacks  the  virulent  bubo.  Under  its  influence  the 
bubomay,  in  a  few  weeks,  become  converted  into  an  ulcer 
the  size  of  the  palm.  Superficial  in  some  cases,  in  others 
the  ulcer  under  its  influence  dips  down  into  the  tissues, 
producing  extensive  sloughs.  Progressing  among  the 
blood-vessels,  it  has  been  known  to  open  them  and  induce 
fatal  haemorrhage.  Patal  results  have  likewise  been  in- 
duced by  the  excessiveness  of  discharge  and  from  pysemia. 

SypMHiic  Bubo.— The  inguinal  adenopathy  of  syphilis 
is  but  the  reproduction  on  a  larger  scale  of  the  indurating 
process  manifested  in  the  primary  lesion.  Appearing 
e^rly  and  affecting  an  entire  group  of  glands,  the  syphi- 
litic adenopathy  yields  a  row  of  larger  and  smaller  tumors, 
freely  movable  and  easily  felt,  except  in  very  obese  sub- 
jects. These  tumors  are  hard,  resistant,  not  tender  to  the 
touch,  and  usually  largest  on  the  side  of  the  primary  sore. 


Oftener  than  in  the  other  forms  of  bubo,  the  dorsal 
lymphatics  of  the  penis  participate  in  the  morbid  process 
and  appear  in  the  form  of  indurated  cords  with  irregulai 
nodosities.  Like  the  enlarged  lymphatic  glands,  these 
lymphatic  cords  are  freely  movable.  It  has  already  been 
observed  that  indolence  characterizes  the  syphilitic  bubo. 
Only  in  persons  of  scrofulous  taint,  and  in  cases  of  great 
maUgnancy  of  the  syphilitic  virus  (galloping  syphilis), 
does  suppuration  ensue.  With  or  without  treatment,  the 
syphilitic  bubo  continues  while  the  primary  and  many  of 
the  secondary  manifestations  remain.  It  is  rare  to  find 
these  buboes  subside  completely,  even  under  treatment, 
in  less  than  two  or  three  months,  and  in  many  instances 
they  survive  all  other  syphilitic  lesions,  when  they  assume 
great  diagnostic  importance  in  determining  the  presence 
or  absence  of  a  syphilitic  taint.  After  continuing  some- 
times in  an  unaltered  state  for  two  or  three  years,  they 
finally  subside  spontaneously. 

Treatment. — The  treatment  of  buboes  must  neces- 
sarily vary  with  the  nature  of  the  primary  trouble.  In 
a  prophylactic  way  nothing  can  be  done  to  prevent  the 
syphilitic  bubo,  while  much  can  be  accomplished  in  the 
prevention  of  simple  glandular  inflammations  as  compli- 
cations of  the  chancroid  and  gonorrhoea.  In  both  these 
affections  violent  exercise  and  excessive  walking  and  rid- 
ing should  be  strictly  interdicted.  Irritant  applications  to 
the  primary  disease  should  be  strictly  avoided,  since  too 
astringent  urethral  injections  and  irritating  ointments  ap- 
plied to  chancroids  are  often  the  immediate  causes  of 
gland  complications.  What  influence  has  the  cauteriza- 
tion of  the  chancroid  upon  the  development  of  buboes  ? 
If  statistics  be  carefully  examined,  it  will  be  found  that 
in  about  thirty  per  cent,  of  all  cases  buboes  supervene, 
and  that  their  development  is  uninfluenced  by  the  use  of, 
or  abstention  from,  cauterization.  For  this  reason  the  ap- 
plication of  violent  caustics  to  chancroids  is  being  more  and 
more  discarded.  Of  much  greater  importance  as  a  prophy- 
lactic is  cleanliness  and  the  securing  of  a  free  escape  for  all 
discharges.  It  is  for  this  reason  that  chancroids  treated 
in  private  practice  are  much  less  often  complicated  by 
buboes  (according  to  my  experience,  one  to  eight)  than 
those  of  hospitals,  and  particularly  of  dispensaries. 

When  the  evidences  of  an  adenitis  become  unmistak- 
able, every  effort  must  be  made  to  bring  about  resolution 
of  the  inflammation,  since  this  favorable  termination  is 
possible  in  every  instance  save  those  in  which  the  chan- 
croidal virus  has  been  observed.  As  in  other  inflamma- 
tions, rest  in  bed  is  the  chief  antiphlogistic  measure,  and 
its  importance  must  be  fully  explained  to  the  patient. 
Applications  of  very  cold  cloths  will,  at  this  time,  prove 
serviceable.  A  rubber  bag  is  preferable,  since  it  acts  at 
the  same  time  as  a  compressor.  Local  applications  of 
the  liquor plumbi  aubacetaiis,  with  cold  compresses,  have 
been  highly  recommended  by  Hamilton  and  Zeissl,  and  arc 
doubtless  often  beneficial.  It  is  at  this  period  of  the  in- 
flammation that  repeated  applications  of  the  tincture  of 
iodine  are  so  frequently  resorted  to.  Although  this  prac- 
tice has  stood  the  test  of  time,  and  has  the  sanction  of  emi- 
nent authorities,  it  seems  to  me  devoid  of  benefit,  and 
often  pernicious  in  its  results,  since  it  not  infrequently  is 
followed  by  violent  inflammation  of  the  skin  and  hair 
follicles,  even  to  the  extent  of  vesication.  Another  im- 
portant objection  to  the  tincture  of  iodine  is  the  fact  that 
the  artificial  condition  of  the  skin  produced  by  it  fre- 
quently prevents  the  early  detection  of  suppuration. 
Where,  for  the  purposes  of  absorption,  iodine  seems  in- 
dicated, I  have  lately  employed  the.  iodide  of  lead  quite 
extensively,  using  in  connection  with  it  veratrin,  bella- 
donna, or  opium,  to  allay  pain.  Since  compression,  where 
it  is  practicable,  plays  an  important  rfile  in  the  treatment 
of  inflammations,  it  should  be  used  here.  It  can  be  best 
applied  by  means  of  a  bag  half -filled  with  small  shot.  If. 
the  patient  cannot  be  retained  in  bed,  collodion  applica- 
tions and  a  compress,  held  in  position  with  a  spica  band- 
age, should  be  resorted  to.  Happily  for  the  patients,  a 
number  of  methods  of  aborting  the  inflammation  which 
were  formerly  practised  have  been  entirely  abandoned. 
Among  them  may  be  mentioned  methodical  compression 
by  instruments,  repeated  blistering  with  the  subsequent 
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application  of  mercurials,  the  forcible  rupture  of  the 
gland  capsule,  and  the  use  of  the  seton.  To  these  may 
he  added  the  subcutaneous  incision  of  the  gland  and  the 
somewhat  analogous  procedure  of  Auspitz.  The  latter 
observer  punctures  the  inflamed  gland  even  before  sup- 
puration can  be  detected.  A  probe  is  introduced  through 
the  opening  and  the  glandular  septa  are  torn  ;  the  sub- 
stance of  the  gland  is  thus  broken  up  and  discharges 
through  the  external  wound.  This  practice  of  Auspitz  has 
not  found  and  does  not  deserve  many  followers.  Never- 
theless, it  has  been  most  highly  endorsed  by  Bumstead. 

When  suppuration  has  been  established,  the  treatment 
of  the  bubo  must  not  vary  from  that  of  abscesses  in  other 
easily  accessible  portions  of  the   body.     Ubi  pus,  ubi 
incim  is  a  rule  that  should  be  adhered  to  in  the  disease 
under  consideration.     The  ways  in  which  the  pus  is  to 
be  evacuated  are  numerous.      Within  the  last  fifteen 
years  aspiration  has  often  been  resorted  to,  and  has  been 
highly  recommended  by  a  number  of  French  and  German 
observers.     Where  it  is  evident  that  the  purulent  accu- 
mulation is  small,  and  that  a  suppurative  periadenitis  has 
not  yet  developed,  aspiration  cannot  be  too  often  prac- 
tised.    Attended  by  little  pain,  it  can  do  no  harm,  and  is 
sometimes  followed  by  permanent  agglutination  of  the 
abscess  walls.     When  the  abscess  is  large  and  the  skin  at- 
tenuated, the  only  hope  for  a  speedy  recovery  lies  in  the 
prompt  and  complete  evacuation  of  the  pus.     The  use  of 
the  Vienna  paste,  blisters,  and  multiple  incisions  to  effect 
this  have  been  properly  abandoned.      The  last-named 
method,  particularly  recommended  by  Vidal,  Zeissl,  and 
Langston  Parker,  and  still  practised  by  many  older  prac- 
titioners, is  prone  to  result  in  the  formation  of  a  number 
of  ulcers  in  the  groin.     In  the  great  majority  of  cases,  a 
single  incision,  with  a  narrow  blade,  is  all  the  operative  in- 
terference called  for.     Until  two  decades  ago  the  incision 
usually  made  was  parallel  to  the  inguinal  fold  and  ex- 
tended the  entire  length  of  the  swelling.     The  result  of 
such  an  incision  is  almost  invariably  a  wound  the  edges 
of  which  are  in  apposition  except  when  the  patient  is 
lying  down.     Again,  when  ulceration  of  the  margins  of 
the  wound  ensues,  the  skin  is  very  apt  to  become  under- 
mined or  inverted.     Hence  very  ungainly  cicatrices  result 
that  might  ordinarily  be  avoided  by  making  the  incision 
in  a  different  manner.     A  good  procedure  is  the  follow- 
ing :  To  prevent  excessive  pain,  a  small  quantity  of  car- 
bolic acid  is  brushed  over  the  point  where  the  opening  is 
to  be  made.     The  long  and  narrow  knife,  while  held  per- 
pendicularly to  the  surface  of  the  body,  is  then  gently 
forced  into  the  centre  of  the  fluctuating  area.     The  skin 
and  capsule  of  the  gland  resist  slightly  the  intrusion  of 
the  blade.     When  this  resistance  has  been  overcome,  the 
cutting  edge  of  the  knife  is  turned  about  ninety  degrees, 
and  then  withdrawn.  With  a  little  pressure,  or  by  inserting 
a  grooved  director  into  the  cut,  the  accumulated  pus  rapid- 
ly escapes.    To  prevent  a  too  speedy  closure  of  the  open- 
ing, it  is  advisable  to  insert  a  strip  of  iodoform  gauze  or 
carbolized  gauze,  which  also  insures  the  ready  drainage  of 
the  abscess  cavity.     When  this  is  removed,  after  remain- 
ing twenty -four  hours,  it  will  invariably  be  seen  that  the 
aperture,  measuring  from  the  one-eighth  to  the  one-fourth 
of  an  inch  in  diameter,  is  circular  in  outline,  and  suffi- 
ciently large  to  permit  the  escape  of  the  pus  as  rapidly  as 
it  is  formed.     Many  surgeons,  after  opening  a  bubo,  prac- 
tice injections  of  tincture  of  iodine  or  other  antiseptic 
solutions.      While  this  practice  cannot  be  harmful,  it 
seems  superfluous  save  in  those  very  rare  cases  in  which 
septic  changes  supervene  in  the  interior  of  the  abscess 
cavity.     As  already  remarked,  the  bubo  often  has  a  ten- 
dency to  point  at  a  number  of  places,  when  it  of  course 
becomes  imperative  to  use  the  knife  repeatedly.     The 
practise  of  Milton,  who  uses  a  very  large  needle  for  this 
purpose,  might  profitably  be  imitated  in  timid  patients 
and  by  practitioners  unaccustomed  to  the  use  of  the 
knife.     By  the  use  of  poultices,  or,  of  spongio-piline  fre- 
quently dipped  into  hot  water,  suppuration  and  granula- 
tions are  stimulated  so  that  usually  the  simple  bubo  is 
entirely  closed  in  a  few  weeks.    Not  so,  however,  in  case 
of  extensive  periadenitis  and  of  virulent  bubo.     When 
the  abscess  is  very  large,  a  somewhat  freer  incision  is 


necessary.  Even  here  it  seems  to  me  better  to  make  it 
parallel  to  the  axis  of  the  limb,  irrespective  of  the  di- 
rection of  the  bubo.  The  wound  thus  made  is  more 
easily  maintained  patent,  and  in  making  it  there  is  mani- 
festly less  danger  of  wounding  the  deep-seated  vessels 
than  from  the  incision  as  generally  made.  Almost  im- 
mediately after  opening  a  large  bubo  there  will  be  a  sink- 
ing in  of  the  integument.  In  the  course  of  a  week,  or 
even  less,  this  skin  becomes  discolored,  curled  upon  itself, 
or  undermined.  Under  these  circumstances  it  is  always 
best  to  remove  the  cutaneous  flaps  with  a  few  strokes  of 
the  curved  scissors,  thus  converting  the  abscess  into  an 
open  ulcer.  In  other  cases  fistulae  in  the  groin  continue 
to  discharge  indefinitely.  They  should  be  freely  laid 
open  with  the  knife  or  elastic  ligature,  and  the  exuberant 
granulations  removed  with  the  sharp  spoon.  When  once 
the  bubo  has  been  converted  into  an  open  ulcer  its  treat- 
ment is  ordinarily  successful,  no  matter  what  applica- 
tions be  made,  although,  at  times,  stimulating  medica- 
ments are  called  for  to  overcome  the  sluggishness  of  the 
granulations.  Among  the  large  number  of  agents  spe- 
cially recommended  for  this  purpose  there  should  be  men- 
tioned iodoform,  tincture  of  iodine,  tannin,  permanganate 
and  chlorate  of  potash,  preparations  of  iron,  and  boric 
acid.  Iodoform  usually  acts  so  satisfactorily  as  almost 
to  merit  being  called  a  specific  in  the  treatment  of  the 
open  bubo.  Applied  in  the  form  of  ointment  alone,  or 
with  tannic  acid,  or  in  ethereal  solution  (iodoform  3  iv. , 
ether,  fort.  30.),  it  soon  causes  the  floor  of  the  ulcer  to  be 
covered  with  small  and  healthy  granulations  which  rap- 
idly lead  to  its  permanent  closure.  When  the  odor  of 
iodoform  is  an  insurmountable  objection  to  its  use,  the 
permanganate  of  potash  (.5  to  30.),  in  aqueous  solution, 
is  an  excellent  substitute.  Where  the  reparative  process 
is  exceptionally  protracted  from  the  size  of  surface  in- 
volved, skin-grafting  has  been  used  with  as  much  suc- 
cess as  in  other  portions  of  the  body. 

Attention  has  already  been  directed  to  the  fact,  that  the 
lymphatic  gland  covered  by  granulations  often  presents 
itself  in  the  floor  of  the  bubonic  ulcer,  or  is  hidden  in  the 
depths  of  a  sinus.  The  gland  then  acts  as  a  foreign  body. 
It  should  therefore  be  removed  as  soon  as  it  is  discov- 
ered. Whether  this  is  to  be  accomplished  with  scissors, 
ligature,  or  Volkman's  spoon  must  be  determined  by  the 
circumstances  of  the  case  and  the  predilections  of  the 
surgeon  in  charge. 

It  is  self-evident  that  the  systemic  treatment  of  patients 
afflicted  with  buboes  must  not  be  neglected.  Nutritious 
diet  and  tonics  are  always  indicated  after  the  process  of 
suppuration  has  become  somewhat  protracted.  This  is 
particularly  true  if  the  ulcer  shows  any  tendency  to 
phagedsena.  It  is  then  that  cod-liver  oil,  quipia,  and  al- 
coholic stimulants  are  indicated,  and  that  the  most  effec- 
tive local  measures  must  be  resorted  to.  Blisters,  fuming 
nitric  acid,  the  carbo-sulphuric  paste,  bromine,  and  even 
the  actual  cautery  must,  at  times,  be  employed  before  the 
tendency  of  the  ulcer  to  spread  is  permanently  overcome 
and  the  process  of  cicatrization  is  well  established. 

It  would  be  improper  to  close  the  subject  of  treatment 
without  the  mention  of  the  sulphide  of  calcium  as  an 
agent  which  produces  the  marked  effect  of  preventing 
suppuration  in  simple  buboes.  Given  in  doses  of  one-half 
to  one  grain  every  four  hours  for  a  number  of  days,  it 
often  prevents  the  formation  of  pus.  In  my  dispensary 
and  private  practice  it  has  been  given  a  fair  trial,  and  is 
considered  a  valuable  adjunct  in  the  treatment  of  simple 
buboes.  Syphilitic  buboes,  as  a  rule,  require  no  local 
treatment.,  As  the  secondary  manifestations  of  the  dis- 
ease disappear  under  treatment,  the  enlargement  of  the 
inguinal  glands  also  subsides.  When  the  induration  in 
them  persists  after  other  symptoms  have  yielded  to  trea^ 
ment,  inunctions  with  the  mercurial  ointment  or  the 
oleate  of  mercury  over  the  ganglia  will  often  cause  their 
reduction  in  size.  Compression  might  also  be  resorted  to 
in  these  cases  with  marked  benefit.      Joseph  Banmhoff. 

1  RindfleiBOh  :  Pathol.  Gowebclehre,  p.  169- 

2  Jullien  :  Traite  Pratique  de  Mai.  Vener.,  187»,  p.  «a. 

s  Diet  Nouveau  rte  So.  M^dioales,  vol.  y.,  p.  764.  „     .  ,  _,_. 

4  BrttnJeld :  Real  Enoyclop..  Bd.  ,'i.,  p.  613.  /  Art  Bubo  Quain's  Diet 
»  Yen.  Dis.,  p.  479  (4th  ed.).  '  Rindfleisch :  Loo.  cit.,  p.  172. 
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BUCHU  (U.  S.  Ph.  ;  Bueliu  Folia,  Br.  Ph.  ;  Buchu  or 
Boeco,  Codex  Med. ).  The  leaves  of  the  three  species  of  the 
genus  Barosma  (Diosma  of  t'le  older  authors),  mentioned 
below.  The  genus  includes,  fifteen  species  of  fragrant 
shrubs  of  the  order  Ruiacem,  growing  in  South  Africa. 
They  have  smooth  and  slender  upright  branches,  oppos- 
ite leaves,  and  axillary  white  or  pink  flowers.  These 
latter  are  often  to  be  found  in  the  bales  of  leaves  as 
imported.  They  are  spreading,  regular,  and  perfect. 
The  calyx  is  small,  with  five  sepals ;  the  corolla  larger, 
with  five  petals ;  stamens,  ten ;  pistils,  five,  each  two- 
ovuled  ;  fruit  dry.  There  is  a  very  strong  family  resem- 
blance among  the  species,  which  are  distinguished  from 
each  other  mostly  by  the  leaves. 

1.  Barosma  crenvlata  Hook.,  has  oblong,  oval,  or  obo- 
vate,  obtuse  leaves,  with  crenulate  margins ;  length  from 
two  to  four  centimetres  (three-fourths  to  one  and  one-half 
inch) ;  breadth,  about  one  centimetre  (two-fifths  inch). 
The  leaves  of  this  variety  have  not  been  very  common  in 
the  market  of  late  years. 

2.  Barosma  serratifolia'W^SA. ,  is  the  source  of  the  variety 
called  "  Long  Buchu."  It  has  linear-lanceolate,  three- 
nerved  leaves,  tapering  at  both  extremities,  and  terminat- 
ing a  little  suddenly  at  the  apex,  in  a  large  blunt  gland. 
These  leaves  are  the  longest  and  narrowest  of  the  officinal 
buchus  ;  they  are  from  two  and  a  half  to  upward  of 
four  centimetres  long,  by  about  half  a  centimetre  wide 
(one  to  one  and  a  half  by  two-tenths  inch). 

3.  Barosma  betuUna  Earthing,  has  short,  broad,  cune- 
ate-obovate  leaves,  with  sharply  denticulated  borders, 
and  recurved  apices.  Dimensions  one  and  a  half  or  two 
centimetres  long,  by  about  one  centimetre  broad  (one-half 

to  three-fourths  by  two-fifths 
inch).  This  species  supplies 
the  "  Short  Buchu,  the  com- 
monest and  least  expensive 
variety ;  its  leaves  are  thicker 
and  more  resistant  than  the 
others. 

Besides  these,  one  or  two 
other  Barosmas  occasionally 
reach  us,  as  well  as  the 
leaves  of  another  plant  in 
the  same  order,  called  Mn- 
pleu'rum  serrulaium  Ait.,  but 
they  are  not  common. 
The  varieties  of  buchu  are  usually  imported  separately, 
associated  with  flowers  or  fruit,  and  small  twigs ;  they 
have  an  agreeable,  campUoraceous,  and  mint-like  odor, 
and  a  warm,  aromatic,  faintly  bitter  taste.  They  become 
yellowish-green  by  drying  ;  those  of  B.  betuUna  are  often 
nearly  straw-colored.  They  are  smooth  and  glabrous, 
and  contain  numerous  large  oil-cells,  scattered  beneath 
the  under  surface,  and  at  each  serration  of  the  border. 
The  upper  surface  of  the  leaves  contains  a  layer  of  muci- 
lage yielding  cells.  There  is  a  great  difference  in  the 
price  of  the  different  varieties,  the  long  bringing  often 
several  times  as  much  as  the  short.  No  difference  in 
medicinal  value  has  been  proved. 

The  use  of  buchu  was  taught  to  the  settlers  of  Cape 
Colony  by  the  Hottentots  about  the  beginning  of  the 
present  centuij.     It  has  been  exported  from  Cape  Town 
for  upward  of  fifty  years,  and  appears  to  be  more  used 
in  England  and  America  than  on  the  continent  of  Europe. 
Composition. — The  most  prominent  constituent  is  the 
volatile  oil,  of  which  Fltickiger  obtained  1.56  per  cent 
from  the  leaves  of  the  short  variety.     It  is  a  brownish 
liquid,  with  a  peppermint-like  odor  and  aromatic  taste 
Lpon  standing,  it  deposits  a  few  crystals  of  a  stearoptene 
Barosma  camplwr  (diosphenol),  with  the  same  odor.     The 
leaves  also  contain  considerable  mucilage. 

Use.— Buchu  is  usually  classed  with  diuretics,  but  it 
does  not  appear  lo  increase  the  secretion  of  urine  much 
and  is  not  generally  given  for  that  purpose.  For  urasmia! 
dropsy,  or  conditions  in  the  course  of  chronic  degenera- 
tion of  the  kidneys,  where  efficient  stimulation  of  their 
action  IS  really  needed,  no  one  would  think  of  giving 
buchu.  On  the  other  hand,  it  does  modify  the  urine, 
often  very  perceptibly,  during  its  elimination,  by  the 
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Fig.  538. — Buchu  Leavea.  a,  B, 
crenulata ;  b,  B.  betuUna. 
(Baillon.) 


presence  in  that  excretion  either  of  its  oil  or  of  some 
perhaps  antiseptic  decomposition  product  derived  from  it. 
Its  generally  accepted  usefulness  in  chronic  inflammatory 
and  suppurative  processes  in  the  kidneys  or  bladder  is  in 
harmony  with  this  suggestion,,  and  associates  buchu  log- 
ically with  some  other  remedies  often  given  for  the  same 
conditions  ;  those,  for  instance,  containing  arbutin,  ben- 
zoic, or  salicylic  acid,  etc.  The  relief  from  pain  and  ir- 
ritability in  these  distressing  cases  is  often  very  marked 
and  grateful.  In  simpler  cases  of  irritability  of  the  blad- 
der, with  frequent  painful  and  straining  micturition  from 

transient  causes — cold,  disordered  digestion,  etc. it  is 

often  very  useful.  There  is  no  better  form  in  which  to 
administer  buchu  than  an  infusion  or  "tea,"  made  ex- 
temporaneously at  the  home  of  the  patient.  The  dose  is 
indefinite,  but  from  ten  to  twenty  grammes  may  be  used 
in  the  course  of  the  day.  There  is  also  a  fluid  extract 
{Extractum  Buchu  Fbiidum,  U.  S.  Ph.),  strength,  {. 

Allied  Plants. — See  Rue  for  the  order  Rutacese. 
They  are  nearly  all  aromatic  plants. 

Allied  Drugs. — Bearberry  (Vha  Ursi),  pipsissewa 
{Ohima'phila),  etc.  Numerous  so-called  "diuretic"  oils 
and  resins.  Sandal,  fleabane,  copaiba,  as  well  as  benzoic 
acid,  salicylic  acid,  and  other  antiseptics.  The  coniferous 
oils,  e.g.,  turpentine,  are  somewhat  similar,  but  much 
more  irritating.  For  a  list  of  unclassified  vegetable  "  diu- 
retics," see,  further,  Couoh-geass.  W.  P.  BoUes. 

BUCKBEAN  (Folia  Trifolii  fbrini,  Ph.  G.;  Meny. 
anthe  on  Trefle  d'eau,  Codex  Med.),  Menyanthea  tri- 
foliata  Linn.  ;  Order,  Oentianaeece,  Menyanthea.  A 
widely  distributed  bog-herb,  with  a  creeping  perennial 
rhizome,  and  rather  thick  and  leathery  bright-green 
leaves.  The  flowers  are  borne  on  ap  upright  spike-like 
raceme,  arising  from  the  end  of  the  rhw;ome,  and  are  a 
little  more  than  a  centimetre  across  (one-half  inch).  The 
calyx  is  small,  five-parted  ;  the  corolla  regular,  five-lobed ; 
the  divisions  white  or  pink,  recurved  and  covered  on  the 
upper  surface  with  numerous  erect  papillae.  Stamens, 
five ;  ovary,  one-celled,  with  two  placentas  ;  ovules  rather 
numerous.  Fruit,  a  capsule.  The  stem  (rhizome)  is 
about  a  centimetre  in  diameter,  long  and  branched,  leafy 
only  at  the  extremities,  with  distinctly  marked  nodes,  and 
numerous  adventitious  roots.  It  is  occasionally  gathered 
and  used  for  the  same  purposes  as  the  leaves,  which  alone 
are  the  oflScial  part.  They  arise  from  long,  sheathing 
petioles.  The  leaflets  are  nearly  entire,  oblong  or  ovate, 
blunt,  about  eight  centimetres  long  and  half  aS  wide  (one 
and  one-half  by  three  inches).  *rhey  have  a  disagreeable 
odor  when  fresh,  which  disappears  upon  drying ;  the 
taste  is  bitter  and  nauseous. 

Buckbean  grows  in  cold  swamps  and  moist  places  in 
Europe,  Asia,  and  America,  and  has  naturally  been  long 
known  and  used  in  medicine,  but  is  now  very  little  called 
for— in  the  United  States  not  at  all.  Its  bitter  principle, 
menyantUn,  was  separated  in  1860  by  Kromayer,  as  a 
white,  amorphous,  bitter  powder,  and  shown  to  be  a  glu- 
coside— sugar  and  a  liquid  oil,  "  menyanthol,"  being  the 
result  of  its  decomposition. 

Action.— In  moderate  doses  it  is  a  simple  bitter  tonic, 
similar  to,  but  less  agreeable  than,  the  other  Gentianacese. 
In  large  doses  it  is  cathartic,  and  sometimes  emetic. 
Dose,  as  a  tonic,  one  or  two  grammes.  An  extract  or 
tincture  may  be  made  from  it,  but  they  are  not  officinal  in 
the  United  States. 

Allied  V-Ltjsx&.—Menyanfhes  differs  very  much  in 
habit  from  the  other  Gentianacece  (see  Gentian). 

Allied  Drugs.— Also  see  Gentian.     W.  P.  Bolles. 

BUCKTHORN  {Frangula,  U.  S.  Ph.  ;  Cortex  Frangula, 
Ph.  6.) ;  Bhamus  Frangula  Linn. ;  Order,  MhamnaeecB,  is 
a  large  shrub,  from  three  to  six  metres  (10  to  30  feet)  in 
height,  with  alternate  leaves,  and  small  axillary  clusters 
of  pentamerous,  regular,  perfect,  white  flowers.  The  re- 
ceptacle (or  calyx-tube)  is  bell-shaped,  and  bears  the  floral 
envelopes  and  (opposite)  stamens  upon  its  border.  The 
ovary  is  free,  three-  or  four-celled  (and  ovuled).  Fruit,  a 
small,  purple-black  drupe,  with  from  one  to  four  seeds. 
Leaves  elliptical,  entire,  with  from  nine  to  seventeen 
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Pio.  529.— Berry  ol  Bbamnua 
Frangnla.    (Baillon.) 


diverging  nerves ;  these  veins,  and  the  young  twigs, 
pubescent — the  rest  of  the  plant  smooth. 

Frangula  is  a  native  of  almost  every  part  of  Europe, 
even  to  the  extreme  north,  also  of  Northern  Africa  and 
of  portions  of  Asia.  It  has  been  known  as  a  medicine  for 
several  centuries,  but  its  employment  in  the  United  States 
is  comparatively  modern.  It  is  also  used  for  dyeing. 
The  bark  is  the  officinal  portion,  and  it  should  be  "col- 
lected at  least  one  year  before  being  used."  The  descrip- 
tion in  the  Pharmacopoeia  is  as 
follows  :  "  Quilled,  about  one 
twenty-fifth  of  an  inch  (1  milli- 
meter) thick ;  outer  surface  gray- 
brown,  or  blackish-brown,  with 
numerous  small,  whitish,  trans- 
versely-elongated, suberous 
warts ;  inner  surface  smooth, 
pale  brownish-yellow ;  fracture 
in  the  outer  layer  short,  of  a 
purplish  tint ;  in  the  inner  laj^er  fibrous  tod  pale  yellow, 
nearly  inodorous ;  taste  sweetish  and  bitter." 

The  composition  of  Prangula  is  more  interesting  from 
a  chemical  than  from  a  medical  point  of  view,  as  it  does 
not  appear  to  have  any  single  active  principle  which  may 
be  said  to  represent  it.  One  of  its  most  notable  constitu- 
ents is  franguMn  (Rhamnoxanthin),  a  lemon-jrellow, 
crystalline,  odorless,  and  tasteless  glucoside,  yielding, 
by  decomposition,  frangulic  and  dijrangulie  acids,  the 
former  in  yellow,  the  latter  in  red  crystals.  Emodin,  one 
of  the  ingredients  of  Rhubarb,  has  also  been  found  in 
Frangula,  as  well  as  a  little  tannic  acid.  Frangulic 
acid  is  said  to  be  cathartic,  but  needs  further  trial. 

Action  and  Use. — Fresh  Frangula  bark  is  an  irri- 
tating and  griping  purgative,  often  an  emetic  as  well. 
By  drying  it  loses  a  portion  of  its  virulence,  and  is  even 
said  to  continue  to  grow  milder  for  one  or  two  years. 
Hence  the  requirement  of  the  Pharmacopoeia,  quoted 
above.  It  is  then,  in  small  doses,  a  gentle  laxative,  espe- 
cially adapted  to  the  treatment  of  habitual  constipation,  as 
it  retains  its  power  in  continuous  administration  better 
than  most  articles  of  its  class,  and  also  combines  well 
with  bitter  tonics  and  stomachics.     Dose,  one  or  two 

f-ammes  (gr.  xv.  ad  xxx.)  once  or  twice  daily.  The 
luid  Extract  {Extraetum  Frangulm  Fluidum,  U.  S.  Ph.) 
is  the  only  officinal  preparation,  strength  \.  The  addition 
of  Elixir  of  Orange,  Syrup  of  Ginger,  or  some  other  aro- 
matic vehicle,  is  desirable.  In  full  cathartic  doses  (four 
grammes)  it  is  apt  to  occasion  nausea  and  griping,  and  is 
not  so  good  as  other  cathartics. 

Allied  Plants.— The  genus  Bhamnus  is  a  large  one, 
numbering  about  eighty  shrubs  or  small  trees,  distributed 

over  the  whole  , 
north  temperate 
zone.  Similar  ca- 
thartic and  emetic 
properties  appear 
to  be  present  in 
many  of  them. 
They  also  furnish 
a  number  of  yel- 
low and  green 
dyes  and  paints. 

The  species 
most  like  Frangu- 
la in  appearance 
and  medical  value 
is  Rhamnus  Pur- 
ahiana  De  Cand., 
of  the  Western 
United  States ;  a 
small  tree,  about 
six  metres  (20  ft.) 
in  height,  the  bark 
of  which,  under 
the  name  of  "Cas- 
eara  Sagrada,"  has  been  recently  quite  extensively  riven 
for  exactly  the  same  purposes  as  Frangula  itself.  It  is, 
perhaps,  a  little  milder,  but  not  otherwise  distinguishable. 
Bhamnus  Catho/riica  Linn.    (Bhamni  Succus,  Br.  Ph.  ; 


Pio.  530.— Rhamnus  Cathartioa.    (BaUlon.) 


Fructus  Bhamni  Oatharticce,  Ph.  Gr. ;  Mprun  purgatif. 
Codex  Med.),  is  the  species  to  which  the  name  "  Buck- 
thorn," placed  for  convenience  at  the  head  of  this  article, 
really  belongs.  It  is  a  smaller  shrub  than  Frangula, 
with  fewer-nerved,  often  opposite  leaves,  and  polygamo- 
dioecious  flowers.  The  sterile  branches  are  thorny.  The 
fruit  is  round,  about  a  centimetre  in  diameter  (|  inch), 
black  and  shining  when  fresh,  much  shrivelled  when  dry. 
Its  taste  is  bitter  and  disagreeable.  It  is  also  cathartic 
and  emetic,  but  its  active  principle,  like  that  of  Frangula, 
has  not  been  isolated.  It  contains  a  yellow,  neutral,  crys- 
talline substance,  rhamnin,  which  may  be  made  to  yield 
"rham,nus  sugar,"  and  a  valuable  yellow  coloring  mat- 
ter, rJiamnetin,  common  to  this  and  a  number  of  other 
species  of  rhamnus,  whose  fruits  or  bark  have  been  used 
in  the  arts.  Rhamnin  resembles  quercitrin,  the  coloring 
matter  of  oaks  and  some  other  plants,  in  many  respects. 

Buckthorn  Juice,  from  which  a  syrup  is  generally  made 
for  administration,  is  an  old  cathartic  now  very  properly 
going  out  of  use.  It  is  harsh  and  disagreeable.  Evapo- 
rated and  rendered  alkaline,  the  juice  makes  the  paint 
called  Sap  Green. 

Chinese  Green  is  prepared  from  the  barks  of  Bhamnus 
Morophora  and  B.  utilis  Decne.  Several  European  and 
Eastern  species,  such  as  B.  infectoria  Linn.,  and  B.  saxa- 
tilis  Linn.,  furnish  the  "French  Yellow  Berries,"  and 
Bhamnus  amygdalina  Desf.,  the  "Persian  Yellow  Ber- 
ries," now  or  formerly  used  in  dyeing.  They  owe  their 
color  to  rhamnetin,  mentioned  above. 

The  Order,  although  a  good-sized  one,  contains  but  few 
other  plants  of  economic  interest.  Zizyphus  vulgaris 
Lamk.,  cultivated  in  Southern  Europe,  furnishes  "  Jujube 
Berries,"  from  which  an  edible  jelly  is  made.  Oouania 
Dominigensis,  "  Chew-stick,"  also  belongs  to  it. 

Allied  Drugs. — See  Rhubarb.  W.  P.  Bottes. 

BUDDING.  One  of  the  methods  of  asexual  reproduc- 
tion in  the  animal  kingdom  as  well  as  in  the  vegetable 
world. 

It  differs  from  fission  (q.  ».)  in  that  the  ofiEspring  pro- 
duced from  the  bud  has  never  formed  an  integral  part  of 
the  parent  organism,  but  arises  as  an 
outgrowth  of  some  part  of  the  parent. 
In  its  simplest  form,  as  in  the  case 
of  the  fresh-water  Hydra  (Fi^.  531), 
the  process  is  as  follows  :  Certain  cells 
of  the  wall  of  the  hydra  grow  and  mul- 
tiply, forming  a  hollow  outgrowth  on 
the  side  of  the  parent  (a).  As  this  en- 
larges and  develops,  tentacles  appear  at 
the  outer  end,  and  a  mouth  is  formed 
(a').  Later,  communication  with  the 
digestive  cavity  of  the  parent  is  cut  off, 
and  the  young  hydra  feeds  itself,  and 
at  a  still  later  stage  becomes  separate 
from  the  parent. 

In  other  cases  the  buds  remain 
permanently  attached,  and  thus  are 
formed  colonies  (see  Colonies,  Animal), 
or  stocks  of  greater  or  smaller  size  and 
complexity,  often  supported  by  a  skele- 

ton.  Such  are  the  coral  stocks  and 
many  others.  One  example  from  the 
protozoa  is  shown  in  Fig.  532,  and  one 
from  the  polyzoa  in  Fig.  533. 

Buds  may  be  formed  at  vanous  places 
on  the  parent  or   colony.     Very  fre- 
quently they  grow  from  the  side  of  the 
parent— lateral  budding,  as  in  hydra  and 
most  corals  ;  or  on  the  top— apical  bud- 
ding (Fig.  532).     Sometimes  buds  are 
formed  from    stolons  developed   from 
the  ccenosarc  of  the  colony  (Pig.  533,  i), 
or  from  the  coenosarc  directly, 
(gieatiy  enlarged).      A  variety  of  apical  budding,  called 
Showing     apical  axial,  consists  m  the  production  ot  new 
budding.  segments,   which  may   remain  perma- 

nently united,  as  in  most  worms,  or  become  detached,  as 
in  the  tape-worm. 
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Fio.  531.— Hydra  (en- 
larged). Showing 
buds,  a,  a'. 


Fia.  532.— Dinobry- 
an  Infusorian 


Bndaing. 
Burial. 
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In  some  cases  internal  buds  are  produced,  as  in  Echino- 
coccus  {q.  ».).  and  in  the  redia  of  the  fluke- worms. 

Closely  united  with  this  last  method  is  the  formation 
of  germs,  or  unfertilized  eggs,  from  organs  corresponding 
to  the  ovary  (parthenogenesis,  q.  v.),  which  develop  into 
animals  like  the  parent,  as  in  the 
production  of  drone-bees,  plant- 
lice,  etc. 
A  variety  of  this  method,  psedo- 


rio.  6a3.  —  Fredcrioella, 
a  Folyzoan  (much  en- 
larged). Showing  adult 
bud,  a,  and  stolon,  b. 


Fig.  534. — Syncoryne,  a  hydroid.  A 
nutritive  zooid  with  medusa  (repro- 
ductive) buds  (a,  «',  a")  in  various 
stages  of  development. 


genesis,  consisting  of  the  production  of  germs  from  ani- 
mals still  in  the  larval  form,  is  exemplified  in  certain  flies, 
as  Cecidomyia,  Miastor. 

In  some  cases  the  buds  of  a  colony  are  of  different  forms 
and  functions.  This  is  best  seen  in  the  hydroids,  in  which 
the  feeding  zoOids  are  of  a  difl:erent  form  from  the  repro- 
ductive zo6ids  (Fig.  534,  a,  a',  a").  This  method  of  bud- 
ding leads  to  colonial  division  of  labor.       E.  A. 


BUFFALO  LITHIA  SPRINGS,  VA.  Localion  and  Post- 
office,  Buffalo  Lithia  Springs,  Mecklenburg  County,  Va., 
twelve  miles  from  the  Scottsburg  station  on  the  Rich- 
mond <&  Danville  Railroad,  and  seven  miles  from  the 
Clarksville  station  on  the  Richmond  &  Mecklenberg  Rail- 
road. The  surrounding  country  is  rolling,  and  generally 
known  as  the  "  Buffalo  Hills."  Immense  ledges  of  sand- 
stone crop  out  here  and  there.  There  are  three  springs, 
the  respective  analyses  of  which,  by  Professor  Wm.  P. 
Tonry,  of  Maryland,  are  as  follows  : 

Analyses. — Results  expressed  in  grains  per  imperial 
gallon. 

Spbino  No.  1.  Grains. 

Sulphate  of  magnesia 3  530 

Sulphate  of  alumina 8.180 

Sulphate  of  potash '.'.'.'.'.  0.463 

Sulphate  of  lime !."".!!.".'  luissl 

Bicarbonate  of  lEme '.'....'.!!!'..'!''."  39877 

Bicarbonate  of  lithia 1.484 

Bicarbonate  of  iroa ,'.',[          '  0500 

Chloride  of  sodium !!!!!...!  l!256 

Chloride  of  silica ."!.*.'!!.'."!!  l!725 

Phosphoric  acid '.'.'.'.'.*,'.!'.*.'.*.'.*.'.  traces 

Iodine .".*..'*"  traces 

Organic  matter .■;.■.■.■  'smkli  amount 

Total  number  of  grains  per  gallon 73.693 

Sulphuretted  hydrogen'. 5.9  cub.  in. 

Carbonic  acid  gas 69^1       i* 

Spbino  No.  8.  Grains. 

Sulphate  of  magnesia 0.885 

Sulphate  of  alumina * 9*067 

Sulphate  of  lime si.Mt 

Carbonate  of  potash \ 89*300 

Bicarbonate  of  lime 14  963 

Bicarbonate  of  lithia '.'.'.'  2  250 

Bicarbonate  of  baryta l'760 

Bicarbonate  of  iron '. n  300 

Chloride  of  sodium a'qoi 

Chloride  of  silica IST, 

Phosphoric  acid *.*.'.*.*. ■..■.*.■.■.■.■■. traces 

Iodine :.;:; ™^^» 

Organic  matter sma'li  "amount 

Total  number  of  grains  per  gallon 98.376 

Sulphuretted  hydrogen 8.8  cub.  in. 

Carbonic  acid  gas 59  2       " 
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Spring  No,  3.  Grains. 

Sulphate  of  magnesia 0,150 

Sulphate  of  alumina 3.035 

Sulphate  of  lime 3  353 

Carbonate  of  potash ]  .^553 

Bicarbonate  of  lime 8,524 

Bicarbonate  of  lithia traces 

Bicarbonate  of  iron , 3.774 

Chloride  of  sodium (1217 

Chloride  of  silica 0,570 

Phosphoric  acid traces 

Organic  matter small  amount 

Total  number  of  grains  per  gallon 14.475 

Sulphuretted  hydrogen 3,4  cub,  in. 

Carbonic  acid  gas 11,6     '• 

The  flow  of  Spring  No.  1  is  at  the  rate  of  about  40  gallons ;  No.  2  50 
gallons,  and  No.  3,  45  gallons  per  hour.  '    ' 

Therapeutic  Properties. — These  waters  are  alka- 
line and  sulphuretted.  They  are  not  cathartic,  as  a  rule 
but  are  decidedly  diuretic.  As  they  contain  lithia  salts' 
their  use  is  suggested  in  the  condition  known  as  "lithEe- 
niia,"  and  their  efficacy  in  this  and  allied  disorders, 
is  confidently  testified  to  by  many  eminent  physicians!. 
Spring  No,  3  seems  to  be  the  most  potent  in  its  effects 
upon  the  digestive  and  excretory  organs.  These  waters 
are,  therefore,  especially  indicated  in  dyspepsia  resulting 
in  or  consequent  upon  the  accumulation  and  deposition 
of  uric  acid  or  its  salts  in  the  system.  The  urine  speed- 
ily becomes  alkaline  and  abundant  under  their  use,  thus 
affording  conditions  for  the  solution  and  removal  of  de- 
posits of  uric  acid  and  lime  oxalate.  They  are  widely 
used  in  gout,  rheumatism,  Bright's  disease,  dyspepsia, 
etc. 

The  climate  is  very  agreeable.  It  is  warm  during  the 
day  in  summer,  but  the  nights  are  generally  cool  enough 
to  make  a  blanket  desirable.  Though  no  systematic  ob- 
servations have  ever  been  made  as  to  rainfall  and  average 
humidity,  the  air  of  the  locality  has  the  reputation  of 
being  remarkably  dry.  There  are  several  "flourishing 
schools  and  academies  in  the  immediate  neighborhood, 
and  churches  of  various  denominations  are  near  by! 
Visitors  are  provided  for  in  cottages,  there  being  acconi"- 
modations  for  about  three  hundred.  The  ordinary  drink- 
ing-water is  limestone.  Oeo.  B.  Fmnler. 

BUGLE,  Codex  Med.  ;  Ajuga  reptana  Linn.  ;  Order, 
Lahiatm.  A  hairy  European  annual,  with  a  rosette  of 
spatulate,  finely  serrate  leaves  near  the  ground,  and  an 
upright,  slightly  leafy  stem.  The  flowers  are  small  and 
blue,  labiate,  but  with  very  small  upper  and  larger  lower 
lips.  Stamens  four,  didynamous,  with  divergent  anthers. 
The  leaves  are  officinal  (in  France) ;  they  have  a  slightly 
bitter  and  astringent  taste,  but  little  odor,  and  no  valu- 
able medical  properties.     Dose  indefinite. 

Allied  Plants  and  Drugs.— The  genus  contains 
about  thirty  species,  a  number  of  which  have  had  their 
day  as  medicines.  Ajuga  ChamcepUya  Linn.  (Ground 
pme)  grows  also  in  this  country.  It  is  more  aromatic 
than  Bugle,  and  reputed  to  be  "stimulant,  diuretic,  etc." 

Bugle  may  also  be  compared  with  a  number  of  bitter 
and  not  very  aromatic  Labiates,  nearly  all  of  which  have 
become  obsolete,  excepting  as  home  remedies.  Bugle- 
weed  {Lycopua),  Skullcap  (Scuiellaria),  Horehound  {Mar- 
rubtum),  Motherwort  (Leonurua),  etc.,  are  examples. 

W.  P.  BoUea. 

BUGLOSS  (Bugloaae,  Codex  Med.),  Anchuaa  offieinalis 
Linn.,  and  A.  italiea  Retz  ;  Order,  Bmraginm.  These 
lU'o  European  herbs  have  the  general  characteristics  of 
Borage,  from  which  they  differ  in  having  no  appendages 
to  the  anthers,  and  in  their  less  spreading  flowers.  The 
first-named  is  a  hairy  biennial,  with  branched  stem,  and 
violet  blue  flowers;  the  second  has  shining,  leaves  and 
sky-blue  flowers.  Both  are  bland  plants,  with  odorless 
and  tasteless  leaves,  slightly  bitter  flowers,  and  muci- 
laginous roots.     They  have  no  medical  value  whatever. 

Allied  Plants,  etc.,  see  Borage.        W.  P.  Bollea. 

BURDOCK  (.Lappa,  V.  S.  Ph.  ;  Bardane,  Codex  Med.) ; 
Archum  Lwppa  Linn.  (Lappa  offieinalia  All.;  L.  major 
Gaertn.) ;  Order,  OompoaitoB,  Cynaroidtoi.    Burdock  is  a 
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native  of  Europe,  but  is  common  everywhere  as  a  garden 
weed.  It  is  a  rank-growing,  bitter,  disagreeable  plant, 
from  one  to  two  metres  (three  to  six  feet)  m  height,  with 
a  stout,  succulent,  branching  stem,  and  great,  coarse,  heart- 
shaped  leaves.  The  flower-heads  are  clustered  along  the 
stem  and  branches  ;  they  are  rather  small,  and  look  like 
miniature  thistles.  The  involucre  is  ovoid  and  green  ; 
its  scales  numerous,  imbricated  in  several  rows,  with 
spreading,  sharp,  stiff,  inwardly  hooked  tips.  Flowers 
tubular  and  perfect,  rose-purple. 

The  root  is  the  officinal  portion,  and  should  be  gath- 
ered at  the  end  of  the  first  season,  or  the  beginning  of  the 
second  ;  it  is  biennial,  fleshy,  and  usualljr  simple.  When 
dried,  it  is  in  gray-brown,  shrivelled  pieces,  as  large  as 
the  thumb,  and  twenty  or  thirty  centimetres  long  (eight 
to  twelve  inches),  often  split,  to  facilitate  drying.  The 
hairy  bases  of  leaf-stalks  remain  attached  to  its  upper 
end.  Internally  it  is  light-brown,  with  a  rather  thick 
bark,  a  distinctly  radiated  woody  zone,  and  a  white,  often 
broken  and  missing  pith.  Odor  slight,  taste  mucilagi- 
nous and  slowly  bitter. 

Burdock  contains  inulin,  mucilage,  some  tannic  sub- 
stance, and  a  bitter  extractive.  It  is  an  old  medicine, 
whose  reputation  depends  upon  pure  empiricism.  As  an 
alterative  and  an  antisyphilitic  it  is  still  occasionally  used, 
but  is  more  called  for  as  an  ingredient  in  proprietary 
"Hair  Restorers"  and  "Blood  Purifiers"  than  in  seri- 
ous medication.  Dose  from  two  to  four  grammes.  There 
is  no  officinal  preparation  here.  An  extract  and  an  infu- 
sion (Tisane)  are  included  in  the  Codex. 

Allied  Plants. — In  Europe,  the  roots  of  the  two  fol- 
lowing are  collected  indiscriminately  with  those  of  the 
preceding  species :  Arctium  minus  Schk.  (Lappa  glabra 
Lam.  ;  L.  minor  D.  C),  a  smaller  plant  with  more  closely 
clustered,  slightly  woolly  heads  and  purple-tipped  scales  ; 
A.  Bardana  Willd.  (L.  tomentos  Lam.),  with  the  heads 
woolly  and  the  scales  of  the  involucre  not  hooked  ;  also 
smaller  than  A.  Lwppa.  The  roots  are  all  similar.  Other 
nearly  related  plants  are  thistles  (Carduus,  Gnieus,  etc.). 
For  Uompositm,  see  Chamomile. 

Allied  Dkugs. — The  class  of  vegetable  alteratives  and 
antisyphilitics,  and  the  number  of  substances  which  have 
been  given  for  psoriasis,  lepra,  chronic  rheumatism,  and 
"  scrofula,"  are  too  large  and  indefinite  for  critical  com- 
parison (see  Sarsaparilla).  W.  P.  Bolles. 

BURIAL.  The  natural  regard  felt  by  men  for  the  bodies 
of  those  who  were  dear  to  them  during  life,  as  well  as 
the  necessity  of  removirig  from  sight  or  contact  objects 
which  rapidly  become  offensive,  has  in  all  ages  led  to 
the  adoption  of  some  mode  of  disposing  of  the  dead  by 
which  it  was  thought  that  these  ends  could  best  be  at- 
tained. Three  methods  have  chiefly  been  employed,  at 
different  times  and  in  different  countries,  for  the  disposi- 
tion of  the  dead  :  mummification,  incineration,  and  inter- 
ment. 

Mummification  was  practised  by  the  Egyptians,  from 
the  most  ancient  times  to  the  sixth  century  of  the  Chris- 
tian era.  The  continued  preservation  of  the  body  is  now 
attained  by  the  somewhat  analogous  process  of  embalm- 
ing. The  ancient  Egyptian  method,  long  lost,  has  at 
last  been  brought  to  light  through  the  finding  of  a  de- 
scription of  the  art  in  a  mummy  case.  The  modern 
method  of  embalming,  by  injection  of  various  preserving 
fluids  through  the  arterial  system,  is,  however,  expensive 
and  little  used  (see  Embalming). 

The  second  method,  that  of  incineration,  obtained  gen- 
erally among  the  Romans  down  to  the  close  of  the  em- 
pire, and  among  the  Hindoos  the  practice  was  never 
abandoned.  Within  the  last  decade  a  strong  movement 
has  been  on  foot  to  re-establish  this  custom,  which  is  by 
far  the  most  convenient  and  sanitary  of  all  the  methods  ; 
all  germs  of  disease  being  destroyed  by  the  burning  of 
the  body,  and  the  unsanitary  influence  of  the  gases  gen- 
erated by  putrefaction  being  entirely  avoided.  For  the 
present  methods  of  incineration  see  Cremation. 

The  practice  of  disposing  of  the  dead  by  interment  is 
quite  equally  old  with  either  of  the  foregoing  methods. 
The  Hebrews  usually  disposed  of  their  dead  in  this  man- 


ner, though  they  seem  also  to  have  practised  cremation. 
Among  the  Greeks,  in  historical  times,  the  bodies  of  th« 
dead  were  indifferently  interred  or  burned,  and  a  common 
word  \pavTii.v\  is  used  for  either  method  of  burial.  As 
the  Christian  religion  gradually  obtained  the  ascendency, 
the  practice  of  burning  bodies  was  discontinued,  and  it 
became  customary  to  bury  the  dead  in  the  immediate 
neighborhood  of  the  churches,  in  grounds  consecrated 
for  the  purpose.  Thus  in  towns,  as  the  population  in- 
creased and  interments  became  more  numerous,  the  burial- 
grounds  became  entirely  too  small  for  the  necessities  of 
the  public.  Under  such  circumstances,  the  accumula- 
tion of  bodies  within  a  limited  space  led,  at  each  new 
burial,  to  scenes  which  shocked  the  minds  of  the  c6m- 
munity.  Furthermore,  the  disengagement  of  gases  re- 
sulting from  the  decomposition  of  these  bodies  proved 
exceedingly  injurious  to  the  general  health.  In  London, 
in  some  of  the  poorer  distncts,  the  soil  of  the  church- 
yards was  raised  two,  three,  or  even  four  feet  in  height 
in  a  few  years,  and  in  the  immediate  neighborhood  of 
such  burial-grounds,  epidemic  diseases  were  both  more 
common  and  more  fatal.  Within  a  period  of  thirty  years 
there  had  been  interred,  in  a  space  not  exceeding  318 
acres,  1,500,000  bodies.'  Now,  as  it  takes  ten  years,  on 
an  average,  for  the  human  body  to  entirely  decay,  some 
idea  may  be  formed  of  the  condition  of  things  existing  in 
those  days.  At  the  same  time  it  must  be  remembered 
that  the  duration  of  this  process  of  decay  varies  very 
greatly  according  to  the  climate,  the  nature  of  the  soil, 
and  the  character  of  the  coverings  in  which  the  body  is 
enveloped.  A  colder  climate  retards  decomposition, 
while  in  warmer  or  tropical  countries  it  takes  place  more 
rapidly.  Low  damp  grounds,  especially  when  percolated 
by  water,  hasten  decomposition  ;  dry,  high,  well- venti- 
lated ones,  on  the  contrary,  retard  it.  Envelopment  in 
leaden  or  metallic  coffins  retards  decomposition,  provided 
they  be  perfectly  air-tight  and  of  sufficient  strength  to 
resist  the  pressure  of  the  gases  generated  within,  which 
is  often  exceedingly  powerful,  sufficiently  so,  at  times,  to 
bulge  the  sides  of,  or  even  to  rupture,  a  leaden  casket  too 
lightly  constructed.  Orfila  and  Leseur,  in  their  experi- 
ments, found  nothing  but  the  skeletons  left  of  bodies 
that  had  been  buried  fourteen,  fifteen,  and  sixteen  months. 
This  period  was,  however,  unusually  short.  Where 
numerous  bodies  have  been  buried  in  a  space  of  limited 
size,  and  within  a  comparatively  short  period  of  time, 
the  earth  becomes  saturated  with  the  products  of  decom- 
position to  such  a  degree  as  to  become  incapable  of 
further  absorbing  them.  Decomposition,  in  such  cases, 
is  retarded,  and  its  products  escape  directly  into  the  at- 
mosphere. Besides  the  contamination  of  the  atmosphere 
in  the  immediate  neighborhood  of  burial-grounds,  evil 
effects  have  resulted  from  the  escape  of  carbonic  acid  gas 
into  the  cellars  of  buildings  in  the  neighborhood.  As  a 
notable  instance  of  this  may  be  mentioned  the  penetration 
of  the  gas  into  the  cellars  of  houses  in  the  immediate 
vicinity  of  the  Cemetery  of  the  Innocents  at  Paris,  some 
years  ago. 

Knowing,  as  we  do  to-day,  the  great  importance  of  strin- 
gent sanitary  regulations  in  regard  to  our  cemeteries, 
most  of  the  intramural  church-yards,  in  large  towns  and 
cities,  have  been  discontinued  as  places  of  burial  by  the 
various  boards  of  health,  and  a  system  of  extramural 
interment  has  been  substituted.  In  this  way  a  vast 
necropolis  has  gradually  grown  up  in  the  neighborhood 
of  many  of  the  larger  cities ;  as,  for  example,  Pere  La 
Chaise,  near  Paris ;  Woking,  near  London  ;  Greenwood, 
near  New  York ;  and  Mount  Auburn,  near  Boston.  These 
cemeteries  occupy  high,  dry,  and  well-ventilated  loca- 
tions. They  have  no  drainage  leading  to  the  neighbor- 
ing cities,  and  are  much  to  be  preferred  to  the  formerly 
common  intramural  cemeteries.  At  the  same  time  the 
putrefaction  of  such  an  immense  number  of  corpses, 
even  though  it  take  place  at  some  little  distance  from  the 
city,  must  contaminate  in  no  small  degree  the  atmosphere. 
In  country  villages,  where  the  church-yard  was  situated 
upon  an  eminence  and  in  the  centre  of  the  hamlet,  most 
destructive  epidemics  of  various  diseases  have  been  known 
to  occur.     At  the  time  the  causes  of  these  epidemics  were 
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very  imperfectly  ascertained ;  but,  with  our  present 
knowledge,  it  would  be  safe  to  assume  that  in  many  in- 
stances fluids  containing  the  germs  of  the  disease  had  per- 
colated from  the  cemetery  into  wells  or  cisterns  in  the 
village. 

An  acre  of  ground  will  accommodate  from  one  hundred 
to  one  hundred  and  thirty  bodies  per  year,  not  more.  And 
each  body  should  have  at  least  thirty  square  surface  feet, 
and  should  be  placed  at  a  depth  of  six  feet  from  the  sur- 
face. Direct  interment  is  preferable  to  either  the  use  of 
bricked  vaults  or  entombing,  as  it  favors  the  more  rapid 
decomposition  of  the  tissues  of  the  body  and  the  neutrali- 
zation, by  the  surrounding  mass  of  earth,  of  the  noxious 
effluvia  and  gases  resulting  therefrom. 

Burying  Alivb. — The  facts  that  persons  have  occa- 
sionally presented  all  the  ordinary  signs  of  death  yet  have 
afterward  revived,  and  that  others  have  undoubtedly  been 
buried  as  dead  who  were  .still  living,  have  repeatedly  drawn 
attention  of  both  individuals  and  governments  to  the 
necessity  of  guarding  against  so  terrible  an  occurrence. 
Winslow,  the  celebrated  anatomist,  is  said  to  have  been 
twice  nearly  buried  alive,  and  it  was  in  consequence  of 
this  that  he  published  his  treatise  on  the  si^ns  of  death, 
in  which  he  comes  to  the  conclusion  that  incipient  pu- 
trefaction is  the  only  sign  that  can  be  relied  on.  Putre- 
faction comes  on  at  variable  periods,  and  it  is  not  always 
convenient  to  wait  for  its  occurrence.  Bouchart  proposes 
to  substitute  the  careful  exploration  of  the  cardiac  region 
by  auscultation.  During  a  fainting  fit  the  heart  is  still 
heard  to  beat,  and  in  the  dying,  after  the  last  expiration 
has  proclaimed  that  all  is  over,  after  the  pulse  at  the 
wrist  has  ceased  to  beat,  and  after  the  hand  applied  over 
the  heart  finds  everything  still,  the  ear  placed  upon  the 
same  region  still,  hears  for  a  time  the  beating  of  that  or- 
gan ;  but  when,  after  having  listened  for  a  sufficient  time, 
the  practised  auscultator  ceases  to  distinguish  the  beat  of 
the  heart,  life  is  over  (' '  Traite  des  Signes  de  la  Mort,"  etc. , 
Dy  E.  Bouchart).  In  examining  the  hearts  of  a  num- 
ber of  the  dying  Bouchart  found  that  the  longest  interval 
between  the  pulsations  was  six  seconds  ;  from  a  similar 
investigation  Rayer  found  it  to  be  seven  seconds.  "  If," 
concludes  the  latter,  "  the  absence  of  the  pulsation  of  the 
heart  is  verified  by  the  auscultator  for  a  period  equal  to 
fifty  times  that  of  the  longest  observed  interval,  or  for  an 
interval  of  five  minutes,  the  patient  may  be  pronounced 
with  certainty  to  be  dead."  Even  this,  however,  admits 
of  some  exceptions.  In  new-born  infants,  for  example, 
the  action  of  the  heart  may  cease  for  a  longer  period  and 
yet  the  child  revive,  and  the  same  thing  is  said  to  have 
occurred  in  older  individuals  in  the  cold  stage  of  Asiatic 
cholera.  J.  MeG.  Woodbury. 

>  Report  on  a  General  Scheme  of  Extramural  Sepulture,  by  General 
Board  of  Health,  Loudon,  1850. 

BURIAL,  LAW  OF.  In  England,  in  1879,  the  Home 
Secretary  informed  a  delegation  from  the  Cremation 
Society,  which  was  organized  the  preceding  year,  that  the 
regulations  regarding  burial-permits  did  not  recognize 
cremation,  and  an  appeal  would  have  to  be  made  to  Par- 
liament to  legalize  the  practice  ;  but  no  bill  was  passed, 
as  the  sentiment  against  cremation  was  quite  strong.  In 
1882  occurred  the  first  judicial  decision  on  the  question, 
but  it  was  not  conclusive.  In  that  case  a  Miss  Williams 
was  directed  by  the  will  of  Henry  Crookenden  to  burn 
his  dead  body,  and  to  call  upon  the  estate  for  the  expenses. 
Miss  "Williams'  brother  was  executor  of  the  will,  and  as 
he  had  the  body  buried  instead  of  burned,  she  applied 
after  a  time  for  a  permit  to  remove  and  reinier  the  body. 
When  possession  of  the  body  was  obtained,  it  was  re- 
moved to  Italy,  and  there  cremated. 

Suit  was  then  begun  for  the  expenses,  amounting  to 
£321,  but  the  court  decided  against  the  claim,  on  the 
ground  that  possession  of  the  body  had  been  obtained 
under  the  false  pretence  of  reinterring  it.  The  court  re- 
frained from  deciding  what  was  the  legal  status  of  crema- 
tion. In  1884,  however,  the  question  came  squarely  be- 
fore Justice  Stephen,  in  a  case  in  which  a  father  was  at- 
tempting, on  his  own  land,  to  burn  the  body  of  his  child, 
and  the  neighbors  combined  to  prevent  his  doing  so.   The 


father  was  indicted  for  committing  a  misdemeanor ;  but, 
after  a  very  careful  and  learned  examination  into  the  sub! 
ject.  Justice  Stephen  decided  that  cremation  was  not  ille- 
gal. This  practically  settled  the  question  ;  but  for  many 
reasons  it  has  been  thought  desirable  to  get  the  approval 
of  Parliament,  and  bills  have  been  introduced  for  that 
purpose. 

The  English  law  has  secured  for  many  centuries,  even 
as  far  back  as  a.d.  750,  according  to  Lord  Stowell,  the 
right  of  burial  to  every  Englishman.  He  says:  "In 
England,  about  the  year  750,  spaces  of  ground  adjoining 
the  churches  were  carefully  enclosed  and  solemnly  con- 
secrated and  appropriated  to  the  burial  of  those  who  had 
been  entitled  to  attend  divine  service  in  those  churches, 
and  who  now  became  entitled  to  render  back  into  those 
places  their  remnants  to  earth,  the  common  mother  of 
mankind,  without  payment  for  the  ground  which  they 
were  to  occupy,  or  for  the  pious  oflices  which  solemnized 
the  act  of  interment." 

This  common-law  right  of  interment  was  subject,  in 
many  ways,  to  the  control  of  the  incumbent  of  the  church, 
who  was  held  to  have  a  fee  in  the  church-yard.  The 
rector  could  not  absolutely  prevent  the  burial  of  any  per- 
son living  in  the  parish,  but  he  could  require  fees,  and 
might  refuse  to  read  the  burial-service,  or  to  allow  a  head- 
stone to  be  erected.  Some  offensive  attempts,  on  the  part 
of  clergymen  of  the  established  church,  to  prevent  the 
burial  or  adornment  of  the  graves  of  dissenters  has  led 
to  a  good  deal  of  agitation  and  some  legislation.  By  re- 
cent acts  of  Parliament  there  may  be  consecrated  and  un- 
consecrated  parts  in  the  cemetery,  and  in  the  latter  the 
rights  of  dissenters  are  considerablj'  enlarged. 

The  right  of  burial  does  not  include,  according  to  Lord 
Stowell,  the  right  to  be  buried  in  a  cofiin ;  and  where  in 
one  case  the  relatives  wished  to  bury  the  deceased  in  an 
iron  coffin,  a  mandamus  directing  the  authorities  to  per- 
mit the  interment  was  refused,  ft  was,  however,  decided 
that  such  an  interment  might  be  made  upon  payment  of 
larger  fees  than  usual. 

It  was  considered  that  the  use  of  iron  cofiins,  more  or 
less  indestructible,  would  rapidly  fill  up  the  cemeteries, 
and  as  these  were  held  for  future  generations  as  well  as 
the  present  one,  no  general  mode  of  interment  should  be 
allowed  which  had  a  tendency  to  fill  the  ground  unduly. 

Bodies  cannot  be  removed  from  one  burial-ground  to 
another  without  the  consent  of  a  Secretary  of  State,  ex- 
cept in  the  case  of  unconsecrated  grounds,  when  the  per- 
mission of  the  ordinary  is  sufficient.  The  right  of  burial 
implies  the  duty  of  burial  on  the  part  of  surviving  friends 
or  relatives.  In  one  case  it  was  held  that  the  owner  of 
the  house  in  which  a  person  died  must  see  to  it  that  he  was 
decently  interred.  In  practice,  however,  where  there  are 
no  friends  or  relatives  to  assume  the  duty,  it  is  borne  by  the 
public,  and  the  expense  made  a  charge  upon  the  com- 
munity. This  is  also  the  custom  and  the  law  in  this 
country  as  well  as  in  England. 

The  regulations  of  the  various  States  of  the  Union  on 
the  subject  of  burial  differ  somewhat,  and  in  general  the 
subject  is  delegated  to  the  smaller  communities,  such  as 
town  and  city  corporations,  which  have  the  power  to 
make  ordinances  covering  the  mode  of  burial. 

In  most  cities  burial  is  not  allowed  without  a  license, 
and  the  right  to  disinter  a  body  to  search  for  evidences  of 
crime  or  disease  is  reserved  by  the  public. 

The  private  rights  of  the  deceased,  if  they  may  be  so 
termed,  and  those  of  surviving  relatives  form  a  very  in- 
teresting subject,  and  the  legal  decisions  bearing  on  one 
point  or  another  constitute  quite  an  extended  branch  of 
the  law.  It  will  bring  the  principles  involved  more 
clearly  into  view,  if  the  subject  is  considered  under  these 
three  heads  :  1,  The  body  after  death  and  before  burial ; 
3,  the  body  at  burial ;  3,  the  body  after  burial. 

1.  In  the  case  of  death,  the  custody  of  the  body  is  usu- 
ally in  the  hands  of  the  near  relatives,  though  the  law 
regards  the  executors  as  having  the  lawful  custody.  The 
deceased  may  give  directions  regarding  the  place  and 
manner  of  his  burial,  which  will  be  binding  in  case  they 
are  known  before  the  time  of  burial.  If  they  are  not  dis- 
covered until  afterward,  the  courts  have  in  some  instances 
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declined  to  order  a  removal.  The  deceased  cannot  sell  his 
body,  for  purposes  of  dissection,  for  instance,  so  that  the 
contract  could  be  enforced  in  a  court  of  justice.  A  per- 
son having  lavyful  possession  of  the  body,  by  virtue  of 
such  an  agreement,  could  probably  hold  it  as  against  the 
relatives,  though  the  courts  will  give  him  no  help  in  trj"^- 
ing  to  secure  possession. 

There  is  no  such  thing  as  ownership  of  a  dead  body 
Inhering  in  the  deceased  himself,  the  relatives,  or  the  ex- 
ecutors, in  the  ordinary  sense  of  barter  and  sale.  The 
courts  have  in  many  instances  declared  that  there  is  no 
such  thing  as  ownership,  and  yet  at  other  times  a  sort  of 
quasi-ownership  has  been  recognized  in  the  executors,  to 
enable  them  to  acquire  possession  of  the  body  in  order  to 
bury  it  according  to  the  wishes  of  deceased.  The  ordi- 
nary rule  is  thus  expressed  in  a  Massachusetts  case :  "A 
dead  body  is  not  the  subject  of  property,  and  after  burial 
it  becomes  a  part  of  the  ground  to  which  it  has  been  com- 
mitted— '  Earth  to  earth,  ashes  to  ashes,  dust  to  dust.' " 

In  the  case  of  dead  bodies  cast  upon  the  seashore,  there 
is  no  ownership  permitted  to  the  finder,  either  in  the  bodies 
themselves  er  in  any  articles  of  value  found  upon  them. 

The  quasi'  ownership  which  the  courts  at  times  recognize 
■  is  practically  only  the  right  of  custody,  and  involves  the 
duty  of  burial.  This,  as  has  been  said,  belongs  to  the  exec- 
utor in  case  of  a  will,  and,  where  there  is  no  testamentary 
disposition,  then  to  the  widow,  husband,  or  next  of  kin. 

2.  The  body  at  burial.  The  custody  of  the  body  being 
lawfully  in  the  hands  of  the  executors  or  next  of  kin, 
they  have  the  right  to  select  the  place  of  burial,  but  they 
have  not  the  right'  to  override  the  known  wishes  of  the 
deceased,  and  courts  of  equity  have  often  after  interment 
directed  a  change  to  be  made.  The  right  to  select  a  burial- 
place  is  not  an  absolute  one,  and  in  a  recent  case  in  New 
lork,  in  which  long  after  the  interment  a  will  was  discov- 
ered, which  gave  detailed  directions  as  to  the  place  of 
burial,  the  court  declined  to  order  a  removal.  The  brief 
time  elapsing  between  death  and  burial  usually  prevents 
any  legal  questions  arising.  These  generally  are  caused 
by  the  attempt  to  remove  the  body  after  interment.  The 
right  of  custody  of  the  body  will  give  the  right  to  exclude 
objectionable  persons  from  the  funeral,  if  it  is  held  in  a 
private  house,  as  was  recently  decided  in  a  Rhode  Island 
case.  When  the  services  are  held  in  a  church  or  public 
place,  there  is  no  decision  on  the  subject,  but  it  is  not 
considered  that  there  would,  in  that  case,  be  any  right  of 
exclusion  belonging  to  the  executors  or  next  of  kin. 


3.  The  body  after  burial.  The  law  bearing  on  this 
division  of  the  subject  is  mainly  concerned  with  the  ques- 
tion of  removal.  Cemetery  authorities,  health  officials, 
executors,  or  relatives  may  all  have  the  right  to  remove 
a  dead  body,  but  the  statutes  of  all  the  States  prescribe 
the  conditions  of  such  removal,  or  else  require  an  appli- 
cation to  be  made  to  a  court,  which  judges  upon  the 
propriety  of  the  application,  and  bases  its  decision  not 
entirely  upon  the  desires  of  the  applicants,  but  largely 
upon  the  supposed  interest  which  the  public  has  in  the 
permanence  of  interments.  The  law  is  said,  with  great 
truthfulness,  to  favor  the  "repose  of  the  dead,"  and  an 
order  for  disinterment  will  not  be  lightly  made. 

It  cannot  be  said  that  an  order  of  a  court  is  necessary 
in  every  case  of  disinterment.  The  rules  of  cemetery  or- 
ganizations, or  the  health  laws  of  the  community,  provide 
for  cases  in  which  all  persons  interested  are  united  in  desir- 
ing a  removal.  In  all  cases,  however,  in  which  there  is  a 
dispute  as  to  the  right,  courts  of  equity  will  intervene, 
and  issue  such  orders  as  are  deemed  proper  upon  the  cir- 
cumstances of  each  case.  The  cases  touching  on  removal, 
when  broadly  generalized,  develop  these  principles  : 

(1.)  The  husband  or  wife  has  not  an  absolute  right  to 
remove  the  body  against  the  will  of  the  next  of  kin. 

(2.)  The  next  of  kin  cannot  remove  the  body  against 
the  will  of  the  husband  or  wife. 

(3.)  The  next  of  kin  cannot  remove  the  body  against 
the  will  of  other  next  of  kin  of  equal  relationship,  and 
public  institutions  or  corporations  have  no  rights  as 
against  the  next  of  kin. 

(4.)  The  owner  of '  the  burial-lot  has  no  such  absolute 
right  to  the  realty  as  to  carry  with  it  the  ownership  of 
the  bodies  buried  in  the  lot.    "These  are  held  in  trust. 

The  recent  cases  seem  to  develop  the  trust  idea  some- 
what, and,  as  the  claim  of  ownership  is  repudiated,  it  is 
natural  that  this  principle  of  guardianship,  or  trusteeship, 
should  become  generally  received,  whether  it  is  held  to 
inhere  in  the  cemetery  organizations,  in  the  owner  of  the 
burial-lot,  in  the  relatives,  or  in  the  public.  It  is  probable 
that  the  interest  of  the  public,  as  the  guardian  of  the  gen- 
eral health,  would  be  held  by  the  courts  to  be  paramount 
to  all  other  considerations,  in  all  cases  in  which  it  seems  to 
conflict  with  private  desires.  Henry  A.  Riley. 

BURLINGTON.  The  accompa^ing  chart,  represent- 
ing the  climate  of  the  city  of  Burlington,  Vt.,  and, 
obtained  from  the  Chief  Signal  Office  in  Washington  is 


Climate  of  Burlington,  Vt. — Latitude  44°  29',  Longitude  73°  15'. — Period  of  Observations,  January  1,  1872,  to  June  15, 
1883. — Elevation  of  Place  of  Observation  above  the  Seorlevel,  Hi:  feet. 
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12.1 

13.5 
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temperature  for 
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18.2 
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84.0 
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64.0 
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temperature  for 
period. 
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10.0 
33.0 
38.0 
51.0 
61.0 
52.0 
46.0 
36.0 
23.0 
6.0 
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11.9 

1.43 

s. 

8.4 

Spring 
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66.C 
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s. 
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13.4 
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s. 
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4.19 

s. 
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68.2 

153.4 

63.3 

216.7 
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s. 

7.2 

*  Miles  per  hour. 

here  inserted  for  convenience  of  reference.  A  detailed 
explanation  of  this  and  of  other  similar  charts  will  be 
found  under  the  heading  Cmmatb  ;  where  also  the  reader 
may  find  suggestions  as  to  the  method  of  using  these 
charts.  JS.  R. 

BURNET  ROOT  (Radix  Pimpinellm,  Ph.  G.). 

1.  Pimpinella  Baxdfraga  Linn.  {Owrum  Saxifraga  Bail- 
Ion)  ;  Order,  Vmbellifera,  has  a  smooth,  round,  branched, 
nearly  naked  stem,  from  thirty  to  fifty  centimetres  high. 

3.  P.  magna  Linn.  {Carum  magnum  H.  Bn.)  is  twice 
as  tall,  has  an  angular  stem,  more  divided  leaves,  and 
longer  styles,  otherwise  the  plants  are  very  similar,  and 
both  furnish  the  Radix  Pimpinellm  of  the  German  Phar- 
macopcEia.  They  have  tapering,  perennial  roots,  divided 
above  into  several  or  many  crowns,  usually  simple  or 
sparingly  branched  below.  Their  leaves  are  once  or 
twice  pinnate  ;  their  inflorescence  and  flowers  are  nearly 
like  those  of  anise. 

The  roots  of  the  two  species  are  very  similar,  but  that 
of  P.  Saxifraga  is  smaller  and  simpler  than  that  of  the 
other.  They  are  about  as  large  as  the  little  finger,  from 
eight  to  twenty-five  centimetres  long  (3  to  9  inches), 
longitudinally  wrinkled  and  yellowish  or  pale  brown  exter- 
nally. A  transverse  section  shows  a  thick  whitish  bark, 
with  numerous  resin-canals,  and  brown,  radiating  medul- 
lary lines  in  it ;  a  dark,  narrow  cambium  ringand  yellow 
wood.  Pith  generally  absent.  The  odor  of  Burnet  Root 
is  strong  and  aromatic,  but  disagreeable,  the  taste  at  first 
in,sipid  and  mucilaginous,  afterward  bitter  and  pungent. 

Constituents. — A  yellow  Essential  Oil,  smelling  like 
that  of  parsley,  a  crystalline  substance  called  ptmpiTiel- 
Un  (?),  resin,  suga/r,  gum,  etc. 

Uses. — The  properties  of  Burnet  are  those  of  a  great 
many  umbelliferous  roots  wli'ch  depend  upon  peculiar 
oils  and  resins  for  their  u.se.  It  has  been  considered  to 
be  "  stomachic,  expectorant,  diuretic,  and  diaphoretic." 
On  account  of  its  pungency  it  has  been  chewed  as  a  stimu- 
lant in  paralysis  of  the  tongue,  as  well  as  for  toothache. 
As  it  serves  none  of  these  purposes  very  well,  and  is  dis- 
agreeable in  odor  and  taste.  It  may  as  well  be  dropped 
from  use.  Dose,  from  half  a  gramme  to  two  grammes 
(0.5  to  3  Gm.  =  gr.  viii.  ad  xxx.). 

Allied  Plants. — See  Anise  for  the  Order  Umbel- 
Uferm. 

Allied  Dkugs. — The  root  of  Pimpinella  nigra  Willd. 
Is  occasionally  gathered  for  Burnet.  It  is  darker  colored, 
and  yields,  upon  distillation,  a  blue  oil.  Lovage  and 
Parsley  in  the  same  order,  and  Pellitory,  in  some  re- 
spects resemble  Burnet.  W.  P.  Bolles. 

BURNS  AND  SCALDS.  Burns  are  produced  by  fire 
or  dry  heat,  and  scalds  are  the  results  of  the  application 
of  hot  fluids  or  moist  heat.     Clinically  these  forms  of  in- 


jury are  very  much  the  same.  The  degree  or  severity  of 
the  burn  varies  according  to  the  density  and  duration  of 
the  heat  and  the  capability  of  the  solid  or  liquid  for  re- 
taining caloric.  Burns  or  scalds  may  be  caused  by  the 
rays  of  the  sun,  by  contact  with  fire,  boiling  water,  oils, 
heated  or  molten  solids,  caustic  alkalies,  or  concentrated 
acids  ;  the  amount  of  injury  caused  varying  from  a  simple 
erythematous  blush  to  the  charring  of  a  limb  or  part. 

The  effect  also  varies  according  to  the  mode  of  applica- 
tion of  the  heat.  To  quote  Wilson  ;  "  In  degree,  heat 
may  be  feeble  but  prolonged,  or  it  may  be  strong  and  in- 
stantaneous, strong  and  continued  for  a  brief  period,  or 
strong  and  continued  for  a  long  period." 

The  flame  of  burning  ether  or  alcohol,  if  momentary, 
causes  a  superficial  bum,  while  the  contact  of  burning 
sealing-wax  or  boiling  oil,  the  ability  of  which  to  retain 
caloric  is  greater  than  water,  because  of  its  greater  density, 
gives  rise  to  much  more  serious  injury.  Molten  metal 
when  it  simply  strikes  the  skin  causes  vesication ;  but  if 
it  gains  access  to  and  surrounds  a  limb,  complete  charring 
and  destruction  of  tissue  occur. 

A  scald,  even  if  severe,  may  leave  the  hairs  uniniured, 
and  from  this  circumstance  it  may  often  be  diagnosticated 
from  a  burn,  but  when  the  liquid  is  hot  and  dense  the  ,. 
hairs  are  often  destroyed  as  in  burns. 

Concentrated  acids  and  caustic  alkalies,  either  in  solid 
or  liquid  form,  act  with  great  power  on  the  soft  tissues, 
and  so  cause  injuries  of  the  niost  serious  character.  Burns 
from  this  cause  may  be  distinguished  by  the  absence  o£ 
vesication  and  other  symptoms  found  when  fire  has  been 
the  cause. 

Phosphorus  acts  energetically,  causing  deep  and  rapid 
burns  and  inflammation  of  surrounding  tissues,  and  fatal 
results  have  attended  its  improper  handling.  Surface 
burns  from  lightning  stroke  present  about  the  same  ap- 
pearances as  burns  from  other  sources.  The  skin  is  red- 
dened and  blistered,  and  the  hair  is  singed  or  entirely  de- 
stroyed. 

Burns  from  nitric  acid  produce  yellowish  stains  or 
patches,  w^hile  sulphuric  acid  and  caustics  generally 
cause  reddish  or  red-brown  discoloration. 

Sunburns  are  generally  so  slight  as  to  require  only  a 
brief  notice,  yet  occasionally  a  person  having  a  tender 
skin  may  suffer  severely  from  only  a  brief  exposure  to 
the  sun.  This  burn  is  characterized  by  diffuse  redness 
of  the  exposed  part,  with  more  or  less  smarting  pain.  The 
face,  neck,  forearms,  and  hands  are  usually  affected. 
Grave  symptoms  sometimes  arise  when  a  large  surface 
(two-thirds)  is  implicated,  and  a  case  has  been  reported  in 
which  death  occurred  from  violent  dermatitis,  with  gan- 
grene, following  sunburn. 

Burns  are  usually  classified  as  of  the  first,  second,  or 
third  grade.  Dupuytren's  division  into  six  degrees  is  too 
complicated,  and  though  long  in  vogue,  has  been  gener- 
ally discarded  by  modern  writers.  The  following  classi- 
fication is  that  of  Thomas  George  Morton,  and  is,  1  think, 
the  best : 

Burns  op  the  First  Degree. — Characterized  by  ery- 
thema. Irritation,  and  inflammation  of  the  skin  without 
vesicles. 

Burns  of  the  Second  Degree. — Vesication,  inflam- 
mation of  the  skin,  and  formation  of  vesicles  and  bullae. 

Burns  op  the  Third  Degree. — Eschars ;  gangrene, 
superficial  or  deep,  involving  the  skin  or  the  subcutaneous 
tissues  ;  carbonization  of  a  part  or  of  the  entire  body. 

The  prognosis  depends  upon  the  depth  of  the  injury  and 
its  extent,  upon  the  susceptibility  of  the  skin  to  the  action 
of  heat,  and  upon  the  general  characteristics  and  physical 
condition  of  the  patient.  Burns  of  the  first  and  second  de- 
grees generally  result  favorably,  the  patient  recovering 
rapidly ;  in  those  of  the  highest  degree,  however,  when 
the  surface  involved  is  very  extensive,  the  prognosis  is 
more  grave,  and  even  burns  of  the  first  degree  may  prove 
fatal  when  a  great  extent  of  surface  is  involved.  It  is 
generally  accepted  that,  if  one-half  or  even  one-third  of 
the  surface  has  been  burned  or  scalded,  death,  from  some 
physiological  cause  as  yet  not  clearly  explained,  will  be 
inevitable  ;  and  this  usually  happens  during  the  first 
twenty-four  or  forty-eight  hours.     I  think,  however,  that 
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much  depends  upon  the  patient's  previous  physical  con- 
dition and  turn  of  mind.  In  my  service  at  the  Bellevue 
Hospital,  in  this  city,  where  I  had  considerable  experience 
with  burns,  I  remember  having  seen  two  cases  in  which 
over  half  of  the  body  had  been  burned  to  varying,  first 
and  second,  degrees,  but  the  patients,  one  being  a  strong 
and  healthy  engineer,  and  the  other  a  robust  Italian  la- 
borer, both  recovered ;  while,  on  the  other  hand,  even 
slight  burns  in  aged  and  enfeebled  subjects  were  some- 
times a  cause  of  death  through  shock.  However,  even 
with  a  smaller  extent  of  surface  involved,  the  prognosis 
should  be  guarded.  In  burns  of  the  third  degree,  which 
result  from  the  application  of  intense  heat,  the  prognosis 
will  depend  not  merely  upon  the  depth  of  the  burn,  but 
also  upon  the  part  of  the  body  involved,  and  upon  the 
age,  sex,  and  temperament  of  the  patient. 

Symptoms. — In  burns  of  the  first  degree  there  is  more  or 
less  redness  of  the  skin,  which  disappears  on  pressure, 
accompanied  by  swelling  and  pain.  This  continues  for 
a  greater  or  less  period,  and  then  the  epidermis  is  exfoli- 
ated and  the  natural  conditions  are  restored.  Recovery 
generally  ensues  in  a  few  days  and  no  permanent  injury 
results.  The  constitutional  symptoms  are  usually  slight. 
Sometimes  there  is,  however,  an  irritative  fever,  and  if  a 
great  extent  of  surface  be  injured,  and  if  the  patient  be 
very  susceptible,  shock  may  be  quite  marked  and  even 
death  may  result. 

In  burns  of  the  second  degree  the  pain,  redness,  and 
swelling  are  more  marked  than  in  the  first  degree,  and 
the  hyperaemia  being  greater,  there  is  a  tendency  to  exu- 
dation, and  vesicles  are  formed.  These,  when  large  in 
size,  are  called  bullae.  They  either  come  on  at  once  or 
form  in  a  few  hours.  The  serum  is  usually  transparent, 
though  sometimes  it  may  be  discolored  by  blood.  Usu- 
ally in  the  formation  of  the  vesicles  there  occurs  no 
damage  to  the  skin,  but  sometimes  suppuration  and  ul- 
ceration may  take  place.  The  constitutional  symptoms 
vary  according  to  the  extent  and  severity  of  the  injury. 
Shock  is  almost  alwaj^s  present,  and  death  results  in  some 
cases  simply  from  this  cause.  Sometimes  there  is  found 
a  congestion  of  all  the  viscera,  and  death  may  result  from 
cerebral  effusion  with  delirium.  With  the  rise  in  tem- 
perature, albumen  is  commonly  found  in  the  urine,  and 
during  the  period  of  reaction  ulceration  of  some  portion 
of  the  mucous  membrane  of  the  bowel  frequently  occurs. 

Burns  of  the  Third  Degree. — In  this  group  are  classed 
all  cases  of  gangrene,  resulting  from  burns  affecting  the 
skin  or  subcutaneous  tissue.  Now,  according  to  the  in- 
tensity and  duration  of  the  heat,  the  skin  alone,  or  the 
muscles,  nerves,  blood-vessels,  and  bones  may  be  de- 
stroyed even  to  carbonization.  This  latter  is,  fortunately, 
rare,  but  it  sometimes  happens  that  portions  of  limbs  are 
entirely  burned  off  while  the  individual  is  in  a  drunken 
stupor  or  suffering  from  epileptic  coma.  The  constitu- 
tional symptoms  are,  as  may  be  supposed,  severe.  If  re- 
action occur  at  all,  the  symptoms  become  at  once  quite 
gi'ave,  according  to  the  extent  of  the  injury.  In  some 
cases  death  soon  takes  place  from  coma,  due  to  cerebral 
congestion.  The  lungs,  kidneys,  and  other  organs  are 
intensely  congested,  and  this  period  of  inflammation,  so 
called,  extends  from  the  reaction  to  the  beginning  of  ex- 
haustion, during  which  time  the  dead  tissues  are  being 
thrown  off  by  suppuration.  This  exhaustion  is  sometimes 
increased  by  haemorrhages  from  the  necrotic  tissues.  In 
all  cases  of  burns  of  the  third  degree  renal  congestion  is 
constant  and  gives  rise  to  albuminuria. 

The  Complications  of  Bubns  may  be  considered 
under  the  heads  of  Cerebral,  Respiratory,  and  Intestinal. 
Cerebral  irritation  often  appears  quite  early,  and  inflam- 
mation may  follow  and  be  accompanied  by  violent  de- 
lirium.   Convulsions  and  coma  may  occur  in  a  fatal  case. 

Laryngitis,  bronchitis,  or  pneumonia  may  occur  from 
burns  or  scalds,  the  first  frequently  following  the  inhala- 
tions of  hot  steam.  (Edema  may  be  excessive,  requiring 
tracheotomy  in  order  to  avert  impending  death  from 
dyspnoea.  Bronchitis  and  pneumonia  are  frequently  ob- 
served to  follow  burns  of  the  chest  and  neck. 

Intestinal  ulceration  is  one  of  the  peculiar  results  of 
severe  burns,  and  follows  the  intense  congestion  of  the 


digestive  tract  that  sometimes  takes  place.  The  intestinal 
lesions  are  present  in  varying  degrees,  from  the  simplest 
gastric  irritation  and  diarrhoea  to  severe  inflammation  of 
the  stomach  and  intestines,  going  on  to  duodenal  ulcer, 
perforation,  and  death. 

Treatment;  —  This  varies  in  accordance  with  the 
severity  of  the  injury.  The  indications  are  :  First,  to 
relieve  the  pain  and  overcome  the  shock ;  secondly,  to 
guard  against  congestion  and  inflammation  of  the  in- 
ternal organs  ;  and  thirdly,  to  counteract  the  exhaustion 
incident  to  sloughing. 

Local  Treatment. — In  bums  of  the  first  degree  there  are 
usually  no  marked  constitutional  symptoms,  but  the 
local  ones  may  be  quite  severe.  These  may  be  relieved 
by  local  applications  of  olive-oil,  vaseline,  oxide  of  zinc, 
or  other  ointments  of  a  soothing  nature.  Powdered  bi- 
carbonate of  soda  is  a  most  excellent  application,  and 
often  affords  great  relief  in  simple  burns  when  freely 
dusted  over  the  affected  surface.  Other  alkaline  applica- 
tions may  be  used,  among  which  a  mixture  of  linseed-oil 
and  lime-water,  called  "  Carron  oil,"  may  be  mentioned 
as  having  long  been  popular.  Flour,  starch,  white-lead, 
paint,  or  any  substance  that  excludes  the  air  and  makes  a 
coating  for  the  nerve  filaments  that  have  been  irritated  or 
uncovered  will  relieve  the  pain.  Molasses  has  been  used 
when  nothing  better  could  be  found  at  hand  in  a  case  of 
emergency.  The  addition  of  carbolic  acid  to  any  of  the 
ointments,  or  vaseline  or  oil,  is  of  much  advantage,  as  it 
relieves  pain  and  thoroughly  disinfects  any  discharge 
that  may  occur.  It  produces  a  certain  amount  of  surface 
anaesthesia,  and  as  carbolic  acid  is  absorbed  but  feebly 
from  any  mixture  with  an  oil,  the  danger  of  poisoning  is 
not  great.  The  urine  should,  however,  be  watched  for 
any  trace  of  the  acid,  as  cases  of  such  poisoning  have  oc- 
curred. An  ointment  made  of  boric  acid  and  vaseline 
is  of  great  service,  as  it  allays  pain  and  is  perfectly  safe. 
These  remedies  may  be  spread  upon  lint  or  old  muslin 
and  laid  upon  the  burned  surface,  the  parts  being  then 
enveloped  in  layers  of  cotton- batting  and  all  held  in  place 
by  a  roller-bandage. 

It  is  well  to  bear  in  mind  that  only  one  part  of  a  burned 
patient  should  be  exposed  at  a  time,  in  order  to  avoid 
surface  chilling,  and  that  the  greatest  care  should  be  used 
not  to  tear  away  any  burned  portion  of  clothing  which 
adheres  to  the  injured  surface,  lest  the  cuticle  should  also 
be  torn  off.  Vesicles  and  bullae  should  not  be  broken, 
but  should  be  pimctured  at  their  lowest  point  and  their 
contents  allowed  to  drain  off,  and  care  should  be  taken 
that  the  cuticle  be  not  rubbed  off,  as  it  affords  the  best 
covering  for  the  excoriated  surface. 

Dressings  need  not  be  changed  of tener  than  every  sec- 
ond or  third  day,  unless  the  amount  of  discharge  be  very 
great,  or  the  odor  quite  marked. 

When  the  sloughs  have  separated,  the  ulcerated  sur- 
faces beneath  are  soon  covered  by  florid  granulations, 
which  may  require  astringent  applications  or  strapping 
with  adhesive  plaster.  The  treatment  now  becomes  that 
of  a  simple  ulcer,  and  may  be  guided  by  the  same  rules. 
Much  good  may  be  accomplished  and  deformity  be  avoided 
by  keeping  the  various  parts  carefully  separated,  and  by 
maintaining  them  in  an  appropriate  position  either  by  fix- 
ation on  splints  or  by  some  proper  mechanical  appliance. 

In  the  ulcerative  stage  skin-grafting  is  of  great  service, 
and  large  and  indolent  ulcers  may  be  made  to  heal  quite 
readily  by  this  means  (see  article  on  Skin-grafting).  ■  Even 
transplantation  of  skin,  as  recommended  by  Wolf,  may 
be  employed  with  advantage  in  certain  cases. 

Treatment  of  Burns  from  Corrosive  Acids,  Caustic  Al- 
kalies, etc. — The  corrosive  or  mineral  acids  which  most 
often  cause  burns  are  sulphuric,  nitric,  and  muriatic.  lu 
burns  from  these  acids  the  application  of  water  is  to  be 
avoided,  as  it  causes,  when  mixed  with  the  acid,  a  great 
and  sudden  rise  of  temperature.  The  proper  treatment 
is  to  apply  whiting  or  levigated  chalk,  which  causes 
brisk  effervescence,  and  at  once  neutralizes  the  acid; 
after  this  the  part  may  be  washed  off  with  water.  If  this 
be  done  promptly,  no  more  serious  injury  will  result 
than  a  faint  erythematous  redness,  accompanied  by  a 
slight  sensation  of  smarting.     Should  by  chance  any  of 


723 


Burns  and  Scalds. 
Bnrfsse. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


these  substances  be  splashed  into  the  eye,  the  organ 
should  be  well  bathed  in  lime-water,  and  subsequent  in- 
flammation treated  in  the  usual  manner.  Occasionally 
these  substances  are  taken  into  the  mouth,  or  swallowed, 
and,  if  prompt  measures  be  not  adopted,  they  may  cause 
rapid  destruction  of  the  tissues  and  speedy  death.  The 
carbonates  of  sodium,  potassium,  calcium,  or  magnesium 
are  the  antidotes,  and  should  be  given  freely. 

Do  not  flood  the  stomach  with  water  under  these  cir- 
cumstances, for  when  the  substance  is  an  acid,  especially 
sulphuric,  the  addition  of  water  causes  a  sudden  and 
great  rise  of  temperature.  Large  draughts  of  milk  may 
be  given  after  the  exhibition  of  any  of  the  antidotes  above 
named.    (See  article  on  Antidotes.) 

Tlie  caustic  alkalies  are  soda,  potassa,  ammonia,  and 
quick-lime.  These  act  by  suddenly  abstracting  moisture 
from  the  tissues.  A  fresh  burn  of  this  nature  should  be 
treated  with  vinegar,  or  with  any  other  mild  acid,  which 
neutralizes  the  alkali  and  forms  with  it  an  unirritating 
salt.  A  burn  of  the  eye  should  be  treated  in  the  same 
way,  care  being  taken  to  dilute  the  acid  to  a  proper  degree. 

When  nitrate  of  silver  has  been  swallowed  or  applied 
in  excessive  quantity  to  any  of  the  mucous  membranes, 
chloride  of  sodium,  or  common  salt,  is  the  proper  anti- 
dote, the  insoluble  chloride  of  silver  being  formed.  Car- 
bolic acid  acts  by  coagulation  of  albumen,  and  therefore 
in  poisoning  from  this  substance  the  proper  antidote  is 
the  white  of  egg,  a  remedy  which  is  always  at  hand  in 
every  house. 

The  treatment  of  shock  from  burns  or  scalds  should  be 
the  same  as  when  this  condition  arises  under  other  cir- 
cumstances.    (See  article  on  Shock.) 

When  reaction  has  commenced,  a  generally  support- 
ing plan  of  treatment  is  in  order.  Thirst,  which  is  usu- 
ally intense,  should  be  allayed  by  small  lumps  of  ice 
placed  in  the  mouth,  or  by  occasional  sips  of  carbonated 
water.  Constipation  is  quite  common  during  the  first 
two  or  three  days  following  a  burn,  and  a  laxative  enema 
is  the  best  means  of  relief.  The  gastric  and  intestinal 
disturbance  often  calls  for  treatment.  The  diarrhoea 
during  exhaustion  due  to  the  profuse  suppuration  is  best 
treated  by  opium  combined  with  astringents,  and  by  pep- 
sin and  bismuth.  The  diet  should  be  simple  but  nour- 
ishing, and  absolute  rest  is  to  be  enforced. 

John  McG.  Woodbury. 

BURS/£.  (The  term  is  Neo-Latin,  derived  from  the 
Greek  $vp(ra,  a  leathern  sac  or  bottle ;  equivalents  in  Ger- 
man, Schleimbeutel,  Sehnenscheiden ;  in  French,  bourses 
sereuses.)  These  are  spaces  formed  in  the  general  con- 
nective-tissue of  the  body  by  the  pulling  or  sliding  stress 
-arising  from  the  independent  action  of  contiguous  parts. 
They  probably  originate,  like  the  cavities  of  joints  (see 
Arthrology),  by  an  enlargement  of  the  connective-tis- 
sue lymph-spaces,  usually  occurring  between  the  harder 
parts  of  the  skeleton  and  their  muscular,  tendinous,  and 
cutaneous  coverings.  Bursse  are  common  near  joints,  be- 
cause there  the  projecting  processes  and  angular  motion 
of  the  bones  produce  the  conditions  necessary  for  their 
formation.  Having  a  common  origin  they  frequently 
communicate  with  the  cavities  of  joints,  and  formerly 
such  bursas  were  termed  bursas  synoviales,  those  of  an  in- 
dependent character  being  termed  bursse  mucosae.  This 
distinction  is  now  abandoned,  as  the  contained  fluid  is  the 
same  in  both  cases,  and  bursse  in  the  same  situation  may 
in  different  individuals,  and  in  the  sanie  individual  at 
diiferent  ages,  sometimes  communicate  with  the  joint, 
sometimes  not.  When  tendons  rub  over  resisting  sur- 
faces, bursal  spaces  are  formed  about  them,  called  syno- 
vial sheaths  (vaginae  tendinum).  As  these  are  of  precisely 
the  same  nature  as  other  bursae,  differing  only  in  shape, 
it  will  be  proper  to  consider  them  under  the  same  head. 

The  structure  of  all  these  varieties  is  the  same,  and  is 
similar  to  the  cavities  of  joints,  there  being  always  a 
membraniform  wall  of  connective-tissue,  m^ore  or  less 
condensed,  which  secretes  a  small  quantity  of  synovial 
fluid,  just  sufficient  for  lubrication.  Synovial  fringes,  or 
villous  processes  may  exist  as  in  joints,  and  a  rich  net- 
work of  vessels  supplies  the  wall.    The  removal  of  the 


original  connective-tissue  may  not  be  complete,  portions 
being  left  which  divide  into  chambers  or  spaces  the  bursa, 
w;hich  is  then  termed  multilocular.  In  synovial  sheaths 
the  membrane  envelops  the  tendon  as  the  peritoneum  does 
the  intestine,  a  connection  existing  on  one  side,  formed  of 
two'layers  of  membrane  through  which  the  blood-vessels 
pass  to  reach  the  tendon.  From  its  analogy  to  the  mesen- 
tery this  is  called,  when  complete,  a  mesotenon ;  when 
partly  obliterated,  as  in  the  fingers,  the  remaining  bands 
are  termed  vincula  tendinum.  As  in  joints,  every  grade 
of  completeness  is  seen  in  the  synovial  membrane,  there 
sometimes  being  only  a  very  imperfect  sac  in  which  the 
lining  tissue  is  but  little  condensed,  the  whole  resembling 
a  connective-tissue  space. 

The  number  and  extent  of  the  bursse  vary  according 
to  the  habits  and  age  of  the  individual.  A  certain  num- 
ber of  those  which  are  largest  and  most  constant  are 
found  in  the  fcetus,  but  subcutaneous  bursae  are  never 
found  at  that  age,  and  seldom  in  youth,  because  then 
the  elasticity  of  the  skin  is  such  that  it  stretches  when 
pressed  or  pulled,  and  therefore  has  but  a  slight  sliding 
motion  over  the  harder  parts.  Certain  pccupations  in- 
volving friction,  or  pressure  of  tools  or  other  appliances 
may  cause  bursse  in  unusual  situations,  and  they  may 
occur  also  because  of  distortion  or  deformity  occasion- 
ing pressure.  With  age  there  is  an  increase  in  their 
size,  their  number,  and  the  frequency  of  their  communi- 
cation with  joints.  This  is  a  fact  of  considerable  surgical 
importance,  as  the  opening  of  a  bursa  may  involve  a 
joint  cavity  in  inflammation  which  may  result  in  anky- 
losis, or  the  loss  of  a  limb. 

Bursse  are  subject  to  the  same  pathological  disturbances 
as  affect  synovial  sacs  elsewhere.  Those  which  are  sub- 
cutaneous are  more  exposed  to  injury  from  direct  violence, 
while  luxations,  fractures,  and  general  constitutional  dis- 
turbances (pyaemia)  are  more  likely  to  affect  the  deeper 
ones.  Any  kind  of  inflammation  may  ensue,  from  the 
acute  variety  occasioned  by  violence,  and  characterized 
by  pain  and  the  rapid  production  of  pus,  to  a  slow, 
chronic  form  without  pain,  and  only  evident  from  the 
distention  of  the  sac  by  an  abnormal  amount  of  fluid. 
As  bursse  are  modified  connective-tissue  spaces,  and  thus 
in  immediate  connection  with  the  lymphatics,  the  opening 
of  them  is  likely  to  be  followed  by  diffuse  inflammation 
of  considerable  extent,  and  it  should  therefore  be  done 
with  precaution,  except  in  case  of  acute  suppurative  in- 
flammation, when  the  incisions  should  be  early  and  free. 

A  severe  bruise  or  sprain  may  rupture  the  capillaries  of 
the  synovial  wall  and  cause  an  effusion  into  the  cavity  of 
a  bursa  forming  a  hsematoma.  Injuries  of  this  kind  are 
also  common  in  fractures,  being  frequently  masked  by 
the  principal  lesion  until  convalescence,  when  the  ten- 
dons are  found  to  be  disabled.  It  is  for  this  reason  that 
passive  motion  should  be  early  practised  in  Colles'  fract- 
ure of  the  lower  end  of  the  radius.  Cases  are  recorded  of 
tendons  being  displaced  by  direct  violence,  as  the  biceps 
tendon  from  the  groove  of  the  humerus,"  and  the  pero- 
neal tendons  are  occasionally  pulled  from  their  grooves 
on  the  outer  side  of  the  foot  by  muscular  force  alone. 
There  must  necessarily  be  some  injury  to  the  bursal  sheath 
in  such  cases. 

Acute  suppurative  bursitis  is  usually  caused  by  a 
blow,  bruise,  or  wound,  but  it  may  also  originate  from 
cold  or  some  obscure  cause.  It  often  extends  in  a  re- 
markable manner,  and  if  not  checked  may  occasion  wide 
destruction  of  contiguous  parts,  involving  tendons,  peri- 
osteum, and  bones.  A  milder  form  is  characterized  by  a 
sero-purulent  exudation  and  a  slower  course.  Undue 
pressure  and  friction  may  produce  this,  as  in  the  affection 
of  the  prsepatellar  bursae  known  as  "housemaid's  knee," 
or  of  the  olecranon  bursse  known  as  "  miner's  elbow." 
In  some  cases  no  pus  is  formed,  the  inflammatory  process 
merely  occasioning  an  increase  of  serous  fluid  in  the 
bursal  sac.  As  in  pleuritis  or  peritonitis,  this  fluid  may 
be  flocculent  with  coagulated  fibrin,  and  either  yellowish 
or  coffee-colored  from  admixture  with  blood.  A  true 
fibrinous  exudation  may  be  deposited,  as  in  inflammation 
of  serous  membranes.  When  this  occurs  in  bursal  sheaths 
the  motion  of  the  enclosed  tendon  occasions  a  crackhng 
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sound.     The  disorder  is  called  tenosynovitis,  and  is  com- 
mon in  pianists. 

The  treatment  of  these  cases  depends  upon  the  intensity 
of  the  inflammation  ;  in  sthenic  cases  lead-water  and 
evaporating  lotions,  afterward  free  incisions  to  liberate 
pus ;  in  others,  evacuating  the  contents  of  the  sac  by  the 
aspirator  or  by  valvular  incision,  securing  drainage  and 
applying  pressure. 

Repeated  and  slight  irritation  of  a  bursal  sac  is  the  usual 
cause  of  chronic  bursitis,  which  may  be  characterized  by 
a  thickening  of  the  wall  from  the  gradual  deposit  of  or- 
ganized, lymph.  The  entire  cavity  may  be  thus  filled 
up,  presenting  a  tumor  of  almost  cartilaginous  hardness 
which  may  be  excised.  Instead  of  this  the  bursa  may 
become  filled  with  discrete,  structureless  bodies  of  about 
uniform  size,  white  or  yellowish  in  color,  and  about  the 
size  of  rice-grains  or  melon-seeds.  These  are  believed  to 
be  detached  coagula,  shaped  by  the  motion  of  contiguous 
parts.  Occasionally  remains  of  excrescences  (synovial 
fringes),  fatty  -matter,  cholesterine  crystals  or  deposits  of 
phosphate  or  carbonate  of  lime  are  found.  All  such 
contents  should  be  evacuated  by  means  of  an  incision 
suflBciently  large.  Special  occupations  favor  such  in- 
flammatory products ;  they  are  rare  in  children,  and 
are  occasionally  connected  with  disorders  of  menstrua- 
tion or  with  pregnancy. 

A  chronic  bursitis  may  be  manifested  merely  by  a 
simple  distention  of  a  bursa  by  serous  fluid.  Normally 
the  secretion  of  the  cavity  is  readily  reabsorbed  by  the 
vessels,  but  when  inflammation  sets  in  reabsorption 
ceases,  and  besides,  an  abundant  effusion  occurs.  When 
the  bursa  itself  is  enlarged,  the  affection  is  known  as  hy- 
groma. In  connection  with  bursal  sheaths  of  tendons,  it 
not  infrequently  happens  that  the  fluid  collects  in  a  cav- 
ity which  is  contiguous  to  the  sheath  but  separated  from 
it  by  a  wall.  This  affection  is  termed  ganglion,  and  is 
popularly  known  as  "weeping  sinew."  Some  believe 
this  to  be  an  infiltration  into  the  outlying  connective-tis- 
sue through  a  small  slit  in  the  sheath  wall,  while  Paget 
suggests  that  it  is  a  cystic  enlargement  of  a  villus  of  the 
synovial  fringe.  Gosselin"  appears,  however,  to  have 
clearly  shown  that  ganglion  is  occasioned  by  the  enlarge- 
ment of  small  loculi  in  the  connective-tissue  that  liave 
become  detached  from  the  sheath  by  the  usual  processes 
of  growth.  As  in  other  synovial  sacs,  rice-grain  bodies 
and  other  phenomena  of  inflammation  are  found  in 
the  ganglion,  and  it  may  become  multilocular  and  take  on 
the  general  structure  of  a  bursa. 

Hygroma  is  usualljr  treated  by  setting  up  an  acute  in- 
flammatory process,  either  by  inserting  a  seton  of  horse- 
hair or  by  injection  of  tincture  of  iodine.  A  blister  will 
sometimes  reduce  it.  A  popular  and  usually  effective 
remedy  for  a  small  ganglion  is  to  break  the  sac  into  the 
surrounding  connective-tissue,  by  striking  it  smartly  with 
a  flat  object  like  a  book. 

In  scrofulous  subjects,  bursal  sheaths  are  occasionally 
affected  by  fungous  synovitis,  a  disorder  essentially  the 
same  as  that  which  produces  chronic  strumous  arthritis 
or  white  swelling.  Usually  arising  from  a  sprain  or  a 
bruise,  it  is  commonest  in  the  sheaths  behind  the  mal- 
leoli. It  is  characterized  by  an  extraordinary  increase 
in  the  villosities  of  the  synovial  membrane,  these  becom- 
ing a  true  granulation-tissue,  and  yielding  a  sero-purulent 
product.  The  whole  of  the  sheath  in  a  given  locality 
may  be  involved,  and  the  mischief  usually  spreads  to  the 
neighboring  joint.  The  only  chance  of  arrest  is  by  ex- 
cising the  fungous  growth. 

A  knowledge  of  the  exact  location  of  bursse  is  of  great 
importance  with  reference  to  diagnosis.  Unfortunately 
the  subject  has  been  somewhat  neglected  by  descriptive 
anatomists.  While  some  bursse  have  received  names  and 
are  accurately  described,  others  are  but  seldom  mentioned, 
and  authors  differ  as  to  their  nomenclature.  In  the  fol- 
lowing list,  which  has  been  carefully  compiled  from  vari- 
ous sources,  an  endeavor  has  been  made  to  describe  and 
name  all  the  bursse  which  have  been  found  in  the  human 
body,  omitting  only  those  which  are  merely  accidental. 
The  flgures  show  the  situation  of  the  principal  bursse  in 
the  most  important  surgical  regions. 


List  of  Burs^. 

HE.A.-D.— Bursa  galem  ea/pitis.  Between  the  aponeurosis 
of  the  occipito-frontalis  and  the  pericranium,  directly  over 
the  occipital  protuberance.  ^    Only  in  aged  subjects. 

B.  sacculi  lachrymalis.  Between  the  lachrymal  sac  and 
the  internal  palpebral  ligament.*    Rare. 

B.  trochtearis  oculi.  In  the  pulley  of  the  superior  ob- 
lique.    Constant. 

B.  capsulm  oculi.  Between  the  capsule  of  Tenon  and 
the  globe  of  the  eye.  Usually  imperfect.  Hyrtl'  cites 
cases  of  effusion  into  the  sac. 

B.  drcumjkxi  paXaii  {Ros6Xim.u\\eT).  Where  the  tendon 
of  the  tensor  palati  turns  around  the  hamular  process. 

Bursa  masseiericcB.  There  appear  to  be  several  bursce 
between  the  masseter  and  the  subjacent  structures.  Ro- 
senmuller  mentions  one  between  the  two  portions  of  the 
masseter,  and  one  between  the  masseter  and  the  external 
pterygoid.  Hyrtl  °  mentions  one  between  the  muscle  and 
the  temporo-maxillary  articulation.  Nancrede  supposes 
that  these  may  become  continuous,  and  when  inflamed 
form  a  cystic  tumor  reaching  to  the  base  of  the  skull. 

B.  spinas  sphenoidete.  Hyrtl'  states  that  when  the  tem- 
poro-maxillary joint  is  unusually  large  a  bursa  occurs  be- 
tween the  spine  of  the  sphenoid  and  the  joint  capsule. 

B.  angvli  mandibuti.  Subcutaneous  over  angle  of  the 
jaw.     Rather  rare. 

B.  sublingualis.  Between  the  tongue  and  the  mucous 
membrane,  outside  the  genio-glossus.     Frequently  called 


B.  prffimentalis. . 

B.      digastrlca  I 
anterior.         ) 

B.  stylo-hyoidea. 
B.  tbyr.  lateralis. 

B.  Bubhyoldea... 
B.  preethyroidea. 

B.  crico-thyro-  J 
thyroidea.      f 


B.  thyro-trachealia,. 


Fio.  B35.— The  Principal  Bursae  of  the  Neck,  in  Front. 

Fleischmann's  bursa,  from  its  discoverer.'  Some  deny 
its  existence.'  Tillaux  has  frequently  found  it,  and  be- 
lieves that  acute  ranula  is  caused  by  a  rupture  of  Whar- 
ton's duct  into  it.'o 

B.  prmmentalis  (Fig.  535).  Subcutaneous  at  lower  bor- 
der of  the  symphysis  of  the  chin.     Quite  constant." 

Neck. — B.  digastrici  postei-ior  (Rose^TsmWer).  Between 
the  posterior  belly  of  the  digastric  and  the  sterno-mastoid. 

B.  digastriei  anterior  (RosenmuUer)  (Fig.  535).  Where 
the  tendon  of  the  digastric  passes  through  the  fascia  bind- 
ing it  to  the  hyoid  bone,  or  through  the  stylo-hyoid  mus- 
cIg. 

B.  stylo-hyoidea  (Fig.  535).  Under  the  insertion  of  the 
stylo-hyoid  and  the  hyoid  bone. 

B.  supra-hyoidea  (Verneuil).  Between  the  upper  sur- 
face of  the  hyoid  bone  and  the  genio-hyo-glossi.     Rare. 

B.  mhhymdea  (Fig.  535).  Between  the  hyoid  bone  + 
combined  insertion  of  sterno-hyoid,  omo-hyoid,  and  stylo- 
hyoid muscles,  and  the  thyro-hyoid  membrane.  Larger 
in  men  than  in  women.     Often  called  Boyer's  bursa. 

B.  st&rno-hyoidei  (RosenmuUer).  Between  the  insertion 
of  the  sterno-hyoid  and  the  hyoid  bone.'* 

B.  prmihyrmdea  (Fig.  535).  Between  the  skin  and  the 
upper  part  of  the  thyroid  cartilage  in  old  subjects.  Often 
wanting. 
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B.  thyroidea  lateralis  (Grubcr  ")  (Fig.  535).  Between 
the  inferior  constrictor  and.  the  greater  cornu  of  the  thy- 
roid cartilage.     Found  in  5  cases  out  of  50. 

B.  cHco-thyro-thyroidea  (Calori  ")  (Fig.  535).  Between 
the  lateral  lobes  of  the  thyroid  body  and  the  crico-thyroid. 

B.  thyro-traehealis  (Calori)  (Fig.  535).  Between  the 
isthmus  of  the  thyroid  body  and  the  trachea.  Usually 
single  and  median  ;  there  may  be  one  on  either  side.  Most 
common  when  the  pyramid  of  the  thyroid  body  is  well 
developed,  especially  when  it  is  attached  to  the  hyoid  bone. 

B.  musculi  ihyroidei.  Between  the  levator  thyroidei, 
when  that  muscle  is  present,  and  the  thyroid  body. 
Calori  figures  one  in  a  case  of  goitre. 

B.  omo-hyoidei.  Between  the  sterno-mastoid  and  the 
middle  tendon  of  the  omo-hyold.  Mentioned  by  Nan- 
crede,  but  not  generally  noticed  by  authors. 

B.  aortico-tracheales  (Calori).  Between  the  aorta  and  the 
trachea.  A  large  one  extends  from  the  origin  of  the  in- 
nominate  to  the  left  carotid,  and  from  the  upper  border 
of  the  arch  to  tlie  bifurcation  of  the  trachea.  A  second 
one  is  described  as  posterior  to  this,  also  a  small  one 
which  extends  between  the  left  carotid  and  the  trachea. 
Some  one  of  these  was  found  in  13  out  of  40  examina- 
tions. If  the  pericardium  extends  upward,  the  large 
aortico-tracheal  bursa  Is  small. 

B.  vertebrm  prominentis.  Between  the  skin  and  the 
spinous  process  of  the  seventh  cervical  vertebra.  Nan- 
crede  states  that  this  is  quite  large,  and  may  ihflame  from 
pressure  of  a  heavy  overcoat.  i 

Trunk.  — B.  subclavia  (Rosenmiiller).  Within  the 
fibres  of  the  rhomboid  ligament."  Not  constant.  May 
simulate  a  costo-clavicular  articulation,  of  which,  indeed, 
it  seems  to  be  the  beginning. 

B.  submammaria.  Between  the  mammary  gland  and 
the  pectoralis  major.  Rare,  but  interesting,  as  it  may  be 
involved  in  a  case  of  mammary  abscess. 

B.  anguli-stemi.  Subcutaneous  over  the  angle  between 
the  first  and  second  pieces  of  the  sternum.  In  carpenters 
and  cabinetmakers. 

B:  hyper-xiphoidea.  Subcutaneous  over  xiphoid  car- 
tilage.    Usual  In  shoemakers  and  rachitic  children. 

B.  auprapubica.  Beneath  the  pubic  attachment  of  the 
rectus  abdominis.  Duval "  reports  that  inflammation  of 
this  has  been  known  to  occur  as  a  sequel  to  croupous 
pneumonia.  Not  mentioned  by  authorities  generally. 
Schreger  mentions  a  subcutaneous  bursa  at  the  side  of 
the  suspensory  ligament  of  the  penis. 

B.  costoB-primce.  Between  the  muscles  of  the  back  and 
the  tuberosity  of  the  first  rib.  Mentioned  by  Nancrede. 
It  is  probably  rare,  as  the  principal  authorities  omit  it. 

B.  saeralis  (Luschka).  Over  spinous  process  of  fourth 
or  fifth  sacral  vertebra,  or  over  the  articulation  of  the 
sacrum  and  coccyx.     Usual  in  old  subjects. 

B.  coceygea  (Luschka).  Between  tip  of  coccyx  and 
sphincter  ani.     Common." 

B.  phrenico-hepatica  anterior  (Von  Brunn  ").  Between 
the  left  lateral  ligament  of  the  liver  and  the  under  surface 
of  the  diaphragm  in  front.  Found  in  31  cases  out  of  64. 
Its  enlargement  might  simulate  a  diaphragmatic  hernia. 

B.  pTirenico-hepatica  posterior  (Von  Brunn).  Between 
the  same  structures  behind.     Pound  in  3  cases  out  of  64. 

Shoulder. — B.  trapezii.  Between  the  aponeurotic 
part  of  the  trapezius  and  the  base  of  scapular  spine 
(A  times  in  12,  Synnestvedt). 

B.  latisaimi  dorsi.  Between  the  latissimus  dorsi  and  the 
inferior  angle  of  the  scapula.  Recent  observers  (Henle, 
lleineke,  Synnestvedt)  do  not  find  this. 

B.  spina  scapula  ; 

B.  supracromialis.  These  are  subcutaneous,  found 
in  those  who  carry  burdens. 

B.  infra-scapularis.  Between  the  inferior  angle  of  the 
scapula  and  the  chest-wall.  Usually  between  subscap- 
ularis  and  serratus  magnus.  May  be  of  considerable  size, 
and  by  crepitation,  when  inflamed,  simulate  crepitant 
rules  or  pleuritic  fremitus." 

B.  subdelioidea  (Fig.  536).  Between  the  under  surface 
of  the  acromion  +  structures  arising  therefrom  (lateral 
portion  of  coraco-acromial  ligament,  deltoid  muscle)  and 
the  capsular  ligament  of  the  shoulder- joint."    Constant. 


Many  authors  describe  the  upjier  part  of  this  bursa  sepa. 
rately  as  B.  subacromialis.  This  portion  may  be  separate, 
but  it  usually  communicates,  and  the  whole  should  be  con'- 
sidered  as  a  single  large  multilocular  bursa.  Rarely  com- 
municates with  the  joint.  Its  inflammation  may  simulate 
dislocation  of  the  biceps  tendon  (Nancrede). 

B.  cfyraco-brachialis  (Monro).  Between  the  lateral  part 
of  the  subscapularis  and  the  short  head  of  the  biceps  -t- 
coraco-brachialis.  Sometimes  communicates  freely  with 
B.  subdeltoidea.     Also  known  as  B.  subcoracoidea. 

B.  coraco-brachiaUs  miliar  (Gruber).  Under  a  rare 
muscle,  which  arises  from  the  anterior  and  internal  part 
of  the  coracoid  process. 

B.  fossm  infraclavicularis  (Gruber)  (Fig.  536).  Between 
two  layers  of  the  coraco-clavicular  fascia  (costo-coracoid 
membrane).  In  front  of  the  coracoid  process.  Frequent 
(1  in  3),  more  common  in  women. 

B.  eoraco-damcularis  media  (Gruber)  (Fig.  536).  Be- 
tween the  conoid  and  the  trapezoid  ligaments.  Frequent 
(1  in  2).     May  simulate  a  coraco-clavicular  articulation. 

B.  coraco-clavieularis  lateralis  (Gruber)  (Fig.  536).  Be- 
tween the  coracoid  process  and  the  trapezoid  ligament. 
Occasional  (1  in  5). 

B.  subtendinea  pectoralis  minoris.  Under  insertion  of 
pectoralis  minor.     Rare  (1  in  30  or  40,  Gruber). 


B.  coraco-clav.  media. . 
B.  coraco-clav.  lateralis 

B.  Bubficapularis 

B.  subcoracoidea 

B.  supracromialis 

B.  subdeltoidea 

B.  iutertubcrcnlaris.' 

B.  subt.  teret, 
maj. 


B.  subt.  latiss. 
dorsi. 


Tie.  B36.— The  Principal  Bursse  about  the  Shoulder. 


B.  iMginaiis  pectoralis  minoris  (Gruber)  (Pig.  536). 
Around  tendon  of  pectoralis  minor.     Rare  (1  in  10). 

B.  subscapulars  (Pig.  536).  Between  the  subscapu- 
laris and  the  neck  of  the  scapula.  Constant.  It  always 
communicates  with  the  joint,  and  may  properly  be  con- 
sidered as  a  diverticulum  of  the  capsule. 

B.  siibcoracoidea  (Gruber)  (Fig.  536).  Between  the 
upper  edge  of  the  subscapularis  and  the  B.  subscapu- 
laris." Pound  10  out  of  12  times  (Synnestvedt) ;  in  two 
of  these  cases  it  communicated  with  B.  subscapularis. 

B.  subtendinea  subscapularis  (Synnestvedt).  Between 
the  tendon  of  the  subscapularis  and  the  capsule  (2  times 
in  18). 

B.  intertubercularis  (Henle")  (Fig.  536).  Surround- 
ing the  tendon  of  the  long  head  of  the  biceps  in  the  groove 
of  the  humerus.  Constant.  Always  communicates  with 
joint  cavity,  and  should  be  considered  as  a  diverticulum 
of  the  capsule. 

B.  infraspinata  (Rosenmuller).  Between  upper  edge 
of  infraspinatus  and  scapular  spine  (2  in  3,  Synnestvedt). 

B.  subtendinea  infraspinata.  Between  tendon  of  infra- 
spinatus and  capsule  (4  in  14,  Synnestvedt). 

B.  subtendinea  ieretis  minoris  (Gruber).  Under  the  ten- 
don of  the  teres  minor.     Rare. 

B.  subtendinea  teretis  nuyoris  (Pig.  536).  Between  the 
tendon  of  insertion  of  the  teres  major  and  the  latissimus 
dorsi.     Constant. 
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B.  mbtendinea  latissimi  dorsi  (Fig.  536).  Between  the 
tendon  of  the  latissimus  dorsi  and  the  humerus. 

B.  aubtendinea  pectoraiis  majoris.  Between  tendon  of 
pectoralis  major  and  B.  intertubercularis  +  tendon  of  la- 
tissimus dorsi  (4  in  12,  Synnestvedt). 

B.  intermuacularis  pectoralis  mc0oris(8janestyedt).   Be- 
tween the  clavicular  and  thoracic  portions  of  {he  muscle. 
Elbow. — B.  radio-bicipitalis  (Rosenmuller).     Between 
the  tendon  of  the  biceps  and  the  inner  surface  of  the  ra- 
dius.    Constant,  often  double. 

B.  ulno-radiaZis  (Jancke).  Between  the  tendon  of  the 
biceps  +  radial  tuberosity  and  outer  surface  of  ulna  -t- 
muscles  of  that  region.  Of  considerable  size.  Frequent 
(1  in  4,  Gruber  ;  3  in  6,  Synnestvedt). 

B.  nibtendinea  bracJiialis  ardici.  Between  the  tendon 
of  insertion  of  the  brachialis  anticus  and  the  coronoid  pro- 
cess. Rare.  The  older  anatomists  (Fourcroy,  Jancke, 
Koch)  describe  a  bursa  between  the  brachialis  anticus  and 
the  interosseous  ligament. 

B.  flexoris  digitorum  sublimis  (Gruber).  In  the  tendon 
of  origin  of  the  flexor  sublimis,  or  between  it  and  the  pro- 
nator radii  teres.     Very  rare  (1  in  200). 

B.  palmaris  longi.  Between  the  origin  of  the  muscle 
and  the  joint  capsule.     Very  rare. 

B.  subcuianea  oUcrani  (Camper).  Between  the  skin 
and  the  periosteum  of  the  olecranon.    Constant  in  adults. 

B.  aubtendinea  olecrani.  Above  the  olecranon,  and  in 
front  or  at  the  side  of  the  triceps  tendon.  Frequent  (3 
in  5) ;  constant  in  old  subjects. 

B.  intratendinea  olecrani.  Within  the  tendon  of  the 
triceps.     Quite  frequent  (7  in  12,  Synnestvedt). 

B.  Jiumero-iricipitalis.  Between  the  anterior  surface 
of  the  triceps  and  the  fat  covering  the  lower  end  of  the 
humerus.     Rare  (1  in  12,  Synnestvedt). 

B.  retro-epitroMearia.  Between  the  triceps  +  ulnar 
nerve  behind,  and  the  posterior  surface  of  the  internal 
condyle  -I-  median  surface  of  capsule  in  front.  Very 
rare.  ^ 

B.  anoonei  (Rosenmuller).  Between  the  anconeus  and 
the  capsule  (1  in  4  or  5).  May  communicate  with  B.  ex- 
tensoris  carpi  ulnaris  or  with  joint  (Henle). 

B.  epicondyli  (Schreger).  Between  the  skin  and  the 
external  condyle  of  the  humerus.     Rare  (1  in  60). 

B.  extenaoris  carpi  ulnaris  (Jancke).  Under  origin. 
May  extend  under  the  extensor  communis.  Frequent  (1 
in  3  or  4).  May-  communicate  with  the  joint  and  also 
with  B.  anconei. 

B.  exlensoris  carpi  radialis  brewris  (Monro).  Between 
the  common  origin  of  the  extensor  carpi  radialis  brevior 
+  the  extensor  communis  digitorum  and  the  head  of  the 
radius  (1  in  6  or  7). 

B.  epHroeMei  (Schreger).  Between  the  skin  and  the 
inner  condyle  of  the  humerus.    Rather  frequent  (1  in  5). 

Wrist  and  Hand. — B.  ulnaris  aubcutanea.  Over  sty- 
loid process  of  ulna.  Not  constant  (3  in  11,  Synnest- 
vedt). 

B.  radialis  subcutanea.  Over  styloid  process  of  radius. 
Rather  rare. 

B.  doraalis  carpiea  siibcutanea.  Schreger  found  this  in 
2  cases. 

B.  vaginalis  exlensoris  carpi  ulna/ris  (Fig.  537).  A  small 
sheath.     Reaches  to  the  base  of  metacarpale  V. 

B.  V.  extenaoria  minimi  digiti  (Fig.  587).  A  small  and 
separate  sheath. 

B.  v.-  extenaorum  cormnunia  et  indicia  (Fig.  537).  Large. 
Extends  farther  toward  the  fingers  on  the  ulnar  side. 

B.  V.  extenaoria  longipollicia  (Fig.  537).  Runs  obliquely 
across  the  next. 

B.  «.  extensoncm  carpi  radialorum  (Fig.  537).  In  groove 
on  back  of  radius.     Single  above,  divides  below. 

B.  aubtendinea  extenaoria  carpi  radialis  longioria.  Under 
the  tendon  at  its  insertion  into  metacarpale  II.  (4  in  20, 
Synnestvedt). 

B.  aubtendinea  extenaoris  carpi  radialis  brevioris.  Under 
the  tendon  at  its  insertion  into  metacarpale  III.  (18  in  20, 
Synnestvedt). 

B.  vaginalis  abductoris  longi  et  extenaoi-is  brevia  pollicia 
(Fig.  537). — Surrounds  these  tendons  from  the  dorsal 
surface  of  the  radius  to  the  outer  edge  of  the  wrist. 


B.  aubtendinea  flexoris  carpi  ulna/ria  (Fig.  538).  Under 
the  tendon  at  its  insertion  into  pisiform  (6  in  30  Syn- 
nestvedt). 

B.  iendinosa  ulna/ris  (Michon)  (Fig.  538).  The  usual  ar- 
rangement of  this  extensive  sheath  is  to  surround  the 
tendons  of.  both  the  superficial  and  deep  flexors  as  they 
lie  in  the  wrist  and  palm,  sending  a  diverticulum  down- 
ward upon  the  tendons  of  the  little  finger.    Schfiller  '^ 


B.  v.'extens.  carpi')  ,_ 
ulnaris.  f 

Post,  annular  lig . . . .  - 


B.  V.  ext.  min.  dig..—. 


B.  V .  ext.  com- ) 
munis  et  indiclB. ) 


^^■,..B.  V.  ext.  longipollicia. 
B.  V.  ext.  carpi  radial- 


B.  V.  abd.  long,  et 
ext.  brev.  poUicis. 


Pio.  537. 

describes  this  bursa  as  double,  the  sheath  for  the  ten- 
dons of  digits  IV.  and  V.  being  separate  from  those  of 
digits  II.  and  III.  Holden  "  reports  a  case  in  which  this 
bursa  communicated  with  the  wrist-joint.  It  does  not 
usually  communicate  with  the  radial  bursa,"  but  many 
varieties  are  found.'' 

B.  vaginalis  flexoris  carpi  radiaiia  (Fig.  5d»).  In  the 
■grooveof  the  trapezium..  _        ,  ^ 

B.  tendinoea  radialia  (Miohon)  (Fig.  538).  Extends  from 
an  inch  above  the  anterior  annular  ligament  to  the  base 


B.  V.  flex,  carpi  radialis.  . . 
B.  tendinosa  radialis, 


B.v.  aexorampropriorum, 


B.   sabtend.   flex. 

carpi  ulnaris. 
.Ant.  annulnr  ligt. 


.  B.  tendinosa  ulnaris. 


of  the  second  phalanx  of  the  thumb,  upon  the  tendon  of 
the  flexor  longus  polllcis. 

Bb  doraalea  aubcutanecB.  Between  the  skin  and  the  ex- 
tensor tendons  on  the  ulnar  side  over  the  metacarpo-pha- 
langeal  joint  (Synnestvedt  found  them  in  digit  I.,  40  per 
cent. ;  digit  II.,  53  per  cent. ;  digits  III.,  and  IV.,  66  per 
cent.;  digit  v.,  27  per  cent.).  ^    ,     ,  .  .,  „ 

Bb  dm-saUs  aubUndinem.— Between  the  tendons  and  the 
capsules  of  the  metacarpo-phalangeal  joints.  Omte  con- 
stant.   Frequently  communicate  with  joint.     When  not 
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found  a  diverticulum  of  capsule  takes  the  place  (Theile, 
Synnestvedt). 

Bb.  mlares  ariiculi  meiacarpo-phalangei.  Between  the 
skin  +  subcutaneous  fat  and  the  flexor  tendon  with  its 
fibrous  sheath.  Found  by  Schreger  in  all  the  digits,  by 
Synnestvedt  only  in  digits  I.,  II. ,  and  III.;  most  fre- 
quent in  digit  III. 

Bb.  wlares  phalangis  pi'irrm.  Between  the  skin  and 
subcutaneous  tissue  and  the  flexor  tendon  with  its  sheath 
in  front  of  the  first  phalanx.  Found  by  Synnestvedt  in 
but  two  instances,  in  digit  II.,  and  digit  III. 

Bb.  vaginales  flexorum  propriorum  (Fig.  538).     Special 
sheaths  for  the  fiexor  tendons  of  digits  II.,  III.,  and  IV. 
Bb.  intermetacarpo-phalangea.     Between  the  heads  of 
metacarpales  II.,  III.,  IV.,  and  V. 

Bb.  interossea.  Between  the  tendons  of  the  interossel 
muscles  and  the  metacarpophalangeal  joints.  Gruber" 
finds  two  sets  of  these,  one  under  the  part  of  the  tendon 
that  extends  to  the  dorsal  aponeurosis,  the  other  under 
the  part  which  communicates  with  the  phalanx. 

B.  metacarpeaulnaris  (SynuestYedt).  Between  the  skin 
and  the  head  of  the  fifth  metacarpal.  Found  in  8  out  of 
15  cases. 

Bb.  phalangea  dmsales.  Over  the  articulations.  Quite 
constant  over  the  first  series  ;  less  so  over  the  second. 

Hip. — B.  iliaca  anterior.  Subcutaneous  over  the  an- 
terior superior  spine  of  the  ilium. 

B.  mbiliaca  (Hyrtl).  Under  the  tendon  of  the  ilio- 
psoas, covering  the  ilio-pectineal  tubercle,  the  anterior 
surface  of  the  pubes,  and  the  capsule  of  the  hip- joint. 
This  large  and  constant  bursa  is  sometimes  multilocular 
and  frequently  (6  in  14,  Synnestvedt)  communicates  with 
the  hip-joint. 

B.  aubtendinea  iliotci.  Between  the  tendon  of  insertion 
of  the  ilio-psoas  and  the  femur.     Not  constant. 

B.  mbtendinea  pectinei.  Between  the  insertion  of  the 
pectineus  and  the  femur  +  lowest  fascicles  of  the  iliacus. 
Frequent  (8  in  14,  Synnestvedt). 

B.  troehanterica  auperficialia.  Subcutaneous  over  the 
trochanter  major.  Usually  small,  but  sometimes  multi- 
locular.   Rather  frequent  (4  in  13,  Synnestvedt). 

B.  troehanterica  profunda.  Between  the  tendon  of  tha 
gluteus  maximus  and  the  posterior  and  external  portions 
of  the  great  trochanter.  Large  and  constant ;  frequently 
multilocular. 

Eb.  gluteo-femorales.     One  or  more  between  the  tendon 
of  the  gluteus  maximus  and  the  femur.     Quite  constant. 
B.  gluteo-faseialis.    Between  the  tendon  of  the  gluteus 
maximus  and  the  origin  of  the  vastus  internus.     Con- 
stant. 

5.  glutei  medii  anterioi:  Between  the  anterior  portion 
of  the  tendon  of  the  gluteus  medius  and  the  great  tro- 
chanter.    Nearly  constant  (13  in  15,  Synnestvedt). 

B.  glutei  medii  posterior.  Between  the  posterior  por- 
tion of  the  tendon  of  the  gluteus  medius  and  the  pyri- 
formis.     Usual  (10  in  15,  Synnestvedt). 

B.  glutei  minimi.  Between  the  gluteus  minimus  and 
the  anterior  surface  of  the  great  trochanter.  Large  and 
nearly  constant  (14  in  15,  Synnestvedt). 

B.  mpra^acetabularia.     Between  the  reflected  tendon  of 
the  rectus  and  the  upper  edge  of  the  acetabulum  (5  in  16 
Synnestvedt). 

B.  pyriformis.  Under  the  distal  insertion  of  the  mus- 
cle.    Infrequent  (3  in  13,  Synnestvedt). 

B.  gemellornm  (Synnestvedt).  Between  the  gemelli  and 
the  joint  capsule.  Found  once  only.  It  communicated 
with  B.  circumflexa. 

B.  ovalis  obturatoris  int&mi.  Between  the  tendon  of 
the  obturator  and  the  gemelli.  Rather  frequent  (5  in  13, 
Synnestvedt).  Communicates  sometimes  with  B.  circum- 
flexa. 

B.  circumflexa  obturatoris  interni.  Between  the  mus- 
cle and  the  lesser  sciatic  notch. 

B.  suhtendinea  obturatoris  interni.  Between  the  tendon 
and  the  capsule  of  the  hip- joint.  Rare.  May  communi- 
cate with  last  (Quain). 

B.  obturatoris  externi  (Synnestvedt).  Between  the  ob- 
turator externus  and  the  joint  capsule.  Infrequent  (3  in 
18). 
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B.  quadrati  femxyris.  Between  the  quadratus  femoria 
and  the  trochanter  minor  +  tendon  of  ilio-psoas.  Con- 
stant. 

B.  subcutanea  tuberis  ischii.  This  is  described  by  some 
(Hyrtl,  Nelaton)  as  directly  under  the  skin  over  the  tu- 
berosity of  the  ischium.  It  is  probably  rare.  The  three 
following  are  often  mistaken  for  it : 

B.  musculi  glutei  in  tubere  ischii.  Between  the  lower 
border  of  the  gluteus  maximus  and  the  tuberosity  of  the 
ischium  (5  in  12,  Synnestvedt). 

B.  aemitendinoso-bicipitalis  in  tubere  ischii.  Between 
the  tendon  of  the  united  semitendinosus  and  biceps  and 
the  tuberosity.     Constant. 

Bb.  semi-membmnoscE  in  tubere  ischii.  Two  of  these  are 
found  between  the  tendon  of  the  semimembranosus  and 
the  quadratus  femoris.  One  is  quite  constant  (9  in  13), 
the  other  infrequent  (3  in  13,  Synnestvedt). 

B.  iliaca  posterior.  Subcutaneous  over  the  posterior 
superior  spine  of  the  ilium. 

Knee. — B.  eondyliinterni ; 

B.  condyli  externi.  Subcutaneous  bursse  over  the  pro- 
jecting condyles  (Figs.  539  and  540). 

B.  prcepatella/ris  sruhcutanea  (Fig.  539).  In  the  subcu- 
taneous connective-tissue  in  front  of  the  patella.  This  is 
quite  common  (18  in  30,  Synnestvedt ;  165  in  400,  Gniber), 


B.  eubcruralis. 

B.  condyli  exl^rni 

B.  prsepatellaris   sub- ) 
cutanea.  ( 

B.  subpatellaris 

B.  prsetibialia 


..B.  condyli  IntemL 


j  B.    gaatrocnemi- 
1      alls  interna. 

B.  tibialis  interna. 


Fio.  639.— The  Principal  Barssa  in  Front  of  the  Knee. 


and  is  usually  confounded  with  the  next.  It  may  be  of 
considerable  size. 

B.  prapatellaris  subfascialis.  Between  the  fascia  in  front 
of  the  patella  and  the  aponeurosis  of  the  extensors.  Not 
so  frequent  (9  in  20,  Synnestvedt ;  33  in  400,  Gruber). 

B.  prmpatellaris  subaponeurotica.  Between  the  apo- 
neurosis and  the  anterior  surface  of  the  patella.  Found 
in  9  out  of  20,  Synnestvedt ;  23  in  400,  Gruber  ;  10  out  of 
12,  Schreger.  This  division  of  the  prsepatellar  bursse  is 
that  of  Gruber.  The  three  here  described  rarely  co- 
exist, and  when  they  do,  they  usually  communicate. 

B.  subcruralis  (Fig.  539).  Between  the  tendon  of  the 
extensor  quadriceps  and  the  lower  part  of  the  anterior 
surface  of  the  femur  above  the  patella.  This  is  always 
present,  and  invariably  communicates  with  the  joint,  ex- 
cept occasionally  in  very  young  children. 

B.  intcrmuscularis  extensoris  cruris.  Between  the  ten- 
dons of  rectus  and  the  crurseus.  About  an  inch  above 
the  patella.     Rare  (2  in  55,  Synnestvedt). 

B.  patellaris  lateralis  extei-na.  Between  lateral  expan- 
sions of  the  tendons  of  the  quadriceps  femoris  and  the 
patella.     Rare. 

B.  patellai'is  lateralis  interna.  In  a  similar  situation  on 
the  inner  side.  Synnestvedt  mentions  two  varieties,  one 
superficial  and  one  deeper. 

B.  prmligamentosa.  Between  the  fascia  and  the  liga- 
mentum  patellao.     (Found  by  Synnestvedt  in  6  out  of  15.) 

B.  prmlibialis  (Fig.  539).  Between  the  fascia  and  the 
tuberosity  of  the  tibia.     Usual  in  old  subjects 

B.  subpatellaris  (Fig.  539).  Between  the  ligamentum 
patellse  and  the  anterior  surface  of  the  tibia.    Constant 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Bnrsie. 
Bursse. 


gnd  large.  May  occasionally  communicate  with  the 
joint,  though  Synnestvedt  has  never  seen  this,  and  thinks 
the  reported  cases  erroneous. 

B.  subtendi/iea  sartorii.  Between  the  tendon  of  the 
sartorius  and  the  internal  condyle  of  the  femur.  Rather 
rare  (3  in  15,  Synnestvedt). 

B.  sub  Ugamento  interna  (Synnestvedt).  Between  the 
internal  lateral  ligament  and  the  capsule  (11  out  of  31). 

B.  tibialis  interna  (Fig.  539).  Between  the  expansion  of 
the  lower  internal  ham-string  tendons  (semitendinosus, 
gracilis,  sartorius),  and  the  long  internal  lateral'  lig- 
ament.''^  Constant.  It  occasionally  blends  with  B.  gas- 
trocnemialis  interna,  and  through  that  communicates  with 
the  joint. 

B.  tibialis  subeutanea  (Schreger).  Subcutaneous  over 
upper  end  of  tibia.     Not  found  by  Gruber  or  Synnestvedt. 

B.  tendinis  poplitea.  Between  the  external  lateral  liga- 
ment and  the  tendon  of  the  popliteus.  Not  constant 
(5  in  16,  Synnestvedt).  Occasionally  communicates  with 
joint. 

B.  tendinis  bicipitis  (Fig.  540).  Between  the  external 
lateral  ligament  and  the  tendon  of  the  biceps.  Nearly 
constant  (31  in  36,  Synnestvedt ;  191  in  300,  Gruber).  It 
occasionally  communicates  with  the  joint.  The  external 
popiteal  nerve  is  in  relation  to  it. 

B.  subtendinea  tensoris  fascim  laice  (Synnestvedt).  Be- 
tween the  llio-tibial  band  and  the  capsule.  Found  in  3  out 
of  19,  once  communicating  with  joint. 

B.  Jibularis  subeutanea  (Schreger).  Subcutaneous  over 
upper  end  of  fibula.  Not  found  by  Gruber  or  Synnest- 
vedt. 

B.  supracondyloidea  interna  (Fig.  540).     Between  the 


B.  Bnprftcondyloidea  int. 
B.  coadyli  inteml 

B.  gastrocnemialis  int. . , 
B.  semimembranosa 


(  B.  condyli  ex- 

terni. 

^  j  B.  tendinis  bi- 

t        cipitis. 
>B.  poplitea. 


Fio.  540.— The  Principal  Bnrsse  behind  the  Knee. 

inner  tendon  of  the  gastrocnemius  and  the  femur. 
Nearly  constant.     May  communicate  vnth  joint. 

B.  gasirocnemialis  interna  (Figs.  539  and  540).  Between 
the  inner  head  of  the  gastrocnemius  and  the  semimembra- 
nosus. It  is  behind  the  internal  condyle  and  over  the 
neighboring  capsule.  Large  and  constant.  Sometimes 
multilocular.  In  adults  it  usually  communicates  with 
the  joint.  Synnestvedt  describes  the  lower  part  of  this 
as  a  separate  bursa,  under  the  name  of  B.  semimembranosa- 
gastroenemialis. 

B.  semimembranosa  (Fig.  540).  Between  the  expansion 
of  the  semimembranosus  tendon  and  the  inner  condyle 
of  the  tibia.    Usually  closed.    Constant. 

B.  gastroenemialis  externa.  Between  the  external  head 
of  the  gastrocnemius  and  the  capsule.     Rare. 

B.  bicipito-gasirocnemialis.  In  the  popliteal  groove  be- 
tween the  prominence  of  the  sesamoid  bone  in  the  head 
of  the  gastrocnemius  and  the  biceps  tendon.    Very  rare. 

B.  poplitea  (Fig.  540).  Between  the  popliteus  and  the 
joint  capsule  +  external  tuberosity  of  tibia.  This  always 
communicates  with  the  joint,  and  is  properly  a  diverti- 
culum of  the  capsule,  occasionally  (1  in  10,  Lenoir)  it  also 
communicates  with  the  cavity  of  the  superior  tibio-flbular 
articulation. 


Ankle  and  Foot.— S.  malleoli  externa; 

B.  malleoli  interna.  Subcutaneous  over  the  malleoli. 
Not  constant.     External  more  frequent. 

B.  vaginalis  extensoris  longi  digitorum  ; 

B.  ®.  extensoris  longi  liaUueis  ; 

B.  V.  tibialis  aniici  (Fig.  541).  Around  the  tendons  of 
these  muscles.    Not  infrequently  the  sheath  of  the  ex- 


B.  V.  tibialis  antici 

B.  V.  ext.  longi  hallucis. . . 
B.  V.  ext.  longi  digitorum 


B.  subtendinea  tibialis  antici 
B.  subtendinea  peronei  tertii, 


B.  V.  anterior  ext.  long, 
hallucis. 


B.  V.  flex.  long,  digitorum j 

B.  V.  tibialis  postici. 
Internal  annular  lig^t . 


Fia.  641. — Synovial  Sheaths  on  Back  of  Ankle  and  Foot. 

tensors  extends  somewhat  higher  up  than  is  shown  in  the 
figure. 

B.  sinus  ta/rsi  (Gruber).  Between  the  fascia  which  binds 
down  the  extensor  longus  digitorum  and  the  head  of  the 
astragalus.  Quite  frequent  (5  in  13,  Synnestvedt;  97  in 
174,  Gruber).     May  communicate  with  joint. 

Bb.  sub  musculo  pedimo.  Under  the  extensor  hrevis 
digitorum.     Usually  two.     Found  by  Synnestvedt  3  in  16. 

B.  tarsiea  svicutanea  (Schreger).  On  dorsal  surface  of 
foot. 

B.  vaginalis  tibialis  postiei  (Pig.  543).  Surrounds  the 
tendon  as  it  lies  back  of  the  internal  malleolus, 

B.  V,  flexoris  longi  digitorum  ; 

B.  V.  flexoris  longi  hallucis  (Fig.  543).     Surround  the 
tendons     behind 
the  internal  mal- 
leolus and  extend  Tibia  . 
into  the  sole. 

B.  pastcaleanea 
superficialis.  Be- 
tween the  tendon 
and  the  deep  fas- 
cia. Not  constant. 

B.  pastcaleanea 
profunda  (Fig. 
543).  Between  the 
tendon  and  the 
posterior  surface 
of  the  calcaneum. 
Constant.  Has 
cartilage  on  two 
of  its  walls,  viz., 
over  the  bone,  and  a  thin  layer  coating  the  antenor  sur- 
face of  the  tendon. 

B.  subcalcanea  (Lenoir").  Between  the  inferior  sur- 
face of  the  calcaneum  and  the  plantar  fascia.     Constant. 

B.  subtendinea  tibialis  antici  (Fig.  541).  Under  the  ten- 
don at  its  insertion  upon  cuneiforme  I.  (5  in  12,  Synnest- 
vedt). 

Bb  abducioris  minimi  digiti  (Synnestvedt),  One  be- 
tween the  abductor  and  the  sesamoid  bone  of  the  peroneus 
longus  ;  another  between  the  muscle  and  the  tuberosity 
of  metacarpale  V.     Rare. 

B.  subtendinea  peronei  tertii  (Hyrtl)  (Fig.  541).  Under 
the  tendon  at  its  insertion  upon  head  of  metacarpale  V. 

Not  constant.  .  ,   „     .      -^  ^  .u 

B.  subtendinea  extensoi-is  longi  hallucis.    Between  the 
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B.  V.  flex.  long.  hall. 

B.  postcalcanea  profunda . : 

Fid.  548.— Synovial  Sheaths  of  Inner  Side  of 
Foot, 


Barsffi. 

Cacao,  Batter  of. 
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tendon  and  the  head  of  metacarpale  I.     Small  and  rather 

B.  vaginalis  anterior  extensoris  longi  JwUucis  (Fig.  541). 
Over  metatarso-phalangeal  joint  I.    About  one  inch  long. 

B.  V.  peronei.  Sheathes  the  peroneal  tendons  behind  the 
external  malleolus.  Single  in  the  middle,  it  divides  above 
and  below. 

Bb.  dorsales  subcutanem.  Several  of  these  are  described 
by  Schreger  and  Synnestvedt.  One  over  cuneif orme  I. , 
one  over  head  of  metacarpale  I.,  and  occasionally  over 
other  projections. 

Bb.  dorsales  subtendinem  (Synnestvedt).  These  occur  in 
similar  situations  as  those  of  the  hand,  and  agree  with 
them  in  form  and  size. 

B.  i}aginalis  peronei  longi.  Sheathes  the  tendon  as  it  lies 
in  the  groove  of  the  cuboid.  A  small  bursa  is  sometimes 
found  under  the  tendon  where  it  turns  around  the  outer 
side  of  the  cuboid,  and  another  under  its  insertion  upon 
metatarsale  I. 

Bb.  planiaris  metatarsp-phalangei  (Schreger).  These 
occur  at  the  articulations. 

B.  planiaris  in  capitulo  ossis  metatarsi  I.  (Lenoir) ; 

B.  plantaris  in  capitulo  ossis  metatarsi  V.  (Lenoir). 
These  are  well-known  bursse  between  the  skin  and  the 
points  of  greatest  pressure. 

Bb.  intermetatarso-phalangem.  These  are  usually  found 
in  old  subjects,  between  the  toes,  in  the  region  of  the 
metatarso-phalangeal  joints.  The  three  inner  are  most 
constant  (No.  1,  95  per  cent.  ;  No.  2,  98  per  cent.  ;  No. 
3,  95  per  cent.  ;  No.  4,  28  per  cent.,  Uruber).  Occasion- 
ally communicate  with  joints. 

Bb.  interossea.  Between  the  interossei  and  the  meta- 
tarso-phalangeal joint.     Rarely  communicate. 

Bb.  lumbricalium.  Under  the  lumbricales  and  laterally 
to  them.     Rare. 

B.  abduetoris  minimi  digiti.  Between  the  abductor  of 
the  little  toe  and  the  head  of  metatarsale  V.  Rare  (1  in 
14,  Synnestvedt). 

Bb.  phalangea  dorsales  (Schreger).  These  are  not  so 
constant  as  those  of  the  hand. 

Besides  the  general  treatises  on  anatomy,  and  the  pub- 
lications cited  in  the  foot-notes,  the  foUowmg  works  have 
been  specially  consulted  in  the  preparation  of  this  article  : 

Monro,  A.  :  A  DeBCripMon  of  all  the  Bursce  Mucosae  of  the  Human  Body. 

Edinb.,  1788. 
Rosenmttller,  J.  C.  :  Alex.   Monrol  icon,  et  descr.   burs,  mucos.  corp, 

hum.    Lipsise,  ITOfl.    Thin  is  far  more  valuable  than  the  original  work 

of  Monro,  being  considerably  enlarged  and  improved. 
Schreger :  De  bnrsis  subcutaneis.    Erlangen,  1825. 
Gruber,  W. ;  Die  neue  Bursa  mucosa  sinus  tarsi.  Bull,  phys,  math,  de 

St.  Petersbourg,  torn,  xv.,  No.  1,  1866. 
Gruber,  W.  :  Die  Bursse  mucosa  prsepatellares,  Bull.  phys.  math,  de 

St.  Petersbourg,  Nos.  10  and  11,  1857. 
Gruber,  W.  :  Die  Knieschleimbeutel,  elne  monographie.    Prag,  1857. 
Gruber,  W. :  Die  Bursse  mucosee  der  Spatia  intermetacarpo-phalangea  et 

intermctatarso-phalangea.    M6m.  des.  Sav.  etrang.  de  St.  Petersbourg, 

tom.  viii.,  1868. 
Gruber,  W. :    Die  Oberschulterhakenschleimbeutel,  eine  monographic, 

M6m.  de  I'Acad,  Imp.  des  Sciences  de  St.  Petersbourg,  ser.  vii.,  tom. 

iii.,  No.  11. 
Gruber,  W.  :  Die  Bursas  mucosa  cubltales,  eine  monographie,  MSm.  de 

I'Acad.  Imp,  des  Sciences  de  St.  Petersbourg,  1866,  ser,  vii.,  tom.  x.. 

No.  7.  .  .  .  . 

Todd,  J. :  Cyclopaedia  of  Anatomy  and  Physiology,  article  Bursa. 

S^e,  M. :    Dictionnaire  encyclop6diquo  des  sciences  m6dicales,  article 

Bourrtes  sereusea.    Paris,  1867. 
Heineke,  W. :  Auatomie  und  Pathologic  der  Schlelmbeutel  und  Sehnen- 

Bcheidcn.    Erlangen,  1868. 
Synnestvedt,  A.  S.  D. :  En  anatomisk  beskrivelse  af  de  paa  over-og  un- 

derextremlteterne  forekommende  Bursas  mucosae.     Ghristiania,  1869. 
Nancrede,  O.  B. :  Injuries  and  Diseases  of  Bursse,  in  the  Int.  Encycl.  of 

Surgery,  vol.  ii,,  pp.  691-733. 

Vrank  Baker. 

'  See  White :  American  Journal  of  the  Medical  Sciences,  January,  1834. 

=  Mem.  de  I'Acad.  de  Mid.  Paris,  xvi.,  891 ;  cf.  Oomil  and  Banvier, 
Manuel  d'Histologie  Fathologique,  2d  ed.,  i.,  354. 

=  Hyrtl :  Oest.  Zeitsch.  f.  pract.  Heilk.,  vii.,  47,  ISfil. 

•  Eodrigucs :  Annal.  d'Ocnl.,  Juillet,  1845, 

6  Topogr.  Anntomie,  7  AuH.,  i.,  225.  »  Op.  oit.,  i.,  416. 

■>  Op.  cit.,  i.,  ae?.  e  Haser's  Report,  ii.,  6,  1841. 

'  Sappey  ;  Anat.  Descriptive,  2d  ed.,  iv„  67. 

'"  Tillaux  :  Anatomic  Topographique,  3d  ed.,  320.  Of.  0.  0.  Weber  in 
Virchow's  Archiv.  vi.,  511,  Berlin,  1854. 

"  Richet:  Anat.  Medlco-Chirurg.,  3d  ed.,  393. 

"  Luschka  :  Anat.  des  menschl.  Raises,  140. 

"  Archiv  fttr  Anat.  u.  Physiol.,  Leipzig,  1875,  590. 

"  Mem.  della  Acad,  di  Bologna,  ser.  3,  1874,  v.,  335. 

'»  Henle :  Biinderlehre,  2  Aufl.,  68. 


^^  Gazette  des  H6pitaux,  Mai,  1854,  .p.  260.  Nancrede  cites  this  with 
approval. 

1'  Luschka:  Anat.  des  menschl.  Beckens,  Tiibingen.  1864,  p.  28. 

>«  Zeitsch.  f.  Anat.  und  Entw.,  vol.  i.,  206.    1875-76. 

i»  Terrillon  :  Arch.  g6n.  de  med..  Par.,  1874,  ii.,  385-403 ;  also  iHi 
1877,  ser.  6,  XXX..  20-32.  ""  Cf.  Henle:  Banderlehre,  2  Aufl.,  64.    ' 

21  Henle :  Muskellehre,  8  Aufl.,  182.         =2  Banderlehre,  2  Aufl.,  75. 

!s  Deutsche  Med.  Wochensohr.,  1878. 

24  Manual  of  Dissection  of  the  Human  Body,  5th  ed.,  388. 

26  Tillaux :  Anatomic  Topographique,  3d  ed.,  568. 

so'See  Sappey:  Anat.  Descr..  ii.,  3.34. 

2'  Die  Bursas  mucosae  der  Spatia  intermetacarpo-phalangea.  St.  Peters- 
burg. 1859.  »»  Henle  :  Banderlehre,  152;  MnskeUehre,  284. 

2^'Recherches  sur  les  Bourses  muqueuses  sonsrcutan^es  de  la  planLe  du 
pied,  etc.    Presse  medicale,  Paris,  1837,  i.,  49-5& 

BUTTER  (Beurre,  Codex  Med.).  Butter  is  admitted 
into  the  French  Pharmacopoeia  as  one  of  the  ingredients 
of  its  EmplAtre  brun,  in  which  it  is  mixed  with  olive  oil, 
lard,  yellow  wax,  mutton  tallow,  pitch,  and  litharge  (!). 
Sweet,  recently  prepared  butter  makes  a  very  agreeable 
and  soothing  ointment,  but  it  becomes  so  quickly  rancid 
and  irritating  that  it  is  hardly  useful,  excepting  as  an 
extempore  makeshift.  Of  course,  only  unsalted  butter  is 
suitable  for  such  purposes.     (See  Labd.)     W.  P.  Bolles. 


BUTTERNUT  (Juglans,  U.  S.  Ph.),  Juglans  cinerea 
Linn. ;  Order,  Juglandece.  The  Butternut  is  a  medium- 
sized  tree,  with  short,  freely  branching  trunk,  and  a  light 
foliage  of  pinnate  leaves.  The  flowers  are  monoecious 
the  staminate,  in  lateral  drooping  catkins,  have  an  irreg- 
ularly five-  or  six-lobed  perianth  (involucre),  and  numer- 
ous stamens ;  the  pistillate  ones  are  few  together,  in 
terminal  clusters,  with  a  four-lobed  perianth  (involu- 
ci'e)  adherent  to  the  ovary.  The  latter  is  one-celled,  one- 
seeded.  Fruit  an  oval,  pointed  drupe ;  the  outer  part, 
in  drying,  breaks  irregularly  away  from  the  very  rough, 
dark-brown,  oblong  stone,  which  is  the  familiar  butter- 
nut. It  is  a  widely  distributed  tree,  growing  in  the  mid- 
dle latitudes  of  North  America,  furnishing,  a  useful  cab- 
inet wood,  edible  fruit,  and  a  fair  dyeing  material. 

The  bark  of  the  root  is  oflBcinal.  It  is,  when  iirst  re- 
moved, white,  but  rapidly  becomes  yellow,  and  then 
brown,  upon  exposure.  It  should  be,  when  dried,  "in 
flat  or  curved  pieces,  from  an  eighth  to  a  quarter  of  an 
inch  (3  to  6  millimetres)  thick ;  the  outer  surface  nearly 
free  from  soft  cork ;  deep  brown  ;  the  inner  surface 
smooth  and  striate  ;  transverse  fracture  short,  delicately 
checkered,  whitish  and  brown ;  odor  feeble  ;  taste  bitter 
and  somewhat  acrid." 

The  analyses  of  Butternut  are  not  satisfactory.  Mr. 
Thiebaud  found  a  volatile  crystalline  acid  in  it,  which  he 
iia.\aeA.juglandic  acid.    It  is  presumably  the  same  as  the 

SelXo-w  juglon  found  by  Vogel  in  the  European  walnut. 
To  special  medicinal  principle  has  yet  been  separated  from 
it.  Tannin  is  said  not  to  be  present.  The  kernels  con- 
tain an  abundance  of  bland,  but  easily  rancifying  oil. 

AcTroN  AND  Use. — Butternut  is  a  mild  cathartic,  oper- 
ating, usually,  without  pain  or  irritation,  well  adapted  to 
continuous  administration,  and  worthy  more  frequent  use 
than  is  made  of  it.  Dose,  one  or  two  grams  (1-2  gm. 
=  gr.  XV.  ad  xxx.).  An  extract,  Extractum  Juglandis— 
dose,  three  to  six  decigrams  (0.8-4).  6=gr.  v.  ad  x.) — is  the 
only  preparation. 

Allied  Plants. — Juglans  regia  Linn.,  is  the  European 
walnut  (Noyer  commun,  Codex  Med.)  ;  its  leaves  are  the 
Folia  Juglandis  of  the  German  Pharmacopoeia ;  its  oil, 
the  walnut  oil  of  the  market.  The  rind  of  the  green 
fruits  is  collected  and  dried  for  a  stomachic  and  vermi- 
fuge. It  contains  the  juglon  (nucin)  above  mentioned. 
The  leaves  are  used  for  "scrofula,  rickets,"  etc. 

Juglans  nigra,  the  Black  Walnut,  has  probably  similar 
properties  to  those  of  Butternut. 

Allied  Drugs.— See  Rhubarb.  W.  P. 


BUTYL  CHLORAL  HYDRATE,  C.H.CUO.HsO.   This 

substance,  formerly  erroneously  styled  croton  chloral  hy- 
drate, was  introduced  into  medicine  in  1870  by  Liebreich, 
but  has  not  met  with  much  favor,  and  failed  to  secure 
official  recognition  in  the  revision  of  the  U.  8.  Pharma- 
copoeia of  1880.  Butyl  chloral  hydrate  is  in  the  form  of 
colorless  crystalline  scales,  of  an  odor  and  taste  reminding 
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of  ordinary  chloral  hydrate.  It  has  the  disadvantage, 
as  compared  with  the  latter  substance,  of  being  but  spar- 
ingly soluble  in  cold  water.  It  dissolves  freely  in  alco- 
hol, in  glycerin,  and  in  boiling  water. 

Butyl  chloral  hydrate  is  closely  allied,  chemically,  to 
ordinaiy  chloral  hydrate,  and  resembles  that  compound 
in  its  effects  upon  the  animal  system.  Its  only  recom- 
mendation to  medical  favor  lay  in  its  supposed  property 
of  being  peculiarly  anodyne  to  the  trigeminal  nerve  (Lieb- 
reich),  and  so  of  peculiar  promise  for  the  alleviation  of 
neuralgias  of  the  face  and  head ;  but  this  property  cer- 
tainly does  not  exist  to  any  marked  degree.  Practically, 
the  drug  is  only  a  comparatively  insoluble,  and  therefore 
inconvenient,  substitute  for  ordinary  chloral  hydrate.  It 
may  be  given  in  doses  ranging  from  0.30  to  3.00  Gm.  (five 
to  thirty  grains)  in  syrupy  mixture.       Edward  Curtis. 

CABBAGE,  RED  {Olum  Rouge,  Codex  Med.).  Red 
Cabbage  is  one  of  the  horticultural  varieties  of  the  com- 
mon cabbage,  Brassiea  oleracea  Linn.,  order  Cruciferoe, 
and  is  extensively  used  as  a  salad  or  pickle.  It  has 
had  some  reputation  as  a  "pectoral,"  etc.,  but  has  no 
medicinal  value  and  is  obsolete  everywhere,  excepting 
possibly  in  France,  so  far  as  medical  use  is  concerned. 
Directions  for  preparing  a  juice,  or  »ue,  are  in  the  French 
Pharmacopoeia. 

Allied  Plants,  etc. — For  the  order  Cruciferae,  see 
Mustard.  W.  P'.  Bolles. 

CACAO,  BUTTER  OF  (OUum  Theoh-omm,  U.  S.  Ph.  ; 
Oleum  Cacao,  Ph.  G-.  ;  Cacao,  Codex  Med.,  Seeds). 
Tlieohroma  Coamo  Linn.  ;  Order,  Sterculiacem,  is  the  source 
of  Cacao,  or,  as  they  are  more  popularly  called,  Cocoa 
seeds.  It  is  a  small  or  medium-sized,  quick-growing. 
South  American  tree,  with  soft  brown  wood  and  a  fine 
spreading  crown,  bearing  large  glossy  green  leaves,  and 
enormous  fruits.  The  leaves  are  alternate,  simple,  ovate 
or  oblong,  pointed,  entire,  and  drooping.  "When  young 
they  are  conspicuously  pink  or  red.  The  flowers  are 
in  little  cymes  or  solitary,  they  are  axillary,  or  rather 
lateral,  for  they  usually  grow  from  the  sides  of  older 
branches,  or  even  from  the  trunk  itself  ("axils  of 
long-departed  leaves").  They  are  small,  pink  or  red, 
regular  and  perfect.  Calyx  spreading,  five-parted,  lobes 
lanceolate  pointed,  petals  separate,  each  dilated  at  the 
base  into  a  hemispherical  pouch  or  cup,  in  which  the 
anthers  rest,  narrowed  above  to  a  long,  reflexed,  petiole- 
like middle  portion,  and  expanded  at  the  apex  to  a  broad, 
short,  flat,  wedge-shaped  blade.  Filaments  united  below 
in  a  bell-shaped  tube,  surrounding,  but  not  adherent  to, 
the  ovary,  separating  above  into  five  upright,  narrow, 
pointed  starainodes,  alternating  with  the  petals,  and  five 
(ten  or  more  united  in  five  sets,  Baillon)  opposite,  strong- 
ly recurved  stamens,  with  double  or  multiple  anthers, 
resting  in  the  above-mentioned  pouches  of  the  petals. 
Ovary  flve-celled,  many-ovuled.  Fruit  a  large  (fifteen  to 
twenty-five  centimetres  long  by  about  half  as  wide,  six 
to  ten  by  four  inches),  many-seeded  berry,  with  a  rather 
corky  rind  and  soft  mucilaginous  pulp.  It  is  oblong, 
pointed,  ten-ribbed,  yellow  or  orange  when  ripe.  The 
seeds  are  from  two  to  four  centimetres  long  (three-fourths 
by  one  and  one-half  inch),  oblong  rounded,  slightly 
compressed,  and  nearly  filled  with  the  thickened  embryo. 
When  fresh,  they  are  fleshy  in  texture  and  white  within, 
but  they  become  brown,  dry,  brittle,  and  Assured  with 
age. 

Cacao  trees  are  natives  of  tropical  America  from  Mexico 
and  the  West  Indies  to  Brazil  and  Peru.  They  are  also 
cultivated  in  all  these  places,  as  well  as  in  the  hotter 
parts  of  the  old  world. 

The  use  of  this  plant  in  some  parts  of  America  ante- 
dates the  discovery  of  the  continent  by  Europeans ; 
Columbus  is  said  even  to  have  observed  it.  In  Yucatan 
the  seeds  were  a  medium  of  exchange  between  the  native 
inhabitants,  taking  the  place  of  money  ;  in  Mexico  an 
infusion  for  drinking  was  made  from  the  seeds,  and  a 
fermented  drink  from  the  juice  of  the  fruits ;  the  latter 
practice  was  followed  in  several  other  countries.  The 
Indians  of  the  Orinoco  region  ate  the  pulp  of  the  fruit 


(which  is  not  disagreeable,  although  rather  insipid),  and 
threw  the  seeds  away.  In  Brazil,  however,  where  the 
cacao  also  grows  in  abundance,  its  value  was  first  learned 
from  the  white  settlers.  The  seeds  were  imported  into 
Europe  by  the  early  Spanish  voyagers,  and  have  continued 
in  constant  and  increasing  use  ever  since  the  beginning 
of  the  seventeenth  century.  The  fixed  oil  was  separated 
and  brought  to  notice  as  an  ointment,  etc.,  about  one 
hundred  years  later.  The  consumption  of  chocolate, 
while  not  approaching  that  of  tea  or  coffee,  is  enormous 
(amounting  to  fifty  million  kilos  a  year).  It  is  much 
more  used  in  Spanish  and  tropical,  than  in  more  northern 
countries,  at  least  as  a  beverage  ;  as  a  flavoring  material 
for  confectionery  and  cakes  it  is  everywhere  popular. 
•  The  cacao  of  modern  commerce  is  almost  entirely 
the  product  of  cultivated  plants,  and  comes  principally 
from  American  countries  ;  Mexico  and  the  northwestern 
parts  of  South  America  supplying  the  finest  grades. 
The  varieties  are  numerous,  and  generally  named  from 
the  port  or  place  of  export,  as  Caracas,  Guatemala,  Es- 
meralda, etc.  It  is  collected  and  prepared  in  different 
ways.  Sometimes,  as  in  Brazil,  Para,  St.  Domingo,  etc., 
the  seeds  are  mechanically  separated  from  the  rest  of  the 
fruit  and  quickly  dMed ;  these  more  natural  seeds  are 
cleaner  and  lighter  colored  than  those  prepared  by  what 
is  termed  "rotting,"  but  being  more  bitter  and  less  agree- 
able, consequently  sell  at  a  lower  price.  "  Rotting," 
which  is  the  process  used  in  these  countries  which  pro- 
duce the  most  valued  sorts,  consists  in  roughly  sifting  or 
rubbing  out  the  seeds,  and  then  putting  them  for  a  day 
or  two  in  heaps  covered  with  leaves,  or  in  tubs,  or  even 
burying  them  under  the  ground  until  decomposition  of 
the  surrounding  pulp  takes  place,  then  they  are  quickly 
dried  like  the  others.  The  process  is  said  to  deprive 
them  of  a  portion  of  their  bitterness  and  develop  their 
aroma.  They  are  darker  colored  than  the  seeds  which 
have  not  been  "  rotted,"  and  usually  have  vestiges  of  the 
soil  with  which  they  have  been  in  contact  upon  their 
surface.  Cacao,  like  coffee,  improves  in  flavor  with  age. 
Constituents. — The  thin,  brittle  testa  easily  separates 
from  the  embryo  which  constitutes  the  kernel ;  it  com- 
poses about  one-eighth  of  the  weight  of  the  seed,  and, 
when  prepared,  is  the  "shells"  of  the  grocers.  It  con- 
tains, in  a  lower  degree,  the  alkaloid  and  flavoring  mat- 
ters of  the  kernel,  and,  besides,  a  considerable  proportion 
of  mucilage,  in  part,  probably,  derived  from  the  fruit. 
The  kernels  themselves  contain  nearly  half  their  entire 
weight  of  ficed  oils,  the  so-called  butter  of  cacao,  or,  as  it 
is  more  generally  named  in  this  country,  "cocoa  butter." 
This  is  a  solid,  cream-colored  fat,  of  pleasant  odor  and 
bland,  chocolate-like  taste  ;  hard,  brittle  when  cold,  but 
melting  readily  a  little  below  the  temperature  of  the 
body  ;  specific  gravity,  0.900  to  0.910.  It  is  composed  of 
the  glycerine  compounds  of  several  common  fatty  acids  : 
oleic,  palmitic,  stearic,  lauric,  and  arachic,  according  to 
Traub.  Kingzett  believed  that  he  had  found  a  peculiar 
fat,  to  which  he  gave  the  name  theobromie  acid,  but  its 
existence  is  not  fully  verified.  Butter  of  Cacao  is  ex- 
pressed upon  a  large  scale  by  the  chocolate  manufacturers 
as  a  by-product  in  the  preparation  of  their  "  chocolates" 
and  "cocoas,"  and  is  usually  found  in  the  shops  in  the 
United-  States  in  flat  rectangular  cakes  of  about  a  half 
pound  each.  A  feeble  alkaloid,  theobromine,  related  to 
caffeine,  and  discovered  by  Woskresensky  in  1845,  exists 
in  Cacao  seeds  to  the  extent  of  from  one  to  four  per  cent. 
It  is  a  white,  crystalline  powder,  with  a  slowly  develop- 
ing, bitter  taste,  but  no  odor.  It  is  remarkably  insoluble 
in  all  the  usual  pharmaceutical  liquids— water,  alcohol, 
ether,  chloroform,  etc.— when  cold  ;  at  a  high  tempera- 
ture it  can  be  sublimed  without  decomposition.  With  the 
mineral  acids  it  forms  crystalline,  but  not  very  stable 
salts.  Theobromine  has  been  produced  by  synthesis 
from  "xanthine,"  and  it  has  also  been  made  to  yield 
caffeine  by  decomposition.  A  small  amount  of  caffeine 
is  observed  in  Cacao,  along  with  the  theobromine.  The 
other  constituents  are  starch,  ten  or  more  per  cent.  "  cocoa- 
red,"  two  per  cent,  a  brown  nitrogenous  substance, 
mucilage,  etc.  The  aromatic  principle  needs  further 
study. 
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Action  and  Use. — The  alkaloid  Theobromine  is  simi- 
lar in  its  physiological  properties  to  Caffeine,  but  far 
weaker ;  it  is  never  used  in  medicine,  and  the  amount 
present  in  the  ordinary  preparations  of  Cacao  is  too  small 
to  give  them  any  medicinal  action.  The  "butter"  has 
the  usual  qualities  of  the  simple  edible  oils ;  it  is  an  ac- 
ceptable, non-nitrogenous  article  of  food,  and  as  an  ex- 
ternal application  it  is  an  efficient,  protective  ointment. 
It  is  considerably  used  for  chapped  lips  or  hands  ;  for 
anointing  the  body  in  scarlet  fever  and  other  exanthe- 
mata. As  a  palliative  in  acute  pharyngitis,  a  piece  melted 
in  the  mouth  occasionally  gives  a  little  relief.  The  most 
extensive  medical  use  of  it,  however,  is  as  the  basis  of 
suppositories  and  medicated  bougies,  for  which  its  hard- 
ness, its  melting-point,  and  its  remarkable  unalterability 
peculiarly  adapt  it ;  for  this  purpose  it  is  melted  and  the 
medicament  added  just  before  it  congeals  again,  the  mixt- 
ure is  then  poured  into  suitable  moulds.  In  writing  a 
prescription  for  these  preparations,  the  amount  of  the 
excipient  should  be  so  adjusted  as  to  make  each  rectal 
suppository  weigh  about  one  gramme  ;  vaginal  supposi- 
tories are  about  twice  as  large.  The  moulds,  however, 
in  which  suppositories  are  usually  made  in  the  United 
States  vary,  and  it  is  generally  better  to  direct  Olei  Theo- 
hromm,  quantum  aufficiat,  when  the  apothecary  will  add 
enough  to  fill  his  mould  or  machine. 

The  dietetic  preparations  of  cocoa  have  no  medicinal 
significance.  "Shells"  make  a  drink  which  is  scarcely 
more  than  a  flavored  water ;  the  different  so-called 
cocoas  are  nutritious  in  proportion  to  the  amount  of  oil 
which  they  contain,  and  according  as  they  are  ground 
fine  and  drunk  in  substance,  or  coarse  and  strained  out  of 
the  drink.  Chocolate  consists  of  the  kernels  ground  to  a 
fine  paste,  and  pressed  into  cakes.  It  is  often  flavored 
with  vanilla  or  cinnamon,  and  generally  sweetened  ;  it 
contains  more  oil  than  the  preceding,  and  is  consequently 
more  valuable  as  food,  when  it  can  Toe  taken  without  de- 
ranging the  digestion.  Chocolate  makes  a  good  excipi- 
ent or  pill  coating.  Besides  the  above,  manufactured 
cocoas  and  chocolates  are  sold  under  various  proprietary 
and  fanciful  names.  For  all  the  above  purposes  the  seeds 
are  lightly  roasted  like  coffee ;  a  process  which  serves  to 
enrich  and  modify  their  flavor  in  some  way — the  expla- 
nation of  which  is  not  known.  Chocolates  and  ground 
cocoas  are  considerably  liable  to  adulteration ;  starch, 
dextrine,  and  cheaper  fats  being  the  most  important  ad- 
ditions. . 

Allied  Plants. — There  are  six  species  of  Theobroma, 
all  of  them  American  shrubs,  most  of  which  contribute 
to  the  yield  of  Cacao,  but  in  what  proportion  is  not  fully 
known.  Besides  these,  the  cultivated  varieties,  as  would 
be  expected,  are  numerous.  The  order  Stei-euliacece  is  a 
large  one,  of  mostly  tropical  plants ;  few  of  which  have 
any  medical  interest.  The  Cola  nuts  (Stereula),  so  largely 
consumed  in  Africa,  belong  to  it ;  they  contain  caffeine 
and  also  theobromine.  By  some  botanists  T/ieobroma  is 
placed  among  the  Malvacece. 

Allied  Dbdgs. — For  the  drugs  containing  Caffeine, 
see  references  in  that  article.  For  the  vegetable  oils  and 
fats,  see  Olive  Oil.  A  mixture  of  gelatine  and  glyce- 
rine, or  of  gelatine  and  water,  is  occasionally  used  as  a 
suppository  basis.  W.  P.  BoUes. 

CADE,  OIL  OF  (Cade,  Huile  de,  Codex  Med.).  A  tar 
obtained  by  the  distillation  of  Junvperus  Oxyeedrus  Linn. ; 
Order,  Coniferce,  and  perhaps  also  of  other  species  of 
Juniperus. 

J.  Oxyeedrus  resembles  in  general  the  common  Juni- 
per of  Europe,  but  has  larger,  reddish-brown,  shining 
fruits  (one  and  one-fourth  centimetre  in  diameter — one- 
half  inch).  It  is  an  inhabitant  of  the  Mediterranean  basin 
(Southern  Europe,  Northern  Africa,  etc.)  growing  in 
waste  places  and  stony  hillsides. 

This  tar  has  been  used  for  centuries  by  the  peasants  of 
Southern  France  for  the  "  sheep  itch"  and  other  cutane- 
ous affections  of  their  cattle,  but  its  employment  in  med- 
icine, although  occasional  and  also  of  old  date,  has  only 
been  extensive  since  its  recommendation  by  the  German 
school  of  dermatologists  in  the  treatment  of  eczemas.     It 


is  prepared  by  a  method  similar  to  that  used  in  the  man- 
ufacture of  ordinary  tar  ;  that  is,  by  distillation,  per  de- 
scensum,  in  rude  stills  or  ovens,  from  the  bottom  of  which 
it  is  collected  and  then  sold  without  further  purification. 
The  principal  centre  of  its  production  is  Nlmes. 

Oil  of  Cade  is,  singularly,  not  officinal  in  the  United 
States,  although  in  everyday  use.  It  is  a  thin  tar,  black 
in  mass,  but  brown  or  brownish-yellow  and  transparent, 
in  thin  layers ;  and  is  more  fragrant  and  pleasant  in  odor 
than  common  wood-tar,  which  it  otherwise  resembles. 
Taste  is  acrid  and  empyreumatic.  Its  composition  is  not 
notably  different  from  that  of  the  tars  of  other  conifers. 
The  principal  use  to  which  it  is  put  in  medicine  is  that 
mentioned  above — for  the  local  treatment  of  eczema  in 
the  scaly  stage.  It  is  also  used  in  other-chronic  inflam- 
matory and  exfoliating  skin  diseases.  It  may  be  applied 
by  rubbing  in  with  the  fingers  or  a  cloth,  or  what  is 
better,  with  a  stiff-haired  brush.  If  desirable  to  dilute 
it,  some  bland  oil  may  be  mixed  with  it,  or  it  may  be 
made  into  an  ointment  with  lard  or  tallow,  or  with  vase- 
line. Soaps  containing  it  are  also  considerably  used. 
Stockings,  gloves,  and  bandages  saturated  with  it  are 
sometimes  worn.  Besides  its  stimulating  properties,  Oil 
of  Cade  is  a  good  parasiticide,  an  efficient  antiseptic,  and 
a  local  ansBsthetic  ;  properties  which  it  undoubtedly  owes 
to  the  creasote  and  similar  substances  which  it  contains. 
It  is  never  used  internally. 

Allied  Plants. — Juniperus  communis  Linn.,  the  com- 
mon Juniper  of  Europe,  probably  contributes  sometimes 
to  the  manufacture  of  Oil  of  Cade.  It  yields  a  substance 
very  similar.     (See  Turpentine,  for  Order  Conifera.) 

Allied  Dkugs. — All  tars :  Birch,  Beech,  Pine,  etc. 
Oil  of  Cade  is  thinner,  pleasanter,  and  milder  than  com- 
mon tar ;  otherwise  it  is  not  much  different.  Balsam  of 
Peru  is  a  somewhat  similar  substance,  but  less  stimulat- 
ing. Chrysarobin,  also  used  as  an  irritant  in  dermato- 
logical  practice,  is  very  much  more  harsh  in  its  action. 

W.  P.  BolUs. 

CADMIUM.  Cadjmium  Sulphate  is  the  only  salt  of  this 
metal  that  merits  notice  in  medicinal  relation.  It  was 
officinal  in  the  U.  S.  PharmacopcBia  of  1870,  and,  though 
dropped  in  the  revision  of  1880,  is  still  considerably  em- 
ployed. The  salt,  formula  CdS04,4HaO,  occurs  in 
small,  colorless,  rhomboidal  crystals,  efflorescent  on  ex- 
posure. It  is  freely  soluble  in  water,  and  has  a  subacid 
and  astringent  and  metallic  taste.  In  properties  it  most 
closely  resembles  zinc  sulphate,  being  an  astringent  irri- 
tant with,  given  internally,  a  special  emetic  tendency.  Its 
claim  for  recognition  in  medicine  rests  on  an  alleged  pe- 
culiar potency  in  determining  the  absorption  of  such 
corneal  opacities  as  are  capable  of  undergoing  the  process 
— a  potency  certainly  not  much,  if  at  all,  greater  than 
that  possessed  by  the  commoner  salts,  nitrate  of  silver  or 
sulphate  of  zinc. 

Cadmium  sulphate  is  generally  used  in  solution  of  from 
one-half  to  one  per  cent,  strength.  Edward  Curtis. 

CADMIUM,  POISONING  BY.  Cadmium  and  its  salts 
are  comparatively  unimportant  from  a  medico-legal  point 
of  view.  Their  uses  are  limited,  and  they  are  seldom 
met  with  outside  of  the  chemical  laboratory.  The  metal 
is  employed  occasionally  in  alloys  to  reduce  their  fusing- 
point,  and  an  amalgam  has  been  used  by  dentists  for  fill- 
ing teeth.  The  most  important  compounds  are  the  iodide 
and  bromide,  which  are  used  in  photography  for  iodizing 
and  bromizing  collodion.  The  sulphate  of  cadmium  has 
been  recommended^  used  Internally,  in  the  treatment  of 
syphilis,  rheumatism,  and  gout  (Grimaud).  It  has  been 
chiefly  used  externally,  however,  as  an  astringent  and 
stimulant,  in  the  treatment  of  conjunctivitis,  and  ulcers 
and  opacities  of  the  cornea.  The  iodide  of  cadmium,  in 
the  form  of  an  ointment,  has  been  recommended  for  ex- 
ternal use,  particularly  in  the  treatment  of  scrofulous 
enlargement  of  the  glands  (GJarrod,  Guibert).  The  sul- 
phide of  cadmium  has  been  used,  to  a  limited  extent,  as 
a  yellow  pigment.  Excepting  the  sulphide,  the  com- 
pounds mentioned  are  colorless,  soluble  in  water,  and 
possess  a  disagreeable  metallic  taste. 
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Symptoms. — Preparations  of  cadmium  have  given  rise, 
occasionally,  to  accidental  poisoning.  They  appear  to 
act  as  irritants,  resembling  in  general  the  salts  of  zinc. 
Sixty  milligrammes  (0.9  grain)  of  the  sulphate,  taken  in- 
tcinally,  caused  in  one  hour  salivation,  colic,  and  diarrhoea; 
and  after  four  hours,  vomiting  accompanied  by  intense 
gastralgia  and  tenesmus  (Burdach).  Vomiting,  diarrhoea, 
vertigo,  labored  respiration,  loss  of  strength,  and  cramps 
followed  the  inhalation  of  the  dust  arising  from  a  polish- 
ing powder  containing  carbonate  of  cadmium  (Sovet). 
Two  ladies  took  an  uncertain  but  small  dose  of  bromide 
of  cadmium  by  mistake  for  bromide  of  ammonium.  It 
caused  severe  pain  and  a  burning  sensation  in  the  stomach, 
accompanied  by  vomiting  and  purging  which  lasted  for 
five  hours.  During  a  part  of  this  time  the  pulse  was  im- 
perceptible. There  were  no  cerebral  symptoms.  Both 
patients  were  confined  to  their  beds  for  several  days, 
during  which  time  their  stomachs  continued  irritable 
(Wheeler).  There  is  only  one  fatal  case  of  cadmium  poi- 
soning recorded,  so  far  as  the  writer  has  been  able  to  learn. 
The  patient,  a  lad  fourteen  years  of  age,  took  an  unknown 
but  probably  large  dose  of  chloride  of  cadmium,  which 
had  been  sold  for  Epsom  salts.  It  caused  immediate 
vomiting.  On  admission  to  the  hospital  a  short  time 
after,  he  was  in  a  state  of  collapse,  with  cold,  clammy 
skin;  radial  pulse  scarcely  perceptible ;  respiration  feeble, 
slow,  and  sighing.  There  was  no  stertor.  The  mucous 
membrane  of  the  mouth  was  pale  and  sodden,  the  tongue 
greatly  swollen.  He  was  apparently  unconscious,  though 
when  shaken  and  aroused  by  dashing  cold  water  upon 
the  face,  he  replied  rationally,  in  a  hoarse  whisper,  to  any 
questions  put  to  him.  There  was  extreme  restlessness. 
Deglutition  was  impeded.  Death  took  place  in  about 
an  hour  and  a  half  after  the  ingestion  of  the  poison. 
At  the  post-mortem  examination  the  vessels  of  the  brg^n 
were  found  filled  with  blood ;  the  left  lung  congested 
(Mr.  J.  Hinder  :  27t«  Indian  Medical  Gazette,  Calcutta, 
1866,  i.,  156). 

Experiments  on  Animals. — Marme  has  studied  the 
action  of  the  salts  of  cadmium  by  experiments  on  ani- 
mals. He  concludes  that  the  sulphide  is  non-poisonous. 
Administered  to  animals  with  their  food  for  a  week,  in 
doses  of  many  drachms,  it  caused  no  inconvenience.  Its 
insolubility  in  water,  weak  acids,  alkaline  salts  and  oil, 
renders  its  use  as  a  pigment  free  from  danger.  All  com- 
pounds of  cadmium  which  are  soluble  in  water  or  weak 
acids  at  the  temperature  of  the  body  are  poisonous.  Taken 
into  the  stomach  they  cause,  in  small  doses,  vomiting  ; 
in  large  doses,  all  the  symptoms  of  gastro-enteritis.  If 
quantities  sufficiently  large  to  be  poisonous,  without 
causing  death  rapidly,  are  injected  beneath  the  skin  or 
into  the  blood-vessels,  they  produce  inflammation  of  the 
stomach  and  intestines,  and  frequently  haemorrhages, 
erosions,  and  ulcerations.  Small  doses  injected  into  the 
blood-vessels  are  fatal  to  animals.  Thirty  milligrammes 
(0.5  grain)  killed  a  dog ;  sixteen  milligrammes,  a  cat ;  ten 
to  twenty  milligrammes,  a  rabbit.  Thirty  to  sixty  milli- 
grammes (0.5  to  0.9  grain),  administered  by  the  mouth, 
killed  a  rabbit  weighing  1,500  to  1,800 grammes  (3.3  to  3.9 
pounds  avoir.).  The  repeated  absorption  of  small  doses 
may  give  rise  to  chronic  poisoning,  which,  in  animals,  is 
characterized  by  disturbed  digestion,  emaciation,  and 
death.  The  post-mortem  appearances  observed  were,  a 
more  or  less  extensive  gastro-enteritis,  sometimes  sub- 
pleural  haemorrhages,  infarctions  of  the  lungs,  frequently 
fatty  degeneration  of  the  liver  and  heart,  and  diffuse 
nephritis.  Elimination  commences  very  soon  and  takes 
place  chiefly  through  the  kidneys.  After  death  cad- 
mium can  be  detected  in  the  blood,  heart,  liver,  and 
kidneys. 

Treatment. — This  should  be  much  the  same  as  in 
cases  of  poisoning  by  salts  of  zinc.  Vomiting  should  be 
assisted,  if  necessary,  by  the  free  administration  of  warm 
water,  with  milk  or  mucilaginous  liquids  ;  or  the  stomach 
may  be  emptied  by  means  of  the  stomach-pump.  The 
subsequent  irritation  may  be  allayed  by  the  use  of  opium. 
Marme  recommends,  in  cases  of  acute  poisoning,  the  alka- 
line carbonates  with  white  of  eggs.  The  subcutaneous 
iniection  of  dilute  solutions  of  soda,  when  employed  early. 


was  found,  in  the  case  of  animals,  to  completely  arrest 
the  poisonous  action  of  the  cadmium  salts. 

William  B.  Hills. 

C/ECUM    AND    APPENDIX,   DISEASES    OF.     The 

caecum  is  the  large  intestine  into  which  the  ileum  opens. 
There  is  no  line  between  it  and  the  colon,  the  division 
being  arbitrary  ;  yet  it  is  accepted  for  convenience  of  de- 
scription that  the  ileo-csecal  opening  marks  the  commence- 
ment of  the  ascending  colon  ;  this  would  leave  between 
two  and  three  inches  of  bowel  in  length  to  bear  the  name 
of  caecum. 

_  The  csecum  has  a  larger  diameter  than  any  other  por- 
tion of  the  intestine,  in  that  respect  being  second  to  the 
stomach  only.  It  occupies  the  right  iliac  fossa,  being 
joined  by  connective-tissue  to  the  fascia  over  the  Uiacus 
muscle.  This  connective-tissue  is  extremely  lax,  per- 
mitting much  motion.  The  caecum  is  covered  partly  by 
peritoneum,  which,  surrounding  it  more  or  less  completely, 
binds  it,  through  the  medium  of  connective-tissue,  to  the 
iliac  fascia.  This  disposition  of  the  serous  membrane 
varies  greatly  in  different  individuals,  sometimes  forming 
a  distinct  meso-caecuni,  allowing  as  a  sequence  great  mo- 
tion to  the  bowel ;  at  other  times  the  peritoneum  is 
reflected  over  the  anterior  and  inner  aspect  of  the  bowel 
only,  and  permits  but  limited  movement. 

The  caecum  when  distended  touches  the  anterior  ab- 
dominal wall ;  when  collapsed  some  loops  of  small  bowel 
usually  overlie  it.  It  is  not  easy  to  state  the  diameter  of 
this  portion  of  the  large  bowel  in  inches,  owing  to  its 
variable  fulness,  but  it  is  considered  as  being  about  as 
broad  as  it  is  long.  Toward  the  middle  line  of  the  body, 
on  its  left  side,  the  caecum  i-eceives  the  termination  of  the 
small  bowel,  while  below,  and  somewhat  behind,  the  ver- 
miform appendix  opens  into  it. 

The  coats  of  the  caecum  correspond  to  those  of  the  colon, 
indeed  they  are  the  same — the  same  disposition  of  circular 
fibres,  and  the  same  arrangement  of  longitudinal  bands, 
with  the  resulting  pockets.  The  internal  surface  is  lined 
with  mucous  membrane,  continuous  with,  and  similar 
to,  that  of  the  colon,  and  shows  two  openings  where  the 
small  bowel  and  appendix  respectively  connect  with  the 
great  gut.  The  former  of  these  apertures  is  slit-like  in 
shape,  and  opens  at  the  summit  of  a  ridge  dividing  two 
pockets  ;  hence,  distention  of  the  CEeeum  draws  together 
the  sides  of  the  slit  and  tends  to  prevent  regurgitation 
from  the  large  to  the  small  intestine.  For  full  details 
the  reader  is  referred  to  an  anatomical  treatise,  but  it  is 
worth  while  recalling  to  mind  that  while  the  longitudinal 
muscular  fibres  are  continued  directly  from  the  small  to 
the  large  bowel,  the  circular  fibres  are  not,  and  that  the 
opening  of  the  ileum  at  the  summit  of  the  ridge  already 
mentioned  results  in  a  partial  invagination  of  the  small 
into  th*  great  bowel.  After  the  peritoneum  and  longitu- 
dinal muscular  fibres  have  been  cut,  traction  upon  the  ile- 
um causes  the  protrusion  into  the  csecum  to  disappear,  and 
the  ileo-caecal  joining  is  seen  to  be  a  round  hole  with  no 
valvular  appearance  whatever.  The  protrusion  pf  the 
circular  fibres  of  the  ileum  into  the  caecum  normally,  is 
offered  as  one  of  the  reasons  why  intussusception  so 
commonly  commences  at  this  point.  The  possibility  of 
regurgitation  through  the  ileo-csecal  valve  has  been  much 
discussed,  and,  as  with  human  affairs  generally,  no  hard 
and  fast  rule  can  be  laid  down.  In  a  series  of  investiga- 
tions undertaken  some  years  since,  I  found  great  differ- 
ences to  exist  in  different  intestines,  not  only  when  in  situ 
but  also  after  removal  from  the  cadaver.  In  some  cases 
thickish  fluid  was  passed  through  the  valve  under  mod- 
erate pressure,  while  in  others  I  ruptured  the  large  bowel 
with  air  pressure,  the  untied  ileum  remaining  empty,  so 
complete  was  the  closure  of  the  valve. 

The  vermiform  appendix  varies  in  length  from  two  to 
six  inches,  is  about  the  diameter  of  a  goose  quill,  is  hollow 
through  its  entire  length  and  opens  into  the  caecum,  as 
has  been  said,  at  its  lower  and  posterior  aspect.  The  un- 
attached extremity  is  blunt ;  a  fold  of  peritoneum  sur 
rounds  the  appendix  and  connects  it  with  neighboring 
parts.  This  fold  may  be  so  lax  as  to  form  a  mesentery. 
The  position  of  the  appendix  is  extremely  variable,  as  is 
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also  that  of  its  attachment.  It  has  been  seen  at  one  time 
adhering  to  the  liver,  and  at  another  to  the  testes  by  way 
of  the  inguinal  canal ;  it  has  also  been  known  to  extend 
across  the  abdominal  cavity,  and  it  may  become  knotted 
around  other  portions  of  the  alimentary  canal,  producing 
strangulation.  A  fold  of  mucous  membrane  extends  par- 
tially over  the  opening  of  the  appendix  into  the  crecum. 
It  is  customary  to  dignify  it  by  the  name  of  valve.  We 
are  unable  to  attribute  to  the  appendix  any  function. 
While  it  is  found  in  man  and  a  few  apes,  in  certain  other 
animals,  notably  the  rodents,  the  caecum  is  developed  be- 
low the  valve  into  a  glandular  organ  many  times  larger 
than  the  stomach,  with,  of  course,  an  appropriate  func- 
tion. 

The  caecum  in  man,  situated  as  it  is  below  the  ascend- 
ing colon,  and  having  its  contents  poured  in  from  above, 
would  be  expected  occasionally  to  retain  substances  for. a 
long  time,  and  it  is  probably  true  that  such  is  the  case, 
and  that  by  the  gradual  absorption  of  the  more  soluble 
portion  a  mass  of  aliment  or  excrement  may  be  converted 
into  a  concretion  of  great  hardness,  which,  acting  as  a 
foreign  body,  will  set  up  acute  inflammation.  In  conse- 
quence, also,  of  its  dependent  situation,  the  crecum  will 
receive  and  retain  a  foreign  body. 

Inflammation  in  the  right  iliac  fossa  about  the  caecum 
is  not  uncommon,  and,  owing  to  the  extreme  rapidity 
with  which  a  fatal  issue  may  supervene,  has  received 
much  attention.  If  the  morbid  process  commences  in 
the  caecum  or  appendix  il  is  denominated  typhlitis;  if 
it  commences  in  the  connective-tissue  joining  the  bowel 
to  the  iliacus  muscle,  it  is  denominated  perityphlitis; 
sooner  or  later,  however,  one  of  these  conditions  induces 
the  other,  so  that  it  is  impossible  to  draw  a  hard  and  fast 
line  between  them,  nor  indeed  is  it  necessary.  It  is  true 
that  rapidly  fatal  cases  occurring  without  premonition 
generally  commence  in  the  vermiform  appendix,  while 
cases  characterized  by  premonitory  symptoms  and  tume- 
faction in  the  right  iliac  fossa  are  caecal  in  origin ;  yet  not 
always  is  this  the  case,  unfortunately,  and  a  recognition 
of  the  starting-point  of  the  inflammation  is  often  possible 
only  at  the  autop-sy.  Inflammation  of  the  caecal  region — 
typhlitis — is  more  frequent  in  men  than  in  women,  in  the 
proportion  of  not  less  than  six  to  one  ;  it  occurs  between 
the  ages  of  sixteen  and  thirty-five  years.  The  disease  may 
follow  either  an  acute  or  a  chronic  course.  In  the  for- 
mer case  great  pain  characterizes  the  onset  of  the  trouble, 
and  there  may  or  may  not  be  a  chill ;  then  follow  fever, 
vomiting,  constipation,  meteorism,  the  development  of  an 
exquisitely  tender  swelling  in  the  right  iliac  fossa,  and, 
finally,  general  peritonitis,  with  probably  a  fatal  result,  or 
else  the  disease  becomes  chronic.  Such  a  history  would 
indicate  pressure  of  a  foreign  body  against  the  intestinal 
wall,  with  perforation  and  escape  of  intestinal  contents 
into  the  peritoneal  cavity.  Should  the  perforation  not  be 
in  the  direction  of  the  peritoneum,  then  suppuration  in  the 
connective-tissue  follows — perityphlitis  ;  or  should  the  ex- 
travasation be  walled  in  by  adhesions,  the  resulting  ab- 
scess may  burst  secondarily  in  various  directions.  A  for- 
eign body  occasionally  remains  in  the  caecum,  but  the  ap- 
pendix is  much  more  often  its  chosen  seat ;  hence  such 
bodies  are  small.  By  far  the  most  common  object  is  an 
intestinal  concretion,  or  mass  of  faeces  from  which  water 
has  been  removed  by  absorption  during  its  sojourn  in  the 
caecum  or  appendix.  Such  masses  are  more  or  less  hard, 
and,  becoming  impacted  in  the  appendix,  by  gradual  and 
continuous  pressure,  approach  the  peritoneum,  and  sud- 
denly cause  ulceration  and  perforation.  Of  foreign  bodies 
the  seeds  of  fruits  have  been  often  met  with  ;  thus,  for  ex- 
ample, those  of  oranges,  dates,  prunes,  grapes,  raisins,  and 
peaches,  have  all  produced  fatal  ulceration,  while  gall- 
stones, bits  of  bone,  worms,  beans,  shot,  pins,  together  with 
many  other  objects,  have  been  noted  by  difiierent  observers. 
The  duration  of  the  affection  may  vary  from  a  few  days 
to  several  months,  and  a  permanently  impaired  condition 
of  the  intestine  may  remain  after  apparent  recovery. 
Although  the  acute  symptoms  may  subside  rapidly,  the 
function  of  the  bowel  is  not  restored  at  once,  and  careful 
dieting,  etc.,  is  to  be  followed  out.  Recurrent  attacks 
of  inflammation  will  suggest  the  presence  of  a  contin- 


uously acting  cause,  and  inflammatory  induration  will 
often  persist  after  the  function  of  the  bowel  is  restored. 

An  acute  attack  may  be  ushered  in  without  premonition, 
and  may  be  accompanied  by  a  rigor  to  be  followed  by 
fever ;  the  pain  over  the  region  of  the  caecum  is  exquisite ; 
constipation  exists  sometimes  so  markedly  as  to  suggest 
obstruction.  To  relax  the  abdominal  muscles  and  keep 
them  at  rest,  the  patient  will  lie  on  the  side  with  the  thighs 
flexed ;  for  the  same  reason  the  respiration  is  thoracic. 
Cutaneous  sensibility  over  the  inflamed  area  is  much  in- 
creased ;  pulse  and  temperature  are  both  increased  in  ratio 
commensurate  with  the  gravity  of  the  other  symptoms ; 
vomiting  is  usually  present  and  persistent,  but  does  not 
partake  of  the  characteristics  known  as  faecal. 

A  tumor  is  sometimes  to  be  found  at  this  stage,  though 
not  present  at  the  onset  of  the  attack ;  yet  to  this  there 
are  many  exceptions  ;  hiccough  is  also  sometimes  noticed. 
The  evidences  Of  grave  disease  increase  ;  pulse  and  tem- 
perature rise,  peritonitis  is  recognized,  and  fatal  collapse 
closes  the  scene.  So  acute  and  rapidly  fatal  a  seizure  is 
exceptional,  and  suggests  impaction  in  the  appendix  at 
a  point  where  it  is  surrounded  by  peritoneum,  with  ul- 
ceration followed  by  faecal  extravasation  into  the  general, 
cavity  of  the  peritoneum.  Usually  irregular  bowel  func- 
tion precedes  an  attack  ;  constipation  alternates  with 
diarrhoea,  there  is  intermittent  pain,  and  a  tumefaction 
becomes  apparent  in  the  right  iliac  fossa  ;  at  first  it  is  re- 
sonant on  percussion,  from  being  overlaid  by  small  intes- 
tine, but  later,  as  the  swelling  increases,  it  nears  the  an- 
terior abdominal  wall,  and  dulness  on  percussion  is  noted. 
The  symptoms  mentioned  as  incident  to  an  acute  attack 
may  now  appear  gradually,  or  may  be  modified  by  ex- 
travasation of  contents  of  the  intestine  into  the  connective- 
tissue  outside  of  the  peritoneum,  giving  rise  of  course 
to  extensive  suppuration,  which  will  make  its  way  in  dif- 
ferent directions,  according  to  the  anatomical  peculiari- 
ties of  the  locality ;  or  by  extravasation  of  intestinal 
contents  into  a  part  of  the  peritoneal  cavity  which  has 
been  shut  off  from  the  main  portion  by  adhesions  ;  or, 
finally,  by  the  escape  of  such  contents  into  a  neighboring 
organ,  after  the  latter  has  first  become  adherent  to  the  in- 
flamed part.  When  the  intestinal  wall  has  given  way,  in 
one  of  the  ways  just  mentioned,  then  there  appears  a 
series  of  phenomena  not  indicative  of  bowel  inflamma- 
tion, but  pointing  to  connective-tissue  suppuration,  which 
is  caused  by,  and  is  a  complication  of,  the  bowel  lesion. 
The  purulent  collection,  if  small,  may  undergo  absorp- 
tion, become  encysted,  and  remain  quiescent ;  usually, 
however,  it  makes  its  way  in  the  direction  of  least  resist- 
ance, and  may  set  up  phlebitis,  pyaemia,  etc.  Perityphlitic 
abscess  has  been  known  to  open  into  the  rectum,  into 
the  internal  iliac  artery,  into  the  colon,  or  into  the  small 
intestine  ;  it  has  also  been  known  to  make  its  way  into 
the  hip-joint,  or  into  the  thigh,  to  perforate  the  bones  of 
the  pelvis,  etc.  A  pin,  having  perforated  the  appendix, 
penetrated  the  portal  vein,  and  abscesses  in  the  liver  fol- 
lowed. Perforation  of  the  appendix  has  been  followed 
by  perinephritic  abscess,  and  by  purulent  pleurisy  from 
perforation  of  the  diaphragm  (Andouard).  Worms  have 
escaped  into  the  peritoneum  through  a  perforated  ap- 
pendix (Becquerel).  Packard  records  a  communication 
of  the  appendix  with  the  ileum  through  a  mesenteric 
gland.  This  record  of  the  directions  in  which  perityph- 
litic and  typhlitic  pus  has  made  its  way  could  be  greatly 
enlarged,  but  enough  has  been  said  to  sho\y  the  progress 
of  the  malady. 

Perforation  of  the  caecum  usually  takes  place  toward 
the  lower  or  posterior  aspect ;  while  in  perforation  of 
the  appendix  the  ulceration  is  apt  to  be  near  its  opening 
into  the  cfecum,  or  at  the  closed  extremity.  The  orifice 
through  the  bowel  wall  is  irregular,  not  clean  cut,  and 
may  be  so  extensive  as  to  separate  the  appendix  from  the 
cajcum.  Jackson  records  a  case  in  which,  after  recovery, 
the  appendix  was  passed  at  stool,  and  in  a  number  of 
cases  a  portion  of  the  appendix  has  been  found  floating 
in  the  abscess  or  peritoneal  fluid. 

Acute  suppurative  inflammation  of  the  lax  connective- 
tissue  overlying  the  iliac  muscle  is  occasionally  seen,  and 
may  occur  without  immediate  implication  of  the  caecum; 
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if,  however,  the  Inflammatol-y  process  is  allowed  to  go  on 
unchecked,  the  howel  waU  becomes  implicated,  and  to  all 
intents  and  pui-poses  a  perityphlitis  is  then  established. 
In  such  a  condition,  the  intestinal  walls  give  way  after 
the  evacuation  of  the  abscess,  if  an  external  exit  be  af- 
forded ;  otherwise  the  pus  may  discharge  into  the  bowel. 
The  pu»  will  be  ill-smelling,  in  consequence  of  the  im- 
mediate vicinity  of  the  caecum  with  its  fsecal  contents. 
Meteorism  is  less  marked  than  when  the  inflammation 
commences  in  the  bowel,  and  since  the  iliacus  muscle  is 
involved  somewhat,  the  corresponding  thigh  is  apt  to  be 
flexed  slightly,  and  held  motionless,  or  nearly  so.  There 
is  perhaps  one  symptom  which  has  not  been  referred  to 
as  liable  to  cause  mistake,  namely,  diarrhoea.  It  must 
be  remembered  that  there  may  be  retention  of  solid  fseces 
while  liquid  passages  are  taking  place,  the  fluid  passing 
around  the  solid  portion  ;  but  what  is  still  more  impor- 
tant to  remember  is,  that  the  csecum  projects  as  a  blind 
pouch  below  the  normal  passage-way  between  the  large 
and  small  bowel,  so  that  the  contents  of  the  intestines 
need  in  nowise  be  obstructed  while  in  transit,  and  yet 
the  csecum  or  appendix  be  tightly  impacted. 

In  acute  typhlitis,  the  symptoms  usually  point  plainly 
to  the  diagiwsiSt'wa.A.  there  is  small  chance  of  error ;  when, 
however,  the  affection  is  chronic,  and  when  a  collection 
of  pus  deep  in  the  pelvis  has  added  a  new  set  of  symp- 
toms to  those  already  in  existence,  then  great  diflSculty 
may  be  experienced  in  arriving  at  an  accurate  opinion. 
Tumor  of  the  kidney,  simple  impaction  of  fseces,  cancer 
of  the  csecum,  psoas  abscess,  and  abscess  of  the  abdomi- 
nal wall,  are  liable  to  be  mistaken  for  typhlitis.  It  is  to 
be  also  noted  that  a  prolapsed  pyloric  cancer  may  be  found 
in  the  right  iliac  fossa. 

The  prognosis  is  always  grave,  and  if  perf  oratioh  have 
occurred  the  outlook  is  bad. 

Should  perforation  not  occur,  a  long  convalescence 
must  be  expected,  marked  by  tenderness  at  the  seat  of 
the  disease  and  by  irregular  action  of  the  bowels.  Should 
perforation  occur,  if  the  patient  escape  an  immediate  fatal 
peritonitis,  a  long  period  of  suppuration,  with  attendant 
septic  dangers — for  the  pus-forming  tract  and  bowel 
communicate — awaits  the  patient.  Occasionally  an  acute 
pyaemia  supervenes,  as  in  the  portal  phlebitis  already  re- 
ferred to,  but  usually,  even  though  a  quantity  of  fsecal 
pus  be  present,  purulent  absorption  does  not  occur.  If 
recovery  ensue,  inflammatory  adhesions  may  greatly  im- 
pair the  integrity  of  the  alimentary  canal,  or  even  bring 
about  obstruction. 

TEBATMENT.^The  proper  treatment  for  a  foreign  body 
impacted  in  the  appendix,  about  to  cause  ulceration  and 
peritonitis  by  escape  of  bowel-contents,  would  be  to  cut 
into  the  belly,  open  the  appendix,  remove  the  impacted 
substance,  sew  up  the  wound  in  the  intestine,  and  close 
the  belly,  with  such  precautions  of  cleanliness,  etc.,  as  are 
common  at  the  present  day.  Unfortunately  our  methods 
of  diagnosis  do  not  enable  us  to  make  a  sufficiently  ac- 
curate diagnosis  at  an  early  stage,  and  the  advent  of  peri- 
tonitis may  be  needed  to  justify  an  opinion.  Would  it  be 
proper  on  the  occurrence  of  perforation,  as  shown  by  col- 
lapse, etc.,  to  do  a  laparotomy,  cleanse  the  peritoneum, 
etc.,  and  sew  up  the  intestinal  wound,  or  fix  it  in  the  ab- 
dominal incision  ?  I  believe  that  this  would  be  proper, 
and  that  it  is  the  treatment  needed  for  the  ailection,  but 
the  difficulty  of  diagnosis  causes  hesitation.  I  trust  that 
the  time  is  not  far  distant,  when  we  shall  be  able  to  rec- 
ognize acute 'typhlitis  resulting  from  impaction,  and  will 
then  institute  successful  operative  treatment.  For  this 
afEection  at  present,  our  main  reliance  in  treatment  is  in 
opium,  pushed  to  the  production  of  marked  narcotism ; 
while  locally,  a  bladder  of  ice,  if  it  can  be  borne,  will  be 
found  beneficial.  If  the  ice  cause  pain,  an  ointment  of 
belladonna  and  mercury  may  be  used.  If  inflammation 
is  marked,  and  symptoms  of  suppuration  appear  coinci- 
dently  with  a  tumor  in  the  iliac  fossa,  exploration  is  very 
decidedly  indicated  ;  this  is  best  done  by  puncturing  the 
skin  with  a  bistoury,  and  then  passing  a  grooved  or  hypo- 
dermic needle  into  the  tumefaction.  Should  pus  be  found, 
the  needle  is  to  be  used  as  a  director,  and  a  free  incision 
made.    Fluctuation  need  not  be  waited  for,  since  it  is  im- 


portant that  exit  to  the  pus  be  given  before  extensive  in- 
jury to  surrounding  parts  occurs.  Should  a  d6p6t  of  pus 
not  be  found,  the  incision  will  have  done  no  harm  ;  for 
the  suppuration  which  gives  rise  to  the  constitutional  re- 
action will  make  its  way  toward  it,  and  discharge  the 
more  easily.  All  cases  of  typhlitis  or  perityphlitis  do  not 
run  an  acute  course,  in  the  manner  described  above,  and 
the  modes  of  treatment  may  therefore  be  divided  into 
those  which  are  expedient  before,  during,  and  after  the 
attack. 

As  the  onset  of  typhlitis  is  often  preceded  by  irregular 
bowels,  etc.,  alight,  digestible  diet,  and  a  large  warm- 
water  enema  every  other  day,  to  be  followed  by  saline 
laxatives,  may  restore  healthy  digestion,  and  the  patient 
may  regain  health.  When  an  attack  has  already  set  in, 
purgatives  do  harm  by  urging  the  inflamed  or  irritated 
intestine  to  action.  Opium  is  indicated  to  allay  pain  and 
spasm,  ia  doses  sufficient  to  obtain  the  result  sought  for. 
Blood  should  bo  abstracted  by  leeches  from  the  inflamed 
region,  and  the  bites  should  be  allowed  to  bleed.  At  the 
same  time  copious  warm-water  enemata  should  be  given, 
so  as  to  empty  the  large  intestine  and  facilitate  the  pas- 
sage of  matter  through  the  irritated  area.  The  diet  should 
be  in  small  quantity,  and  of  an  easily  digestible  character. 
If  the  irritation  or  inflammation  has  existed  any  time, 
warm  applications  over  the  seat  of  pain  give  comfort. 
Ice  by  the  mouth  is  very  agreeable  to  the  patient. 

Should  the  disease  not  be  severe,  convalescence  is  to  be 
expected  in  two  or  three  weeks,  and  a  mild  laxative  may  be 
given  with  advantage,  but  only  when  recovery  is  assured  ; 
castor-oil  is,  I  believe,  the  best  purgative  under  the  cir- 
cumstances. Should  inflammatory  symptoms  continue, 
ulceration  and  perforation  of  intestine,  with  extravasation 
of  contents,  may  be  looked  for.  The  treatment  proper  for 
peritonitis  from  extravasation  has  been  referred  to,  and 
should  be  adopted,  if  it  can  be  put  in  practice,  soon 
after  the  accident  happens  ;  if,  however,  diffuse  general 
peritonitis  is  already  well  established,  a  fatal  result  will 
probably  be  hastened  by  laparotomy.  If  extravasation 
occur  into  the  pelvic  connective-tissue,  it  will  be  of  course 
followed  by  suppuration,  which  Will  require  evacuation 
by  surgical  means  rather  than  that  it  should  be  allowed 
to  burrow  in  the  direction  of  least  resistance  at  the  cost  of 
the  patient's  welfare.  No  special  directions  can  here  be 
given,  for  the  case  is  no  longer  simply  one  of  perityphlitis, 
but  one  presenting  a  grave  surgical  complication. 

During  a  typhoid  fever,  ulceration  may  be  present  in 
the  csecum  or  appendix,  and  give  rise  to  profuse  hsemor- 
rhage  ;  in  tuberculosis  or  dysentery,  also,  maj^  ulceration 
occur,  but  it  requires  no  special  mention  in  this  place. 

The  same  may  be  said  of  cancer  of  the  csecum. 

Strangulation  of  the  intestine  by  the  appendix  is  a  rare 
but  well-known  accident ;  it  is  due  usually  to  the  free  end 
of  the  appendix  becoming  adherent  to  some  peritoneal 
surface,  the  middle  portion  remaining  free.  A  loop  of 
bowel,  by  passing  beneath  this  free  portion,  may  become 
strangulated.  A  long  and  freely  movable  appendix  has 
become  wrapped  around  a  piece  of  intestine  so  as  to  close 
it.  The  ileum  is  more  apt  to  be  strangulated  than  any 
other  division  of  the  small  intestine.  Intussusception  is 
noticed  near  or  through  the  ileo-csecal  valve,  with  greater 
frequency  than  elsewhere  in  the  abdominal  cavity,  and 
may  suggest  typhlitis.  The  differential  diagnosis  is  usu- 
ally easily  made. 

The  csecum  or  appendix,  or  both,  may  form  a  hernial 
protrusion,  and  so  suffer  strangulation  ;  it  is  fair  to  sup- 
pose the  existence  of  a  long  meso-colon  under  these  cir- 
cumstances. This  accident  is  more  frequent,  I  am  in- 
clined to  think,  in  congenital  hernia  than  in  the  acquired 
variety.  Louis  MaLane  Tiffany. 

C/ESAREAN  SECTION,  The  term  Csesarean  section 
is  applied  to  an  operation  which  consists  in  opening  the 
abdomen  and  uterus  of  the  pregnant  female,  and  by  this 
means  in  making  an  exit  for  a  living  child,  which  could 
not  possibly  be  born  alive  if  delivered  by  the  natural  pas- 


This  operation  was  performed  by  the  Greeks  after  the 
death  of  the  mother.     Among  the  Romans  it  was  decreed 
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that  no  pregnant  woman  should  be  buried  until  the  child 
had  been  delivered  by  the  abdominal  section,  and  the 
name  of  Caesar  was  given  to  all  children  born  in  this  way. 

It  was  acknowledged  by  the  Christian  Church  as  bemg 
a  justifiable  operation,  and  was  practised  for  the  first  time 
on  the  living  woman,  in  1500,  by  Jacques  Nufu,  who  per- 
formed the  operation  with  success  on  his  own  wife ;  but 
it  was  not  until  1581  that  the  first  treatise  on  the  subject, 
by  Rousset,  appeared.  At  first  no  attempt  was  made  to 
close  the  uterine  wound,  for  all  the  attention  seems  to 
have  been  placed  on  the  manner  of  closing  that  of  the 
abdomen.  Libas,  in  1769  and  1771,  was  the  first  to  close 
the  uterus  with  sutures  after  the  operation,  but  this  pro- 
ceeding was  lost  sight  of  until  1828  and  1853,  when  it 
was  carried  out,  in  this  country,  by  Dr.  Frank  B.  Polin, 
of  Kentucky,  who  first  used  the  silver-wire  suture  for 
the  uterine  wound. 

The  following  statistics  by  Schroeder,  in  1874,  give  the 
results  of  the  operations  up  to  that  time  : 

Cases.    Recoveries.    Deaths. 

England 480  S36  244 

Germany  712  332  380 

France 344  153  191 

Belginm 11  4  7 

Italy 46  6  41 

America 12  8  4 

The  percentage  of  deaths  is  about  fifty-four  per  cent., 
but  some  other  authors  make  it  as  high  as  eighty-five  per 
cent. 

Dr.  Robert  P.  Harris,  of  Philadelphia,  gives  some  sta- 
tistics of  120  cases  of  the  Csesarean  operation  in  the 
United  States,  and  one  is  struck  with  the  results  of  the 
operations  performed  in  the  country  compared  with  those 
performed  in  the  cities. 

Cases.  Cures.  Per  cent. 

Intheoountry  32  20               62X 

In  small  towns 55  19              34 

In  large  cities 33  11               33 

Dr.  Harris  gives  the  following  as  the  latest  statistics  of 
the  -Ceesarean  operation  :  In  the  United  States,  127  cases, 
53  cures ;  in  all  North  America,  135  cases,  60  cures :  in 
England,  141  cases,  25  cures. 

The  Indications  ron  thb  Opehation. — The  absolute 
indication  for  the  operation  is  a  deformed  pelvis,  so  pro- 
nounced that  the  child  neither  dead  nor  alive  can  be  de- 
livered by  the  natural  passages,  or,  indeed,  be  delivered 
without  greater  danger  to  the  mother  than  that  involved 
in  the  Csesarean  operation. 

The  Relative  Indication. — When  the  pelvis  is  so  nar- 
row as  not  to  allow  of  the  passage  of  a  child,  of  the  or- 
dinary dimensions,  at  term,  even  if  the  volume  of  the 
child  has  been  previously  reduced  ;  that  is  to  say,  when 
one  has  the  choice  between  cephalotripsy,  embryotomy,  or 
the  operation  of  Ceesarean  section ;  but  authors  are  not 
agreed  as  to  the  amount  of  contraction  of  the  pelvis 
which  would  indicate  the  operation. 

Cazeau  thinks  the  operation  is  indicated  when  the  pel- 
vic contraction  measures  five  centimetres  (two  inches), 
and  Tarnier  is  of  the  same  opinion.  Depaul  prefers  the 
Csesarean  section  when  the  pelvic  contraction  is  only  six 
centimetres  and  the  child  is  alive. 

Scanzoni  would  even  prefer  the  operation  for  a  living 
child  if  the  contraction  was  only  eight  centimetres. 

Deformities  of  the  pelvis  may  be  due  to  rickets  or  to 
moUities  ossium,  and  the  pelvic  outlet  may  be  also  con- 
tracted by  tumors,  pelvic  hsematocele,  cellulitis,  and  a 
carcinomatous  cervix.  Moreover,  the  operation  is  indi- 
cated in  cases  in  which  the  mother  prefers  the  operation 
rather  than  to  sacrifice  the  life  of  the  child  ;  also  in  cases 
of  death  of  the  mother  while  the  child  is  viable. 

Modifications  of  the  Opebation. — There  are  many 
modifications  of  the  Csesarean  section,  but  mention  will 
only  be  made  of  them,  and  they  can  be  found  under  their 
various  headings  :  1,  Porro's  operation,  "  ovaro-hyster- 
ectomy;"  2,  Thomas'  operation,  "  laparo-elytrotomy  ; " 
3,  Porro-Milller  operation  ;  4,  symphyseotomy  ;  5,  Sang- 
er's operation,  "  sero-serous."  The  last  of  the  modifica- 
tions (Sanger's)  is  introduced  to  revive  the  old  method  of 
performing  the  Csesarean  operation,  and  will  be  spoken 
of  later  on. 


The  Conditions  of  the  Operation. — There  are 
three  conditions  to  be  fulfilled  before  one  is  wan-anted  in 
performing  the  operation  :  1.  That  the  operation  should 
be  absolutely  necessary ;  that  is,  that  there  is  no  other 
way  to  end  the  labor.  3.  That  the  child  should  be  living 
and  viable.  3.  That  the  mother  should  understand  all 
the  dangers  of  the  operation  and  should  consent  formally 
to  the  operation. 

The  Time  Most  Favorable  fob  the  Operation.— 
Most  authors  are  agreed  that  the  most  favorable  time  is 
that  which  just  precedes,  or  immediately  follows,  the 
rupture  of  the  membranes,  for  at  this  time  the  os  is  well 
dilated  and  the  uterine  contractions,  which  have  already 
existed  for  some  time,  acquire  a  more  regular  and  intense 
character.  If  one  operates  much  earlier  than  this,  the 
uterine  contractions  after  the  operation  are  apt  to  be  in- 
sufficient, and  if  much  later,  the  danger  to  the  child  is 
considerably  increased. 

Dr.  Harris  gives  statistics  as  follows  :  24  hours  before 
labor,  7  operations,  7  cures ;  34  hours  before  labor,  7 
operations,  4  cures  ;  34  hours  after  labor,  10  operations, 
1  cure. 

Radfort  gives  statistics  of  100  cases  as  follows :  24  hours 
before  labor,  34  operations,  7  cures  ;  34  hours  after  labor, 
'76  operations,  9  cures. 

Statistics  in  regard  to  the  operation  and  its  relation  to 
the  rupture  of  the  membranes  are  interesting.  Kayser 
gives  the  following : 

^  ,,„ „ MOTHHRS.  ChILDBEN. 

EcpirnE  OF  MEMBBANB8.              ^^^^  (jured.  Cases.  Cured. 

Before  or  six  hours  after , .39  20            39        3^ 

Seven  to  twenty-four  hours  after 85  24           32        25 

More  than  twenty-four  hours  after 38  13           37        19 

It  is  a  curious  fact  that  the  Csesarean  section  seems  to 
lose  something  of  its  gravity  when  it  is  performed  on 
women  who  have  already  undergone  the  operation. 
Lungren  has  collected  all  the  cases  of  Csesarean  section 
performed  at  different  times  on  the  same  woman,  and 
gives  the  following  result :  On  48  women  the  operation 
had  been  performed  119  times ;  8  mothers  only  have  died 
and  40  have  been  saved. 

Preliminary  Precautions. — The  precautions  are  the 
same  as  in  the  operation  of  ovariotomy.  The  operator 
and  assistants  should  have  their  arms  bare  to  the  elbows. 
Soap,  water,  and  nail-brush  should  be  freely  used,  and  the 
hands  and  arms  should  be  well  scrubbed.  During  the 
operation  the  hands  of  the  operator  should  be  washed  fre- 
quently in  a  five  per  cent,  solution  of  carbolic  acid,  or  in 
a  solution  of  the  bichloride  of  mercury  (1  to  3,000). 

The  operating-room  should  be  particularly  set  apart  for 
the  purpose,  and  should  be  kept  at  a  temperature  of  68" 
to  70°  F.  The  spray  should  be  used  several  hours  before 
the  operation.  "The  sponges  should  be  new,  and  should 
be  thoroughly  cleaned  with  acids  and  hot  water.  During 
the  operation  they  should  be  soaked  in  a  solution  of  car- 
bolic acid,  1  to  30. 

The  instruments  should  be  kept  in  a  carbolic  solution 
during  the  operation,  and  counted  both  before  and  after 
the  operation. 

The  operating-table  should  be  hard  and  high,  and  should 
be  open  on  all  sides.  The  sponges  which  are  to  be  used 
in  the  abdominal  cavity  should  have  a  string  and  weight 
attached,  as  the  weights  hanging  outside  the  abdomen  will 
indicate  the  number  of  sponges  inside,  and  will  lessen  the 
danger  of  leaving  any  sponges  in  the  cavity  after  finishing 
the  operation. 

Assistants. — Four  assistants,  at  least,  are  necessary ; 
one  to  administer  the  ether  and  keep  the  patient  fully 
under  its  influence  ;  one  to  fix  the  uterus  against  the  ab- 
dominal wound  and  to  keep  the  intestines  in  the  abdomi- 
nal cavity  ;  another  assistant  to  take  charge  of  the  instru- 
ments and  sponges,  to  pass  them  to  the  operator  and  to 
see  that  none  are  left  in  the  abdominal  cavity  ;  and,  lastly, 
a  trained  nurse  to  take  the  child  after  delivery  and  give  it 
all  necessary  attention. 

The  instrumenls  necessary  for  the  operation  are :  a 
scalpel,  a  blunt-pointed  bistoury,  two  pairs  of  scissors,  a 
director,  artery-forceps,  pressure-forceps,  sutures,  needles, 
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needle-holder,  new  sponges,  silver  wire,  the  cautery,  glass 
pressure-plates,  and  Wells'  clamp. 

The  dressing  consist  of  protective  silk,  antiseptic 
gauze,  antiseptic  absorbent-cotton,  and  a  broad  roller- 
bandage  of  unstarched  muslin. 

The   Operation. — This  may  be  divided  into  four 


1.  The  incision  through  the  abdominal  wall.  This 
should  be  done  slowly  and  deliberately,  care  being  taken 
to  stop  all  hsemorrhage. 

2.  The  incision  in  the  uterine  wall  and  the  extraction 
of  the  child.  This  should  be  done  quickly,  as  any  delay 
in  this  stage  may  lead  to  formidable  hsemorrhage. 

3.  T)ie  delivery  of  the  placenta,  arrest  of  hsemorrhage, 
and  cleansing  of  the  abdominal  cavity. 

4.  The  uniting  of  the  wounds  and  the  dressing  and 
care  of  the  patient. 

There  have  been  many  situations  recommended  for  the 
abdominal  incision,  but  the  one  in  the  linea  alba  is  gener- 
ally used.  Guy  de  Chauliac,  1363,  and  after  him  Roess- 
lin,  in  1513,  advised  that  it  should  be  made  in  the  left  side 
to  avoid  the  liver.  Rousset  advised  either  the  right  or 
the  left  side,  while  Levret 
recommended  that  the  in- 
cision should  be  made  on 
the  side  toward  which  the 
uterus  was  lying  at  the 
time  of  the  operation. 
The  side  incisions  are  rare- 
ly used,  while  the  trans- 
verse and  diagonal  inci- 
sions have  been  aban- 
doned. 

First  Stage  of  the  Opera- 
tion.— Clean  and  shave  the 
abdomen  '  and  wash  the 
parts  with  a  solution  of 
carbolic  acid  (1  to  30),  or 
with  a  solution  .of  bichlo- 
ride of  mercury  (1  to 
3,000). 

After  emptying  the  blad- 
der, the  uterus  should  be 
held  immovable  against 
the  abdominal  wall  in  or- 
der to  press  the  coils  of 
intestines  as  far  from  the  ^      ..„    „  ^    ^^    _._      ^ 

»..MJi„  li„„  „„  «»n<,;v,l»  I^i"-  d43.— EepresentB  the  Different 
middle  Ime  as  possible.  positions  in  which  Cuts  have  been 
The    first  incision  should      made  in  the  Abdominal  Wall. 

be  about  six  inches  long, 

in  the  linea  alba,  extending  from  the  umbilicus  to  within 

two  inches  of  the  symphysis  pubis. 

The  incision  should  not  be  carried  too  far  downward 
near  the  symphysis,  as  the  bladder  may  be  injured.  If  it 
becomes  necessary  to  increase  the  size  of  the  abdominal 
opening,  the  incision  may  be  carried  above  the  umbilicus, 
going  to  the  left  of  it,  in  order  to  avoid  the  suspensory 
ligament  of  the  liver,  and  also  an  abnormal  anastomosis 
which  sometimes  exists  between  the  hypogastric  and  um- 
bilical veins. 

All  hsemorrhage  must  be  stopped  before  the  peritoneal 
cavity  is  opened.  The  first  opening  should  be  small,  and 
the  incision  extended  on  the  finger  or  director  until  a 
sufficient  opening  is  made. 

The  second  stage  of  the  operation  consists  in  opening  the 
uterus  and  extracting  the  child.  As  the  first  stage  should 
be  performed  slowly  and  deliberately,  so  should  the 
second  be  done  quickly  and  decisively.  When  the  ab- 
dominal incision  is  made  and  the  peritoneal  cavity  opened, 
the  uterus,  which  has  been  kept  well  up  against  the  ab- 
dominal wall,  presents  itself  at  the  opening,  while  the  in- 
testines are  pressed  to  either  side  and  behind  it. 

The  assistant  should  take  particular  care  to  keep  the  ute- 
rus pressed  well  into  the  abdominal  wound,  for  in  this  way 
only  can  the  intestines  be  kept  in  place.  To  prevent  hse- 
mon-hage,  as  far  as  possible,  when  the  uterus  is  opened, 
pressure  should  be  made  around  the  cervix.  The  greater 
the  hsemorrhage  the  more  quickly  the  second  stage  of  the 
operation  must  be  performed.      On  moribund  patients 

Vol.  I.— 47 


haemorrhage  in  this  stage  need  not  be  feared,  as  in  nu- 
merous cases  in  which  the  operation  has  been  performed 
in  the  interest  of  the  child  only,  the  hsemorrhage  has  been 
extremely  slight,  and  the  uterus  contracted  well  after  the 
child  had  been  delivered. 

If  the  membranes  are  intact  they  must  be  divided  on 
a  director  or  upon  the  finger  as  a  guide.  The  uterine 
wound  should  be  of  the  same  length  as  the  abdominal  one, 
but  should  not  be  carried  too  near  the  fundus  of  the 
uterus,  as  wounds  in  that  situation  gape  badly  and  do  not 
cicatrize  well 

As  soon  as  the  uterine  incision  is  made  and  the  mem- 
branes are  ruptured,  an  assistant  should  place  his  index- 
finger  in  the  upper  angle  of  the  uterine  wound  and  hold 
the  uterus  up  against  the  abdominal  wall ;  and  another 
assistant  should  do  the  same  at  the  lower  angle.  By  this 
means  the  uterus  is  held  firmly  in  place,  and  the  oper- 
ator can  remove  the  child  by  whichever  extremity  pre- 
sents itself. 

The  child  should  be  delivered  slowly,  care  being  taken 
that  the  uterine  wound  is  not  injured.  Should  the  uterine 
wound  be  at  the  placental  site,  cut  through  the  placenta 
and  deliver  the  child  as  quickly  as  possible,  and  then  re- 
move the  placenta  and  membranes. 

As  a  general  rule  the  feet  present  themselves  and  can 
easily  be  seized.    As  soon  as  the  child  is  delivered  tie  and 


TiG.  544.— Second  Stage  of  the  Operation  ;  Extraction  of  the  Child. 

cut  the  cord  immediately  and  give  the  child  over  to  an 
experienced  nurse,  who  will  give  it  all  necessaiy  care. 
Whenever  the  head  presents  itself  the  child  should  be  de- 
livered by  that  extremity,  and  when  the  head  is  outside 
the  abdominal  cavity  the  rest  of  the  body  will  follow  very 
easily.  During  the  whole  stage  of  extraction  an  assistant 
should  keep  the  uterus  well  contracted  and  up  against 
the  abdominal  wound,  to  prevent  any  escape  of  blood  or 
amniotic  fluid  into  the  peritoneal  cavity.  If  the  uterus  is 
well  pushed  up  against  the  abdominal  wall  it  will  also 
prevent  the  escape  of  any  coils  of  the  intestines. 

The  Third  Stage.— The  delivery  of  the  after-birth  and 
arrest  of  hsemorrhage.  As  soon  as  the  child  is  born  the 
operator  should  proceed  at  once  to  the  delivery  of  the 
placenta  and  its  membranes.  This  should  be.  done  slowly 
and  carefully.  „  ,    , 

Generally  after  the  birth  of  the  child  the  uterus  con- 
tracts well,  and  there  is  very  little  hsemorrhage.  All  clots 
of  blood  should  be  removed  from  the  cavity  of  the  uterus, 
and  the  organ  itself  should  be  stimulated  to  contract  by 
friction,  by  the  application  of  cold,  or  by  the  subcutane- 
ous injection  of  ergotine. 

5.  Ergotine S""-  xv. 

GlycerinsB 3  j. 

Aquse  destil 3  J^^- 

M.  Sig.— Dose,  twenty  to  thirty  minims. 

The  Fourth  Stage.— The  uniting  of  the  uterine  and  ab- 
dominal wounds.  When  all  hsemorrhage  has  been  ar- 
rested and  the  peritoneal  cavity  thoroughly  cleansed,  the 
uterine  and  abdominal  wounds  must  be  closed  as  soon  as 
possible  by  the  use  of  the  superficial  and  deep  sutures. 

Til 
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Fig.  545. — D,  uterine  mucous  membrane ; 
if,  uterine  muscular  tissue ;  iS,  perito- 
neum. 


The  Uterus  must  be  well  contracted  and  its  cavity  washed 
out  with  a  solution  of  carbolic  acid  (1  to  30). 

Drainage  of  the  uterine  cavity  may  take  place  through 
(a)  the  cervix  and  vagina  ;  (A)  the  abdominal  wound 
(utero-abdominal) ;  (c)  the  abdominal  wound,  uterus,  and 
vagina  ;  {d}  the  Douglas'  cul-de-sac  and  the  posterior 
vaginal  wall ;  («)  the  bladder  and  anterior  vaginal  wall. 
The  first  of  these  routes  is  the  best. 

For  the  uterine  wound,  the  silver-wire  sutures,  first 
used  by  Polin,  of  Kentucky,  are  preferred.  They  are 
to  be  placed  as  shown  in  Fig.   545  :  one,   very  deep 

and  Including  all  the 
uterine  muscular  tis- 
sue, brings  the  two  sur- 
faces of  the  wound  in 
close  and  perfect  appo- 
sition ;  the  other  suture 
is  more  superficial  and 
only  brings  the  edges 
of  the  wound  together. 
For  the  abdominal 
wound  the  deep  sutures 
are  usually  of  silver, 
while  the  superficial 
ones  are  of  silk  or  catgut ;  but  some  authors  prefer  the 
pin  and  figure-of-eight  suture  of  Baudelocque. 

There  are  three  methods  of  uniting '  or  closing  the 
uterine  wound  :  1.  Simply  bringing  the  edges  of  the  wound 
together  with  a  superficial  and  deep  suture,  as  in  Fig.  545. 
2.  The  utero-parietal  suture,  uniting  the  uterine  and  ab- 
dominal wounds.  3.  The  symperitoneal  suture  or  the 
sero-serous  method  of  Sanger  (Figs.  546  and  547). 

The  last,  or  Sanger  method,  is  a  modification  of  the  old 
method  of  performing  the  Csesarean  section,  and  consists  in 
the  different  manner  of  uniting  the  edges  of  the  uterine 
wound.  He  bases  his  claim  for  the  operation  on  its  analogy 
to  operations  on  other  viscera  covered  by  the  peritoneum, 
such  as  operations  on  the  intestines,  bladder,  and  non- 
pregnant uterus.  The  peritoneum  is  dissected  up  on  each 
side  of  the  uterine 
wound  for  a  distance  ^'x 

of  one  centimetre  or 
more,  and  a  thin  seg- 
ment of  the  uterine 
muscular  tissue  is  cut 
away  on  each  flap  (see 
Fig.  546).  The  peri- 
toneum, which  has 
been  dissected  up,  is 
then  allowed  to  fall 
into  the  wound,  when 
the  peritoneal  sur- 
faces are  brought  to-  Fig.  546.— Represents  the  Second  Step  in 
gether    by    deep    and       Sanger's  operation     ■■     -    ■ 

superficial  sutures. 
These  peritoneal  sur- 
faces unite  quickly  and  prevent  any  fluids  from  escaping 
into  the  abdominal  cavity.  Three  operations  by  this 
method  have  been  reported,  with  success  in  each  case,  the 
mother  and  child  both  being  saved. 

The  success  of  the  operation  depends  largely,  no  doubt, 
on  strict  aijtiseptic  precautions,  cleansing  the  peritoneal 
cavity,  and  arresting  all  haemorrhage  before  closing  the 
abdominal  wound.  Drainage  from  the  uterine  cavity 
can  take  place  through  the  cervix  and  vagina. 

The  complications  to  be  expected  In  the  last  two  stages 
of  the  operation  are  : 

1.  The  uterine  incision  may  be  made  at  the  placental 
site. 

3.  The  arrest  of  the  foetal  head  by  the  lips  of  the  uterine 
or  abdominal  wound. 

3.  Hsemorrhage. 

4.  The  placenta  may  be  adherent. 

5.  The  protrusion  of  coils  of  intestines  through  the 
abdominal  wound. 

6.  The  escape  of  liquor  amnii  and  of  blood  into  the  ab- 
dominal or  peritoneal  cavity. 

It  is  sometimes  possible  to  recognize  the  placental  site 
before  making  the  uterine  incision,  and  then  it  becomes 


the  Peritoneum  and 
Uterine  Muscular  Tissue  having  been  Dis- 
sected away. 


necessary  to  make  the  incision  outside  of  the  supposed 
area.     (See  article  on  Obstetric  Palpation.) 

1.  If  the  placental  site  is  not  recognized  before  the 
uterine  incision  is  made,  the  operation  must  be  hurried ; 
in  case  the  incision  is  at  the  placental  site,  the  opening 
must  be  enlarged  and  the  placenta  detached  as  soon  as 
possible. 

The  child  must  be  quickly  removed  and  the  uterus 
made  to  contract  by  some  of  the  methods  given  above,  in 
order  to  prevent  an  excessive  loss  of  blood. 

2.  The  head  of  the  child  may  be  arrested  by  the  lips  of 
the  uterine  or  abdominal  wound,  in  which  case  the  in- 
cision should  be  enlarged  at  once  unless  the  head  can  be 
delivered  by  simply  enlarging  the  opening  with  the  hand 
pressed  between  the  edges  of  the  wound  and  head.  The 
life  of  the  child  is  greatly  endangered  by  this  complica- 
tion. 

3.  It  is  usually  after  the  extraction  of  the  head  that  the 
haemorrhage  is  most  severe ;  for  while  the  child  is  in 
utero  the  uterine  contractions  are  very  regular,  but  as 
soon  as  the  child  is  delivered  the  contractions  of  the 
uterus  are  less  energetic,  and  the  haemorrhage  may  be 
quite  severe.  The  only  way  to  stop  such  a  haemorrhage 
is  to  increase  uterine  contractions,  by  cold,  heat,  or  fric- 
tion, and  the  subcutaneous  injection  of  ergot.  If  these 
means  are  not  sufficient,  it  is  best  to  raise  the  uterus  out- 
side the  abdominal  cavity^  in  order  to  avoid  the  escape 
of  blood  into  the  peritoneal  cavity.  The  uterus  should 
not  be  replaced  again  until  the  haemorrhage  has  entirely 
ceased.  , 

Ritger  advises,  in  order  to  guard  against  such  a  haemor- 
rhage, that  the  uterus  should  be  always  'raised  outside 
the  abdominal  cavity,  and  that  the  extraction  of  the  child 
should  not  be  made  until  the  uterus  has  been  thus  raised 
outside. 

4.  Whenever  the  placenta  is  adherent,  the  adhesions 
must  be  quickly  and  carefully  broken  down  and  the 
placenta  should  be  delivered  through  the  abdominal 
wound  and  not  per  vaginam.  Great  care  should  be  taken 
that  no  part  of  the  placenta  or  membranes  be  left  in  the 
uterus. 

The  protrusion  of  the  intestines  may  be  prevented  by 
pressing  the  uterus  upward  into  the  abdominal  wound 

and  by  using  large  flat 
sponges  on  each  side  of 
the  uterus  in  the  ahdomi. 
nal  cavity.  All  the  sponges 
in  use  during  the  operation 
should  be  new,  and  should 
be  counted  both  before  and 
after  the  operation,  in  or- 
der to  prevent  the  chance 
of  leaving  any  of  them  in 
the  abdomen.  As  already 
stated,  strings  and  weights 
may  be  attached  to  those 
sponges  which  are  to  he 
used  m  the  abdominal  cav- 
ity, and  these  hanging  out- 
side will  indicate  the  pres- 
ence of  the  sponges  inside, 
Fio.  647.— Shows  the  Appearance  o(  and  will  prevent  any  of 
the  uterine  Wound;  the  Super-  them  from  being  over- 
ficial  and  Deep  Sutures  being  in  i^„i_-,j 
place,  abd,  Abdominal  wall;  p,  lOOKea. 
peritoneum.  Fig.  547  represents  the 

appearance  of  the  super- 
ficial and  deep  sutures  of  the  uterine  wound.  After  the 
uterus  is  returned  to  its  place  in  the  abdominal  cavity, 
sponges  should  be  placed  in  the  abdominal  wound  to  ab- 
sorb any  blood  which  may  escape  in  closing  the  abdomi- 
nal wound,  and  should  remain  there  until  the  sutures  are 
all  in  place. 

The  method  of  closing  the  abdominal  wound  is  accom- 
plished by  the  use  of  the  deep  silver  wire  and  the  superfi- 
cial silk  or  catgut  ligatures.  The  deep  suture  (Fig.  548) 
enters  the  abdominal  wall  an  inch  from  the  edge  of  the 
wound  and  passes  entirely  through,  as  shown  in  Fig.  ^^^ 
A  needle  threaded  with  a  double  silk  suture  is  first  passed, 
and  to  the  end  of  this  is  hooked  the  silver-wire  suture. 


738 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


GsBsarean  Section. 
Ctesarean  Section. 


By  this  means  the  peritoneal  surfaces  are  brought  together 
and  all  strain  or  pressure  on  the  superficial  sutures  is  re- 
moved. 

The  deep  wire  sutures  are  not  twisted  over  the  wound 
but  are  arranged  as  In  Fig.  549. 

The  suture  shown  in  Fig.  548  is  the  one  now  generally 


Fig.  648. — C  represents  the  deep  silver  wire  suture,  witli  glass  pres- 
sure-plates \  A,  B,  buttons. 

used.  The  glass  pressure-plates  and  buttons,  one  on  each 
side  of  the  wound,  are  kept  in  place  by  twisting  the  end 
of  the  wire,  when  in  place,  about  a  small  piece  of  wood. 
The  plates  and  sutures  bring  the  peritoneal  surfaces  to- 
gether and  take  all  pressure  from  the  silk  or  catgut  sut- 
ures. The  deep  sutures  may  be  as  numerous  as  the 
operator  may  think  necessary.  The  superficial  sutures 
simply  bring  the  edges  of  the  wound  in  close  apposition. 
No  drainage-tube  is  used  in  either  the  uterine  or  the  ab- 
dominal wound,  and  any 


discharge  from  the  uterus 
can  easily  escape  per  vagi- 
nam. 

The  JDressings. — A  piece 
of  gum  protective  is  first 
placed  over  the  wound, 
and  over  this  a  thick  layer 
of  antiseptic  gauze,  pre- 
pared with  carbolic  acid 
or  bichloride  of  mercury. 
Over  this  is  placed  a  larger 
wad  of  absorbent  cotton, 
prepared  in  the  usual  way, 
and  finally  a  firm  band- 
age of  unstarched  gauze 
wrung  out  in  a  solution  of 
carbolic  acid  (1  to  20). 

The  After  -  treat  - 
MENT. — After  the  opera- 
tion the  patient  should  be 
moved  carefully  from  the 
operating-table  to  the  bed, 
which  should  be  brought 
into  the  operating-room  in 
order  to  avoid  too  much 
disturbance.  Hot  bottles 
should  be  placed  at  the  patient's  feet,  and  she  should  be 
covered  with  warm  blankets  and  watched  by  a  competent 
nurse  or  assistant  until  the  effect  of  the  ether  has  passed  off. 

If  the  wound  unites  by  primary  union  the  dressing 
need  be  removed  only  as  there  seems  to  be  some  urgent 
indication  for  so  doing.  At  the  end  of  four  or  five  days 
the  superficial  sutures  may  be  removed,  and  a  few  strips 
of  adhesive  plaster  may  be  placed  over  the  wound  to 
hold  the  edges  together.  The  deep  sutures  may  remain 
in  for  eight  or  ten  days,  as  the  operator  may  think  advis- 
able. 

The  after-complications  to  be  feared  are  nausea  and 
vomiting,  haemorrhage,  peritonitis,  metritis,  shock,  sep- 
ticaemia, and  exhaustion. 

In  case  of  severe  nausea  and  vomiting  following  the 
operation,  the  patient  should  be  kept  perfectly  quiet,  and 
ice  or  iced  milk  should  be  given  frequently  and  in  small 
quantities.  Until  the  stomach  becomes  quiet,  nutrition 
should  be  kept  up  by  rectal  injections  of  milk  or  partly 
digested  food. 

The  bowels  should  be  confined  for  the  first  few  days 
after  the  operation. 

The  haemorrhage,  if  there  be  any,  may  come  from  the 
abdominal  wound,  or  from  the  uterine  wound,  or  it  may 
owe  its  origin  to  the  circumstance  that  the  incision  was 
made  at  the  placental  site.  The  risk  from  haemorrhage 
may  be  lessened  by  making  the  abdominal  incision  in  the 


Fig.  549. — Showing  the  Appearance 
of  the  Abdominal  Wound  with  Sut- 
ures and  Fressure-plates  in  Place. 


linea  alba,  by  avoiding  the  placental  site,  by  compressing 
the  uterus  firmly  after  the  extraction  of  the  child,  and, 
flnalljr,  by  the  use  of  styptics  and  the  actual  cautery. 

Peritonitis  is  usually  due  to  a  want  of  cleanliness,  but 
also  to  the  escape  of  liquor  amnii,  lochia,  or  other  fluids, 
into  the  peritoneal  cavity. 

An  unhealthy  condition  of  the  patient  may  predispose 
her  to  an  attack  of  peritonitis.  In  the  treatment  of  peri- 
tonitis the  main  reliance  is  placed  on  the  internal  admin- 
istration of  opium,  and  on  the  application  of  warm  poul- 
tices to  the  abdomen.  The  opium  may  be  given  by  the 
rectum  in  the  form  of  suppositories,  and  by  the  subcuta- 
neous injection  of  morphia. 

Septicaemia  is  caused  by  the  absorption  of  putrid  mat- 
ters into  the  blood,  either  from  the  peritoneal  cavity  or 
from  the  uterus. 

When  symptoms  of  this  complication  arise,  e.g.,  high 
fever,  chill,  etc. ,  a  few  days  after  the  operation,  the  uterus 
and  vagina  should  be  washed  out  with  a  solution  of  car- 
bolic acid  (five  per  cent.)  or  a  solution  of  the  bichloride 
of  mercury  (1  to  5,000),  twice  each  day.  Quinine  in  large 
doses  may  be  given  to  lower  the  temperature,  and  stimu- 
lants should  be  given  as  indications  arise  for  their  use. 
Opium  is  rarely  of  use,  and  may  do  more  harm  than 
good. 

Shock  after  the  operation  should  be  treated  in  the  usual 
way,  with  heat,  stimulants,  etc. 

The  urine  must  be  drawn  twice  daily,  and  particular 
care  should  be  taken  to  wash  the  parts  before  passing  the 
catheter,  as  in  this  way  only  can  the  discharges  from  the 
vagina  be  prevented  from  being  carried  up  the  urethra 
into  the  bladder.  There  should  be  nothing  to  prevent 
the  free  escape  of  lochia  from  the  vagina,  and  the  uterus 
may  be  washed  out  with  the  solution  of  carbolic  acid  as 
often  as  the  patient's  condition  may  seem  to  demand  it. 

On  tlie  fourth  day  after  the  operation  the  bowels  may 
be  moved  by  an  enema.  Recovery  is,  as  a  rule,  slow,  and 
it  is  rare  for  th»  patient  to  be  up  and  about  before  five  or 
six  weeks,  during  all  of  which  time  she  should  be  nursed 
with  the  greatest  care,  for  to  poor  nursing  may  be  at- 
tributed some  of  the  bad  results  of  those  cases  which  have 
been  reported.  For  several  months  after  the  operation 
the  patient  must  wear  an  abdominal  supporter. 

The  Prognosis. — Up  to  the  present  time  statistics  show 
that  the  mortality  in  cases  of  Csesarean  section  is  about 
eighty-five  percent.,  but  in  many  of  these  cases  the  opera- 
tion has  been  performed  jia  a  last  resort,  the  patient  being 
moribund  at  the  time  of  the  operation.  Statistics  also 
show  the  curious  fact  that  operations  repeated  on  the  same 
woman  are  followed  by  better  results  than  the  primary 
operations.  The  great  majority  of  deaths  occur  during 
the  first  three  days  after  the  operation. 

Michaelis  and  Oetler  have  operated  four  times  on  the 
same  patient.  Barnes  explains  the  good  results  in  these 
cases  by  the  fact  that  after  the  first  operation  the  uterus, 
in  cicatrizing,  probably  contracts  adhesions  with  the  ab- 
dominal wall,  and  if  the  patient  again  become  pregnant, 
and  the  operation  be  again  rendered  necessary,  this  opera- 
tion will  be  attended  with  less  danger,  because  these  ad- 
hesions close  the  peritoneal  cavity,  and  the  incision  into 
the  uterus  through  the  abdominal  wall  will  in  that  case 
come  upon  the  part  of  the  uterus  which  is  adherent  to  it. 
Thus  the  danger  from  haemorrhage  and  effusion  into  the 
peritoneal  cavity  is  greatly  diminished,  and  it  is  possible 
also  that  the  shock  of  the  operation  is  much  less  under 
such  circumstances. 

Summary. — 1.  The  nearer  the  linea  alba  the  abdomi- 
nal incision  is  made,  the  less  will  be  the  haemorrhage. 

2.  The  earlier  the  operation,  the  better  the  prognosis  for 
mother  and  child. 

3.  Chloroform,  by  leading  to  uterine  inertia  and  vomit- 
ing, is  an  unsafe  anaesthetic.  Local  anaesthesia,  if  possi- 
ble, would  be  better. 

4.  Ether  is  the  safest  anaesthetic. 

5.  Before  the  day  of  anaesthetics  the  Caesarean  section 
was  a  safer  operation,  as  there  were  no  secondary  anaes- 
thetic effects.  ,  •    1, 

6.  The  operation  is  not  very  painful  after  the  skin  has 
been  incised.    Stitching  the  abdominal  wound  is  painful. 
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7.  To  arrest  uterine  haemorrhage  and  prevent  its  return, 
suture  the  uterine  wound  with  wire  and  not  with  catgut 
or  sills:  sutures. 

8.  Ice  is  useful  for  exciting  uterine  contractions;  so 
also  are  vinegar  and  ergot,  given  internally. 

9.  Keep  the  peritoneal  cavity  as  clean  as  possible,  and 
remove  all  fluids  in  the  cavity  before  closing  the  abdomi- 
nal wound. 

10.  Drain  the  uterine  cavity  through  the  vagina. 

11.  To  avoid  post-partum  uterine  relaxation,  operate 
early,  before  labor  begins. 

12.  If  the  fcEtus  is  dead,  wash  out  the  uterus,  after  de- 
livery, with  a  solution  of  carbolic  acid  (five  per  cent.). 

Charles  Ware. 

CAFFEINE  (Gaffeina,  U.  S.  Ph.  ;  Cafeinum,  Ph.  G.  ; 
Gaffeia,  Tlieine,  Ouaranine,  etc.).  The  characteristic 
alkaloid  of  coffee  and  tea.  It  was  discovered  and  first 
prepared,  in  an  impure  condition,  from  Coffee,  by  Runge, 
in  1820,  and  shortly  after,  in  a  state  of  greater  purity,  by 
Pelletier  and  Robiquet,  and  other  chemists.  In  1827 
Gudry  separated  an  alkaloid  from  Tea,  which  he  named 
Vieine.  This,  in  1838,  was  proved  by  Mulder  and  C. 
Jobst  to  be  the  same  as  Runge's  caffeine.  In  1840 
Martins  discovered  guaranine  in  Gtuarana,  and  afterward 
the  same  observer,  and  others,  proved  its  identity  with 
the  alkaloid  of  Coffee.  The  same  substance  was  also 
found,  in  1843,  by  Stenhouse,  in  the  leaves  of  Mat6  or 
Paraguay  Tea,  and  in  1865,  by  D.  Daniel  and  by  J.  Att- 
fleld,  in  the  Cola  Nuts  (StercuUa)  of  Africa.  In  all  these 
products  it  appears,  moreover,  to  be  the  most  important 
ingredient.  As  no  two  of  these  plants  are  nearly  related 
to  each  other,  or  are  even  in  the  same  order,  caffeine  may 
yet  be  found  to  be  as  widely  distributed  in  the  vegetable 
kingdom  as  berberine  or  buxine.  It  is  an  interesting  fact 
that  all  the  above  substances  have  been  •  used  from  a  re- 
mote time  by  communities  which  could  have  had  no 
communication  with  each  other,  for  exactly  the  same 
purpose,  viz.,  as  a  stimulating  and  comforting  addition 
to  their  daily  food :  tea  by  the  Chinese,  coffee  by  the 
Arabs,  the  cola  nuts  by  the  Africans,  and  mate  and 
guarana  by  different  tribes  of  South  America. 

For  commercial  purposes  caffeine  is  prepared  exclu- 
sively from  tea  and  coffee ;  the  poorer  sorts,  that  is  "  tea 
dust "  and  damaged  and  inferior  grades  of  either  tea  or 
coffee,  being  used.  As  the  price  of  both  these  articles 
does  not  depend  at  all  upon  their  alkaloidal  strength,  but 
only  upon  their  appearance  and  flavor,  the  cheaper 
grades  often  contain  considerably  more  caffeine  than  the 
more  expensive  ones,  and,  price  apart,  are  better  for  this 
purpose. 

As  caffeine  is  a  weak  base  easily  separated  from  its 
natural  combinations,  when  it  has  any,  and  as  it  is  pretty 
soluble  in  water  and  can  be  volatilized  by  heat,  its  separa- 
tion from  the  crude  products  containing  it  is  compara- 
tively easy,  and  may  be  effected  in  several  ways.  Thus 
an  infusion  of  coffee  may  be  treated  with  magnesia,  filtered 
and  evaporated,  and  the  resulting  caffeine  purified  by 
recrystallization.  Or  alcohol  or  petroleum  benzin  may 
be  used  as  the  first  solvents,  with  suitable  modifications 
of  the  purifying  and  separating  processes.  Or  an  evap- 
orated extract  may  be  mixed  with  sand  and  the  caffeine 
volatilized  like  camphor  or  benzoic  acid.  One  of  the 
best  modern  processes  is  that  of  Versmann,  described  as 
follows  :  Mix  the  powdered  coffee  with  calcic  hydrate, 
percolate  with  eighty  per  cent,  alcohol,  distil  off  the 
spirit,  treat  the  residue  with  water,  remove  the  fat,  which 
separates  on  standing,  and  evaporate  the  liquid  until  it 
crystallizes  upon  cooling.  Dry  the  caffeine  so  obtained 
between  folds  of  filtering  paper,  dissolve  it  again  in  water, 
filter  through  animal  charcoal  and  recrystallize  (Huse- 
mann).  The  same  method  may  be  employed  in  separat- 
ing it  from  tea  and  guarana. 

The  proportion  of  caffeine  in  these  different  substances 
varies  considerably,  and,  as  noticed  above,  does  not  de- 
pend, in  the  case  of  tea  and  coffee,  upon  their  acknowledged 
quality.  According  to  the  researches  of  Stenhouse, 
coffee  contains  from  i  to  1  per  cent.,  tea  from  2  to  2.1  per 
cent.,  guarana  5.07  per  cent.,  and  Paraguay  lea  from  1.1 


to  1.2  per  cent.  Cola  nuts  yield  2.13  per  cent. ,  according 
to  Attfield.  These  figures  are,  however,  subject  to  con- 
siderable variations,  for  coffee  may  contain  two  or  three 
per  cent. ,  and  tea  and  the  others  may  have  less  than  one  per 
cent.  Although  guarana  yields  the  greatest  amount,  it« 
high  price  excludes  it  from  competition  with  teas  and 
coffees  as  a  source  of  caffeine.  *  The  other  articles  are 
only  to  be  had  here  as  curiosities.  Caffeine  has  also 
been  obtained  from  coffee  leaves,  which  arc  used;  to  a 
slight  extent,  as  a  substitute  for  coffee  and  tea.  Roasting 
the  coffee  dissipates  a  small  portion  of  the  caffeine,  but 
does  not  alter  that  which  remains.  Finally,  it  has  been 
prepared  by  synthesis  with  theobromide  of  silver  and 
methyl  iodide  (Strieker). 

Commercial  caffeine  is  in  beautiful,  long,  flexible,  silky 
crystals,  resembling  finely  spun  glass  in  whiteness  and 
lustre.  It  is  permanent  in  the  air,  and  dissolves,  accord- 
ing to  the  U.  S.  Pharmacopoeia,  in  seventy-five  parts  ol 
water  and  thirty-five  of  alcohol,  at  15°  C.  In  absolute 
alcohol  and  in  ether  it  is  less  soluble.  The  combining 
power  of  caffeine  is  very  feeble,  and  although  it  forms 
salts  with  several  acids,  it  retires  from  the  combination 
in  dilute  solutions,  and  sets  the  acid  free.  Its  taste  is 
moderately  bitter. 

Action  and  Usb. — Poisonous  doses  of  caffeine  ad- 
ministered to  frogs  occasion  convulsions,  followed  by 
rigidity  of  the  muscular  tissue  :  administered  to  birds  and 
mammals,  restlessness,  rapid  breathing,  tonic  and  clonic 
convulsions,  and,  finally,  death  by  asphyxia.  It  also  dis- 
turbs the  heart,  at  first  increasing  and  afterward  dimin- 
ishing its  frequency  and  force.  The  temperature,  in  an 
early  stage,  is  raised,  afterward  reduced.  The  effects  of 
correspondingly  large  doses  upon  men  have  not  been  ob- 
served, as  no  case  of  fatal  or  dangerous  acute  caffeine- 
poisoning  has  been  recorded.  In  smaller  doses,  its  prin- 
cipal effect  is  exerted  upon  the  intellectual  centres,  in  in- 
creased mental  activity,  as  shown  by  the  vivacity  and  ease 
of  thought  and  expression  which  follows  its  administra- 
tion. In  medium  and  large  medicinal  doses  wakefulness 
and  restlessness  are  coiftmonly  observed,  occasionally 
trembling  of  the  limbs,  dizziness,  intense  nervousness, 
distressing  vigilance,  and  palpitation.  Hiccough,  vomit- 
ing, headache,  and  confusion  of  thought  have  followed 
ordinary  doses  given  to  peculiarly  susceptible  patients. 
It  has  been  claimed  for  caffeine  that  it  reduces  the  waste 
of  the  nitrogenous  elements  of  the  body,  but  while  this 
is  in  some  degree  probable,  it  cannot  be  considered  as 
proved.  It  sometimes  increases  the  quantity  of  urine, 
and  usually  excites  the  heart  to  increased  action. 

The  most  frequent  use  of  caffeine  is  to  alleviate  hemi- 
crania  and  other  nervous  headaches,  for  which  it  is  some- 
times  a  delightful  specific ;  fully  as  often  it  fails  entirely, 
and  in  our  present  state  of  knowledjje  it  is  not  possible  to 
say  in  what  particular  cases  it  will  succeed.  In  sick 
headaches  it  rarely  gives  complete  relief,  but  is  frequently 
of  marked  benefit,  especially  in  hastening  its  departure 
after  the  climax  is  passed.  It  is  probably  only  in  cases 
in  which  the  brain  is  debilitated  or  ansemio  that  any 
benefit  can  be  expected  from  this  medicine.  Its  employ- 
ment as  a  cardiac  stimulant  in  organic  disease  of  that 
organ,  and  as  a  diuretic,  is  much  less  general,  and  prob- 
ably much  less  useful. 

The  habitual  use  of  coffee  and  tea  by  the  majority  of 
mankind  destroys  most  of  the  medicinal  value  of  caffeine, 
as  toleration  of  it  is  rather  easily  accomplished.  It  is  a 
generally  accepted  antidote  for  opium-poisoning,  and 
while  too  inefficient  to  go  far  toward  annulling  the  effects 
of  that  energetic  drug,  so  far  as  its  action  extends  it  is  in 
the  right  direction.  For  the  after-headache,  vomiting, 
nausea,  and  other  ill-effects  of  opium  or  morphine,  we 
have  nothing  better  than  the  caffeine-containing  bever- 


Administkation.— The  alkaloid  itself  is  easily  dis- 
pensed in  powders  or  pills,  and  easily  taken  in  water  or 
in  milk,  or,  if  preferred,  dry  upon  the  tongue.  Its  bitter- 
ness is  not  of  an  intense  or  very  disagreeable  kind.    It  is 

*  A  caffeine  from  Guarana  is  prepared  by  B.  Merck  under  the  name 
*'  Ouaranin." 
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frequently  united  with  tonics  and  other  bitters,  but  is 
better  given  alone^  as  it  is  more  useful  in  emergencies 
than  for  regular  administration.  Its  union  with  other 
stimulants  is  often  desirable.  An  extemporaneous  solu- 
tion in  aerated  water  is  a  good  one.  If  we  could  have  a 
fluid  extract  of  coffee,  with  a  constant  per  cent,  of  caf- 
feine, it  would  bo  better  than  any  other  form. 

Dose.— One  decigram  (0.1  Gm.  =  gr.  jss.)  does  not  gen- 
erally produce  much  effect ;  from  two  to  three  ought  to 
cause  a  little  physiological  disturbance  and  may  be  taken 
as  medium  doses ;  five  or  six  decigrams  should  not  be 
exceeded  without  some  special  purpose,  as  disagreeable 
excitement  or  vigil  may  follow.  The  citrate  has  no  ad- 
vantage over  caffeine  itself. 

Allied  Dbtjgb.  —  The  caffeine-yielding  substances 
above  mentioned,  Theobroma  (see  Cacao,  Butter  of), 
and  Coca  are  the  most  important.  W.  P.  Bolles. 

CAISSON  DISEASE.  In  laying  the  foundations  of 
bridge  piers  or  abutments  under  water,  various  means  are 
resorted  to  for  displacing  the  water  and  building  a  solid 
basis  ;  one  of  these  methods  is  by  means  of  caissons.  The 
caisson  is  made  of  different  patterns,  but  the  one  with 
which  we  have  to  do  in  the  study  of  caisson  disease 
is  like  a  large  inverted  box,  supplied  with  apparatus  for 
condensing  air  to  such  a  degree  as  to  expel  and  keep  out 
the  water,  thus  enabling  men  to  work  in  it.  The  work- 
men and  material  used  are  passed  through  a  small  space 
or  anteroom  called  the  "  air-lock."  When  the  men  have 
entered  this  air-lock  the  outer  door  is  closed  and  compressed 
air  is  gradually  admitted  until  the  air  in  the  lock  is  of  the 
same  density  as  that  in  the  caisson,  then  the  door  of  ad- 
mission to  the  latter  is  opened.  In  returning,  the  process 
is  reversed,  the  air  in  the  lock  being  gradually  rarefied. 

If  the  fact  be  borne  in  mind  that  the  surface  of  the  body 
has  about  sixteen  square  feet,  and  that  ordinary  atmos- 
pheric pressure  is  about  fifteen  pounds  to  the  square  inch 
of  surface,  it  may  readily  be  understood  that  an  increase  of 
atmospheric  pressure  will  have  some  effect  on  the  con- 
ditions of  the  interior  of  the  body.  The  blood  is  driven, 
by  reason  of  this  external  pressure,  from  the  surface  into 
the  bones,  cranium,  spinal  canal,  and  other  parts  of  the 
body.  If  this  change  of  location  of  the  blood  be  effected 
too  rapidly,  or  too  much  force  be  applied,  the  results  may 
be  dangerous. 

In  an  essay  on  "  The  Effects  of  High  Atmospheric 
Pressure,  including  the  Caisson  Disease,"  Dr.  Andrew  H. 
Smith,  of  New  York,  describes  the  symptoms  induced 
by  entering  highly  compressed  air.  These  are  :  1,  Ringing 
in  the  ears  and  impairment  of  hearing ;  2,  increased  fre- 
quency of  respiration  ;  3,  increase  in  the  pulse-rate  to  130, 
with  subsequent  fall  to  the  normal ;  the  pulse  is  reduced 
in  volume  and  there  is  pallor  of  the  skin ;  4,  the  tempera- 
ture of  the  body,  an  hour  and  a  half  after  entering  the 
caisson,  is  elevated  about  one  degree,  but  when  the  at- 
mosphere within  the  caisson  is  warmer  than  the  external 
air,  the  body  heat  may  rise  as  high  as  101°  F.  ;  5,  the  skin 
is  covered  with  perspiration,  but  this  is  because  of  the 
saturation  of  the  surrounding  atmosphere,  and  not  from 
any  increase  in  the  amount  of  the  secretion  ;  6,  increase 
of  appetite  ;  7,  increase  of  urine  of  about  normal  specific 
gravity  (probably  because  of  diminished  evaporation  from 
the  skin). 

The  pathological  effects  mentioned  are :  1,  Rupture  of 
the  drum  membrane  and  inflammation  of  the  middle  ear  ; 
2,  neuralgic  pains,  which  may  come  gradually  or  sud- 
denly, in  the  extremities  or  in  any  part  of  the  body;  3, 
epigastric  pain  and  vomiting  ;  4,  paralysis,  both  sensory 
and  motor,  most  frequently  of  the  lower  limbs,  but,  not- 
withstanding the  paralysis  of  sensation,  the  pains  con- 
tinue ;  5,  the  cerebral  symptoms  arc  :  headache,  dizziness, 
double  vision,  incoherence  of  speech,  and  sometimes  un- 
consciousness. These  symptoms  are  usually  temporary. 
"  Death  occurs  only  in  cases  which  are  severe  from  the 
first,  and  are  marked  by  symptoms  of  serous  or  sanguine- 
ous effusion  about  the  brain  or  cord."  "  The  constant 
lesion  in  fatal  cases  of  caisson  disease  is  congestion  of  the 
brain  or  spinal  cord."  "  It  is  the  removal  of  the  pressure, 
and  not  the  pressure  itself,  that  is  the  immediate  cause  of 


the  seizure,"  which  occurs  usually  at  the  time  when  the 
victims  are  coming  from  under  the  pressure,  or  even  some 
hours  subsequently.  The  blood  is  driven  by  the  atmos- 
pheric pressure  from  the  surface  into  the  bones  and  bony 
spaces,  skull,  and  spinal  canal,  the  vessels  of  which  parts 
become  dilated,  and  when  the  external  pressure  is  re- 
moved they  do  not  readily  contract  to  their  normal  size. 
The  remedy  that  Dr.  A.  H.  Smith  proposes  for  this  con- 
dition is  ergot,  with  morphine  as  required  to  relieve  pain. 

.  Oha/rles  E.  Sackley. 

CAJEPUT,  OIL  OF  (Olmm  Oajuputi,  U.  S.  Ph.,  Br. 
Ph.  ;  Oleum  Gc0eputi,  Ph.  G.  ;  Cajeputi,  Codex  Med.). 
The  essential  oil  of  the  leaves  of  Melaleuca  Leueadendron 
L.  var.  {M.  minor  Smith,  M.  Caouputi  Rox,  etc.) ;  Order, 
Myrtaeea.  This  variety  is  a  rather  small,  fragrant  tree, 
with  irregularly  growing  slender  branches,  and  a  thick, 
soft,  exfoliating  bark.  This  latter  is  dark  on  the  trunk 
and  limbs  and  white  on  the  branches.     The  name  of  the 


FlO.  BBO.— Cajeput  Tree  ;  Flowering  Branch.    (Baillon.) 

p^ant  is  said  to  be  derived  from  this  circumstance  (iie\at, 
black ;  Kfvichs,  white).  The  leaves  are  bright,  smooth, 
narrow,  entire,  pointed  at  each  end,  parallel  nerved,  and 
often  oblique  or  curved ;  they  are  twisted  upon  their 
petioles  so  as  to  stand  with  vertical  surfaces  like  phyl- 
lodia.  The  flowers  are  small,  arranged  in  spikes  or  heads, 
with  leaf-buds  at  the  apices,  which  afterward  develop 
into  branches ;  calyx  and  corolla,  inconspicuous  pentamer- 
ous  ;  stamens,  numerous  ;  filaments,  long,  united  into  five 
bundles  at  the  base ;  ovary,  three-celled.  Fruit,  a  dry, 
hard,  dehiscent  capsule,  persisting  for  several  years  upon 
the  stem.  The  tree  is  a  native  of  numerous  islands  in 
the  Indian  Archipelago,  especially  of  Bouro,  Celebes, 
and  Amboyna.  It  is  also  extensively  found,  if  a  broad 
view  is  taken  of  the  genus,  in  Australia  and  on  the 
mainland  of  Asia.  Most  of  the  oil  is  obtained  from 
Celebes,  and  exported  by  way  of  Javan  or  Indian  ports. 

Oil  of  Cajeput  is  extracted  on  the  spot  from  the  fresh 
leaves,  which  are  first  softened  by  maceration  in  water, 
and  then  subjected  to  distillation  in  rude  copper  stills. 
It  is  filled  into  once-used  wine  and  beer  or  other  Euro- 
pean bottles  for  exportation.  It  was  first  introduced 
into  Europe  in  the  early  part  of  the  eighteenth  century. 

It  is  a  pale-gi-een,  transparent,  raobile  fluid,  with  a  fra- 
grant mint  or  camphor-like  odor,  "and  bitterish  aromatic 
taste.    It  has  the  usual  physical  properties  of  the  essen- 
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tial  oils,  and  consists  chiefly  of  the  hydrate  of  a  terpene, 
called  Oajupuiene.  Specific  gravity  of  the  oil,  0.936. 
The  green  tint  is  generally  ascribed  to  some  compound  of 
copper  received  from  the  still,  or  introduced  into  the  oil 
intentionally.  On  the  other  hand,  there  is  good  reason 
for  believing  that  Melaleuca  oil  when  freshly  distilled  is 
naturally  green,  irrespective  of  the  presence  of  copper, 
from  chlorophj"^!  or  some  other  vegetable  color  contained 
in  it.  Commercial  oil  of  cajeput  generally  contains 
copper.  The  color  may  be  separated  by  several  methods 
of  rectification,  and  the  oil  obtained  clear  and  white. 

Action  and  Use. — Cajeput  has  the  stimulating  proper- 
ties of  camphor  and  the  essential  oils  in  general,  and 
stands  between  the  most  irritant  of  them,  like  oil  of  tur- 
pentine, and  the  milder  mint  oils.  It  is  more  extensively 
used  in  the  Indies  and  Eastern  islands  than  here — in  some 
places  being  given  for  nearly  everything,  but  is  particu- 
larly popular  for  colics,  diarrhoeas,  and  even  cholera,  as 
well  as  for  chronic  rheumatism,  chronic  vesical  catarrh, 
etc.  Here  it  is  not  often  given  internally,  but  has  no  doubt 
some  value  in  non-inflammatory  intestinal  disturbances, 
where  an  aromatic  stimulant  and  antispasmodic  is  needed, 
being  in  these  cases  very  much  like  camphor,  and  like 
this  may  be  very  suitably  combined  with  opium.  Ex- 
ternally it  is  a  mild  rubefacient,  and  a  good  ingredient 
for  stimulating  liniments  in  chronic  rheumatism,  old 
sprains,  etc.  ;  it  may  be  also  useful  for  psoriasis,  scaly 
eczema,  etc.,  and  is  a  fairly  efficient  parasiticide.  As  a 
stimulant  diuretic  in  chronic  vesical  catarrh  it  is  as  good 
as  most  others  of  its  class.  Cajeput  is  the  basis  of  nu- 
merous toothache  and  earache  drops.  It  is  often  adul- 
terated. Dose,  from  one  to  five  decigrams  (0.1  to  0.5 
Gm.  =  m,  ij.  ad  viij.)  dissolved  in  spirit,  suspended  in 
mucilage  or  syrup,  or  on  a  lump  of  sugar.  There  are 
twenty  or  thirty  drops  to  the  gram. 

Allied  Plants. — Melaleuca  is  a  large,  almost  ex- 
clusively Australian  genus,  excepting  the  present  species, 
which  in  many  varied  forms  grows  very  extensively  in  , 
the  Pacific  islands  and  in  tropical  Asia.  Several  of  these 
varieties  probably  contribute  to  the  supply  of  oil.  For 
the  order  Myrtacae,  see  Cloves. 

Allied  Drugs. — The  oils  of  the  numerous  species  of 
Eucalyptus  are  almost  exact  medicinal  substitutes.  (See 
also  Camphob.)  W.  P.  ~  " 


CALABAR   BEAN   {Phyaoatigma,  U.  S.  Ph. ;  Physos- 
tigmatis  Faba,  Br.  Ph.;  Fhe  du  Oalaiar,  Codex  Med.; 

Ordeal  Beau,  etc.). 
The  seed  of  Physos- 


veiieneosum 
Balf ;  Order,  Legu- 
minoam,  Papilionem. 
This  is  a  lar^e, 
climbing,  perennial 
vine,  with  the  gen- 
eral appearance  of 
an  enormous  bean- 
vine.  The  stem  is 
woody  below  and 
often  as  large  as  the 
wrist,  and  twelve 
or  fifteen  metres  in 
length  (thirty -five 
to  fifty  feet).  The 
leaves  are  large,  al- 
ternate, and,  like 
those  of  the  bean, 
trifoliate  ;  leaflets 
ovate-  acuminate. 
Flowers  in  loose 
hanging  racemes, 
nearly  as  large  as 
those  of  the  sweet 
pea,  showy.  Calyx 
short  and  broad, 
with  very  short 
lobes.  Corolla  pa- 
pilionaceous, but  curved  backward  almost  into  a  ring,  the 
standard  nearly  enclosing  the  wings  and  keel.     Stamens 
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ten  (nine  and  one  as  usual  in  the  tribe).     Ovary  slightly 
stalked,  one-celled,  with  several  ovules,  and  surmounted 
by  a  long,  remarkably  curved  spiral  style,  which  makes 
about  one  and  a  half  circle,  and  is  thickened,  hairy,  and 
at  last  abruptly  reflexed  at  its  apex.     The  ripened  pod  is 
spindle-shaped,  from  four  to  seven  inches  long,  and  con- 
tains two  or  three  very  large  seeds.     The  "beans "are 
very  hard,  oblong,  slightly  curved  or  kid- 
ney-shaped, from  two  to  three  centimetres 
in  length,  and  about  one  and  a  half  broad 
(three-fourths  to  one  and  one-fourth  inch 
by  one-half  inch),  and  covered  with  a  rough 
but  shining  chocolate-brown  or  brownish- 
red  testa.     A  broad,  shallow,  black  groove 
Fio.  552.— c»ia-  or  furrow  extends  along  the  convex  border 
bar  Bean,  two-  and  around  one  end  of  the  seed  :  it  contains 
fifths  natural  {jje  raphe.    The  kernel  is  exalbuminous  and 
^'^^'  consists  mostly  of  the  two  large,  white, 

brittle  cotyledons,  whose  faces  are  concave  and  enclose  an 
air-space  which  enables  the  entire  seeds  to  float  upon,  al- 
though when  broken  the  fragments  are  denser  than  water. 
The  taste  and  odor  of  the  seeds  are  simply  bean-like,  and 
give  no  suggestion  of  the  deadly  poison  which  they  con- 
tain. 

The  plant  grows  about  the  mouths  of  the  Old  Calabar 
and  Niger  rivers  in  tropical  West  Africa,  and  is  not  very 
abundant,  being,  as  is  said,  destroyed  everywhere  but 
where  it  is  preserved  for  judicial  purposes  by  the  local 
governments.  It  has  been  transplanted  to  India,,  Brazil, 
and  other  places,  where  it  flourishes.  Physostigma  is  an 
ingredient  of  the  poisonous  mixture  which  persons  ac- 
cused of  witchcraft  or  crime  are  compelled  by  the  savage 
chiefs  of  these  African  tribes  to  take  as  an  ordeal  or 
punishment.  The  draught  is  usually  rapidly  fatal,  unless 
vomiting  occurs.  It  was  first  known  in  England  about 
1840  as  a  curiosity  and  poison,  but  not  much  employed  in 
medicine  until  Eraser,  of  Edinburgh,  about  1863,  dis- 
covered its  specific  power  of  contracting  the  pupil",  since 
when  it  has  been  in  rather  frequent  use  by  oculists  and 
in  occasional  use  in  internal  medicine.  Besides  forty- 
eight  per  cent,  of  starch  and  about  twenty  of  albuminoid 
matters,  with  a  little  oil  and  gum  (substances  which  are 
contained  as  well  in  the  common  bean,  and  which  are  en- 
tirely inert),  the  drug  in  question  has  two  peculiar  and 
poisonous  alkaloids.  Physostigmine  was  prepared  in  1863 
by  Jobst  and  Hesse  as  an  amorphous,  alkaline,  not  very 
permanent  mass.  In  1865  Vee  and  Leven  obtained  a 
crystalline  alkaloid  which  they  named  eserine.  It  is 
easily  soluble  in  ether,  alcohol,  or  chloroform,  but  only 
spanagly  so  in  water.  In  dry  crystals  or  salts  it  is  per- 
manent, but  its  aqueous  solution  reddens  upon  standing 
and  exposure.  Eserine  is  now  an  article  of  commerce, 
and  is  furnished  indiscriminately  under  the  names 
"  eserine  "  and  "  physostigmine."  It  is  probably  a  pure 
form  of  Jobst's  physostigmine.  Galabarine  is  the  second 
alkaloid  ;  it  diflEers  from  physostigmine  in  being  insoluble 
in  ether,  and  in  its  action,  which  is  said  to  be  like  that  of 
strychnine  ;  it  is  not  used. 

Phyaostenn  is  a  fatty  or  cholesterin-like  substance,  oc- 
curring in  the  calabar  bean  in  common  with  other  legu- 
minous seeds  ;  it  is  inert. 
_  Action. — ^Vomiting  sometimes  occurs  after  taking 
either  the  crude  drug  or  its  alkaloids,  and  protects  the 
victim  from  the  effects  of  their  absorption.  When  this 
does  not  take  place  the  symptoms  are,  general  and  rap- 
idly increasing  motor  paralysis,  which  progresses  until 
the  animal  or  person  is  unable  to  lift  or  stir  a  limb,  and 
finally  dies  of  asphyxia  from  paralysis  of  the  muscles  of 
respiration.  The  pupils  contract,  reflex  motion  diminishes 
and  disappears^  but  muscular  tremors  are  present  even 
after  voluntary  motion  is  suspended.  Sensibility  and  con- 
sciousness remain  as  long  as  they  can  bo  evinced,  perhaps 
to  the  very  end.  The  action  of  the  poison  is  rapid ;  if 
the  dose  is  large,  death  may  take  place  in  a  few  minutes, 
if  smaller,  after  one  or  two  hours. 

The  action  of  physostigma  (meaning  by  this  that  of 
physostigmine,  its  principal  alkaloid)  is  chiefly  directed 
to  the  motor  centres  of  the  spinal  cord,  whose  function? 
it  rapidly  diminishes  or  finally  obliterates.     Upon  the 
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sensory  centres  and  upon  the  nerve- trunks  it  has  but 
little  effect,  while  tlie  muscles  are  made  more  sensitive 
by  it.  Theheart  does  not  appear  to  be  appreciably  affected. 
The  intestines  are  excited  to  violent  peristaltic  movement, 
and  often  to  diarrhoea  ;  the  pupils  are  strongly  contracted. 

Although  possessed  of  such  marked  and  definite  prop- 
erties, physostigma  has  not  found  a  very  extensive  field 
of  usefulness  in  medicine.  Its  local  effect  upon  the  eye, 
above  alluded  to,  is  frequently  of  use  to  oculists  for  con- 
tracting the  pupil  after  atropine  dilatation,  and  for  certain 
other  conditions  ;  for  this  purpose  it  is  always  given  lo- 
cally, that  is,  a  few  drops  of  a  one  per  cent,  solution  of  phy- 
sostigmine,  or  little  tablets  prepared  especially  for  the 
purpose,  are  introduced  into  the  conjunctival  cavity.  It 
has  been,  as  maybe  easily  imagined,  looked  to  with  great 
hopefulness  as  a  cure  for  tetanus,  the  symptoms  of  which 
it  would  appear  to  logiealljr  antagonize,  and  it  is  more 
often  given  internally  for  this  disease  than  for  any  other 
purpose,  with  some  apparent  success  ;  but  on  the  whole 
with  so  little  as  to  show  that  the  cause  of  this  dread  disease 
has  not  been  reached  by  the  remedy.  In  the  same  way  it 
has  been  used  as  an  antidote  to  strychnine  poisoning  with 
some,  but  not  marked,  benefit.  The  antagonism  between 
calabar  bean  and  belladonna  has  been  very  thoroughly 
demonstrated,  and  leaves  little  doubt  that  each  is  useful, 
to  some  extent,  in  combating  poisoning  by  the  other. 

Administbation. — In  tetanus  the  object  is  to  relax  the 
contracted  muscles,  and  the  medicine  must  be  given  until 
its  physiological  effects  are  distinctly  manifested,  or  no 
benefit  is  obtained.  There  is,  no  doubt,  some  danger 
in  using  it  in  this  way,  but  the  fatality  of  the  disease  is 
so  great  that  a  considerable  risk  is  justifiable  in  the 
treatment  if  there  is  reasonable  hope  of  benefit. 

If  given  for  strychnine  poisoning,  the  same  proposition 
would  hold  true.  In  atropine  poisoning  only  moderate 
medicinal  doses  are  worth  while.  The  value  of  physos- 
tigmine  in  either  of  these  cases  is  not  wholly  established. 
For  chorea,  atonic  constipation,  etc.,  the  ordinary  doses 
should  not  be  exceeded.  The  dose  of  the  powdered  seed, 
which  is  not  often  given,  may  be  taken,  for  a  basis  of 
computation,  as  from  five  to  fifteen  centigrams  (0.05  to 
0.15  gm.  =3  gr.  j.  ad  iij.) ;  this  makes  that  of  the  tincture 
{tinctura  physostigmatis,  U.  S.  Ph.,  -hj)  from  half  to  one 
and  a  half  gram  (0.5  to  1.5  gm.  =  ITL  viij.  ad  xv.),  and 
that  of  the  extract  (extraetum  phymstigmatia)  from  five 
to  ten  milligrams  (0.005  to  0.01  gr.,-,Vadi).  But  the 
presence  of  calabarine  in  undetermined  quantity  in  these 
preparations  is  a  serious  objection,  and  it  should  either 
be  eliminated  from  them,  or  the  alkaloid,  physostigmine 
(eserine),  be  preferred  in  its  stead.  One  of  its  salts,  the 
salicylate  {phynostigmiruB  salicylas,  U.  S.  Ph.),  is  per- 
manent and  reliable,  and  in  general  preferable  when  the 
exact  effects  of  the  remedy  are  desired :  from  a  half  to 
one  milligram  (0.0005  to  0.001)  may  be  taken  as  an  initia- 
tive dose,  to  be  watchfully  increased. 

Allied  Plants. — A  variety  of  calabar  bean,  consist- 
ing of  longer  and  straighter,  but  otherwise  exactly  simi- 
lar seeds,  has  occasionally  appeared,  and  is  attributed  to  a 
different  species  oiphyaostigma,  provisionally  named  P.  cy- 
lindrospernum.  There  are  no  qther  species  in  the  genus, 
and  the  nearest  genera,  such  as  the  beans,  have  no  such  poi- 
eonous  qualities.   For  the  order  Leguminosse,  see  Senna. 

Allied  Drugs. — Physostigma  appears  to  stand  apart 
from  other  medicines  in  its  action.    (See  Curare.) 

TF.  P.  Bolles. 

CALCIFICATION.  Synonyms :  Calcareous  Infiltra- 
tion, Calcareous  Degeneration,  Cretef action.  Petrifac- 
tion; Ger.,  Verkalkung ;  Fr.,  Calcification. 

Definition. — Calcification  consists  in  the  abnormal 
deposit  of  earthy  matter  in  or  around  the  elements  of  a 
tissue,  or  in  the  morbid  product  of  a  pre-existing  inflam- 
matory process. 

A  calcareous  infiltration  of  a  cartilaginous  or  fibrous 
framework  is  the  first  step  in  the  formation  of  bone. 
This  is  a  physiological  transformation,  and  is  better 
known  by  the  term  ossification.  Calcification  and  ossifi- 
cation were  formerly  looked  upon  as  different  stages  of 
the  same  process,  but  they  are  by  no  means  identical. 


Ossification  is  an  active  development  in  which  the  tissues 
are  abundantly  supplied  with  blood.  There  is  a  rapid 
cell-proliferation,  and  the  calcareous  matter  forms  an  in- 
timate and  permanent  union  with  the  tissues.  Calcifica- 
tion, on  the  other  hand,  is  passive,  and  indicates  an  im- 
paired vitality.  In  it  there  is  no  proliferation  of  elements, 
and  the  calcareous  particles  are  simply  deposited  in  the 
tissues,  or  encrust  them,  causing  but  little  alteration  of 
their  structure,  and  without  entering  into  an  organic 
union  with  them.  This  is  more  commonly  termed  cal- 
careous degeneration,  although  the  degeneration  of  the 
affected  organ  is  a  result  of  the  process  rather  than  a  part 
of  it.  Calcification  begins,  as  a  rule,  in  the  interstitial 
tissue,  only  ultimately  invading  the  cellular  elements ; 
ossification  affects  the  cells  either  primarily  or  at  an  early 
period.  Further,  the  product  of  a  calcification  usually 
resembles  shell  rather  than  bone,  the  calcium  carbonate 
largely  predominating ;  but  other  earthy  constituents  of 
bone,  namely,  the  phosphates  pf  lime  and  magnesium, 
are  also  present  in  varying  quantity. 

In  regard  to  the  origin  of  the  calcareous  salts,  it  is  gen- 
erally believed  that  they  come  more  or  less  immediately 
from  the  blood,  although  Rokitansky  supposed  that  they 
were  formed  by  a  metamorphosis  of  the  tissues  involved. 

CAtrsKS. — The  causes  of  calcification  are  of  two  kinds, 
general  and  local.  The  former  relate  to  changes  in  the 
blood  or  its  circulation  ;  such,  for  example,  as  are  the  re- 
sult of  age  or  disease.  In  composition  the  blood  may  be 
so  altered  as  to  contain  an  abnormal  amount  of  calcareous 
matter,  an  effect  that  is  produced  most  commonly  by  the 
absorption  of  lime-salts  from  osseous  tissues  that  are  the 
seat  of  extensive  caries,  osseous  cancer,  sarcoma,  or  osteo- 
malacia. The  calcareous  matter  thus  taken  up  is  con- 
veyed to  other  and  often  remote  parts  and  there  deposited, 
constituting  the  "metastatic  calcification"  of  Virchow. 
Such  metastasis  is  favored  by  any  disease  of  the  kidneys 
which  hinders  the  elimination  of  the  supra- abundant  cal- 
careous piatter  by  that  channel.  When  due  to  this  cause, 
the  infiltration  usually  invades  a  large  number  of  organs. 
It  is  most  common  in  the  smaller  arteries,  particularly  in 
those  of  the  meninges,  the  pyramidal  portion  of  the  kid- 
neys, the  lungs,  the  mucous  membrane  of  the  alimentary 
canal,  and  the  liver.  The  case  reported  by  Kuttner,  of 
St.  Petersburg,  has  become  a  well-known  example  of 
this.  He  observed  a  rapid  calcification  of  nearly  all  the 
smaller  arteries  as  a  result  of  caries  involving  the  dorsal 
and  lumbar  vertebras  in  a  youth  of  nineteen.  Virchow 
has  reported  a  similar  case,  in  which,  as  a  result  of  cancer 
affecting  nearly  all  the  larger  bones,  particularly  the 
bodies  of  the  vertebrae  and  the  skull,  the  calix  and  pelvis 
of  the  kidneys,  the  parenchyma  of  the  lungs,  and  the 
mucous  membrane  of  the  stomach  were  calcified. 

The  circulation  of  the  blood  may  be  retarded,  and  thus 
favor  the  precipitation  of  the  calcareous  matter  which  it 
normally  holds  in  solution.  To  this  change  is  chiefly  due 
the  frequency  of  calcareous  degeneration  in  the  aged, 
whose  circulation  participates  in  the  general  loss  of  vi- 
tality. Examples  of  this  are  found  in  the  calcification  of 
the  laryngeal  and  costal  cartilages. 

Calcification  rarely,  if  ever,  depends  solely  upon  gen- 
eral causes.  There  is  always  a  local  influence.  Very 
often  it  is  due  to  a  pre-existing  chronic  inflammation. 
Old  accumulations  of  pus,  thrombi,  extravasations,  and 
exudations  are  exceedingly  prone  to  calcification.  To 
this  category  belong  caseous  lymphatic  glands,  and  case- 
ous nodules  in  the  lungs.  The  deposit  frequently  occurs 
also  in  the  fibrous  wall  surrounding  these  accumulations, 
'and  may  occur  in  the  fibrous  septa  of  lymphatic  glands 
(see  Fig.  556).  A  mere  loss  of  function  predisposes  to 
calcification,  hence  its  occurrence  in  the  thymus  gland. 
Zenker  attributes  its  occurrence  in  the  lung  to  the  in- 
halation of  foreign  matter.  _ 

The  calcareous  infiltration  is  frequently  associated  with 
fatty  degeneration,  and  is  so  often  secondary  to  it  that 
by  many  the  presence  of  fatty  matter  is  considered  essen- 
tial to  the  occurrence  of  calcification.  It  is  sometimes 
also  associated  with  the  pigmentary  metamorphosis,  and 
rarely  with  the  colloid.  Syphilis  is  recognized  as  a  potent 
element  in  the  production  of  calcification,  owing  to  the 
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frequency  with  -which  it  produces  degenerative  changes 
favorable  to  the  infiltration  of  lime-salts. 

With  regard  to  the  immediate  nature  of  the  process  in- 
volved in  the  precipitation  of  the  lime-salts,  there  is  some 
difference  of  opinion.  The  simplest  mode  of  explana- 
tion, and  one  which  at  present  may  he  considered  as 
correct  as  any  we  have,  is  to  look  upon  the  process  as 
similar  to  that  involved  in  the  formation  of  stalactites. 
A  certain  amount  of  calcareous  matter  is  a  normal  con- 
stituent of  the  blood.  In  which  it  is  held  in  solution  by 
the  carbonic  acid,  always  present  in  sufficient  quantity  to 
keep  in  solution  twice  the  normal  amount  of  earthy  mat- 
ter. When  the  circulation  is  impeded,  the  free  carbonic 
acid,  becEfuse  of  its  great  diffusibility,  is  readily  absorbed 
by  the  tissues  or  goes  to  form  new  compounds,  necessi- 
tating a  precipitation  of  the  calcareous  matter.  On  the 
other  hand,  it  has  been  suggested  that  these  salts,  having 
been  conveyed  to  the  part  by  the  blood  and  there  con- 
fined on  account  of  the  impediment  to  the  circulation, 
form  insoluble  compounds  with  the  non-volatile  fatty 
acids,  or  soluble  compounds  with  the  volatile  fatty  acids, 
and  thus  become  stored  away  in  the  tissues  in  considerable 
quantity,  to  be  precipitated  whenever,  from  any  cause, 
the  acid  radicle  is  removed,  the  product  in  either  case 
being  converted  by  a  process  of  oxidation  into  calcium 
carbonate.  Litten  claims  that  an  aflJnity  for  calcareous 
salts  similar  to  that  of  the  fatty  acids,  is  possessed  by  a 
retrograde  metamorphosis  of  albumen. 

Calcareous  matter  may  be  deposited  in  either  a  fibrous 
or  a  fluid  matrix,  but  shows  a  preference  for  newly 
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Fig.  553. — Artery  showing  Endarteritis  Obliterans  Syphilitica.    (Draw- 
ing from  a  specimen  ol  Dr.  Wardwell ;  magnified  about  700  diameters.) 

formed  fibrous  tissue,  particularly  where  this  is  associated 
with  old  tissue  undergoing  fatty  degeneration  and  ab- 
sorption. In  a  fibrous  matrix  the  infiltration  usually  be- 
gins in  the  intercellular  substance,  but  may  invade  the 
cellular  elements  at  a  later  period.  In  a  fluid  matrix,  as 
pus,  the  granules  are  frequently  deposited  primarily  with- 
in the  cells.  The  process  may  advance  slowly  or  rapidly, 
and  may  varjr  from  the  slightest  granular  deposit  to 
complete  petrifaction.  It  may  be  confined  to  a  single 
focus,  or  may  be  more  or  less  disseminated  throughout 
the  body.  When  due  to  local  causes  it  is  more  limited 
in  the  area  of  its  invasion,  than  when  there  is  also  some 

feneral  factor  in  its  production,  as  in  tne  metastatic  form. 
t  is  likely_  to  occur  in  all  organs  and  tissues  of  the  body, 
but  not  with  the  same  frequency  in  all.  One  of  its  fa- 
vorite seats  of  expression  is  in  the  coats  of  arteries  af- 
fected by  the  atheromatous  process  (arteritis  deformans), 
where  it  may  invade  the  neoplastic  tissue  or  be  associated 
with  a  fatty  degeneration  of  the  atheromatous  product, 
and  is  especially  likely  to  accompany  an  abnormal  dila- 
tation of  the  vessel-walls  (see  Figs.  553,  554,  and  555, 
copied  from  original  drawings  kindly  furnished  by  Dr. 
William  L.  Wardwell,  of  New  York).  Cohnheim  as- 
serts that  the  constant  change  of  the  calibre  of  the  ves- 
sels, impaired  by  age,  is  also  a  leading  factor  in  the  etiology 
of  the  infiltration. 
The  valves  of  the  heart  are  frequently  calcified  as  a  re- 


sult of  endocarditis.  The  walls  of  the  aorta,  just  above 
the  semilunar  valves,  are  among  the  most  frequent  loca- 
tions ;  next  come  the  arteries  of  medium  and  smaller  size  • 
the  capillaries  are  rarely  afiEected.  Calcification  of  the 
veins  is  not  common,  and  occurs  usually  as  a  result  of 
varicose  dilatation,  giving  rise  to  plates  or  the  nodules 
known  as  phleboliths.  Kiittner  suggests  that  the  com- 
parative immunity  of  the  -.^ 
veins  from  this  degenera-  il,~fri5StK(i? 
tion  is  due  to  the  rela- 
tively larger  amount  of 
carbonic  acid  contained 
in  venous  blood,  render- 
ing precipitation  less 
likely  to  occur. 

Inflammatory  condi- 
tions of  the  serous  mem- 
branes, the  arachnoid, 
pleura,  pericardium, 
omentum,  and  synovia 
of  the  articulations,  are 
followed  by  the  pro- 
duction of  calcareous 
plaques ;  and  if  the  in- 
flammatory action  havR 
involved  the  neighboring 

viscera,    the    infiltration  Fia.  654.— Calcification  ol  Middle  Coat 
may  invade  them.    Vari-      of 'lie  Radial  Artery   (Magnified  about 

ous  portions  of  the  brain,  ™  «™e'ers ;  Wardweii.) 
especially  the  cortical  ganglion  cells,  the  spinal  cord, 
nerve-trunks  and  ganglia,  the  meninges  and  nerve-sheaths 
may  be  infiltrated ;  the  pineal  body  and  the  choroid 
plexuses  are  frequently  involved.  Calcification  of  mus- 
cles and  their  tendons  is  infrequent ;  ossification  is 
much  more  common.  It  occurs,  however,  as  a  result 
of  chronic  inflammation  or  in  the  vicinity  of  a  chronic 
arthritis-;  calcareous  plates  have  been  found  in  the  mus- 
cular substance  of  the  heart,  in  both  muscular  and  ten- 
dinous portions  of  the  diaphragm,  as  well  as  in  the 
diflierent  skeletal  muscles.  The  calcified  remains  of  pu- 
rulent accumulations,  tubercles,  and  parasites  are  often 

found  embedded  in  the 
substance  of  muscles. 
Other  examples  of 
the  process  are  seen  in 
the  membrana  tympani, 
in  the  crystalhne  lens 
and  the  several  coats  of 
the  eye,  in  the  fibroua 
capsule  formed  around 
foreign  bodies  or  sub- 
stances acting  as  such ; 
around  old  fractures ; 
in  the  remains  of  an  ex- 
tra-uterine pregnancy  of 
long  standing  (lithopse- 
dia) ;  in  the  skin  and 
mucous  membranes,  and 
in  all  pathological  new- 
formations,  whether  ma- 
lignant or  non-malig- 
nant. Chief  among  these 

Flo.  665.-A  Spot  Analogous  to  the  Pre-  ^^C   fibroid    tumors.     A 

ceding,  from  which  the  Lime  salts  have  flbroid    of     the     UterUS 

been  Removed,  showing  Tissue  remain-  may  become  completely 

ing  which  has  undergone  a  Coagulation-  ^ptiiflp/i  .  „,,„),  "iitprinp 

necrosis.     (Magnified  about  7(10  diam-  P^'nUea  ,SUCn     Uterme 

eters ;  Wardwell.)        •  s  t  o  n  e  s       have     been 

known  since  the  time  of 
Hippocrates.  Finally,  many  concretions,  as  those  occur- 
ring in  the  tonsils,  the  acinous  glands  of  the  pharynx,  the 
salivary  glands  and  the  pancreas  ;  the  follicular  crypts  of 
the  intestine  ;  the  prostate  ;  and  the. otoliths  found  in  the 
ear  contain  large  proportions  of  lime  and  are  formed  bjr  a 
precipitation  of  calcareous  salts  from  the  fluids  in  which 
they  are  found.  Wedl  attributed  the  formation  cf  the 
bodies  known  as  floating  cartilages  to  the  calcification  of 
papillary  growths  in  the  joiift.  Not  infrequently  we  find 
the  salts  of  lime  combined  with  other  salts,  as  with  the 
urate  of  soda  in  rheumatic  arthritis. 
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Physical  Characteristics.  —  Partial  calciflcation 
causes  but  little  change  in  form  or  size  of  the  affected 
organ  or  tissue,  for  the  calcareous  particles  occupy  only 
the  space  belon^ng  to  the  fluids  of  the  tissue ;  but  when 
more  advanced  it  may  cause  very  marlsed  deformity.  It 
also  renders  the  part  firmer  to  a  degree  corresponding  to 
the  extent  of  the  calcification.  When  incised,  a  calcified 
tissue  imparts  a  gritty  sensation,  or  may  be  so  hard  as  to 
completely  obstruct  the  passage  of  the  knife.  If  in  suf- 
ficient quantity,  the  calcareous  matter  may  be  recognized 
macroscopically  as  whitish,  opaque  masses,  with  some- 
times a  lustrous  appearance.  If  one  of  these  masses  be 
immersed  in  a  diluted  jnineral  acid,  the  calcareous  matter 
is  dissolved  with  the  production  of  bubbles  of  carbonic 
acid,  leaving  the  original  tissue  in  an  almost  normal  con- 
dition. The  effervescence  thus  produced  depends  upoii 
the  decomposition  of  the  calcium  carbonate,  and  the 
quantity  of  this  ingredient  may  be  estimated  by  the  ex- 
tent of  the  effervescence. 

For  microscopic  examination,  a  thin  section  should  be 
made  and  stained  in  carmine,  which  does  not  affect  the 
calcai'eous  matter.  If  the  infiltration  be  not  far  advanced, 
the  caloareous  particles  appear  as  minute,  opaque,  gran- 
ules, like  a  sprinkling  of  dust.  A  little  later  many  of 
these  particles  may  be  observed  to  have  coalesced  to  form 
molecules  of  varying  size  and  shape,  presenting  by  trans- 


''^v 

.^^n; 


^.-..^.-V  --- 


*\ 


ASH 


Pig.  5B6.— Section  of  an  Ingninal  Iiymphatic  Gland,  showing  Calcifica- 
tion at  the  Fibrons  Septa,  the  Deposits  being  siirronnded  by  a  Layer 
of  newly  formed  Fibrous  Tissue.  (From  an  original  drawing  by  the 
author :  magnified  about  500  diameters.) 

mitted  light  a  dark  outline  with  a  bright  centre,  and  by 
reflected  light  appearing  as  glistening  spherules,  occa- 
sionally exhibiting  concentric  rings  Much  more  rarely 
crystals  of  calcium  carbonate  appear.  When  completely 
petrified,  the  highest  type  of  calcification,  the  mass  re- 
sembles aragonite.  It  is  translucent,  semitransparent, 
and  more  or  less  homogeneous,  with  here  and  there 
indistinct  outlines  of  the  original  sti-ucture.  The  cal- 
careous particles  are  visible  chiefly  along  the  borders  of 
the  plate,  where  the  infiltration  is  more  recent.  Such  a 
mass  may  be  ground  and  polished  after  the  fashion  of 
preparing  a  specimen  of  bone  for  microscopic  examina- 
tion, 

ResuIiTS. — Calciflcation  is  a  flnal  process,  and  is  fol- 
lowed by  no  secondary  changes.  The  calcareous  masses, 
however,  act  as  foreign  bodies,  and  generally  become 
capsulated  by  a  band  of  new  fibrous  tissue.  The  effect 
of  calciflcation  upon  the  organ  involved  is  a  permanent 
loss  of  function,  proportionate  to  the  degree  of  the  in- 
filtration. In  some  instances  the  mere  presence  of  the 
calcareous  nodules  can  only  be  disastrous.  Located  in 
the  large  arteries,  they  cause  dilatation  of  the  heart, 
with  embarrassment  of  the  circulation,  and  may  lead  to 
haemorrhage,  thrombosis,  or  aneurism.     In  the  smaller 


arteries  they  sometimes  cause  gangrene  of  the  extremities. 
In  the  nervous  system  the  evils  attributed  to  the  irrita- 
tion caused  by  calcareous  deposits  are  manifold :  epi- 
lepsy, apoplexy,  paralyses,  angina  pectoris,  goitre,  etc. 
On  the  other  hand,  the  effect  of  a  calciflcation  is  often 
salutary,  inasmuch  as  it  checks  the  growth  of  tumors  and 
prevents  the  occurrence  of  other  more  serious  changes. 
An  important  exception  to  this  is  observed,  however,  in 
the  case  of  myeloid  tumors,  of  which  the  late  Dr.  S.  D. 
Gross  says :  "  The  degree  of  malignity  may  be  graded  in 
accordance  with  the  existence  or  absence  of  calcareous 
or  osseous  deposits."  James  M.  French. 

CALCIUM.  1.  General  Medicinal  Properties  of 
CoMPOtTNDS  OF  Calcium. — In  the  group  afforded  by  the 
metals  of  the  alkalies  and  the  earths,  calciuni  is  distin- 
guished by  the  absence  in  its  preparations  of  any  active 
properties  derived  from  the  basic  radicle.  Lowness  of 
diffusion  power,  and  hence  difficulty  of  absorption,  slight 
local  tendency  to  repress  secretion,  and  slight  constitu-  - 
tional  tendency  to  oppose  degenerative  processes  in  tis- 
sues, constitute  about  all  that  is  generally  characteristic 
in  the  way  of  physiological  influence  in  lime  compounds 
as  such.  The  general  medicinal  uses  are,  therefore,  the 
application  of  these  feeble  powers  under  appropriate  cir- 
cumstances of  disease,  or,  independent  of  them,  the  ad- 
ministration of  calcic  compounds  for  the  sake  of  their 
nutritive  value  in  conditions  where  the  lime-salts,  normal 
to  the  tissues,  seem  to  be  deflcient.  Individually,  the 
calcic  compounds  differ  greatly  in  their  properties,  and 
thus  arise  many  individual  therapeutic  applications,  to  be 
noted  under  the  several  preparations. 

2.  The  Medicinally  used  Compounds  of  Calcium. 
— The  compounds  of  calcium  that  enter  into  the  pharma- 
copoeial  preparations  containing  the  metal  are  the  monox- 
ide, hyd/roxide,  ea/rbonate,  pliosphate,  hypopTiospMte,  chloride, 
bromide,  sulphide  (in  the  preparation  sulphurated  lime), 
and  the  compounds,  whatever  they  be,  that  form  the  sub- 
stance called  chlorinated  lime.  The  sulphate  (gypsum), 
though  not  officinal,  not  being  of  use  as  a  medicine,  is 
yet  of  importance  to  the  medical  practitioner,  because  of 
its  availability  for  purposes  of  surgical  dressings.  In  the 
present  article  will  be  discussed  only  the  mtmoxide,  hy- 
droxide, carbonate,  phospliate,  and  sulphate.  For  the  other 
compounds  above  cited  see,  respectively,  Hypophosphites, 
Chlorides,  Bromides,  Sulphides,  and  Chlorine. 

Calcic  Monoxide :  CaO.  Calcic  monoxide  in  the  form 
of  the  ordinary  "lime,"  or  "quick-lime"  of  commerce, 
is  officinal  under  the  simple  title  Calx,  Lime.  It  is  offl- 
cinally  described  as  "hard,  white,  or  grayish- white 
masses,  gradually  attracting  moisture  and  carbonic  acid 
gas  on  exposure  to  air  and  falling  to  a  white  powder,  odor- 
less, having  a  sharp,  caustic  taste  and  an  alkaline  reaction. 
Soluble  in  750  parts  of  water  at  15°  C.  (59°  F.),  and  in 
1,300  parts  of  boiling  water :  insoluble  in  alcohol.  When 
heated  to  a  white  heat,  lime  is  neither  fused  nor  altered. 
Brought  into  contact  with  about  half  its  weight  of  water, 
it  absorbs  the  latter,  becomes  heated,  and  is  gradually, 
converted  into  a  white  powder  (slaked  lime) "  (U.  S.  Ph.). 
Because  of  the  strong  affinity  of  lime  for  water,  it  should 
be  kept  in  tightly  closed  vessels  in  a  dry  place.  Lime  is 
obtained  from  some  of  the  varieties  of  native  calcic  car- 
bonates by  calcining.  . 

Physiologically  the  importance  of  quick-lime  lies  m  the 
fact  that  because  of  its  intense  affinity  for  water  it  is 
caustic.  To  a  moist  surface  it  is  powerfully  escharotic, 
but  because  of  the  solid  and  nearly  insoluble  product  of 
its  caustic  action  (slaked  lime),  such  action  is  nev«r 
spreading.  In  practice,  because  of  its  inconvenience  of 
manipulation,  quick-lime  is  rarely  used  by  the  surgeon, 
except  in  the  form  of  the  composite  preparation,  pota'ssa 
with  lime  (Vienna  caustic),  for  whose  description  see  un- 
der Potassium.  .    ,     ,       .j    ■    4., 

Calcic  Hydroxide:  Ca(OH)j.  Calcic  hydroxide  is  the 
familiar  substance,  slaked  lime,  which  forms  in  the  shape 
of  a  white  powder  as  the  product  of  the  chemical  reac- 
tion between  lime  and  water.  The  reaction  is  attended 
by  the  development  of  a  high  degree  of  heat._  blakea 
lime  is  not  officinal  in  the  U.  S.  Pharmacopoeia  under 
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any  distinctive  title,  but  tlie  preparations  into  whose 
composition  it  enters  are  defined  as  preparations  of  lime, 
simply.  Slaked  lime  is  a  soft,  white,  bulky  powder,  of 
a  mawkish,  alkaline  taste,  and  having  the  solubilities  de- 
tailed above  in  the  pharmacopoeial  description  of  lime. 
From  its  difficult  solubility  in  water  it  is,  although  a 
powerful  free  base,  yet  not  caustic  to  living  tissue.  From 
its  combining,  therefore,  the  properties  of  harmlessness 
with  high  basicity,  it  is  valuable  as  an  antidote — so  far  as 
antidotes  go — in  poisoning  by  acids,  and  is  especially  to 
be  selected  in  cases  of  poisoning  by  oxalic  or  sulphuric 
acids,  because  of  the  great  insolubility  of  the  salts  it 
makes  with  these  several  acids.  For  more  properly  medic- 
inal purposes  slaked  lime  is  used  in  the  valuable  phar- 
macopoeial preparation  commonly  known  as  lime-water, 
but  officinally  entitled  Liquor  Calcis,  Solution  of  Lime. 
This  is  simply  a  saturated  aqueous  solution  of  slaked 
lime,  easily  made  by  any  one  by  stirring  freshly  slaked 
lime  into  water — fairly  pure  water  free  from  salts — in 
any  proportion  greater  than  one  to  seven  hundred  and 
fifty.  The  vessel  containing  the  resulting  solution, is 
kept,  with  the  excess  of  undissolved  lime  retained,  tightly 
stopped,  and  after  settling  of  the  undissolved  portion, 
the  clear,  supernatant  liquor  is  drawn  off  in  small  quanti- 
ties, for  use,  by  decanting  or  siphoning.  The  object  of 
having  an  excess  of  lime  lies  in  the  fact  that  lime-water 
has  a  great  affinity  for  carbonic  dioxide,  absorbing  this 
gas  from  the  atmosphere  and  forming  with  it  the  insolu- 
ble calcic  carbonate.  By  such  reaction  the  lime  of  lime- 
water  gradually  becomes  exhausted,  but  by  the  device  of 
keeping  in  the  containing  vessel  an  excess  of  lime,  the 
water  of  the  solution  recharges  itself  therefrom  as  fast  as 
it  loses  strength  by  carbonatmg,  and  the  solution  of  lime 
is  so  maintained  steadily  at  saturation.  Lime-water  is 
"an  aqueous  solution  containing  about  0.15  per  cent,  of 
hydrate  [hydroxide]  of  calcium."  It  is  "  a  clear,  color- 
less liquid,  without  odor,  having  a  saline  and  feebly  caus- 
tic taste  and  an  alkaline  reaction,  Sp.  gr.  1.0015  at  15° 
C  (59°  F.).  When  heated  to  boiling  it  becomes  cloudy  " 
(U.  S.  Ph.).  Although  clear  when  first  made,  lime-water, 
upon  keeping,  is  certain  to  become  turbid  from  absorption 
of  carbonic  dioxide  from  the  atmosphere,  and  formation 
thereby  of  calcic  carbonate.  If,  however,  there  be,  as 
above  advised,  an  excess  of  lime  in  the  bottle,  the  turbid- 
ity does  not  mean  loss  of  strength,  and  a  sample  so  af- 
fected is  perfectly  good  for  medicinal  purposes.  Lime- 
water  is  incompatible  with  alkaline  carbonates,  sulphates, 
borates,  salts  of  ammonia  and  tlie  metals,  acids  and  acidu- 
lous salts,.and  astringent  vegetable  decoctions  or  infusions. 
Lime-water  is,  of  course,  alkaline,  and  at  the  same  time 
is,  physiologically,  locally  bland  and  soothing  to  irritation, 
and  of  a  tendency  to  check  secretion.  Taken  internally 
it  tends  to  allay  gastric  irritability  and  to  control  diar- 
rhoea, especially  when  the  latter  is  caused  by  acidity  of 
the  intestinal  contents.  From  the  conjunction  of  proper- 
ties named,  lime-water  is  an  excellent  alkaline  wash  in 
skin  disease,  and  is  a  standard  remedy  to  subdue  vomiting 
and  combat  the  diarrhoea  of  acidity.  In  its  internal  use 
by  far  the  best  way  of  giving  is  in  mixture  with  fresh, 
ice-cold  milk.  In  such  mixture,  even  when  "half  and 
half"  in  strength,  the  disagreeable  lime  taste  is  almost 
wholly  lost,  while  at  the  same  time,  the  medicinal  efficacy 
of  the  lime  is  enhanced,  and  the  patient  is  nourished  by 
the  milk.  In  obstinate  vomiting,  indeed,  nothing  sur- 
passes the  administration  of  small  quantities  of  ice-cold 
lime  water  and  milk,  frequently  repeated,  to  the  exclusion 
of  all  other  medicine  and  nutriment  both.  In  ordinary 
cases,  the  lime-water  need  not  be  in  greater  proportion  to 
the  milk  than  one  part  to  two,  three,  or  four.  Such  mixt- 
ures, if  tlie  stomach  be  not  too  sensitive,  may  be  admin- 
istered quite  freely,  but  yet  the  habitual  use  of  lime-water 
in  milk,  in  milk-fed  individuals,  such  as  infants,  is  objec- 
tionable. For  occasional  use,  lime-water  is  so  innocent 
that  it  is  hardly  possible  to  assign  any  exact  dose,  but  a 
tablespoonful  generally  suffices  for  a  single  giving,  to  be 
taken  in  at  least  an  equal  measure  of  water  or  milk.  A 
special  application  of  lime-water  is  based  on  the  fact  that 
the  tissue  of  false  membranes  immersed  in  the  solution 
rapidly  disintegrates.    Hence  the  practice  with  some  to 


spray  the  throat,  in  croup  or  diphtheria,  with  atomized 
lime-water.  In  such  procedure,  however,  it  must  be  re- 
membered that  in  the  amount  of  spraying  practically 
possible,  the  quantity  of  lime-water  brought  into  contact 
with  the  membrane  is  very  small,  and  the  duration  of 
such  contact  short. 

Lime-water,  although  decidedly  alkaline,  yet  yields, 
upon  swallowing,  so  little  alkali  for  ready  absorption  into 
the  blood,  that  the  preparation  is  practically  useless  for 
those  purposes  of  constitutional  alkalizing  for  which  basic 
compounds  of  potassium  and  lithium  are  so  efficacious. 

Besides  lime-water,  the  U.  S.  Pharmacopoeia  offers,  as  a 
preparation  of  lime  in  solution,  Syrupus  Calcis,  Syrup  of 
Lime.  This  syrup  is  made  by  treating  a  triturated  mixt- 
ure of  lime  and  sugar  with  boiling  water,  and  bringing 
the  solution  after  filtration  to  the  standard  strength  of 
five  per  cent. ,  by  weight,  of  lime.  In  this  procedure  the 
lime  and  sugar  chemically  unite,  and  the  product,  while 
retaining  the  alkalinity  and  physiological  properties  of 
free  lime,  is  yet  much  more  soluble  in  water,  as  the  five 
per  cent,  strength  of  the  syrup  attests.  Syrup  of  lime  is, 
therefore,  medicinally,  a  sweetened,  and,  at  the  same  time, 
a  strong  solution  of  lime,  and  may  be  used  for  the  internal 
applications  of  lime-water,  only  in  much  smaller  dose — 
one-eighth,  namely,  of  what  would  be  given  of  the  latter 
preparation. 

For  local  application  of  the  soothing  properties  of  lime  - 
solutions,  an  excellent  and  ingenious  preparation  of  lime 
is  officinal  in  the  U.  S.  Pharmacopoeia  under  the  title  Idni- 
menium  Calcis,  Lime  Liniment,  often  called  Carron-oil, 
from  the  Carron  Iron- works,  in  Scotland,  where  the  lini- 
ment acquired  great  reputation  for  the  treatment  of  burns 
among  the  workmen.  The  preparation  is  simply  an  ad- 
mixture, in  equal  parts,  of  lime-water  and  cotton-seed 
oil,  whereby  a  lime  soap  is  formed,  which,  being  insoluble, 
makes  an  emulsion  with  the  considerable  excess  of  the 
oil  which  the  formula  provides  for.  The  oil,  however, 
readily  separates  from  the  aqueous  portion,  and  hence  the 
preparation  should  be  ordered  to  be  well  shaken  each 
time  before  use.  Lime  liniment  combines  the  protection 
of  a  fixed  oil  with  the  alkaline  and  soothing  properties  of 
lime,  and  makes  an  excellent  dressing  for  painful  affec- 
tions of  the  skin,  such  as  burns,  both  allaying  pain  and 
promoting  healing.     It  is  applied  clear. 

Calcic  Carbonate :  CaCOs.  Calcic  carbonate  is  repre- 
sented in  the  U.  S.  Pharmacopoeia  by  two  preparations. 
Creta  Prmparaia,  Prepared  Chalk,  is  "  native,  friable  Car- 
bonate of  Calcium,  freed  from  most  of  its  impurities  by 
elutriation  ;  "  and  Calcii  Caa-bonas  Prmcipitatus,  Precipi- 
tated Carbonate  of  Calcium,  is  the  salt  obtained  as  pre- 
cipitated from  a  solution  of  calcic  chloride  by  reaction 
with  sodic  carbonate.  Prepared  chalk  is  in  the  form  of 
powder,  or  of  little  conical  pellets,  and  the  precipitated ' 
carbonate  is  always  in  the  condition .  of  a  very  fine  soft 
powder.  Both  preparations  are  permanent  in  air,  odQr- 
less  and  tasteless,  and  insoluble  in  water  or  alcohol, 
although  soluble,  with  effervescence,  in  hydrochloric, 
nitric,  or  acetic  acids. 

Calcic  carbonate  closely  resembles  slaked  lime  in  its 
properties,  but  being  a  salt  is  less  strongly  alkaline,  and 
being  wholly  insoluble  in  neutral  fluids  of  aqueous  basis, 
is,  locally,  absolutely  bland.  It  is  medicinally  applicable, 
in  a  general  way,  for  the  same  purposes  as  lime-water, 
and,  in  addition,  because  it  is  a  bland,  soft,  and  alka- 
loid absorbent  powder,  it  makes  an  excellent  "dusting- 
powder  "  to  apply  as  a  dressing  to  skin  affections  where 
the  cutaneous  surface  is  moist  and  tender.  Internally 
the  carbonate  is  available  as  an  antidote  to  acid  poisoning, 
especially  if  the  acid  be  sulphuric  or  oxalic,  and  is  of  use 
to  correct  idiopathic  acidity  of  ih&  primm  vim,  and  to 
allay  nausea  and  check  diarrhoea.  Being  perfectly  in- 
nocent, either  of  the  forms  of  the  salt  may  be  given  freely. 
For  ordinary  use  in  digestive  derangements  the  single 
dose  ranges  from  0.65  to  3.00  Gm.  (ten  to  forty-five 
grains).  The  medicine  may  be  given  as  a  powder,  but 
administration  in  mixture  is  more  common.  The  follow- 
ing pharmaceutical  preparations  are  officinal  in  the  U.  S. 
Pharmacopoeia .  Pklvis  Cretm  Compoaitus,  Compound 
Chalk  Powder.     This  consists  of  three  parts  of  prepared 
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chalk,  two  of  powdered  acacia,  and  five  of  powdered 
sugar,  mixed.  This  powder  is  probably  oflScinal  as  the 
basis  for  making  the  next  named  preparation,  but  yet  is 
itself  a  convenient  chalk  powder  for  direct  prescription. 
Mistura  Greta,  Chalk  Mixture.  This  is  compounded  of 
two  parts  of  the  foregoing  compound  chalk-powder  and 
four  parts  each  of  water  and  cinnamon-water.  The  sugar 
and  acacia  of  the  compound  chalk  powder  dissolve  and 
the  slightly  viscid  solution  resulting  is  capable,  when 
shaken,  of  holding  the  chalk  in  suspension.  The  prepa- 
ration should  be  freshly  made  for  use,  and  should  be 
shaken  each  time  before  dispensing  a  dose.  It  makes  a 
very  convenient  basis  for  diarrhoea  mixtures,  especially 
in  cases  of  diarrhoea  with  acidity.  It  may  be  given  in 
tablespoonful  doses.  Trochisci  Ureice,  Troches  of  Chalk. 
Each  troche  contains  0.26  Gm.  (four  grains)  of  prepared 
chalk  with  a  flavoring  of  nutmeg. 

Normal  Calcic  {Ortho-)  Plioipiate  :  Caa(P04)a.  This 
is  the  phosphate  commonly  called,  for  distinction,  bone- 
phosphate.  It  is  otHcinal  under  the  title  Caleii  PhospJias 
Prmdpitatus,  Precipitated  Phosphate  of  Calcium,  and  is 
made  by  dissolving  the  phosphate  of  bone-ash  by  means 
of  hydrochloric  acid,  and  then  precipitating  it  from  the  so- 
lution by  the  addition  of  water  of  ammonia.  Such  precipi- 
tate, washed  and  dried,  presents  itself  as  "  a  light,  white, 
amorphous  powder,  permanent  in  the  air,  odorless,  taste- 
less, and  insoluble  in  water  or  alcohol.  Wholly  soluble 
in  nitric  or  in  hydrochloric  acid  without  effervescence. 
At  an  intense  heat  it  is  fusible  without  decomposition " 
(U.  S.  Ph.).  When  freshly  precipitated  and  still  moist 
this  phosphate  also  dissolves  wholly  in  lactic  acid. 

Calcic  phosphate  is  an  important  normal  ingf  edient  of 
the  animal  body,  being  the  calcareous  element  of  the 
bones  and  teeth.  The  use  of  the  salt  in  medicine  has 
been  its  internal  administration  in  conditions  of  disease 
where  there  appears  to  be  a  deficiency  of  the  substance  in 
the  proper  tissues,  either  from  assumed  lack  of  supply,  or 
from  want  of  power  of  assimilation.  Such  conditions  are 
illustrated  by  rickets,  moUities  ossium,  caries  of  the  teeth, 
and  possibly  by  scrofula  and  phthisis.  But  as  often  hap- 
pens in  medication  based  on  purely  chemical  considera- 
tions, the  clinical  results  frequently  fall  short  of  the  ex- 
pectation, so  much  so  that  many  practitioners  put  little 
faith  in  the  present  remedy.  Very  likely  the  lack  of 
effect  of  calcic  phosphate  is  principally  due  to  the  diffi- 
culty of  determining  the  absorption  of  the  salt,  partly  be- 
cause of  the  salt's  entire  insolubility  in  other  than  acid 
menstrua,  and  partly  because  of  its  low  diffusion  power. 
But  inasmuch  as  the  phosphate  is  wholly  innocent,  lo- 
cally and  .constitutionally,  it  rnay  with  propriety  be  at 
least  tried  in  cases  where  it  seems  theoretically  indicated. 
From  0.65  to  2.00  Gm.  (ten  to  thirty  grains)  may  be 
given  three  times  a  day,  larger  doses  being  probably  use- 
less through  lack  of  absorption.  A  convenient  form  of 
the  medicine  is  the  officinal  preparation  of  the  U.  S. 
Pharmacopoeia  entitled  Syrupus  Caleii  LactopTiosphaiis, 
Syrup  of  Lactophosphate  of  Calcium.  A  washed  magina 
of  freshly  precipitated  calcic  phosphate  is  dissolved  in 
lactic  acid,  and  the  solution  diluted  with  water  and 
orange-flower  water,  and  rendered  syrupy  by  a  con- 
siderable addition  of  sugar.  Should  a  gelatinous  precipi- 
tate tend  to  form  upon  keeping,  a  fluidrachm  of  hydro- 
chloric acid  may  be  added  to  each  pint  of  the  syrup.  This 
syrup  contains  twenty-two  parts  of  calcic  phosphate  to 
the  thousand,  by  weight ;  and  may  be  given  in  doses  of 
from  two  to  four  teaspoonfuls,  representing  from  0.20  to 
•  0.40  Gm.  (three  to  six  grains)  of  phosphate. 

Calcic  SulpJiate :  CaS04,2H!0.  This  salt  is  used  in 
medical  art  onlyin  the  making  of  plaster-of-Paris  dress- 
ings. Not  being  employed  medicinally  it  is  not  officinal 
in  the  U.  S.  Pharmacopoeia.  Calcic  sulphate  occurs  native 
in  several  conditions,  the  commonest  being  the  salt  com- 
bined with  two  molecules  of  water,  constituting  the  sub- 
stance gypsum.  The  valuable  property  of  gypsum  is 
that  when  dehydrated  and  treated  with  water,  it  recom- 
bines  with  the  latter,  and  in  such  combining  sets  in  a 
hard  dry  mass.  Gypsum  is  dehydrated  by  heat,  which 
should  not  exceed  120°  C.  ;  for  if  carried  too  high  (above 
200°  G.)  the  gypsum — called  then  technically  dead-burnt 


— recombines  with  water  but  slowly  and  the  product 
does  not  solidify.  As  properly  dehydrated  and  pulverized 
the  product  is  a  white  powder,  called  burnt  gypsum  or 
plaster-of-Paris.  This  mixed  with  two  parts  of  water 
makes  a  soft  creamy  paste,  which  in  the  course  of  from 
fifteen  to  twenty  minutes  gradually  stiffens,  until  at  last 
it  sets  into  a  perfectly  hard  and  dry  mass.  During  the 
setting  a  moderate  degree  of  heat  is  evolved  (not  beyond 
the  range  perfectly  bearable  by  the  human  skin),  and 
the  mass  very  slightly  expands.  Applied  therefore  as  a 
casing  to  a  limb,  the  dressing  may  be  perfectly  fitted 
without  fear  of  shrinkage  upon  setting.  After  setting, 
the  plaster-of-Paris  neither  softens  nor  dissolves  by  treat- 
ment with  water,  the  solubility  of  calcic  sulphate  in 
water  being  only  about  one  part  in  five  hundred.  For 
use  in  surgery,  the  plaster-of-Paris  paste  may  be  applied 
by  smearing  it  upon  the  bandaged  limb  so  as  to  form  a 
casing,  but  a  far  better  way  is  to  impregnate  a  flannel 
bandage  thoroughly  with  the  dry  plaster,  roll  it  loosely, 
and  when  the  dressing  is  to  be  fitted  dip  the  roller  into  a 
vessel  of  water  until  bubbles  cease  to  be  evolved  and 
then  apply  in  the  usual  manner,  but  without  reverses. 
Before  so  applying,  however,  the  skin  should  be  pro- 
tected by  a  plain  bandage,  or,  where  appropriate,  by  a 
thread  glove  or  a  stocking. 

Plaster-of-Paris  should  be  kept  in  well-closed  vessels, 
else,  attracting  moisture  from  the  atmosphere,  it  will  be- 
come partially  hydrated.  Edward  Curtis. 


CALCULI,  CUTANEOUS.  Cutaneous  calculi,  or  stones' 
of  the  skin,  are  usually  composed  of  altered  and  hardened 
sebaceous  matter  contained  in  milia  (see  Milium).  They 
are  very  rare.  Forster  {Boston  Medical  and  Surgical 
Journal,  January  30,  1879),  has  reported  a  case  in  which 
the  tumor  was  of  oval  shape,  about  .16  centimetre  in 
diameter,  and  of  stony  hardness.  It  occurred  upon  the 
temple,  and  on  excision  was  found  to  consist  of  calcium 
phosphate  with  a  small  proportion  of  calcium  carbonate, 
epithelial  debris,and  fatty  matter. 

Arthur  Van  HaHingen. 


CALEDONIA  SPRINGS.  A  saline  spa  situated  on  the 
Ottawa  River,  a  few  miles  from  St.  Ann's,  and  about 
seventy  miles  from  Montreal,  Canada.  In  addition  to 
three  saUne  springs  there  is  a  fourth,  a  sulphuretted 
spring,  which,  however,  is  said  to  be  losing  its  sulphur- 
ous properties.  The  saline  waters  contain  also  iodides 
and  bromides.  These  are  useful  in  various  scrofulo\is 
skin  affections,  in  certain  anaemic  conditions,  in  chronic 
rheumatism,  gout,  etc.  (see  art.  Medicinal  Springs). 

The  following  is  the  composition  of  the  different 
springs  according  to  the  analysis  of  T.  Sperry  Hunt. 
One  pint  contains,  expressed  in  grains  : 


Gas 

SaUne 

Intermittent 

Sulphur 

Spring. 

Spi-ing. 

Spring. 

Spring. 

44.5°  F. 

45°  F. 

60°  F. 

46°  P. 

Carbonate  of  sodium 

.354 

1.284 

3.321 

Gai'bonate  of  magnesium, . 

3.834 

3.769 

6.294 

2.142 

trace. 

Carbonate  of  calcium 

i.ore 

.866 

.921 

1.530 

Carbonate  of  manganese  . . 

trace. 

".167 
28.004 

Chloride  of  potassium   

Chloride  of  sodium 

.225 

50.772 

.219 
46.934 

89.265 
7,533 
2.091 

Chloride  of  magnesium  . . . 

Chloride  of  calcium 

Sulphate  of  potassium 

.6.38 

.010 

Iodide  of  magneBium 

■"183 

.015 

".073 

Bromide  of  sodium 

.109 

■■■.ira 

trace. 
.164 

Bromide  of  magnesium 

.225 

trace. 
.309 

.019 

Silica 

.612 
.133 

Sulphate  of  sodium 

Total              

56.670 
6  cub.  in. 

53.539 
4  cub.  in. 

106,678 

36.001 

Carbonic  acid  gas 

2  cub.in. 

T.  L.  8. 
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CALIFORNIA  SELTZER  SPRINGS.  Location,  Mendo- 
cino County,  Cal.;  Post-office,  Sauel,  Mendocino  County, 
Cal. 

Access.— By  San  Francisco  &  Northern  Pacific  Kail- 
road. 

Analysis  (H.  G.  Hauks). — One  pint  contains  : 

Grains. 

Carbonate  of  soda 7.598 

Carbonate  of  magnesia 10.118 

Carbonate  of  lime 1.938 

Carbonate  of  iron 0.567 

Chloride  of  sodium 1.478 

Alumina 0.075 

Silica 0.729 

23.503 

Carbonic  acid  gas 45  cubic  in. 

There  are  also  minute  quantities  of  carbonate  of  lithium,  sulphate  of 
lime,  boric  acid,  and  organic  matter. 

Q.  B.  F. 

CALISTOGA  HOT  SPRINGS.  Location  and  Post-office, 
Calistoga,  Napa  County,  Cal. 

Access. — By  California  Pacific  &  Northern  Division  of 
Central  Pacific  to  Calistoga. 

Analysis  (F.  W.  Hatch,  M.D.).— One  pint  contains  : 

GrainR. 

Carbonate  of  soda 0.425 

Chloride  of  sodium 2.781 

Chloride  of  calcium 0.408 

Sulphate  of  soda 0.202 

Sulphate  of  magnesia 0.058 

Silica 0.812 

Alumina trace 

4.686 

Sulphuretted  hydrogen  gas 0.40  cubic  in. 

Temperature  of  water,  97"  F. 

Therapeutic  Properties. — These  are  thermal  sul- 
phur waters.  There  are  some  sixty  springs,  of  different 
temperatures,  ranging  from  lukewarm  to  the  boiling- 
point.  Bathing  is  the  treatment  almost  entirely  adopted, 
and  commodious  arrangements  are  at  hand  for  the  appli- 
cation of  the  haths  in  the  form  of  water«nd  mud.  The 
property  is  lavishly  improved,  and  contains,  among  other 
attractions,  an  extensive  vineyard,  affording  an  oppor- 
tunity to  test  the  "  grape  cure."  G.  B.  F, 

CALLOSITAS.  Callositas  may  be  defined  as  a  super- 
ficial, fiattened,  thickened,  more  or  less  circumscribed, 
grayish  or  yellowish-brown,  horny  patch  of  epidermis. 

The  beginning  of  the  affection  is  characterized  by  slight 
thickening  of  the  skin,  with  no  perceptible  change  in 
texture  ;  if  the  cause  continues  to  operate,  the  parts  be- 
come hard,  horny,  elevated,  and  considerably  thickened. 
In  moderately  developed  cases  the  lines  and  folds  of  the 
skin  remain  undisturbed  ;  in  marked  examples  of  the 
affection  these  are  no  longer  perceptible,  the  surface  be- 
coming smooth  and  horny.  Later  the  accumulations 
may  be  so  increased  and  unyielding  as  to  impair  motion, 
or  if  motion  is  made,  deep  cracks  and  fissures  are  pro- 
duced. In  rare  instanc.es,  especially  if  an  accidental 
injury  is  superadded,  the  pressure  of  the  mass  upon  the 
underlying  corium  provokes  inflammation  and  suppura- 
tion, in  consequence  of  which  the  horny  plate  is  cast  off 
in  its  entirety.  The  patches  are  ordinarily  of  the  size  of 
a  coin,  more  or  less  rounded,  slightly  elevated,  with  the 
thickness  greatest  at  the  centre.  The  color  varies  from  a 
grayish  to  a  brownish  tint,  depending,  to  a  certain  extent, 
upon  the  amount  of  pressure  and  friction  to  which  the 
parts  have  been  subjected,  and  upon  the  occupation  of 
the  patient.  They  are  usually  seen  upon  the  hands  and 
feet,  particularly  those  parts  exposed  to  pressure  and 
friction.  They  occur,  in  varying  degrees,  upon  the  hands 
of  all  whose  labor  is  chiefly  manual,  especially  those  who 
use  tools  :  carpenters,  shoemakers,  smiths,  and  laborers 
are  seldom  free  from  these  epidermic  hypertrophies. 

The  main  factor  in  the  production  of  a  callosity  is  in- 
termittent pressure  or  friction.  Thus  the  use  of  tools 
and  such  implements  gives  rise  to  patches  on  the  hands, 
while  those  on  the  feet  arise  from  the  pressure  and  fric- 
tion of  ill-fitting  shoes.     It  is  to  be  stated,  however,  that 
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in  exceptional  instances  the  callosities  appear  without  ap- 
parent cause,  and  usually  in  such  cases  the  growth  is 
excessive.  It  may  be  added  also  that  the  same  amount 
of  pressure  and  friction  in  different  individuals  rarely 
provokes  the  same  degree  of  callosity.  These  facts  show 
that  although  external  causes  are  mainly  responsible  for 
these  growths,  yet  that  there  must  be  other  etiological 
factors  which  take  part  in  their  production. 

Anatomically  a  patch  of  callosity  is  found  to  be  made 
up  of  an  accumulation  of  layers  of  epithelial  cells  of  the 
epiderm.  A  section  will  show  hypertrophy  of  the  horny 
layer,  the  corium  remaining  normal.  The  cells  may  be 
so  closely  packed  as  to  simulate  horn  substance. 

In  ordinary  cases  no  treatment  is  called  for,  as  the  pro- 
cess is  to  be  considered  as  conservative,  inasmuch  as  it 
protects  the  more  sensitive  corium  from  injury.  Where 
the  hypertrophy  is  excessive,  inconvenient,  or  disfiguring, 
remedial  measures  are  demanded.  The  parts  are  first  to 
be  softened  by  means  of  hot  water,  warm  fomentations, 
or  poultices  ;  subsequently_  the  mass  can  be  readily  pared 
or  scraped  away.  A  solution  of  caustic  potash  will  fre- 
quently be  found  suflacient  to  remove  the  accumulations ; 
it  must  be  used  with  care.  Sapo  viridis  will  act  in  tho 
same  manner  if  kept  constantly  applied  in  the  form  of  an 
ointment.  A  plaster  made  of  salicylic  acid  and  gutta- 
percha, bound  down  to  the  parts  and  changed,  every  few 
days,  will  remove  the  mass.  Solutions  of  ten  to  twenty 
per  cent,  strength  of  salicylic  acid  in  alcohol  or  collodion 
will  be  found  efficacious.  A  removal  of  the  cause  is  in- 
variably followed  by  a  spontaneous  disappearance  of  the 
callosity.  Henry  W.  Sielwagon. 

CAMPHOR  (CcmpJiora,  U.  S.  Ph.,  Br.  Ph.,. Ph.  G. ; 
Gamphre  du  Jwpon,  Codex  Med.).  A  stearoptene  or  solid 
essential  oil,  obtained  by  distillation  from  the  wood  of 

Cinnamomum  Oa/m- 
■plhora  Nees  and 
Eberm.  {Laurus 
Oamphora  Linn., 
Oamphora  offidna- 
runi  Nees) ;  Order, 
Laurotceae.  This  is 
a  medium-  or  good- 
sized  tree,  of  slen- 
der habit,  with  long, 
horizontal,  smooth, 
green  branches,  and 
a  hard,  light  •  col- 
ored, very  fragrant 
and  valuable  wood. 
The  alternate  ever- 
green leaves  are 
dark  and  shining 
above,  lighter,  glau- 
cous-green beneath, 
ovate  acuminate  en- 
tire, three-nerved. 
Flowers  minute 
greenish-yellow,  in 
small  axillary  pani- 
cles. Perianth 
thick,  six-lobed  stamens,  nine  with  four-colled  anthers 
opening  by  valves.  Staminoides  six.  Ovary  free,  one- 
celled,  one-seeded.  Fruit  about  as  large  as  a  pea,  sur- 
rounded by  the  persistent  perianth  tube.  This  tree  grows 
extensively  and  abundantly  in  Formosa  and  the  Japane.se 
islands,  from  which  places  all  the  camphor  of  European 
and  American  commerce  is  obtained ;  and  in  Central 
China.  It  has  also  been  transplanted  and  flourishes  in 
most  tropical  or  subtropical  countries  of  both  hemi- 
spheres. 

Camphor  was  known  in  Europe  in  the  twelfth  century, 
how  much  older  its  use  was  in  Asia  is  difficult  to  say,  as 
several  other  similar  and  more  highly  prized  camphors 
have  been  known  there  from  a  remote  period,  and  the 
older  notices  of  camphor  appear  to  have  reference  to 
them. 

Collection. — In  Formosa,  long  wooden  troughs  (often 
made  by  hollowing  out  logs),  protected  by  clay  from  the 


Fig.  557.— Camphor  Tree,  Flowering  Branch. 
(Baillon). 
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action  of  Are,  are  arranged  over  a  sort  of  furnace.  They 
are  partljr  filled  with  water  and  then  board-covers  per- 
forated with  numerous  holes  are  luted  over  them.  Small 
piles  of  the  camphor-wood,  cut  into  chips,  are  arranged 
on  these  boards,  and  each  covered  with  an  inverted 
earthen  pot.  The  fire  is  then  built,  and  as  the  water 
boils  the  steam  passes  up  through  the  chips,  carrying  the 
volatilized  camphor  with  it.  This  condenses  in.  the  upper, 
cooler  part  of  the  pots,  and  as  it  accumulates  is  scraped 
out  and  the  supply  of  wood  renewed.  In  Japan  tlie  chips 
are  boiled  in  iron  kettles  with  condensing  arrangements 
placed  over  them.  The  camphor  thus  obtained  is  in  a 
coarse  crystalline  powder,  whose  granules  afterward 
aggregate  more  or  less  into  larger  masses.  It  is  grayish- 
white  or  pink  in  color  and  contains  both  chemical  and 
mechanical  impurities.  While  lying  in  vats  or  bins,  pre- 
vious to  being  boxed  or  packed  for  export,  a  small  quan- 
tity of  essential  oil,  also  an  article  of  commerce — oil  of 
camphor — drains  out.  Formosa  camphor  is  systemati- 
cally wetted  before  packing  for  transportation  in  order  to 
retard  evaporation.  Japan  camphor,  which  is  usually  a 
rather  cleaner,  better  variety,  is  sent  out  dry.  Both  cam- 
phor and  its  oil  need  purifying  for  use — the  latter  is 
simply  redistilled,  the  former  is  resublimed  after  being 
mixed  with  sand,  charcoal,  or  lime.  In  Europe  this  is 
done  in  large  spherical  glass  flasks,  in  the  top  of  which 
the  vapor  condenses  into  a  concave  or  plano-convex  mass, 
which  is  removed  by  breaking  the  vessel.  In  this  country 
it  is  done  in  a  sort  of  retort  with  a  flat  iron  cover,  on  the 
bottom  of  which  it  collects  in  a  round  cake,  about  as 
large  as  a  barrel-head  and  one  inch  or  more  thick,  with  a 
hole  in  the  centre.  In  this  form  it  is  now  universally 
found  here.  The  enormous  use  of  camphor  for  domestic 
purposes  has  very  much  improved  and  cheapened  the 
processes  of  purification  within  a  few  years  past. 

Purified  camphor  is  in  white,  translucent,  slightly  flex- 
ible, crystalline  masses  of  well-known  taste  and  smell, 
traversed  by  innumerable  flne  fissures,  and  easily  rubbed 
to  pieces  between  the  fingers,  but  impossible  to  pulverize 
by  itself.  It  evaporates  slowly  at  ordinary  temperatures, 
and  if  kept  in  a  closed  vessel  gradually  distributes  itself 
over  its  sides  in  flne  crystals ;  small  bits  thrown  upon 
water  revolv&and  move  about  upon  its  surface.  Its  spe- 
cific gravity  is  about  the  same  as  that  of  water,  in  which  it 
also  dissolves  to  the  extent  of  one  part  in  thirteen  hundred 
(Aqua  Camphorse,  U.  S.  Ph.).  In  alcohol,  ether,  chloro- 
form, fatty  and  other  essential  oils  it  is  freely  soluble. 
With  chloral  hydrate  it  forms  a  liquid  combination,  with 
pyroxylin  it  composes  the  substance  known  as  "cellu' 
loid,"  which  is  considerably  used  for  combs  and  other 
toilet  conveniences. 

In  composition  camphor  is  closely  related  to  the  numer- 
ous terpene  series  of  essential  oils,  and  still  closer  to  cy- 
mene,  C10H14,  the  basis  of  many  mint  and  other  oils,  of 
which  it  may  be  considered  to  be  a  hydrate  (CioHn  + 
HiiO  —  CioHinO  =  camphor). 

Action  and  Usk. — Camphor  is  very_  deleterious  to  in- 
sects of  all  kinds,  and  on  this  account  is  in  universal  do- 
mestic use  to  preserve  woollen  clothing  from  their  attacks. 
For  this  purpose  probably  ninety-nine  hundredths  of  the 
camphor  used  in  this  country  is  consumed.  In  warm- 
blooded animals  it  produces  very  generally,  in  large  doses, 
convulsions  and  coma  of  epileptiform  character  and  un- 
doubted cerebral  origin.  It  also  depresses  the  heart. 
Upon  man  the  symptoms  of  poisonous  doses  are  similar — 
vomiting,  dizziness,  slowing  of  pulse,  fainting,  headache, 
delirium,  convulsions,  coma,  small  pulse,  prostration, 
and  gradual  recovery  ;  no  fatal  case  has  occurred  of  cam- 
phor poisoning  pure  and  simple.  After  smaller  doses  the 
symptoms  are  a  comfortable  feeling  of  exhilaration  and 
quiet,  due  to  its  stimulating  effect  upon  the  brain.  It  is 
claimed,  with  doubtful  right,  to  be  an  anaphrodisiac. 
Camphor  is  considerably  given  to  quiet  restless  and  ner- 
vous patients,  generally  in  combination  with  other  anti- 
spasmodics ;  with  opiates  it  is  sometimes  useful  in  ner- 
vous headaches,  and  also  with  opium  it  is  a  universalljr 
used  ingredient  of  diarrhoea  and  colic  mixtures,  which  it 
improves  by  its  locally  carminative  action.  In  hysterical 
attacks,  excessive  nervous  excitement  accompanied  by 


debility,  undue  sexual  excitability,  and  similar  condi- 
tions, it  is  moderately  beneficial.  It  is  also  a  favorite  in- 
gredient of  liniments.  Dose ;  From  three  to  five  deci- 
grams (0.3  to  0.5  Gm.  =  gr.  v.  ad  viij.)  is  as  small  a  dose 
as  will  produce  any  noticeable  physiological  effect,  and  a 
suitable  one  for  continuous  administration ;  for  immediate 
effect,  from  one-half  to  one  gram  (0.5  to  1  Gm.  =  gr.  viij. 
ad.  XV.)  will  be  required.  Much  larger  doses  might  be 
followed  by  unpleasant  effects.  It  can  be  given  in  pill  or 
suspended  in  mucilage  or  syrup.  Large  doses  should  be 
well  diluted.  There  are  numerous  preparations.  1,  Cam- 
phor Water  (AqvM  CamplwrcB,  U.  8.  Ph.),  a  saturated 
solution  used  as  a  vehicle  (a  pint  containing  only  about  a 
dose  of  camphor) ;  3,  Camphor  Liniment  {Linimentum 
Camphorm,  U.  S.  Ph.;  i  camphor  in  cotton-seed  oil); 
3,  Soap  Liniment  (Linimentum  Saponis,  U.  S.  Ph.,  tut 
camphor) ;  4,  Spirits  of  Camphor  {Spiritus  Cam/phorm, 
U.  S.  Ph.,  camphor  -^  in  spirit),  a  generally  used  and 
grateful  toilet  preparation  ;  and  5,  Paregoric  {Tinat.  Opii 
Cam/pfuirata,  IJ.  S.  Ph.),  where  it  is  merely  used  as  a 
subordinate  adjuvant. 

Allied  Plants. — See  Cinnamon. 

Allibd  Drugs. — Many  of  the  essential  oils.  Thymol 
and  menthol  are  closely  analogous  substances.  More  re- 
motely, camphor,  in  its  medical  uses,  may  be  compared 
with  musk,  valerian,  assaf  oetida,  and  other  antispasmod- 
ics, and  with  caffeine  in  some  respects.  Borneo  and 
N'Gai  camphors  are  stearoptenes  of  other  Asiatic  trees, 
resembling  common  camphor  in  the  main,  but  different 
in  odor  and  in  other  particulars.  They  never  reach 
America  or  Europe,  excepting  as  costly  museum  speci-. 
mens,  as  they  are  enormously  prized  at  home. 

Oil  of  camphor  has  the  same  medicinal  qualities  as 
camphor  itself.  W.  P.  Solles. 


CANELLA  BARK  (Canellm  Albce  Cm-tex,  Br.  Ph.;  Ga- 
nelle  Blanche,  Codex  Med.,  Wild  Cinnamon)  is  the  bark 
of  Canella  alba  Murray;  Order,  Canellacem,  deprived  of 
its  outer  portion.  This  is  a  handsome,  middling-sized, 
spicy,  evergreen  tree,  with  thick,  shining,  aromatic 
leaves  and  small,  purple,  deliciously  fragrant  flowers. 
The  bark  of  the  smaller  branches  is  silver-gray.  It  is  a 
native  of  the  West  India  Islands,  especially  of  Jamaica, 
Cuba,  and  the  Bahamas,  and  also  of  the  southern  part  of 
Florida.  The  bark  of  this  tree  was  first  ma,de  known  in 
Europe  in  the  early  part  of  the  seventeenth  century,  and 
since  then  has  been  in  continuous  but  very  limited  de- 
mand. It  has  been  frequently  confounded  with  Winter's 
Bark  {Drymis  Winteri  Foster),  and  with  Cinnamoden- 
dron  corticosum  Miers.  It  is  now  very  little  used  ex- 
cepting in  its  home,  where  it  is  highly  esteemed. 

Before  the  bark  is  collected  the  limbs  are  generally 
beaten  all  over,  in  order  to  loosen  the  outer  layers,  which 
are  discarded,  and  then  the  inner  portion  is  separated  in 
quills  and  chips  and  dried.  It  comes  in  broken  quills, 
sometimes  thirty  or  forty  centimetres  long  and  one-half 
of  one  thick  (twelve  to  fifteen  inches  by  one-fourth  inch), 
but  averaging  much  smaller,  say  from  five  to  ten  long  by 
two  or  three  millimetres  in  thickness ;  the  outer  surface 
is  roughish  and  bright  buff-colored,  the  inner  smooth  or 
finely  striated,  yellowish  or  creamy  white  ;  fracture  short 
and  granular,  odor  rather  agreeable,  cinnamon-like  ;  taste 
pungent  and  bitter.  It  contains  numerous  large  oil-cells, 
especially  in  the  outer  portion. 

Composition. — The  leading  constituent  is  the  essential 
oU,  of  which  it  contains  from  three-fourths  to  one  per 
cent.  It  is  a  composite  oil,  capable  of  being  separated 
into  several,  one  of  which  is  eugenol,  the  leading  ingre- 
dient of  oil  of  cloves.  A  considerable  percentage  of 
Mannite  can  also  be  separated.  The  bitter  principle 
needs  further  study.  Canella  is  a  stimulant  tonic,  simi- 
lar to  other  aromatics,  over  which  it  appears  to  have  no 
other  advantage  than  the  possession  of  a  bitter  principle. 
It  is  used  in  the  British  Wine  of  Rhubarb  (Vinum 
Bhei,  Br.  Ph.)  as  a  corrigent.  Calamus  has  taken  its 
place  in  that  of  the  United  States.  It  is  not  poisonous,  is 
seldom  given  alone,  and  has  no  special  dose. 

Allied  Plants. — Cinnamodendron  corticosum  Miers, 
another  tree  of  the  same  order,  growing  in  Jamaica,  f ur- 
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nishes  a  coarse,  redder  bark  of  similar  qualities  and  uses, 
not  employed  outside  of  tropical  America.  The  order 
consists  of  only  four  or  five  plants,  all  tropical  American. 
Allied  Drugs. — Aromatics,  spices,  and  aromatic  bit- 
ters. See  Cinnamon,  Ginger,  Magnolia,  Cascarilla, 
etc.  W.  P.  Bolles. 

CANITIES  (from  canus,  white).  Blanching  or  graying 
of  the  hair.  When  occurring  in  advanced  age  it  may  be 
considered  physiological,  and  the  premature  giaying  of 
the  hair  is  alone  to  be  considered  in  this  article.  Gradual 
premature  graying  of  the  hair  is  often  entirely  unaccom- 
panied by  other  disease  of  the  hair,  the  latter  retaining 
its  fulness  upon  the  scalp  (with  which  we  are  chiefly  con- 
cerned) until  advanced  age.  It  often  seems  to  depend 
upon  some  idiosyncrasy  in  the  individual. 

Sudden  graying  of  the  hair,  over  night  for  instance, 
has  long  been  popularly  believed  possible.  Scientific 
men,  and  especially  German  writers  on  dermatology,  have, 
however,  until  recently  scouted  the  idea.  Kaposi  ("Path- 
ologic und  Therapie  der  Hautkrankheiten,"  2te  auflage, 
1883)  still  maintains  the  physiological  impossibility  of 
such  a  change  in  the  hair.  On  the  other  hand,  however, 
such  a  trained  observer  as  Brown-Sequard  has  reported 
his  personal  experience,  showing  that  a  graying  of  the 
hair  over  night  can  certainly  occur.  In  the  light  of  the 
now-established  fact  older  observations  have  renewed 
interest.  History  tells  of  numerous  famous  persons  in 
whom  the  hair  has  suddenly  turned  gray.  Sir  Thomas 
Moore  and  Marie  Antoinette,  on  the  eve  of  their  respect- 
ive executions,  are  said  to  have  presented  this  phenom- 
enon, and  other  persons  have  shown  the  same  conditions 
as  a  result  of  fright  or  anxiety. 

Graying  of  the  hair  has  been  observed  to  supervene 
gradually  as  the  result  of  various  changes  in  the  nervous 
system.  Insane  persons,  especially  melancholies,  and  also 
those  affected  by  other  central  and  peripheral  nervous 
affections,  show  premature  graying  of  the  hair.  Thus 
hemiatrophia  facialis,  and  long-continued  and  frequently- 
recurrent  attacks  of  neuralgia  are  also  at  fault. 

General  diseases  are  also  at  times  accompanied  or  fol- 
lowed by  graying  of  the  hair,  which,  however,  occurs  in 
a  different  manner  from  that  above  described.  Com- 
pa^ne,  quoted  by  Michelson  reports  the  case  of  a  woman 
thirty-six  years  of  age,  in  whom  the  hair  began  to  blanch 
on  the  twenty-third  day  of  a  severe  fever,  and  six  days 
later  was  perfectly  white.  On  the  seventh  day,  however, 
the  color  began  to  darken  and  by  the  end  of  another 
week  the  hair  had  entirely  recovered  its  original  color. 
A  young  woman  under  my  care,  with  alopecia  areata,  re- 
covered after  a  time  the  growth  of  hair,  but  the  hair  over 
the  affected  patches  at  first  came  out  gray.  After  a  time 
it  changed  to  a  chestnut  brown  and  finally,  after  some 
months,  took  on  its  normal  bright  red  color.  As  brown 
hair  is  believed  to  contain  more  pigment  than  red,  possi- 
bly an  excess  of  pigment  may  here  have  been  first  de- 
posited, and  then  an  equilibrium  established  later.  A 
young  woman  who  had  long  been  under  my  care  for 
lupus  erythematosus  of. the  scalp  finally  recovered  and 
hair  grew  once  more  over  the  former  bald  spots.  The 
hair  here  was  more  wiry  and  sparse  than  elsewhere  upon 
the  scalp,  and  was  of  an  iron-gray  color,  while  the  rest 
of  the  hair  was  brown. 

In  connection  with  the  restoration  of  color  in  hair 
which  has  once  become  blanched,  the  following  recently- 
published  case  is  of  high  interest.  An  idiotic  girl  of 
thirteen  under  observation  in  an  asylum  at  Hamburg, 
suffered  from  epilepsy  with  alternations  of  agitation  and 
calmness,  each  of  about  a  week's  duration.  The  color  of 
the  hair  underwent  decided  changes.  Sometimes  it  was 
blonde,  and  at  other  times  red,  while  the  depth  of  these 
colors  also  varied.  The  alterations  o^  color  occurred  in  the 
brief  space  of  two  or  three  days  ;  the  first  appearance  of 
change  was  observed  at  the  free  ends  of  the  hairs ;  the 
same  tint  of  hair  persisted  for  seven  or  eight  days.  Each 
of  thes3  periods  of  change  of  color  of  hair  coincided 
with  a  phase  of  agitation  or  quietness.  During  the  stage 
of  excitement  turgescence  and  redness  of  the  face  were 
pronounced,  the  pulse  was  full,  and  the  skin  warm  and 
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transpiring.  The  hair  at  this  time  always  had  a  red  color 
while  during  the  phases  of  stupidity  the  blonde  tint  pre'- 
vailed.  The  paler  hairs  differed  from  the  darker  ones 
only  in  the  presence  of  more  numerous  air-spaces. 

Cases  have  been  reported  by  Erasmus  Wilson  and 
others,  in  which  the  hair  has  grown  in  alternate  bands  of 
gray  and  dark  color.  Landois  suggests  that  in  these 
cases  an  iptermittent  action  of  trophic  and  vaso-motor 
nerves  is  exercised  upon  the  hair,  so  that  a  hair-tissue  is 
formed,  within  which  periodical  interstitial  development 
of  gas  or  air  occurs. 

No  known  means  exist  whereby  the  color  of  the  hair 
can  be  influenced  in  its  development.  The  action  of  hair- 
dyes  depends  upon  a  chemical  effect  produced  upon  the 
tissue  of  the  fully-developed  hair,  which  effect,  in  prop- 
erly made  dyes,  is  not  produced  upon  the  epidermis  of 
the  skin.  As  the  hair  grows  daily,  the  dye  is  scarcely 
dry  upon  that  part  which  appears  above  the  surface  be- 
fore a  new  undyed  section  of  hair  pushes  up  from  below, 
and  the  operation,  of  course,  must  be  frequently  repeated! 

Arthur  Van  Ha/rlingeri. 

CANON  CITY  SPRINGS.  Location  and  Poat-offiee, 
Canon  City,  Treifaont  County,  Col. 

Access. — Prom  Denver  by  Denver  &  Rio  Grande  Rail 
way. 

AnaIiYSIB  (Professor  Lowe), 

a.TTO                          Iron  Duke.  Little  me.   Ojocaliente. 

°*^™'  (Cold.)  (Cold.)      (Hot,  104°F.l 

Chloride  of  sodium aS.O  118.0  lS.i 

Sulphate  of  soda 12.8  12.1  79.3 

Carbonate  of  soda 76.8  76.4  73.2 

Carbonate  of  lime a3.0  22.B  a3.B 

Carbonate  of  magnesia 14.6  14.0  12.8 

Iron  , .  traces.  traces.  

Lithia traces.  traces.  traces. 

Total  grains  salt  in  one  gal...      219.6  843.9  217.0 

The  Princess  (cold),  the  latest  spring,  has  not  as  yet  been  analyzed,  but 
is  considered  superior  to  the  others. 

THERAPBtTTic  PROPERTIES. — The  cold  Springs,  con- 
taining common  salt  in  marked  proportion  and  carbon- 
ate of  soda  in  appreciable  amount,  are  alkaline-saline. 
Taken  in  moderate  quantity  they  are  refreshing  and 
tonic,  in  excess  they  are  cathartic.  The  value  of  the  hot 
springs  as  a  bath  in  chronic  rheumatism  and  cutaneous 
affections  is  widely  known  and  employed.  The  moder- 
ate altitude,  compared  to  other  similar  resorts  in  the  re- 
gion, is  in  their  favor. 

The  hot  springs  are  on  the  south  bank  of  the  Arkansas 
River,  a  mile  above  the  city,  and  issue  from  a  conglom- 
erate stratum.  The  cold  springs  are  within  the  city  lim- 
its, and  flow  from  a  sandstone  formation.  Caiion  City  is 
at  an  altitude  of  five  thousand  feet,  near  the  Arkansas 
River,  which  is  here  a  mountain  stream,  and  from  which 
the  water-supply  for  the  city  is  obtained.  The  climate  is 
dry  and  invigorating,  having  a  mean  temperature  of  58°  F. 
The  scenery  of  the  surrounding  region  is  grand.  The 
celebrated  "Grand  Canon  of  the  Arkansas,"  where  the 
river  flows  between  perpendicular  walls  of  rock  two  thou- 
sand feet  high,  is  not  far  from  the  city.  There  is  good 
hunting  and  fishing,  and  the  hotel  accommodations  are  ex- 
cellent. There  are  churches  of  the  various  denomina- 
tions, and  good  public  and  private  schools  in  the  city. 

George  B.  Fowler. 

CAOUTCHOUC,  Codex  Med.  (India  Rubber,  Gum 
Elastic,  etc.).  A  hydrocarbon  of  remarkable  elasticity 
and  insolubility,  found  in  the  milky  juice  of  a  number  of 
tropical  plants,  belonging  chiefly  to  the  orders,  Apocyna- 
cem,  Asclepiadacece,  EupkorMacece,  and  Urticacea.  The 
more  important  genera  are  as  follows  : 

1.  Apocynaeem.  Landolphia  (Vahea,  WiUoiighbeia, etc., 
are  synonyms),  a  genus  containing  sixteen  climbing 
shrubs  of  Africa  and  Madagascar,  supplies  Mozambique 
and  other  varieties  of  African  Rubber.  Carpodintts  is 
also  a  reputed  source  of  the  above.  Haneornia  specioaa 
Gam.,  a  medium-sized  Brazilian  tree,  cultivated  more  for 
its  edible  fruit  than  for  its  juice,  supplies  a  small  amount 
of  inferior  "  Pernambuco ''^  Rubber.  Several  species  of 
Alstonia,  including  A.  Sc/iolaria  R.  Br.,  the  "  Dita"  tree, 
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Canella  Bark. 
Caontcbouc. 


yield  it  In  various  Pacific  islands.  Ui'ceola  escvlenta 
Benth.,  a  rapidly  growing  Indian  tree.  Is  beginning  to 
be  cultivated  for  this  substance. 

2.  The  order  Asclepiadaoece  includes  numerous  plants 
containing  rubber,  but  no  very  important  ones  ;  Crypio- 
stegia  and  GynancMum  furnish  some  varieties  from  the 
East. 

3.  Euphorbiacem.  Some  of  the  most  valuable  sources 
of  rubber  are  in  this  family  ;  Hevea  (syn.,  Siphonia),  com- 
prising nine  closely  connected  species  of  South  American 
trees,  with  branching  trunks,  minute  flowers,  and  long- 
stemmed  trifoliate  leaves,  supply  most  of  the  best  South 
American  (Para)  rubber — a  portion  of  which,  however, 
comes  from  the  neighboring  Brazilian  genus,  Micrandra. 
Manihot  contains  a  number  of  sources  of  Caoutchouc. 

4.  UrtieaceoB.  A  number  of  species  of  Mcua  (Fig), 
especially  F.  elastica,  supply  most  of  the  Indian  Caout- 
chouc. Uasiilloa,  of  which  there  are  two  or  three  species, 
yields  most  of  the  Central  American  product.  Besides 
these,  one  or  two  lobeliaceous  and  composite  genera  are 
reputed  to  contain  the  same  material. 

History. — India-rubber  balls  were  made  and  played 
with  in  the  West  Indies  as  long  ago  as  the  discovery  of  these 
islands,  and  travellers  and  scientific  persons  during  the 
next  two  hundred  years  now  and  then  mentioned  rubber, 
and  described  some  of  its  primitive  applications,  but  it 
was  not  generally  known  or  used  in  Europe  until  near 
the  beginning  of  the  present  century,  when  little  bits  of 
it  became  popular  as  erasers,  and  gave  it  its  present  most 
popular  English  name.  Its  applicability  to  waterprrof 
shoes  and  other  garments,  however,  soon  increased  the 
demand  for  it,  and  the  discovery  by  Goodyear  and  othere 
of  its  behavior  with  different  proportions  of  sulphur — in- 
creasing its  elasticity  and  permanence,  or  making  it  as 
hard  as  bone — has  made  it  almost  universal  in  its  appli- 
cability. There  is  scarcely  a  substance  used  in  the  arts 
for  such  a  diversity  of  purposes. 

Preparation. — The  essential  features  of  its  prepara- 
tion are,  tapping  the  trees  (in  the  bark  of  which  the  milky 
liquid  usually  flows)  and  collecting,  and  suitably  drying 
it.  The  details  of  the  operation,  as  may  be  supposed,  are 
different  in  different  countries.  The  rubber  of  Para, 
which  is  the  best  in  the  world,  is  gathered  in  the  follow- 
ing way :  A  horizontal  incision  is  made  partly  around  the 
trunk,  and  above  this  a  vertical  cut  with  several  oblique 
ones  running  into  it.  Small  earthen  cups  are  then  fast- 
ened below  so  that  the  "  milk  "  will  flow  into  them.  This 
milk,  containing  about  one-third  of  its  weight  of  caout- 
chouc, is  collected  day  by  day  as  long  as  it  exudes,  and 
dried  in  successive  thin  layers  over  a  fire  in  which 
certain  oily  nuts  are  being  heated,  by  dipping  a  clay 
mould  mounted  on  the  end  of  a  stick  into  it  and  then 
holding  it  in  the  smoke  or  vapor  of  the  fire,  turning  it  to 
expose  all  parts  equally  to  the  heat  until  it  is  dry.  The 
mould,  with  its  layer  of  caoutchouc,  is  then  dipped  again,' 
or  the  liquid  is  poured  over  it,  and  again  exposed  to  the 
fire ;  this  process  is  repeated  again  and  again,  until  a 
sufiicient  thickness  is  obtained,  when  the  original  mould 
or  core  is  crumbled  and  separated,  leaving  the  rubber  in 
some  sort  of  hollowed  form.  These  shapes  are  some- 
times rude  and  fantastic  imitations  of  birds  or  animals, 
more  often  balls,  bottles,  or  cups  ;  often  split  or  cut  to 
facilitate  removal.  Inferior  sorts,  made  of  scrapings  from 
the  tree,  and  other  refuse  rubber,  are  rolled  into  balls. 
Ceara  Rubber  is  collected  by  wounding  the  bark  of  the 
trees,  and  allowing  the  liquid  caoutchouc  to  exude  in 
tears  and  flow  down  its  sides.  These,  when  dry,  are 
stripped  off  in  long,  elastic  threads  and  rolled  into  balls. 
This  is  also  a  very  good  variety.  The  Pernambuco  rub- 
ber is  prepared  by  coagulating  the  juice  with  alum,  and 
drying  the  "  curd  "  in  cakes  or  sheets ;  it  is  a  poor  kind. 

In  Central  America  the  liquid  yield  is  also  coa^lated 
by  the  juice  of  some  other  plants,  or  by  the  addition  of 
water.  In  some  parts  of  Africa  it  is  said  to  be  collected 
by  allowing  the  juice  from  the  wounded  trees  to  flow  and 
dry  over  the  arms  of  the  gatherers  and  then  peeling  it  off. 
In  India  it  is  coagulated  by  being  poured  into  hot  water  ; 
in  Borneo  salt  water  is  used. 

Rubber  is  valued  in  proportion  to  its  elasticity,  and  the 


absence  of  moisture ;  the  varieties  collected  by  drying,  are 
superior  to  those  prepared  by  any  form  of  coagulation. 

Dbsciiiption. — Crude  rubber  comes  in  such  numerous 
varieties,  and  in  such  shapes  and  grades,  that  a  descrip- 
tion of  them  would  be  beyond  the  scope  of  this  article. 
Suffice  it  to  say  that  it  is  found  in  hollow  or  solid  forms, 
balls,  cakes,  sheets,  and  irregular  masses,  of  a  variety  of 
colors,  from  nearly  white  to  nearly  black,  through  shades 
of  pink,  clayey  brown,  and  gray.  That  which  is  prepared 
in  layers,  like  the  Para  variety,  shows,  on  being  cut,  the 
concentric  deposits  of  which  it  is  composed  by  variations 
in  color.  It  is  at  ordinary  temperatures  very  tough  and 
elastic  ;  when  very  cold  it  is  hard  but  not  brittle  ;  with 
moderate  heat  it  melts  into  a  thick  syrupy  liquid,  but  be- 
comes somewhat  decomposed,  and  on  cooling  has  lost  most 
of  its  elasticity  and  remains  sticky. 

Composition. — The  fresh  juice  (latex)  contains  the 
caoutchouc  (from  ten  to  forty  per  cent.)  in  the  form  of  an 
emulsion,  that  is,  suspended  like  butter  in  milk,  or  salad- 
oil  in  Mayonnaise  dressing — in  minute,  round  globules. 
Besides  the  caoutchouc,  the  milk  contains  bitter,  extrac- 
tive, albuminous  substances  ancf  other  things.  Upon 
standing  it  curdles  like  milk,  the  caoutchouc  constituting 
the  "curd." 

Caoutchouc,  when  pure,  is  a  white,  odorless  and  taste- 
less at  ordinary  temperatures,  very  elastic  substance ; 
specific  gravity,  0.94.  It  absorbs  ten  per  cent,  of  water 
or  alcohol,  but  is  not  soluble  in  either.  It  makes  imper- 
fect (turbid)  solutions  with  ether,  oil  of  turpentine,  car- 
bon bisulphide,  naphtha,  etc.,  and  melts  at  a  little  above 
the  temperature  of  boiling  water,  but  remains  inelastic 
and  sticky  after  cooling.  It  is  scarcely  changed  by  dilute 
acids  or  alkalies,  although  decomposed  by  some  of  them 
when  concentrated.  By  age  it  becomes  hard  and  brittle. 
Although  not  dissolved  by  fatty  oils,  it  is  eventually  made 
"rotten "  and  brittle  by  long  contact  with  them,  as  when 
used  in  catheters,  syringes,  etc.  The  dark  color  of  crude 
rubber  is  usually  attributed  to  lamp-black  or  soot,  col- 
lected in  the  course  of  its  preparation  or  afterward  added. 
It  contains  besides,  various  proportions  of  mucilage,  ex- 
tractive matters,  and  coarse  mechanical  impurities. 

"Vulcanite,"  "Ebonite."  The  discovery  that  rubber 
would  combine  with,  or  at  least  dissolve,  a  certain  amount 
of  sulphur,  with  the  effect  of  hardening  it,  making  it 
more  elastic  and  more  durable  ;  or  under  other  circum- 
tances  making  it  a  permanent,  indestructible,  ivory-like 
solid,  has  increased  its  usefulness  and  consumption  nearly 
a  hundred-fold,  and  given  it  the  most  versatile  and  mar- 
vellous adaptability.  This  is  effected  usually  by  incor- 
porating a  certain  amount,  say  for  soft  articles  ten  per 
cent.,  of  sulphur  with  the  rubber,  mechanically,  by  means 
of  grinding  or  kneading  mills,  and  then  heating  to  a  tem- 
perature of  about  three  hundred  degrees  Fahrenheit.  There 
are  also  other  ways  of  effecting  the  mixture.  By  increas- 
ing the  amount  of  sulphur,  say  to  forty  per  cent. ,  and  the 
subsequent  heat,  the  hard  rubber  or  "  ebonite  "  is  obtained. 
When  rubber  is  to  be  moulded  it  is  made  into  shape  while 
soft,  by  being  forced  into  moulds,  and  heated,  still  in  the 
same  moulds,  until  it  is  "vulcanized." 

Uses. — The  numerous  uses  to  which  caoutchouc  is  put 
in  every  direction  are  generally  well  known,  and  it  is  only 
to  those  of  medicine  or  surgery  that  reference  will  here 
be  made.  It  has  even,  and  that  recently,  been  proposed 
as  a  medicine  (in  the  treatment  of  consumption),  for  which 
it  is  needless  to  say  it  has  not  the  least  value,  being  ab- 
solutely insoluble  in  all  the  fluids  of  the,  body.  Neither 
is  it,  as  is  popularly  supposed,  poisonous,  excepting  as  a 
mechanical  obstruction,  which  it  might  easily  be.  It  is 
inert.  It  is  used  as  the  adhesive  basis  of  a  number  of 
popular  plasters,  and  for  this  purpose  is  far  better  than 
any  other  substance,  with  only  this  disadvantage,  that 
they  cannot  be  made  extemporaneously  (requiring,  as  they 
do  heavy  mixing  and  spreading  machines),  and  it  is, 
therefore,  only  useful  for  such  plasters  as  supply  a  con- 
tinuous and  large  demand.  . 

Plasters  of  cantharides,  belladonna,  capsicum,  and 
others,  prepared  with  more  or  less  rubber,  are  in  the  mar- 
ket and  are  very  good.  But  the  most  useful  apphcation 
in  this  direction  is  the  adhesive-plaster  for  surgical  pur- 
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poses,  especially  for  apparatus  of  extension  and  fixation, 
offered  to  the  profession  by  Dr.  H.  A.  Martin  (Boston 
Medical  and  Surgical  Journal,  October  11,  1877).  It  is 
ideally  perfect,  very  adhesive,  unirritatlng,  unchange- 
able. The  composition  is  stated  by  Dr.  Martin  to  be 
essentially  Para  rubber,  Burgundy  pitch,  and  balsam 
of  Tolu,  mechanically  ground  together  and  spread  on 
heavy  unsized  cloth  under  great  pressure.  Esmarch's 
elastic  bandage  and  tourniquet  for  bloodless  operations, 
and  the  same  Dr.  Martin's  elastic  bandage  for  continuous 
pressure  in  the  treatment  of  varicose  veins  and  ulcers, 
synovitis,  etc. ,  are  also  well  known.  In  the  manufacture 
of  orthopedic  appliances,  nipples,  syringes  (hard  and  soft), 
pessaries,  artificial  teeth,  specula,  catheters,  etc.,  the  use 
of  rubber  needs  only  to  be  hinted  at.  Articles  of  rubber, 
either  hard  or  soft,  should  be  kept  in  a  closed  box  or 
drawer,  and  occasionally  used  or  washed,  to  prevent 
their  becoming  too  dry  and  brittle.  Silver  instruments 
should  never  be  kept  in  the  same  enclosure  with  them. 
Soft  rubber  is  spoiled  after  a  short  time  by  oils  and  fats, 
and  eventually  hardeiig  in  spite  of  all  precautions. 
Allied  Substancb. — Gutta-pekcha. 

W.  P.  Holies. 

CAPE  MAY.  (Detailed  explanation  of  the  accompany- 
ing chart,  and  suggestions  as  to  the  best  method  of  using 
it  will  be  found  in  the  article  onjClimate.)  Cape  May,  at 
the  southern  extremity  of  the  State  of  New  Jersey  (Lat. 
38°  56'  N.,  Long.  74°  58'  W.),  has  had  for  the  past  one 
hundred  years  a  great  and  well-deserved  reputation  as  a 
summer  seaside  resort.  More  recently  its  comparatively 
mild  winter-climate  has  given  the  place  a  reputation  as  a 
sanitarium  during  the  colder  months  of  the  year.  In 
point  of  temperature  the  climate  of  Cape  May  is  very 
similar  to  that  of  Atlantic  City,  but  both  during  the 
winter  and  the  summer  seasons  the  average  temperature 
of  the  former  place  is  rather  warmer  than  is  th.at  of  the 
latter  (the  greater  difference  between  the  averages  of  the 
two  places  occurring"  during  the  winter  season),  while 
the  equability  of  temperature  at  Cape  May  is  at  all  sea- 
sons more  marked  than  is  the  same  climatological  factor 
at  Atlantic  City.  The  situation  of  Cape  May,  at  the  very 
tip  of  the  peninsula,  which  has  not  inaptly  been  styled 
the  "thumb  of  New  Jersey"  (a  peninsula  some  fifteen 
miles  long,  and  having  an  average  width  of  about  eight 
miles,  which  extends  in  a  southwesterly  direction  from 
the  mainland  between  the  Atlantic  Ocean  and  Delaware 
Bay),  insures  to  the  place  the  possession  of  a  more  dis- 
tinctively insular  or  maritime  climate  than  is  to  be 
found  at  any  coast  station  on  the  Atlantic  seaboard  of  the 
United  States,  with  the  possible  exception  of  such  sta- 
tions as  lie  actually  upon  islands  which  are  separated 
from  the  continent  by  a  considerable  interval  of  salt 
water.  All  stations  of  the  latter  class,  lying  at  a  consider- 
ably higher  latitude  than  does  Cape  May,  and  being, 
moreover,  much  more  directly  exposed  to  the  cold  cur- 
rent which  intervenes  between  the  shore  of  our  Northern 
seaboard  States  and  the  warm  waters  of  the  Gulf  Stream, 
they  are  necessarily  liable  to  far  greater  depressions  of 
temperature  both  in  winter  and  in  summer  than  are  ever 
experienced  at  Cape  May. 

With  the  exception  of  those  coming  from  a  northerly 
and  northeasterly  direction,  all  winds  blowing  at  Cape 
May  are  necessarily  more  or  less  tempered  by  their  pas- 
sage over  large  bodies  of  salt  water.  All  such  as  come 
from  points  bewveen  northeast  and  south  are  ocean- winds. 
The  nearest  point  of  land  in  a  southwesterly  direction 
from  Cape  May  is  Cape  Henlopen,  on  the  Delaware  coast, 
distant  no  less  than  twelve  miles  in  a  line  drawn  directly 
across  the  mouth  of  Delaware  Bay.  A  wind  coming 
from  the  west  would  have  to  traverse  eigliteen  miles  of 
the  waters  of  the  bay  after  leaving  the  Delaware  coast 
before  reaching  Cape  Majr,  while  a  northwest  wind  would 
blow  very  nearly  in  the  direction  of  the  long  axis  of  the 
bay,  no  less  than  forty-five  or  fifty  miles  in  length,  and 
not  only  would  have  its  temperature  considerably  modi- 
fied by  passing  over  so  large  an  area  of  sea  water,  but 
would  undoubtedly  be  very  thoroughly  impregnated 
with  saline  exhalations  from  the  waters  of  the  lower  and 


wider  part  of  the  bay,  and  from  the  extensive  salt  marshes 
lining  both  shores  of  the  upper  and  narrower  half  of  this 
great  pear-shaped,  or  gourd-shaped,  arm  of  the  sea.  The 
average  width  of  the  southeasterly  half  of  Delaware  Bay 
is  about  twenty  miles,  that  of  its  northwesterly  prolon- 
gation may  be  estimated  at  some  six  or  eight  miles.  This 
portion  of  the  bay  is,  perhaps,  more  properly  to  be 
reckoned  as  the  funnel-shaped  and  expanding  mouth  of 
the  Delaware  River.  The  salt-water  marshes  which  line 
both  its  shores  are  about  three  or  four  miles  wide  along 
its  northeasterly  or  New  Jersey,  and  somewhat  narrower 
along  its  southwesterly  or  Delaware  shore  ;  so  that,  tak- 
ing water  surface  and  marsh  surface  together,  the  total 
width  of  salt-water  evaporation  area  presented  by  the  nar- 
rower part  of  the  bay  from  bank  to  bank,  may  be  esti- 
mated at  from  ten  to  fifteen  rtiles.  As  already  mentioned, 
in  the  article  on  Atlantic  City,  a  similar  strip  of  marsh 
land  extends  along  the  eastern  or  Atlantic  coast  of  Cape 
May  Peninsula.  Upon  the  Atlantic  side  of  the  peninsula 
this  strip  is  about  four  miles  wide  ;  upon  the  bay  side  ex- 
tends a  similar  but  much  narrower  strip,  not  more  than 
a  mile  wide.  The  geological  map  of  the  State  of  New 
Jersey  accompanying  the  "  Annual  Report  of  the  State 
Geologist  for  the  Year  1881 "  shows  that  the  backbone  of 
the  peninsula  is  occupied  by  "  oak  land"  soils,  which  ex- 
tend down  to  its  very  tip,  where  Cape  May  City  and  Cape 
May  Point  are  situated. 

"The  soil  which  underlies  Cape  May  is  mostly  gravelly, 
with  sand  under  the  gravel  beds,  and  then  another  layer 
with  bay-shore  gravel.  The  water  supply  is  well  man- 
aged, and  of  excellent  quality.  It  is  derived  from  three 
sources.  Two  of  these  are  large  circular  wells  which  go 
down  into  the  gravel-bed  and  are  not  in  the  same  stratum 
as  the  old  wells  of  the  town.  These  strata  are  divided  by 
a  narrow  strip  of  clay  so  hard  as  to  need  the  pick  in  ex- 
cavation. The  water  from  the  upper  well  is  pumped  up 
by  the  Holly  system  into  the  tank  at  the  lower  well,  and 
from  both  these  is  a  supply  sufficient  for  the  ordinary 
uses  of  the  city.  About  sixty  feet  from  the  second  gravel- 
bed  well  is  an  artesian  or  bored  well  ninety-seven  feet 
deep.  .  .  .  The  water  is  pumped  by  steam  to  a  tank 
thirty -four  feet  high,  having  a  capacity  of  sixty  thousand 
gallons.  There  is  also  another  tank  with  a  capacity  of  thirty- 
five  thousand  gallons.  The  steam-pumps  can  raise  about 
twelve  hundred  gallons  per  minute.  AH  whom  I  have 
been  able  to  consult  regard  the  supply  as  inexhaustible. 
The  water  is  soft  and  pleasant  to  the  taste "  ("Sixth  An- 
nual Report  of  the  Board  of  Health  of  the  State  of  New 
Jersey,  1882  ").  Capo  May  Point  and  Cape  May  City  lie 
respectively  upon  the  southwestern  and  the  southeastern 
aspect  of  the  extremity  of  the  peninsula,  and  are  but 
three  miles  distant  one  from  the  other.  Taken  together 
they  constitute  the  seaside  resort  known  as  Cape  May. 
The  "Eighth  Annual  Report  of  the  State  Board  of 
•  Health,  1884,"  speaks  well  of  the  system  of  drainage  in 
vogue  at  the  former  place,  a  system  which,  from  the  ac- 
count therein  given,  appears  to  be  similar  to  that  which  is 
adopted  at  Atlantic  City.  The  report  also  commends  the 
drainage  system  of  Cape  May  City.  In  both  instances  a  cau- 
tion is  mtroduced  warning  hotel  proprietors  and  others  not 
to  rely  too  much  upon  the  mere  perfection  of  the  sewerage 
arrangements  established  by  the  health  authorities.  On 
page  143  of  this  same  Report  the  secretary  of  the  Board 
of  Health  of  Cape  May  County,  Dr.  H.  A.  Kennedy,  al- 
ludes as  follows  to  tho  water  supply  and  drainage  of  Cape 
May  City :  "  Our  water  supply  is  ample  and  good,  there 
being  no  change  since  last  report.  Sewerage  system  has 
proven  satisfactory,  and  since  last  year's  improvements 
has  not  needed  any  attention." 

A  great  deal  of  useful  and  interesting  information  re- 
spectmg  the  climate  of  Cape  May,  and  of  other  parts  of 
New  Jersey,  is  to  be  found  in  the  "Appendix"  to  the 
"  Annual  Report  of  the  State  Geologist  for  the  Year  1881." 
This  "Appendix,"  written  by  Professor  J.  C.  Smock,  the 
Assistant  State  Geologist,  has  already  been  referred  to 
and  quoted  from  in  the  article  describing  Atlantic  City, 
and  the  writer  of  the  present  article  is  much  indebted  to 
Professor  Smock,  not  only  for  having  supplied  him  with 
a  copy  of  the  above-mentioned  Report,  but  also  for  having 
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very  kindly  furnished  other  valuable  assistance  in  the  task 
of  describing  the  health  resorts  of  New  Jersey,  and  in  par- 
ticular for  having  obtained  for  him  from  the  Chief  Signal 
GfiBce  the  large  climatological  charts  accompanying  this 
present  article  and  the  article  upon  Atlantic  City. 

This  Washington  chart  for  Cape  May  is  here  intro-\ 
duced,  and  an  examination  of  its  figures  will  bear  out,  so 


far  as  they  go,  what  has  already  been  said  concerning  the 
climate  of  this  justly  celebrated  resort. 

It  is  proper  at  this  point  to  introduce  a  word  of  caution 
to  any  who  may  be  disposed  to  compaie  these  Signal 
Office  charts  for  Cape  May  and  for  Atlantic  City,  column 
by  column,  with  other  similar  charts  published  in  this 
Handbook;  and  that  is,  that  they  will  please  observe 
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that  the  two  columns  lettered  respectively  "  G  "  and  "  H  " 
cannot  Justly  be  compared  with  the  "  G  "  and  "  H  "  col- 
amns  of  the  other  charts,  inasmuch  as  the  standard  upon 


which  the  figures  of  these  columns  are  based  in  the  two 
charts  now  under  consideration  is  not  identical  with  the 
one  adopted  in  the  others. 

To  illustrate  more  perfectly  the  equoMlity  of  the  tem- 
perature at  Cape  May  and  the  advantages  possessed  by 
its  climate  in  this  respect  as  compared  not  only  with  those 
of  New  York  City,  Philadelphia,  and  Baltimore,  but  also 
with  those  of  several  of  the  New  Jersey  coast  stations, 
the  following  tables,  copied  from  Professor  Smock's  "Ap- 
pendix," are  here  introduced. 

"  These  figures  give  the  average  extremes  for  each 
month  of  the  year  ;  that  is,  they  indicate  the  highest  and 
lowest  temperatures  which  we  may  expect  every  day  in 
any  given  month.  The  second  part  of  the  table  gives  the 
recorded  extremes.  It  shows  us  what  temperatures  may 
be  possibly  experienced  at  these  several  places  in  the  sev- 
eral months ;  the  upper  one  shows  what  are  probable. 
The  months  stand  at  the  head  of  the  double  columns. 
The  first  of  each  gives  the  average  maximum,  and  the 
second  the  average  minimum  temperature.  Since  these 
observations  were  in  each  case  taken  by  instruments  of 
like  pattern,  and  compared  with  standards,  and  were 
made  under  the  general  supervision  of  the  United  States 
Signal  Service  Office,  and  cover  the  same  period  of  six 
years,  the  results  are  valuable  and  suggestive.    A  longer 
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Table  showing  the  Extreme  Temperatures  by  Months, — Period,  1875-1880,  Six  Tears. 
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period  might  change  slightly  some  of  the  figures,  but 
would  not  be  likely  to  alter  their  relations  nor  aSect  any 
comparisons.  It  would  be  very  desirable  to  have  stations 
farther  in  the  interior,  and  especially  in  our  Highlands. 
In  the  absence  of  such,  the  daily  records  made  in  New 
York,  Philadelphia,  and  Baltimore  are  substituted.  New 
York  City  m&f  represent  the  northeast  part  of  our  red 
sandstone  plain,  and  Philadelphia  our  southern  inte- 
rior"  (Prof  essor  Smock,  op.  cit.,  p.  41). 

It  is  commonly  stated  that  "figures  cannot  lie,"  and, 
however  much  this  statement  may  be  open  to  question  in 
the  case  of  climatological  figures,  as  usually  reported, 
nevertheless,  when  the  authority  for  our  figures  is  as 
good  as  it  is  in  the  present  instance,  and  when  the  ob- 
servations from  which  such  figures  are  derived  are  suffi- 
ciently abundant  in  number  (being  both  frequently 
repeated  and  extending  over  a  considerable  space  of 
time),  we  may  at  least  claim  that,  for  those  who  will  have 
the  patience  to  study  them  carefully,  such  abundance 
of  figures  will  Insure  a  closer  approach  to  truth  than 
will  any  general  statements  or  general  and  personal 
observations  of  travellers  and  visitors.  This,  therefore, 
shall  be  our  excuse  in  the  present  instance  for  introduc- 
ing, together  with  further  interesting  remarks  concerning 
the  climate  of  Cape  May,  two  other  tables  illustrating  the 
comparative  mildness  of  its  winter  climate  and  its  great 
equability  of  temperature  as  compared  with  a  number  of 
other  noted  winter  resorts  of  the  United  States.  The 
passage  about  to  be  quoted  and  the  contained  tables  are 
taken  verbatim  from  another  climatological  contribution 
of  the  author  mentioned  above,  Professor  Smock,  which 
contribution  is  entitled  "  Cape  May  as  a  "Winter  Resort," 
and  constitutes  the  latter  portion  of  the  little  pamphlet 
entitled  "  Cape  May  as  a  Health  Resort." 

"  The  records  of  temperature  kept  at  Cape  May  indicate 
an  absence  of  extremes  and  a  more  equable  climate  than 
any  other  at  this  latitude  in  our  country.  The  average 
temperature  of  the  three  winter  months  is  36°  P.  ;  that 
of  the  spring  is  48.8°  F.  The  winter  isothermal  of  36° 
runs  through  West  Virginia,  North  Carolina,  and  across 
Northern  Georgia,  or  near  the  parallels  of  36  and  37 
degrees  north  latitude.  The  ameliorating  influence  of 
the  sea  is  therefore  equivalent  to  a  removal  of  three  de- 
grees southward.  As  compared  with  Atlantic  City  the 
winter  at  Cape  May  is  3.1°  warmer,  and  it  is  3.5°  warmer 
than  the  same  season  at  Philadelphia.  But  the  mildness 
of  the  winter  is  shown  more  strikingly  when  the  minima 
or  lowest  winter  temperatures  are  examined. 

"  First,  there  are  no  records  of  any  readings  below  zero 
Dunng  the  cold  wave  of  December,  1880,  which  swept 
over  all  the  Eastern  United  States,  and  extremely  low 
temperatures  were  observed  far  southward,  the  minimum 
at  Cape  May  was  two  degrees  above  zero.  The  mildness 
of  the  winters  is  appreciated  by  the  farmers  in  this  county 
who  leave  their  cattle  on  the  island  beaches  which  fringe 
the  ocean,  to  seek  their  own  food  and  shelter  during  the 
winter  months.  Ice  of  sufficient  thickness  to  be  gathered 
IS  not  obtained  every  winter.  The  snowfall  is  light 
and  sleighing  is  rarely  possible.  The  flora  has  a  more 
southern  character,  and  this  county  is  the  northern  hmit 
of  several  species  of  plants.  The  very  beautiful  ever- 
green_  shrub,  known  commonly  as  the  Chinese  Box,  and 
botanically  as  Euonymus  Japonica,  thrives  and  orna- 
ments many  gardens  and  private  grounds.  It  is  not 
hardy  except  m  the  Southern  States.  But  the  highest 
and  lowest  therraometrical  readings  are  of  more  signifl- 
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cance  ;  and  in  a  study  of  climate  these  daily  extremes  are 
always  the  most  important  factors.  They  give  us  the 
changes.  .  .  .  For  comparison  with  other  well-known 
localities  the  following  tables  are  here  given.  In  the  first 
one  of  them  the  average  highest  daily  temperature,  the 
average  lowest  daily  temperature,  and  the  average  daily 
range  are  exhibited  for  six  months,  viz.  :  October  to 
March  inclusive^  The  second  table  gives  the  extreme 
temperatures  and  the  greatest  daily  ranges  for  the  same 
months  _  The  places  selected  are  stations  of  the  United 
States  Signal  Office.  As  their  observations  were  made 
with  standard  instruments  they  are  the  best  which  can 
be  had  for  such  comparisons.  The  South  Atlantic  States 
are  represented  by  Augusta,  Ga.,  and  Jacksonville,  Fla. 
Key  West  is  on  the  Gulf  Coast,  and  noted  for  its  mild 
and  equable  temperatures.  The  San  Antonio  record" 
stands  for  the  dry  and  salubrious  interior  of  Texas..  San 
Diego  is  a  noted  health  resort  in  Southern  California. 
The  period  covered  by  the  tables  is,  for  the  New  Jersey 
stations,  six  years,  1875-1880  inclusive.  The  Augusta 
and  Jacksonville  series  are  for  five  years  ;  the  Key  West 
record  extends  over  seven  winters;  the  San  Antonio 
over  four,  and  that  of  San  Diego  over  five  seasons. 

Table  of  Mean  Temperatures.  ' 


Atlantic  Citv,  N.  J. . 

Cape  May,  N.  J 

Aueusta,  Ga 

Jacksonville,  Fla... . 

Key  West,  Fla 

San  Antonio.  Tex. . . 
San  Diego,  Cal 


Dec. )      Jan. 


Feb.       Mar. 


Table  of  Extreme  Temperatures  by  Months. 


Cot.       Nov.       Deo.     I    Jan. 


Atlantic  City,  N.  J.... 

Cape  May,  N,  J 

Augusta,  Ga 

Jacksonville,  Fla 

KeyWestFla 

San  Antonio,  Tex 

San  Diego,  Cal 

Newport,  R.  I 

Fortress  Monroe,  Va. . 


■7  86 
233 
20 


.Feb. 


Bmfi'"i^?Jis'*fi'  iSl^."?'"?™'  Cape  May,  1875-1880  inclusive:  Au- 
?o™  ili4?'-  r™-  in<!l™i™ :  Jacksonville.  1874-1879  inclusive ;  Key  frest. 
DSoteteiutv".^'"""'  '^'^-"^"  ^-^   1877-1879 "inblSrSaS 

"The  first  table  shows  the  slight  daily  range  of  tem- 
perature at  Cape  May.    As  compared  with  Key  West  it 
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Cape  May. 
Capon  Springs. 


is  three  to  four  degrees  greater  .in  autumn  and  early  win- 
ter, in  February  and  March  the  difference  is  one  degree 
only  in  favor  of  Key  West ;  or,  in  other  words,  the  daily 
variation  is,  on  tlie  amera^e,  very  little  more  at  Gape  May 
than  at  Key  West.  Of  course  it  is  colder,  as  appears  in 
the  column  of  average  lowest  temperature.  When  we 
■come  north  and  take  Augusta,  Ga. ,  into  comparison,  we 
note  that  the  average  lowest  temperature,  day  by  day,  at 
Augusta  is,  in  autumn,  only  from  one  to  four  degrees 
higher  than  it  is  at  Cape  May  ;  in  winter  and  in  March 
lihe  difference  increases  to  ten  and  twelve  degrees  in  favor 
•of  Augusta,  but  the  daily  range  at  the  latter  place  is 
much  greater.  That  Cape  May  is  more  equable  than 
either  of  the  other  stations  is  also  apparent.  The  second 
table  contains  two  additional  stations,  Newport  and  For- 
tress Monroe.  They  have  been  added  as  both  of  them 
xire  spoken  of  as  remarkably  mild  and  equable.  The 
much  wider  range  and  the  greater  extremes  of  both  of 
them  are  apparent  at  once,  when  compared  with  Cape 
May.  Fortress  Monroe  is  quite  as  cold,  and  Newport 
.shows  minima  readings  varying  from  three  to  seventeen 
■degrees  lower.  Examining  the  second  table  we  observe 
that  the  greatest  daily  ranges  recorded  at  Cape  May  have 
varied  from  twenty-three  degrees  in  November  to  thirty- 
three  degrees  in  December,  whereas  at  all  the  other  sta- 
tions, excepting  Key  West,  this  maximum  daily  range 
■exceeds  thirty-seven  degrees,  and  at  San  Diego  amounts 
to  forty-three  degrees.  The  extremes  at  Key  West  are 
from  eighteen  to  twenty-one  degrees.  The  greater  even- 
ness of  temperature  at  Cape  May  is  remarkable  when  it 
is  thus  compared  with  all  these  more  southern  localities, 
■excepting  Key  West.  Again,  in  the  extreme  low  temper- 
-atures  its  mildness  is  apparent,  as  compared  with  Atlantic 
■City,  being  from  two  to  nine  degrees  warmer.  The  max- 
imum temperature  does  not  get  so  high  as  at  the  last- 
named,  place.  During  the  autumn  the  lowest  readings 
-at  Augusta,  San  Antonio,  and  San  Diego  are  quite  as  low 
.as  they  are  at  Cape  May,  but  in  the  winter  these  places 


are  warmer  by  ten  to  thirty  degrees.  Key  West  and 
Jacksonville  are  still  warmer.  The  greatest  daily  range 
at  these  southern  stations  is  due  to  much  higher  tem- 
peratures or  to  hot  waves,  and  not  so  much  to  sharp 
depressions  of  the  mercury.  The  oscillations  are  greater, 
but  at  higher  temperatures  than  at  Cape  May.  The  latter 
is  more  steady  and  colder.  It  is,  however,  the  sudden 
and  great  changes  which  enervate  and  prostrate  the  in- 
valid. The  sharp  frosts  and  cold  waves  sweep  over  the 
continent  and  reach  to  the  Gulf,  and  are  evident  in  sud- 
den changes  of  temperature  everywhere  excepting  in 
localities,  as  Cape  May,  where  the  ameliorating  influences 
of  the  sea  modify  them.  As  stated  above,  the  hot  waves 
are  still  more  m^ked  in  intensity  at  the  South." 

In  the  latter  of  the  two  tables  quoted  above  the  length 
of  the  period  of  observations  from  which  the  Newport 
and  Fortress  Monroe  figures  are  taken  is  not  stated.  The 
maximum  and  minimum  figures  of  this  table  are  identi- 
cal in  character  with  those  standing  respectively  in  the 
left  hand  subdivision  of  column  "E,"  and  in  the  right 
hand  subdivision  of  column  "  P,"  of  the  large  climate 
charts  accompanying  many  of  the  articles  in  this  Hand- 
book. Such  charts  are  to  be  found  in  this  work  for  all 
6f  the  nine  places  mentioned  in  the  table,  with  the  single 
exception  of  Fortress  Monroe  ;  and  as  the  period  of  ob- 
servations upon  which  these  figures  are  based  is,  with  the 
exception  of  San  Antonio,  longer  than  the  period  com- 
prised in  the  table,  such  charts  will  give  a  somewhat 
more  accurate  picture  of  the  possible  extremes  of  tem- 
perature liable  to  occur  at  the  places  in  question. than 
can  be  derived  from  this  table.  For  figures  showing  the 
greatest  daily  range  known  to  have  occurred  at  each  sta- 
tion, Professor  Smock's  table  alone  can  be  appealed  to  by 
the  writer,  as  such  figures  neither  appear  among,  nor  are 
deducible  from  those  of  his  own  charts. 

A  chart  giving  the  extremes  of  temperature  for  eight  of 
the  stations  specified  in  Professor  Smock's  table,  and  for 
Norfolk,  Va.  (as  a  substitute  for  the  more  distinctively 


Table  of  Extreme  Temperatures,  Deduced  from  Signal  Office  Charts. 


Lati- 
tude 
N^ 

w. 

Height  of 
place  of  ob- 
servation 
above  sea 
level. 

October. 

November. 

December. 

January. 

February. 

March. 

Period  of  observations. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Miu. 

Max. 

Mm. 

Begins 

Ends 

Atlantic  Oity,  N.J... . 

■Cape  May,  N.J 

Augusta,  Ga 

88066' 

3O'=20' 
81  ■'34' 
29'=28' 
33°48' 
4l°29' 
3S°51' 

74°85' 
74-58' 
81°54' 
81 '=39' 

si-ig' 

98°22' 
117°10' 
7l°19' 
76-17' 

13  feet. 
27     '■ 

167     " 

5  " 

6  " 
636     " 

49     " 

14  " 
13     " 

33.0 
81.0 

9a.o 

93.0 
93.0 
99.0 
93.0 
81.5 
89.0 

29.0 
31.0 
29.0 
40.0 
65.0 
41.0 
44.0 
SO.O 
31.0 

W.O 
69.0 
84.0 
84.0 
91.0 
88.0 
85.0 
71.2 
80.0 

10.0 
14.0 
24.0 
80.0 
52.0 
21.0 
38.0 
4.0 
20.0 

64.0 
62.0 
77.0 
81.0 
88.0 
82.0 
82.0 
60.0 
73.0 

-7.0 
2.0 
7.0 
19.0 
44.0 
10.0 
82.0 
-3.0 
6.0 

61.0 
58.0 
79.0 
80.0 
90.0 
80.0 
78.0 
61.5 
80.0 

-3.0 
1.0 
15.0 
24.0 
48.0 
14.0 
32.0 
-7.3 
8.0 

71.0 
59.0 
82.0 
83.0 
87.0 
88.0 
82.0 
56.0 
81.0 

-5.0 
2.0 
32.0 
33.0 
55.0 
17.0 
35.0 
-2.0 
9.0 

72.0 
65.0 
89.3 
88.0 
89.0 
92.0 
99.0 
63.0 
81.0 

10.0 
9.0 
22.0 
81.0 
53.0 
27.0 
38.0 
8.9 
16,0 

Jan.  1.  1874 
June  1,  1871 
Jan.  1,   1872 

Dec.,      1883 
Dec,      1883 
Dec.  31. 1883 

Jaofcaonville,  Fla 

Key  West,  Pla 

£an  Antonio,  Tex 

f1"w^°ft!^ff:::::::: 

Oct.  1.    1871  1  Dec.  31, 1883 
Nov.  i,  ISTO    Dec.  31, 188S 
Mar.  1,  18(7  1  June  1,  1883 
Nov.  1,  1871    Dec.  31,  1883 
Allg.  1,  1875    Mar.  31, 1883 

.NorfolitrVa 

Jan.  1,  1871    Dec.  31, 1883 
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Analysis.— One  pint  contains  : 

Main  Spring    Beauty  Spring 
(J.  W.  Mallet).  (J.  W.  Mallet). 

Solids.  Grain.  Grain. 

Carbonate  of  Boda 0.074  0.079 

Carbonate  ot  magnesia 0. 180  O.IBH 

Carbonate  ol  iron 0.O05  0.00b 

Carbonate  oi  manganese trace  trace 

Carbonate  of  lime 1.041  1.044 

Carbonate  of  lithia trace  trace 

Carbonate  of  copper ^nn^ 

Chloride  of  Bodinm 0.007  OOOB 

Sulphate  of  potassa 0.021  O.OaO 

Sulphate  of  lime 0.074  O.OBl 

Sulphate  of  strontium trace  trace 

Phosphate  of  lime trace  trace 

Fluoride  or  calcium trace  trace 

Alumina 0.002  O.OOS 

Silica 0.088  0.084 

Nitrates trace  trace 

Organic  matter 0.025  0.023 

1.517  1.47.3 

Gases.  Cub.  in.  Cub.  in. 

Carbonic  acid 1.07  0.91 

Oxygen 0.22  0.27 

Nitrogen 0.46  0.46 

In  addition  to  the  dissolved  gases  noted  above,  there  is  a  free  escape  of 
gas  from  the  suiface  of  the  water  of  Main  Spring,  estimated  by  Professor 
Mallet  to  be  from  300  to  350  cubic  inches  per  hour,  consisting  of 

Parts. 

Nitrogen 78.74 

Oxygen 9.02 

Carbonic  acid 4.38 

Marsh  gas 7.86 

Total 100.00 

Temperature  of  the  water  is  65.5°  P.  (Walton), 

Therapeutic  Pbopbktibs. — The  Main  and  Beauty 
Springs  are  alkaline  carbonated  waters  with  a  trace  of 
lithia,  and  are  useful  in  disorders  of  digestion,  catarrhal 
affections,  rheumatism,  and  gout.  The  effect  of  bathing 
in  the  waters  is  to  clear  the  skin  of  many  vesicular, 
squamous,  and  papular  eruptions ;  and  the  application 
of  the  water,  or  of  the  moss  which  grows  in  it,  is  very 
efficacious  in  curing  the  very  annoying  inflammation  re- 
sulting from  the  "poison  oak." 

The' hotel  is  a  very  extensive  establishment,  450  by  40 
feet,  five  stories  high,  and  the  surrounding  grounds  are 
laid  out  with  a  view  to  the  entertainment  of  the  guests. 
The  bath-houses  face  the  hotel,  and  are  provided  with 
hot,  cold,  plunge,  douche,  and  shower  baths.  The 
revenue  from  the  baths,  by  a  law  of  the  State,  is  ex- 
pended in  maintaining  and  improving  the  place. 

The  geological  deposits  about  the  springs  consist  of 
sandstone,  on  edge.  The  mean  temperature  of  the  year 
is  about  46°  F,     The  rainfall  is  about  forty  Inches. 

George  B.  Fowler. 

CARAWAY  (Carum,  U.  8.  Ph.  ;  Gwrui  Fruc.tiis,  Br. 
Ph.  ;  Fruetvs  Ca/rvi,  Ph.  G.  ;  Oani,  Codex  Med.).  The 
fruit,  usually  called  the  seed,  of  Carum  Garvi  Linn., 
Order  UmbelUferm.  It  is  a  biennial  herb,  with  a  long, 
brown,  tapering,  edible  root,  a  slender,  erect,  branching, 
hollow  stem,  and  bi-  or  tri-pinnate  leaves, 
with  narrow  linear  segments.  Flowers 
minute,  in  numerous  compound  umbels, 
with  scanty  involucres,  and  the  peculiar 
construction  characteristic  of  the  order, 
viz.  :  calyx  and  corolla  superior,  penta- 
merous ;  stamens  alternate ;  ovary  inferior, 
two-celled,  two-seeded,  ripening  into  two 
lightly  adherent  achenia  (technically  called 
mericarps).  It  is  a  native  of  Northern  and 
Central  Europe,  Iceland,  and  Siberia,  and 
besides  is  cultivated  and  naturalized  in 
nearly  all  temperate  countries.  The  dried 
fruits,  u.9ually  separated  into  their  respec- 
tive mericarps,  are  from  three  to  five  mil- 
limetres lon^  (^  inch),  slender,  slightly 
curved,  tapermg  at  each  end,  and  marked 
with  five  fine  yellow  ribs,  alternating  with  dark-brown  in- 
tervening spaces.  There  is  one  large  oil-tube  between 
every  two  adjoining  external  ribs,  and  two  between  every 


Pig.  658.— Cara- 
way Fruit.  En- 
larged about 
four  times. 
(Baillon.) 


two  adjoining  ventral  ones,  six  in  all.  They  have  an 
agreeable  aromatic  odor,  and  a  mildly  spicy  taste,  which 
are  familiar  to  every  one. 

Caraway  yields  from  three  to  five  per  cent,  of  an  agree- 
able, colorless  or  light-yellow  essential  oil,  of  penetrating 
odor  and  pungent  taste — sp.  gr.  0.93  to  0.975  {Oleum  OaH, 
U.  S.  Ph.).  It  is  a  composite  oil,  and  may  be  separated 
into  a  heavier  portion,  carool,  and  a  lighter  terpene,  car- 
iiene.  The  fruits  contain  some/ai  (from  the  seeds),  which 
has  no  medical  significance,  and  inert  vegetable  material. 

Uses. — Caraway  is  chiefly  employed  for  domestic  pur- 
poses, as  a  favorite  flavor  and  perfume.  It  is  also  used 
in  various  cordials,  like  the  German  "  Kummel."  In 
medicine  its  qualities  and  uses  are  exactly  the  same  as 
those  of  Anise.  It  is  one  of  the  ingredients  of  the  offici- 
nal substitute  for  gin  (Spiritus  Juniperi  Compositus,  U. 
S.  Ph.),  -which  contains  one  part  of  the  oil  in  three 
thousand.     There  is  no  other  officinal  preparation. 

Dose,  of  the  seeds,  an  infusion  made  with  from  five  to 
fifteen  grams  (5  to  15  Gm.  =  3  j.  ad  iv.) ;  of  the  oil, 
from  five  to  fifteen  drops. 

Allied  Plants. — The  genus  Carum  is  a  large  one, 
including  fifty  species  and  containing  a  number  of  useful 
aromatics.  Carum  Ajowan  B.  and  H.  (Ammi  officinal 
Codex  Med.),  with  smaller  fruits,  takes  the  place  of  Car- 
away in  India  and  the  East.  Its  oil,  like  that  of  Caraway, 
is  separable  into  a  lighter  and  a  heavier  portion,  cuminol 
and  cymol.     For  the  order  UmbelUferm,  see  Anise. 

Allied  Drugs. — All  the  milder  essential  oils  and  the 
products  that  furnish  them.  See  Anise  ;  also  Pepper- 
mint. W.  P.  Bolles. 

CARBOLIC  ACID,  Phenie  Acid,  Phenylie  Alcohol, 
Phenol:  C«HjOH.  This  important  substance,  though 
commonly  called  an  acid  is,  properly,  not  such,  but  a 
member  of  the  group  of  phenols,  bodies  regarded  as  deri- 
vates  of  hydrocarbons  of  the  benzene  series  by  the  re- 
placement of  one  of  or  more  atoms  of  hydrogen  of  the 
principal  chain  by  hydroxyl  (OH).  In  carbolic  acid  a 
single  hydrogen  atom  of  benzene  itself  is  so  replaced,  so 
that  this  derivate  is  the  simplest  possible  phenol  in  point 
of  chemical  constitution.  Being  also  the  best  known 
member  of  the  group  it  is  chemically  entitled  phenol, 
simply.  Carbolic  acid  is  an  ingredient  of  coal-tar,  and 
is  obtained  therefrom.  The  tar  abounds  in  phenols,  and 
by  fractional  distillation  and  certain  special  manipula- 
tions, carbolic  acid  is  separable  from  the  other  constit- 
uents in  varying  degrees  of  purity.  In  the  markets  may 
be  found  pure  carbolic  acid,  crystalline  at  ordinary  tem- 
peratures, and  impure  acids  of  different  grades,  the  best 
crystalline,  but  the  others  fluid.  These  impure  acids 
consist  of  carbolic  acid  (phenol)  and  Ihe  closely  related 
phenol  "  cresylic  acid"  (cresol),  and  other  phenols  in  ad- 
mixture. The  lower"  grades,  indeed,  may  contain  but 
little  carbolic  acid,  but  are  yet  efficient,  since  the  other 
phenols  of  coal-tar  possess  similar  properties  to  carbolic 
acid.  These  impure  carbolic  acids  are  often  sold  under 
the  name  of  coal-tar  creosote,  and  are  graded  ' '  No.  1 "  and 
"  No.  3,"  according  to  puritjr.  The  United  States  Phar- 
macopoeia recognizes  as  officinal  pure  carbolic  acid,  and 
an  impure  article  corresponding  to  the  "No.  1"  of  the 
fluid  impure  acids  of  commerce. 

Acidum  Carholicum,  Carbolic  Acid  (U.  S.  Ph.).  By 
this  title  is  designated  the  pure  article,  described  as  fol- 
lows :  "  A  product  of  the  distillation  of  coal-tar  between 
the  temperatures  of  180°  and  190°  C.  (856°  and  374°  P.). 
Colorless,  interlaced,  needle-shaped  crystals,  sometimer- 
acquiring  a  pinkish  tint,  deliquescent  on  exposure,  hav- 
ing a  distinctive,  slightly  aromatic  odor  resembling  crea 
sote  ;  when  diluted,  a  sweetish  taste,  with  a  slightly  burn- 
ing after-taste,  and  a  neutral  reaction.  It  produces  a 
benumbing,  blanching,  and  caustic  effect  on  the  skin. 
Carbolic  acid  is  soluble  in  twenty  parts  of  water  at  15° 
C.  (59°  F.) ;  one  hundred  parts  of  the  crystals  are  lique- 
fied by  the  addition  of  about  five  parts  of  water ;  this 
liquid  is  rendered  turbid  by  the  further  addition  of  water, 
until  two  thousand  parts  have  been  added,  when  a  stable 
and  clear  solution  is  formed.  It  is  very  soluble  in  alco- 
hol, ether,  chloroform,  benzol,  disulphide  of  carbon, 
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commercial  and  absolute  glycerin,  and  fixed  and  volatile 
oils.  The  crystals  melt  at  36°  to  43°  C.  (96.8°  to  107.6° 
F.),  and  boil  at  181°  to  186°  C.  (357.8°  to  866.8°  F.),  the 
higher  melting  and  the  lower  boiling-points  being  those 
of  the  pure  and  anhydrous  acid.  On  continued  heating, 
the  acid  is  completely  volatilized.  Carbolic  acid  coagu- 
lates albumen  or  collodion  (difference  from  creasote)" 
(U.  S.  Ph.).  As  regards  the  color  of  carbolic  acid,  the 
tendency  to  acquire  a  pink  tinge  is  the  stronger  the  purer 
and  more  anhydrous  the  sample  (Squibb).  Good  speci- 
mens, therefore,  unless  recently  made,  are  more  likely 
than  not  to  be  of  pinkish  hue.  The  odor,  stated  in  the 
above-quoted  pharmacopoeial  description  to  be  one  "re- 
sembling creasote,"  would  be  better  described  as  "re- 
minding of  creasote,"  for  the  smell  of  the  two  substances, 
though  of  a  certain  generic  quality,  so  to  speak,  is  yet 
distinctly  different  in  the  two  instances,  so  much  so  that 
Squibb  states  that  the  absence  of  a  proper  creasote  odor 
may  be  accepted  as  good  practical  proof  of  the  purity  of 
a  sample  of  carbolic  acid.  The  proper  carbolic-acid  odor 
is  much  less  rank  and  disagreeable  than  that  of  other  as- 
sociated phenols,  a  fact  that,  apart  from  other  considera- 
tions, constitutes  a  good  reason  for  selecting  a  chemically 
pure  carbolic  acid  for  surgical  use.  The  reaction  be- 
tween carbolic  acid  and  water  is  peculiar.  On  adding 
water  to  carbolic  acid  in  small  measures,  the  crystals  first 
liquefy  by  the  solution  of  the  water,  forming  a  transpar- 
ent fluid.  The  proportion  of  water  thus  soluble  in  car- 
bolic acid  seems  to  be  variable.  The  pharmacopoeial 
description  sets  the  limit  at  "about  five  parts"  to  the 
hundred  of  acid,  but  Squibb  finds  that  while  this  may  be 
true  of  the  mixture  of  different  phenols  formerly  passing 
under  the  name  of  carbolic  acid,  it  is  not  true  of  good 
samples  of  genuine  carbolic  acid  itself,  such  samples  dis- 
solving as  much  as  thirty-five  per  cent.,  even,  of  water. 
These  saturated  carbolic-acid  solutions  of  water  are,  as 
stated,  fluid,  and  are  themselves  soluble  in  additional 
water  onljr  to  a  limited  extent — five  per  cent,  according 
to  the  United  States  Pharmacopoeia,  six  per  cent,  accord- 
ing to  Squibb.  As  regards  the  melting  and  boiling  points, 
Squibb  points  out  that  these  are  affected  by  the  amount 
of  water  that  a  sample  may  contain,  and  that  perfectly 
anhydrous  commercial  samples  are  rare,  from  two  to  four 
per  cent,  of  water  being  almost  always  present.  Accord- 
ing to  his  determinations  the  congealing  and  boiling 
pomts  given  in  the  Pharmacopoeia  are  too  high,  three 
"  market  specimens,  all  of  excellent  quality,"  having 
been  found  to  congeal,  respectively,  at  39.4°  C.  (85°  F.), 
36.8°-  C.  (98°  F.),  and  38.5°  C.  (101°  F.),  and  the  first  and 
last  of  these  to  boil,  respectively,  at  173°  C.  (348.4°  F.), 
and  170°  C.  (338°  F.).  The  congealing-point  is  so  readily 
further  reduced  by  a  small  addition  of  water,  such  as 
may  easily  occur  through  spontaneous  deliquescence  in  a 
stock  bottle  frequently  opened,  that  a  sample  perma- 
nently fluid  at  ordinary  temperatures  is  not  therefore  to 
be  regarded  as  in  any  way  inferior.  So  small  an  addition 
as  that  of  three  per  cent,  of  water  to  a  good  commercial 
sample  may  be  enough  to  determine  permanent  fluidity. 

Acidum  CarboUcnim  Crudum,  Crude  Carbolic  Acid 
(U.  S.  Ph.).  This  article  is  a  distillate  of  dead-oil,  itself 
a  distillate  of  coal-tar  taken  between  certain  temperatures 
(165°  to  190°  C).  It  corresponds  to  what  was  officinal  in 
the  former  revision  of  the  Pharmacopoeia  under  the  title 
i/mpure  ca/rbolio  acid,  and  to  what  is  sold  commercially  as 
impure  ca/rbolie  acid,  No.  1,  and  must  not  be  confounded 
with  what  is  eommercially  known  as  crude  cmrbolic  acid. 
According  to  Squibb,  the  products  of  distillation  of 
"  dead-oil "  are  as  follows  :  A  first  immediate  distillate, 
vshich  is  the  crude  carbolic  acid  of  commerce  ;  this,  sub- 
jected to  redistillation,  yields,  as  secondary  products,  a 
first  redistillate,  highly  charged  with  carbolic  acid  and 
the  source  of  the  purified  article,  and  subsequently  a  sec- 
ond redistillate,  coming  over  between  the  temperatures  of 
185°  and  195°  C,  which  redistillate,  mixed  with  the 
"  uncrystallizable  drainings  and  residues  "  left  over  from 
the  first  after  separation  of  the  pure  carbolic  acid,  con- 
stitutes the  article  under  present  consideration.  It  thus 
appears,  as  Squibb  justly  points  out,  that  this  offlcinally 
so-called  arude  acid  is  not  such  in  the  proper  sense  of  the 


word,  but  is,  as  it  used  to  be  offlcinally,  and  still  is  com- 
mercially called,  properly  an  impure  acid.  The  article 
is  thus  offlcinally  defined  and  described  :  "  A  liquid  ob- 
tained during  the  distillation  of  coal-tar  between  the 
temperatures  of  170°  and  190°  C.  (338°  and  374°  F.),  and 
containing  carbolic  and  cresylic  acids  in  variable  propor- 
tions, together  with  other  substances.  A  nearly  colorless 
or  reddish-brown  liquid,  of  a  strongly  empyreumatic  and 
disagreeable  odor,  having  a  benumbing,  blanching,  and 
caustic  effect  on  the  skm  or  mucous  membrane,  and  a 
neutral  reaction.  Crude  carbolic  acid  should  not  dissolve 
in  less  than  fifteen  parts  of  water  at  15°  C.  (59°  P.),  nor 
should  the  solution  have  an  alkaline  reaction  (absence  of 
alkalies)  "  (IT.  S.  Ph.).  The  tests  just  mentioned  are  im- 
portant for  the  reason  that  the  addition  of  an  alkali  to  crude 
carbolic  acid  increases  the  latter's  solubility  in  water,  and 
hence  a  frequent  adulteration  is  effected  by  watering  the 
acid  with  the  solvent  assistance  of  an  alkali.  Crude  car- 
bolic acid  is  cheaper  than  the  pure  crystalline  acid, 
equally,  if  not  even  more,  efficient  as  a  germicide  and 
antiseptic,  but  is  rank  and  offensive  in  odor — the  odor  in 
this  case  really  resembling  that  of  creasote — and  is  morp 
irritant  to  animal  tissues. 

Besides  the  foregoing,  other  grades  of  so-called  impure 
carbolic  acid  or  coal-tar  creasote  are  to  be  found  in  the 
markets,  which  are  later  redistillates  from  the  commercial 
crude  carbolic  acid,  obtained  as  the  immediate  product  of 
distillation  of  dead-oil,  as  already  described.  These  sec- 
ond grades  of  so-called  impure  carbolic  acid  consist 
mainly  of  cresylic  acid  (cresol),  xylol,  and  other  phenols 
of  a  higher  boiling-point  than  carbolic  acid,  and  contain 
none,  indeed,  of  the  latter  substance,  all  the  carbolic  acid 
of  the  original  crude  substance  having  come  over  in  the 
earlier  distillations.  These  latter  distillates,  however, 
have  similar  germicidal  and  antiseptic  powers  to  carbolic 
acid,  and  being  cheap,  may  be  used  effectively  for  the 
purposes  of  carbolic  acid  elsewhere  than  directly  upon 
living  tissues.  "  Impure  carbolic  acid,  No.  2,"  of  com- 
merce, is  a  fluid,  soluble  in  water  to  the  extent  of  from 
forty  to  sixty  per  cent.  (Squibb). 

The  effects  of  carbolic  acid  and  of  the  other  phenols  as- 
sociated with  it  in  coal-tar  distillates  are  substantially 
identical,  so  that  a  single  description  will  suffice.  The 
effects  of  these  substances  which  the  physician  needs  to 
note  may  be  divided  into  three  categories  for  practical 
study,  as  follows  :  1,  Effects  upon  the  vital  endowments 
of  bacteria  and  allied  organisms  ;  3,  Local  effects  upon  the 
tissues  of  the  human  body  ;  and  8,  Constitutional  effects 
upon  the  human  system. 

1.  Effects  upon  the  Vital  Endowments  of  Bacteria  and  Al- 
lied Organisms. — By  immersion  in  carbolic-acid  solutions 
microbes  may  suffer  temporary  arrest  or  permanent  loss 
of  vital  activity,  the  degree  of  the  effect  depending  partly 
on  the  strength  of  the  solution  and  partly  on  the  vital 
tenacity  of  the  particular  organism,  or  even  of  the  special 
stage  of  being  of  the  organism  under  observation.  To  de- 
termine the  exact  toxic  power  of  carboUc  acid  in  this 
direction,  an  enormous  number  of  experiments  have  been 
made,  attacking  the  problem  in  a  variety  of  ways.  Of 
the  more  reliable  of  these  experiments  the  results  sub- 
stantially agree,  and  these  at  the  present  wrijing  justify 
the  following  broad  statements :  1.  Rod-forms  of  bacteria 
and  allied  organisms  soaking  in  aqueous  solution  of  car- 
bolic acid  tend  to  suffer  arrest  of  vital  activity  when  the 
strength  of  the  solution  reaches  a  point  between  one-fifth 
and  one-half  of  one  per  cent.,  and  to  suffer  death  when 
the  strength  rises  to  one  per  cent.  3.  Spore-forms,  such 
as  the  spores  of  the  anthrax  bacillus,  are  much  more  ten- 
acious of  life,  requiring  for  their  certain  killing  a  solution 
of  from  four  to  five  per  cent,  strength,  and  a  soakage  of 
from  two  to  three  days'  duration  (Koch).  3.  Aqueous 
solutions  of  carbolic  acid  are  far  more  toxic  to  microbes 
than  solutions  in  oil  or  alcohol  (Koch).  4.  Exposure  to 
vapor  of  caibolic  acid  under  the  conditions  obtaining  m 
practical  disinfection  is  practically  without  effect  upon 
microbes  or  disease-germs,  whether  these  be  in  rod-form 
or  spore-form,  and  whether  moist  or  dry. 

3  Local  Effects  upon  the  Tissues  of  the  Human  Body.— 
Prudden '  has  observed  under  the  microscope  the  effect 
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upon  living  leucocytes  and  ciliated  cells  of  soakage  in 
carbolic-acid  solutions,  with  the  following  results  ;  Under 
soakage  In  solutions  ranging  between  one-thirty -second 
and  one-fourth  per  cent,  strengths,  amoeboid  and  ciliary 
movements  slow  or  stop,  but  resume  upon  withdrawal  of 
the  carbolized  fluid,  and  its  replacement  by  a  normal  one. 
Under  soakage  in  solutions  of  from  one  to  five  per  cent, 
strength,  however,  the  bodies  under  observation  speedily 
lose,  without  possibility  of  resumption,  their  power  of 
movement,  and  their  protoplasm  soon  suffers  disintegra- 
tion. Applied  to  the  human  skin,  comparatively  weak 
solutions,  such  as  the  one  and  two  per  cent,  solutions 
used  in  surgery,  objectively  cause  a  whitening  and  shriv- 
elling of  the  cuticle,  and  subjectively  a  conjoint  numb- 
ness and  prickling  sensation,  followed,  if  the  application 
be  prolonged  beyond  a  few  minutes,  by  smarting.  These 
painful  sensations  Squibb  dectoes  to  be  aggravated  by 
elevating,  and  alleviated  by  depressing,  the  affected  part 
— phenomena  contrary  to  what  usually  obtain  under  cir 
cumstances  of  painful  irritation.  After  withdrawal  of 
the  application  the  skin  gradually  resumes  its  normal  ap- 
■  pearance  and  tactile  sensibility,  recovery  from  the  numb- 
ness, however,  being  slower  than  the  return  to  natural  ap- 
pearance. Touched  with  the  tindiluted  acid,  the  skin 
immediately  whitens,  while  the  circumjacent  parts  redden 
by  irritation.  Sharp  pain,  passing  over  into  numbness,  is 
experienced,  the  pain  gradually  subsiding  after  an  hour's 
lapse,  and  the  surface  presenting  the  dry,  scaly  exudation 
so  often  seen  on  surgeons'  hands  in  the  days  when  operating 
under  a  carbolized  spray  was  in  vogue.  This  results  of  a 
continuous  application  of  the  pure  acid  are  exemplified 
in  a  case  reported,  where,  through  a  misunderstanding,  a 
finger  was  wrapped  in  cloths,  soaked  in  undiluted  car- 
bolic acid,  and  kept  so  dressed  through  a  night.  The  next 
morning  the  dressings  were  removed,  and  on  the  third 
day,  when  first  seen  by  the  reporter,  the  tissues  of  the 
finger  were  found  black  as  jet,  hard  as  wood,  wrinkled 
and  shrivelled,  cold  and  absolutely  ansesthetic,  and  with  a 
pronounced  line  of  demarcation  between  the  unaffected 
and  the  mummified  portion.  Strange  to  say,  however, 
under  careful  treatment  the  parts  recovered. 

3.  ConsUtuiional  Effects  upon  the  Human  System. — 
Carbolic  acid  is  very  poisonous  to  all  living  things.  In 
man,  in  mild  poisoning,  such  as  may  follow  slight  ab- 
sorption from  carbolized  dressings  in  surgical  cases,  the 
symptoms  are  restlessness  and  rise  of  temperature — symp- 
toms easily  mistaken  for  those  of  the  very  septic  infec- 
tion sought  to  be  averted  by  the  use  of  the  acid  ;  or  in 
other  cases  occur  headache,  loss  of  appetite,  languor,  and 
cough,  followed,  if  the  poisoning  continue,  by  persistent 
bronchial  imtation,  itching  of  the  skin,  dragging  lumbar 
pains  and  a  sense  of  heaviness,  and  want  of  power  in  the 
legs.  In  severer  poisoning,  such  as  may  occur  again 
from  absorption  from  svfrgical  dressings,  or  as  will  cer- 
tainly result  if  any  considerable  quantity  of  carbolic  acid 
be  swallowed,  the  toxic-  action  falls  heavily  upon  the 
central  nervous  system.  The  sufferer  rapidly  passes  into 
a  condition  of  coma,  with  loss  of  reflex  irritability,  and 
with,  occasionally,  but  exceptionally,  convulsions  (con- 
vulsions being,  however,  common  in  poisoning  of  the 
lower  animals).  The  breathing  is  stertorous,  the  heart's 
action  disordered — pulse  at  first  unduly  slow,  after- 
ward rapid,  and,  perhaps,  intermittent,  and  the  arterial 
pressure  diminished.  The  skin  is  covered  with  sweat, 
the  lips  and  hands  are  livid,  and  the  whole  aspect  is  that 
of  great  prostration.  When  the  poisoning  has  occurred 
from  swallowing  the  acid,  supposing,  as  is  commonly 
the  case,  that  the  same  has  been  taken  in  concentrated 
condition,  there  are  added  to  the  above  symptoms  burn- 
ing pain,  extending  from  mouth  to  stomach,  experienced 
at  the  moment  of  swallowing,  and  nausea  and  vomiting 
— symptoms  due  to  the  local  action  of  the  poison  upon 
the  mucous  membrane  of  the  alimentary  canal.  Carbolic- 
acid  poisoning  may  result  in  death,  which  inay  begin 
either  at  the  heart  or  lungs.  In  such  cases  the  lesions, 
apart  from  the  local  effects  where  the  strong  acid  has 
been  swallowed,  are  not  characteristic.  There  is  a  ten- 
dency to  congestion  of  the  great  viscera  ;  the  blood  may 
seem  unduly  dark  and  fluid,  and  there  may  be  some  fatty 


degeneration  of  the  liver  and  kidneys,  especially  the  lat 
ter,  but  yet  none  of  these  changes  are  invariable 

Analysis  of  carbolic-acid  poisoning  in  man  and  animals 
points  to  the  following  specific  derangements  as  wrought 
by  the  agent  -.  As  regards  the  nervous  system  coma  and 
convulsions — which  latter  phenomenon  when  it  occurs  is 
spinal  in  origin — and  modification  of  reflex  activity,  at  first 
by  increase,  and  later  by  diminution  and  abolishment. 
As  regards  the  circulation,  while  it  is  possible  that  in  the 
beginning  the  heart-beats  may  be  more  powerful  than 
normal,  in  the  later  stages  of  the  poisoning  the  action  is 
always  feeble.  Death  is  frequently  by  cardiac  failure, 
and  the  heart  is  commonly  found,  post-mortem,  in  dias- 
tole, with  flabby  Walls.  Similarly  the  arterial  pressure, 
which  may  be  increased  in  the  earlier  stages  of  the  poison- 
ing, particularly  if  convulsions  be  present,  notably  sinks 
as  the  case  progresses,  apparently  through  paralysis  of 
the  vaso-motor  centre.  Upon  respiration  the  action 
more  commonly  than  not  is  opposite  at  the  two  extremes 
of  the  poisoning,  the  breathing  at  first  being  unnaturally 
rapid  and  shallow,  while  later  it  becomes  slow,  deep,  and 
markedly  stertorous.  Duly  devised  experiments  seem  to 
show  that  these  effects  are  due  to  a  primary  excitation  of 
both  the  pneumogastric  peripheries  and  centres  followed 
by  a  secondary  paralysis.  Body  temperature,  in  poison- 
ing in  the  normal  human  subject,  is  variably  affected,  in 
some  instances  rising,  in  others  falling,  and  in  others  re- 
maining unchanged.  When,  however,  carbolic  acid  is 
administered  to  a  fevered  subject,  a  considerable  fall  of 
temperature  may  occur,  accompanied  by  sweating.  In 
such  case  the  loss  of  heat  is  probably  independent  of  any 
effect  in  that  direction  wrought  by  the  sweating,  since  a 
temperature-reduction  has  been  observed  in  cases  where 
all  action  of  the  sweat-glands  was  held  in  abeyance  by 
duboisine  (Raymond). 

The  fate  of  absorbed  carbolic  acid  is  obscure.  Some 
of  it  is  undoubtedly  excreted,  since  it  has  been  found  by 
a  number  of  observers  in  the  urine,  by  Hoppe-Seyler  in 
the  saliva,  and  is  believed  by  Lemaire  to  be  present  in 
the  breath .  Other  portions  are  probably  chemically  trans- 
formed within  the  system.  A  result  of  excretion  by  the 
kidneys  is  to  produce  peculiar  coloration  of  the  urine,  a 
fact  furnishing  a  valuable  clew  to  diagnosis  in  obscure 
cases  of  poisoning.  The  tint  of  the  urine  varies  in  differ- 
ent cases,  in  some  being  brownish,  in  others  greenish 
black,  and  in  others  olive-green,  turning  a  smoky  black 
upon  standing.  Such  urines  may  or  may  not  have  an 
adventitious  odor,  aromatic,  or  even  distinctly  that  of 
carbolic  acid.  Exceptionably,  furthermore,  albumin, 
blood,  or  excess  of  urates  may  be  present.  These  altered 
urines  probably  contain  both  carbolic  acid  under  its  own 
form  and  some  product  or  products  of  its  chemical  trans- 
formation ;  but  what  these  latter  substances  may  be  has 
not  yet  been  satisfactorily  determined. 

The  practically  important  points  to  the  physician  itt 
the  toxicology  of  carbolic  acid  are  as  follows  :  As  a  poison 
the  agent  is  both  swift  and  strong ;  death,  and  speedy 
death,  being  possible  from  absorption  from  wound-sur- 
faces and  even  from  the  unbroken  skin,  as  well  as  from 
ingestion.  In  cases  of  poisoning  from  swallowing,  one 
of  the  most  characteristic  features,  indeed,  is  the  swiftness 
of  march  of  the  phenomena,  a  swiftness  in  which  carbolic 
acid  is  outdone  among  the  common  poisons  only  by  hy- 
drocyanic acid.  Thus  in  a  recorded  case  where  probably 
about  an  ounce  of  carbolic  acid  was  swallowed,  ten 
seconds  saw  the  sufferer  unconscious  and  three  minutes 
found  him  dead.  And  almost  always  the  symptoms  be- 
gin within  a  few  minutes,  and  death,  if  such  be  the  issue, 
occurs  within  twelve  hours.  The  symptoms  have  be«n 
already  sufficiently  detailed,  it  remaining  in  the  present 
connection  to  note  the  pathognomonic  points,  which  are 
the  rapidly  developed  unconsciousness  (in  the  common 
instance  of  the  ingestion  of  a  large  quantity  of  strong 
acid),  the  stertorous  breathing  and  feeble  pulse — all  coupled 
with  the  locally  developed  initial  burning  at  the  time  of 
swallowing — vomiting,  strong  odor  of  carbolic  acid  in  the 
breath,  and  peculiarly  discolored,  and  possibly  odorous, 
urine.  The  characteristic  lesions,  if,  as  is  usual,  the  acid 
have  been  swallowed  in  concentrated  condition,  will  also 
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be  apparent  in  the  mouth,  fauces,  and,  upon  autopsy,  in 
the  oesophagus  and  stomach,  in  the  shape  of  a  whitened, 
toughened,  and  corrugated  condition  of  the  mucous 
membrane.  Or,  in  the  stomach,  the  lining  membrane 
may  be  chocolate-colored  or  blackened  and  sodden,  and 
the  gastric  contents  may  be  whitish,  pinkish,  or  brown- 
ish in  color.  As  regards  Afatai  dose,  it  may  be  said  of  the 
ordinary  deliquesced  acids  of  the  shops  that  it  will  be  a 
remarkable  exception  when  two  tablespoonfuls  fail  to 
kill,  and  that  a  single  tablespoonful  will  be  more  likely 
than  not  to  prove  fatal.  In  children  death  has  followed, 
several  times,  the  taking  of  quantities  much  smaller. 
In  the  treatment  of  carbolic-acid  poisoning,  the  first  step 
is,  of  course,  to  save  the  system  from  further  impregna- 
tion, by  removal  of  the  dressings,  if  it  be  a  case  of  ab- 
sorption from  a  wound-surface,  or  by  evacuation  of  the 
stomach,  if  the  poison  have  been  taken  by  swallowing. 
For  the  latter  purpose  the  stomach-pump  should  be  used, 
emetics  being  likely  to  prove  inoperative  from  the  anses- 
thetized  condition  of  the  gastric  mucous  membrane. 
iPor  antidote,  saccharated  lime  was  at  one  time  in  vogue, 
but  at  the  present  writing  Baumann  and  Herter's  sugges- 
tion of  a  soluble  sulphate,  such  as  sodic  or  magnesic  sul- 
phate, is  undoubtedly  the  best.  The  theory  is  that  the 
carbolic  acid,  even  such  of  it  as  has  already  been  ab- 
sorbed, unites  with  the  sulphuric  acid  of  the  sulphate  to 
form  the  non-poisonous  body  phenol-sulphonie  (sulpho- 
carbolic)  acid.  Whether  the  theory  be  true  or  not,  ex- 
periment has  proved  the  alkaline  sulphates  to  have  a 
marked  influence  for  good  in  carbolic-acid  poisoning. 

The  therapeutic  applications  of  carbolic  acid  are  utiliza- 
tions of  its  antiseptic,  disinfectant,  ancesthetie,  and  anti- 
pyretic powers.  As  regards  the  antiseptic  use,  it  is  to  be 
noted  that  carbolic  acid  is  decidedly  inferior  in  antiseptic 
power  to  quite  a  number  of  available  substances,  and  that 
for  surgical  employment  it  has  the  positively  objection- 
able features  of  strong  odor,  disagreeable  action  upon  the 
skin,  and  capability  of  absorption  to  the  point  of  produc- 
ing dangerous  and  even  fatal  constitutional  poisoning. 
For  surgical  purposes  aqueous  solutions  are  commonly 
employed  of  strengths  ranging  from  one  to  five  per  cent., 
the  weaker  for  dressings  to  remain  in  contact  with  tissue, 
the  stronger  for  occasional  use  or  to  disinfect  hands,  in- 
struments, ligatures,  etc.  As  a  disinfectant,  carbolic  acid 
operates,  of  course,  exclusively  by  its  germicidal  action, 
thus  holding  in  abeyance  or  destroying,  according  to 
strength  of  application,  the  septic  or  infective  activity 
that  lives  in  certain  living  protoplasms.  For  certainty  of 
disinfection,  as  has  already  been  seen,  actual  soakage  of 
the  culprit  germ  in  a  carbolic  solution  of  at  least  two  per 
cent,  strength  is  essential.  Dainty  sprinklings  of  carbolic 
lotions  are  therefore  futile,  and  the  hanging  about  a  cham- 
ber of  carbolized  cloths  with  a  view  to  aerial  disinfection 
by  the  fumes  therefrom,  is  but  a  noisome  advertisement 
of  ignorance  or  stupidity.  Legitimately  and  thoroughly 
used,  a  two  per  cent,  solution  of  carbolic  acid  is  an  effi- 
cient disinfectant,  with  the  advantage  of  cheapness— the 
impure  grades  of  the  acid  being  for  this  purpose  even 
more  powerful  than  the  pure— but  with  the  ever-present 
disadvantage  of  a  rank  and  even  ofEensive  odor.  A  solu- 
tion of  two  per  cent,  strength  does  not  injure  textile 
fabrics.  Carbolic  acid  has  been  given  internally  in  the 
hope  that  the  power  which  proves  germicidal  without  the 
body  will  within  the  system'  oppose  the  career  of  so-called 
zymotic  diseases.  But  theoretically,  for  this  purpose,  if 
we  are  to  argue  from  the  point  of  view  of  germicide  ac- 
tion, the  blood  of  the  subject  should  be  charged  with  at 
least  one  per  cent,  of  carbolic  acid,  a  condition  involving 
a  dosage  overwhelmingly  poisonous ;  and  practically,  the 
use  of  the  remedy  in  the  category  of  diseases  referred  to 
has  been,  so  far,  barren  of  important  results.  The  anas- 
thetic  action  of  carbolic  acid  is  most  strikingly  utilizable 
for  the  relief  of  the  pain  of  burns,  for  which  purpose 
nothing  is  better  than  a  one-half  or  one  per  cent,  aqueous 
solution  of  carbolic  acid  applied  on  thin  cloths— the  cheap 
"crude"  acid  being  here  more  effective  than  the  pure 
(Squibb).  Similar  lotions  may  also  palliate  the  itching 
and  burning  of  skin  disease  or  the  irritation  from  catarrhs 
of  mucous  membranes.    Thus  in  bronchitis  the  inhalation 


of  the  fumes  of  a  bowl  of  boiling  water  charged  with  a 
few  drops  of  carbolic  acid  may  considerably  allay  pain 
and  cough.  So,  again,  irritability  of  the  stomach  may  be 
quieted  by  this  agent,  and  carbolic  acid  in  small  doses  ranks 
among  the  standard  means  for  arrest  of  vomiting.  As  an 
antipyretic  carbolic  acid  is  undoubtedly  powerful,  but  its 
poisonousness  will  probably  always  defeat  it  in  competi- 
tion with  such  potent  and  at  the  same  time  innocent  anti- 
pyretics as  sodic -salicylate  and  the  cinchona  alkaloids. 

For  internal  administration  the  dose  of  carbolic  acid 
should  not  exceed  from  one  to  four  or  five  drops,  and  the 
daily  allowance  should  not  surpass  1.00  Om    (fifteen 

trains  or  minims).  A  convenient  way  of  giving  is  to 
rst  dissolve  in  glycerin,  in  which  menstruum  carbolic 
acid  dissolves  in  all  proportions,  and  then  dilute  the 
necessary  quantity  of  glycerin  solution  with  water.  Each 
dose  of  acid  should  be  diluted  to  at  least  the  volume  of  a 
tablespoonful  for  the  taking. 

For  external  uses  aqueous  solutions  are  most  generally 
serviceable,  as  already  so  frequently  seen.  There  is  also 
officinal  in  the  U.  S.  Pharmacopoeia  a  preparation  entitled 
tfnguentum  Acidi  Oa/rbolici,  Ointment  of  Carbolic  Acid, 
which  consists  of  officinal  "  ointment"  charged  with  ten 
per  cent,  of  carbolic  acid.  Edward  Curtis. 

1  American  Journal  of  the  Medical  Sciences,  January,  1881. 

CARBON,  OXIDES  OF.  There  are  two  well-known 
oxides  of  carbon,  viz.,  carbon  monoxide  and  carbon  diox- 
ide, or  carbonic  anhydride.  They  are  both  invisible  gases 
at  ordinary  temperatures  and  pressures  ;  and  are  of  interest 
to  the  physician  from  the  fact  that  they  are  both  irrespir- 
able  gases  with  which  persons  are  frequently  brought  in 
contact,  and  which  frequently  produce  poisonous  and 
even  fatal  results.  Carbon  dioxide  plays  an  important 
role  in  the  physiology  of  the  human  organism.  The 
names  used  to  designate  these  compounds  are  somewhat 
variable  and  confusing,  and^  to  avoid  this  uncertainty,  we 
place  all  the  names  commonly  met  with  at  the  head  of 
the  proper  sections.  Besides  the  above,  C4OS  and  CsOi 
are  known  ("  Enc.  Brit."). 

Carbon  Monoxide,  Oojrlonmis  Ostide,  Carbonic  Oxide 
(CO).  This  gas  was  discovered  in  1799  by  Priestley. 
It  is  always  formed  when  carbon,  or  combustibles  con- 
taining carbon,  are  burned  with  a  limited  supply  of 
air.  It  does  not  occur  free  in  nature  except  as  the  result 
of  certain  manufacturing  processes.  It  is  produced  by 
the  heating  of  coal  with  certain  ores,  such  as  those  of 
iron  and  zinc.  It  is  always  prepared  in  an  ordinary  coal 
fire.  The  air  entering  through  the  grate  produces  at  first 
COa,  which,  on  coming  in  contact  with  the  glowing  coals 
above,  is  reduced  to  this  lower  oxide :  SCOa  -+-  Cs  =  4CO. 

This  gas  is  the  one  which  is  frequently  seen  burning 
with  a  blue  flickering  flame  at  the  surface  of  the  coals  in 
an  open  grate  Are.  The  gas  may  be  prepared  for  experi- 
mental purposes  by  passing  carbon  dioxide  through  an  iron 
tube  loosely  filled  with  charcoal,  heated  to  redness,  or  by 
heating  in  a  flask  a  mixture  of  oxalic  and  sulphuric  acids. 
In  the  last  method  the  gas  is  mixed  with  an  equal  vol- 
ume of  COa,  which  maj;  be  absorbed  by  passing  it 
through  wash-bottles  containing  milk  of  lime. 

Properties.— Carbon  monoxide  is  a  colorless,  trans- 
parent, odorless,  tasteless  gas,  which  may  be  liquefied  by 
a  pressure  of  35.5  atmospheres  at  -139°  C.  (283°  F.),  or 
at  ordinary  pressures  and  a  temperature  of   —190°  C. 

The  density  of  the  gas  is  14.  (H  =  1),  and  the  specific 
gravity,  0.9678  (air  =  1),  or  nearly  that  of  air. 

It  is  but  slightly  soluble  in  water  or  alcohol.  It  dis- 
solves in  hot  caustic  potash  (KOH)  solutions  with  the 
formation  of  potassium  formiate  (KOCOH).  It  also 
unites  directly  with  potassium,  oxygen,  and  chlorine.    _ 

It  dissolves  readily  in  a  solution  of  a  cuprous  salt  in 
ammonium  hydrate;  consequently,  animomo ■  cuprous 
chloride  is  used  to  absorb  it  in  the  analysis  of  mixtures 
containing  it.  ,      .         ^ 

It  burns  readily  in  air,  with  a  blue  non-lummous  flame, 
the  sole  product  of  the  combustion  being  carbon  dioxide. 
At  high  temperatures  it  has  a  very  strong  affinity  for 
oxygen,  and  will  take  it  from  many  of  the  metallic  ox- 
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ides  It  is  by  its  agency  that  iron  ores  are  reduced  to 
the  metaUic  state  in  the  Mast  furnace.  The  difEusive 
power  of  the  gas  is  much  greater  tlian  that  of  carbon 
dioxide,  CO3,  and  when  red  hot,  cast-iron  plates  allow  it 
to  diffuse  through  them  with  comparative  ease.  In  this 
way  a  small  quantity  of  the  gas  finds  its  way  into  the  air 
of  rooms  heated  by  stoves,  and  especially  by  ordinary 
hot-air  furnaces. 

Smrees. — The  most  frequent  sources  "of  carbon  mon- 
oxide, likely  to  produce  it  in  poisonous  or  dangerous  quan- 
tities, are  open  charcoal  or  stove  coal-fires,  defective  stove- 
pipes or  furnace  flues,  and  illuminating  gas,  especially 
the  variety  known  as  water-gas. 

A  frequent  cause  of  fatal  poisoning  is  an  open  charcoal 
fire.  This  is  sometimes  used  with  suicidal  intent,  espe- 
cially in  some  European  countries.  Leblanc  gives  the 
following  analysis  of  the  air  of  a  confined  space  in  which 
charcoal  was  burnt,  and  which  proved  rapidly  fatal  to  a 
dog:  Oxygen,  19.19  per  cent.;  nitrogen,  76. 6a  per  cent.; 
carbon  dioxide,  4.61  per  cent.;  carbon  monoxide,  0.54 
per  cent. ;  marsh  gas,  0.04  per  cent. 

In  this  case,  however,  the  poisonous  effects  might  not 
be  due  alone  to  the  carbon  monoxide,  for  4.6  per  cent,  of 


accidentally  turning  the  stop-cock,  or  having  it  turned  by 
children,  as  occurred  to  a  number  of  persons  coming 
under  the  care  of  the  writer,  or  from  accidental  breaking 
of  pipes,  the  gas  may  find  its  way  into  a  room  in  suf- 
ficient quantities  to  give  fatal  results.  Even  in  waking 
hours,  when  the  gas  escapes  slowly,  the  odor  does  not 
seem  to  be  a  perfect  safeguard.  (For  a  further  discussion 
of  this  subject,  see  article  on  Coal  Gas.) 

Phtsiological  Action. — Carbon  monoxide  is  a  very 
poisonous  gas,  entering  the  blood  and  combining  with 
the  hsemoglobin  of  the  red  corpuscles  and  expelling  the 
oxygen.  When  the  blood  is  pretty  thoroughly  saturated 
with  this  gas,  death  is  usually,  if  not  always,  the  result. 

The  blood  of  persons  poisoned  with  this  gas  retains  its 
bright  red  color  for  a  long  time  after  death,  both  in  the 
body  and  out  of  it,  and  in  the  veins  as  well  as  in  the  arte- 
ries. 

Properly  diluted,  tho  blood  shows  with  the  spectro- 
scope two  absorption-bands  situated  between  the  lines  B 
and  £!,  but  slightly  nearer  E  than  the  similar  bands  of 
oxyhsemoglobin  (see  Pig.  559). 

These  bands  do  not  readily  disappear  when  the  blood 
is  treated  with  ammonium  sulphjrdrate,  i.e.,  the  blood  re- 
sists the  action  of  reducing  agents. 
In  ordinary  arterial  blood,  reducing 
agents  change  the  spectrum,  so  that 
the  two  bands  seen  in  1  disappear,  and 
one  broad  band,  represented  in  3, 
makes  its  appearance.  Vogel  has 
proposed  to  employ  this  peculiar  be- 
havior of  hsemoglobin  as  a  means  of 
detecting  CO  in  the  air. 

The  process  consists  in  shaking 
the  mixture  of  gases  with  a  drop  of 
blood  diluted  with  two  or  three  cubic 
centimetres  of  distilled  water,  and 
observing  the  spectrum  of  this  blood 
solution.  This  method  is  said  to  de- 
tect 3.5  to  4  parts  per  thousand, of 
this  gas  in  the  air,by  its  effect  upon 
the  blood. 

Carbon  monoxide  blood,  in  the  ab- 
sence of  oxygen,  resists  the  action  of 
putrefaction  for  a  long  time.  The 
CO  may  be  expelled  from  blood  by 
allowing  any  inert  gas  to  bubble 
through  it,  or  by  placing  it  in  a  va- 
cuum. The  very  poisonous  charac- 
ter of  CO  is  explained  by  the  behavior 
of  the  haemoglobin  of  the  blood  to- 
ward it. 
ToxicoLOGT. — The  poisonous  ac- 

FlG.  569.— 1,  Absorption-bands  of  oxyhsemoglobin  (Hoppe);  2,  absorption-bands  of  OO2  hemoglobin,  tion  of  carbon   monoxide    has  been 

showing  displacement  of  the  bands  (Hoppe).    The  same  appearance  is  seen  in  the  blood  of  persons  known    since     1803,    when     Guyton 

poisoned  by  charcoal  fumes  or  coal-gas.    3,  absorption-band  of  reduced  hsemoglobin,  i.e.,  it  is  No.  ivrnrvpon  -firot  nhcprvpH   it       T  phlnnp 

1,  with  a  drop  of  ammonium  sulphide  added  (Hoppe) ;  4  and  B,  the  same  as  Nos.  1  and  3,  according  ""'-"'  "Jf"^  "'■f''  0"»ei  veu  u.      ijcuiauu 

to  Hensen  >      r  / ,  ,  ^^^  Dumas   experiments  show  that 
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carbon  dioxide  in  an  air  containing  1.4  per  cent,  less  oxy- 
gen than  normal  air,  would  form  a  poisonous  atmosphere. 

Another  source  of  carbon  monoxide,  and  one  which  is 
frequently  overlooked,  is  from  escape  of  the  gas  through 
defective  flues,  or  even  through  the  red-hot  walls  of  the 
flues  or  pipes  of  stoves  and  hot-air  furnaces.  The  gas 
thus  finding  its  way  into  rooms  frequently  gives  rise  to 
headache,  dizziness,  loss  of  appetite,  nausea,  debility,  and 
bronchial  irritation,  which  last  effect  is  sometimes  veiy 
severe.  Indeed,  severe  cases  of  capillary  bronchitis  in 
children  have  been  traced  to  an  escape  of  poisonous  gases 
from  a  defective  flue.  The  ordinary  hot-air  furnace,  in 
common  use  at  the  present  day,  is  the  cause  of  a  consid- 
erable and  undetermined  amount  of  suffering,  and  is  on 
this  account  open  to  very  serious  objection.  Prom  ordi- 
nary stoves,  where  the  draught  is  rendered  imperfect  by 
the  downward  direction  of  the  pipe  before  entering  the 
chimney,  carbon  monoxide  and  the  other  gases  frequently 
escape  mto  the  room. 

Perhaps  the  most  frequent  source  of  fatal  quantities  of 
this  gas,  especially  in  large  cities,  is  the  escape  of  illumi- 
nating gas.    Prom  thoughtlessly  blowing  out  the  gas,  or 


air  containing  one  per  cent,  of  the 
gas  will  kill  a  dog  in  one  and  a  half  minutes.  Dr.  Letheby 
found  that  air  containing  0. 5  per  cent,  killed  birds  in  three 
minutes.  One  per  cent,  of  the  gas  in  air  renders  it  fatal 
to  most  animals,  and  0.5  per  cent,  to  some,  even  if  the 
oxygen  is  normal  or  in  excess  of  normal. 

Symptoms. — The  symptoms  of  carbonic-oxide  poisoning 
are  singularly  persistent.  The  first  subjective  symptoms 
are  dizziness,  excruciating  headache,  debility,  and  a  feel- 
ing of  prostration  ;  nausea  and  vomiting  are  not  uncom- 
mon; convulsions  are  frequently  seen  in  experiments 
upon  lower  animals,  as  well  as  in  men  poisoned  by  it. 
This  gas  seems  to  act  as  a  narcotic  poison,  death  usually 
occurring  by  coma.  The  face  is  usually,  though  not  al- 
ways, dusky  and  livid ;  pupils  dilated.  In  man,  when 
the  quantity  of  gas  is  not  suflicient  to  produce  such  pro- 
nounced results  as  those  mentioned  above,  and  when  this 
small  quantity  is  breathed  for  days  or  weeks,  the  symptoms 
are  those  of  malaise,  debility,  ansemia,  anorexia,  and  usu- 
ally, headache.  There  is  frequently  a  dry,  irritative 
cough.  These  symptoms  are  sometimes  mistaken  for 
those  of  malaria,  and  probably  are  benefited  by  the  tonic 
effect  of  quinine.    When  the  severer  symptoms  are  well 
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marked,  the  chances  of  recovery  decrease  with  the  length 
of  time  the  patient  has  been  exposed  to  the  gas.  When 
the  time  of  exposure  has  exceeded  eight  hours,  and  coma 
has  set  in,  the  prognosis  is  very  unfavorable.  If  the 
time  is  less  than  eight  hours,  and  the  coma  is  not  too  pro- 
found, there  is  reason  to  hope  for  recovery.  This  state- 
ment is  based  upon  experiments  upon  the  lower  animals, 
and  the  histories  of  a  number  of  recorded  cases.  Much 
will  depend  upon  the  amount  of  gas  breathed  ;  but,  other 
things  being  equal,  the  longer  the  blood  is  exposed  to  the 
gas,  and  the  more  thoroughly  it  becomes  saturated,  the 
more  permanent  is  the  injury,  and  the  less  chance  there 
is  for  recovery.  The  characteristic  post-mortem  appear- 
ances are :  the  bright  red  color  and  persistent  fluidity  of  the 
blood,  and  hypersemia  of  the  brain  and  meninges.  The 
heart  is  usually  nearly  empty  and  flaccid. 

The  treatment  of  cases  of  poisoning  by  CO  are,  briefly, 
fresh  air,  cold  affusions,  stimulants,  and  artificial  respira- 
tion where  demanded.  Even  with  all  these,  death  will 
result  in  those  cases  in  which  the  exposure  has  been  of 
long  duration,  and  the  coma  pronounced,  i.e.,  when  the 
blood  has  become  well-nigh  saturated  with  the  gas.  In 
such  cases  transfusion,  or  displacing  the  poisonous  with 
pure  blood,  or  even  with  salt  and  water,  seems  more  likely 
to  succeed.  Good  results  have  followed  this  method  of 
treatment  in  a  number  of  cases. 

Cabbon  Dioxide. — Also  called  carbonic  acid  gas  and 
carbonic  anhydnde.  (Fixed  air,  choke-damp.)  Chemical 
formula,  COa.  Specific  gravity  (air  =  1),  1.53;  (hydro- 
gen =  1),  33. 

Sources.— y^^ea  carbon  is  burned  in  oxygen,  or  with  a 
free  supply  of  air,  this  gas  is  formed  ;  hence  it  is  a  product 
of  the  combustion  of  all  combustible  bodies  containing 
carbon.  It  is  prepared  in  large  quantities,  by  many  manu- 
facturing processes,  from  the  combustion  of  coal.  The 
burning  of  lime-kilns  send  large  volumes  of  this  gas  into 
the  air,  partly  from  the  fire  and  partly  from  decompo- 
sition of  the  limestone  (CaOOa)  into  lime  and  COs.  Res- 
piration is  another  source  of  the  gas,  and  the  expired  air 
may  accumulate  in  a  tight  room  to  such  an  extent  as  to 
become  poisonous,  and  death  may  and  has  resulted.  An 
adult  man  exhales  about  0.7  cubic  foot  (30  litres)  of  CO2 
per  hour,  or  18  cubic  feet  (499  litres)  per  day.  Another 
source  of  carbon  dioxide  is  the  alcoholic  fermentation  of 
saccharine  fluids.  This  source  is  usually  limited  to  cer- 
tain kinds  of  industries,  such  as  beer,  wine,  alcohol,  and 
whiskey  manufactories.  In  badly  ventilated  rooms, 
deaths  have  often  occurred  in  the  fermenting  vats,  from 
the  accumulation  of  this  gas.  The  subteiTanean  heat  of 
volcanic  regions  causes  the  decomposition  of  limestone  as 
above  mentioned,  giving  oil  CO2,  which  either  escapes 
through  crevices,  or  accumulates  in  underground  cav- 
erns, under  pressure,  and  finally  becomes  absorbed  by 
the  water,  and  comes  to  the  surface  in  the  form  of  ef- 
fervescing spring-water,  like  the  well-known  Saratoga 
Springs.  The  gradual  oxidation  of  vegetable  matters, 
either  upon  the  surface  of  the  soil  or  buried  in  it,  gener- 
ates a  considerable  quantity  of  carbon  dioxide.  The  gas 
from  these  various  sources  may  filter  through  the  soil, 
crevices  in  the  rock,  or  coal-bed,  and  accumulate  in 
mines,  wells,  cellars,  etc.,  in  such  quantities  that  the 
miners  are  unable  to  work  in  it.  It  is  called  by  them 
choke-damp,  to  distinguish  it  irorsi  fire-damp.  It  is  pro- 
duced in  mines  by  an  explosion  of  marsh-gas  (fire- 
damp), so  that  if  the  explosion  does  not  kill  persons  un- 
fortunate enough  to  be  in  the  mine  at  the  time,  they  may 
die  from  breathing  the  COj  developed  by  the  explosion. 
The  atmosphere,  as  will  be  seen,  is  continually  receiving 
this  gas  in  abundance  from  the  above  sources  ;  hence,  out- 
door air  always  contains  about  0.4  part  per  1,000.  The 
air  of  rooms  and  closed  places  frequently  contains  a 
much  larger  proportion  than  this.  A  well-ventilated 
room  should  contain  not  more  than  0.6  part  per  1,000  ; 
but  owing  to  poor  ventilation  it  frequently  rises  as 
high  as  4  parts  per  1,000  or  more.  Even  in  the  open 
air,  the  amount  depends  somewhat  upon  the  state  of  the 
weather,  season  of  the  year,  etc.  In  still,  foggy  weather 
in  large  cities,  the  amount  present  in  out-door  air  may 
rise  as  high  as  0.8  part  per  1,000,  or  enough  to  give 


the  air  a  peculiarly  suffocating  effect  upon  those  who 
breathe  it. 

Properties  and  Preparation.— It  is  a  colorless,  trans- 
parent, odorless  gas,  about  one  and  a  half  times  heavier 
than  air,  and  may  be  poured  from  one  vessel  into  another 
like  water.  It  has  a  faintly  acid  taste.  At  ordinary  tem- 
peratures it  is  soluble  in  its  own  volume  of  water,  with 
which  it  probably  enters  into  combination  to  form  carbonic 
acid:  CO2  +  H20  =  HaCOs.  By  increasing  the  pressure, 
water  will  absorb  a  very  large  amount  of  the  gas,  a  large 
portion  of  which  escapes  again  when  the  pressure  is  re- 
moved. The  so-called  plain  soda  is  a  strong  solution  of 
carbonic  acid  (H2CO3)  in  water,  made  under  pressure. 
The  gas  may  be  expelled  by  heat,  by  freezing,  or  by  re- 
moving the  pressure.  Under  a  pressure  of  fifty  atmos- 
pheres at  15°  C.  (59°  F.),  it  is  condensed  to  a  trans- 
parent, colorless,  mobile  liquid,  not  mi^cible  with  water 
or  fixed  oils,  but  readily  so  with  ether,  alcohol,  naphtha, 
turpentine,  and  carbon  disulphide.  When  the  press- 
ure is  removed  from  the  liquid,  it  evaporates  with  great 
rapidity,  freezing  a  portion  of  itself  into  a  snow-like 
solid,  by  the  heat  absorbed  in  the  evaporation.  The 
solid  evaporates  very  slowly,  and  may  be  kept  longer 
than  the  liquid.  By  moistening  this  solid  with  ether,  and 
placing  it  under  the  bell  of  an  air-pump,  a  temperature 
of  -110°  C.  (-166°  F.)  may  be  obtained.  Carbon  di- 
oxide is  soluble  in  about  one-third  its  own  volume  of  alco- 
hol at  the  ordinary  temperature  and  pressure.  Dry  car- 
bonic dioxide  has  no  effect  upon  litmus-paper ;  but  if  the 
latter  be  first  moistened  it  is  reddened,  but  on  drying, 
the  blue  color  is  restored.  Lime-water  is  at  first  ren- 
dered turbid  by  CO2,  owing  to  the  precipitation  of  cal- 
cium carbonate  ;  but  on  conducting  the  gas  into  the  tur- 
bid liquid  for  some  minutes,  the  precipitate  is  redissolved, 
and  the  solution  becomes  clear  again,  owing  to  the  for- 
mation of  calcium  bicarbonate  (HaCa  (003)2).  This  pro- 
cess frequently  takes  place  in  natural  waters  to  produce 
tempora/ry  hardness,  so  called,  because  the  calcium,  and,  at 
times,  magnesium  carbonate,  thus  held  in  solution,  is  pre- 
cipitated by  boiling  off  the  excess  of  carbon  dioxide.  So- 
lutions of  caustic  soda,  potash,  lime,  baryta,  etc.,  rapidly 
absorb  CO2  with  the  formation  of  carbonates  of  the 
metals.  Such  solutions  are  used  to  dissolve  the  gas 
from  mixtures  containing  it.  The  gas  does  not  support 
either  respiration  or  combustion,  although  this  property 
is  not  peculiar  to  carbon  dioxide.  It  is  not  combustible. 
Sodium,  potassium,  phosphorus,  boron,  carbon,  iron, 
zinc,  and  magnesia,  at  high  temperatures,  decompose  -it 
by  removing  its  oxygen  and  converting  it  into  either  car- 
bon monoxide  or  carbon.  It  is  also  decomposed  by  the 
chlorophyl  of  plants  under  the  influence  of  sunlight  and 
moisture,  the  carbon  combining  directly  with  the  water 
to  form  soluble  carbo-hydrates,  and  the  oxygen  escaping 
in  the  free  condition.  Carbon  dioxide  is  usually  pre- 
pared in  the  laboratory  by  treating  a  carbonate,  usually 
calcium  carbonate  or  marble,  with  a  dilute  mineral  acid  : 
CaCOs  +  3HC1  =  CaCl2  +  H2O  +  CO2. 

Uses. — The  following  are  among  the  most  important 
uses  of  carbon  dioxide  :  Notably,  in  the  manufacture  of 
carbonates  and  bicarbonates,  carbonated  waters,  white 
lead,  the  decomposition  of  sucrate  of  lime  in  the  prepara- 
tion of  sugar  from  beets,  in  setting  free  the  hypochlorites 
from  chloride  of  lime,  in  bleaching,  and  in  giving  a  bead 
to  beer,  ale,  wine,  etc. 

Carbonic  acid  (HaCOs)  exists  only  in  solution.  It  has 
not  yet  been  isolated.  When  an  attempt  is  made  to  con- 
centrate it,  the  acid  breaks  up  into  water  and  carbonic 
anhydride  (COa),  which  escapes  with  effervescence.  The 
salts  of  the  acid,  the  carbonates  and  acid  carbonates  (bi- 
carbonates) are  well  known.  Carbonic  acid  is  a  feeble 
acid,  and  is  expelled  from  its  combinations  by  most  strong 
acids.  The  carbonates  all  efllervesce  when  treated  with 
the  mineral  acids,  and  this  serves  as  a  ready  test.  Some 
of  the  metals  are  dissolved  by  this  acid,  but  with  great 
slowness.  Copper  and  lead  are  corroded  by  it,  and  hence 
these  metals  may  contaminate  "soda-water,"  beer,  etc., 
drawn  through  pipes  composed  of  these  metals. 

Physiological  Action.— The.  physiological  effects  of  car- 
bon dioxide  vary  with  the  state  of  dilution  or  admixture 
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■with  air.  Wlienpure  it  causes  almost  instant  death,  if  in- 
haled, from  spasm  of  the  glottis  and  wprma.  Even  when 
somewhat  diluted,  there  is  almost  immediate  insensihility 
and  loss  of  muscular  power,  and  the  person  drops  as  if 
felled  by  a  blow,  and  usually  dies  without  a  struggle,  un- 
less immediately  removed  into  pure  air.  Such  accidents 
are  most  likely  to  occur  from  going  into  deep  wells,  caves, 
mines,  etc. ,  where  the  gas,  termed  choke-dam/p  by  miners 
and  well-diggers,  has  accumulated  ;  or  from  putting  the 
head  into  a  fermenting  vat  which  has  been  closed  for  a 
time ;  or  from  venturing  too  near  to  the  mouth  of  a  lime- 
liiln,  burning  buildings,  or  volcanoes. 

When  mare  largely  diluted,  or,  as  is  most  likely  to  oc- 
cur, when  the  air  is  gradually  poisoned  by  it,  the  first 
feeling  is  a  sense  of  closeness,  then  weight  or  fulness  in 
the  head,  pressure  in  the  temples,  giddiness,  singing  in 
the  ears,  somnolency,  sometimes  nausea  and  loss  of  mus- 
cular power.  Death  is  preceded  by  coma,  with  sterter- 
ous  breathing,  rarely  vomiting  and  convulsions  ;  the  face 
is  usually  of  a  leaden  hue,  or  pale,  and  the  heart's  action, 
at  first  violent,  finally  stops.  It  is  not  poisonous  when 
taken  into  the  stomach. 

Post-mortem  Appea/rances. — The  body  of  persons  killed 
by  carbon  dioxide  usually  presents  a  livid,  or  very  pale, 
external  appearance.   The  face  has  sometimes  been  found 
swollen  and  distorted,  but  usually  it  is  placid  and  there 
is  no  evidence  of  a  struggle.     The  body  is  found  in  an 
easy,  natural  position,  as  though  in  a  sleep  at  the  time 
of  death.     The  superficial  veins  are  usually  prominent, 
and  are  filled  with  dark  liquid  blood.     There  is  nearly 
always  congestion  of  the  brain  and  its  membranes,  with 
engorgement  of  the  sinuses,  as  well  as  of  the  lungs. 
The  blood  is  usually  liquid  and  dark-colored.     "When 
the  source  of  the  poisonous  gas  is  from  burning  coals, 
the  carbon  dioxide  is  mixed  with  carbon  monoxide,  and 
the  blood  in  this  case  is  bright  red  instead  of  dark,  and 
coagulates  with  difficulty.    Putrefaction  of  the  body  af- 
ter carbon-dioxide  poisoning  takes  place  slowly,  and  bod- 
ily heat  and  rigidity  are  retained  an  unusually  long  time. 
All  the  internal   viscera  are  usually  found  congested. 
Thus  far  we  have  discussed  the  action  of  carbon  dioxide 
upon  the  economy  when  present  in  the  air  in  sufficient 
quantity  to  cause  death.     When  the  air  is  not  so  largely 
charged  with  this  gas,  the  symptoms  and  effects  are  less 
marked,  but  may  still  be  sufficient  to  occasion  some  dis- 
tress.   "When  the  air  of  a  given  room  or  locality  contains 
more  than  6  or  7  parts  per  10,000,  it  is  to  be  considered 
contaminated  or  impure.     An  adult  man  exhales  about 
0.7  cubic  foot  (19  litres)  of  carbon  dioxide  each  hour. 
This  quantity  will  raise  the  contents  of  3,500  cubic  feet 
of  air  from  0.4  to  0.6  part  per  1,000  each  hour.     It  is 
evident,  therefore,  that  this  amount  of  air  must  be  sup- 
plied to  each  adult  man  each  hour,  in  order  to  keep  the 
air  he   breathes  from  having  more  than  0.6  part  per 
1,000,  or  so  as  not  to  add  more  than  0.3  part  per  1,000. 
It  has  also  been  found  that  the  air  of  a  room  cannot  be 
changed  more  than  three  or  four  times  per  hour,  without 
causing  draughts.     Hence  (3,500  -H  4  =  875)  an  adult 
man  should  have  about  nine  hundred  cubic  feet  of  space, 
for  comfort,   when  proper  care  is  had  to  ventilation. 
"When  air  moves  more  than  nineteen  inches  per  second  a 
draft  is  perceived.     If  there  were  no  ventilation  through 
walls,  which  is  rarely  the  case,  an  open  window,  having 
an  opening  of  6  square  feet,  would  allow  8,420  cubic  feet 
of  air  to  pass,  when  the  draught  is  barely  perceptible ; 
or,  enough  for  a  healthy  adult  man.     Parkes,  in  his 
"Hygiene,"  p.   161  ("Wood's    Library),   gives  the  fol- 
lowing figures  as  representing  the  average  amounts  of 
CO2  given  off  per  hour  .by  persons  of  different  ages  when 
in  a  state  of  repose :  For  adult  males  (say  160  pounds), 
0.7  cubic  foot ;  for  adult  females  (say  130  pounds),  0.6 
cubic  foot ;  for  children  (say  80  pounds),  0.4  cubic  foot.; 
for  a  mixed  community,  0.6  cubic  foot.     Under  these 
conditions  the  amount  of  fresh  air  to  be  supplied  in 
health   during  repose  ought  to  be  :   For  adult  males, 
3,500  cubic  feet ;  for  adult  females,  3,000  cubic  feet ;  for 
children,  3,000  ;  for  a  mixed  community,  3,000  cubic  feet, 
per  head,  per  hour.     As  more  CO2  is  evolved  from  the 
body  on  exertion,  these  figures  are  too  low  for  workshops, 


factories,  mines,  etc.  In  mines  it  has  been  found  that 
6,000  cubic  feet  of  air  per  hour  is  necessary  to  keep  up 
the  greatest  energies  of  the  men.  With  light  work  a  man 
weighing  160  pounds  throws  off  0.95  cubic  foot  of  CDs  in 
one  hour,  while  in  heavy  work  the  same  man  would  throw 
off  1.96  cubic  foot  per  hour.  This  would  require  for  light 
work  the  delivery  of  4,750  cubic  feet  of  fresh  air  per 
hour,  and  for  heavy  work,  9,800  cubic  feet.  The  amount 
of  air  necessary  for  cattle,  horses,  and  other  large  ani- 
mals, is  estimated  by  Marcker  ("Proceedings  of  Civil 
Engineers,"  vol.  xii.,  pp.  298  and  308)  as  1  to  1.5  cubic 
foot  per  hour  for  every  pound  of  weight,  or  1,000  to  1,500 
cubic  feet  for  every  1,000  pounds  of  weight.  For  small 
animals  (sheep,  dogs,  cats,  etc.),  150  to  180  cubic  feet  of 
air  per  hour  should  be  supplied  for  each  100  pounds 
weight.  Birds  require  even  more.  The  following  table, 
from  Parke's  "Hygiene,"  p.  159,  shows  the  amount  of 
contamination  produced  by  one  man  in  different-sized 
spaces  for  one  hour  and  each  succeeding  hour : 

Table  to  show  tlie  Degree  of  Ooniam,ination  of  the  Air  by  Res- 
piration {in  Terms  of  OOi),  and  Amount  of  Air  necessa- 
ry to  Dilute  to  a  given  Starida/rd  ofO.%  per  1 ,  000  Volumes, 
exclusive  of  the  Amount  originally  present  in  the  Air. 


Amount  of  cubic 

Batio  per  1,000  of 
CO2  from  respi- 

Amount  of   air 

Amount    neces- 

space (—breath- 

ration   at    the 

necessary  to  di- 

sary to  dilute 

ing   space)    for 
one  man  in  cu- 

end     of      one 
hour,   if  there 

lute  to  stand- 
ard of  0.2  dur- 

to  the  given 
standard  every 

bic  feet. 

has     been    no 
change  of  air. 

hour. 

hour  after  the 
first. 

100 

6.00 

2,900 

3,000 

200 

3.00 

2,800 

3,000 

300 

2.00 

2,700 

3,000 

400 

1.50 

2.600 

3,000 

500 

1.20 

2,600 

3,000 

600 

1.00 

2,400 

3,000 

700 

0.86 

2,300 

8,000 

800 

0:75 

2,200 

3,000 

900 

0.6T 

2,100 

3,000 

1,000 

0.60 

2,000 

3,000 

In  hospital  wards,  where  sick  persons  are  confined, 
ventilation  should  supply  more  air  than  is  required  by 
the  healthy.  This  is  not  due  alone  to  the  COj  which 
they  give  off,  but  to  organic  emanations  which  permeate 
the  air  and  give  it  an  unpleasant  odor  and  closeness.  In 
hospital  wards,  Parkes  lays  down  the  rule  that  the  quan- 
tity of  air  supplied  should  be  from  4,000  to  4,500  cubic 
feet  per  person  each  hour.  The  following  table  from 
Witthaus'  "  Chemistry  "  gives  the  amount  of  air  which 
ought  to  be  supplied  to  each  person  under  the  conditions 
annexed : 


SlTCATIOK. 

Barracks  (daytime) 

Barraclis  (night-time) 

Worltshops  (mechanical) 

School-rooms 

Hospital  wards 

Hospital  wards  (surgical) 

Contagious  and  lying-in  wards, . . 

Mines 

Mines  (coal) 


Cubic  metres. 
35 

70 
70 


170 
170 
150 
170 


Cubic  feet 
1,236 
2,472 
2,472 
1,236 
3,004 
6,004 
6,004 
6,297 
6,004 


This  table  assumes  that  no  artificial  light  is  used  ;  but 
even  in  this  case,  the  quantities  given  are  smaller  than  most 
physicians  would  prefer  to  supply.  No  hospital  ward  oc- 
cupied by  a  number  of  persons  should  supply  less  than, 
4,500  or  5,000  cubic  feet  of  air,  per  person,  every  hour, 
and  in  the  case  of  most  septic  diseases,  out-door  air  is  to 
be  preferred. 

Oarbon  Dioxide  from  Oaa-lighta.  —  A  burner  which 
burns  3  feet  of  gas  per  hour  (ordinary  size)  produces 
about  2  cubic  feet  of  COa  per  hour,  and  removes  a  cor- 
responding amount  of  oxygen  from  the  air.  It  has  been 
calculated  that  each  burner  of  the  usual  form  (not  Argand) 
should  be  supplied  with  from  4,500  to  5,500  cubic  feet  of 
air  per  hour  to  prevent  contamination  with  CO3.  Ow- 
ing, however,  to  the  evolution  of  heat  and  watery  vapor, 
and  the  removal  of  oxygen,  a  larger  quantity  than  this 
should  be  supplied  to  keep  the  air  comfortable.  A  cubic 
foot  of  coal-gas  produces  about  from  0. 5  to  0. 8  cubic  foot  of 
COs,  being  rather  higher  for  "water-gas  "  than  for  "coal 
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gas."  A  burner  consuming  3  feet  of  gas  per  hour  would 
produce  from  1.5  to  3.5  cubic  feet  of  COa,  a  little  more 
than  three  adult  men,  or  four  average  persons,  would 
produce.  Pettenkofer  has  determined  that  a  burner 
consuming  5 feet  of  gasper  hour,  giving  13-candle  power, 
gives  off  as  much  heat  as  8  men,  more  COa  than  3  men, 
and  as  much  watery  vapor  as  5  men.  Adopting  this  as  a 
basis  of  calculation,  a  3-feet  burner  should  be  supplied 
with  as  much  air  as  3  persons,  or  about  9,000  feet  per 
hour,  to  keep  the  air  in  a  comfortable  condition.  In 
reality,  this  amount  of  ventilation  is  seldom  obtained  in 
a  room  of  ordinary  size.  The  basis  of  calculation  that 
has  usually  been  adopted  is  to  furnish  1,800  cubic  feet  of 
air  for  each  foot  of  gas  burned.  For  the  same  illumin- 
ating power,  oil  does  not  give  a  greater  degree  of  con- 
tamination than  gas.  An  ordinary  lamp  gives  about  the 
same  contamination  to  the  air  of  a  room  as  one  adult  man. 
Tests  for ^  Gwrhon  Dioxide. — The  physician  may  be  called 
upon  to  test  the  air  of  rooms,  or  inclosed  spaces,  for  COa, 
either  for  diagnostic  or  medico-legal  purposes.  The  fol- 
lowing simple  tests  may  be  employed  :  A  moistened,  blue 
litmus-paper  suspended  in  the  air  of  the  room  is  at  first 
reddened  and  then  bleached  by  carbon  dioxide.  If  the 
amount  of  COa  exceed  ten  or  twelve  per  cent. ,  and  has  been 
added  to  the  air,  a  candle  will  usually  be  extinguished. 
If  the  COa  has  been  produced  by  combustion  or  respi- 
ration, the  candle  will  be  extinguished  by  five  per  cent. 
An  atmosphere  in  which  a  candle  will  burn  may  be 
fatal  to  animals  or  man.  Lime-water  or  barium  hydrate 
(baryta  water)  is  rapidly  rendered  turbid  on  pouring  it 
from  one  vessel  into  another  in  an  atmosphere  rich  in 
COa.  A  piece  of  filter-paper  dipped  in  lime-water  colored 
red  with  phenophtalein  is  bleached  white  by  COa,  the 
rapidity  of  the  bleaching  depending  upon  tbe  amount 
contained  in  the  air.  Or  the  same  colored  solution  may 
be  poured  into  a  bottle  filled  with  the  air  of  the  space  as 
follows ;  Pill  the  bottle  with  water,  and  pour  it  out 
slowly  in  the  room  whose  air  is  to  be  tested,  or  better, 
siphon  it  out,  using  a  piece  of  rubber  tubing  as  a  siphon. 
One  cubic  centimetre  of  thoroughly  saturated  lime-water 
should  be  decolorized  by  1.6  litre  (1.5  quart)  of  out-door 
air,  or  one  litre  (roughly)  of  ordinary  in-door  air.  The  air 
of  a  room  should  not  decolorize  more  than  1  cubic  centi- 
metre for  each  litre.  The  1  cubic  centimetre  (15  minims) 
of  colored  lime-water  may  be  diluted  to  15  cubic  centi- 
metres ( §  ss.)  with  distilled  water  and  poured  into  a 
quart-bottle  of  the  air,  and  shaken  iip.  If  the  color  be 
discharged,  add  another  cubic  centimetre,  and  so  on 
until  a  permanent  color  remains  after  ten  minutes'  shak- 
ing. Where  proper  appliances  are  at  hand,  it  will  be 
much  more  accurate  to  use  standard  solutions  of  barium 
hydrate  and  oxalic  acid,  using  phenophtalein  as  an  in- 
dicator. S.  n.  Bartley. 

CARBONIC  ACID  WATER,  "Soda-water."  Car- 
bonic acid  water  is  the  product  of  the  solution  of  carbon 
dioxide  (carbonic  acid  gas)  in  water.  In  such  solution 
there  is  a  chemical  union  between  the  gas  and  the  water, 
molecule  for  molecule,  producing  the  body  ca/rbonic  acid 
proper  (HjCOs),  which  is  known  only  in  solution.  At 
the  ordinary  pressure  of  the  atmosphere  water  dissolves 
'  about  one  volume  of  carbon  dioxide,  but  will  take  up  in- 
creased quantities  under  artificial  increase  of  pressure  in 
direct  proportion  to  the  pressure.  The  carbonic  acid 
water  of  commerce  contains  from  five  to  ten  volumes  of 
gas  forced  to  dissolve  by  pressures  varying  from  five  to 
ten  atmospheres.  Such  supercharged  solutions  appear  as 
colorless  aqueous  fluid.?,  effervescing  briskly  on  release 
from  confinement,  from  spontaneous  evolution  of  the  ex- 
cess of  carbon  dioxide.  The  reaction  is  acid  and  the  taste 
pleasantly  acidulous  and  pungent.  Commercial  carbonic 
acid  water  must,  for  obvious  reasons,  be  kept  strongly  con- 
fined in  well-stoppered  vessels,  and  special  care  is  neces- 
sary that  there  be  no  exposed  surface  of  lead  or  copper  in 
the  storing  vessel,  else  contamination  of  the  water  with 
those  metals  wiU  result.  A  carbonic  acid  water  charged 
with  five  volumes  of  gas  was  formerly  officinal  in  the 
TJ.  S.  Pharmacopceia,  but  was  dismissed  in  the  revision 
of  1880. 


Carbonic  acid  water  is  medicinally  valuable  as  a  drink, 
and  as  a  vehicle  for  medicines.  As  a  drink  its  virtues  are 
that,  like  all  acids,  it  tends  to  excite  the  secretion  of  saliva 
and  buccal  mucus,  and  so  relieves  thirst  more  permanently 
than  plain  water,  and  that  it  is  peculiarly  grateful  to  the 
stomach,  tending  to  expel  flatus  and  allay  nausea.  As  a 
vehicle  for  medicines,  carbonic  acid  water  is  especially 
adapted  for  the  solution  of  mawkish  salts,  such  as  the 
purgative  salts  and  alkaline  carbonates,  bromides  and 
iodides.  Not  only  is  disagreeable  taste  thus  disguised, 
but  the  salt,  whatever  it  be,  is  much  less  liable  to  disorder 
the  stomach. 

It  is  almost  needless  to  say  that  all  effervescing  drinks 
— mineral  waters  and  sparkling  wines  or  malt  liquors — 
owe  their  effervescence  to  carbonic  acid  formed  by  the 
solution  in  the  liquid  of  carbon  dioxide  under  pressure. 

Edward  Curtis. 

CARBONIC  DISULPHIDE,  CSa.  This  body,  com- 
monly called  by  the  older  chemical  title  bisulphide  of 
ea/rbon,  is  now  oiBcinal  in  the  U.  S.  Pharmacopoeia  as 
Ga/rbonei  Bisulphidum,  Bisulphide  of  Carbon.  It  is  thus 
described  :  "A  clear,  colorless,  highly  refractive  liquid, 
very  diffusive,  having  a  strong,  characteristic  odor,  a 
sharp,  aromatic  taste,  and  a  neutral  reaction.  It  is  in- 
soluble in  water ;  soluble  in  alcohol,  ether,  chloroform, 
and  fixed  or  volatile  oils.  Sp.  gr.,  1,273.  It  vaporizes 
abundantly  at  ordinary  temperatures,  is  highly  inflamma- 
ble, boils  at  46°  C.  (114.8°  F.),  and,  when  ignited,  burns 
with  a  blue  flame,  producing  carbonic  and  sulphurous 
acids"  (U.  S.  Ph.).  The  "strong  characteristic  odor" 
of  the  above  description,  though  said  not  to  be  offensive 
in  a  perfectly  pure  sample,  is,  in  the  article  as  com- 
monly met  with  in  the  shops,  of  a  rotten-egg  quality,  so 
disagreeable  and  so  strong  as  to  constitute  a  practical 
bar  to  a  common  medicinal  use  of  the  compound.  The 
high  volatility  and  extreme  inflammability  are  also  points 
of  inconvenience,  and  the  latter  quality  one  of  danger  also. 

Carbon  disulphide  is  a  powerful  agent,  of  the  general 
type  of  the  volatile  alcohols  and  ethers.  It  is  locally  irri- 
tant while  yet  specifically  ansesthetic,  and,  absorbed  into 
the  blood,  profoundly  deranges  the  nervous  functions  in 
the  same  general  manner  as  chloroform.  Habitually  ab- 
sorbed, as  may  occur  by  breathing  the  fumes  in  india- 
rubber  factories,  where  the  agent  is  largely  used,  carbon 
disulphide  produces  a  peculiar  form  of  chronic  poisoning, 
elaborately  described  by  Delpech  as  observed  in  Paris 
workshops.  The  poisoning  commonly  begins  by  severe 
headache,  sometimes  accompanied  by  an  exhilarant  in- 
toxication. Later  follow  depression,  mental  apathy  and 
dulness,  loss  of  memory,  impairment  of  sight,  hearing, 
and  sexual  desire,  and  a  very  pronounced  loss  of  muscular 
power.  Cramps  and  various  dysassthesise  are  also  com- 
mon. The  poisoning  is  seldom  fatal,  but,  on  the  other 
hand,  after  full  development,  entire  recovery  of  health  and 
strength  is  unusual.  Treatment  is  upon  general  princi- 
ples, the  only  special  agent  recommended  being  phospho- 
rus, by  the  use  of  which  in  small  doses  Delpech  thinks  he 
has  abated  the  failure  of  muscular  and  virile  power. 

Medicinally  the  only  properly  allowable  use  of  carbon 
disulphide  is  as  a  local  application  for  the  relief  of  surface 
pains.  In  this  employment  the  action  is  like  that  of 
chloroform — conjointly  anaesthetic  and  sharply  irritant. 
An  application  of  carbon  disulphide  causes  for  a  few 
minutes  severe  pain,  andbnay  or  may  not  be  followed  by 
subsidence  of  a  neuralgia.  The  remedy  may  be  used  in 
vapor  by  saturating  with  carbon  disulphide  a  sponge  at 
the  bottom  of  a  wide-mouthed  flask,  and  then  pressing  the 
mouth  of  the  flask  to  the  skin.  Carbon  disulphide  has 
been  given  internally  in  doses  of  a  few  drops,  but  in  the 
absence  of  any  unique  therapeutic  powers  such  adminis- 
tration is  certainly  not  to  be  recommended. 

Edward  Curtis. 

CARBONIC   TETRACHLORIDE,  Telra-ehlorometlMne, 

Chloro-carbon ;   CCl,.     This   body  is  a  colorless,  thin, 

•  ethereal  fluid,  of  a  pleasant  aromatic  smell,  insoluble  m 

water  but  miscible  freely  with  alcohol  and  ether.     It  has 

been  tried  as  an  ansesthetic  and  has  been  found  to  operate 
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after  the  general  manner  of  chloroform,  but  with  such  a 
depressing  effect  upon  heart-action  that  it  is  little  likely 
ever  to  come  into  practical  use.  Edwa/rd  Gurtu. 

CARBUNCLE,  Carbuneulus  simplex  sen  benignua  (see, 
also,  "Anthrax"  and  "Boils").  ,        ,        ,    ^ 

[Some  eminent  authorities  consider  simple  carbuncle  to 
be  a  form  of  anthrax  (Anthrax  furonculeux),  and  apply 
this  designation  to  the  local  lesion.  This  seems  calculated 
to  create  confusion,  as  the  nature  and  course  of  the  two 
diseases  are  widely  different ;  and  the  essential  element 
of  malignant  pustule— the  bacillus  anthracis — is  not  found 
in  the  fluids  or  tissues  in  cases  of  simple  non-malignant 
oflrlmiiclG  1 

Carbuncle  is  an  inflammation  of  the  connective  (cellu- 
lar) tissue  of  a  greater  or  less  degree  of  severity,  accom- 
panied by  the  loss  of  a  certain  amount  of  tissue,  and  ex- 
hibiting a  tendency  to  mortification  of  the  skin. 

The  symptoms  belonging  to  carbuncle  are  of  a  much 
graver  character  than  those  attending  furuncle  (see  under 
heading  "  Boils"),  and  are  accompanied  by  more  or  less 
significant  signs  of  constitutional  disease,  such  as  fever, 
headache,  anorexia,  etc.  It  is  always  preceded  by  more  or 
less  serious  impairment  of  the  general  health,  by  a  feeling 
of  malaise,  and  sometimes  by  successive  chills.  These 
symptoms  become  intensified  until  the  local  disease  is 
manifested  by  elevation  of  temperature,  redness  and 
swelling  of  the  part,  accompanied  by  a  feeling  of  deep, 
and  at  times  ill-defined,  induration. 

When  the  inflammation  has  involved  an  area  of  a  cer- 
tain diameter,  its  periphery  becomes  fixed,  and  it  rarely 
afterward  progresses  beyond  this  boundary.  Sooii  a 
slight  elevation  of  the  epidermis  is  noticeable,  which 
speedily  ruptures  and  gives  exit  to  a  clear  gelatinous 
liquid,  which  quickly  dries  and  forms  crusts  about  the 
orifice  of  exit.  This  is  not  accompanied  by  amelioration 
of  the  pain,  redness,  heat,  or  swelling,  nor  does  it  in  the 
least  check  the  progress  of  the  disease. 

As  the  carbuncle  increases  in  size,  the  distress,  which  at 
first  is  usually  not  excessive,  becomes  gradually  more 
intense,  until  it  reaches  a  stage  when  it  can  be  compared 
to  nothing  but  a  violent  burning  pain  located  deep  in  the 
tissues  and  accompanied  by  throbbing  and  often  by 
agonizing  exacerbations.  The  carbuncle  becomes  the 
seat  of  numerous  small  openings  scattered  irregularly 
over  its  surface,  which  lead  down  to  the  seat  of  the  dis- 
ease in  the  deep  tissues  of  the  part.  After  a  time  the 
centre  of  the  carbuncle  usually  becomes  gangrenous. 
This  may  be  confined  to  a  small  portion  of  tissue,  and 
does  not  always  lead  to  any  considerable  destruction  in 
the  part ;  but  it  usually  occasions  a  loss  of  substance 
to  a  greater  or  less  amount,  sometimes  reaching  an  area 
of  twenty-five  to  thirty  centimetres  in  diameter.  This  is 
often  accompanied  by  a  notable  relief  from  the  pain. 

Irregular  fragments  of  necrosed  connective-tissue  or 
aponeurosis  are  often  separated  during  the  process  of 
healing,  and  appear  at  the  orifices  upon  the  summit  of  the 
carbuncle,  where  they  are  discharged  spontaneously,  or 
may  be  extracted  by  operative  measures.  When  the 
necrosed  tissues  are  retained  beneath  the  skin,  they  fre- 
quently give  rise  to  abscesses  in  the  periphery  of  the 
original  seat  of  disease,  and  thus  increase  the  severity  of 
the  local  lesion  and  augment  the  danger  to  the  patient, 
as  well  as  enlarge  the  surface  to  be  subsequently  healed. 
The  change  of  the  livid  color  at  the  border  of  the  indura- 
tion to  a  yellow  hue  is  an  indication  that  the  disease  has 
reached  its  limit. 

When  the  gangrenous  tissue  which  forms  the  centre  of 
the  carbuncle  has  been  entirely  eliminated,  the  process  of 
repair  commences,  by  the  gradual  formation  of  a  cicatrix 
over  the  seat  of  the  disease.  This  is  generally  a  slow 
process,  and  in  some  cases  is  not  completed,  on  account 
of  exhaustion  of  the  healing  power  of  the  system. 

The  duration  of  the  disease  varies  according  to  the  age 
and  condition  of  the  patient,  and  the  means  employed  in 
its  treatment.  If  the  carbuncle  is  early  and  thoroughly 
Incised,  a  complete  cure  may  sometimes  be  attained  in 
from  one  to  three  weeks,  although  cases  often  require  six 
months  for  healing.     The  average  duration  of  the  disease 


is  considered  by  competent  authorities  to  be  from  one  to 
two  months. 

Diagnosis. — In  its  early  stages  it  may  be  impossible 
to  differentiate  carbuncle  from  the  ordinary  furuncle ; 
but  the  diagnosis  would  soon  be  rendered  positive  by 
thexourse  of  the  disease.  The  furuncle  is  quite  super- 
ficial, affects  only  a  limited  amount  of  tissue,  may  be 
located  upon  any  part  of  the  body,  is  not  accompanied 
by  grave  constitutional  symptoms,  is  developed  quickly, 
is  not  limited  to  any  particular  period  of  life,  and  is  re- 
lieved by  spontaneous  opening  or  by  surgical  incision. 
The  carbuncle,  on  the  contrary,  is  situated  in  the  deeper 
tissues,  especially  in  parts  like  the  neck,  back,  scalp,  etc., 
in  which  are  broad  aponeurotic  expansions.  It  usually  oc- 
curs in  patients  already  the  subjects  of  diminished  vital- 
ity from  other  causes,  is  accompanied  by  grave  and  often 
alarming  constitutional  symptoms,  by  high  fever  and 
extreme  restlessness  ;  it  is  the  seat  of  great  and  continu- 
ous pain,  which  is  not  relieved  by  the  formation  of  an 
opening.  The  inflammation  extends  a  considerable  dis- 
tance beneath  the  surrounding  tissues,  and  is  sometimes 
followed  by  extensive  gangrene  of  the  superficial  struct- 
ures or  by  phlegmonous  inflammation  of  the  surrounding 
parts,  and  is,  par  excellence,  a  disease  of  advanced  life. 

The  simple  non-specific  carbuncle  may  properly  be 
considered  as  a  group  of  deep-seated  furuncles,  which  are 
situated  beneath  a  layer  of  fascia,  and  which  undermine 
and  cause  necrosis  of  a  relatively  large  amount  of  tissue, 
with  subsequent  gangrene  of  the  overlying  skin,  some- 
times to  a  very  alarming  extent.  The  furuncle  has  a  ten- 
dency to  heal  as  soon  as  an  opening  occurs ;  the  carbuncle 
shows  no  such  tendency. 

Carbuncle  may  be  confounded  with  commencing  ery- 
sipelas, and  with  a  simple  phlegmon  of  the  subcutaneous 
connective-tissue  ;  but  these  diseases  lack  the  localized 
character,  the  surrounding  induration,  the  punctated  sur- 
face, and  the  extensive  sloughing  of  a  circumscribed  por- 
tion of  connective-tissue.  Phlegmon  is  more  boggy  and 
diffused  than  is  commencing  carbuncle,  the  pain  and  fever 
are  not  so  marked  or  constant,  and  the  course  of  the 
symptoms  is  more  rapid.  Erysipelas  is  accompanied  by 
a  more  diffused  swelling  of  the  skin,  intense  redness,  and 
a  clearly  marked  boundary  of  the  disease,  with  lines  of 
inflammation  over  the  lymphatic  channels  and  infiltration 
of  the  lymphatic  glands.  There  is  usually  no  tendency  on 
the  part  of  a  carbuncle  to  extend  beyond  its  original  limit. 

Carbuncle  often  presents  a  striking  similarity  to  an- 
thrax (malignant  pustule),  and  might  sometimes  be  mis- 
taken for  this  malady,  during  its  early  stages,  at  the  time 
in  which  a  small  phlyctenular  elevation  of  the  epidermis 
upon  an  indurated  and  swollen  base  is  the  only  visible 
variation  from  the  normal  condition.  But  carbuncle  is 
rarely  accompanied  by  the  glandular  enlargement,  by  the 
peripheral  or  extended  oedema,  or  by  so  profound  signs 
of  constitutional  disturbance  as  is  the  more  grave  disease. 
Aside  from  these  points  in  diagnosis  is  the  important  fact 
that  malignant  pustule  is  observed  chiefly,  if  not  exclu- 
sively, among  those  who  have  been  in  some  way  brought 
in  contact  with  some  substance  containing  the  infection, 
and  therefore  is  more  especially  confined  to  those  persons 
who  are  obliged  to  handle  the  flesh,  hair,  wool,  skins, 
etc.,  of  animals,  or  to  those  who  are  engaged  in  the  care 
of  animals  already  diseased,  as  grooms  and  shepherds  (in 
the  grazing  regions  of  North  America  the  disease  might  be 
expected  among  cow-boys).  Finally,  the  dried  hides  of 
animals,  particularly  those  received  from  South  America, 
frequently  contain  the  virus  of  malignant  pustule,  and 
constitute  a  source  of  infection  to  curriers,  tanners,  and 
others  employed  in  their  manufacture. 

The  more  frequent  seat  of  carbuncle  is  the  neck  and 
back  ;  then  the  scalp,  thorax,  face,  and  limbs.  Cases 
have  been  reported  m  which  the  eyelid  was  the  seat  of 
carbuncle,  but  these  must  be  exceedingly  rare. 

Pathology. — Carbuncle  may  be  regarded  as  the  local 
manifestation  of  a  diseased  condition  of  the  general  sys- 
tem, being  always  preceded  by  a  prodromal  stage  similar 
in  many  ways  to  that  of  typhoid  fever.  It  has  been  no- 
ticed that  other  signs  of  a  constitutional  affection  are 
often  present  in  carbuncle.     Thus  Prout  observed,  in 
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1840,  that  the  outbreak  of  the  local  disease  was  fre- 
quently accompanied  by  the  urinary  symptoms  of  dia- 
betes ;  though  it  is  quite  possible  that  the  diabetic  phenom- 
ena and  the  carbuncle  may  each  belong  to  the  outward 
manifestations  of  some  grave  constitutional  affection, 
possibly  of  some  department  of  the  nervous  system.  The 
local  features  of  carbuncle  are  essentially  those  of  a  septi- 
cemia, and  are  to  be  considered  as  such  as  far  as  progno- 
sis and  treatment  are  concerned. 

Prognosis. — In  speaking  of  the  lesion  of  carbuncle 
allusion  was  made  to  the  ordinary  fumncle  as  the  mildest 
form  of  this  affection.  In  prognosis  the  same  relation 
holds  true.  The  furuncle  is  superficial  in  location,  runs 
its  course  without  fever,  and  is  uniformly  followed  by 
rapid  recovery,  leaving  a  small  cicatrix,  which  is  usually 
but  slightly  depressed  below  the  level  of  the  surrounding 
skin.  The  prognosis  of  carbuncle,  however,  depends 
upon  three  factors,  viz.  :  the  age  and  vigor  of  the  patient ; 
the  gravity  of  the  constitutional  symptoms,  pain,  etc., 
and  the  degree  of  interference  with  the  process  of  ali- 
mentation ;  and  the  situation  and  extent  of  the  local  dis- 
ease and  the  degree  to  which  gangrene  of  the  skin  or 
sloughing  of  the  deeper  tissues  occurs. 

When  the  carbuncle  is  situated  upon  the  neck  it  may 
produce  dyspnoea  by  pressure  upon  the  air-passages ; 
when  it  is  located  upon  the  chest  or  abdomen  the  pleura 
or  peritoneum  may  become  inflamed  ;  and  when  upon  the 
face,  distortion  of  the  features  may  ensue ;  when  situated 
upon  the  scalp  it  may  be  followed  by  meningitis. 

Treatment. — Carbuncle  is  believed  to  arise  from,  or 
to  be  accompanied  by,  a  depraved  condition  of  the  gen- 
eral health,  and  therefore  the  first  indication  would  be  to 
restore  as  far  as  possible  the  normal  vigor  of  the  system 
and  to  bring  about  a  better  nutrition  of  the  body.  Some 
of  the  most  celebrated  authorities  recommend  the  em- 
ployment of  active  emetics,  followed  by  cathartics,  for 
the  purpose  of  indreasing  the  eliminative  function  of  the 
digestive  canal,  and  possibly,  also,  as  a  means  of  deriva- 
tive action  upon  the  seat  of  the  disease.  When  we  con- 
sider, however,  that  the  patient  with  carbuncle  is  generally 
already  in  a  state  of  impaired  vigor,  any  active  depletory 
measures  should  be  either  entirely  abstained  from  or 
carefully  watched,  lest  they  induce  a  dangerous  degree  of 
exhaustion  or  are  followed  by  sudden  collapse. 

A  careful  regulation  of  food,  both  in  regard  to  quality 
and  quantity,  is  generally  necessary,  together  with  the 
administration  of  active  tonics  and  stimulants.  The  dis- 
tress is  frequently  so  great  as  to  require  the  use  of  ano- 
dynes, and  frequently  the  degree  of  fever  is  an  indication 
for  the  employment  of  large  doses  of  quinine.  Cod-liver 
oil  has  also  been  found  useful.  If  rapid  exhaustion 
supervenes,  the  administration  of  champagne  has  some- 
times been  followed  by  great  benefit.  When  convales- 
cence is  established,  iron  should  be  given,  a  generous  and 
strengthening  diet  should  be  ordered,  and,  if  possible, 
sea-bathing  advised. 

Locally,  the  treatment  must  depend  much  upon  the 
symptoms  belonging  to  each  particular  case.  At  times 
the  application  of  cold  is  of  great  service  in  relieving  the 
pain  and  modifying  the  severity  of  the  inflammation,  but 
generally  hot  and  moist  applications  are  most  comfortable 
to  the  patient.  These  may  consist  of  simple  hot  com- 
presses, but  the  best  mode  of  treatment  is  by  means  of 
large  poultices,  which  should  be  frequently  changed.  At 
times  the  local  abstraction  of  blood  by  means  of  leeches 
affords  temporary  relief,  but  the  bleeding  is  liable  to  be  ex- 
cessive in  amount,  and  may  induce  a  condition  of  collapse. 

The  surgical  treatment  of  carbuncle  should  have  for 
its  object  the  liberation  of  the.  sloughing  tissue  in  the 
centre  of  the  carbuncle,  and  the  free  opening  of  all  sup- 
purating parts,  to  allow  the  easy  evacuation  of  pus. 
For  this  purpose  many  methods  of  procedure  have  been 
advised,  such  as  the  circular  incision  around  the  base  of 
the  carbuncle,  the  cauterization  of  the  summit  of  the 
swelling  by  means  of  potash  or  ferrum  candens  ;  the 
crucial  incision  of  the  entire  carbuncle,  the  subcutaneous 
stellar  incision  through  its  substance ;  and  the  treatment 
by  compression  of  the  entire  carbuncle,  or  of  its  periph- 
eral portions,  by  means  of  firm  or  elastic  bandages. 


The  treatment  by  circular  incision  consists  in  cutting  a 
channel  quite  around  the  base  of  the  carbuncle,  so  as  to 
divide  the  skin  and  the  superficial  blood-vessels,  and  has 
for  its  object  the  diminution  of  the  vascular  supply,  with 
the  result  of  relieving  the  tension  and  reducing  the  feb- 
rile action  in  the  part,  .and  thus  modifying  the  severity  of 
the  process  and  hastening  the  recovery.  It  is  more  es 
pecially  to  be  employed  in  the  early  stages  of  the  disease 
before  gangrene  has  occurred,  and  while  the  central 
slough  may  yet  be  quite  small. 

The  application  of  caustic  potash  or  the  hot  iron  to  the 
summit  of  the  carbuncle  has  the  aim  to  provide  a  path 
for  the  release  of  the  sloughing  centre  of  the  diseased 
part,  and  at  the  same  time  to  avoid  the  unnecessary  loss 
of  blood  from  hsemorrhage.  The  tissue  to  which  the 
cautery  is  applied  is  destroyed  without  bleeding,  and  the 
interior  of  the  carbuncle  is  rendered  accessible  to  direct 
treatment.  This  mode  of  treatment  is  not  often  em- 
ployed, as  it  is  painful  in  its  action  and  the  resulting 
benefit  is  comparatively  slight. 

The  crucial  incision  of  the  entire  carbuncle  from  base 
to  summit  is  doubtless  a  very  useful  and  effectual  man- 
ner of  exposing  the  interior  of  the  swelling  to  view,  and 
of  liberating  the  sloughing  centre  in  the  most  rapid  man- 
ner. When  the  operation  is  completed  the  carbuncle 
presents  four  deep  incisions  radiating  from  the  centre  to 
the  periphery.  By  this  means  the  whole  interior  of  the 
diseased  part  is  made  accessible  to  direct  treatment,  and 
the  most  favorable  conditions  for  rapid  and  complete  re- 
covery are  at  once  established.  The  incision  of  the  skin 
over  the  inflamed  part,  however,  is  attended  with  a  con- 
siderable loss  of  blood,  which  in  the  debilitated  condition 
of  many  of  the  subjects  of  this  disease  is  of  no  small  im- 
portance. To  obviate  this,  and  thus  to  save  the  strength 
of  the  patient,  the  method  of  subcutaneous  stellar  in- 
cision has  been  adopted  in  most  cases  of  extensive  car- 
buncle. 

This  mode  of  treatment  consists  in  the  internal  divis- 
ion of  the  seat  of  disease  into  many  small  sections,  and 
has  for  its  object  the  rapid  and  easy  evacuation  of  the 
sloughing  tissues  of  the  centre  of  the  carbuncle  and  the 
liberation  of  purulent  matter,  with  the  avoidance  of  ex- 
cessive hsemorrhage. 

In  performing  this  operation  the  surgeon  makes  use  of  a 
long  and  narrow  knife,  which  is  inserted  into  the  perforated 
centre  of  the  carbuncle  and  earned  directly  to  the  bottom 
of  the  disease.  Its  point  is  then  directed  outward  toward 
the  periphery  of  the  carbuncle,  and  when  the  external  boun- 
dary has  been  reached  the  edge  of  the  knife  is  turned  to- 
ward the  skin,  and  the  tissue  is  carefully  cut  from  below 
toward  the  surface.  The  incision  should  not  be  allowed 
to  reach  the  skin,  on  account  of  the  bleeding  which  would 
ensue,  but  should  comprise  all  the  diseased  tissues  below 
the  skin.  This  process  should  be  repeated  in  all  direc- 
tions until  the  carbuncle  consists  of  only  a  superficial 
covering  of  sound  skin  overlying  the  thoroughly  divided 
and  broken-up  mass  of  the  carbuncle.  The  amount  of 
hsemorrhage  is  very  slight.  The  free  division  of  the 
diseased  tissues  is  followed  by  the  rapid  separation  of 
the  gangrenous  portions,  and  if  the  strength  of  the  pa- 
tient is  not  too  much  reduced,  recovery  is  usually  rapid 
and  complete. 

The  application  of  moist  heat,  preferably  in  the  form 
of  poultices,  should  follow  any  operative  measures,  as 
the  separation  of  the  sloughing  portions  is  accelerated  by 
warmth  and  moisture,  and  the  process  of  repair  is  has- 
tened. Should  the  necessity  for  disinfection  arise,  this 
may  be  accomplished  by  the  use  of  chlorinated  soda, 
which  is  preferable  to  carbolic  acid,  on  account  of  the 
somewhat  greater  danger  of  poisoning  by  this  agent  in 
carbuncle  than  in  ordinary  surgery,  owing  to  the  more 
extensive  surface  for  absorption  and  the  age  and  weak- 
ened condition  of  the  patient.  If  it  should  become  de- 
sirable to  employ  an  antiseptic,  a  solution  of  mercuric 
bichloride  may  be  used  in  the  wound,  in  the  strength  ot 
one  part  to  two  thousand  or  four  thousand  parts  of  water, 
without  danger  of  grave  intoxication. 

The  cicatrix  following  carbuncle  is  generally  more  or 
less  depressed,  and  may  at  times  become  so  retracted  as 
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to  produce  deformity,  and  occasionally  to  interfere  witli 
the  functional  activity  of  parts  or  organs  (neck,  jaw,  eye- 
Ud,  etc.).  Albert  iV".  Blodgett. 

CARCINOMA   (PATHOLOGICAL   ANATOMY).    The 

carcinoma  may  be  defined  as  a  tumor  which  is  chiefly 
composed  of  true  epithelial  cells ;  but  which  cells,  in- 
stead of  growing  in  a  manner  conforming  to  the  normal 
epithelial  structures,  grow  in  an  irregular  atypical  man- 
ner. The  structure  of  a  carcinoma  can  never  imitate  ex- 
actly any  typical  epithelial  structure,  as  for  example,  a 
gland.  Remak  first  showed  that  at  a  very  early  period 
in  the  life  of  the  embryo,  the  blastoderm  was  divided  into 
three  layers,  and  from  these  three  layers  all  the  tissues 
of  the  body  were  formed.  He  held  that  this  law  applied 
not  only  for  all  physiological  growth,  but  also  for  the 
pathological  formations.  Thiersch  founded  his  theory 
of  the  development  of  the  epithelial  carcinoma  on  this 
law  of  Remak's,  regarding  it  as  a  true  epithelial  growth 
proceeding  from  the  epidermis.  He  regarded  the  law  of 
Remak  as  a  true  histogenetic  law  which  must  hold  good 
for  all  life ;  a  tumor,  for  instance,  whose  chief  consti- 
tuents wei'e  epithelial  cells,  could  only  arise  from  an  epi- 
thelial structure.  What  Thiersch  did  for  the  epithelial 
carcinoma  Waldeyer  did  for  the  glandular  carcinoma. 
He  studied  particularly  the  carcinoma  of  the  mammary 
gland,  and  showed  that  it  was  a  true  epithelial  tumor, 
and  originated  in  the  glandular  epithelium.  Formerly  the 
whole  question  was  very  much  confused  by  the  uncertainty 
of  the  definition  given.  The  name  cancer  and  carcinoma 
were  used  synonymously,  and  were  applied  to  all  malig- 
nant growths.  Since  the  anatomical  study  of  the  new- 
formations,  and  especially  their  histogenesis,  was  taken 
up  and  so  highly  developed  by  Virchow,  we  know  that 
only  the  anatomical  structure  of  a  tumor  can  tell  us  any- 
thing as  to  its  nature.  Most  modern  pathologists  are 
agreed  that  only  such  tumors  can  be  called  carcinomas 
whose  chief  constituents  are  eijithelial  cells  arranged  in  a 
peculiar  manner,  and  to  this  most  authorities  have  added 
that  they  must  be  derived  from  true  epithelium.  Remak's 
theory  of  development  has  of  late  undergone  various  modi- 
fications, but  these  have  only  served  in  many  instances  to 
make  more  clear  the  epithelial  origin  of  the  carcinoma. 
Many  structures  which  were  formerly  believed  to  origi- 
nate in  one  layer  of  the  blastoderm  are  now  known  to 
proceed  from  another.  It  was  well  known  that  there 
could  be  a  true  carcinoma  on  surfaces  covered  by  endo- 
thelium, as  on  the  pleura,  peritoneum,  etc.,  and  these 
structures  were  not  covered  by  epithelium  but  by  endo- 
thelium, which  was  formed  from  the  mesoblast.  Now,  it 
is  known  that  there  is  no  real  distinction  between  epi-  and 
endo-thelium,  and  both  are  formed  from  the  same  embry- 
onic tissue.  Thiersch  and  Waldeyer  have  been  the  chief 
exponents  for  the  theory  of  the  epithelial  origin  of  car- 
cinoma, and  their  views  have  been  adopted  by  a  number 
of  other  German  pathologists,  as,  for  example,  Ziegler, 
Birch-Hirschfeld,  Billroth,  Klebs,  and  others. 

On  the  other  hand,  there  are  a  large  number  who  be- 
lieve it  can  originate  from  any  tissue  at  will,  and,  indeed, 
that  normal  epithelial  structures  can  originate  in  connec- 
tive-tissue, or  in  the  muscle  elements  of  the  vascular 
walls,  etc.  Among  these  authors  may  be  mentioned 
Rindfleisch,  Volkman,  Liicke,  Eberth,  Gussenbauer,  and 
Weil.  Virchow  held  that  the  carcinoma,  like  all  other 
tumors,  was  formed  from  the  connective-tissue.  In 
France,  Cornil  and  Ranvier  separate  sharply  the  glandu- 
lar carcinoma  from  those  seated  on  the  surface,  and  re- 
gard the  glandular  growths  (which  they  designate  as 
carcinoma  in  contradistinction  to  epithelioma,  the  sur- 
face growth)  as  true  connective-tissue  tumors.  As  a 
strong  point  in  favor  of  the  theory  which  finds  in  con- 
nective-tissue the  mother-tissue  of  the  carcinoma,  we 
have  the  fact  of  this  tumor  being  found  primarily  in 
bone,  muscle,  etc.  There  are  a  great  number  of  such 
cases  reported.  There  is  no  doubt  but  that  in  a  number 
of  these  cases  the  primary  tumor  may  have  been  so  small 
as  to  be  overlooked  at  the  autopsy,  and  what  really  was 
a  secondary  growth  may  have  been  mistaken  for  the  pri- 
mary.    Again,  the  tissue  of  some  of  the  sarcomas  ap- 
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proaches  so  nearly  to  that  of  the  carcinoma  that  a  mis- 
take in  diagnosis  may  have  arisen  in  this  way.  Still  there 
are  other  cases  which  cannot  be  so  explained.  The 
writer  once  saw  a  case  in  which  a  nodule  the  size  of  a 
walnut,  and  of  a  soft  medullary  consistency,  was  found 
enclosed  in  the  sternum.  The  most  careful  search  failed 
to  find  elsewhere  in  the  body  a  tumor  of  any  sort,  and  on 
microscopic  examination  the  sternum  tumor  showed  the 
most  typical  carcinomatous  structure.  Such  cases  can, 
however,  be  explained  in  accord  with  the  theory  of 
Cohnheim,  that  here  some  epithelial  elements  had  been 
deposited  in  an  early  period  of  embryonic  life,  and  they 
had  afterward  developed  into  a  carcinoma.  (See  article 
on  Tumors.) 

Much  of  the  uncertainty  which  prevails  in  reference  to 
the  histogenesis  of  the  carcinoma  is  due  to  the  complex 
character  of  its  anatomical  structure.  In  most  of  the 
other  tumors  we  have  but  a  single  tissue  to  study,  here 
we  have  two.  As  we  have  said,  its  principal  constitu- 
ents are  epithelial  cells,  or  cells  similar  in  appearance  to 
these.  These  cells  are  arranged  in  alveoli,  which  may 
be  round,  more  or  less  elongated,  club-shaped,  etc.,  and 
these  masses  of  epithelial  cells  grow  into  the  surround- 
ing tissues  in  the  same  way  as  is  the  case  in  the  foetus. 
The  single  cells,  of  which  the  alveoli  are  composed,  are 
in  close  contact  with  each  other,  and  no  other  tissue 
enters  into  the  alveoli.  This  must  be  regarded  as  the 
chief  distinguishing  mark  between  the  alveolar  sarcoma 
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Via.  560.— /I,  Single  Alveolus  from  an  Alveolar  Sarcoma  of  the  Upper 
Jaw.  A  liiBtinot  retioulnm  of  connective-tiBsue  is  seen  between  the 
cells.  B,  Single  Alveolus  from  a  Carcinoma  of  the  Mamma,  The  cells 
are  in  cIo.se  contact  with  each  other,  and,  in  one  place,  have  shrunken 
from  the  alveolar  wall.    (X  300.) 

and  the  carcinoma.  The  cells  of  the  alveolar  sarcoma 
may  be  exactly  similar  to  epithelial  cells,  and  the  alve- 
oli, as  seen  under  a  low  power,  may  be  as  sharp  and 
distinct  as  in  the  carcinoma ;  but  with  higher  powers  we 
see  that  the  cells  in  the  alveoli  are  more  or  less  separated 
from  each  other  by  threads  of  connective-tissue,  and  in 
some  cases  capillaries  can  be  traced  into  them. 

We  must  consider  another  tissue  which  plays  an  im- 
portant part  in  the.  carcinoma,  and  that  is  the  tissue  which 
lies  between  and  separates  the  alveoli.  In  some  cases  this 
is  well-formed  connective-tissue,  but  in  others  it  consists 
of  a  tissue  very  vascular  and  rich  in  cells,  similar  to  the 
undifferentiated  tissue  of  the  embryo.  It  is  a  well-known 
fact  that  connective-tissue  cells  under  the  influence  of 
chronic  inflammation,  may  take  on  forms  which  greatly 
resemble  epithelial  cells  ;  one  has  only  to  look  at  the  so- 
called  epithelioid  cells  of  the  tubercle,  or  the  cells  in  the 
submucous  coat  of  the  intestine,  in  cases  of  dysentery,  to 
be  convinced  of  this  fact.  Similar  conditions  are  also 
sometimes  seen  in  the  interalveolar  tissue  of  the  carci- 
noma, and  have  been  interpreted  by  many  as  showing 
the  change  of  connective-tissue  into  true  epithelium.  We 
find  everywhere  under  the  influence  of  chronic  inflamma- 
tion and  irritation,  a  connective-tissue  in  all  respects  anal- 
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Fig.  561. — Cella  from  a  Eapidly  Grrowing  Carcino- 
ma of  the  Mamma,  Examined  in  Salt  Solution. 
(X400.) 


ogous  to  this  interalveolar  tissue ;  in  some  cases  hard 
and  indurated  as  the  tendon,  in  others  taking  the  type  of 
embryonic  connective-tissue,  and  in  others  filled  with 
epithelioid  cells.  It  is  composed  of  the  old  connective- 
tissue  of  the  part  in  which  the  carcinoma  has  originated. 
Of  course,  under  the  influence  of  the  chronic  inflamma- 
tion caused  by  the  growth,  it  proliferates  just  as  any 
other  tissue,  and 
we  always  have 
this  new  forma- 
tion of  connec- 
tive •  tissue  aC' 
companying 
the  epithelial 
growth.  In  the 
narrow  sense  we 
might  say  that  it 
formed  no  in- 
tegral part  of 
the  tumor ;  that 
the  tumor  was 
t  h  e  epithelial 
growth,  and  the 
other  was  inci- 
dental to  this. 
The  cells  of 
which  the  alveoli  are  composed  are,  as  we  have  said,  epithe- 
lial in  character,  but  they  have  no  definite  typical  size  or 
shape.  This  depends  for  the  most  part  on  the  character  of 
the  epithelium  from  which  they  took  their  origin,  but  is  in- 
fluenced by  other  things.  When  a  portion  of  a  rapidly 
growing  carcinoma  of  the  inamma  is  examined  under  a 
high  power  we  find  cells  like  those  represented  in  Fig.  561 
—large,  palely  granular  cells,  which  may  be  round,  cau- 
date, or  even  approaching  a  spindle  in  form.  Usually 
there  is  only  one  nucleus  present,  and  this  is  sharply 
separated  from  the  protoplasm  of  the  cell  and  provided 
with  one  or  more  strongly  refracting  nucleoli.  In  most 
cells  a  number  of  fat  drops  will  be  found.  The  shape  of 
the  cells  is  obviously  influenced  by  the  mutual  pressure 
to  which  they  are  subjected  in  the  alveoli.  This,  then, 
is  the  characteristic  of  the  carcinoma :  groups  of 
epithelial  cells  of  various  sizes  and  shapes  lying  in  a 
stroma  formed  of  connective-tissue  rilore  or  less  al- 
tered. This  alone  will  enable  us  to  diagnose  a  tumor 
as  a  carcinoma.  From  an  examination  of  the  cells 
alone  we  can  tell  nothing.  No  connective-tissue  and 
no  blood-vessels  penetrate  the  groups  of  epithelial 
cells  ;  the  single  cells  are  in  close  contact  with  each 
other.  All  nutrition  must  come  from  the  abundant 
vessels  in  the  stroma,  and,  in  consequence  of  this, 
the  outermost  cells  of  the  alveoli  are  the  best  nour- 
ished, being  nearest  the  blood  supply.  The  larger 
the  alveoli  become,  the  worse  is  the  nutrition  of  the 
cells  in  the  middle,  and  we  often  have  four  or  five 
rows  of  cells,  whose  nuclei  stain  brightly,  surround- 
ing a  fatty  caseous  mass.  All  growth  takes  place  in 
this  well-nourished  circle,  all  new  cells  are  formed 
here,  and  the  cells  in  the  middle  are  the  oldest._  It 
may  be  regarded  as  analogous  to  the  rete  Malpighii 
of  the  skin.  In  studying  nuclear  division  by  the 
cariokinetic  figures,  we  only  find  these  figures  in  the 
outside  cells.  Where  cells  are  by  their  nature  des- 
tined to  undergo  various  metamorphoses,  as  in  car- 
cinomas which  have  their  origin  in  the  epithelium 
of  the  skin,  we  find  the  cells  in  the  middle  of  the 
alveoli  flat,  and  with  all  the  characteristics  of  the 
horny  layer  of  the  epidermis. 

When  we  niake  a  section  through  the  middle  of  a 
carcinoma  and  lightly  scrape  the  cut  surface  with  a 
knife,  we  obtain  a  milky-looking  fluid,  which,  on  exami- 
nation, will  be  found  to  consist  of  fat  globules  and  epithe- 
lial cells.  This  is  the  cancer-juice  on  which  so  much  stress 
has  been  laid  as  diagnostic  of  cancer.  Using  the  word 
cancer  in  a  clinical  sense  merely,  as  designating  a  malig- 
nant tumor,  the  presence  of  this  juice  is  of  much  moment, 
but  it  is  not  at  all  diagnostic  of  the  carcinoma.  We  can 
obtain  from  nearly  all  of  the  sarcomas  such  a  juice,  and 
generally  in  greater  amount  than  in  the  carcinoma.    It 


depends  on  the  loose  connection  between  the  cells  and  the 
formed  tissue  which  enables  us  to  separate  them.  Where 
that  connection  is  a  close  one,  as  in  the  fibroma  and  chon- 
droma, it  is  obviously  impossible  to  obtain  such  a  juice. 

We  have  said  that  the  carcinoma  is  an  atypical  epi- 
thelial growth,  but  the  reverse  of  this  is  not  true ;  all 
atypical  epithelial  growths  are  not  carcinomas.  We  must 
have  something  more  added  to  this — we  must  have  the  ca- 
pacity for  unlimited  growth,  for  invading  and  destroying 
adjacent  structures,  and  for  producing  in  a  distant  part 
of  the  body  similar  growths— before  we  can  call  such  a 
growth  a  carcinoma.  Priedlander  has  made  most  careful 
researches  upon  this  subject ;  he  finds  a  growth  of  epi- 
thelium extending  downward  into  the  tissues  in  all  cases 
in  which  the  normal  condition  of  the  underlying  tissues 
ia  altered.  It  would  seem  that  this  tendency  to  unlimited 
growth  is  inherent  in  the  epithelium,  and  is  only  kept 
in  check  by  the  resistance  of  the  neighboring  tissues. 
Thiersch  explained  the  frequency  of  epithelial  carci- 
nomas in  old  people  by  supposing  that  old  age  dimin- 
ished the  physiological  resistance  wtich  connective-tissue 
offers  to  the  growth  of  the  epithelium.  It  is  probable 
that  the  irritative  action  of  the  growth  of  the  carcinoma 
alveoli  into  the  surrounding  tissue,  as  evidenced  by  the 
small-cell  infiltration,  etc.,  produces  changes. in  it  favor- 
able to  its  further  growth.  Cohnheim  has,  indeed,  found 
in  this  want  of  physiological  resistance  of  the  tissues 
the  chief  criterion  of  the  malignant  tumor.  We  may 
have  in  the  skin  covering  a  lupus  or  leprosy  nodule  a 
proliferation  of  the  epithelium,  which  will  appear,  on 
microscopic  examination,  exactly  similar  to  carcinoma. 
But  the  gi'owth  is  only  a  liniited  one,  and  ceases  so  soon 
-  as  the  connective-tissue  is  restored  to  its  normal  condition. 

The  carcinomas  have  been  given  various  names  to  de- 
signate the  differences  which  exist  mainly  in  their  micro- 
scopic appearances.  These  differences  are  due  to  varying 
relations  between  the  alveoli  and  the  stroma,  or  to  some 
change  which  has  taken  place  in  the  stroma.  There  are 
sufficient  differences  between  those  carcinomas  which 
originate  in  the  surface  epithelium  and  those  of  glandular 
origin  to  allow  us  to  consider  them  separately.     This  dis- 


riG.  568.— Section  of  a  Mednllary  Carcinoma  of  the  Mamma.    (X  ITB.) 

tinction  is  no  absolute  one ;  we  cannot,  for  example,  sep- 
arate those  originating  in  the  sebaceous  glands  and  the 
crypts  of  Lieberkuhn  from  those  on  the  surface. 

The  carcinomas  originating  in  the  surface  epithelium 
(epithelioma)  can  be  divided  into  the  pavement-cell  and 
cylindrical-cell  varieties.  The  pavement-cell  epithelial 
carcinomas  form  warty  nodular  growths  seated  on  the 
surface  of  the  skin,  or  on  the  mucous  membrane  of  the 
mouth,  oesophagus,  lower  rectum,  etc.    On  section  they 
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have  a  white,  pearly  color,  and  on  scraping  them  with  a 
knife  we  obtain  small,  round,  hard  bodies,  which,  on 
microscopical  examination,  are  found  to  consist  of  con- 
centric masses  of  horny  epithelial  cells.  The  mode  of 
origin  of  the  tumor  can  be  studied  from  sections  of  small 
nodules,  which  also  include  some  of  the  adjacent  skin. 
The  Malpighian  layer  of  the  skin  sends  down  long  pro- 
cesses into  the  connective-tissue  ;  these  processes  branch 


PlQ.  683.— Section  from  the  Edge  o(  an  Epithelial  Carcinoma  of  the  Cheek.    At  various 
places  a  small  cell-infiltration  of  the  connectiTe-tissue  is  seen. 

and  traverse  the  skin  in  every  direction.     Frequently  the 
epithelial  growth  forms  one  connected  mass,  as  may  be 
seen  by  studying  series  of  sections.     Most  often,  however, 
small  portions  become  cut  off  in  the  course  of  growth, 
and  these  form  new  centres.  Between  these  groups  of  epi- 
thelial cells  we  find  a  connective-tissue,  sometimes  fully 
developed  and  showing  no  evidence  of  growth,  at  other 
times  filled  with  cells  and  newly  formed  blood-vessels. 
Each  of  these  alveoli  of  epithelium  almost  repeats  the 
structure  of  the  skin.     On  the  outside  we  have  rather 
cylindrical  cells  with  brightly  staining  nuclei,  and  within, 
the  cells  become  flatter  as  they  approach  the  middle 
Their  edges  are  interlaced  with  each  other  by 
slight  projections,  and  in  no  tissue  can  these 
"  Stachelzellen  "  be  better  studied  than  in  such 
a  carcinoma.     The  interior  often  contains  the 
small,  round  pearls  which  we  have  said  could 
be  obtained  by  scraping  the  surface.     These 
pearls  were  supposed  to  be  characteristic  of  the 
pavement  epithelial  carcinoma,  but  we  know 
now  that  they  will  always  be  found  in  any  epi- 
thelial growth  which  takes  place  under  the  same  condi- 
tions.    The  ramifications  of  the  epithelial  growth  remind 
one  of  the  network  of  lymphatic  vessels  in  the  skin,  and 
Koster  has  supposed  that  the  cells  are  derived  from  their 
endothelium.     By  means  of  nitrate-of -silver  injections  he 
has  shown  that  these  alveoli  were  often  in  direct  continuity 
with  the  lymphatics,  and  in  the  cases  in  which  the  epithe- 
lial growth  was  apparently  a  continuation  of  the  Malpi- 
ghian layer,  he  supposes  that  this  is  a  secondary  result 
from  the  fusion  of  the  tumor  with  the  skin.     It  is  true 
that  this  connection  with  the  lymphatics  is  a  very  close 
one,  but  it  by  no  means  follows  that  the  lymphatics  play 
an  active  part  in  the  growth.     The  alveoli  in  their  growth 
are  sure  to  follow  in  the  line  of  the  least  resistance,  and 
having  early  broken  through  into  the  lymphatics,  grow 
along  and  in  these.     There  are  various  minor  differences 
in  the  epithelial  carcinomas,  depending  on  the  part  of  the 
body  in  which  they  originate. 

The  cylindrical-cell  carcinoma  is  seated  on  mucous  sur- 
faces, especially  on  the  mucous  surface  of  the  intestinal 
tract  and  the  uterus.  They  form  soft  medullary  tumors 
and  generally  originate  in  simple  glands  lined  with 
cylindrical  epithelium.    Probably  in  most  cases  the  tu- 

768 


mor  starts  as  an  adenoma ;  the  first  growth  is  a  typical 
one,  and  the  structure  of  the  gland  is  repeated.  Later 
the  alveoli  become  filled  with  cells,  the  glandular  char- 
acter is  lost,  and  they  grow  out  into  the  surrounding 
tissues.  We  have  a  similar  history  frequently  in  the 
pavement-cell  carcinomas.  These  frequently  originate 
in  simple  papillomas  ;  when  from  any  cause  the  growth 
of  the  epithelium  takes  place  in  the  opposite  direction 
downward  into  the  cutis,  it  becomes  the 
atyptical  carcinoma.  In  carcinoma  of  the 
bladder  this  can  frequently  be  seen.  We 
can  have  at  the  same  place  a  papilloma  and 
a  carcinoma.  The  name  adeno-carcinoma 
has  been  given  such  tumors  in  the  intestinal 
tract,  and  the  name  papillo-carcinoma  might 
with  propriety  be  used  to  designate  an  analo- 
gous condition  in  the  pavement-cell  carcino- 
mas. The  alveoli  of  the  cylindrical-cell  car- 
cinomas of  the  uterus  are  large  and  round, 
the  cells  on  the  outside  retain  completely 
their  cylindrical  form,  and  those  within  are 
more  or  less  altered  from  pressure,  and,  as  a 
rule,  are  in  an  advanced  state  of  degeneration. 
It  is  needless  to  remark  that  in  the  cylindri- 
cal-cell carcinoma  we  do  not  have  the  for- 
mation of  pearls. 

As  much  as  the  purely  glandular  carcino- 
ma, if  we  take  that  of  the  mamma  as  a  type, 
may  differ  macroscopically  from  the  surface 
carcinoma,  their  modes  of  origin  and  micro- 
scopic structure  are  about  the  same.    There 
is  first  a  growth  of  the  epithelium  into  the 
lumen  of  the  gland,  and  then  an  epithelial 
infiltration  of  the  surrounding  tissues.    The 
whole  process  can  best  be  studied  on  great 
sections,  embracing  both  the  tumor  and  the  adjacent 
healthy  structure,  with  a  low  power.     We  then  see  in 
place  of  the  small  acini  great  groups  of  carcinoma  cells  of 
different  sizes  and  shapes  embedded  in  a  scanty  stroma. 
From  these  primary  foci  the  infiltration  of  the  connective- 
tissue  extends  beyond  the  limits  of  the  gland.    The  spaces 
in  the  connective-tissue  are  widened  and  pressed  apart  by 
the  epithelial  invasion  which  partly  takes  place  in  the 
form  of  round,  club-shaped  projections,  and  partly  as 


long,  thin  processes. 
This  extends  along 
the  large  gland-duets 
and  infiltrates  the 
cutis,  especially  in 
the  region  of  the  nip- 
ple. A  new  forma- 
tion of  connective-tis- 

Pio.  564.— (From  Comil  and  Eanvier.)    Sec-  sue  accompanies  this 

l>h  Mi?  °f  "'"V'S!?"  "'  ""=  Mamma  Treated  epithelial  growth, 
with  Nitrate  of  Silver,    o,  Lymph  spaces  in   .ilj     -  -t^    „  .W 

the  connective-tissue ;  6,  carcinoma  cells ;    "'''"    irom    US    SUD- 

c,  lymph  vessels.  sequent   contraction 

the  retraction  of  the 
nipple,  so  important  a  sign  of  the  mammary  carcinoma, 
results.  Only  at  the  ed^e  of  the  growth,  and  in  general 
far  away  from  the  place  it  originally  occupied,  do  we  find 
a  few  unchanged  acini.  The  growth  is  seldom  uniform , 
generally  we  find  large  masses  of  *he  carcinomatous  tissue 
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separated  by  great  bands  of  connective-tissue,  processes 
from  which  enter  between  the  single  nests  of  cells.  These 
groups  seem  to  correspond  to  the  original  lobules  of  the 
gland.  The  connection  between  the  alveoli  of  the  glan- 
dular carcinoma  and  the  lymphatics  is  as  close  as  in  the 
pavement  epithelial  carcinoma.  On  sections  of  the  pe- 
riphery stained  with  nitrate  of  silver  this  connection  can 
clearly  be  seen  (Fig.  564). 

There  are  a  number  of  sub-varieties  of  the  carcinoma 
which  present  some  differences,  depending  often  on  de- 
generative processes  ;  these  we  will  briefly  mention. 

By  the  term  carcinoma  simplex  we  understand  a  variety 
of  glandular  carcinoma  which  forms  nodular  tumors  of  a 
tolerably  firm  consistency.     On  being  cut  they  are  of  a 
grayish  white  color.     The  aveoli  are  generally  large,  and, 
when  they  have  undergone  fatty  degeneration,  can  be  dis- 
tinguished by  their  opaque  white  color  from  the  tissue  of 
the  stroma.     An  abundant  cancer  juice  can  be  pressed 
out  of  the  cut  surface.     The  connective-tissue  stroma  is 
well  defined.     Such  tumors  make  up  the  majority  of  the 
carcinomas  of  the  mamma  ;  they  are  also  frequently  met 
with  in  the  kidneys,  pancreas,  and  other  organs.  Another 
form  of  carcinoma  is  designated  as  the  medullary,  from 
its  resemblance  to  brain  tissue.     It  is  soft  and  can  easily 
be  crushed  between  the  fingers.     The  juice  always  shows 
cells  in  a  high  state  of  fatty  degeneration.     On  section 
we  find   large  alveoli, 
filled  with  cells,  more  or 
less    fatty-degenerated. 
These  alveoli  are  sepa- 
rated from  one  another 
by  a  slight  amount  of 
connective-tissue.  Some 
of    the    sarcomas    are 
microscopically    very 
similar  to  these  tumors, 
and    have    been   very 
often  confounded  with 
them  and  called  medul- 
lary   cancers,    "Mark- 
schwamm."     Such  tu- 
mors   are   most   often 
found   in    the  testicle, 
and  a  careful  microsco- 
pic   examination    will 
nearly     always     show 
them  to  be  not  carcino- 
mas, but  alveolar  sarco- 
mas.   It  is  the  excess  of 
cells  over  formed  tissue 
and  the  fatty  degenera- 
tion of  these  cells  which 
five  them  their  softness, 
ust  the  opposite  to  this 
is  observed  in  the  scirrhous  carcinomas.     These  form  in- 
tensely hard  nodules  of  almost  cartilaginous  consistency. 
It  is  almost  impossible  to  obtain  any  juice  by  scraping 
the  cut  surface.     On  microscopic  examination  we  find 
small,  narrow  groups  of  epithelial  cells  embedded  in  a 
dense,  firm  connective-tissue,  which  sometimes  has  the  ap- 
pearance and  consistency  of  cicatricial  tissue.     No  sharp 
distinction  can  be  drawn  between  the  scirrhous  carcinoma 
and  the  carcinoma  simplex.     In  each,  some  places  may  be 
found  which  belong  to  the  general  histological  character 
of  the  other.     It  is  most  probable  that  the  scirrhous  nat- 
ure of  the  tumor  was  not  apparent  in  the  beginning,  but 
that  it  is  due  to  a  number  of  the  alveoli  undergoing  com- 
plete fatty  degeneration  and  absorption,  in  which  case 
their  place  would  be  taken  by  the  dense  connective-tissue. 
It  often  seems  in  the  scirrhous  carcinoma  that  the  growth 
has  reached  a  standstill,  and  that  the  shrinking  and  cica- 
trization still   go   on.     This  condition  cannot  be  con- 
sidered favorable  to  the  prognosis,  for  just  such  tumors 
are  most  often  followed  by  the  most  extensive  metastases. 
The  cells  of  a  large  number  of  carcinomas  undergo  a 
colloid  degeneration.     They  become,  in  consequence  of 
this,  swollen  up  to  an  enormous  size  and  transparent.    In 
consequence  of  the  transparency  of  the  cell-groups,  the 
opaque  stroma  is  rendered  much  more  prominent,  and 
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Fig.  565. — Scirrhous  Carcinoma  of  the  Mamma. 


hence  these  tumors  are  sometimes  designated  alveolar 
carcinomas.  The  colloid  matter  is  deposited  in  the  cells 
first  in  the  form  of  small  drops,  which  increase  in  size 
until  the  whole  cell  is  destroyed.  The  drops  then  flow 
together  and  form  large  homogeneous  masses.  When 
these  tumors  are  seated  on  mucous  surfaces,  their  nature 
is  sometimes  apparent  from  the  surface.  The  whole  tu- 
mor beneath  the  mucous  membrane  has  a  semitransparent 
aspect.  In  most  cases  it  can  only  be  recognized  after  sec- 
tion. Generally  only  a  part  of  the  tumor  shows  this 
change  and  is  transparent,  while  the  other  part  has  the 
ordinary  grayish- white  color.  We  have  at  other  times  an 
almost  similar  condition  of  the  stroma,  due  to  myxomat- 
ous degeneration.  Then  the  stroma  is  represented  by  a 
hyaline  homogeneous  structure  which  encloses  stellate 
cells.  A  mucous  degeneration  of  the  epithelial  cells  can 
accompany  this.  This  form  of  tumor  is  relatively  rare, 
the  writer  having  seen  it  but  once,  and  then  in  a  carcinoma 
from  the  mamma  of  a  dog.  We  may  have  hyaline  bodies 
similar  to  those  found  in  the  cylindroma,  in  the  middle  of 
the  nests  of  epithelium,  and  this  has  given  rise  to  the 
name  of  cylindroma  carcinomatodes.  Such  tumors  usu- 
ally proceed  from  glands  whose  epithelium  is  wont,  under 
ordinarjr  circumstances,  to  undergo  this  hyaline  degenera- 
tion, as  in  the  thyroid  gland.  The  melanotic  carcinoma 
is  characterized  by  the  presence  of  a  peculiar  black  pig- 
ment in  the  epithelial 
cells  and  in  the  stroma. 
The  tumor  is  of  a  gray 
ish-black  or  black  color. 
These  tumors  are  ex- 
ceedingly rare ;  by  far 
the  majority  of  all  mel- 
anotic tumors  belong  to 
the  sarcomas. 

The  carcinoma  soon 
infiltrates  and  substi- 
tutes its  tissue  for  that 
of  the  organ  in  which 
it  has  appeared,  but  its 
growth  is  not  limited 
here.  The  densest  cap- 
sules, the  firmest  fascia, 
offer  but  slight  impedi- 
ments to  its  growth.  A 
carcinoma  on  the  skin 
over  the  tibia  attacks 
and  destroys  the  bone, 
and  we  see  the  same 
thing  in  carcinoma  of 
the  mamma  where  the 
cartilages  and  ribs  them- 
selves give  way  before 
it.  Its  destructive  pro- 
cess is  withstood  for  some  time  by  the  arterial  walls ;  we 
may  see  the  axillary  artery  running  through  a  mass  of 
carcinomatous  glands  in  the  axilla,  perfectly  intact.  The 
growth  enters  a  tissue  along  the  blood-vessels  or  lymphatics 
and  destroys  it  by  substitution.  The  cells  of  the  carcino- 
ma have  a  superior  affinity  for  the  nourishing  materials  of 
the  blood ,  and  they  live  at  the  expense  of  the  tissue  invaded. 
Sooner  or  later  the  lymph-glands  of  the  part,  as  the  axillary 
glands  in  carcinoma  of  the  mamma,  or  the  gastro-hepatic 
glands  in  carcinoma  of  the  stomach,  swell  up  and  become 
indurated,  and  on  section  we  find  a  typical  carcinomatous 
structure.  This  invasion  of  the  glands  takes  place  earlier 
than  is  generally  supposed,  and  before  any  macroscopic 
signs  show  themselves.  The  writer  has  often  examined 
glands  from  the  axilla,  no  larger  than  a  pea  and  perfectly 
normal  in  appearance,  in  which  a  typical  carcinomatous 
structure  was  found  on  microscopic  examination.  It  is 
not  uncommon  to  find  the  lymph-glands  connected  with 
the  primary  tumor  by  a  hard,  firm  cord.  This  is  a  lym- 
phatic vessel  which  has  become  carcinomatous.  Some- 
times not  a  perfectly  formed  cord  is  found,  but  a  series  of 
little  nodules  between  the  gland  and  the  tumor.  That 
this  invasion  of  the  glands  is  due  to  materials  brought 
from  the  tumor  to  the  gland,  is  shown  by  the  periphery 
of  the  gland,  the  part  through  which  the  material  would 
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have  first  to  pass,  being  first  attacked.  The  single  glands 
become  adherent  to  one  another,  their  normal  structure 
disappears  entirely,  and  there  remains  nothing  but  an 
Irregular  nodular  mass.  In  the  lymph-glands  we  have  an 
exact  repetition  of  the  primary  tumor.  If  there  was  any 
peculiarity  in  the  form  of  the  cells  in  the  primary  tumor 
it  is  repeated  in  the  glands ;  even  peculiar  forms  of  degen- 
eration, such  as  the  colloid  metamorphosis,  are  often  re- 
peated. It  is  most  generally  believed  that  the  invasion  of 
glands  is  due  to  cells  or  collections  of  cells  being  carried 
ipto  the  glands  by  the  lymphatics  coming  from  the  tumor. 
Gussenbauer  has  studied  this  process  very  carefully  and 
comes  to  a  different  conclusion.  He  thinks  the  infectious 
power  lies  not  in  the  cells  themselves  as  such,  but  in  cer- 
tain small  refracting  bodies  which  he  always  finds  in  the 
cells  of  carcinomas.  These  small  protoplasmic  masses 
come  in  contact  with  the  cells  of  the  gland  and  incite 
these  to  a  carcinomatous  growth,  acting  in  this  way  as 
some  of  the  bacteria  are  supposed  to  act.  The  infection 
of  the  lymph-glands  follows  the  glandular  carcinoma 
much  earlier  and  more  certainly  than  the  epithelial  car- 
cinoma. In  the  epithelial  carcinoma  of  the  lip  it  is  often 
.  wanting. 

After  the  invasion  of  the  lymph-glands,  and  in  some 
cases  without  it,  there  takes  place  a  metastasis  in  the  in- 
ternal organs.     Of  these  the  liver  and  the  lungs  are  most 
often  affected.     When  the  primary  carcinoma  is  seated 
in  an  organ  connected  with  the  portal  circulation,  the  liver 
is  almost  sure  to  be  infected.     The  epithelial  cells  are  car- 
ried there  by  the  portal  vessels,  and  grow  in  the  liver 
just  as  they  did  in  the  mother  tissue.     These  metastases 
always  repeat  the  structure  of  the  primary  tumor.     In 
the   liver  they  form  white  nodules,  sharply  separated 
from  the  liver  substance,  and  may  be  of  any  size  ;  some 
so  small  as  not  to  be  visible  without  the  aid  of  the  mi- 
croscope, others  larger  than  a  foetal  head.     The  manner 
of  growth  can  best  be  studied  in  those  of  very  small  size. 
The  epithelial  cells  are  always  contained  in  the  capillaries 
of  the  liver  ;  by  constant  growth  of  the  epithelial  masses 
the  capillaries  are  distended,  and  the  liver  cells  between 
them  undergo  atrophy  and  disappear.    Tn  the  larger  tu- 
mors there  is  but  a  very  small  amount  of  connective-tissue 
between  the  alveoli.     The  connective-tissue  of  the  liver 
show  signs  of  activity,  but  not  such  as  would  lead  us  to 
suppose  that  a  change  into  carcinoma  cells  was  taking 
place,  but  rather  a  new  formation  of  the  connective-tissue. 
New  blood-vessels  have  to  be  formed,  for  the  portal  capil- 
laries are  taken  up  by  the  mesh  work  of  the  tumor.  These 
new  vessels  are  mainly  derived  from  the  system  of  the 
hepatic  artery,  and  we  can  always  obtain  a  more  com- 
plete injection  of  a  nodule  from  this  than  from  the  portal 
vein.     All  the  changes  which  take  place  in  the  liver  cells 
are  of  a  retrogressive  character ;  they  usually  undergo 
simple  atrophy  from  pressure.     It  is  possible,  and  indeed 
probable,  that  a  metastatic  nodule  in  the  liver  may  act  as  a 
primary  tumor,  and  in  its  turn  give  rise  to  metastases, 
both  alongthe  lymphatics  of  the  liver  and  along  the  blood- 
vessels.    We  often  meet  with  lymphatics  in  the  inter- 
lobular spaces  filled  out  with  tumor  cells,  and  it  is  more 
reasonable  to'suppose  that  the  cells  which  they  contain  are 
derived  from  nodules  in  the  liver  than  from  the  primary 
tumor.     Cells  may  also  be  carried  into  the  right  heart  by 
the  hepatic  veins,  and  from  here  into  the  lungs,  where 
they  also  produce  metastases.     When  a  carcinoma  breaks 
through  into  a  large  serous  sac,  as  the  peritoneum  or 
pleura,  we  often  have  the  whole  surface  covered  by  in- 
numerable small  nodules  which  do  not  exceed  the  size  of 
tubercles  and  resemble  them  macroscopically,  though  on 
microscopic  examination  they  show  a  typical  carcinomat- 
ous structure.     Sometimes  the    metastases    may  be  so 
great  in  number,  and  so  small,  as  to  resemble  an  acute 
miliary  tuberculosis.     In  such  cases  no  organ  is  exempt 
from  them— brain,  lungs,  liver,  kidneys,  the  medulla  of 
the  bones,  all  contain  them.     Such  a  conditipn  is  called 
miliary  carcinosis,  and  is  brought  about  by  large  quan- 
tities of  the  cells  getting  into  the  systemic  circulation. 
Very  often  a  nodule  with  an  ulcerated  surface  will  be 
found  on  the  valves  of  the  left  side  of  the  heart,  and 
from  this  the  general  infection  followed. 
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Retrogressive  changes  of  all  sorts  are  common  in  carci- 
noma. As  we  have  said,  the  juice  obtained  by  scraping 
the  surface  always  contains  cells  in  a  greater  or  less  de- 
gree of  fatty  degeneration,  and  some  which  are  entirely 
broken  down.  This  fatty  degeneration  is  even  visible 
to  the  naked  eye,  the  places  affected  by  it  being  distin- 
guished from  the  rest  of  the  tumor  by  their  whitish, 
opaque  color ;  these  spots  are  also  often  so  much  softened 
as  to  form  semi-diffluent  masses.  In  other  cases  a  condi- 
tion very  similar  to  tubercular  caseation  is  met  with,  and 
by  the  absorption  of  these  degenerated  portions  the  forma- 
tion of  cavities,  or  great  shrinkage,  may  result.  In  tumors 
Which  are  seated  beneath  the  skin  a  central  depression  is 
often  produced  by  this  process  of  absorption.  A  connec- 
tive-tissue of  a  dense  cicatricial  character  takes  the  place  of 
the  absorbed  portion  ;  as  very  few  alveoli  are  contained  in 
this,  on  section  it  appears  like  a  scirrhus.  There  is  another 
degenerative  process  more  important  than  the  fatty  de- 
generation, that  is,  the  necrosis  of  the  tissue,  and  the  ul- 
ceration caused  by  this.  In  rare  cases  this  may  be  bene- 
ficial to  the  orgapism,  as  by  means  of  it  whole  tumors 
are  sometimes  destroyed,  but  in  the  majority  of  cases  it 
is  the  reverse  of  beneficial.  We  sometimes  find  in  the 
intestinal  tract  extensive  ulcerations  at  the  seat  of  the 
tumor,  and  scarcely  any  of  its  tissue  remaining.  If  the 
ulceration  has  not  been  very  extensive  at  the  bottom  of 
the  ulcer,  the  tumor  may  be  seen  in  the  shape  of  nodu- 
lar projections.  If,  on  the  other  hand,  the  ulceration 
has  been  very  deep  and  extensive,  we  can  often  scarcely 
decide  with  the  microscope  whether  we  have  to  do  with 
a  simple  or  a  carcinomatous  ulcer.  Ulceration  in  tumors 
seated  beneath  the  skin  is  seldom  so  extensive  as  in  the 
intestinal  tract.  The  necrosis  is  caused  by  the  circula- 
tion of  a  large  area  of  the  tumor  being  cut  off,  either  by 
pressure  of  other  growing  parts,  or  by  thrombosis  of  its 
vessels.  Necrotic  changes,  limited  to  very  small  areas, 
are  probably  constantly  in  progress,  though  in  such  cases 
the  necrotic  portions  are  absorbed  and  no  ulceration  pro- 
duced. 

The  blood-vessels  of  the  carcinoma  seldom  are  the  typ- 
ical arteries,  capillaries,  and  veins.  The  capillaries  are 
very  numerous,  and  are  usually  wider  than  in  the  nor- 
mal tissues,  with  frequent  ampulla-like  dilatations.  The 
various  disturbances  of  the  circulation,  as  inflammation, 
haemorrhage,  congestion,  etc.,  are  common  here. 

W.  T.  Councilman. 

CARCINOMA  (PATHOLOGY,  CLINICAL  HISTORY, 
ETC.). — From  a  purely  clinical  point  of  view  there  is 
much  vagueness  about  the  word  "cancer,"  because  it  has 
been  frequently  held,  by  English  writers  more  especially 
(Purcell'  and  others),  to  include  malignant  growths  of 
any  description.  On  the  other  hand,  modern  patholo- 
gists have  been  equalljr  disposed  to  narrow  its  significance 
and  make  it  the  equivalent  of  carcinoma,  which  repre- 
sents to  them  a  new  formation  that  is  epithelial  in  its 
type ;  while  a  sarcoma  or  myxoma,  or  an  enchondroma, 
etc. ,  as  the  case  may  be,  from  which  carcinoma  is  more  par- 
ticularly to  be  differentiated,  indicates  a  structure  of  the 
connective-substance  type  or  group.  Hence  a  little  con- 
fusion has  crept  into  medical  terminology,  occasioning 
some  embarrassment  in  the  study  of  the  disease. 

There  is,  however,  a  marked  tendency  among  the 
profession  at  large  toward  maintaining  the  well-drawn 
distinction  between  these  several  growths  which  the 
pathologists  have  established — at  least  in  all  cases  in 
which  the  special  histological  structure  of  the  specimen 
has  been  determined  ;  and  there  can  be  no  doubt  that  in 
the  future,  whatever  classification  is  adopted,  it  will  be 
founded  upon  such  characteristics  as  are  revealed  by  the 
microscope.  In  this  article  the  term  "cancer,"  when 
used,  will  have  no  reference  to  any  form  of  disease  other 
than  fiat  of  carcinoma  in  its  strictest  sense. 

Carcinoma  embraces  four  principal  divisions  or  varie- 
ties, viz.  :  epithelioma,  scirrhus,  medullary  or  encepha- 
loid,  and  colloid.  In  this  matter  there  is  a  pretty  general 
agreement,  but  there  is  not  the  same  amount  of  unanimity 
as  to  the  proper  position  that  some  of  the  subordinate  forms 
of  the  disease  should  occupy  in  a  scientific  category.  This 
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may  be  said  with  special  referenoe  to  rodent  ulcer  and 
cauliflower  growths,*  and  yet  it  will  appear  that  the  mat- 
ter of  classification  is  really  of  secondary  importance,  be- 
cause each  form,  after  all,  has  to  be  studied  by  itself,  and 
in  connection  with  certain  clinical  phenomena. 

1.  Under  the  general  heading  of  epithelioma  there  are 
three  distinct  subdivisions :  A,  rodent  ulcer  or  cancer, 
also  called  cancroid  and  flat  epithelioma ;  B,  deep  or 
squamous  epithelioma,  known  also  as  perforating  ulcer, 
lupus  non-exedens,  etc.  ;  and  C,  cylindrical  epithelioma, 
or  cylindrical  carcinoma  (cauliflower  excrescence). 

A.  Rodent  ulcer  originates  in  and  affects  chiefly  the 
epidermis.  Its  chosen  seat  is  the  face,  commonly  the  eye- 
lid or  parts  adjacent ;  less  often  the  temples.  There  seems 
to  be  no  good  reason  why  other  parts  of  the  skin  should 
not  be  attacked  by  rodent  ulcer,  but  it  is  seldom  seen 
elsewhere  than  in  the  places  that  have  been  named.  The 
disease  is  comparatively  slow  in  growth,  can  be  removed 
by  various  simple  operative  procedures,  recurs  after  a 
considerable  interval,  if  at  all,  and,  even  if  it  docs  return, 
may  be  held  in  abeyance  for  many  years  by  suitable 
therapeutic  measures.  To  some  English  writers  it  is  known 
as  rodent  cancer  (Moore  ^),  and  it  is  occasionally  dubbed 
by  the  doubtful  name  of  lupoid  ulcer,  though  it  is  a  mat- 
ter of  satisfaction  that  this  name  is  now  getting  to  be  ob- 
solete. In  rodent  ulcer  (cancer)  the  epithelial  cells  of 
the  rete  mucosum,  or  mucous  layer  of  the  skin,  play  an 
important  part  in  the  origin  and  development  of  the 
growth,  and  there  is  a  tendency  to  the  aggregation  of  the 
cuboidal  cells  in  laminated  capsules,  though  they  rarely 
exhibit  the  peculiarly  concentric  formations  known  as 
"  birds'  nests,"  which  characterize  the  typical  squamous 
epithelioma.  From  their  occasional  occurrence,  how- 
ever, some  observers,  such  as  Mr.  Arnott,'  claim  that  we 
have  no  sufficient  warrant  for  placing  rodent  ulcer  apart 
from  squamous  epithelioma.  Nevertheless,  while  the  path- 
ological histology  of  rodent  ulcer  does  not  always  fur- 
nish adequate  ground  for  instituting  a  sharp  distinction 
between  it  and  the  squamous  form,  the  clinical  histories  of 
the  two  involve  points  of  great  and  noteworthy  difference 
(Warren,*  Tilbury  and  Thomas  Fox").  (See  Epithelioma 
of  the  Face.) 

B.  The  deep  or  squamous  epithelioma  is  best  exem- 
plified when  cancer  attacks  the  lower  lip,  penis,  or  vulva. 
In  such  ca#  the  interpapillary  spaces  of  the  epidermis 
deepen  and  appear  to  penetrate  the  true  skin,  while  the 
papillsE  proportionately  elongate.  At  the  same  time  all 
of  the  epithelial  elements  of  the  skin  increase  by  prolif- 
eration, and  in  the  prolongations  of  the  rete  especially 
there  are  developed  in  the  mature  tumor  ' '  concentric 
globes  "  of  squamous  epithelium,  of  such  dimensions  that 
they  can  be  seen  by  the  naked  eye.  These  "globes,"  or 
"birds'  nests,"  are  regarded  as  pathognomonic  of" squa- 
mous epithelioma.  The  deposit  is  extensive,  as  compared 
with  that  of  rodent  ulcer,  and  the  adjacent  lymphatic 
glands  are  extensively  implicated  when  the  disease  reaches 
maturity. 

0.  Cylindrical  epithelioma,  or  cylindrical  carcinoma 
(cauliflower  growths),  occurs  chiefly  in  the  cervix  uteri, 
bladder,  or  rectum.  Its  favorite  seat  is  in  the  cervix,  where 
it  originates  as  a  pedunculated  or  sessile  vascular  wart.    It 

f'ows  with  great  rapidity  and  soon  attains  a  large  volume, 
hough  classed  among  the  epitheliomas,  it  is  rather  be- 
cause it  originates  from  the  epidermal  layer  than  because 
it  resembles  the  two  varieties  just  described,  for  in  cauli- 
flower growths  there  is  no  tendency  to  the  formation  of 
"concentric  nests."  On  the  other  hand,  it  is  sometimes 
found  to  be  allied  to  scirrhus,  because  at  the  base  of  the 
tumor  an  alveolar  arrangement  of  the  epithelium,  simi- 
lar to  that  in  scirrhus,  is  found,  after  the  disease  has  pro- 
gressed to  a  certain  point.  It  is  mainly  composed  of 
cylindrical  cells  in  one  or  more  layers,  covering  slender, 
branching  stalks,  that  are  well  supplied  with  nutrient 


*  In  a  previouB  paper  (Observations  Id  One  Hundred  Oases  of  Carci- 
noma, by  Dr.  T.  E.  Satterthwaite  and  Dr.  W.  H.  Porter.  New  York,  1879), 
cauli-flower  growths  were  classed  among  the  five  principal  divisions  of 
carcinoma.  They  are  here  classed  among  the  epitheliomas,  for  reasons 
that  will  be  given  in  another  place. 


blood-vessels.  Each  tumor  varies  as  to  the  character  of 
its  cylindrical  cells,  the  thickness  of  its  stalks,  and  the 
amount  of  its  blood  supply. 

2.  The  second  of  the  principal  divisions  of  carcinoma 
is  scirrhus.  It  is  the  most  common  of  all  and  has  numer- 
ous subdivisions,  at  least  according  to  the  writers  who 
have  described  it,  for  they  speak  of  nodular,  diffuse,  and 
atrophic  scirrhus,  besides  many  other  forms,  though 
these  terms  seldom  have  any  value  as  indicating  a  special 
clinical  character.  It  is  most  common  in  the  female 
breast.  (See  Carcinoma  of  the  Breast.)  Microscopically 
it  is  found  to  consist  of  a  system  of  anastomosing  chan- 
nels in  the  connective-tissue  substance,  each  channel  being 
packed  more  or  less  completely  with  epithelial  cells  of 
the  glandular  type.  These  spaces  are  the  lymphatic 
channels  or  canaliculi,  which  have  been  utilized  by  the 
epithelial  growth  in  its  advance  from  some  pre-existing 
normal  epithelial  structure.  The  epithelial  bodies  are 
mostly  of  large  size,  and  in  various  degrees  of  perfection, 
according  to  the  age  of  the  cell  and  of  the  growth,  each 
individual  element  degenerating  more  or  less  after  the 
disease  has  progressed  toward  maturity.  But  the  dis- 
tinctive characters  of  scirrhus  lie  in  the  comparatively 
large  amount  of  fibrous  material  that  separates  the  chan- 
nels one  from  another.  Hence  it  is  that  scirrhus  has  a 
hard,  almost  woody  feel,  whence  the  name  {aKippos,  hard). 

3.  Encephaloid  or  medullary  carcinoma  is  distinguished 
from  scirrhus,  microscopically,  by  no  other  features  than 
that  the  epithelial  deposits  are  larger,  while  the  connec- 
tive-tissue stroma  or  basement  substance  is  less  in  amount 
and  more  delicate  in  structure.  It  is  commonly  and  with 
justice  regarded  as  the  most  rapid  in  growth  and  malig- 
nant of  all  carcinomas.  In  its  external  manifestations  it 
appears  as  an  exuberant,  soft,  and  florid  fungoid  mass, 
early  exhibiting  a  tendency  to  ulceration  and  haemori'hage. 
Its  favorite  seats  are  the  liver  and  omentum,  though  the 
breast,  uterus,  and  other  external  or  internal  parts  are  oc- 
casionally affected.  The  name  encephaloid  well  describes 
its  soft,  semifluctuating  characteristics,  which  are  not 
so  clearly  indicated  by  the  less  common  name  medullary, 
a  term  intended  to  characterize  its  marrow-like  softness. 
Fortunately  it  is  one  of  the  rarer  varieties.  Some  authors, 
the  (Jprmans  more  especially,  have  described  a  further 
variety,  intermediate  between  scirrhus  and  encephaloid. 
They  call  it  carcinoma  simplex  (simple  cancer).  While 
the  distinction  can  be  sustained  from  the  standpoint  of 
pathological  histology,  it  would  be  difficult  to  do  so  from 
any  other  aspect.  (See  the  preceding  article,  on  the  His- 
tology of  Carcinoma.) 

4.  Colloid  carcinoma  is  a  very  peculiar  subdivision, 
and  the  most  uncommon.  It  consists  of  a  series  of  firm, 
hard,  usually  nodular,  formations,  made  up  of  fibrous  tis- 
sue, in  which  are  crypts  (alveoli,  or  loculi)  filled  with  a 
peculiar  opalescent  colloid  or  gelatiniform  substance. 
This  colloid  matter  is  derived  from  the  transformation  of 
epithelial  bodies,  which  have  in  part  been  distended  by  the 
gelatinous  material  that  destroyed  them,  and  in  part  have 
been  compressed  into  scales,  or  broken  up  so  an  to  form 
granular  debris  ;  the  cells  and  debris  either  representing 
concentric  laminae  in  each  alveolus,  or  being  nested  to- 
gether at  its  central  point.  The  alveoli,  or  loculi,  are 
nothing  but  the  distorted  and  deformed  lymphatic  chan- 
nels, and  the  colloid  metamorphosis  which  they  undergo 
indicates  a  destructive  process  that  is  in  the  direction  of  a 
cure  ;  hence  these  tumors,  though  bulky,  are  slow  in  theu: 
growth,  and  the  prognosis  would  be  comparatively  favor- 
able were  the  whole  deposit,  in  a  given  case,  of  the  nature 
just  described.  Unfortunately  this  benign  character  is 
seldom  very  extensive,  but  more  or  less  of  scirrhous,  and 
even  perhaps  encephaloid  tissue,  is  apt  to  be  present  and  to 
govern  the  issue  of  the  case.  And  hence  it  is  true  also 
that  colloid  carcinoma  might,  with  some  degree  of  right, 
be  classed  rather  as  an  incidental  change  in  carcinomata 
than  as  a  separate  form  of  this  class  of  tumors.  It  is 
convenient,  however,  from  a  clinical  standpoint,  to  mam- 
tain  it  as  one  of  the  principal  divisions  of  carcinoma. 
(See  Colloid  Carcinoma  of  the  Stomach.)  It  is  chiefly 
found  in  the  gastro-intestinal  tract,  but  may  occur  else- 
where, as  in  the  breast. 
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It  is  next  our  purpose  to  study  carcinoma  as  affect- 
ing special  organs  or  parts,  as  in  tliis  way  a  better  con- 
ception of  the  disease  is  gained  than  by  general  statistics, 
which,  however,  will  be  taken  up  subsequently. 

Epithelioma  of  the  Face.— This  variety  of  carci- 
noma is  usually  the  flat  or  superficial  epithelioma,  and, 
therefore,  the  mildest  form  of  all.  It  has  little  tendency 
to  extend  deeply  into  the  tissues.  Made  up  chiefly  of 
cuboidal  cells,  it  differs  from  the  deep  variety  in  that  the 
latter  is  characterized  histologically  by  the  squamous  cell- 
formation — at  least,  as  soon  as  the  disease  has  reached  a 
certain  grade  of  maturity.  At  this  late  stage  the  "nest- 
ing "  of  the  epithelial  cells  is  uniformly  observed.  Much 
confusion  has,  unfortunately,  existed  in  medical  minds  on 
account  of  the  nomenclature  of  this  superficial  epitheli- 
oma, which  has  varied  according  to  the  place  of  residence 
of  the  writer.  Thus  in  England  it  is  commonly  known  as 
rodent  ulcer  or  cancer,  in  France  as  eancroide,  in  Germany 
as  flat  epithelioma.  Most  authors,  however,  at  the  present 
time,  at  least  those  who  may  be  regarded  as  proper  authori- 
ties, have  agreed  (Warren,  Tilbury,  Thos.  Fox,  and  many 
others)  that  the  dense  infiltration  of  the  skin  is  due  to  the 
presence  of  cells  similar  in  character  to  those  of  the  rete 
Malpighii,  or  mucous  layer,  and  the  conviction  has  be- 
come established  that  rodent  ulcer  is  a  peculiar  ingrowth 
from  the  rete ;  one  which,  for  some  unknown  reason,  per- 
haps owing  to  the  nature  of  the  soil  at  its  point  of  origin, 
exhibits  less  tendency  to  active  growth  than  the  squa- 
mous or  deep  variety.  It  seems  also  to  select,  as  its 
special  point  of  departure,  a  somewhat  deeper  portion  of 
the  epidermis,  occasionally  originating  from  the  wall  of  a 
sebaceous  gland  or  hair  follicle,  both  of  which  may  be  re- 
garded histologically  as  inversions  of  the  epidermis ;  and 
yet  it  will  not  be  disputed  that  in  the  later  stages  of  ro- 
dent ulcer  it  may  assume  some  of  the  characteristics  of 
the  deep  variety,  and  exhibit  in  greater  or  less  degree  some- 
thing of  the  peculiar  "  birds' -nest  formation"  that  has  al- 
ready been  described  (Warren,  Arnott).  It  is  most  likely 
to  be  mistaken  for  lupus  vulgaris  or  syphilis.  The  points 
for  discrimination  have  been  thus  given  (Moore):  "Lu- 
pus occurs  in  the  young  adult ;  rodent  ulcer  in  the  de- 
cline of  life.  Lupus  is  a  strumous  affection ;  rodent 
ulcer  originates  in  persons  previously  healthy.  Lupus 
commences  as  a  low  tuberculous  elevation  of  the  skin  ; 
rodent  cancer  as  a  firm,  uncolored  nodule.  In  lupus 
there  may  be  more  than  one  tubercle  ;  the  pimple  of  ro- 
dent cancer  is  solitary.  Lupus  first  scales  before  it 
breaks ;  rodent  cancer  first  excoriates,  and  then  scales 
and  bleeds.  Lupus  may  cicatrize  and  heal  at  any  time  ; 
rodent  cancer  proceeds  with  at  most  but  a  temporary 
and  partial  healing  near  the  edge.  Syphilis  is  rapid ; 
rodent  cancer  slow.  There  is  (in  lupus)  no  solid  border, 
biit  a  sharp  edge  ;  in  syphilis  it  is  a  ragged  ulcer,  sur- 
rounded by  a  violet  halo  of  injected  skin.  It  has  no 
hardness  or  firmness." 

Sometimes  the  flat  epithelioma  (rodent  ulcer)  will  heal 
at  one  part  and  ulcerate  at  another,  like  the  serpiginous 
syphilitic  ulcer  so  well  seen  upon  the  knee  ;  anti-syphi- 
litic treatment  should  always  clear  up  any  doubt  on  this 
score. 

The  treatment  of  epithelioma  of  the  face  is  simple, 
and  consists  in  destroying  the  growth  by  some  powerful 
caustic,  such  as  arsenical  paste,  the  terchloride  of  anti- 
mony in  saturated  solution,  or  the  thermo-cautery.  By 
any  one  of  these  methods,  or  by  others  of  similar  char- 
acter, the  ulcer  may  be  quickly  and  satisfactorily  re- 
moved, so  that  a  smooth  surface  will  be  left  after  the 
separation  of  the  eschar.  Though  a  recurrence  may  be  an- 
ticipated, the  disease  can  still  be  held  in  check  for  many 
years.  It  seems  doubtful  if  internal  treatment  exerts  any 
favorable  effect  upon  the  growth.  Usually  the  etiology 
of  a  rodent  cancer  is  sealed  in  much  obscurity.  Of  he- 
reditary history  we  have  no  certain  data,  but  there  is  no 
doubt  that  traumatisms  are  associated  in  the  minds  of  the 
patients  quite  frequently  with  the  origin  of  the  disease. 
Thus  in  two  cases  in  my  experience  the  cause  was  thought 
to  have  been,  in  one  case,  the  scratch  of  a  tooth  comb,  and 
in  another,  the  application  of  creasote  to  the  face.  Apart 
from  the  diagnostic  points  already  given,  it  may  be  said 


that  we  have  less  to  guide  us  in  this  form  of  carcinoma 
than  in  any  of  the  others,  so  far  as  the  microscope  is  con- 
cerned, for  usually  there  is  nothing  in  the  histological 
characters  of  the  growth  beside  the  dense  infiltration  of 
the  skin,  or,  in  rarer  cases,  the  subcutaneous  tissue,  with 
the  cuboidal  cells  already  mentioned.  But  the  region  of 
the,  face  will  assist  us  much  in  arriving  at  a  diagnosis, 
particularly  if  we  remember  that  rodent  ulcer  affects 
chiefly  the  upper  and  anterior  part  of  the  face,  while  the 
ears,  nose,  tongue,  and  lip  are  the  chosen  seats  of  the 
deeper  variety.     (See  Plate  IV.,  Fig.  1.) 

Trustworthy  statistics  are  wanting  in  reference  to  the 
average  duration  of  this  disease. 

I  have  certainly  known  it  to  last  four,  flve,  and  seven 
years,  while  in  one  case,  in  which  the  upper  eyelid  was 
attacked,  the  patient  survived  thirteen  years,  dying  finally 
of  exhaustion  after  four  operations. 

Other  forms  of  carcinoma  may  attack  the  face,  though 
rarely.  Next  in  order  of  frequency  to  the  two  already 
mentioned  is  scirrhus. 

Epithelioma  of  the  Lip. — Carcinoma  of  the  lip  is 
almost  invariably  an  epithelioma,  and  of  the  deep  or 
squamous-celled  variety,  this  being  peculiarly  true  when 
it  is  situated  on  the  lower  lip.  Rodent  ulcer,  or  the  cu- 
boidal-celled  epithelioma,  may,  it  is  true,  attack  the  lip, 
but  then  it  is  usually  the  upper  one  ;  while  if  the  former 
variety  is  found  on  the  upper  lip,  it  will  in  most  instances 
be  found  to  have  travelled  round  the  angle  of  the  mouth 
from  the  lower  one.  Epithelioma  of  the  lip  is  a  disease 
of  men  rather  than  of  women,  and  in  the  proportion  of 
eight  to  one  ;  possibly  the  disproportion  is  even  greater ; 
it  prevails  in  the  decades  of  past-middle  life,  from  fifty 
to  sixty,  or  from  sixty  to  seventy,  usually  in  the  latter, 
though  it  may  exceptionally  originate  at  an  earlier  or 
later  date.  Statistics  that  are  at  our  command  appear  to 
prove  conclusively  that  some  local  irritant  plays  an  im- 
portant r61e  in  the  etiology  of  lip  cancer,  no  one  cause 
being  so  frequently  assigned  as  the  smoking  of  a  pipe. 
In  nine  out  of  ten  cases  in  my -experience  this  fact  was 
elicited  by  personal  inquiry,  when  the  patient  or  his 
friends  assigned  any  cause.  In  the  tenth  case  the  disease 
was  said  to  have  been  induced  by  the  constant  chewing 
of  a  toothpick,  a  practice  that  was  almost  constantly  pur- 
sued during  working  hours,  the  patient  being  superin- 
tendent of  a  gang  of  laborers.  Others  hav#  enumerated 
the  following  as  causes :  syphilitic  ulcerations,  holding 
of  twine  in  the  mouth  by  packers,  tasting  of  new  wine 
(Cooke"),  abrasions  caused  by  bad  teeth.  There  seems  to 
be  even  less  of  hereditary  tendency  in  lip  cancer  than  in 
some  others. 

Usually  the  growth  appears  at  the  junction  of  the  mu- 
cous membrane  with  the  skin,,  and  at  first  it  may  be  mis- 
taken for  a  pimple  ;  soon,  however,  it  exhibits  an  indu- 
rated base  and  begins  to  extend,  infiltrating  adjacent  parts. 
Later  on,  the  central  portions  of  the,  tumor  soften  and  are 
covered  by  a  thin  scab.  Sometimes  the  new  tissue  disin- 
tegrates rapidly  and  ulcerates  out,  leaving  a  cavity  with  a 
dirty  uneven  base,  and  ragged,  overhanging  ed^es.  There 
is  no  difficulty  at  this  advanced  stage  in  distinguishing 
this  form  of  epithelioma  from  the  superficial  variety  that 
we  call  rodent  ulcer.  For,  in  the  latter,  there  is  less  in- 
filtration of  underlying  parts,  and  the  ulcer  is  small, 
secretes  a  very  much  less  amount  of  matter,  and  often  is 
covered  by  a  thin  little  scab,  which,  when  removed,  re- 
veals a  slight  hollow  covered  over  by  a  thin  sanious  fluid, 
the  edges  of  the  growth  being  raised  and  tuberculated. 
This  latter  form  of  epithelioma  is  also  very  slow  of  growth. 
If  it  assume  any  of  the  characteristics  of  the  deep  epi- 
thelioma, it  is  only  after  years  of  development.  The 
deep  or  squamous  epithelioma  sometimes  appears  to 
begin  as  an  ulcer  or  as  a  fissure,  or  cleft  in  the  skin.  In 
such  cases  it  is  hard  to  distinguish  it  from  a  chancre, 
for  in  both  there  is  induration  of  the  base  at  some  time  or 
other.  In  syphilis,  however,  the  ulcer  soon  heals,  even 
without  constitutional  treatment ;  while  if  secondary 
symptoms  have  manifested  themselves  there  is  compara- 
tively little  difficulty  in  making  the  diagnosis.  So  far  as 
the  glandular  implication  is  concerned,  there  Is  also  this 
important  difference,  that  in  epithelioma  the  submaxillary 
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and  sublingual  glands  are  first  attacked,  while  in  syphilis 
it  is  the  post-cervical.  There  should  be  no  difficulty  in 
differentiating  eczema,  psoriasis,  sycosis,  and  other  skin 
affections  from  epithelioma.  They  chiefly  affect  the  upper 
lip.  In  the  further  progress  of  the  malignant  growth  the 
muscles  and  bones  are  attacked,  and  now  the  patient  begins 
to  show  that  the  system  is  becoming  profoundly  affected. 
Death  may  ensue  at  any  time  from  hsemorrhage,  which 
is  always  imminent  when  the  deeper  parts  have  become 
involved ;  or  gradual  exhaustion  of  the  vital  powers  may 
induce  the  fatal  issue.  Sometimes  the  metastatic  deposits 
in  neighboring  parts  bear  no  relation  in  point  of  extent 
to  the  original  focus  of  disease.  The  former  may  be 
most  extensive,  while  the  latter  is  comparatively  insig- 
nificant. It  is  now  that  the  patient  becomes  a  most  un- 
liappy  sufferer,  chiefly  from  the  pain  that  is  occasioned 
by  all  efforts  at  mastication.  Sometimes  the  bulky  char- 
acter of  the  growth  interferes  with  the  taking  of  food 
■(see  plate  No.  IV. ,  Fig.  4).  No  treatment  offers  such  good 
hope  of  success,  as  that  by  the  knife,  and  it  matters  not 
whether  a  V-shaped  or  semilunar  incision  be  practised.  It 
Is  necessary  only  to  remove  the  whole  tumor  completely. 
Fortunately  the  lip  is  extremely  pliable,  and  even  if  a 
very  considerable  portion  of  it  be  removed,  little  or  no 
■deformity  will  ensue.  Most  frequently  the  disease  returns, 
and  in  the  cicatrix,  sometimes  in  adjacent  tissues,  such  as 
the  glands  or  bone.  Implication  of  these  parts  is  com- 
monly regarded  as  a  contraindication  to  the  performance 
■of  an  extensive  cutting  operation.  Occasionally  the 
surgeon  may  find  it  desirable  to  use  caustics,  such  as  the 
chloride  of  zinc  ([Cooke,  Purcell),  pernitrate  of  mercury, 
etc.  The  objection  to  them  is  grounded  on  the  danger  of 
producing  constitutional  disturbance,  and  undue  irrita- 
tion. Whether  or  not  the  operations  by  cutting  or  by 
■caustics  add  to  longevity  are  questions  that  are  difficult 
to  answer  satisfactorily  at  the  present  time,  owing  to  the 
insufficient  number  of  well-attested  cases  from  which 
such  points  can  be  studied.  It  has  been  stated  that 
after  removal  the  disease  may  not  return  ;  at  least  an  in- 
stance is  given  in  which,  after  two  removals,  the  disease 
■ceased  to  recur,  the  patient  dying  at  an  advanced  age 
twenty-five  years  after  the  operation  (Gross') ;  others 
•(Humphry,*  Cooke °)  have  cited  instances  in  which  the  im- 
munity exceeded  five  years. 

Mr.  Bryaufgives  an  instance  in  his  practice,  inwhichan 
■epithelioma  of  the  lip  of  one  year's  standing  was- removed 
and  did  not  return  for  two  years ;  then  after  removal 
there  was  no  recurrence  for  three  years  ;  after  a  third 
removal  it  did  not  return  for  four  years.  In  another  in- 
stance cited  by  him,  the  first  operation  secured  immunity 
for  fifteen  years  ;  a  second  one  for  eight  years  ;  and  seven 
jears  after  the  third  and  last  operation  there  were  no 
.signs  of  a  recun-ence.  Usually  the  disease  returns,  and 
within  the  year ;  but  notwithstanding  this  fact,  there  ap- 
pears to  be  a  concurrence  of  opinion  among  surgeons,  as 
the  result  of  their  experience,  that  if  the  growth  be  re- 
moved early  and  thoroughly,  the  patient's  expectation  of 
life  will  be  materially  improved. 

Epithelioma  of  the  Tongttb. — If  a  malignant  neo- 
plasm attack  the  tongue,  it  may  be  pretty  safely  set  down 
as  an  epithelioma.  Exceptions  to  this  rule  are  at  best 
very  rare,"  and  yet  we  have  the  testimony  of  some  excel- 
lent observers  that  scirrhus,  encephaloid,  and  sarcoma 
may  be  found  in  this  organ.  There  are  several  ways  in 
which  such  statements  may  be  viewed.  Possibly  the 
writers  depended  on  the  naked-eye  appearances  in  the 
supposed  cases  of  scirrhus  or  encephaloid,  while  in  the 
matter  of  sarcoma  an  error  may  have  been  more  easily 
committed  from  the  great  liability  of  confounding  it  with 
a  syphilitic  gummy  tumor,  a  simple  inflammatory  de- 
posit, or  even,  possibly,  an  actinomycetic  growth,  which, 
though  an  affection  more  common  in  the  bovine  race,  has 
been  recently  shown  to  affect  the  human  tongue.  Though 
a  careful  microscopic  examination  would  have  positively 
established  the  diagnosis  in  the  case  of  scirrhus  or  en- 
cephaloid, we  must  remember  that  the  same  rule  does  not 
apply  to  all  sarcomas  ;  indeed,  it  may  not  be  at  all 
possible  to  differentiate  some  of  the  sarcomas  from  syphi- 
litic new  formations  without  the  corroborative  evidence 


of  an  anti-syphilitic  treatment  prolonged  for  a  suitable 
time.  On  the  other  hand,  a  diagnosis,  in  the  case  of  an  ac- 
tinomycetic growth,  can  be  quite  easily  established  by  the 
presence  of  the  peculiar  golden  or  lemon-yellow  granules 
which  are  characteristic  of  the  fungus  (see  article  on  this 
subject). 

Epithelioma  of  the  tongue  is  one  of  the  most  common 
varieties  of  carcinoma,  usually  standing  fourth  or  fifth  in 
point  of  frequency.  It  may  originate  on  the  surface  or 
in  the  substance  of  the  organ.  In  the  former  case  it  de- 
velops in  or  from  a  wart,  fissure,  or  ulcer.  The  destruc- 
tive process  spreads  at  times  with  great  rapidity  ;  then  for 
a  while  it  will  appear  inactive,  or  healing  will  seem  to  set 
in  after  some  sort  of  a  fashion,  so  that  the  patient  or  his 
attendants  may  begin  to  fancy  that  a  positive  improve- 
ment is  at  hand  ;  or,  after  the  growth  has  attained  a  con- 
siderable bulk,  perhaps  when  it  has  invaded  the  palate  or 
tonsil,  sloughing  will  take  place,  and  a  considerable  por- 
tion of  the  disease  will  be  separated.  Now,  if  contrac- 
tion of  the  sound  tissue  takes  place,  the  sore  will  appear 
to  be,  and  will  be,  smaller,  so  far  as  its  apparent  circum- 
ference is  concerned.  Then  the  edges  will  appear  ele- 
vated, indurated,  and,  perhaps,  ragged;  their  summits 
terminating  in  rounded  tubercles,  capped  here  and  there 
with  whitish  prominences,  due  to  the  dense  collections  of 
squamous  epithelial  cells  (see  Plate  IV.,  Fig.  3).  It  is  at 
this  ulcerated  stage  that  epithelioma  is  most  apt  to  be  mis- 
taken for  an  ulceration  following  the  separation  of  a 
gummy  tumor.  But  syphilitic  disease  is  prone  to  be  cen- 
tral or  bilateral ;  epithelioma  is  usually  unilateral.  At 
first  there  is  little  or  no  discomfort  to  the  patient,  but 
when  the  muscular  tissue  of  the  organ  has  become  infil- 
trated, or  as  soon  as  the  glands  have  become  involved, 
shooting  pains  attend  every  effort  at  speaking  or  eating. 
When  ulceration  has  become  extensive,  the  discharges  of 
the  ulcerated  surface  begin  to  be  very  offensive,  not  merely 
to  the  patient,  but  to  all  about  him,  and  they  are  apt  to 
collect  in  the  throat,  and  to  fall  upon  the  glottis,  giving  rise 
to  an  annoying  cough  ;  or,  they  may  find  their  way  into 
the  bronchial  tubes,  setting  up  bronchitis,  or  even  a  pneu- 
monia, that  is  naturally  of  the  septic  type.  Commonly 
the  disease  extends  by  contiguity  to  the  adjacent  parts, 
such  as  the  pillars  of  the  fauces,  tonsil,  vault  of  the  palate, 
or  uvula,  or  it  may  proceed  in  a  downward  direction. 

Males  are  certainly  more  frequently  affected  than  fe- 
males, and  Butlin  "  has  found  the  ratio  to  stand  as  6  to  1. 
It  is  also  a  disease  of  middle  and  past-middle  life,  occur- 
ring most  frequently  between  the  ages  of  forty  and  sixty, 
and  more  particularly  between  fifty  and  sixty.  It  may 
be  regarded  as  doubtful  whether  cancer  of  the  tongue  has 
ever  been  observed  under  the  age  of  twenty-nine  ;  it  is 
certainly  rare  after  seventy. 

It  is  equally  well  determined  that  a  hereditary  disposi- 
tion has  not  been  observed  in  epithelioma  of  the  tongue, 
but  that  its  origin  is  usually  associated  with  some  irritat- 
ing cause,  most  commonly,  as  in  epithelioma  of  the  lip, 
with  the  smoking  of  a  clay  pipe,  or  the  friction  of  a 
defective  tooth  or  tooth-plate.  In  a  small  number  of  in- 
stances it  appears  to  develop  from  a  syphilitic  sore,  or 
from  some  skin  affection,  such  as  psoriasis,  possibly  from 
the  peculiar  disease  known  to  English  writers  as  chronic 
superficial  glossitis  (Clarke).  From  the  description  here 
given  it  is  plain  that  an  epithelioma  ought  to  be  satisfac- 
torily differentiated  from  a  gummy  tumor,  though  I  have 
no  doubt,  judging  from  personal  experience,  that  the  dis- 
crimination is  not  always  made  by  physicians.  It  should 
be  remembered  that  the  gummy  tumor  usually  appears  as 
a  soft,  often  semi-fluctuating,  ovoid,  or  rounded  tiiinor  in 
the  substance  of  the  tongue ;  it  may  even  occupy  fully 
one-half  of  it.  The  iodides  given  in  doses  sufficient  to 
produce  their  full  physiological  effect  will  cause  such 
tumors  to  disappear  with  most  marvellous  rapidity,  if 
destructive  changes  have  not  occurred  in  them  ;  and  even 
if  the  slough  has  separated,  they  will  heal  under  the  same 
treatment,  leaving,  it  is  true,  behind  them  deep  cicatrices 
with  sinuous  edges.  But  it  should  also  be  remembered 
that  the  treatment  by  the  iodides  will  at  first  act  favorably 
upon  epithelioma.  Its  good  effect  is  soon  lost,  however, 
and  in  a  few  weeks  the  process  of  ulceration  or  infiltra- 
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tion  -will  extend  as  before.  The  implication  of  the  glands 
assists  much,  however,  in  the  diagnosis,  for  in  epithelioma 
the  hardness  of  the'  glands  is  like  that  of  tlie  hardest 
wood.  Sometimes  they  might  even  be  said  to  have  a 
stony  hardness.  They  soon  become  fixed  in  one  position. 
Syphilitic  glands  are  not  so  fixed.  Of  course  the  dis- 
covery of  general  syphilis  assists  much  in  the  discrimi- 
nation. But  even  a  person  of  limited  experience  should 
not  mistake  ordinary  mucous  patches,  or  the  opaline 
plaques  which  they  leave  behind  them,  for  anything  but 
evidences  of  syphilis.  So,  too,  tubercular  ulceration, 
naevus,  or  hypertrophy  of  the  tongue  need  no  separate  de- 
scription, and  yet  I  know  of  an  instance  in  which  a  tuber- 
culous tongue  was  removed  in  the  mistaken  notion  that  it 
was  epithelioma.  Tubercular  or  scrofulous  ulcerations 
are  certainly  rare,  so  that  such  errors  are  the  more  easily 
excused.  The  lips  are  usually  attacked  at  the  same  time, 
but  there  is  always  the  individual  or  hereditary  histoiy  of 
tubercular  taint.  Then  the  sores  are  chronic,  breaking 
out  when  the  patient  is  for  any  reason  below  par,  and 
healing  up  if  he  recuperates.  They  are  superficial,  have 
a  gray,  rough  base,  ragged  edges,  and  sluggish  aspect. 
There  is  no  induration  about  the  base. 

After  an  epithelioma  of  the  tongue  has  progressed  to  a 
certain  point,  violent  neuralgic  pains  will  commonly  set 
in,  owing  to  implication  of  the  lingual  nerve.  In  a  few 
cases  there  are  metastases  to  internal  organs,  such  as  the 
lungs,  heart,  or  liver. 

As  soon  as  the  nature  of  the  disease  has  been  deter- 
mined, the  question  of  the  removal  of  the  part  affected 
should  be  considered  at  once,  provided,  of  course,  it  is 
easily  accessible  and  that  the  glands,  the  submaxillary  and 
sublingual  more  especially,  are  not  involved.  Some  form 
of  thermo-cautery  is  the  best  instrument  to  use,  but  the 
knife  or-  ligature  is  also  available.  But  even  if  the  growth 
cannot  be  extirpated  in  toto,  any  special  source  of  irrita- 
tion may  be  removed.  If  this  cannot  be  accomplished,  it 
will  be  advisable  to  make  soothing  applications  of  some 
anaesthetic,  and  at  the  present  time  cocaine,  in  the  ordi- 
nary two  per  cent,  solution,  or  menthol  suspended  in  mu- 
cilage, or  some  mild  alkaline  wash,  offers  the  most  satis- 
factory means  for  combating  the  pain.  If,  however,  it 
be  very  severe,  the  gustatory  nerve  may  be  cut.  Mr. 
Barwell "  recommends  it,  but  only  when  the  whole  organ 
is  involved  and  if  the  suffering  is  intense. 

According  to  Clarke,'^  the  operation  prolongs  life.  Thus 
in  twenty-five  cases,  in  which  no  operation  had  been  per- 
formed, the  average  duration  of  life  from  the  inception  of 
the  disease  was  forty-two  weeks ;  while  in  fourteen,  in 
which  an  operation  was  performed,  the  average  was  eighty- 
six  weeks.  Butlin's  "  statistics,  derived  from  the  most 
satisfactory  cases  to  which  I  have  had  access,  give  a  dif- 
ferent view  of  the  case,  though  the  results  point  in  the 
same  direction.  Thus  of  seven  cases  not  operated  on,  the 
average  longevity  was  eighty-three  weeks ;  while  of 
twenty-five  in  which  an  operation  was  performed,  the 
average  was  one  hundred  and  ten  weeks.  Paget's  figures 
establish  the  same  general  conclusion.  But  even  if  the 
operation  could  not  be  shown  to  prolong  life,  it  should  be 
advised,  for  the  reason  that  the  patient  is  rid,  for  the  time 
at  least,  of  an  offensive  ulcer,  that  produces  most  annoy- 
ing symptoms.  With  these  general  considerations,  each 
case  of  tongue  cancer  should  be  studied  in  the  light  of  its 
special  surroundings.  As  a  rule,  the  nearer  the  growth 
is  to  the  apex  of  the  organ,  the  more  favorable  the  prog- 
nosis for  operative  interference.  When  the  disease  is  sit- 
uated at  or  near  the  base,  the  operation  is  one  of  no  little 
magnitude,  and  invites  very  thoughtful  consideration  on 
the  part  of  the  surgeon. 

Epithelioma  op  the  External  Genitals. — 1.  Male. 
— A.  Penis.  Epithelioma  appears  to  be  the  principal 
form  of  malignant  disease  that  attacks  the  penis.  It 
usually  occurs  between  the  ages  of  forty  and  sixty, 
chiefly  in  the  latter  half  of  this  period,  as  in  epithelioma 
of  tlie  tongue.  It  is  rarely  confounded  with  any  other 
disease,  although  it  may  be  mistaken  for  a  syphilitic 
lesion,  such  as  the  indurated  chancre,  or  condyloma. 
Epithelioma  usually  attacks  the  foreskin  on  its  internal 
side,  and  in  this  regard  it  may  be  differentiated  from 


chancre,  which  usually  develops  on  the  external  surface. 
Of  course  the  subsequent  appearance  of  syphilitic  leslona 
will  render  the  diagnosis  more  easy  if  the  diagnosis  rest 
between  syphilis  and  epithelioma.  On  the  other  hand, 
a  condyloma  being  quite  amenable  to  the  internal  treat- 
ment for  syphilis,  it  can  be  diagnosticated  in  this  way,  es- 
pecially if  the  history  of  syphilis  is  uncertain.  It  seems; 
to  be  plain  that  at  a  certain  period  of  life  there  is  a  ten- 
dency toward  malignant  transformation  of  epithelial 
structures,  though  certain  conditions,  chief  of  which  ap- 
pears to  be  some  local  excitant,  must  be  present  as  etiologi- 
cal factors,  else  the  peculiar  change  w'ill  not  take  place. 
Mechanical  friction  is  the  causal  element  to  which  our  at- 
tention is  chiefly  drawn  in  this  particular  disease,  and  the 
penis  that  is  covered  with  a  long  foreskin,  behind  which 
there  is  always  a  greater  or  less  collection  of  epithelial 
debris  or  glandular  excretion,  is  the  one  that  presents  the 
largest  opportunities  for  the  unfavorable  change  ;  and  for 
the  reason,  also,  that  the  epithelial  coating  of  this  part  is. 
extremely  delicate,  and  therefore  more  susceptible  to  in- 
jury. Sometimes  a  congenital  defect  may  determine  the 
growth  to  the  part,  as  in  a  patient  of  mine,  in  whom  a 
pimple  or  wart  that  had  remained  inactive  on  the  fore- 
skin for  forty  years  or  more,  took  on  malignant  action 
at  the  period  of  life  at  which  such  tissues  are  most  prone 
to  malignancy. 

As  soon  as  an  epithelioma  of  the  penis  shows  its 
characteristic  features,  induration  of  the  base  begins 
to  be  apparent,  and  more  or  less  of  a  sort  of  ligneous  in- 
filtration will  be  observed  to  spread  slowly  along  the 
organ  until  finally  the  root  is  reached,  unless  its  course 
has  been  intercepted  by  an  operation.  Sometimes  the 
growth  early  exhibits  a  protuberant,  fungoid  appearance ; 
but  if  at  any  time  the  flow  of  blood  to  the  part  is  ob- 
structed to  a  considerable  extent,  the  nutrition  of  an 
epithelioma  may  be  so  cut  off  that  sloughing  will  ensue. 
At  first  the  inguinal  glands  will  be  irritated  or  simply  in- 
flamed by  the  local  disease,  especially  if  the  affected  part 
encounter  anjr  rough  handling,  as  from  a  blow,  etc. 
Later  they  will  become  infiltrated,  and  will  then  increase 
gradually  in  size  during  the  life  of  the  patient,  unless  re- 
moved by  operation  or  reduced  by  ulceration  or  other  de- 
generative processes. 

Though  epithelioma  usually  takes  its  origin  from  the 
foreskin,  it  also  springs  from  the  surface  of  the  glans  or 
from  the  body.  In  its  progress  the  penis  and  scrotum 
may  be  destroyed,  a  fungus-like  mass  occupying  their 
place.  Death  is  usually  due  to  the  exhaustion  conse- 
quent upon  the  drain  on  the  system  of  the  continued  dis- 
charges, or  to  haemorrhage,  or  both. 

The  proper  treatment,  when  the  disease  has  once  been 
positively  determined,  is  local  excision,  or  amputation  of 
the  penis.  The  first-named  operation  is  permissible  when 
the  growth  is  small  and  the  indurated  tissue  can  be  re- 
moved by  a  single  incision  ;  the  latter  is  to  be  preferred 
when  the  penis  itself  has  been  invaded.  Though  infiltra- 
tion of  the  glans  is  sometimes  held  to  be  a  bar  to  ampu- 
tation, this  need  not  be  so,  because  even  in  such  cases  the 
disease  may  not,  after  amputation,  return  in  the  cicatrix, 
and  the  patient  will  meanwhile  be  rid  of  an  offensive  and 
painful  sore.  Caustics  are  specially  contraindicated,  but 
often  sedative  applications  will  give  great  relief.  Un- 
fortunately we  are  not  in  the  possession  of  statistics  as 
to  whether  operative  measures  in  this  disease  offer 
greater  chance  for  prolonging  life  than  non-interference. 
Sibley  gives  thirty-four  months  as  the  duration  of  life 
after  the  inception  of  the  disease,  provided  there  has  been 
no  operation'.  In  three  cases  of  operation,  in  my  tables, 
one  died  seventeen  months  after  the  disease  began ;  an- 
other eighteen  months;  while  the  third  was  alive  at  the 
end  of  ninety-five  months.  The  duration  of  life  under 
such  circumstances  averages  from  sixteen  to  thirty-six 
months.  The  operation  of  amputation  is  extremely 
simple,  as  it  can  be  most  satisfactorily  done  by  a  single 
stroke  of  the  knife.  The  hsemorrhage  that  follows  can 
be  easily  controlled. 

B.  Scrotum.  Epithelioma  of  the  scrotum  is  of  the  deep 
or  squamous  variety.  It  originates  usually  as  a  wart 
upon  the  scrotum.     In  England,  where  it  appears  to  have 
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been  common  among  chimney-sweeps,  it  has  been  called 
chimney-sweep's  cancer  ;  but  the  same  kind,  of  irritation 
may  cause  it  to  grow  upon  other  parts  of  the  body,  as  the 
hand  or  wrist.  Originating  in  this  way,  it  may  be  inac- 
tive for  years  and  then  suddenly  become  soft,  vascular, 
and  painful.  Soon  a  serous  exudation  is  noticed  upon 
the  surface ;  then  a  scab  forms.  When  the  latter  sepa- 
rates, it  reveals  an  ulcer ;  the  wart  now  is  destroyed  and 
a  chronic  sore  results,  eating  into  the  testicle  and  infil- 
trating the  inguinal  glands,  unless  the  patient  die  earlier 
of  some  intercurrent  disease.  It  is  rarely  seen  in  this 
country. 

2.  Female. — A,  Labia;  B,  Clitoris. — Epithelioma  is 
the  form  of  cancer  that  attacks  the  labium  and  clitoris, 
usualljr  the  former.  It  appears  first  as  a  small  nodule  or 
berry-like  prominence  of  the  mucous  membrane  near  its 
junction  with  the  skin.  It  grows  much  like  an  epithe- 
lioma of  the  penis,  but  is  more  extensive,  for  though  the 
disease  usually  begins  on  one  side,  both  will  eventually 
.  be  involved ;  in  which  event  there  will  be  solid  fungoid 
excrescences  tipped  with  tubercles  having  rounded  prom- 
inences. Ulceration,  too,  sets  in  early,  leaving  ulcers 
with  worm-eaten  bases,  undermined  edges,  and  indura- 
tion with  infiltration  of  surrounding  parts.  So  extensive 
may  this  growth  be,  that  it  will  often  encircle  the  vaginal 
orifice,  and  extend  to,  and  even  implicate,  the  anus. 
The  inguinal  glands  do  not  appear  to  be  attacked  very 
early,  but  perhaps  it  is  more  an  apparent  than  a  real  tar- 
diness, due  to  the  fact  that  the  glands  are  more  apt  to  be 
hidden  by  adipose  tissue  in  the  female  ;  though  it  is  a 
fact  that  the  female  inguinal  glands  are  less  prone  to  ex- 
hibit constitutional  infection  than  the  same  glands  of  the 
male.  It  is  thought  by  some  surgeons  that  the  extension 
of  the  disease  from  one  labium  to  the  other  is  due  to  auto- 
inoculation,  the  diseased  labium  chafing  the  healthy  one 
and  introducing  the  morbiflp  material  at  the  point  where 
the  surface  is  abraded.  If  this  be  true,  it  is  probably  the 
only  instance  in  which  the  virus  proves  inoculable  in  the 
human  subject.  Though  the  disease  may  be  very  exten- 
sive, it  does  not  necessarily  give  much  pain  ;  but  when 
the  swollen  and  infiltrated  tissues  ofEer  an  obstacle  to  the 
passage  of  urine  and  the  pent-up  secretions,  the  distress 
may  be  very  great. 

Epithelioma  of  the  labia  is  a  disease  of  past-middle  life, 
usually  occurring  between  fifty  and  seventy.  Instances  in 
which  this  disease  is  said  to  have  occurred  under  twenty- 
five  should  be  looked  upon  as  doubtful,  unless  satisfactory 
microscopic  evidence  has  been  furnished.  In  the  early 
stages  the  disease  may  not  be  easily  differentiated.  If, 
however,  we  observe  a  florid  granulation  that  grows 
rapidly,  bleeds  easily,  has  some  induration  about  the 
base,  cannot  be  favorably  affected  by  specific  treatment, 
if  removed  soon  recurs,  and  is  associated  with  swollen 
glands  which  in  good  time  assume  a  woody  or  stony 
hardness,  we  may  be  pretty  sure  of  our  diagnosis.  In 
young  persons  it  is  most  apt  to  be  confounded  with  a 
syphilitic  condyloma,  which,  often  attains  a  large  size 
and  is  an  exuberant  fungoid  mass.  Closer  examination 
will  show  that  the  condyloma  is  a  papillary  growth,  con- 
sisting of  myriads  of  slender  stalks,  each  surmounted  by 
a  rounded  head.  As  further  aids  in  arriving  at  a  diag- 
nosis, there  are  the  syphilitic  history,  the  peculiar  smell, 
the  result  of  treatment  by  anti-syphilitics,  and  the  age  of 
the  patient ;  condylomata  being  more  common  in  early 
life.    (SeePlatelV.,  Fig.  3.) 

The  treatment  should  consist  in  early  and  very  thorough 
enucleation ;  and  the  knife  or  galvano-cautery,  as  the  case 
may  be,  should  cut  wide  of  the  Indurated  tissue.  When 
the  glands  are  involved,  there  is  no  special  contraindica- 
tion to  an  operation,  and,  indeed,  though  the  operation 
may  not  eradicate  the  disease,  the  patient  will  be  relieved 
in  many  ways.  Sometimes  palliatives  only  are  indicated, 
and,  to  subdue  the  pain,  ice  and  salt  in  rubber-bags  may  be 
applied,  or  the  cold-water  coil,  or  perhaps  preparations  of 
lead  and  opium'  cocaine,  or  menthol.  Disinfectants  will 
be  needed  in  the  advanced  stages,  and  none  remove  the 
unpleasant  odors  more  satisfactorily  than  the  permanga- 
nate of  potash  in  a  weak  solution  (3  j--Oj.)i  The  dis- 
ease is  usually  borne  from  fifteen  to  twenty -one  months. 


though  there  are  instances  in  which  the  duration  has  been 
much  longer — three  years  and  possibly  more. 

Carcinoma  of  the  Internal  Genital  Organs  (Fe- 
male).— 1.  Squamous  Bpithelioma. — Carcinoma  occurs  in 
the  uterus  under  five  separate  varieties,  each  possessing 
certain  peculiar  characteristics,  though  they  are  not  all 
equally  distinctive.  First  in  point  of  frequency  comes 
scirrhus  ;  then  there  are  the  medullary  and  colloid  varie- 
ties ;  next  the  ordinary  squamous  epithelioma,  and  lastly 
the  cylindrical  epithelioma,  or  cauliflower  excrescence. 
(See  Scirrhous  Carcinoma  of  the  Uterus.) 

The  ordinary  squamous  epithelioma  originates  in  the 
cervix,  from  which  it  gradually  extends  through  to  the 
body  and  fundus,  rarely  if  ever  spreading  in  a  reverse 
order.  It  is  usually  observed  about  the  climacteric  pe- 
riod, the  patient  first  experiencing  slight  pain  or  distress 
in  the  pelvis.  Perhaps  there  is  a  little  leucorrhoea.  Com- 
monly these  phenomena  do  not  attract  much  attention, 
and  it  is  only  when  a  sudden  haemorrhage  from  the  va- 
gina takes  place  that  serious  alarm  is  felt.  And  yet  by 
this  time  the  disease  will  probably  have  attained  consid- 
erable bulk,  so  that  the  finger  can  appreciate  the  tuber- 
culated  and  ulcerated  surface.  Still  this  manipulation 
may  not  occasion  much  pain,  or  even  a  decidedly  unpleas- 
ant sensation.  There  will  now  be  a  continuous  discharge 
of  thin,  watery,  offensive,  and  at  times  discolored,  fluid. 
Other  haemorrhages  may  now  occur  at  any  time.  The 
uterus  will  still  remain  freely  movable.  But  constitu- 
tional symptoms,  as  evinced  by  emaciation,  pallor,  disor- 
dered appetite,  and  fever  will  gradually  develop.  Later 
on  pain  will  be  more  prominent  as  a  symptom,  and  it  may 
be  sharp  and  stinging,  or  dull  and  heavy. 

As  the  discharge  increases  in  amount,  the  vagina  and 
external  genitals  will  become  excoriated,  possibly  also  the 
adjacent  skin.  In  time  micturition  and  def ecatipn  may 
be  interfered  with.  Death  may  be  due  to  exhaustion,  pen- 
tonitis,  or  haemorrhage.  In  order  to  distinguish  between 
this  variety  of  epithelioma  and  scirrhus,  the  diagnostic 
points  to  be  mainly  considered  are  those  common  to  both, 
such  as  the  age  of  the  patient,  the  haemorrhages,  offen- 
sive discharges,  the  emaciation,  cachexia,  and  such  gross 
changes  as  may  be  appreciated  by  the  finger ;  while  the 
characteristic  differences  are  that  in  epithelioma  of  the 
OS  (squamous  variety)  there  is,  for  a  considerable  time  at 
least,  no  fixation  of  the  organ,  which  even  in  later  stages 
can  be  moved  about  without  occasioning  pain  or  sensi- 
tiveness, while  in  many  instances,  owing  to  the  extensive 
ulceration  of  adjacent  parts,  it  may  be  moved  about  even 
more  easily  than  the  healthy  uterus.  In  scirrhus  there  is 
extensive  generalization  of  the  disease  ;  in  epithelioma  it 
rarely  spreads  beyond  the  nearest  chain  of  lymphatic 
glands,  except  by  continuity.  The  nodular  edges  of 
the  ulceration  and  the  offensive  discharges  distinguish 
this  form  of  epithelioma  from  an  ordinary  ulceration, 
while  in  the  cervix  of  a  uterus  that  has  been  lacerated 
by  any  of  the  accidents  attendant  upon  pregnancy,  the 
induration  due  to  cicatrices  is  not  hard  as  in  epithe- 
lioma. 

Treatment  should  consist  in  excising  as  much  of  the  os 
as  is  diseased,  and  with  it  a  broad  zone  of  the  normal  con- 
tiguous tissue  ;  or,  if  that  be  iinpracticable,  in  extirpa- 
tion of  the  growth  with  the  actual  or  galvano-cautery. 
When  operative  procedures  are  not  admissible,  eitlier 
from  the  extent  of  the  tissues  involved,  or  from  opposi- 
tion on  the  patient's  part,  local  sedatives  are  employed 
with  good  effect ;  of  these  carbolic  acid  in  solution  may 
be  useful,  both  for  its  anaesthetic,  disinfectant,  and 
healing  properties.  In  the  proportion  of  one  to  twelve 
in  glycerine  it  may  be  advantageously  applied  to  the  dis- 
eased parts.  Tampons  of  absorbent  lint  may  also  be  very 
necessary  ;  cocaine  and  menthol  are  also  proper  remedies. 
The  vagina  should  be  frequently  washed  out,  while  occa- 
sional laxatives  will  be  needed  to  keep  the  faeces  soft.  In 
the  last  stages  of  the  disease  opiates  may  be  required,  and 
oftentimes  they  should  be  administered  continuously,  as 
otherwise  the  pain  would  be  insupportable. 

3.  Cylindrical  Epithelioma  (Cauliflower  Excres- 
cence.— Accepting  the  tendency  of  the  present  time  to 
rank  this  growth  among  the  epitheliomas,  I  have  placed 
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it  among  them  rather  than  as  one  of  the  five  gi-eat  sub- 
divisions of  carcinoma. 

Originating  either  from  the  os  or  from  the  uterine  cavity, 
it  first  appears  as  a  highly  vascular,  flesh-colored  tumor, 
which  bleeds  readily  on  pressure,  and  from  whose  sur- 
face exudes  an  abundant  watery  fluid.  (See  Plate  IV., 
Fig.  5.)  It  is  an  exuberant,  soft,  spongy  growth,  that 
soon  becomes  bulky  if  not  interfered  with  by  operation. 

Microscopically  it  is  seen  to  consist  of  a  collection  of 
elongated  papilla  interconnected  with  one  another,  each 
separate  papilla  consisting  of  a  delicate  stalk,  in  whidi  is  a 
vascular  loop,  while  the  surface  is  covered  by  long  cylin- 
drical epithelial  cells.  From  a  microscopic  point  of  view  a 
differentiation  of  the  neoplasm  is  simple,  as  it  can  only  be 
confounded  with  a  benign  papilloma  (warty  growth).  But 
as  these  latter  never  become  bulky  there  is  no  difficulty 
in  forming  the  diagnosis  as  soon  as  the  cylindrical  epithe- 
lioma attains  any  bulk.  This  it  does  at  a  comparatively 
early  period,  and  then  the  other  attendant  phenomena  of 
carcinoma  are  present  to  assist  in  the  diagnosis. 

There  is  then  a  profuse  watery  discharge,  now  and  then 
intermixed  with  blood,  which  is  especiably  noticeable  after 
sexual  intercourse,  digital  examination,  or  movements 
from  the  bowel.  And  yet  the  patient  may  not  complain 
of  pain,  partly  because  so  much  of  the  growth  is  external 
to  the  organ  from  which  it  springs.  Indeed,  although  the 
vagina  may  be  filled  and  the  proliferating  mass  extend 
beyond  the  external  genitals  the  prognosis  is  compara- 
tively favorable  for  an  operation.  At  first  local  astrin- 
gents have  a  good  effect,  not'  only  checking  the  watery 
discharge,  but  even  diminishing  the  size  of  the  tumor. 
Chief  among  them  are  the  vegetable  astringents,  of  which 
the  best  example  is  tannic  acid.  If  more  active  measures 
are  indicated  a  ligature  may  be  applied,  and  the  growth 
can  then  be  removed,  or  even  if  it  recur,  as  may  be  an- 
ticipated, the  same  astringents  can  be  used  effectively  to 
retard  its  subsequent  development.  Local  irritation  of 
any  sort  must  be  rigidly  avoided. 

The  cause  of  this  variety  of  carcinoma,  as  of  all  the 
others,  must  be  referred  to  the  vicissitudes  which  the  or- 
gan experiences  through  its  periodic  activity,  either  at  the 
menstrual  or  child-bearing  period ;  to  the  various  func- 
tional disorders  which  it  experiences,  and  to  the  mechanical 
abuse  to  which  it  is  subjected  during  sexual  intercourse. 
There  seems  to  be  very  slender  ground  for  attributing 
carcinoma  to  nervous  disturbance.  In  the  last  stages  of 
carcinoma  of  the  uterus  there  are  strong  clinical  resem- 
blances between  the  several  varieties,  and  indeed  there 
is  no  great  difference  in  the  treatment  that  is  applicable 
to  them  severally. 

Carcinoma  of  the  Stomach. — The  stomach  is  fre- 
quently the  site  of  carcinoma,  and  especially  of  the  scirrhous 
form ;  indeed,  in  this  respect  the  organ  holds  second  place 
with  some  authors.  It  usually  makes  its  attack  between 
the  ages  of  fifty  and  sixty,  although  it  has  been  noted  at 
as  early  an  age  as  twenty -six,  and  as  late  as  seventy-four. 
The  origin  of  the  growth  may  most  frequently  be  traced 
to  the  submucous  layer  of  the  stomach  and  to  the  glands 
of  that  part.  More  rarely  it  occurs  as  a  secondary  deposit, 
the  primary  disease  being  located  in  the  head  of  the  pan- 
creas, possibly  in  the  omentum.  The  colloid  and  en- 
cephaloid  varieties  of  carcinoma  are  encountered  in  the 
stomach  much  more  rarely  than  scirrhus,  and  the  enceph- 
aloid  form  even  less  frequently.  Cancer  usually  attacks 
the  pylorus  ;  but  the  cardiac  extremity  and  greater  and 
lesser  curvatures  are  also  selected.  It  is  noteworthy  but 
natural,  in  view  of  the  physiological  functions  of  this 
organ,  that  there  should  be  manifest  differences  in  the 
train  of  symptoms  and  their  severity,  according  as  one  or 
another  site  is  involved.  Thus  a  very  small  amount  of 
disease  at  the  pyloric,  or  less  at  the  cardiac  orifice,  may 
soon  bring  about  a  fatal  issue  ;  while  in  the  greater  cur- 
vature, and  more  especially  in  the  lesser,  a  tumor  the  size 
of  an  orange  may  give  comparatively  few  symptoms  and 
not  endanger  life  for  a  long  period.  And,  perhaps,  which 
is  even  more  astonishing,  the  entire  organ  may  be  infil- 
trated with  cancerous  deposits  throughout  its  entire  ex- 
tent, and  yet  perform  its  duties  successfully  for  a  longer 
period  than  when  either  of  the  orifices  is  involved.    The 


explanation  of  this  is  probably  to  be  found  in  the  facts 
that  as  the  centres  of  disease  are  distributed  symmetrically 
throughout  the  organ,  the  localized  contractions  which 
take  place  at  a  later  stage  are  also  symmetrically  distri- 
buted, and  that,  finally,  while  the  organ  may  be  so  reduced 
in  size  that  it  cannot  hold  more  than  a  pint,  there  is  no 
bar  to  the  progress  of  food,  but  merely  an  abolition  of 
stomach  digestion,  from  the  derangement  of  its  epithelial 
tissues  and  the  unyielding  character  of  the  gastric  walls. 
When  scirrhus  occurs  at  its  favorite  seat,  in  the  pylorus, 
it  is  at  first  observed  to  be  a  small,  flattened,  and  circum- 
scribed tumefaction  ;  as  it  develops,  the  mucous  mem- 
brane, on  the  one  hand,  and  the  muscular  substance  on 
the  other,  are  encroached  upon  ;  when  the  latter  is  in- 
vaded it  is  at  first  thickened  by  the  new  deposit,  but  sub- 
sequently the  muscle  substance  is  absorbed  and  replaced 
by  the  cancerous  material.  The  mucous  membrane  is  af- 
fected in  various  ways.  Sometimes  its  papillary  layer 
proliferates  extensively,  so  as  to  be  covered  by  numerous 
fungoid  growths,  which  in  the  progress  of  the  disease  . 
slough  off,  leaving  an  excavated  ulcer  with  an  indm-ated 
border  and  base.  While  this  growth  is  developing, 
hsemorrhages  may  at  any  time  occur  from  the  rupture  of 
the  minute  vessels  that  grow  in  the  papillary  tufts  ;  or  if 
sloughing  has  set  in  and  an  ulcer  has  been  left  the  exten- 
sion of  the  disease  may  at  any  time  cause  erosion  of  a 
vessel  and  haemorrhage  from  this  source.  At  times  the 
mucous  membrane  will  suffer  little  change.  At  the  in- 
ception of  the  disease  there  is  apt  to  be  a  .sense  of  un- 
easiness, perhaps  at  times  a  dull  pain  over  the  organ, 
especially  if  the  disease  is  situated  at  either  orifice ;  when 
the  pylorus  is  the  part  involved  there  is  some  distress 
after  eating,  usually  after  food  has  lain  some  hours  in  the 
stomach.  The  patient  then  believes  himself  the  subject  of 
an  aggravated  type  of  dyspepsia,  as  judged  by  his  loss  of 
appetite,  flatulence,  sour  eructations,  and  relief  after  belch- 
ing of  wind.  As  the  disease  progresses  these  symptoms  be- 
come more  pronounced.  Sooner  or  later  emaciation  sets 
in,  and  there  is  more  or  less  disturbance  of  the  mind  ;  but 
there  is  no  fever  or  increase  in  the  frequency  of  the  pulse. 
The  greatest  distress  is  felt  when,  after  having  eaten,  fer- 
mentation takes  place.  There  is  then  nausea,  but  no  relief 
comes  until  the  stomach  has  been  emptied.  Then  a  period 
supervenes  when  there  is  no  pain  of  any  description,  but 
merely  the  exhaustion  consequent  upon  the  efforts  to  pro- 
duce vomiting.  When  the  tumor  is  located  in  the  greater 
curvature  the  nausea  and  vomiting  occur,  as  a  rule,  soon 
after  eating,  while  haemorrhages  are  apt  to  be  frequent  and 
copious,  the  vomited  blood  having  a  dark  red  or  more  often 
a  brownish  color,  like  that  of  coffee-grounds.  If,  how- 
ever, the  disease  is  situated  at  the  cardiac  extremity,  we 
have  to  deal  with  what  is  practically  a  stenosis  of  the 
oesophagus,  and  it  is  then  the  act  of  swallowing  that  gives 
distress  and  pain  which  shoots  through  to  the  back ;  finally 
there  is  regurgitation  of  food.  In  disease  of  the  pylorus 
we  have  to  deal  with  infrequent  passages,  alternating 
with  diarrhoeas.  When  the  pylorus  permits  nothing  to 
pass,  constipation  is  a  necessary  sequence,  but  if  at 
length  some  of  the  fermented  material  manages  to  get 
through,  its  irritative  action  sets  up  a  diarrhoea,  and  we 
frequently  find  tany  passages,  partly  the  result  of  the 
irritative  diarrhoea,  and  partly  due  to  decomposed  blood 
from  the  stomach. 

It  is  not  always  easy  to  determine  whether  a  tumor  be 
present,  even  after  the  disease  has  lasted  some  months, 
and  this  is  plainly  shown  by  the  comparatively  large 
number  of  persons  who  have  died  with  cancer  of  the 
stomach  and  yet  who  have  given  few  or  no  indications  of 
it  during  life.  A  considerable  tumor  in  the  lesser  curva- 
ture, or  at  the  cardiac  extremity,  cannot  with  certainty  be 
detected.  A  moderately  large  tumor  in  the  greater  cur- 
vature may  easily  escape  diagnosis  ;  but  a  small  amount  of 
thickening  at  the  pylorus,  even  if  it  be  no  larger  than  an 
English  walnut,  may  commonly  be  felt,  in  a  thin  person. 
In  the  majority  of  cases  no  diagnosis  is  made  until_  the 
growth  is  the  size  of  one's  clenched  fist.  To  facilitate 
a  diagnosis  the  patient  should  first  lie  upon  his  back, 
with  the  shoulders  raised  ;  then,  after  a  deep  expiration, 
the  epigastrium  will  fall  in  to  some  extent,  find  the  hand 
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PLATE  IV. 


Types  df  Carcindma 


I.  Rodent  Ulcerofthe  Face.  II. Squamous  Epithelioma  ofthe  Vulva. 

III.  Squamous  Epithelioma  ofthe  Tongue.  IV.  Squamous  Epithelioma  ofthe  Lip. 

V  Cylindrical  Epithelioma  of  the  Cervix  Uteri.  VI,  Scirrhus  of  the  Female  Breast. 

VII.  Scirrhusof  the  Male  Breast.  VIII.  Medullary  Carcinoma  ofthe  Liver. 

IX.  Colloid  Carcinoma  ofthe  Stomach. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Garclnomai 
Carcinoma. 


can  feel  the  pylorus,  and  can  sometimes  detect  a  tume- 
faction in  the  lower  border  of  the  stomach.     But  what  is 
often  fully  as  important,  nodules  in  the  liver  or  below  the 
pylorus  can  be  felt,  and  in  the  great  majority  of  instances 
they  suggest,  through  their  presence,  a  primary  affection  of 
the  stomach.    Sometimes  it  is  well  for  the  patient  to  stand 
up  and  lean  over  ;  in  such  a  position  the  tumor  is  thrown 
against  the  anterior  wall  of  the  abdominal  cavity,  and 
thus  may  be  felt.     An  excessively  dilated  stomach  will 
ofler  corroborative  evidence  of  pyloric  disease,  because 
behind  the  stricture  the  organ  is  pretty  generally  hyper- 
trophied  and  dilated.     But  it  is  a  curious  fact  that  in 
stomach  disease,  the  tumor  which  is  usually  taken  for  the 
thickened  pylorus  is,  in  reality,  the  left  lobe  of  the  liver 
or  a  part  of  it  which  has  been  infiltrated  and  hardened 
by  the  cancer,  and,  after  forming  an  attachment  to  the 
stomach,  has  been  drawn  over  it  by  the  contraction  of 
the  new  growth.     There  are  no  rules  by  which  we  may, 
at  the  bedside,  diagnosticate  scirrhus  from  any  other  ma- 
lignant tumor.     This,  however,  may  be  said  in  favor  of  a 
differential  diagnosis  :  In  the  first  place,  carcinoma  is  the 
only  malignant  growth  that  attacks  the  organ,  and  of  its 
three  varieties  the  choice  lies  between  scirrhus  and  col- 
loid, the  medullary  variety*  being  too  rare  to  be  taken 
into  account.     Colloid  carcinoma  is  a  gelatinif orm  infil- 
tration of  the  tissue  ;  it  forms  a  bulky  tumor,  scirrhus  a 
circumscribed  one.     Its  relative  frequency,  in  comparison 
with  scirrhus,  is  as  eighteen  to  one.     Colloid  usually  origi- 
nates at  the  pylorus  (see  Plate  IV.,  Fig.  9),  but  rapidly 
extends  toward  the  cardiac  extremity.     At  first  it  spreads 
by  contiguity,  but  later  by  metastasis,  to  adjacent  parts, 
such  as  the  omentum,  mesentery,  and  lymphatic  glands, 
diaphragm,  spleen,  intestines,  and  liver.     Pressure  is  con- 
sequently brought  to  bear  in  some  cases  upon  the  portal 
vessels,  causing  ascites.     Such  cases  will  even  sometimes 
simulate  abdominal  aneurism.    Colloid  is  the  most  chronic 
form.    Scirrhus  rarely  develops  ascites  to  any  extent. 
Patients  with  colloid  may  live  for  months  or  years,  and 
the  symptoms  will  not  manifest  themselves  until  a  few 
weeks  before  death  ;  or  the  patjents  may  die  without  hav- 
ing enabled  the  physician  to  perfect  his  diagnosis.     In 
my  personal  experience  patients  die  in  from  three  to  nine 
months  after  the  disease  has  been  detected. 

If  obstruction  exists,  the  treatment  of  gastric  carci- 
noma should  consist,  in  the  first  place,  of  excluding  solid 
food  from  the  regimen,  and  selecting  only  that  which  is 
nourishing  and  digestible.  Sometimes  a  milk  diet  is 
well  borne  ;  sometimes  the  koumiss  that  is  manufactured 
in  our  large  cities,  or  one  or  other  of  the  baby  foods  that 
are  in  use,  with  meat-broths,  soups,  or  liquid  extracts. 
After  the  patient  has  tried  all  such  nutritious  substances 
in  conjunction  with  alkalies  and  preparations  of  pepsine, 
and  the  stomach  will  no  longer  endure  anything,  the  rec- 
tum may  be  safely  resorted  to.  Nutrient  enemas  will 
sustain  life  for  many  months  (see  Alimentation,  Rectal). 

Toward  the  end  sedatives  may  have  to  be  employed, 
and  of  these  conium,  codeia,  and  belladonna  have  given 
most  satisfaction.  Operative  interference,  such  as  Billroth 
has  instituted,  has  not  yet  received  the  sanction  of  our 
best  surgeons,  though  it  has  occasionally  been  resorted  to. 
SciKBHOTJS  Caboinoma  OF  THE  BKBAST.—This  disease 
springs  from  some  point  in  the  secretory  or  excretory  tissue 
of  the  breast,  usually  from  the  glandular  epithelium  of 
the  follicles.  As  it  extends  the  fibrous  framework  ot  the 
organ  is  infiltrated  and  finally  supplanted  in  great  rneas- 
ure  For  after  the  new  cell-elements  have  accumulated 
in  the  follicles,  they  break  through  their  walls  and  im- 
mediately ramify  through  the  connective-tissue  spaces 
which  are,  in  fact,  the  lymphatic  channels.  Ihrough 
these  media  they  invade  all  contiguous  parts.  Most  com- 
monly scirrhus  of  the  breast  advances  toward  the  skm, 
which  it  absorbs  and  in  part  replaces.  Should  the  nip- 
ple fall  within  the  influence  of  the  disease,  it  will  be  re- 
tracted by  the  contraction  of  the  scirrhous  tissue  ;  other- 

•  Sometimes  in  acaroinoma  of  the  stomach  Bmall  portions  may  appear 
on  a  microscopic  examination,  to  be  encephaloid  or  mediillaiy  ,  but  the 
naming  ol  the  special  variety  in  any  case  depends  "P°° '^e  preyailing 
features  of  the  tumor  taken  as  a  whole  rather  than  upon  the  character  ol 
any  particular  part. 


wise  it  will  not  be  affected  in  any  way.  If  the  disease 
spreads  backward  to  the  bones  of  the  thorax  the  process 
is  substantially  the  same. 

Scirrhous  tumors  of  the  breast  are  not  often  bulky,  be- 
cause the  fibrous  tissue  which  they  contain,  and  which 
constitutes  their  peculiar  characteristic,  undergoes  soon 
after  its  deposition,  the  contraction  just  alluded  to  ;  hence 
the  puckered  surface  of  the  skin  when  that  is  involved. 
These  two  points  are  properly  held  to  have  very  impor- 
tant diagnostic  value,  and  often  enable  the  surgeon  at  first 
sight  to  make  a  rapid  and  correct  diagnosis.  No  such 
characteristics  belong  to  encephaloid,  adenoma,  sarcoma, 
or  any  benign  tumors  of  the  breast,  the  gumma  alone  ex- 
cepted. Scirrhus,  as  its  name  implies,  is  hard  to  the  feel ; 
the  only  other  growth  that  has  this  peculiar  feature  being 
colloid ";  but  this  latter  is  extremely  rare,  and  in  fact  a 
curiosity  in  this  situation. 

At  first,  scirrhus  of  the  breast  occasions  the  patient 
little  pain,  but  as  the  growth  develops  she  complains  of 
sharp,  stinging  sensations,  less  often  of  positive  distress. 
Sooner  or  later  the  lymphatic  axillary  glands  will  be  in- 
volved, sometimes  the  supraclavicular  chain,  occasionally 
those  which  accompany  the  internal  mammary  into  the 
thorax.  When  the  disease  is  superficial  the  axillary  glands 
are  apt  to  be  involved  ;  when  deep-seated,  the  supraclavi- 
cular. Implication  of  these  latter  is  thought  to  be  an 
unfavorable  sign,  denoting  that  the  disease  will  aflect  vital 
parts  with  unusual  rapidity. 

In  accordance  with  certain  gross  characters  observed 
in  the  different  forms  of  scirrhus,  writers  have  formed 
various  classifications.  Thus,  Velpeau  has  described  sev- 
eral kinds  of  ligneous  scirrhus,  and  the  word  lardaceous 
has  been  used  (Marsden)  to  indicate  that  the  tumor  has  de- 
cided fatty  qualities  ;  others  have  used  the  words  "globu- 
lar," "radiated,"  "cavernous,"  to  express  properties 
which  they  have  thought  worthy  of  note.  There  seems  to 
be  no  advantage,  clinical  or  otherwise,  in  maintaining  such 
distinctions  as  are  here  alluded  to  ;  for  at  the  outset  the 
neoplasm  is  "  globular  ;  "  in  spreading  it  becomes  "  radi- 
ated ;  "  if  the  individual  chance  to  be  fleshy  it  is  "lar- 
daceous ;"  while  it  always  has  a  "  ligneous"  or  "  woody" 
feel.  There  is  but  one  form  of  scirrhus,  microscopically 
speaking,  though  by  the  term  carcinoma  simplex,  which 
enters  into  the  phraseology  of  some  German  writers, 
is  meant  a  growth,  the  intimate  structure  of  which  is 
such  as  would  lead  one  to  place  it  in  the  border-land 
between  scirrhus  and  medullary.  The  more  important 
clinical  divisions  of  scirrhus  will  be  alluded  to  later. 

In  my  experience  (sixty-three  cases),  scirrhus  attacks 
the  breast  between  the  ages  of  thirty-two  and  seventy- 
five,  most  often  between  forty  and  fifty.  Purcell  places 
the  average  age  at  between  thirty-five  and  fifty-five.  It 
is  the  most  common  form  of  any  variety  of  carcinoma, 
constituting  about  one-half  of  all  varieties  combined. 
Medullary  carcinoma  occurs  in  hardly  one  per  cent. 
(Cooke  says  two  per  cent.)  of  the  cases.  The  male  breast 
is  occasionally,  though  rarely,  attacked  (see  Plate  IV., 

Fig.  7). 

In  investigating  the  etiology  of  mammary  carcinoma,  we 
should  remember,  in  the  first  place,  that  the  mammae  are 
peculiarly  subject  to  functional  disturbance  and  mechani- 
cal abuse.  Thus,  in  infancy  and  again  at  puberty  there 
are  peculiar  affections  of  the  nipple.  Besides,  at  each 
menstrual  epoch  there  is  more  or  less  sympathetic  tender- 
ness of  the  breasts,  while  during  lactation  they  suffer 
still  more  from  the  troubles  incidental  to  their  physiologi- 
cal activity.  Furthermore  the  lymphatics  of  the  breast, 
which,  as  we  have  seen,  are  the  avenues  by  which  cancer 
pursues  its  paths,  are  often  painful  and  swollen  from  slight 
causes.  If  we  add  to  these  possible  causal  factors  the 
mechanical  injuries  to  which  the  breasts  are  liable,  owing 
to  their  prominent  position  and  the  unnatural  pressure 
brought  to  bear  upon  them  by  modern  methods  of  dress, 
it  is  easy  to  realize  that  if  alteration  of  normal  tissue  or 
function  predispose  to,  or  occasion  carcinoma,  the  female 
breasts  should  certainly  be  the  organs  selected  for  an  air 
tack.  In  twelve  of  my  cases  the  following  causes  were 
given  :  In  4,  a  fall,  in  which  the  breast  was  injured  ;  in  1, 
friction  against  a  wash-board;  in  1,  a  "buck"  from  a 
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cow ;  in  1,  a  slight  blow  ;  in  1,  a  sci-atch ;  in  1,  tight 
corsets  ;  in  1,  the  application  of  an  irritating  salve  ;  in  1, 
suspension  of  the  breast ;  in  1,  an  injury  of  some  sort  not 
described. 

Cancer  is  a  disease  of  the  robust,  rather  than  of  those 
who  have  had  previously  poor  health.  This  is  abundantly 
shown  by  statistics.  And  the  better  the  previous  health, 
the  more  rapidly  fatal  is  the  disease  apt  to  be ;  in  the 
feeble  and  old  it  progresses  slowly. 

There  are  some  forms  of  scirrhus  of  the  breast  that 
have  special  clinical  characters.  Among  them  is  the 
cuirass-formed,  in  which  the  skin  is  extensively  in- 
volved, so  that  the  growth  is  pinned  down  to  the  bones 
(en  cuirasse,  Velpeau).  It  is  less  malignant  than  the  or- 
dinary form  because  of  the  great  preponderance  of  fibrous 
tissue,  which  causes  its  epithelial  elements  to  be  compressed 
and  so  retarded  in  their  proliferative  action  ;  in  fact,  the 
excess  of  fibrous  deposit  is  sometimes  so  great  that  spon- 
taneous cures  are  occasionally  effected  by  this  means.  In 
some  instances  this  form  of  cancer  extends  to  the  other 
breast,  and  even  around  to  the  back,  when  its  resemblance 
to  a  cuirass  is  best  exemplified.  The  distribution  of  the 
malignant  deposit  in  this  variety  is  often  irrregular,  consist- 
ing of  a  broad  field  of  nodular  formations  varjang  in  size. 
There  is  another  variety  similar  in  its  comparatively  benig- 
nant tendency  to  the  cuirass-formed  ;  it  is  known  as  the 
atrophic.  It  is  of  cartilaginous  hardness,  coiitains  few 
epithelial  elements,  tends  to  spontaneous  cure  without  the 
surgeon's  aid,  through  its  own  preponderating  fibrous 
substance,  but  it  is  smaller  than  the  one  just  described. 
Almost  any  sort  of  scirrhus  may  be  cystic,  that  is,  may  con- 
tain one  or  more  cavities  or  loculi  filled  with  transparent  or 
bloody  serum,  or  mucoid  substance.  Such  cysts  may  be 
developed  from  the  blocking  up  of  glandular  passages  or 
from  similar  changes  in  the  lymphatic  channels  (connec- 
tive-tissue interstices).  They  are  sometimes  mistaken  for 
sarcomas  or  mammary  abscesses.  In  the  cystic  form 
there  is  apt  to  be  sloughing,  which  is  to  be  regarded  as 
a  favorable  indication.  when  a  section  is  made  with 
the  knife  through  a  scirrhous  carcinoma  its  cut  surface 
is  characteristic.  It  has  been  said  to  look  like  a  potato 
freshly  cut,  but  this  does  not  describe  it  satisfactorily. 
The  surface  of  section  diminishes  in  size,  owing  to  the  sud- 
den retraction  of  the  fibrous  substance,  which  has  an  opal- 
e.scent,  shining,  bluish-white  appearance,  the  epithelial 
deposits  being  scattered  about,  under  the  form  of  yellow- 
ish-white, roundish  dots  or  streaks.  When  such  a  scir- 
rhus has  well  advanced  toward  maturity  an  area  of 
softening  will  be  f oimd  at  the  centre,  and  if  at  any  time 
the  scirrhous  tissue  be  vigorously  squeezed  by  the  hand, 
it  will  exude  "  cancer- juice,"  a  yellowish-white  milk-like 
fluid,  containing  epithelial  and  pus-cells,  suspended  in  a 
liquid  medium. 

The  treatment  that  has  been  sanctioned  by  practice  and 
experience  is  that  of  early  enucleation  by  the  knife,  for 
it  appears  to  have  been  satisfactorily  demonstrated  that 
with  early,  thorough,  and  frequent  removals  of  primary 
and  recurrent  growths,  there  is  the  best  expectation  of 
life.  This  statement  is  certainly  not  universally  held  to 
be  true.  Thus  Walshe,  in  his  able  work,  makes  it  ap- 
pear that  operation  in  cancer  does  not  prolong  life,  and 
even  Sir  James  Paget  gives  forty-three  months  as  the 
average  in  persons  who  have  survived  the  operation,  and 
fifty-five  months  as  the  average  in  those  who  have  not 
been  operated  on.  On  the  other  hand,  Mr  Sibley  says 
that  fifty-three  is  the  average  number  of  months  in 
those  who  have  been  operated  on,  and  thirty-two  and  a 
half  for  those  who  have  gone  without  operation.  It  is 
rare  at  the  present  day  to  find  patients  with  cancer  of 
the  breast  who  have  not  submitted  to  an  operation,  and 
consequently  it  is  difficult  to  determine  the  average  of 
life  in  such  cases,  especially  as  in  them  there  would  be 
less  opportunity  of  securing  the  requisite  microscopic 
evidence.  In  m^  personal  experience  I  have  a  record  of 
eight  patients,  still  alive  at  last  accounts,  who  had  been 
operated  upon  one  or  more  times,  and  who  have  lived  a 
period  of  from  seven  to  thirteen  years  from  the  inception 
of  the  disease.  This  is  probably  an  uncommon  experi- 
ence, for  Cooke  in  his  statistics,  derived  from  the  Lon- 


don Cancer  Hospital  between  1851  and  1863,  in  a  list  of 
four  hundred  and  thirteen  patients  who  had  been  oper- 
ated on,  had  not  met  with  four  in  whom  the  disease  had 
been  held  in  abeyance  for  ten  years ;  in  one,  however 
seventeen  years  had  elapsed.  Usually  the  disease  returns 
after  six  or  seven  months  (Cooke). 

The  cause  of  death  is  usually  attributable  to  gradual 
exhaustion  from  excessive  pain,  or  from  the  drain  of 
the  constant  discharges  upon  the  system ;  or  it  may  be 
due  to  the  fact  that  the  growth,  by  its  extension,  em- 
barrasses important  parts  that  are  necessary  to  sustain 
life,  such  as  the  lungs,  liver,  or  nervous  apparatus. 
Thus  the  secondary  deposits  in  the  thoracic  cavity  may 
cause  death  by  the  septic  character  of  the  suppuration 
which  they  set  up,  or  because  they  interfere  mechan- 
ically with  the  proper  oxygenation  of  the  blood  by  di- 
minishing the  respiratory 'capacity  of  the  lungs ;  or  the 
heart  may  be  secondarily  embarrassed  thereby,  or  directly 
by  the  pressure  upon  it  of  the  new  gi-owths.  In  corrob- 
oration of  this  view,  pulmonary  oedema  is  put  down  as 
a  frequent  cause  of  death.  Internal  haemorrhage  is  less 
common. 

SciRBHOus  Carcinoma  of  the  Uterus. — During  the 
development  of  a  cancerous  tumor  of  the  uterus  the  signs 
are  not  distinctive,,  for  the  patient  may  noi  experience  any 
marked  pain  or  uneasiness,  though  there  may  be  occasional 
sensitiveness  in  the  pelvic  region,  either  when  the  uterus 
or  its  annexa  are  pressed  upon  from  without,  or  per  vagi- 
nam.  Ballottement,  however,  or  sexual  intercourse  may 
cause  decided  pain,  and  even  some  haemorrhage,  and  there 
may  be  disturbance  of  the  functions  of  the  bladder  and 
rectum.  The  menses  are  not  necessarily  disturbed,  and 
there  may  not  be  any  constant  discharge.  The  system 
will  not  at  first  indicate  that  it  is  in  any  way  affected 
by  the  local  mischief.  Still  at  this  time  a  vaginal  exami- 
nation will  often  discover  that  the  cervix  is  indurated  or 
enlarged,  and  an  examination  with  the  speculum  will 
demonstrate  that  the  os  has  a  deep  purplish  hue,  is  en- 
larged and  nodular,  and  yet  the  organ  may  be  freely  mov- 
able, when  palpation  is  practised.  At  a  later  period  the 
enlarged  organ  will  tendHo  fall  low  in  the  pelvis,  and 
there  is  the  customary  uneasiness  felt  by  the  patient 
when  in  the  standing  position.  There  is  now  pain,  or 
uneasiness  and  urgency,  in  urination  and  defecation. 
HsBmorrhages  are  now  sudden  and  excessive.  The 
uterus  is  not  so  movable,  and  softening  has  begun  at 
some  point  or  other  in  the  organ.  At  length  the  pains 
increase  in  severity,  and  extend  from  the  organ  to  the 
back  and  down  the  thighs.  Sometimes  they  are  periodic, 
lasting  a  few  minutes  or  a  few  hours,  and  may  simu- 
late sciatic  or  crural  rheumatism.  As  soon  as  ulceration 
takes  place,  there  is  more  or  less  haemorrhage,  or  at  least 
fetid  discharge,  which  is  variously  colored  and  which  ex- 
coriates the  vagina  and  even  the  external  skin.  The  dis- 
ease will  now  advance  either  to  the  rectum  or  bladder,  or 
to  both.  In  association  with  these  septic  discharges  there 
will  be  some  fever,  night-sweats,  and  an  irritable  pulse. 
The  patient's  skin  becomes  yellow  and  dry,  and  she  ema- 
ciates; the  appetite  diminishes,  and  she  gradually  but 
slowly  approaches  the  fatal  termination.  The  disease 
may  now  extend  until  a  fungoid  mass  projects  from  the 
external  genitals,  or  it  may  slough  away  as  it  forms. 
The  average  duration  of  uterine  cancer  is  twenty  months 
(Purcell),  though  patients  may  endure  it  five  and  more 
years. 

The  treatment  resolves  itself  into  the  symptomatic  and 
the  radical.  Haemorrhages  may;  be  treated  by  astrin- 
gents and  ice  ;  septicaemia  by  antiseptic  injections  ;  con- 
stitutional depression  by  chalybeates  and  arsenic.  Usually 
an  operation  will  not  be  admissible,  simply  because  the  sur- 
geon does  not  see  the  patient  until  the  disease  is  too  far 
advanced.  In  the  early  stage  removal  of  the  growth  will 
give  great  relief,  even  if  it  does  not  cure.  The  knife  or 
the  galvano-cautery  should  be  used.  In  the  last  stages 
sedatives  and  narcotics,  or  anaesthetics,  will  have  to  be  em- 
ployed, and  freely  enough,  to  relieve  the  pain  completely. 

Carcinoma  of  the  Intestines. — There  is  reason  to 
believe  that  carcinoma  may  occur  at  any  part  of  the  in- 
testinal ti'act,  but  it  usually  elects  by  preference  the  large 
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intestine  and  its  inferior  portion.  As  in  other  varieties  of 
cancer,  tlie  disease  is  most  apt  to  occur  in  late  middle  life, 
and  the  sexes  are  equally  prone  to  it. 

Carcinoma  of  the  rectum  may  be  either  scirrhous,  col- 
loid, medullary,  or  epithelial,  but  it  is  probable  that  the 
squamous-celled  epitheliomas  originate  from  the  junction 
of  skin  and  mucous  membrane,  while  the  cylindrical-celled 
epitheliomas  are  the  variety  found  higher  up.  In  other 
portions  of  the  intestine  the  variety  is  usually  scirrhous  or 
colloid  ;  possibly  none  but  these  varieties  occurs  there. 

When  carcinoma  originates  in  the  rectum,  the  patient 
experiences  at  first  a  sense  of  -weight  in  the  back,  and  dis- 
comfort when  ^oing  to  stool,  while  the  actual  passage  of 
fsecal  matter  gives  some  uneasiness  ;  after  a  time  these 
unpleasant  symptoms  increase,  so  that  there  is  actual 
pain,  especially  when  the  movements  are  constipated ; 
then  tenesmus  is  apt  to  follow,  and  after  a  while  blood 
will  appear  in  the  passages.  When  the  disease  has  pro- 
gressed to  this  point,  there  will  be  some  constitutional  dis- 
turbance, chiefly  shown  by  loss  of  appetite  and  nausea. 

If,  now,  a  physical  examination  be  made  by  the  finger, 
it  will  be  found  that  the  gut  is  strictured,  usually  from 
one  to  three  inches  above  the  anus.  ,  After  a  while  nod- 
ules will  appear  beneath  the  adjacent  mucous  membrane, 
and  the  intestine  above  will  be  distended  and  hypertro- 
phied.  Unless  relief  be  afEorded  by  some  surgical  pro- 
cedure, the  bowel  will  become  more  distended  and  thick- 
ened and  tender,  and  the  nausea  will  increase  until 
nothing  can  be  kept  in  the  stomach.  Possibly  rupture 
may  now  take  place  and  a  fistula  be  established ;  or  the 
contents  of  the  bowels  being  discharged  into  the  perito- 
neal cavity,  a  fatal  peritonitis  will  ensue ;  or  the  growth 
may  extend  into  the  bladder  or  other  adjacent  parts,,  in- 
terfering with  their  functions  and  leading  thereby  to  a 
fatal  issue  ;  or  the  patient  may  die  from  the  exhausting 
efEects  of  haemorrhage,  suppuration,  or  septicaemia. 

The  duration  of  the  disease  is  a  variable  one,  as  death 
may  be  induced  by  a  variety  of  unexpected  circum- 
stances, but  usually  it  does  not  average  more  than  twelve 
months.  When  we  have  cases  on  record  of  a  longer 
duration  than  two  to  three  years,  it  is  probable  that  the 
carcinoma  has  been  engrafted  on  a  benign  tumor,  such 
as  a  haemorrhoid.  A  case  of  carcinoma,  in  my  experi- 
ence, in  which  the  patient  is  described  as  having  had  the 
disease  thirteen  years,  should  perhaps  be  regarded  as  an 
example  of  malignancy  engrafted  at  a  late  period  upon  a 
rectal  pile.  .     ,  ,  „  ^, 

Carcinoma  of  the  colon  is  characterized  by  some  of  the 
same  symptoms  as  have  been  just  described,  such  as  pain 
in  defecation,  tenesmus,  and  progressive  emaciation,  with 
constitutional  depression ;  but  "pipe-stem"  movements 
will  be  pathognomonic  evidence,  provided  the  seat  of 
the  disease  cannot  be  reached  by  the  finger  introduced 
into  the  rectum.  Enlargement  of  the  lymphatic  glands 
can  rarely  be  detected  during  life. 

In  carcinoma  of  the  small  intestine,  the  symptoms  are 
often  much  like  those  of  gastric  cancer.  There  is  abdom- 
inal pain,  vomiting  of  blood  or  coffee-ground  material, 
and  reddish,  blackish,  brownish,  or  greenish  stools.  The 
mesenteric  glands  are  involved,  but  it  is  seldom  that  the 
enlargement  can  be  detected  through  the  abdominal  walls. 
(See  Disorders  of  the  Intestine.) 

In  the  early  stages  treatment  should  be  directed  toward 
securing  liquid  movements,  and  this  object  should  be 
attained  by  suitable  alimentation,  rather  than  by  the  use 
of  laxatives,  purgatives,  or  enemas.  Milk,  broths,  es- 
sences, fruit,  and  especially  oleaginous  matters  will  usu- 
ally be  well  borne  ;  but  as  soon  as  the  diagnosis  is  thor- 
oughly established,  lumbar  colotomy  should  be  advised, 
for,  if  successfully  performed,  it  will  materially  lengthen 
life  and  add  greatly  to  personal  comfort.  In  other  cases 
the  use  of  the  solid  bougie  should  be  resorted  to  several 
times  a  week.  Extirpation  of  the  diseased  mass  by  the 
knife  or  galvano-cautery  is  an  operation  that  may  very 
properly  be  performed,  especially  after  the  opening  m 
the  lumbar  region  has  been  well  established. 

Carcinoma  of  the  Testicle.— This  disease  must  cer- 
tainly be  a  very  uncommon  one,4or  in  the  three  hundred 
cases  of  carcinoma  in  my  tables  it  does  not  once  occur. 


In  this  respect  it  resembles  malignant  disease  of  the  eye, 
for  while  the  older  writers  tell  us  that  carcinoma,  in  both 
localities,  is  comparatively  frequent,  the  later  ones  do  not 
accept  this  opinion,  or  do  it  with  hesitation.  It  seems  to 
be  generally  affirmed. that  but  two  forms  of  carcinoma, 
viz. ,  scirrhous  and  encephaloid,  affect  this  organ,  and  of 
those  who  hold  to  this  view,  some  have  had  no  personal 
experience  with  relation  to  the  former  (Butlin,  Cooke). 
To  the  foreign  writers,  and  especially  the  continental, 
we  have  to  turn  for  the  clinical  history  of  such  cases, 
and  from  their  data,  much  of  which  cannot  be  regarded 
as  thoroughly  satisfactory,  our  present  statement  is 
made. 

The  disease  may  occur  at  any  period,  from  early  child- 
hood to  advanced  old  age,  but  the  third  decade  of  life  is 
the  period  at  which  the  disease  is  most  prone  to  take  its 
origin.     Next  in  frequency  is  the  fourth  decade. 

So  far  as  it  now  appears,  hereditary  influence  has  not 
been  recognized  in  the  etiology  of  this  variety  of  car- 
cinoma, but  in  a  certain  proportion  of  cases,  probably 
about  twenty  per  cent.,  its  origin  has  been  ascribed  to  an 
injury ;  but  at  any  rate  the  growth  is  at  first  insignificant, 
and  attracts  little  attention  until  pain  sets  in.  After  the 
tumor  has  grown  to  a  considerable  size  the  cord  will  be 
involved  in  a  certain  proportion  of  cases,  and  thus  the  dis- 
ease will  extend  into  the  lymphatic  glands  of  the  pelvis 
and  abdomen  and  inguinal  region.  This  complication 
has  been  noticed  in  about  twenty-five  per  cent,  of  the  oases. 
In  a  small  number  the  scrotum  will  become  adherent  and 
a  fungus-like  mass  will  protrude,  but  it  is  not  disposed  to 
suppurate  externally,  though,  as  in  encephaloid  else- 
where, it  will  soften  and  become  caseous  in  places. 

As  regards  the  diagnosis,  the  problem  is  usually  to 
distinguish  between  carcinoma  and  sarcoma.  Here, 
however,  the  difficulties  encountered  arc  almost  insur- 
mountable. In  both  forms  of  new-growth  there  is  no 
difference  in  the  conformation  of  the  tumor,  and,  con- 
trary to  the  general  rule,  glandular  implication  is  more 
common  in  sarcoma  than  in  carcinoma.  In  both  the 
cord  is  thickened,  and  in  both  the  mass  may  adhere 
to  and  perforate  the  scrotum.  In  fact,  it  must  be  con- 
fessed that  in  most  cases  the  surgeon  cannot  make  the 
diagnosis  before  operation.  The  microscope  is  needed 
to  render  the  determination  final.  But  we  have  less 
difficulty  in  distinguishing  either  of  these  forms  of  disease 
from  chronic  orchitis,  which,  being  syphilitic  most  fre- 
quently, will  usually  be  detected  by  its  yielding  under 
a  vigorous  syphilitic  regimen.  So,  too,  in  hydrocele, 
there  is  the  translucency  of  the  scrotal  fluid,  the  pyri- 
form  shape  of  the  tumor,  and  the  fact  that  thecord  is 
not  involved  ;  while  in  hsematocele  we  shall  be  aided  by 
the  history  of  an  injury,  and  in  chronic  tuberculosis  by 
the  presence  in  most  cases  of  general  tuberculosis.  (See 
Diseases  of  the  Testicle.)  Sometimes  a  diagnosis  can  be 
made  by  exclusion,  as  where  the  tumor  occurs  in  a  child, 
and  cartilaginous  deposits  are  felt  by  the  finger.  If  in 
such  an  instance  there  is  a  tendency  to  malignancy  the 
disease  is  a  sarcoma.  . 

The  treatment  according  to  present  data  is  decidedly  in 
the  direction  of  an  operation,  especially  if  the  cord  be  not 
involved  and  the  glands  are  free ;  for  the  average  duration 
in  the  operated  cases  (taking  out  of  account  those  in  which 
the  fatality  was  dependent  on  the  operation  itself)  has  been 
between  twenty-eight  and  twenty-nine  months,  while  in 
the  only  case  in  which  the  operation  was  not  performed  the 
duration  of  life  was  only  eighteen  months.  Recurrences 
take  place  in  the  stump,  or  in  the  lungs,  liver,  or  omentum. 
Carcinoma,  when  occurring  in  the  lungs,  liver,  or  bones, 
is  usually  secondary  to  disease  elsewhere,  and  therefore 
has  comparatively  little  clinical  importance.  (See  Dis- 
eases of  these  organs.)  »     H    ET   -,,7.  7- 

Gekbrai.  Statistics  op  Carcinoma.*— 1.  Epithelioma. 
—Of  94  cases  all  but  one  occurred  in  parts  of  the  body 


*  The  following  statisticB  were  compiled  fcom  my  records  of  hospital, 
laboratory,  »nd  private  work,  by  Dr.  J.  C.  Bailey,  Hoa^PhyBioian  of  the 
New  1^1*  Post-gratoate  Hospital.  They  are  derived  from  300  cases. 
Thrfreauenoy  of  the  several  varieties  was  as  fol  ows  :  Soirrhns,  60  per 
cent.  ,•  ^Soma,  33  per  cent.,  or,  including  cauliflower  growths,  34  per 
S: ;  medullary  or  encephaloid,  4  per  cent. ;  colloid,  2  per  cent. 
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■where  they  where  -within  easy  reach  of  operative  inter- 
ference, the  single  exception  being  an  epithelioma  of  the 
oesophagus. 

(a)  Age.  In  most  cases  the  disease  appeared  between 
the  ages  of  sixty-two  and  sixty-six.  The  earliest  appear- 
ance was  at  twenty-seven;  the  latest  at  seventy-eight. 
Winiwarter  '*  puts  the  time  when  skin  cancers  (epitheli- 
omas) most  frequently  occur,  at  the  ages  between  forty-six 
and  fifty.  The  statistics  are  tabulated  with  referenceto 
rodent  ulcer  and  squamous  epithelioma,  but  do  not  in- 
clude cylindrical  epithelioma.  For  more  specific  infor- 
mation on  this  head  the  reader  is  referred  to  the  clinical 
history  of  each  separate  variety. 

(6)  Sex.  Of  79  cases  in  which  the  sex  was  noted,  53  or 
66  per  cent,  occurred  in  males  ;  27  or  34  per  cent,  in  fe- 
males. It  will  be  observed  that  this  disproportion  in 
favor  of  males  is  shown  more  positively  by  Mr.  Paget, 
who  found  that  in  the  parts  common  to  both  sexes,  epi- 
thelioma represented  a  frequency  of  82  per  cent,  in  men 
against  18  per  cent,  in  women.  These  ratios  are  reversed 
in  scirrhus. 

(c)  Locality.  In  point  of  frequency  the  lip  was  the 
chosen  seat  in  about  25  per  cent.,  the  face  in  about  12  per 
cent.  ;  other  parts  in  the  order  of  comparative  frequency 
here  given,  viz.;  the  tongue,  6  per  cent.;  the  penis,  5 
per  cent. ,  the  Jaw,  labium,  hand,  cheek,  nose,  each  4  per 
cent. ;  the  foot,  larynx,  each  3  per  cent. ;  the  axillary 
glands,  rectum,  palate,  mouth,  oesophagus,  ear,  each  2  per 
cent. ;  back,  inferior  maxilla,  eyebrow,  anus,  eyelid,  fore- 
head, neck,  lower  jaw,  and  cornea,  each  1  per  cent. ;  un- 
classified, 5  per  cent. 

{d)  Cause.  In  a  majority  of  cases  there  had  been  a  pre- 
vious traumatism  (20  out  of  37,  or  54  per  cent.),  as  far  as 
inquiry  could  elicit  anything.  Mr.  Paget  found  that  in 
34  cases  there  had  been  an  injury  or  previous  morbid  con- 
dition in  19  (56  per  cent.).  Winiwarter  has  enumerated 
as  causes,  slight  frostings,  as  of  the  face,  cuts  in  shaving, 
excoriation  of  the  lip  by  pipe-smoking ;  burning  by 
nitrate  of  silver,  etc. ;  lacerated  or  incised  wounds, 
blows,  erysipelas,  hypertrophy  of  papillary  growths, 
acute  inflammation  leaving  chronic  infiltration,  ulcera- 
tions of  the  skin. 

(«)  Family  history.  In  5  cases,  or  14  per  cent.,  there 
was  a  family  history  of  cancer,  and  yet  it  could  not  be 
determined  in  this  small  number  whether  the  disease  was 
positively  carcinoma  ;  it  could  simply  be  said  that  it  was 
malignant.  In  Mr.  Paget's  cases  of  epithelial  cancer  only 
5  per  cent,  had  a  possible  history  of  cancer ;  in  some- 
thing under  1  per  cent,  only  was  it  known  to  have  been 
epithelial. 

(/)  Pain.  In  a  little  over  41  per  cent,  of  the  cases 
severe  pain  was  felt ;  in  about  20  per  cent,  it  was  mode- 
rate in  amount ;  in  27  per  cent,  there  was  none  at  all. 
In  only  12  per  cent,  could  no  information  be  gained  of 
the  matter.  Pain  may,  therefore,  be  regarded  as  an  im- 
portant characteristic  of  epithelioma. 

(g)  Implication  of  adjacent  glands.  Statistics  prove 
little  in  this  regard,  for  although  in  about  45  per  cent,  no 
afllection  of  glands  was  noted,  the  matter  is  capable  of  ex- 
planation :  First,  In  rodent  ulcer,  classed  here  under  the 
epitheliomas,  there  is  usually  no  glandular  enlargement, 
certainly  not  until  late  in  the  life-history  of  the  ulcer, 
and  of  such  later  manifestations  there  is  no  account ; 
and  second,  because  even  in  the  squamous  epitheliomas 
many  were  seen  only  before  the  period  at  whicli  the  glands 
would  naturally  be  affected. 

It  may  be  stated  as  an  axiom,  however,  that  if  the 
ordinary,  »'.«.,  deep  or  squamous,  epithelioma  progresses 
to  full  maturity,  the  contiguous  glands  will  quite  surely 
be  implicated.  But  the  rate  of  development  in  an  epi- 
thelioma depends  on  several  circumstances,  chief  of  which 
is  the  locality  from  which  it  springs,  so  that  in  some 
places  glandular  implication  ensues  sooner  than  in  others. 
Mr.  Paget  found  the  'glands  involved  in  about  50  per 
cent,  of  his  ordinary  hospital  and  private  cases. 

{h)  General  health  prior  to  the  development  of  the  dis- 
ease. So  far  as  could  be  learned,  in  75  per  cent,  the  pre- 
vious health  of  the  patient  had  been  good.  Whenever 
this  was  not  true,  the  patient  had  suffered  from  dyspep- 


sia, hemiplegia,  the  opium  habit,  haemorrhoids,  urethral 
stricture,  alcoholism,  or  syphilis,  or  the  patient's  health 
was  described  as  "poor."  No  mention  was  made  of 
phthisis.  These  results  agree  with  those  of  Mr.  Paget, 
who  states  that  "  the  general  health  of  patients  with  epi- 
thelioma is  usually  good  till  it  is  affected  by  the  conse- 
quences of  the  local  disease."  " 

(j)  Effect  of  operative  procedures  on  pain.  Entire 
relief  was  obtained  by  the  cutting  operation  in  63  per 
cent.,  while  in  7  per  cent,  the  benefit  was  partial;  in 
another  7  per  cent,  the  pain  was  not  relieved.  These 
conclusions  were  derived  from  37  cases  only,  but  in  the 
balance  of  them  (23  per  cent.J  there  had  been  either  no 
pain  or  no  operation,  or  the  pain  was  relieved  in  another 
way,  as  by  the  the  terchloride  of  antimony,  of  which  a 
saturated  solution  was  successfully  applied  to  remove  the 
deposit.  The  beneficial  effects  of  an  operation,  though  only 
resorted  to  for  its  palliative  effects,  are  here  plainly  shown. 

{j)  Average  duration  of  the  disease.  Of  21  cases 
which  were  alive  at  last  accounts,  the  average  duration 
was  67  months,  the  least  being  5  months,  and  the  great- 
est 207  months. 

Of  19  fatal  cases,  the  average  duration  of  16  was  34 
months,  the  range  being  from  4  to  154  months.  Mr. 
Paget  states  that  "  the  average  duration  among  14  pa- 
tients, in  whom  it  commenced  below  45  years  of  age, 
was  89  months ;  that  among  17,  in  whom  it  commenced 
later,  the  duration  was  45.5  months."  Of  6  fatal  cases 
in  my  tables,  the  average  duration  of  life,  when  the  dis- 
ease occurred  before  45,  was  only  18  months  ;  after  45  it 
was  47  months. 

According  to  Mr.  Sibley,'*  who  derived  his  information 
from  the  Middlesex  Hospital  Reports,  epithelial  cancer 
destroys  life,  on  an  average,  in  53  months.  He  based  his 
figures  largely  on  epithelioma  of  the  lip. 

2.  Scirrhous  Carcinoma. — (a)  Age.  Of  180  cases  the 
disease  was  found  to  commence  most  frequently  in 
those  forms  that  were  directly  accessible  to  the  knife,  be- 
tween the  ages  of  42  and  46.  The  earliest  appearance  of 
scirrhus  occurred  at  the  age  of  28  ;  the  latest  at  76.  If  it 
be  realized  that  of  these  180,  130  were  located  in  the 
breast,  it  will  be  seen  that  the  statistics  are  mainly  those 
of  mammary  scirrhus. 

On  the  other  hand,  when  scirrhus  occurred  in  internal 
organs  not  directlv  accessible  to  the  knife,  the  largest 
number  originated  between  the  ages  of  50  and  54,  the 
range  extending  from  23  years  to  74,  with  50  as  the  aver- 
age age  of  commencement.  Mr.  Paget  gives  the  half  de- 
cade between  45  and  50  as  the  period  at  which  scirrhous 
carcinoma  (breast)  most  frequently  occurrs.  Whether 
scirrhus  may  occur  in  infancy  must  be  still  a  matter  of 
uncertainty,  although  the  late  Dr.  Gross  "  has  instanced 
a  case  in  vhich  a  mulatto  child,  three  months  old,  had  a 
small  scirrhous  deposit  in  its  liver;  it  may  be  remem- 
bered that  at  the  date  when  this  statement  was  made 
no  rigid  distinction  between  carcinoma  and  some  other 
malignant  growths  had  been  generally  recognized. 

(J)  Sex.  Of  the  external  cases  of  scirrhus,  95  per  cent, 
occurred  in  females,  5  per  cent,  in  males ;  this  dispropor- 
tion between  females  and  males  being  due  chiefly  to  the 
fact  that  scirrhus  of  the  female  breast  was,  as  has  already 
been  shown,  the  most  frequent  form  of  the  disease  ;  on  the 
other  hand  the  reverse  was  found  to  be  true  with  those 
growths  that  are  termed  internal,  72  per  cent,  being  in 
males  and  28  per  cent,  in  females.  Of  the  breast  cases 
98  per  cent,  occurred  in  females,  2  per  cent,  in  males. 
Mr.  Paget  says ;  "  Probably  in  every  100  cases  of  scirrhus 
of  the  breast,  98  occur  in  women," — an  extraordinaiy 
agreement  in  percentages. 

(c)  Locality.  The  order  of  frequency  was  found  to  be  as 
follows,  including  all  forms  of  scirrhus,  whether  external 
or  internal :  Breast,  including  nipple,  130  ;  stomach,  14 ; 
uterus,  8 ;  liver  and  stomach,  4 ;  neck,  4 ;  rectum,  4 ; 
bladder,  2 ;  pancreas,  2  ;  axillary  glands,  1 ;  back,  1 ; 
colon,  1 ;  duodenum,  1  ;  foot,  1 ;  gall-bladder,  1 ;  ileo- 
csecal  valve,  1 ;  nose,  1 ;  parotid  region,  1 ;  superior  max- 
illa, 1  ;  cheek,  1  ;  oesophagus,  1 ;  total,  180. 

(d)  Cause.  According  to  my  tables,  in  55  cases  distinct 
inquiry  was  made  as  to  the  supposed  cause.     In  19,  or 
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35  per  cent.,  no  cause  had  been  recognized,  so  that  if  the 
disease  were  traumatic  in  its  origin  the  patient  was  cer- 
tainly not  aware  of  it ;  on  the  other  hand,  in  34,  or  44 
per  cent. ,  the  following  traumatisms  were  given  as  causes  : 
a  blow,  an  abscess,  ulceration  of  the  nipple,  laceration 
from  decayed  tooth,  friction  of  breasts  against  a  wash- 
board, a  scratch,  tight  corsets,  a  strain  from  lifting,  falls  in 
which  the  breasts  were  injured.  In  the  remaining  12,  or 
21  per  cent.,  no  definite  information  was  obtained.  In 46 
cases  of  scirrhus  of  the  breast  the  influence  of  traumatism 
as  an  etiological  factor  is  more  apparent,  for  in  23  cases 
(50  per  cent.)  an  injury  or  surgical  affection  was  alleged 
as  the  cause.  Mr.  Paget  gives  only  17.5  per  cent.,  under 
similar  circumstances.  (See  Carcinoma  of  the  Breast.)  In 
the  14  cases  of  internal  scirrhus  no  causes  were  alleged 
except  once,  in  which  case,  one  of  cancer  of  the  stomach 
and  liver,  the  disease  was  attributed  to  a  strain. 

(e)  Family  history.  Of  52  cases  of  scirrhus  accessible 
to  the  knife,  in  33,  or  63  per  cent.,  there  was  no  family 
history  of  carcinoma  ;  in  8,  or  15  per  cent. ,  there  was  said 
to  be  cancer  in  the  family  ;  but  whether  the  growths  were 
malignant  merely  or  true  carcinoma  could  not  be  deter- 
mined. This  percentage  must  therefore  be  reckoned  as 
a  high  one.  In  2  cases,  or  4  per  cent.,  there  was  a  family 
history  both  of  carcinoma  and  phthisis  ;  in  3,  or  6  per 
cent.,  there  was  a  family  history  of  phthisis  alone  ;  in  1, 
or  2  per  cent.,  there  was  a  family  history  of  phthisis  and 
syphilis ;  in  2,  or  4  per  cent.,  a  relative  died  of  uterine 
tumor  ;  in  1,  or  2  per  cent..,  there  was  quite  probably  a 
history  of  carcinoma  in  the  family.  In  2,  or  4  per  cent. , 
no  history  could  be  obtained.  Including,  therefore,  all 
possible  cases,  embracing  those  in  which  no  statement 
■was  made  on  this  point,  in  27  per  cent,  a  family  history 
of  cancer  might  be  traced,  though  in  71  per  cent,  such  a 
family  history  was  denied.  In  12  per  cent,  there  was  a 
family  history  of  phthisis,  a  percentage  which  would 
tend  to  demonstrate  that  there  is  no  interrelation  be- 
tween it  and  carcinoma,  for  this  ratio  would  demonstrate 
conclusively  that  phthisis  is  not  quite  so  common  in 
cancerous  families  as  in  the  generality  of  mankind. 
But,  on  the  other  hand,  if  we  add  all  the  forms  of  scir- 
rhus, including  external  and  internal  forms  together,  in 
which  this  point  was  made  a  matter  of  specific  inquiry, 
it  appears  that  of  68  cases  only  13,  or  19  per  cent.,  showed 
a  family  history  that  could  with  any  proper  degree  of 
justice  be  called,  carcinomatous.  # 

Mr.  Paget  says:  "In  88  patients,  including  4  cases 
from  other  organs  than  the  breast,  in  16,  or  18.18  per 
cent.,  there  was  family  history  of  carcinoma,  but  the 
proportion  is  larger  if  calculated  from  a  large  number  of 
private  patients." 

(/)  Pain.  This  point  was  studied  in  41  cases  accessible 
to  the  knife,  and  it  was  found  that  in  29,  or  71  per  cent., 
there  was  a  clear  history  of  pain  (severe  in  character) ;  in 
7,  or  17  per  cent,  there  was  moderate  pain  ;  in  3,  or  7  per 
cent. ,  there  was  no  pain  ;  in  2,  or  5  per  cent.,  the  matter 
was  unknown.  Of  13  internal  carcinomas,  in  9,  or  70 
per  cent.,  there  was  decided  pain  in  the  affected  locality ; 
in  2,  or  15  per  cent.,  it  was  slight,  while  in  an  equal 
number  there  was  no  pain. 

{g)  Implication  of  lymphatic  glands.  Of  59  cases  of 
internal  scirrhus,  in  37,  or  63  per  cent.,  the  lymphatic 
glands  were  found  to  be  enlarged  ;  in  22,  or  37  per  cent., 
the  matter  was  not  noted  or  none  were  found.  This 
matter  is,  however,  of  comparatively  little  importance, 
because  the  lymphatics  are  sure  to  be  involved  if  the 
disease  reaches  a  certain  maximum  of  development ;  and 
the  failure  to  find  this  complication  indicates  either  that 
the  disease  is  comparatively  recent  or  that  the  glands 
have  escaped  notice,  a  circumstance  that  frequently  hap- 
pens when  the  carcinoma  attacks  internal  organs.  Thus 
of  17  cases  of  internal  scirrhus  in  only  7,  or  41  per  cent., 
was  it  positively  stated  at  the  autopsy  that  the  glands 
were  involved  ;  in  10,  or  59  per  cent.,  they  were  not  noted, 
and  yet  a  more  careful  inspection  would  pretty  certainly 
have  detected  them  in  many  of  the  cases. 

(h)  Previous  health.  Of  57  cases  in  which  the  disease 
was  external,  in  42,  or  74  per  cent.,  the  general  health  had 
been  good  up  to  the  inception  of  the  attack ;  in  3,  or  5  per 


cent.,  there  had  been  syphilis;  in  6,  or  11  per  cent.,  the 
previous  health  had  not  been  good,  but  the  troubles  had 
no  apparent  relation  with  the  fatal  disease  so  far  as  its 
cause  was  concerned,  tlie  preceding  disorders  coming 
under  the  head  of  nephritis,  ascites,  general  debility,  i.e., 
where  they  were  named. 

Of  20  internal  cases  of  carcinoma,  in  18,  or  90  per  cent., 
the  general  health  had  been  good ;  in  the  2  (10  per  cent.)  in 
which  the  previous  health  had  been  poor,  dysmenorrhoea, 
constipation,  and  dyspepsia  were  the  disorders  found. 

Of  49  cases  involving  the  breast,  in  40,  or  82  per  cent., 
the  health  had  been  good  in  all  but  2.  Hence  it  may  very 
properly  be  inferred  that  scirrhous  carcinoma  is  a  disease 
that  occurs  by  preference  in  persons  whose  previous 
health  has  been  good,  and  the  claim  of  some  writers  that 
cancer  is  a  disease  of  the  "robust"  has  some  apparent 
foundation.  At  the  same  time  carcinoma  must  be  recog- 
nized distinctly  as  a  disease  of  the  waning  years  of  life, 
when  degenerative  processes  are  at  work. 

(i)  Relief  of  pain  Dy  operation.  This  is  an  important 
consideration,  and  fortunately  for  surgery  it  is  shown,  of 
87  out  of  58  cases  (64  per  cent.),  that  there  was  decided 
relief  from  this  symptom  after  operation.  Of  50  breast 
cases  the  pain  was  relieved  in  35,  or  70  per  cent.  Of  course 
these  statistics  have  comparatively  little  value  in  showing 
the  advantages  of  an  operation  in  this  respect ;  for  if,  as 
occurred  in  some  instances,  the  growth  was  not  wholly 
removed,  the  pain  very  naturally  continued,  while,  on 
the  other  hand,  a  complete  removal  of  the  source  of 
trouble  was  tantamount  to  a  relief  from  the  pain. 

There  is  an  important  consideration  which  should  be 
borne  in  mind  in  discussing  the  value  of  an  operation : 
I  refer  to  the  fact  that  even  if  surgeons  cannot  claim  that 
they  have  retarded  the  development  of  the  disease,  they 
have  a  right  to  maintain  that  the  operation  will  in  the 
first  place  be  painless,  thanks  to  the  influence  of  anaes- 
thetics ;  secondly,  that  the  patients  will  be  rid  of  the  mani- 
festations of  a  loathsome  disease,  offensive  to  themselves 
and  others ;  and,  finally,  that  they  will  have  immunity 
for  months,  possibly  years,  during  which  time  they  may 
travel,  visit  their  friends,  and  have  ample  opportunity  to 
prepare  for  an  issue  that  will  in  the  vast  majority  of  cases 
be  a  fatal  one,  notwithstanding  all  that  modern  surgery 
can  accomplish.  The  danger  of  the  operation  proving 
fatal  from  some  cause  connected  with  it,  may  be  regarded 
as  comparatively  slight ;  it  amounts  to  5  per  cent.,  and  the 
causes  are  haemorrhage  and  shock. 

(j)  Does  an  operation  prolong  life  ?  This  question  is 
best  answered  with  reference  to  some  special  form  of  the 
disease  in  a  particular  organ.  My  statistics  in  19  cases 
(46  per  cent)  would  indicate  that  the  growth  was  more 
rapid  after  removal ;  in  only  3,  or  7  per  cent.,  was  it  stated 
that  the  disease  which  recurred  was  less  rapid  in  its  de- 
velopment. 

Mr.  Paget  thinks  that  the  recurrent  local  disease  ap- 
pears generally  to  he  less  intense  than  the  primary,'"  and 
this  view  is  sustained  by  considering 

(/fc)  The  average  duration  of  the  disease  as  judged  from 
fatal  and  non-fatal  cases,  of  my  tables.  Of  49  cases,  in- 
cluding 28  in  which  all  record  was  lost  after  an  immunity 
of  many  months,  and  21  fatal  cases,  in  which  death  was 
due  to  the  disease  itself  and  not  to  complications,  in  all  of 
which  49  cases  there  had  been  operative  interference,  the 
average  duration  of  life  was  46.8  months,  while  in  4  cases, 
in  which  no  operation  was  performed,  the  average  dura- 
tion was  35.7  months.  It  is  evident,  therefore,  that  these 
figures  indicate,  if  they  represent  the  ordinary  history  of 
such  cases,  that  operations  lengthen  life  to  the  extent  of 
more  than  eleven  months,  on  an  average.  This  estimate, 
I  believe,  is  a  low  one.  Sibley  puts  the  average  duration 
of  scirrhus  at  32.3  months. 

A  few  remarkable  cases,  taken  from  my  experience, 
illustrate  tlie  character  of  cases  in  which  the  most  favor- 
able results  are  reported. 

A.  M ,  a  woman,  sixty  years  of  age,  fell,  stnkmg 

her  breast,  in  1837  ;  a  tumor  developed  which  was  re- 
moved in  1877  ;  it  then  proved  to  be  a  carcinoma  ;  four 
years  subsequently  it  had  not  returned. 

In  another  case  a  lady,  Mrs.  L ,  first  noticed  a  tumor 
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of  the  right  breast  ia  September,  1857  ;  subsequently  the 
axillary  glands  became  involved  ;  operations  were  per- 
formed in  1875, 1877,'  and  1878,  but  the  disease  was  never 
eradicated.  She  had  lived,  up  to  the  last  report,  356 
months,  or  more  than  twenty-one  years  since  the  breast 
first  became  aflfected. 

It  is  but  proper  to  state  that  these  two  cases  are  ex- 
cluded from  the  computations  because  it  may  be  claimed 
that  the  growths  were  at  first  benign,  since  they  gave  none 
of  the  ordinary  characteristics  of  malignancy  during 
the  early  years  of  their  presence.  (For  other  remarkable 
cases,  see  Carcinoma  of  the  Breast.) 

3.  Medullary  or  Encephaloid  Carcinoma. — (a)  Age. 
Medullary  carcinoma  may  occur  at  any  age,  perhaps,  but 
is  more  likely  to  select  some  period  between  twenty 
and  eighty,  and  no  one  decade  appears  to  have  any  pre- 
cedence over  another. 

(J)  Sex.    The  sexes  are  equally  prone  to  it. 

(c)  Locality.  It  is  a  disease  that  is  chiefly  confined  to 
the  internal  organs  ;  thus  of  10  cases  in  my  records,  in  4, 
or  40  per  cent.,  the  liver  was  selected;  in  1,  or  10  per 
cent.,  the  kidney  ;  in  1,  or  10  per  cent.,  the  vagina  ;  in  1, 
or  10  per  cent.,  tlie  ovary ;  in  1,  or  10  per  cent.,  the  liver, 
kidney,  spleen,  lung,  and  pancreas ;  in  3,  or  30  per  cent., 
the  left  breast. 

(d)  Etiology.  This  point  is  less  clear  than  in  epithe- 
lioma or  scirrhus :  thus  of  11  cases  in  only  3,  or  37  per 
cent.,  was  there  any  assigned  cause  ;  in  these  three  cases 
the  causes  were  :  in  one  of  renal  cancer,  a  renal  calculus ; 
in  one  of  vaginal  cancer,  an  abortion,  and  finally,  in  one 
of  hepatic  cancer,  an  injury  over  the  region  of  the  liver. 

(e)  Family  history.  Of  7  cases  in  which  this  topic  was 
made  a  matter  of  inquiry,  in  only  1,  or  15  per  cent.,  was 
there  a  history  of  constitutional  disease  in  the  family,  and 
in  this  case  it  was  phthisis,  but  we  shall  do  well  to  re- 
member that  this  taint  of  phthisis  will  be  found  to  exist 
in  the  family  history  of  one  in  every  seven  persons  of  the 
community  at  large. 

(/)  Pain  is  usually  a  characteristic  phenomenon;  it 
was  present  in  nine  out  of  eleven  cases,  and  was  usually 
described  as  severe  ;  less  often  it  was  slight. 

(g)  Implication  of  lymphatic  glands.  This  point  is  not 
so  well  characterized  in  medullary  cancer,  because  in  the 
first  place  the  chief  nidus  of  the  disease  is  in  the  tumor 
itself,  rather  than  in  the  lymphatics,  so  that  the  latter  en- 
joy comparative  immunity,  or  at  any  rate  attract  little 
attention.  At  any  rate  it  may  be  put  down  that  the 
glands  are  not  appreciably  involved  in  20  per  cent,  of  the 
cases. 

(A)  Previous  health.  So  far  as  we  are  able  to  learn, 
the  previous  health  of  patients  with  this  form  of  cancer 
had  been  remarkably  good.  My  records  show  this  posi- 
tively in  55  per  cent. 

(i)  Duration  of  life.  As  we  should  expect  from  a  growth 
that  is  so  exuberant  as  medullary  carcinoma,  the  patients 
have  a  comparatively  short  lease  of  life.  This  disease  is 
the  most  rapidly  fatal  of  all.  Thus  six  fatal  cases  in  my 
tables  lived  an  aggregate  of  thirty  months  (an  average  of 
five).  And  yet  this  is  not  uniformly  true.  Thus  in  two 
patients  who  were  alive  on  January  1, 1879,  one  had  lived 
sixty-one  months  and  the  otter  fifty-six  months. 

General  Considerations.— It  may  be  said  in  the  first 
place  that  there  is  positively  no  danger  to  the  skilled  mi- 
croscopist  in  distinguishing  between  carcinoma  and  other 
growths,  whether  malignant  or  benign.  And  there  is 
usually  no  difficulty  in  distinguishing  the  special  variety. 
A  somewhat  lengthy  examination  is  sometimes  required, 
but  of  the  ultimate  result  there  should  be  no  doubt.  In 
fact,  certainty  as  to  the  structure  of  a  growth  can  only  be 
reached  by  the  microscope  (see  the  preceding  article,  on 
Carcinoma :  Pathological  Anatomy).  Nor  does  the  type 
change  during  its  growth,  or  in  its  recurrence,  to  any 
marked  extent.  It  must  be  admitted  that  a  benign  tumor 
may  eventually  become  cancerous,  for  our  clinical  records 
appear  to  have  shown  such  instances,  but  the  reverse 
is  never  the  case.  Nor  does  a  carcinoma  ever  become 
a  sarcoma,  or  the  reverse.  The  most  that  can  be  said 
on  this  point  is  that  an  epithelioma  may  develop  in 
its  advanced  stages  from  the  superficial  form  to  the  deep 


form,  and  that  a  scirrhus  of  the  breast  may  recur  in  the 
internal  parts,  the  liver  more  especially,  as  a  medullary 
carcinoma,  and  that  colloid  changes  may  occur  in  either 
of  these  ;  but  even  such  an  occurrence  is  not  common. 
There  is,  however,  no  very  sharp  line  of  distinction  in 
all  cases  between  these  tumors  just  mentioned,  and  we 
may  sometimes  find  their  separate  elements  combined  in 
a  single  tumor.  A  further  point  remains,  which  is  now 
attracting  general  interest  in  some  quarters ;  I  refer  to 
the  general  relation  of  phthisis  to  carcinoma.  My  tables 
show  the  following:  Of  68  cases,  in  only  7,  or  10  per 
cent.,  was  there  any  phthisis  or  cancer  in  the  family, 
and  in  only  6  was  there  any  complication  of  the  respir- 
atory organs  that  hastened  death  ;  in  8  of  these  this  rela- 
tion was  stated  to  have  existed,  and  yet  in  1  of  them  the 
account  was  dubious ;  but  adding  these  3  to  the  7,  we 
have  10  out  of  68,  a  percentage  of  only  15,  in  which  by 
any  possibility  it  could  be  shown  that  phthisis  was  an 
etiological  factor  in  the  production  of  the  disease  ;  but 
these  figures  bring  us  again  back  to  the  fact  that  the 
general  community  is  affected  with  phthisis  in  just  about 
this  same  ratio.  Thomas  E.  Saiierthwaite. 
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CARDAMOM  (Oardamomum,,  TJ.  S.  Ph.,  Br.  Ph.;  JPruc- 
ius  Garda/momi,  Ph.  G. ;  Cardamome  du  Malabar,  Codex 
Med. ;  Ca.rdamons).  The  fruit  of  EUtiaria  Oardamomum 
Maton  (Alpinia  Oardamomum  Roxburgh) ;  Order,  Seiiam- 
inea,  Zingiberem.  This  is  a  tall,  flag-like,  perennial  herb, 
arising  from  a  thick  fleshy  or  woody  rhizome.  The  leafy 
stems  are  from  two  to  four  metres  (six  to  twelve  feet) 
high,  upright  and  simple  ;  the  leaves  large,  two-ranked, 
with  sheathing  petioles  and  long,  lanceolate,  pointed 
blades.  The  flowering  stems  arise  from  the  upper  nodes 
of  the  root-stock,  they  are  scaly,  slender,  zigzag,  and 
straggle  near  the  ground,  bearing  small  alternate  clusters 
of  bracted  flowers.  The  flowers  themselves  are  above  an 
inch  in  length,  and  have  the  remarkable  structure  of  the 
order  in  general,  viz.,  a  superior  "  calyx  "  tube,  with  three 
short  lobes ;  a  "corolla,"  also  tubular  and  three-lobed,  and 
an  androecium  of  six  parts  in  two  series,  of  which  one  in 
the  outer  series  is  developed  into  a  large  petaloid,  spatulate, 
rose-tinted  lip,  and  one  in  the  inner,  into  the  only  normal 
stamen  of  the  flower  ;  the  remaining  four  stamens  being 
small,  inconspicuous  scales  or  points.  Ovary  three-celled, 
rather  many-seeded  ;  style,  long  and  slender.  The  carda- 
mom plant  seems  to  be  a  very  variable  species,  both  as  re- 
gards the  size  and  shape  of  the  fruit,  and  the  proportions  of 
the  flower.  It  is  a  native  of  Southern  India,  where  also 
it  has  been  long  in  cultivation.  It  has  been  introduced 
into  other  tropical  countries.  The  cardamoms  of  com- 
merce are  mostly  the  product  of  cultivated  plants,  which 
are  planted  in  the  moist  shade  ;  either  in  clearings  of  the 
natural  forests,  or  in  plantations  of  betel  palms  ;  they  are 
gathered  before  they  are  quite  ripe  and  dried  sometimes 
with,  and  sometimes  without,  artificial  heat.  They  are 
ovoid  or  oblong,  pointed,  rounded-trianglar,  three-valved, 
and  three-celled  capsules.  The  husk,  when  dried,  is  of  a 
pale  yellowish-gray  or  brown,  flexible,  and  tough.  The 
seeds,  five  or  six  in  each  cell,  are  irregularly  compressed, 
brown,  and  spicy.  Size  :  The  fruits  of  the  best  varieties 
are  usually  short,  about  once  and  a  half  or  twice  as  long 
as  broad  (one  to  one  and  a  half  centimetre,  0.01  to  0.015 
metre  =^gto-f^  inch),  very  plump  and  full.  They  are 
commercially  called  "  shorts."  Others,  longer  and  more 
angular,  are   denominated  "short-longs"  and  "longs." 
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The  longest,  from  one  to  two  inches  in  length,  are  the 
"  Cardamome  de  Oeyhn,"  or  Grand  Cardamome  of  the 
Codex  Med. 

Cardamoms  are  also  distinguished  according  to  the 
countries  or  ports  from  which  they  are  exported,  as 
Malabar,  Aleppo,  Madras,  etc.  The  former  are  the  most 
esteemed. 

Composition. — The  capsules  have  no  active  properties. 
The  seeds  contain  about  Hve  per  cent,  of  a  pale  yellow 
aromatic  oil,  which  represents  them  in  odor  and  taste. 
The  ash  of  Cardamom  is  rich  in  manganese.  It  is  a 
typical  aromatic,  and  is  useful  in  all  the  conditions  which 
call  for  articles  of  that  class.  As  an  agreeable  flavor  and 
appetizer,  as  a  stimulant  to  digestion,  a  carminative  in 
flatulence,  and  in  simple  colic,  it  is  sometimes,  but  not 
often,  given  alone.  In  combinations,  as  a  pleasant  and 
useful  adjuvant  and  corrective,  it  is  in  more  frequent 
use,  acting  favorably  with  cathartics,  bitter  tonics,  stim- 
ulants, etc.  But  the  principal  use  of  Cardamom  is  as  a 
condiment  or  household  flavor,  for  which  purpose,  espe- 
cially on  the  continent  of  Europe  and  in  the  East,  it 
is  extensively  employed.  It  is  also  used  in  flavoring 
liqueurs,  and  in  curry-powder,  etc.  It  is  less  irritating 
than  the  spices  proper,  and  more  so  than  Anise  and  the 
milder  carminatives.  The  dose  of  Cardamom  as  an  aro- 
matic by  itself  would  beifrom  one-half  to  one  gram  (0.5 
to  1  Gm.  =  gr.  viij.  ad  xv.).  There  is  a  tincture  {Tinc- 
tura  Gardamomi,  TJ.  S.  Ph.,  lYis)  which  represents  it 
completely.  The  compound  tincture  {Tinciura  Ca/rda- 
momi  Oomposita,  U.  S.  Ph.)  contains  two  per  cent,  each 
of  Cardamom  and  Cinnamon,  one  of  Caraway,  six  of 
Glycerine,  and  one-half  per  cent,  pi  Cochineal  in  diluted 
alcohol.  Dose,  five  to  ten  grams  (5  to  10  Gm.  =  3  j- 
ad  llj.).  The  aromatic  powder  {Pulvis  Aromaticua,  U.  S. 
Ph.)  contains  thirty-flve  parts  each  of  Cinnamon  and 
Ginger,  fifteen  each  of  Cardamom  and  Nutmeg.  Dose, 
one  to  two  grams  (1  or  3  Gm.  =  gr.  xv.  ad  xxx.). 
The  Aromatic  Fluid  Extract  {Extraclum  Aromaticum 
Fluidum,  U.  S.  Ph.)  represents  the  above  in  fluid  form  ; 
dose  the  same.  There  is  a  little 
Cardamom  in  the  Pills  of  Aloes 
and  Myrrh,  and  in  the  Com- 
pound Tincture  of  Gentian,  U. 
8.  Ph. 

Allied  Plants.  —  Besides 
the  varieties  of  Cardamoms 
above  mentioned,  several  very 
similar  products  are  yielded  by 
neighboring  genera,  one  of 
which,  the  cluster  cardamom 
{Atnome  en  grappe.  Codex 
Med.),  not  common  in  this 
country,  but  abundant  in  Indi- 
an commerce,  is  figured.  It  is 
from  Amomum  Cardamomum  Fio.  666.  Cardamom.  Cluster 
L.,  of  Siam.  Several  other  oi  '™'ts  and  Binitle  fruit, 
species  of  Amomum  yield  va- 
rieties of  Indian  Cardamoms. 
Grains  of  Paradise  is  the  fanciful  name  given  to  the 
peppery  seeds  of  Amomum  Melegueta  Roscoe,  of  Africa, 
which  are  imported  into  Europe  and  America  in  moderate 
quantities.  They  contain  an  aromatic  oil,  and  have  for- 
merly been  a  favorite  condiment,  but  are  obsolete  now, 
excepting,  perhaps;  in  combination  with  other  spices  in 
cordials.  They  find  some  employment  in  veterinary 
practice.     For  further  botanical  comparison,  see  Ginger. 

Allied  Drugs.— Calamus,  Cinnamon,  Anise,  Gin- 
ger, etc.  V-  P-  BoUes. 

CARDIAC  DEPRESSANTS.  The  drugs  ordinarily  em- 
ployed to  depress  the  activity  of  the  circulation  will  only 
be  alluded  to  here.  These  are  tartarized  antimony,  aco- 
nite, and  veratria. 

These  three  substances  agree  in  the  particular  that  each 
possesses  marked  cardiac  sedative  properties,  while  in 
many  other  respects  their  actions  are  entirely  different. 
The  very  remarkable  action  of  veratria  on  muscle  con- 
traction, compared  with  that  of  tartarized  antimony,  is  a 
good  illustration  of  the  truth  of  the  latter  statement. 


slightly  reduced  (Baillon),  of 
the  "cluster  cardamom." 


Tartar  emetic  lessens  both  the  force  and  frequency  of 
the  cardiac  contractions.  It  is  a  direct  poison  to  the  car- 
diac muscle.  It  brings  the  heart  to  a  standstill  in  diastole 
when  given  in  poisonous  doses. 

The  action  of  aconite  on  the  heart  is  very  similar  to  that 
of  tartar  emetic.  In  moderate  doses  it  is  able  to  reduce 
the  number  and  force  of  the  heart's  beats.  A  reduction 
of  thirty  or  even  forty  beats  in  the  minute  is  often  seen 
from  large  medicinal  doses. 

When  this  drug  is  given  in  large  and  dangerous  doses, 
the  slowing  gives  place  to  quickening  and  irregularity. 
A  very  quick  pulse  is  a  sign  of  more  pronounced  cardiac 
weakness  than  even  a  weak  pulse.  The  weaker  the  heart 
becomes  the  faster  it  beats,  until  it  finally  ceases. 

Aconite  affects  the  heart  after  section  of  the  vagi,  and 
after  its  removal  from  the  body,  so  that  its  influence  is 
directly  on  the  muscular  structure  or  the  ganglia  con- 
tained therein. 

It  is  probable  that  aconite  acts  as  a  cardiac  depressant 
by  a  direct  action  on  both  these  mechanisms.  Aconite 
also  lowers  the  blood-pressure. 

Veratria,  an  alkaloid  obtained  from  the  sabadilla  vera- 
tria, veratrum  viride,  and  the  veratrum  album  have  simi- 
lar actions  on  the  heart.  They  are  all  powerful  cardiac 
depressants. 

Veratria  seems  to  have  a  more  depressing  effect  on  the 
heart  than  either  tartar  emetic  or  aconite.  It  differs  from 
aconite,  but  resembles  tartar  emetic  in  its  liability  to  pro- 
duce vomiting.  If  the  latter  is  induced  the  slowed  pulse 
becomes  quick.  The  same  quickening  of  the  pulse  oc- 
curs if  the  patient  makes  any  sudden  movement.  The 
action  of  the  veratrum  group  on  the  heart  is  brought 
about  by  a  direct  influence  on  the  muscular  structure. 
It  does  not  exert  any  influence  on  the  vagus.  It  prolongs 
the  ventricular  dilatation. 

Much  has  been  written  on  the  powers  said  to  be  pos- 
sessed by  cardiac  sedatives  in  reducing  and  even  prevent- 
ing inflammatory  fevers,  etc.  For  many  decades  tartar 
emetic  has  been  m  use,  by  English  physicians  particularly, 
with  the  above  object.  In  acute  rheumatism,  but  espe- 
cially in  pneumonia,  it  has  been  extensively  employed.  In 
the  same  disease  aconite  and  veratrum  viride  have  also 
been  much  employed  on  this  side  of  the  Atlantic.  In 
many  quarters  it  is  the  almost  invariable  custom  to  treat 
a  pneumonia,  no  matter  in  what  kind  of  a  subject  it  oc- 
curs, whether  in  a  robust  or  in  a  delicate  subject,  with  one 
of  these  cardiac  sedatives.  Some  American  physicians  go 
so  far  as  to  say  that  they  are  able  to  abort  a  pneumonia 
by  the  full  and  timely  administration  of  either  aconite  or 
veratrum  viride,  but  the  great  number  of  reports  pub- 
lished as  to  the  eificacy  of  this  drug  in  pneumonia  are 
worthless,  for  they  are  lacking  in  that  scientific  precision 
the  presence  of  which  alone  enables  the  reader  to  judge 
of  their  value.  It  is  extraordinary  how  few  of  the  writers 
seem  even  to  think  of  the  self-limited  course  of  a  disease 
like  pneumonia.  Professor  StiM  ("National  Dispen- 
satory," p.  1599),  on  this  subject,  writes  :  "  The  only  con- 
clusion to  be  drawn  from  a  critical  study  of  the  mass  of 
conflicting  evidence  respecting  its  use  in  the  disease  re- 
ferred to  Is,  that  the  patients  would  have  been  better  not 
only  without  its  use,  but  also  without  that  of  the  medi- 
cines associated  with  it."  In  administering  any  cardiac 
depressant  in  the  beginning  stages  of  pneumonia,  we 
should  always  remember  that  the  great  majority  of 
deaths  in  this  disease  take  place  from  heart-failure,  and 
that  we  may  directly  contribute  to  this  end  by  the  in- 
judicious employment  of  our  agents. 

Again,  another  important  point  to  be  taken  into  con- 
sideration is  that  these  agents  seriously  interfere  with  di- 
gestion. This  is  especially  true  of  the  veratrum  group 
and  of  tartar  emetic.  The  use  of  any  of  this  group  in 
pneumonia  should  be  confined  solely  to  the  first  day  or 
two  of  the  disease,  and  then  only  given  if  the  subject  is 
robust.  When  continued  longer  than  the  time  specified, 
their  use  can  only  be  productive  of  harm,  and  very  fre- 
quently of  great  harm. 

In  any  stage  of  the  disease  occurring  m  weakly  persons 
they  should  never  be  administered. 

Since  the  introduction  of  salicylic  acid  in  the  treatment 
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of  acute  rheumatism,  there  is  no  occasion  for  the  admin- 
istration of  cardiac  depressants  in  this  disease.  Tlie  only 
legitimate  iield  for  the  employment  of  these  agents  as 
cardiac  depressants  is  in  the  acute  catarrh  of  the  respira- 
tory passages  in  adults. 

Acute  bronchitis  occurring  in  an  otherwise  healthy 
adult  yields  more  quickly  to  one  of  these  agents  than  to 
any  other  class  of  remedies.  They  should  only  be  given 
during  the ' '  dry  stage  "  of  the  catarrh ;  after  this  is  passed 
other  remedies  are  indicated.  Of  the  three  drugs  under 
consideration  tartar  emetic  is  undoubtedly  the  most  pow- 
erful in  bringing  about  resolution  of  the  inflammatory 
process  in  this  disease. 

In  tonsillitis  and  acute  pharyngeal  catarrh  any  one  of 
the  three  may  be  employed  with  confidence,  but  aconite, 
especially  in  tonsillitis,  is  the  most  trustworthy. 

In  treating  this  disease  with  aconite  it  is  essential  to 
success  that  it  should  be  given  early.  If  administered 
early  enough,  the  beneficial  eflfects  soon  become  strikingly 
manifest.  Two  or  three  drops  of  the  tincture  every  half 
hour  for  three  hours,  and  afterward  every  hour,  will  nearly 
always  be  effective. 

The  presence  of  a  high  temperature  in  acute  tonsillitis 
is  a  marked  indication  for  the  use  of  aconite. 

Ja/mes  Stewa/rt. 

CARLSBAD  is  one  of  the  most  important  thermal  stations 
of  Europe.  The  place  is  said  to  have  derived  its  name 
from  the  Emperor  Charles  IV.  ,to  whom  the  legend  ascribes 
the  discovery  of  the  medicinal  properties  of  the  waters. 
The  town  is  situated  in  Bohemia,  on  the  Tepel  River, 
some  seventy  miles  distant  from  Prague,  and  lies  at  an 
altitude  of  about  twelve  hundred  feet.  The  valley  in 
which  it  lies  is  shielded  from  the  south  and  east  winds 
by  the  mountains,  but  is  exposed  to  the  winds  from  the 
north  and  west,  and  the  climate  is  consequently  some- 
what trying  and  subject  to  sudden  changes  in  tempera- 
ture. The  native  population  is  about  ten  thousand,  and 
the  number  of  visitors  in  the  season,  which  extends  from 
the  middle  of  June  to  the  middle  of  August,  is  from  fif- 
teen to  twenty  thousand.  There  are  two  large  hospitals, 
one  civil  and  one  military,  besides  a  number  of  hotels  and 
lodging-houses.  The  springs  issue  from  apertures  in  the 
rocky  shell  upon  which  most  of  the  town  is  built,  and 
are  twelve  or  more  in  number.  The  temperature  of  the 
different  springs  varies  from  123°  to  163°  P.  The  fol- 
lowing are  the  names  of  the  six  principal  springs,  with 
the  temperature  of  their  waters :  Sprudel,  163  ;  Neu- 
brunnen,  138°  ;  Miihlbrunnen,  137°  ;  Sohlossbrunnen, 
122°;  Theresienbrunnen,  122°;  Marktbrunnen,  118°.  The 
waters  of  Carlsbad  are  classed  among  the  thermal  alkaline 
sulphated  waters.  Although  they  were  originally  em- 
ployed exclusively  for  bathing,  they  are  now  chiefly  taken 
internally.  There  are,  nevertheless,  numerous  facilities 
for  water-,  vapor-,  and  mud-baths,  and  these  are  used  to 
some  extent  in  conjunction  with  the  internal  administra- 
tion of  the  waters.  The  ordinary  dose  is  five  glasses,  of 
about  half  a  pint  each,  taken  during  the  space  of  an  hour 
to  an  hour  and  a  half.  The  following  is  the  composition 
of  the  Sprudel  water,  according  to  the  analysis  of  Ragsky  : 
Each  litre  (1.76  pint)  contains :  Sulphate  of  sodium,  3.373 
Gm.  (35.58  gr.) ;  sulphate  of  calcium,  0.163  Gm,  (2.44 
gr.) ;  chloride  of  sodium,  1.030  Gm.  (15.45  gr.) ;  car- 
bonate of  sodium,  1.361  Gm.  (20.415  gr.);  carbonate  of 
calcium,  0.397  Gm.  (4.455  gr.) ;  carbonate  of  magne- 
sium, 0.134  Gm.  (1.86  gr.) ;  carbonate  of  strontium, 
0.0008  Gm.  (0,012  gr.);  protoxide  of  iron,  0.002  Gm.  (0.03 
gi-.);  protoxide  of  manganese,  0.0006  Gm.  (0.009  gr.) ; 
fluoride  of  calcium,  0.003  Gm.  (0.045  gr.);  phosphate 
of  calcium,  0.0002  Gm.  (0,003  gr.) ;  silica,  0.0072  Gm. 
(0,108  gr.).  Sonje  of  the  other  springs  contain  slightly 
larger  amounts  of  strontium  and  manganese,  and  also 
traces  of  the  iodide  and  bromide  of  sodium.  The  water 
is  heavily  charged  with  carbonic  acid,  one  litre  con- 
taining 210.59  c.cm.  The  Carlsbad  waters  are  highly 
jjrized  in  the  treatment  of  gastric,  hepatic,  and  intes- 
tinal disorders  ;  in  diabetes,  gravel,  gout,  rheumatism, 
chronic  affections  of  the  conjunctiva  and  deeper  struct- 
ures of  the  eye,  and  chronic  aural  catarrh.     They  are 


laxative,  when  taken  in  qtiantity,  and  are  useful  in 
chronic  constipation,  especially  when  associated  with 
hypochondriasis,  in  congestion  of  the  liver  and  spleen, 
and  in  general  in  all  the  manifestations  of  abdominai 
plethora.  They  are  used  in  the  treatment  of  dys- 
pepsia, and  even  of  simple  gastric  ulcer.  Patients  suf- 
fering  from  chronic  diarrhoea,  dependent  upon  intes- 
tinal catarrh,  from  gall-stones,  or  from  icterus  following 
catarrh  of  the  bile-ducts  or  of  the  duodenum  are  often 
greatly  benefited  by  a  course  of  the  waters  at  this  place. 
Many  functional  disorders  resulting  from  chronic  con- 
gestion and  enlargement  of  the  uterus  are  cured  at  Carls- 
bad. In  the  treatment  of  many  diseases  of  the  eye  and 
ear  much  use  is  made  of  vapor-baths. 

Thomas  L.  Stedman. 

CARROT  {Garotte,  Codex  Med.).  The  root  of  Daueus 
Ca/rota  L ;  Order,  UmbelliferoB.  This  plant  is  a  native 
of  Europe,  but  freely  naturalized  in  the  United  States. 
(Wild  Carrot.)  The  cultivated  form  is  the  common  table 
carrot,  grown  everywhere.  The  fruits  of  carrot  have 
been  used  as  aromatic  diuretics  ;  the  roots  made  into  pulp 
as  poultices ;  but  neither  have  any  claim  to  medical  notice. 
The  coloring-matter  of  carrot  root  is  called  Carotin. 

Allied  Dkugs,  etc.— See  Anibe.  W.  P.  B. 

CARTILAGE.  Under  this  name  is  classified  one  of  the 
important  members  of  the  group  of  connective-tissues, 
which  is  characterized  not  so  much  by  the  structure 
and  arrangement  of  its  cells,  as  by  the  peculiar  nature  of 
its  basement-substance,  Cartilage  occurs  in  three  toler- 
ably distinct  forms,  whose  differences  depend  largely  upon 
peculiarities  in  the  structure  of  the  basement-substance. 
These  forms  are  called  hyalin  cartilage,  fibro-cartUage, 
and  fibro-elastic  cartilage. 

The  most  abundant  and  typical  of  these  is  hyalin  car- 
tilage. This,  in  the  adult,  is  found  covering  the  articular 
surfaces  of  bone,  forming  parts  of  the  ribs  and  of  the 
walls  of  the  trachea  and  bronchi,  and  in  less  considerable 
masses  in  other  parts  of  the  body.  Hyalin  cartilage  is 
translucent  and  of  a  bluish  white  color,  is  firm  in  con- 
sistency, and  elastic.  Like  other  members  of  the  con- 
nective-tissue group  it  consists  of  cells  and  an  intercellu- 
lar or  basement-substance.  The  basement-substance  is 
for  the  most  part  quite  homogeneous  in  the  fresh  condition, 
but  it  is  occasionally  very  finely  granular.  By  suitable 
treatment  with  chemical  agents,  it  may  be  seen  to  con- 
tain, and  almost  to  consist  of,  exceedingly  minute  and 
delicate  fibrils,  which  under  normal  conditions  are  merged 
into  a  homogeneous  mass.  The  basement-substance  is 
said  by  some  observers  to  be  penetrated  by  minute  branch- 
ing canals  which  communicate  with  one  another  and  with, 
the  spaces  in  which  the  cells  lie,  but  this  has  not,  in  the 
writer's  opinion,  been  fully  demonstrated  in  tlie  higher 
animals.  Mucin  and  gelatin,  and  a  rather  indefinite  sub- 
stance called  chondrin,  have  been  obtained  from  the  base- 
ment-substance, but  our  knowledge  of  the  chemical  na- 
ture of  these  substances,  and  particularly  of  their  exist- 
ence in  the  cartilage  in  the  natural  condition,  before  be- 
ing exposed  to  chemical  manipulation,  is  still  too  indefinite 
to  enable  us  to  speak  very  positively  of  its  chemical  con- 
stitution. 

The  cells  of  hyalin  cartilage  differ  considerably  in 
shape  and  arrangement  in  different  cartilages  and  in  dif- 
ferent parts  of  the  same  cartilage,  depending,  apparently, 
to  a  considerable  degree,  upon  the  conditions  of  pressure 
to  which  they  are  subject,  as  well  as  upon  the  intimate 
constitution  of  the  basement-substance  and  the  influences 
under  which  its  development  transpires.  The  cells,  ex- 
cept near  free  surfaces,  or  where  cartilage  and  fibrous 
tissue  join,  are  in  general  spheroidal,  ovoidal,  ellipsoidal, 
or  somewhat  flattened  at  the  sides,  and  lie  unevenly  dis- 
tributed in  the  basement-substance.  The  cell  body  is 
finely  granular,  or  in  some  animals  contains  delicate 
fibrils,  and  may  enclose  droplets  of  fat,  and  pigment  parti- 
cles, or  may  also  contain  glycogen.  The  nuclei — of  which 
there  may  be  one  or  more — are  usually  spheroidal,  sharply 
outlined,  and  contain  more  or  less  well-marked  networks 
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of  coarser  and  finer  fibrils  and  nuclei,  in  whicli,  during 
life,  in  some  animals,  slow  oscillatory  movements  may- 
be seen.  The  cartilage  cells  may  lie  singly  in  the  base- 
ment-substance, but  they  are  more  frequently  arranged 
in  groups  of  two,  or  four,  or  more,  and  the  cells  forming 
these  groups  are  apt  to  be  flattened  on  the  sides  which 
abut  on  one  another.  Under  normal  conditions  the  car- 
tilage cells  completely  fill  the  spaces  in  the  basement^sub- 
stance  in  which  they  lie.  But  on  exposure  to  the  air,  to 
water,  to  electric  shocks  of  moderate  intensity,  to  a  vari- 
ety of  chemical  agents,  and  under  certain  pathological 
conditions,  they  separate  from  the  walls  of  the  Spaces  and 
shrink  into  irregular-shaped,  coarsely  granular  masses 
(Pig.  569),  in  which  the  nucleus  may  be  partially  or  en- 
tirely concealed.  This  shrinkage  may  be  only  partial, 
some  portion  or  points  remaining  adherent  to  the  sides  of 
the  cavities,  so  that  the  shrunken  cells  may  appear  irreg- 
ularly stellate  or  have  festooned  edges.  In  this  shrunken 
condition  we  usually  see  the  cells  of  cartilages  which 
have  been  preserved  in  alcoholic  fluids.  In  some  parts  of 
the  articular,  and  also  in  the  costal  cartilages,  the  cells  lie 
in  large  groups,  or  in  longer  or  shorter  rows.  At  the 
free  surfaces  of  cartilage,  or  where  it  comes  in  contact  with 
the  perichondrium,  the  cartilage  cells  are  usually  flattened, 
and  just  beneath  the  perichondrium  may  merge  imper- 


FlG.  567.— Hyalin  Cartilage  from  the  Head  of  the  Femur  of  Frog. 
(X  TOO  and  reduced.) 

ceptibly  into  the  ordinary  flattened  cells  of  the  connective- 
tissue.  The  basement-substance  immediately  about  the 
cartilage  cells  may  be  seen,  under  favorable  conditions,  to 
be  more  transparent  than  the  rest,  the  more  transparent 
zone  being  sometimes  very  thin  and  sometimes  of  consid- 
erable thickness.  This  portion  of , the  basement-substance 
is  called  the  capsule,  and  is  believed  to  be  that  part 
which  was  last  formed  around  the  cartilage  cell.  Some- 
what similar  appearances  may  be  seen  not  only  around 
single  cells,  but  around  all  groups  which  have  apparently 
been  derived  from  some  single  cell  originally  occupying 
their  position  in  the  basement^substance. 

The  basement-substance  of  hyalin  cartilage  may,  under 
a  variety  of  conditions,  become  infiltrated  with  salts  of 
lime,  and  thus  assume  to  the  naked  eye  a  white  opaque 
appearance,  and  under  the  microscope  appear  crowded 
with  larger  and  smaller  distinct  granules.  Under  patho- 
logical conditions  the  basement-substance  may  become 
fibrillar  as  well  as  calcified.  Cartilage  is  surrounded, 
except  over  the  articular  surfaces,  by  a  vascular  layer  of 
fibrillar  connective-tissue  called  the  perichondrium.  The 
perichondrium  contains  a  varying  amount  of  elastic  fibres. 
The  fibrillated  fibres  of  the  perichondrium  pass  on  into 
the  hyalin  basement-substance  of  the  cartilage,  into  which 
they  become  gradually  merged.  Although  vessels  from 
the  perichondrium  sometimes  penetrate  for  a  short  dis- 
tance into  the  cartilage  tissue,  the  latter  U,  in  general, 
non-vascular. 

Vol,  I.— 50 


Dbvblopmbkt  of  Hyalin  Cartilage. — At  a  very 
early  period  hyalin  cartilage  consists  of  a  congeries  of 
rounded  cells  closely  packed  together,  with  a  smalt 
amount  of  intercellular  substance  around  each  cell.  The 
intercellular  substance  gradually  increases  in  amount, 
and  the  cells  divide ;  new  capsules,  i.e.,  new  portions  of 
intercellular  substance,  are  formed  around  the  new  cells, 
while  the  old  capsules  are  expanded  and  appear  to  coa- 
lesce with  those  of  adjacent  cell-groups  to  form  the  ho- 
mogeneous basement-substance.  In  this  way  the  cells 
become  gradually  separated  from  one  another,  but  may 
still  retain  a  grouping,  which  indicates  their  primitive  re- 
lations to  each  other. 

Schleicher  has  shown  that  in  the  division  of  cartilage- 
cells,  while  the  changes  in  the  nucleus  are  in  general 
those  common  to  the  indirect  mode  of  cell  division  (see 
Cell),  the  separation  of  the  body  occurs,  not  by  a  gradu- 
ally deepening  constriction  as  in  cells  which  are  sur- 
rounded by  a  fluid  or  yielding  material,  but  by  the  for- 
mation of  a  partition  out  of  the  intracellular  filaments. 
This  partition  finally  becomes  continuous  with  the  cap- 
sule around  the  new-formed  cells,  and  thickens  with 
their  separation  from  one  another.  The  exact  way  in 
which  the  capsules  and  intercellular  substance  originate, 
whether  by  a  separation  of  a  portion  of  the  periphery  of 
the  cells,  or  whether  it  is  simply  formed  under  their  in- 
fluence, or  entirely  apart  from  them,  is  not  certain. 
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Fig.  568. — Fibro-cartilage  from  the  Head  of  the  Femur  of  Babbit. 
(X  700  and  reduced.) 

FiBRO-CAHTiLAGE. — This  Variety  of  cartilage  is  found 
in  the  interarticular  cartilages  of  some  of  the  joints,  such 
as  the  knee  and  jaw,  between  the  vertebrse,  at  the  sym- 
physis pubis,  around  the  tendons  of  certain  muscles,  and 
at  points  where  tendons  are  inserted  into  hyalin  cartilage, 
as  at  the  junction  of  the  ligamentum  teres  with  the  head 
of  the  femur.  The  cells  are  similar  to  those  of  hyalin 
cartilage,  but  the  basement-substance  is  fibrillated,  the 
flbrillsB  being  arranged  in  dense  bundles  or  interlacing  in 
all  directions.  The  cells  are  frequently  arranged  in  rows 
between  the  bundles  of  intercellular  fi"bres  (see  Fig.  568), 
and  are  less  uniformly  distributed  than  are  the  cells  of 
hyalin  cartilage.  This  form  of  cartilage  frequently 
merges,  in  structure,  on  the  one  hand  into  fibrillar  con- 
nective-tissue, and  on  the  other  into  hyalin  cartilage. 

PiBRO-ELASTic  CARTILAGE  (ycUow  elastic  Or  spongy 
cartilage). — This  form  of  cartilage  is  not  abundant  in  the 
body,  being  found  in  small  masses  in. the  external  ear, 
Eustachian  tube,  epiglottis,  and  in  some  parts  of  the 
larynx.  It  is  tough,  opaque,  and  yellowish  in  appearance. 
The  cells,  which  are  irregularly  distribuied  through  the 
basement-substance,  are  similar  in  appearance  to  those 
of  hyalin  cartilage.  Around  each  cell  is  a  narrow,  strongly 
retractile,  homogeneous  zone  of  basement-substance — the 
capsule.  Outside  of  the  capsule  the  basement-substance 
is  more  or  less  densely  filled  with  coarser  and  finer  anas- 
tomosing and  interlacing  elastic  fibres  (Fig.  569).  In  ad- 
dition to  the  elastic  fibres  the  basement-substance  con 
tains  numerous  large  and  small  granules,  consisting  of 
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a  material  similar  in  chemical  and  optical  properties  to 
that  composing  the  elastic  fibres— the  so-called  elastic 
granules.    These  elastic  granules  are  unevenly  distributed 


Pio.  S69.— Pibro-elastio  Cartilage,  from  Epiglottis  of  Man.  X  TOO  and  re- 
duced. Specimen  preserved  in  alcohol  and  the  cartilage  cells  are 
shrunken. 

through  the  basement  substance.  Fibre-elastic  cartilage 
is  developed  from  a  hyalin  form  of  cartilage  by  the  forma- 
tion, in  the  basement-substance,  of  the  characteristic  elas- 
tic fibres  and  granules. 

BiBLIOOBAPHY. 

For  the  methods  of  studying  cartilage,  see  Ranvier^s  TraitS  technique 
d'Histologie,  p.  270  et  seq.  For  literature,  see  Index  Catalogue  of  Li- 
brary of  Sargeon-Oeneral's  Office,  U.  S.  Army,  vol.  ii. ;  also  Quain's 
Anatomy,  ninth  edition.,  vol.  ii,  p.  8ti. 

T.  Mitchell  Prudden. 

CASCARILLA,  U.  S.  Ph.  {OaseanllcB  Cortex,  Br.  Ph.; 
Ooi'tex  Casearilla,  Ph.  G.;  Oascarille  officinale,  Codex 
Med.  ;  Eleutheria  Bark).  Oroton  EleuteHa  Bennett, 
which  yields  the  above-named  bark,  is  a  small  tree  with 
slender,  wandUke  branches,  and  ovate,  tapering-pointed 
leaves  ;  these  iatter  are  perfectly  covered  below  with  pel- 
tate and  stellate  scales.  Flowers  small,  in  racemes,  mo- 
noecious, sweet-scented.  Bark  fragrant.  It  is  an  inhab- 
itant of  Cuba  and  the  Bahama  Islands. 

Casearilla  was  imported  into  Europe  about  the  middle 
of  the  seventeenth  century,  when  it  was  considered  a  va- 
riety of,  and  often  confounded  with,  cinchona.  It  has  un- 
doubtedly formerly  been  the  produce  of  several  species  of 
Groton,  but  at  present  comes  exclusively  from  the  one 
above  named.  It  is  "in  quills  or  curved  pieces,  about 
one-twelfth  of  an  inch  (two  millimetres)  thick,  having  a 
grayish,  somewhat  fissured,  easily  detached,  corky  layer, 
the  remaining  tissue  being  dull-brown,  and  the  inner  sur- 
face smooth.  It  breaks  with  a  short  fracture,  having  a 
resinous  and  radially  striate  appearance ;  when  burned  it 
emits  a  strong,  aromatic  odor ;  its  taste  is  warm  and  very, 
bitter. " 

The  active  principles  of  this  bark  are  easccmllin,  a 
white  crystalline,  bitter  substance,  scarcely  soluble  in 
water,  to  which  it  owes  its  tonic  properties,  and  an  essen- 
tial oil,  which  latter  it  contains  to  the  extent  of  some- 
thing more  than  one  per  cent.  This  is  a  compound  oil, 
consisting  of  a  terpene  and  an  oxygenated  portion.  It 
also  contains  some  resin. 

Action. — The  composition  just  given  indicates  the  use 
and  value  of  casearilla.  It  is  a  bright,  rather  pleasant, 
aromatic,  bitter  tonic,  with  no  special  qualities  other  than 
its  taste,  to  distinguish  it  in  medicinal  value  from  other 
spicy  bitters.  It  is  used  occasionally  in  pastilles,  and  said 
to  be  put  into  tobacco  on  account  of  its  fragrance  when 
burning.  There  is  no  officinal  preparation.  Alcohol  ex- 
tracts its  virtues  to  the  best  advantage.  Dose,  as  a  tonic, 
one  or  two  grams. 

Allied  Plants. — The  section  Eleuteria,  of  the  enor- 
mous genus  Oroton,  contains  twenty -five  or  more  plants,  a 
number  of  which  have  barks  possessing  properties  simi- 


lar to  those  of  the  officinal  casearilla.     See  Croton-oil, 
also  Castor-oil. 

Allied  Drugs. — All  the  aromatic  bitters.  For  a  notice 
of  the  order,  see  Magnolia.  W.  P.  Bolles. 

CASHEW  NUTS  {Woix  cC Acajou).  The  fruits  proper 
of  Anacardium  oeeidentale  L.  ;  Order,  Anacardiacem,  a 
handsome  evergreen.  West  Indian  and  South  American 
tree,  bearing  its  heart-  or  kidney-shaped  fruit  partly  im- 
bedded in  the  top  of  a  large,  pear-shaped,  sweetish-acid, 
edible  receptacle,  six  or  eight  times  as  large  as  the  fruit 
proper ;  the  whole  is  eight  or  ten  centimetres  long.  The 
fruit  itself  is  kidney-shaped,  about  three  centimetres  (one 
and  a  quarter  inch)  long,  brownish-ash  colored,  and  smooth 
externally.  It  contains  a  large,  bland,  oily,  curved,  edible 
embryo.  The  pericarp,  which  is  two  or  three  millimetres 
thick  (one-eighth  inch),  is  of  cavernous  structure,  and 
contains,  when  dry,  a  thick  or  solid,  black,  extractiform, 
resinous  substance,  of  exceedingly  irritant  properties 
when  applied  to  the  skin.  A  bassorin-like  gum  exudes 
from  the  stem  ;  an  edible  milky  sap,  which  also  is  an  in- 
delible dye,  flows  from  the  trunk. 

The  tree  is  cultivated  in  the  tropical  portions  of  both 
hemispheres,  for  its  pear-like  "fruits."  There  are  six 
species  of  Anacardium,  all  inhabitants  of  tropical  America. 

The  resinous  extract  consists  of  anacardic  acid,  and  a 
yellow  or  brown  oily  liquid,  cardol.  This  is  an  intense 
and  dangerous  irritant,  causing  often  severe  inflammation 
of  the  skin  and  blisters,  and  even  the  fumes  when  it  is 
burned  have  the  same  properties.  It,  or  rather  the  pulp 
of  the  pericarps,  was  formerly  used  as  an  irritant,  and  are 
still  so  used  to  some  extent  in  the  West  Indies.  It  has  no 
medicinal  value  here,  and  is  only  to  be  knownas  a  poison. 

Allied  Plants  and  Drugs. — The  East  Indian  Ana- 
cardium is  a  smaller  but  similar  product,  from  Semecar- 
pus  Anacardium  Linn,  fil.,  in  the  same  order.  A  milder 
cardol,  "  Cardol  pruriens,"  is  obtained  from  its  fruit,  and 
has  been  used  also  as  an  irritant,  and  as  a  basis  of  indeli- 
ble ink.  It  is  entirely  out  of  use  on  account  of  the  dan- 
fer  attending  it.  Poison  Ivy,  Bhus  toxicodendron  L.  and 
oison  Sumach,  iJ^MS  venenaium,  are  in  the  same  family, 
and,  as  well  as  some  other  species  of  E/ius,  have  similar 
inflaming  action  upon  the  skin  (see  Ivy,  Poison). 

W.  P.  Bolles. 

cassia;  purging  (Cassia  Fistula,  U.  S.  Ph.  ;  Cassim 
Pulpa,  Br.  Ph.  ;  Casse  officinale.  Codex  Med.).  The  fruit 
of  Cassia  fistula  Linn.  ;  Order,  Leguminosce,  Caesalpinem. 
It  is  a  beautiful,  medium-sized  tree,  with  large  pinnate 
leaves,  and  long  drooping  racemes  of  beautiful,  showy, 
sweet-scented  yellow  flowers.  The  ovary  is  long,  nar- 
row, curved,  one-celled,  and  many-seeded,  but  it  becomes 
straight  as  it  grows,  and  develops  transverse  woody  par- 
titions between  the  seeds. 

This  tree  is  a  native  of  tropical  Asia,  but  is  extensively 
cultivated  for  its  beauty,  both  in  the  Old  World  and  in 
the  New.  The  drug  has  been  undoubtedly  in  use  for  five 
or  six  hundred  years,  but  its  name  is  much  older,  having 
been  transferred  to  this  substance  from  some  variety  of 
cinnamon  to  which  it  properly  belonged. 

The  pods  of  Cassia  Fistula  are  nearly  or  quite  straight, 
from  thirty  to  sixty  centimetres  long,  by  about  two  and 
a  quarter  m  diameter  (from  twelve  to  twenty-four  inches 
by  one  inch),  cylindrical,  shortly-stalked,  and  blunt- 
pointed.  The  surface  is  dark-purplish-brown,  and  al- 
though not  very  smooth  it  has  a  dull  polish.  The  dorsal 
and  ventral  sutures  are  marked  by  broad,  flat,  longitudi- 
nally striated  bands  running  the  length  of  the  pod.  The 
position  of  the  partitions  is  generally  noticeable  upon  the 
surface  by  means  of  shallow  annular  constrictions  about 
five  or  six  millimetres  apart  (one-flfth  to  one-fourth  inch). 
The  pericarp  (shell)  is  very  hard  and  brittle  when  dry,  re- 
quiring a  hammer  to  break  it.  The  cavity  is  divided  by 
transverse  septn  into  from  twenty-five  to  one  hundred 
chambers,  each  containing  one  brown,  shining,  flattened 
seed  and  f  urth'-r  filled  with  pulp.  This  last,  which  is  the 
only  useful  portion,  when  the  pods  are  fresh,  is  soft  and 
fills  the  entire  space  ;  as  they  dry  it  hardens  into  a  thick 
black  extract-liie  mass  which  eventually  becomes  hard 
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and  brittle  and  only  covers  the  surfaces  of  the  chambers, 
leaving  the  seed  free  and  loose.  When  very  dry,  the 
quality  is  considered  to  be  impaired.  This  pulp  is  re- 
moved for  use  by  maceration.  It  has  a  sweetish,  mawk- 
ish, mulberry-like  taste  and  smell  and  is  slightly  laxative, 
but,  at  least  in  the  dry  state  in  which  the  fruits  reach  us, 
it  has  very  little  value.  Sugar,  gum,  and  other  common 
vegetable  substances  are  all  that  have  been  observed  in  it. 
Cassia  Fistula  is  retained  in  the  Pharmacopoeia  as  a  tra- 
ditional ingredient  of  the  Confection  of  Senna  (Oonfeciio 
Senna,  U.  8.  Ph.).  In  the  south  of  Europe  it  is  more 
used.  Dose:  of  the  pulp,  from  four  to  twelve  grams 
as  a  laxative  (4  to  13  Gm.  =  3  j.  ad  iij.) ;  as  a  cathartic, 
two  or  three  times  as  much. 

Allied  Plants. — The  products  of  one  or  two  related 
species  are  occasionally  substituted  for  this  Cassia,  or  are 
used  on  their  own  account.  Cassia  Tnoschata  H.  B.  K., 
of  New  Granada,  whose  pods  are  smaller  and  more 
curved  (Gasse  petite,  Codex  Med.),  and  Cassia  prandis 
with  very  stout,  three-ridged  fruits  {easse  du  Bresil,  Co- 
dex Med.).  The  pulp  of  both  of  these  Cassias  is  more 
disagreeable  than  that  of  the  officinal  one.  For  further 
botanical  relations  see  Senna.  These  Cassias  belong  to 
the  section  EHstula  of  the  great  genus  Cassia,  and  are  very 
different  in  habit  from  the  little  shrubs  or  herbs  that 
yield  our  Sennas. 

Allied  Drugs. — Fig,  Pbitne,  and  other  sweet  laxa- 
tive fruits.  W.  P.  Bolles. 

CASTOR  (Castorenm,  Br.  Ph.,  Ph.  G.,  Codex  Med.). 
"The  dried  preputial  follicles  and  their  secretion,  ob- 
tained from  the  Beaver,  Castor  Fiber  Linn.,  and  separated 
from  the  somewhat  shorter  and  smaller  oil-sacs,  which 
are  frequently  attached  to  them."  The  glands  or  reser- 
voirs are  usually  connected  in  pairs  by  their  excretory 
ducts,  which  open  so  near  together  as  to  be  removed  with- 
out dividing.  They  are  oblong  or  pear-shaped,  somewhat 
shrivelled,  multilocular  bags,  of  dark-brown  color  (when 
dry)  and  tenacious  consistence.  The  castor  itself  is  within 
these  ;  it  is  an  unctuous  brown  or  reddish-brown  sub- 
stance of  intense  and  disagreeable  smell.  It  consists  of 
volatile  o-il,  castorin,  a  resinoid  substance,  a  peculiar  fat, 
and  other  proximate  principles,  but  like  musk  and  others 
of  its  class,  the  chemical  composition  is  not  especially  in- 
structive as  to  its  qualities.  There  are  two  varieties  of  Cas- 
tor, the  Siberian,  from  the  Siberian  beaver,  whose  "  pods  " 
are  longer  (6  to  12  ctm.  =  2-i  to  5  in.)  and  larger,  and 
whose  contents  are  more  fragrant ;  and  the  Canadian, 
from  the  American  variety.  The  latter  is  naturally  the 
most  common  here. 

This  substance  has  been  long  used  as  a  stimulant  and 
antispasmodic  in  hysterical  and  other  nervous  conditions, 
but  is  now  nearly  obsolete  as  a  medicine.  .  There  is  some 
call  for  it  as  a  basis  of  perfumes.  Dose  from  half  a 
gram  to  two  grams  (0.5  to  3  Gm.  =  gr.  viij.  ad  xxx.). 

Allied  Substances,  etc.— See  Musk. 

W.  P.  Bolles. 

CASTOR  OIL  {Oleum  Bicini,  U.  S.  Ph.,  Br.  Ph.,  Ph. 
G.  ;  Huile  de  Biein,  Codex  Med.,  the  seeds  are  also  of- 
ficinal in  France,  Bicin,  Codex  Med.).  The  Castor-oil 
plant,"  PaZmflS  christi,"  Bieinua  communis  Linn.;  Order 
Muphorbiacece,  Crotonem,  is  well  known  everywhere.  In 
temperate  climates  it  is  a  large  annual  herb,  dying  at  the 
end  of  the  season,  often  without  ripenmg  its  fnut ;  or, 
where  the  season  is  long  enough,  as  in  the  Middle  States, 
it  bears  abundantly  the  first  year,  and  is  killed  by  the  ap- 
proach of  winter  ;  but  below  the  frost  line,  as  in  the  ex- 
treme south  of  Europe,  in  Africa,  and  India,  it  becomes 
shrubby  or  arboreous,  attaining,  in  the  tropics,  a  height 
of  forty  feet,  and  living  a  number  of  years.  In  the 
United  States  it  grows  from  one  to  four  metres  high 
(three  to  twelve  or  more  feet),  has  a  round,  smooth, 
hollow,  branching  stem,  bearing  numerous  very  large 
(up  to  forty  or  fifty  centimetres  long,  twelve  to  eighteen 
inches)  peltate  or  subpeltate,  five  to  eleven  or  more  lobed 
leaves.  The  flowers  are  in  spike-like  panicles,  which, 
although  really  terminal,  become  apparently  lateral  by 
the  continued  growth  of  the  plant  from  an  upper  axillary 


bud ;  monoecious.  The  lower  part  of  each  floral  axis 
usually  bears  a  few  clusters  of  short-stalked,  staminate 
flowers ;  the  upper  part  is  usually  a  true  spike  and  cov- 
ered with  sessile  pistillate  ones.  The  flowers  are  rather 
large  (one  or  two  centimetres,  one-half  to  one-fourth  inch 
across),  with  a  valvate  calyx  of  four  or  five  lobes.  The 
male  consists  of  innumerable,  often  several  hundred,  mi- 
nute, two-celled  anthers,  borne  upon  numerous,  repeatedly 
branching,  compound  filaments  ;  the  female,  of  a  single 
three-celled  softly  prickly  ovary,  with  three  long-forked 
crimson  styles.    Fruit,  a  short,  blunt,  bristly,  tricoceous 


FlQ.  670.— Castor-oil  Plant.    (Balllon.) 

capsule,  containing  three  pendulous  seeds.  Castor-oil 
seeds  vary  considerably  in  size  and  markings  ;  they  are 
generally  from  one  to  two  centimetres  (about  half  an  inch) 
in  length  by  about  two-thirds  as  broad  and  half  as  thick, 
ovoid,  blunt,  and  rounded  at  the  ends.  They  are  convex 
on  the  outer  surface.  The  inner  surface  is  usually  flat- 
tened on  each  side  of  the  middle  by  the  pressure  of  the 
neighboring  carpels,  the  two  facets  so  formed  uniting  in 
a  very  blunt  and  rounded  longitudinal  angle.  They  have 
a  good-sized  caruncle  at  their  upper  end  (or  a  scar  if  this 
has  been  broken  off).  The  surface  is  very  smooth  and 
shining,  usually  of  a  gray  color,  marked  with  very  pretty 
brown  or  blackish  marblings.  In  color  and  markings, 
however,  they  may  vary  considerably.  The  nucleus  con- 
sists of  a  soft,  oily  albumen,  with  a  good-sized,  straight, 
broad  embryo  in  the  middle.  This  plant  is  probably  in- 
digenous to  India,  but  has  been 
cultivated  so  long  and  exten- 
sively that  its  original  habitat  ^^ 
is  ditflcult  to  determine.  It  :^M{|^K  iPHi 
has  been  completely  natural-  ^^j^^^^  wim 
ized,  and  grows  with  all  the 
freedom  of  a  native  in  other 
parts  of  Asia,  as  well  as  many 
of  the  Mediterranean  islands  Fig.  571.— Fruit  and  Seed  of  the 
and  coasts.  It  is  cultivated  Abov"-  Two-th«Ms  natumi 
extensively  for  its   seeds   m 

India,  Southern  Europe,  and  the  Middle  United  States. 
It  is  a  very  variable  species,  and  is  divided  into  numer- 
ous varieties,  mostly  distinguished  by  the  size,  shape, 
and  color  of  capsules  or  seeds. 

The  Castor-oil  plant  was  known  to  the  ancient  1-^yp- 
tians  and  Greeks,  and  its  oil  used  as  fuel  and  medicine. 
It  has  even  been  suggested  as  the  gourd  that  sheltered 
Jonah.  After  a  long  period  of  neglect,  it  was  again 
brought  into  use,  a  hundred  and  twenty  years  ago,  hy 
Peter  Canvane,  a  physician,  who  had  practised  for  many 
years  in  the  West  Indies,  and  who,  in  a  treatise  upon 
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this  oil,  strongly  recommended  it  as  a  gentle  purgative 
(Pliarmacographia). 

The  oil  is  separated  from  the  seeds  by  the  usual  methods 
employed  with  fatty  substances,  viz. ,  by  boiling  in  water 
and  skimming  it  ofiE ;  by  extracting  it  by  means  of  some 
solvent  like  alcohol  or  ether ;  or  by  expression.  The  lat- 
ter is  the  method  employed  in  the  United  States.  The 
seeds  are  carefully  cleared  from  dust  and  fragments  of 
the  capsules,  and  then  warmed,  by  which  means  the  oil 
becomes  more  liquid.  The  mass  is  then  subjected  to 
strong  pressure,  and  the  expressed  oil  further  purified  either 
by  standing  and  decantation,  or  by  boiling  with  water. 
The  yield  is  about  forty  or  fifty  per  cent.  The  purer  the 
oil  is,  the  less  active  and  griping  it  is.  If  expressed  cold 
from  the  peeled  seeds,  like  the  best  Italian  oils,  it  is  very 
white  and  odorless,  and  almost  tasteless. 

Description. — Good  castor  oil  is  "an  almost  colorless, 
transparent,  viscid  liquid,  of  a  faint,  mild  odor,  a  bland, 
afterward  slightly  acrid,  and  generally  offensive,  taste, 
and  a  neutral  reaction — sp.  gr.,  0.950  to  0.970.  It  is  solu- 
ble in  an  equal  weight  of  alcohol,  and  in  all  proportions 
in  absolute  alcohol,  or  glacial  acetic  acid.  When  cooled 
it  becomes  thicker,  generally  depositing  white  granules, 
and  at  about  —18°  C.  (0.4°  F.)  it  congeals  to  a  yellowish 
mass"  (U.  S.  Ph.).  It  is  a  compound  of  the  glycerides 
of  two  fatty  acids,  the  principal  one  of  which  is  peculiar 
to  it,  and  called  ricinoleic  acid  (Ci8Hs402),  a  thin,  yellow, 
sherry-colored  syrupy  oil,  without  odor,  but  having  a 
sharp  and  acrid  taste  ;  reaction  acid.  Soluble  in  alcohol 
and  ether  in  all  proportions.  Stearin  is  also  an  ingredi- 
ent of  this  oil,  and  it  contains,  further,  a  crystalline, 
doubtful  substance  named  ricinine.  The  cathartic  prin- 
ciple is  probaibly  something  held  in  solution  by  the  fatty 
substances,  which,  however,  has  not  yet  been  separated. 

Castor  oil  is  a  cathartic  of  very  reliable  character,  more 
uniform  and  painless  in  its  action,  and  more  susceptible 
of  gradation  than  almost  any  other.  The  full  dose  clears 
the  bowels  with  great  certainty,  producing  numerous  and 
copious  discharges  of  their  contents,  with  but  little  irri- 
tation of  their  surfaces  ;  indeed,  when  these  are  inflamed 
it  appears  to  have  a  decidedly  healing  or  soothing  effect 
upon  them.  On  these  accounts,  when  the  desire  is  sim- 
ply to  relieve  the  entire  intestinal  tract,  either  from  the 
accumulated  fsces  or  from  the  irritating  secretions  of 
dysentery  or  enteritis,  castor  oil  is  the  safest  and  surest 
means  at  the  command  of  the  physician.  For  attacks, 
also,  of  acute  indigestion,  and  for  the  constipation  follow- 
ing childbirth,  it  has  long  been  almost  universally  used. 
It  is  not  a  hydra^ogue,  nor  is  it  very  well  adapted  for  con- 
tinuous use  in.habitual  constipation,  although  for  "weak  " 
and  sensitive  conditions  of  the  bowels,  where  they  are 
easily  disturbed,  now  a  little  constipated,  now  a  little 
loose,  with  frequent  slight  colics  and  flatulent  tenderness, 
small  daily  doses  of  this  medicine  may  be  useful.  It  is 
one  of  the  ingredients  of  flexible  collodion  (CoUodium 
flexile,  U.  8.  Ph.),  to  which  it  gives  softness  and  flexi- 
bility. 

Administration.— There  is  scarcely  a  medicine  in  use 
which  is  generally  taken  by  adults  with  so  much  repug- 
nance as  this.  It  is  doubtful  if  children  object  to  it 
any  more  than  to  medicines  in  general,  olive  oil,  for  in- 
stance. When  it  can  be  taken  clear  this  is  the  best  way, 
or  it  may  be  mixed  with  syrup  or  glycerine,  or  floated 
upon  the  surface  of  some  aromatic  water,  or  in  the  froth 
of  soda-water  containing  some  aromatic  syrnp  ;  or  a 
regular  emulsion  may  be  made  with  it,  such  as  is  made 
with  cod-liver  oil,  by  means  of  mucilage  or  other  emulsify- 
ing agent.  But  the  taste  of  the  oil  usually  outlives  that  of 
the  flavor,  and  they  are,  therefore,  only  partly  successful. 
Another  good  way  is  to  rinse  the  mouth  with  clear  whiskey 
or  other  spirit,  or  lemon-juice,  .then  immediately  to  swal- 
low the  oil,  and  follow  it  with  another  rinsing  with  the 
liquor.  Finally,  it  is  put  in  elastic  capsules,  which  for 
small  doses,  in  the  case  of  patients  who  will  learn  to  swal- 
low them,  completely  cover  the  taste.  All  these  means, 
however,  are  more  adapted  to  grown  persons  than  chil- 
dren ;  for  these  the  emulsion  is  probably  the  best,  or  it 
may  be  covered  with  a  little  lemon-juice  or  glycerine. 
Another  useful  way  to  give  castor  oil,  in  certain  cases, 

788 


is  by  injection ;  in  this  way  it  acts  principally  locally 
and  mechanically  as  a  lubricant,  but  a  certain  quantity 
must  be  absorbed,  as  there  is  of  ten.  more  result  from  it 
than  would  be  explained  in  this  way.  A  good  method  is 
to  give,  for  an  adult,  from  sixty  to  one  hundred  and  twenty 
grams  (60  to  120  Gm.  =  |  ij.  ad  iv.)  clear,  to  leave  it  from 
one  to  three  quarters  of  an  hour  in  the  bowel,  and  then 
follow  with  a  full  enema  of  soap  and  water.  Very  free 
emptying  of  the  lower  bowel  usually  follows. 

.Castor  Oil  is  absorbed  to  a  slight  extent  by  the  skin, 
but  the  method  has  no  practical  value. 

Dose  by  the  mouth,  as  a  laxative,  from  five  to  ten  (5 
to  10  Gm.  =  3  j.  ad  iij.) ;  as  a  purgative,  from  fifteen  to 
thirty.  Children  require  large  proportionate  doses.  A 
baby  a  week  old  can  easily  bear  from  three  to  five  grams, 
and  a  child  of  five  or  six  years  ten  or  fifteen. 

Allied  Plants. — There  is  but  one  species  of  Ricinvs, 
although  the  varieties  are  numerous  and  quite  marked. 
They  all  yield  the  oil.  The  order  Euphorbmcem  is  one  of 
the  largest,  numbering  three  thousand  species,  by  far  the 
largest  part  of  which  are  inhabitants  of  the  tropics.  Its 
medical  properties  are  exceedingly  various,  some  of  its 
members  are  very  poisonous.  The  following  examples 
will  illustrate  Its  diversity  : 

1.  Euphorbia,  an  enormous  genus,  a  number  of  species 
of  which  have  been  used,  none  of  much  value.  E.  corol- 
lata  Linn,  and  E.  Ipecacuanha  Linn,  of  the  United  States 
are  emetics,  sometimes  cathartics  also  ;  E.  rednifera  and 
other  African  species  furnish  the  resinous  substance 
Ewphorbium,  which  is  an  acrid  cathartic. 

2.  Buxus,  the  common  Box  and  allied  species,  contain 
the  tonic  alkaloid  buxine. 

3.  JSevea,  a  number  of  species  yield  abundance  of  India 
rubber. 

4.  Jairopa  Guroaa  Linn.  The  seeds  of  this  species  are 
the  Barbadoes  or  purging  nuts  of  South  America  ;  they  re- 
semble Croton-oil  seeds  but  are  larger ;  they  contain  an 
irritating  purging  oil  like  Croton  Oil,  but  not  quite  so 
intense  in  their  action. 

5.  Oroton  Tiglium  Linn,  furnishes  Croton  Oil ;  Croton 
Eleuteria  Bennett  is  the  source  of  the  pleasantly  aromatic 
Oascarilla  Bark. 

6.  Manihot  utilissima  Pohl.  yields  Tapioca. 

7.  Mallotus  phi^lipinensis  J.  Miill,  Kamala. 

8.  Sicinus  communis  lAnu.,  Castor  Oil. 

9.  Stillingia  sylvatica  J.  Mull,  a  purgative  emetic  and 
reputed  cholagogue  and  alterative. 

Allied  Drugs. — Sweet  oil.  For  a  comparison  of  ca- 
thartics, see  Rhubarb.  W.  P.  Bolles, 

CATALEPSY.  The  cataleptic  state,  or  one  analogous 
to  it,  has  been  observed  in  a  number  of  living  beings. 
The  phenomenon  exhibited  in  the  state  of  certain  plants, 
some  of  the  organs  of  which  may  keep  a  forced  position 
given  to  them,  is  notable  in  ihs  Dracocephale  Virginiana, 
whose  flowers,  on  being  displaced  horizontally  to  right  or 
to  left,  stop  on  the  way  and  rest  fixed  or  motionless  as  soon 
as  the  disturbing  force  is  withdrawn.  The  experiment 
of  quieting  a  pugnacious  lobster  by  placing  the  animal's 
head  downward  and  gently  scratching  its  back  is  an  in- 
stance of  the  susceptibility  to  this  curious  state.  Other 
popular  examples  of  animals  sensitive  to  influences  of  this 
kind  are  witnessed  in  the  so-called  charming  of  birds  by 
snakes  or  by  cats,  and  in  the  boyish  trick  of  causing  a 
chicken  to  remain  for  some  time  in  a  fixed  position  with 
its  head  on  the  floor  after  opening  the  bird's  mouth  and 
drawing  a  long  chalk  mark  in  front.  Ascending  the  bi- 
ological scale,  vivisection  demonstrates  that  certain  ani- 
mals deprived  of  the  cerebral  hemispheres  and  motor 
ganglia  retain  the  most  abnormal  position  in  which  they 
may  be  placed,  although  the  joints  remain  flexible ;  and 
if  a  part  of  the  body  be  mechanically  irritated,  the  animal 
will  jump  forward  with  precipitate  movements  and  re- 
tain immovable  the  last-assumed  position  when  arrested 
by  an  obstacle.  Cataleptic  conditions  are  reported  to  have 
been  observed  in  dogs  and  in  horses ;  but  the  reporters 
omit  to  mention  whether  the  excurvature  of  the  spine  and 
the  immobility  of  the  limbs  noticed  in  these  animals  was 
or  was  not  accompanied  by  the  passivity  and  waxen  flex- 
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iWlity  that  are  pathognomonic  of  the  disease  in  the  hu- 
man species. 

Since  the  days  of  prehistoric  medicine  the  cataleptic 
state  has  been  for  patliologists  a  nosological  oddity,  a  sort 
of  enigma,  and  a  satisfactory  solution  still  awaits  the  ad- 
vance of  neurological  science.  Ancient  physicians,  know- 
ing but  little  of  the  intimate  nature  of  the  malady,  re- 
solved the  question  of  its  supernatural  or  physical  origin 
according  to  the  principles  and  knowledge  of  each  cen- 
tury, and  characterized  the  disease  by  expressive  names 
indicating  the  outward  sign  that  most  attracted  attention ; 
this  one  loss  of  speech,  that  one  abolition  of  the  senses, 
another  suspension  of  voluntary  motion,  there  being  as 
many  definitions  as  authors ;  hence  the  prevailing  uncer- 
tainty, confusion,  and  incoherency  of  opinions  regarding 
this  interesting  subject,  and  the  consequent  great  variety 
of  definitions  and  profuse  synonomy. 

During  the  Greek  period  the  fathers  of  medicine  in 
speaking  of  this  affection  used  the  words  kcJtoxos,  kotox^, 
signifying  a  seizure  or  a  shock.  They  also  expressed  the 
condition  by  acpovia,  KeofioraiSj;,  and  avavSla,  words  that  ex- 
press equally  absence  of  speech.  The  Latin  writers  used 
corresponding  terms,  which  in  turn  were  used  by  the  mid- 
dle-agei  authors,  and  even  by  some  of  the  modern.  The 
word  catalepsy  has,  however,  definitely  prevailed  in  spite 
of  methodical  neologism,  and  the  name  is  nearly  the  same 
in  all  epochs  and  in  all  languages.  KariKri'l'ts,  derived 
from  KaTaXo;iii8a>'6ii',  to  seize,  appears  to  have  beem  em- 
ployed for  the  first  time  by  Asclepiades  of  Bithynia,  100 
B.  c,  in  his  treatise  on  periodic  fevers.  This  etymology, 
recalling  the  kind  of  seizure  that  takes  possession  of  the 
patient  at  the  moment  of  the  crisis,  merits  preservation 
for  this  and  the  additional  reasons  that  it  conveys  a  men- 
tal image,  and  prejudges  nothing  of  the  nature  of  a  dis- 
ease of  which  so  little  is  known.  Owing  to  the  protean 
forms  assumed  by  catalepsy,  and  the  presence  of  frequent 
■  complications,  not  to  mention  the  strange  theories  ad- 
vanced by  ancient  authors,  and  the  comments  thereon,  it 
is  difficult  to  define  the  malady  with  clearness  and  pre- 
cision. But  among  the  more  important  writers  of  the 
present  age,  whose  tendency  is  to  substitute  the  scientific 
interpretation  of  morbid  phenomena  for  the  sciolistic 
rendering  of  apocryphal  knowledge,  the  cataleptic  con- 
dition is  understood  to  mean  an  intennittent  neurosis  of 
the  cerebro-spinal  system,  unaccompanied  by  fever,  and 
characterized  by  attacks  of  variable  duration,  during 
which  there  is  almost  always  suspension  or  perversion  of 
consciousness  and  of  sensibility,  and  always  interruption 
of  voluntary  motion,  with  general  or  partial  tension  of  the 
muscular  system,  and  aptitude  of  animal  life  to  receive 
and  to  keep  different  degrees  of  contraction  impressed  on 
them  by  extrinsic  force  or  assistance. 

To  facilitate  description,  catalepsy  is  now  regarded  from 
two  points  of  view  :  as  a  simple  or  distinct  neurosis,  and 
as  a  symptomatic  manifestation  common  to  several  ner- 
vous affections,  notably  hysteria,  somnambulism,  and 
ecstasy.  The  two  forms  may  in  turn  be  complete  or  in- 
complete, and  general  or  partial.  This  divergence,  os- 
tensibly in  the  interest  of  clearness  and  system,  is  owing 
rather  to  the  pathological  obscurity  enveloping  the  sub- 
ject. 

Idiopathic  catalepsy,  as  wonderful  as  it  is  rare,  is  an 
apyretic  brain  malady  manifested  by  successive  intermit- 
tent attacks  separated  by  intervals  of  health.  Its  special 
physiognomy  is  owing  to  the  waxy  position  of  the  limbs, 
and  it  is  the  only  neurosis  in  which  muscular  contractions 
are  possessed  with  abolition  of  the  will.  Either  sex  may 
be  attacked,  and  the  disease  may  occur  in  childhood  or 
occasionally  in  advanced  age  ;  but  women  are  more  sub- 
ject than  men,  and  it  occurs  mostly  about  puberty  or 
between  the  twentieth  and  thirtieth  years,  and  generally 
in  persons  of  dull  minds  and  sluggish  physical  organiza- 
tion. Cataleptic  paroxysms  may  be  spoken  of  as  atypical. 
The  fantastic  characters  of  the  cataleptic  state  render  all 
clinical  description  absolutely  obscure  ;  so  that  the  actual 
observance  of  a  single  case,  or  the  study  of  a  series  of 
well-reported  histories,  will  do  more  to  throw  light  on 
the  question  than  all  the  symptomatic  enumerations  that 
form  the  basis  of  these  descriptions. 


Systematic  observance  of  cataleptic  symptoms  relates 
chiefly  to  the  three  orders  of  pathological  phenomena  of 
the  mind,  sensation,  and  motion.  An  attack  coming  on 
in  a  nervous  or  melancholic  individual  may  be  sudden 
and  all  the  functions  of  the  life  of  relation  appear  entirely 
abolished.  There  is  complete  suspension  of  mental  action, 
with  cutaneous  anaesthesia,  loss  of  thermic  sensibility, 
and  rigidity  and  inertness  of  the  limbs,  which  retain  the 
position  given  to  them.  This  rigidity  is  described  by  the 
old  Latin  authors  in  such  picturesque  locutions  as  stipiiis 
ox  trunci  insta/r,  and  moriui  ritu  jacens.  In  some  cases 
the  attack  may  have  such  precursory  symptoms  as  head- 
ache, insomnia,  vertigo,  hiccough,  epigastric  pain,  a  feel- 
ing of  constriction  in  the  throat,  trembling  of  individual 
muscles,  an  undefined  sense  of  discomfort,  and  different 
hysteriform  nervous  troubles.  When  suddenly  attacked 
the  patient  remains  motionless  in  the  attitude  had  at  the 
moment  when  struck.  Patients  have  become  cataleptic 
while  drinking  tea,  playing  cards,  ascending  a  ladder, 
during  attitudes  of  devotion,  and  the  like,  and  have  re- 
tained the  position  held  at  the  time  of  attack.  The  vari- 
ous positions  a  cataleptic  may  be  made  to  assume  have 
been  compared  to  those  of  a  manikin,  to  a  statue  with 
springs  or  with  limbs  of  soft  wax,  which  preserve  any 
constrained  position  or  inflexion  given  to  them  for  a  com- 
paratively long  period.  The  muscles  of  the  breast  and 
the  inspiratory  muscles  are  unaffected  during  a  cataleptic 
seizure  ;  and  it  is  probable  that  the  digestive  functions  go 
on  regularly,  although  the  phenomena  of  absorption  and 
nutrition  operate  with  extreme  slowness.  The  secretions 
and  excretions  are  lessened,  and  even  suspended,  catalep- 
tics  having  been  known  to  go  for  twenty -five  days  with- 
out a  voluntary  evacuation  and  to  undergo  long  absti- 
nences, leaving  them  in  the  condition  of  hibernating 
animals.  Consciousness,  though  mostly  abolished,  is  not 
so  in  all  cases,  the  suspension  of  sensorial  function  being 
more  apparent  than  real.  With  the  general  disturbance 
of  the  vital  processes  there  is  almost  entire  abolition  of 
the  function^  of  special  sense.  The  mucous  membrane 
of  the  nose,  however,  retains  its  sensitiveness  slightly,  and 
the  act  of  swallowing  may  be  performed  when  the  sub- 
stance f  o  be  ingested  is  placed  deeply  in  the  pharynx. 
Reflex  irritability  is  sometimes  lost,  but  the  electric  con- 
tractility of  the  muscles  remains.  Respiration  is  slow 
and  tranquil ;  the  pulse  normal  in  rhythm,  though  slug- 

fish  and  at  times  almost  imperceptible.  The  pupils  arc 
ilated,  and  the  fundus  of  the  eye  shows  paleness  of  the 
choroids,  with  straight  and  attenuated  retinal  vessels.  The 
temperature  being  lowered  two  to  four  degrees  below  the 
normal,  the  patient  becomes  icy  cold,  deadly  pale,  and 
expressionless — a  condition  that  may  easily  be  mistaken 
for  death.  In  fact,  instances  are-  recorded  of  apparent 
death  from  this  cause,  in  which  the  victim  has  narrowly 
escaped  being  buried  alive.  The  old  schoolman.  Duns 
Scotus,  is  an  instance  of  a  resuscitated  cataleptic,  and  a 
case  often  quoted  is  that  of  a  woman  who  was  placed  in 
a  family  vault,  presumably  dead,  and  having  regained 
consciousness  during  the  night,  and  fortunately  finding 
the  vault  unlocked,  returned  home  to  her  -husband,  and 
after  this  strange  episode  lived  to  bear  &  large  family  of 
sons  and  daughters.  The  event  is  commemorated  by  a 
monument  and  an  inscription  in  the  Lutheran  cathedral 
at  Magdeburg  ;  and  it  is  suggested  that  the  possibilityof 
such  occurrences  may  account  for  the  custom  that  obtains 
in  some  parts  of  Germany  of  placing  a  bell  above  the 
public  receptacles  for  the  dead,  and  fastening  the  hand  of 
the  ostensible  corpse  to  the  rope,  that  it  may  be  rung  in 
the  event  of  consciousness  being  regained.  An  instance 
is  related  in  Prance  of  a  cataleptic  who  was  on  two  occa- 
sions the  chance  victim  of  hastily  rendered  funeral  hon- 
ors. Now  and  then  one  reads  in  newspapers  of  women 
being  taken  away  for  burial  while  in  a  cataleptic  trance, 
and  only  recovering  consciousness  when  being  lowered 
into  the  grave.  Such  mistakes  could  hardly  happen  now- 
adays, provided  ordinary  precautionary  measures  are 
taken  to  discriminate  real  from  apparent  death,  such  as 
the  auscultatory  signs,  the  indications  furnished  by  the 
thermometer,  the  electric  contractility  of  the  muscles,  and 
the  ligature  of  a  finger  or  a  toe. 
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The  attack  over,  the  patient  suddenly  regains  conscious- 
ness, sometimes  after  epistaxis  or  the  appearance  of  the 
menses,  and  there  is  no  recollection  of  what  has  happened 
during  the  attack.  Headache  and  general  lassitude  gen- 
erally follow  for  a  short  time.  The  attack  may  disappear 
and  be  transferred  into  another  neurosis  or  into  a  vesania. 
There  is  great  variability  in  the  number  and  duration  of 
the  attacks,  which  may  last  for  minutes  or  hours,  or  en- 
tire months.  The  malady  has  been  known  to  disappear 
after  one  attack  ;  while  in  another  patient  as  many  as 
seven  hundred  paroxysms  have  been  counted.  The  at- 
tacks may,  moreover,  be  very  irregular  in  manner,  or 
they  may  be  periodic,  and  even  occur  during  sleep. 
There  is  no  mental  disorder  in  the  intervals  of  simple 
catalepsy  ;  but  when  the  catalepsy  is  a  symptom  of  pro- 
found nervous  disease  it  may  be  associated  with  ecstasy 
and  somnambulism,  or  the  occurrence  of  hysterical  con- 
vulsions, delirium,  maniacal  attacks,  and  hallucinations. 
For  this  reason  it  is  generally  held  that  cataleptics  are 
responsible  for  their  acts  during  intervals,  except  where 
there  is  a  complication. 

The  condition  represented  by  the  picture  outlined  in 
the  foregoing  remarks  is  often  modified  or  softened  down 
into  the  incomplete  form,  which,  though  not  having  all 
the  symptoms  of  what  may  be  called  ideal  catalepsy,  ex- 
hibits nevertheless,  in  a  different  degree,  the  motor  and 
sensory  disorders,  and  electrical  reactions  characteristic 
of  the  disease  in  question. 

Catalepsy  may  be  associated  with  another  nervous  af- 
fection, such  as  hysteria,  ecstasy,  somnambulism,  tetanus, 
mania,  hypochondria,  and  lypemania  ;  or  with  a  disorder 
of  an  entirely  different  nature,  as  pneumonia,  typhoid 
fever,  meningitis,  rheumatism,  intermittent  fever,  etc. 
It  is  complicated  and  mixed  in  liystero-calalepsy.  "With- 
out doubt  hysteria  is  the  neurosis  with  which  catalepsy 
affects  the  most  frequent  relations  and  narrowest  affin- 
ities. As  one  and  the  same  morbid  state  they  pro- 
ceed from  a  common  origin,  and  doubtless  are  closely 
related.  Muscular  rigiditj'  in  this  form  varies  as  to  the 
degree,  not  being  in  positive  relation  with  cutaneous  an- 
SBSthesia,  but  almost  always  proportional  to  the  depth  of 
lethargy  and  to  the  volume  of  the  muscles  concerned  in 
the  movements  of  the  articulations.  Persistence  of  mus- 
cular tension,  with  absence  of  sensibility  and  fatigue, 
are  spoken  of  in  connection  with  this  state  as  a  new  vari- 
ety of  perturbations  of  voluntary  motility.  Systematic 
writers  describe  hystero-catalepsy  as  general  or  partial, 
complete  or  incomplete,  and  transitory  or  permanent. 
In  rare  cases  it  is  unilateral. 

Ecalaiic  catalepsy  has  been  often  observed  in  ecstatic 
women  and  in  priests.  The  annals  of  medicine  abound 
in  instances,  historic  and  modern,  of  women  becoming 
cataleptic  during  certain  religious  observances,  of  priests 
who  become  so  at  certain  stages  of  the  mass,  and  of 
monks  who  throw  themselves  into  prolonged  cataleptic 
ecstasies.  No  less  a  writer  than.  Balzac  speaks  of  pro- 
found meditation  and  fine  ecstasy  as  catalepsy  in  the  bud. 
Doubtless  many  of  the  queer  sects  rrtentioned  by  Dr. 
Hepworth  Dixon,  in  "  New  America,"  are  made  up  of 
individuals  whose  mental  condition  is  more  or  less  influ- 
enced by  this  disordered  state.  Anthropologically  and 
pathologically  speaking,  the  same  remark  would  apply  to 
various  so-called  religious  ceremonies  that  have  obtained 
among  all  races  in  the  times  of  all  the  prophets,  from 
Moses  to  the  Latter-Day  Saints  of  Salt  Lake  City,  and  in 
the  worship  of  all  the  gods  from  Jupiter  to  the  latest 
theosophic  misconception  ;  and  however  much  we  may 
respect  the  courage-implied  in  the  expression  of  a  sincere 
opinion,  it  is  impossible  not  to  detect  the  further  existence 
of  this  disordered  state  as  shown  in  numerous  sciolistic 
writings,  notably  those  of  Dale  Owen,  Swedenborg,  and 
the  theosophists.  Moreover,  it  needs  but  little  observation 
to  trace  the  prevalence  of  the  same  morbid  influence 
among  clairvoyants,  spiritualists,  and  even  the  ardent 
admirers  of  Madame  Blavatsky. 

Catalepsy  with  somnambulism  is  a  complication  in 
which  the  phenomena  of  catalepsy  and  the  symptom  of 
somnambulism  are  bound  one  to  the  other,  and  succeed 
in  a  regular  order  in  such  a  manner  as  to  form  a  single 

790 


attack.    They  are  sometimes  distinct,  independent  of  each 
other,  and  separated  often  by  long  intervals. 

The  disease  may  occur  with  other  accessories,  as  cata- 
lepsy with  tetanus,  catalepsy  vrith  epilepsy,  and  with 
chorea,  the  chorea  happening  in  the  daytime  and  cata- 
lepsy at  night  during  sleep.  Catalepsy  may  also  exist 
with  permanent  contraction  of  the  feet  and  hands ;  with 
delirium  and  melancholy,  with  acute  and  chronic  mania, 
and  with  dementia  and  idiotism.  It  is  a  frequent  com- 
plication of  mopomania,  and  is  sometimes,  though  rarely, 
associated  with  hypochondria.  We  may  occasionally 
see  in  the  same  subject  hysteria,  catalepsy,  ecstasy,  and 
somnambulism  succeed,  turn  by  turn,  and  mix  one  with 
the  other,  with  a  frequency  entirely  out  of  the  regular 
order  of  things  and  an  intensity  unheard  of.  This  extra- 
ordinary mixture  of  cerebral  neuroses  was  met  with  in  its 
highest  degree  in  the  great  convulsive  epidemics  of  the 
middle  ages,  during  the  sixteenth,  seventeenth,  and  eigh- 
teenth centuries  ;  and  their  occurrence  having  become  a 
matter  of  history  and  of  common  hackneyed  observation 
with  writers  on  kindred  subjects,  it  suffices  to  give  them 
merely  a  passing  mention.  Catalepsy  is  met  with  in  acute 
dementia,  stupidity,  and  other  non-determined  cerebral 
affections.  The  cataleptic  states  may  still  be  manifested 
in  the  greater  part  of  the  neuroses,  and  in  diverse  affec- 
tions of  the  brain,  and  with  such  acute  diseases  as  pneu- 
monia, typhoid  fever,  acute  articular  rheumatism,  inter- 
mittent fever,  and  worms.  Verminous  catalepsy  has 
been  noted  and  commented  upon  by  various  writers. 

Epidemic  catalepsy,  like  many  of  the  neuroses,  may 
become  contagious  by  imitation  under  mesological  cir- 
cumstances favorable  to  its  propagation.  Such  circum- 
stances exist  when  the  disease  occurs  in  an  assemblage  of 
impressionable  subjects,  as  a  school  or  a  convent,  a  camp- 
meeting,  or  a  spiritualistic  gathering,  where  a  twofold  pre- 
disposition is  to  be  found  in  the  nervous  temperament  and 
in  certain  questionable  hygienic  and  moral  conditions.  In 
former  epidemics,  the  disease  seen  in  its  most  startling 
and  complete  expression,  exhibited  a  terrible  spectacle 
and  mixture  of  all  the  neuroses  and  all  the  vesanlas.  It 
was  common  for  celibate  and  ascetic  persons  to  show  the 
strangest  nervous  sjrmptoms  ;  to  fall  cataleptic  at  mass  or 
during  other  religious  observances,  and  to  exhibit  the 
complex  symptoms  of  hysteria,  demonopathy,  and  cata- 


Catalepsy  and  cataleptoid  phenomena  may  be  provoked 
artificially  in  hysterical,  or  other  predisposed,  impression- 
able and  nervous  persons,  through  mental  suggestion,  or 
by  intense  light,  the  sonorous  vibrations  of  a  tuning-fork, 
and  bjr  pressure  on  the  ovaries.  These  artificially  induced 
conditions  have  been  studied  by  various  persons.  Braid, 
Carpenter,  Azam,  Charcot,  and  lately  by  Hammond,  of 
New  York,  who  think  the  condition  should  properly  be 
called  syggigno^Uc  {avyyiyvixma,  to  agree  wiifi,),  on  account 
of  the  overwhelming  inclination  on  the  part  of  the  sub- 
ject to  agree  with  the  suggestions  received  from  other  per- 
sons (see  Syggignosticism).  If,  during  the  syggignostic 
period,  the  operator  places  one  of  his  fingers  on  the  head 
of  the  subject  and  another  finger  on  the  face  or  head,  it 
is  said  that  he  produces  in  all  the  body  of  the  patient  a 
commotion  very  like  that  of  a  sharp  electric  shock.  It  is 
noticeable  as  a  further  characteristic  of  this  strange  con- 
dition, that  if  the  ideas  and  action  of  the  operator  be 
directed  toward  the  attitudes,  the  expression  of  the  feel- 
ings, or  any  determined  action  on  the  part  of  the  patient, 
these  feelings  and  action  come  to  him  immediately.  On 
mere  suggestion  that  the  body  is  in  a  rigid  state,  the 
muscles  of  a  syggignostic  subject  become  immediately 
tense  and  cataleptic,  and  a  physically  weak  person  in  this 
state  may  maintain  abnormal  postures  that  would  prove 
trying  to  a  gymnast. 

The  physiological  cause  of  this  and  of  allied  conditions 
is  presumed  to  be  inhibitory  arrest  of  activity  of  certain 
tracts  of  the  ganglion  cells  of  the  brain  cortex.  It  is, 
however,  impossible  to  say  in  the  present  state  of  scien- 
tific observation  whether  inhibitory  lesions  exist  or  not 
in  catalepsy  ;  but  it  is  probable  that  there  is,  in  addition 
to  muscular  inhibition,  a  morbid  element,  the  essential 
nature  of  which  is  unknown.     Such  superficial  alter- 
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ations  as  considerable  development  of  the  Pacchionian 
bodies,  and  injection  of  the  meninges  found  after  death 
from  catalepsy  are  insufficient  to  explain  the  symptoms 
during  lif  e ;  and  the  inflammatory  exudation  or  altera- 
tions found  in  the  central  organs,  with  softening  of  the 
optic  thalumus  and  corpus  striatum,  are  lesions  rather  to 
be  associated  with  other  diseases  than  with  catalepsy, 
since  they  were  present  as  complications  in  the  observed 
cases  ;  therefore,  until  something  more  complete  is  known 
ol  the  morbid  anatomy  of  catalepsy,  it  must  be  regarded 
as  the  result  of  a  purely  dynamic  lesion  of  the  cerebro- 
spinal nerve-centres  manifested  chiefly  by  syggignocism 
atid  muscular  rigidity. 

If  the  pathological  nature  of  catalepsy  is  obscure  and 
uuknown,  its  causes  are  extremely  numerous,  and  present 
a  particular  interest.  Nervous  exhaustion  is  the  most 
common  predisponent,  and  of  all  the  etiological  moments 
hysteria  is  the  most  prominent.  Acquired  or  innate  pre- 
diiipositions  are  found  in  persons  of  great  nervous  sus- 
ceptibility and  unsteadiness,  or  in  those  of  a  nervous  and 
melancholic  temperament  with  a  previous  neurosis,  and 
rendered  more  susceptible  by  chlorosis,  masturbation,  or 
progressive  spinal  paralysis.  Tumors,  tubercular  menin- 
gitis, and  other  chronic  cerebral  diseases,  may  also  give 
rise  to  cataleptic  manifestations.  Atavistic  influences 
seem  to  account  for  some  cases  of  catalepsy.  It  does  not 
appear,  however,  that  the  disease  is  ever  directly  trans- 
mitted. 

The  causes  that  may  provoke  a  cataleptic  crisis  are 
numerous  and  varied,  and  it  often  follows  diverse  cir- 
cumstances, as  excess  of  work,  religious  excitement,  vio- 
lent fright,  deep  chagrin,  an  attack  of  anger  or  indigna- 
tion, gastro-intestinal  irritation,  sudden  cessation  of  the 
menses,  unrequited  love,  and  worms.  It  may  result  in 
a  transitory  form  from  diffused  encephalitis,  or  as  one  of 
the  sequels  of  typhus  or  of  malarial  fever.  Partial  cata- 
lepsy may  also  be  in  consequence  of  the  narcotic  inhala- 
tion of  ether  or  chloroform,  of  poisoning  by  lead  or  car- 
bon dioxide,  and  it  may  result  from  being  struck  by 
lightning.  Everything,  in  fact,  that  is  capable  to  agitate 
or  make  an  intense  impression  on  the  brain  may  provoke 
catalepsy.  The  production  of  cataleptic  crises,  by  looking 
fixedly  or  for  some  time  at  a  bright  object,  and  vividly 
riveting  the  mind  on  the  image  is  one  of  the  proceedings 
of  Braidism  or  Mesmerism.''  Among  the  hack  observa- 
tions of  medical  writers  are  those  relating  to  the  Francis- 
can friars,  who  became  cataleptic  at  mass  during  the 
elevation  of  the  host.  It  is  known  that  the  monks  of 
Mount  Athos  go  into  a  state  of  cataleptic  ecstasy  by  look- 
ing fixedly  at  the  umbilicus ;  Indian  fakirs  fall  into  cata- 
lepsy by  looking  a  quarter  of  an  hour  at  the  end  of  their 
nose  ;  Egyptian  sorcerers  procure  sleep  and  insensibility 
by  similar  details  ;  Arab  sorcerers  of  Cairo,  by  looking 
steadfastly  into  the  palm  of  the  hand ;  and  it  is  related  of 
Cagliostro  that  he  brought  on  somnambulic  crises  by- 
similar  means.  Instances  of  psychic  shock,  like  that  of  a 
woman  who  became  cataleptic  every  time  she  saw  a 
certain  man  who  had  insulted  her,  or  that  of  an  indig- 
nant French  judge,  who  suddenly  became  cataleptic  when 
insulted  in  court,  incline  one  to  the  opinion  that  such  ex- 
pressions as  "petrified  with  Indignation,"  "motionless 
with  surprise,"  and  the  like,  though  merely  implied  com- 
parisons, are  not  always  to  be  taken  in  the  metaphorical 
sense. 

The  marks  that  constitute  the  essential  and  pathogno- 
monic characters  of  catalepsy,  as  aptitude  of  the  limbs  to 
preserve  during  a  relatively  long  time  the  position  given 
to  them,  and  the  impossibility  of  the  patient  to  modify 
this  attitude,  along  with  unconsciousness,  anaesthesia,  and 
analgesia,  should  make  the  matter  of  diagnosis  easy. 
Embarrassment  is  most  likely  to  occur  in  cases  of  simula- 
tion, or  when  it  is  a  question  of  discriminating  between 
hysteria,  tetanus,  ecstasy,  coma,  lethargy,  syncope,  con- 
gelation, or  cadaveric  rigidity.  In  the  matter  of  sim- 
ulation it  is  only  necessary  to  test  the  sensibility,  the 
reflex  irritability,  and  the  electrical  contractility  of  the 
muscles,  and  to  try  the  influence  of  mental  suggestion. 
In  cases  associated  with  hysteria  the  distinction  is  a  mat- 
ter of  no  therapeutic  importance.    The  general  history 


of  the  case  should  cause  no  confusion  in  diagnosing  cata- 
lep^  from  the  afEections  with  which  it  may  be  associated. 

Many  regard  catalepsy  as  the  index  of  a  predisposition 
carried  to  a  high  degree  and  by  itself  not  dangerous  to 
life,  but  a  disease  in  which  recoveries  are  rare.  Some  re- 
cent authorities  think  otherwise  in  regard  to  the  prog- 
nosis, and  Hammond  pronounces  it  favorable  even  in 
severe  cases,  as  all  his  patients  recovered  under  treat- 
ment. In  cases  resulting  from  malarial  infection  the 
prognosis  is  better.  The  same  may  be  said  of  acute  at 
tacks  resulting  from  injury,  from  worms,  or  from  mental 
shock  in  comparatively  healthy  persons.  The  retention 
of  smell  and  taste  is  indicative  of  returning  health.  It 
is  only  in  cases  of  complication  that  death  occurs.  This 
may  be  in  consequence  of  ansemia  or  of  inanition. 

To  arrest  an  attack  of  catalepsy  efforts  may  be  made  to 
arouse  the  patient  by  peripheral  irritation,  as  that  caused 
by  a  pinch  of  snuff,  or  the  inhalation  of  a  few  drops  of 
amyl  nitrite.  Quinia  and  morphia  in  combination  are 
recommended  in  periodic  cases  of  malarial  origin,  and 
vermicide  remedies  are  called  for  in  catalepsy  caused  by 
intestinal  parasites.  Tonics,  iron,  ergot,  and  apomorphia 
hypodermically — one-twentieth  of  a  grain — have  all  been 
recommended.  The  most  efficacious  medical  treatment 
yet  reported  consists  in  the  administration  of  one  of  the 
bromides  in  combination  with  zinc  oxide,  and  the  simul- 
taneous use  of  strychnia  and  other  tonics.  Acupuncture, 
faradic  electricity,  hydrotherapeutics,  and  change  of  air, 
are  useful  adjuncts  to  the  treatment.  In  addition  to 
meeting  symptomatic  indications,  moral  hygiene  of  the 
most  rigid  kind  should  be  enforced,  and  it  is  of  prime  im- 
portance that  all  emotional  excitement  be  avoided.  The 
mind  should  be  disciplined ;  home  influences  are  to  be 
broken  up  ;  and  every  effort  should  be  made  to  establish 
the  general  conditions  of  health,  which  must  prevail  be- 
fore the  morbid  action  can  really  be  effaced. 

Irving  C.  Sosse. 

CATARACT  is  the  morbid  impairment  of  the  trans- 
parency of  the  crystalline  lens,  or  of  its  enclosing  cap- 
sule, and  is  lenticular  or  capsular,  according  to  its  situation. 
A  less  important  division  is  that  into  true  and  false  cata- 
ract, the  latter  being  caused  by  deposits  on  the  capsule, 
the  result  of  disease. 

Cataract  may  be  stationary  or  progressive,  partial  or 
total.  '  It  may  be  cortical  or  nuclear,  according  as  it  af- 
fects the  cortical  substance  or  nucleus  of  the  lens.  When 
confined  to  the  vicinity  of  either  pole  it  is  denominated 
anterior  polar  or  posterior  polar,  in  conformity  with  its 
position.  The  old  division  into  hard  and  soft  is  rarely 
used  at  the  present  day,  the  consistency  of  the  cataract 
largely  depending  on  the  age  of  the  individual.  Cata- 
racts are  moreover  divided,  according  to  the  stage  of  de- 
velopment in  which  they  are  encountered,  into  incipient, 
mature,  and  hypermature.  Finally,  they  may  be  classed 
as  simple  or  complicated ;  as  simple  when  dependent  on 
or  associated  with  no  known  disease,  either  local  or  gen- 
eral ;  as  complicated  when  proceeding  from  an  affection 
of  the  system  at  large,  such  as  diabetes  ;  or,  from  an  im- 
pairment of  the  eye  itself,  like  glaucoma  or  separation  of 
the  retina. 

Diagnosis. — Objective  Symptoms. — The  modern  meth- 
ods of  investigation  render  the  diagnosis  of  cataract  a 
matter  of  certainty.  By  their  aid  the  slightest  opacity 
of  the  crystalline  lens  can  be  detected  and  correctly  lo- 
cated, and  they  have  wholly  superseded  the  old  "  catoptric 
test,"  which  depended  on  the  reflected  images  from  the 
anterior  and  posterior  capsules,  and  the  disappearance  of 
the  latter  when  opaque  substance  intervened  before  it. 
Recourse  is  now  had  to  the  concentration  of  light  on  the 
eye  by  means  of  a  convex  lens,  and  to  the  illumination 
of  its  interior  by  means  of  the  ophthalmoscopic  mirror. 
In  either  case  the  pupil  should  ordinarily  be  dilated  by 
the  application  of  one  of  the  usual  mydriatics,  duboisine, 
homatropine,  or  atropine.  The  first  of  these  acts  with 
the  most  rapidity,  the  second  produces  the  most  temporary 
effect  while  the  thirii  is  the  one  most  generally  accessible. 

The  pupil  being  dilated,  and  the  rays  of  a  lamp,  placed 
thirty  to  fifty  centimetres  from  the  patient's  head,  con- 
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centrated  obliquely  on  the  crystalline  by  means  of  a  con- 
vex lens  of  short  focus,  18  D.  to  15  D.  (3  to  3J  inches  focal 
length),  any  capsular  and-  many  lenticular  opacities  are 
rendered  plainly  visible.  A  second  lens,  held  before  the 
observed  eye,  may  be  used  to  magnify  their  distinctness. 
But  It  is  necessary  to  bear  in  mind  that,  with  advancing 
years,  the  outlines  of  even  a  normal  crystalline  lens  as- 
sume increased  distinctness.  Its  anterior  surface  takes 
on  a  silky  lustre,  the  fibrous  structure  becomes  more  and 
more  visible,  while  age  gives  the  nucleus  additional  den- 
sity and  a  yellowish  reflex  that  may  often  prove  decep- 
tive. No  absolute  diagnosis  of  cataract  must  be  based  on 
■  the  appearance  of  a  grayish  cloudiiiess  in  the  centre  of 
the  pupil,  until  the  ophthalmoscope  has  been  brought  to 
bear  on  the  spot.  In  this  method  of  examination  the 
mirror  is  alone  used,  being  held  at  about  the  reading  dis- 
tance of  the  observer  from  the  patient's  eye.  The  vivid 
red  of  the  illuminated  pupil  remains  unbroken  when  the 
media  are  clear,  and  the  returning  light  traverses  a  trans- 
parent crystalline.  When,  however,  this  is  not  the  case, 
the  smallest  opacities  are  distinctly  seen  as  dots,  shadows, 
or  stripes  against  the  bright  background.  Their  precise 
situation  is  made  but  when  the  observer  moves  his  own 
head  to  one  side,  opacities  situated  in  the  front  of  the 
lens  moving  in  the  same,  those  at  its  back  in  a  reverse 
direction.  The  differential  diagnosis  between  lenticular 
and  other  opacities  of  the  transparent  media  is  easily 
made,  corneal  spots  being  distinguished  by  oblique  Illu- 
mination, floating  bodies  in  the  vitreous  by  their  mobility. 
So  great  is  the  danger  of  mistaking  the  reflex  from  the 
pupil,  due  to  advancing  age,  for  cataract,  when  the  ex- 
amination is  made  by  day  and  with  the  unassisted  eye, 
that  a  diagnosis  should  rarely  be  made  until  both  methods 
here  described  have  been  employed. 

Subjectwe  Symptoms. — When  an  individual  who  has 
passed  middle  life  begins  suddenly  to  grow  near-sighted, 
to  see  distant  objects  better  through  a  concave  glass,  and 
to  lay  aside  his  usual  reading-glasses,  or  even  to  require 
a  weak  concave  for  this  purpose,  commencing  cataract 
may  be  suspected,  and  this  even  when  no  opacity  of  the 
crystalline  is  as  yet  visible.  This  state  of  the  refraction 
is  by  no  means  invariable,  but  happens  with  tolerable 
frequency,  and  explains  some  of  the  cases  of  "second 
sight,"  or  the  returning  vision  of  the  aged,  a  popular  be- 
lief in  which  is  so  widely  spread.  Much  more  general  is 
the  occurrence  of  multiple  vision  with  a  single  eye.  The 
patient  sees  several  new  moons  in  the  sky  instead  of  one, 
and  the  flames  of  the  street  lamps  are  no  longer  clearly 
defined,  but  seem  to  shoot  out  long  rays  in  all  directions, 
or  else  several  lights  are  seen  in  the  place  of  one.  The 
lens,  in  these  cases,  seems  to  undergo  a  separation  into 
sectors,  possessing  different  powers  of  refraction,  prior 
to  becoming  the  seat  of  actual  cataract.  As  the  disease 
advances  the  acuteness  of  vision  falls  off.  At  first  near, 
and  later  distant,  objects  are  distinguished  with  increas- 
ing difiiculty.  Points  of  light  loom  up  as  if  seen  through 
a  fog.  A  characteristic  symptom  is  the  change  produced 
in  the  appearance  of  objects  by  varying  degrees  of  illu- 
mination. In  the  majority  of  cases  the  cataract  patient 
sees  best  before  sunrise,  after  sunset,  when  the  sky  is 
overcast,  or  on  a  dull  day.  He  is  confused  and  blinded 
by  a  sudden  increase  in  the  amount  of  light  around  him, 
such  as  would  be  caused  by  the  sun  emerging  from  be- 
hind a  cloud.  The  use  of  a  mydriatic  renders  him  to 
some  extent  again  Independent,  and  atropine  may  thus 
often  be  employed  with  advantage  to  eke  out  and  prolong 
vision  that  is  being  reduced  from  this  cause,  and  where 
the  opacity  of  the  lens  will  be  found  to  be  mainly  central. 
In  the  rarer  cases,  in  which  obscuration  commences  at  the 
periphery,  enlargement  of  the  pupil  exposes  the  imper- 
fect portions  of  the  crystalline,  and  causes  a  disturbance 
of  sight.  Such  patients  see  best  through  a  contracted 
pupil,  and  instinctively  crave  an  excess  of  light. 

DiAGNOsiB  OF  Matubity.— As  the  success  of  the  oper- 
ation for  cataract  is  always  greatest  in  cases  in  which  the 
disease  is  fully  formed,  the  question  of  ripeness  becomes 
an  important  one,  and  may  easily  be  settled.  Oblique 
illumination  should  show  tlie  lens  to  be  opaque  up  to  its 
front.     No  layer  of  transparent  substance  is  to  intervene 
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immediately  behind  the  pupil.  When  the  cataract  is  ma- 
ture the  iris  is  seen  to  be  in  direct  contact  with  the  opaque 
lens,  and  the  edge  of  the  pupil  throws  no  shadow  when 
the  source  of  illumination  is  moved  a  little  more  to  one 
side.  In  addition  to  all  this,  however,  it  is  important  to 
ascertain  that  each  anterior  chamber  is  of  equal  depth, 
that  the  iris  of  the  eye  affected  with  cataract  is  not  bulged 
forward  beyond  the  plane  occupied  by  its  fellow.  For 
such  bulging  indicates  the  lens  to  be  in  what  is  called  the 
"period  of  swelling."  Just  before  the  opacity  of  the 
cortical  substance  becomes  entire,  its  fibres  often  appear 
to  swell  and  separate,  the  lens  grows  apparently  larger 
and  presses  forward,  frequently  restricting  the  motions 
of  the  pupil.  In  time  this  process  recedes,  the  lens  loses 
in  volume,  and  its  mass  becomes  more  compact,  thus 
offering  a  more  favorable  opportunity  for  the  operation 
of  extraction.  The  period  of  swelling  should  therefore 
ordinarily  be  allowed  to  subside. 

Functional  Examination. — It  is  hardly  necessary  to 
dwell  on  the  fallacy  of  the  popular  notion  that,  in  a  case 
of  cataract,  blindness  must  occur  before  the  operation 
becomes  admissible.  Many  a  patient,  misled  by  this  be- 
lief, has  waited  until  the  last  perception  of  light  had  died 
away,  and  then  presented  himself  to  the  surgeon  for 
treatment,  to  be  met  with  the  announcement  that  the  dis- 
ease was  not  cataract,  and  that  treatment  had  only  been 
possible  while  some  vision  remained.  An  opaque  lens 
merely  Interposes  a  .screen,  more  or  less  translucent,  to 
the  passage  of  light,  an  appreciable  amount  of  which 
still  filters  through.  Where  no  perception  of  light  re- 
mains, therefore,'  no  restoration  of  sight  is  possible.  The 
patient  must  be  able  to  make  out  not  only  the  presence, 
but  the  position,  of  a  luminous  object.  Having  ascer- 
tained, by  covering  the  other  eye,  that  the  one  affected 
has  a  general  perception  of  li^ht,  that  the  pupil  expands 
and  contracts  in  accordance  with  the  degree  of  illumina- 
tion, and  that  the  position  of  a  window  can  be  pointed 
out,  it  is  well  to  test  more  carefully  the  sensitiveness  of 
both  the  central  and  the  lateral  portions  of  the  retina. 
The  patient  is  taken  into  a  dark  room,  the  good  eye  care- 
fully covered,  and  the  gaze  of  the  other  fixed  in  a  given 
direction.  This  may  be  brought  about  by  desiring  the 
patient  to  hold  up  one  of  his  own  hands,  at  arm's  length, 
on  a  level  with  his  eye  and  straight  before  him,  and  di- 
recting him  to  look  persistently  toward  the  spot  where 
he  knows  this  hand  to  be.  A  lighted  candle  is  first  held 
as  close  as  possible  to  the  hand  he  is  fixing,  and  then 
moved  in  the  same  plane  up,  down,  and  to  either  side 
successively  :  the  patient  being  required  to  indicate  each 
new  position  of  the  candle,  without  removing  his  eye 
from  the  direction  of  his  own  hand.  If  he  sees  the  light 
each  time  its  position  is  changed,  it  is  certain  that  the 
whole  extent  of  the  retina  retains  its  normal  sensitiveness ; 
if  he  fails  to  observe  it  in  one  direction,  the  powers  of  the 
retina  are  correspondingly  impaired.  When  the  light,  on 
being  moved  upward,  can  no  longer  be  located,  the  lower 
portion  of  the  retina  is  destitute  of  perception,  and  it 
must  be  borne  in  mind  that  here  is  the  usual  position  of 
a  retinal  separation.  When  he  sees  the  light  laterally, 
but  not  straight  before  him,  the  region  of  the  macula 
lutea  is  generally  diseased,  and  the  power  of  reading  is 
unlikely  to  be  regained,  even  after  a  successful  operation. 

C.4.USATI0N  OF  Catabact. — Our  knowledge  on  this 
point  is  extremely  limited.  Becker's'  researches  go  to 
show  that  senile  cataract  originates  in  an  interruption  of 
the  progressive  sclerosis  of  the  lens.  Attacked  with  this 
disease  it  shows  in  the  outset  a  decided  contraction  of 
volume.  The  cortical  substance  is  thus,  as  it  were,  split 
up.  The  intervals  thus  left  are  at  first  filled  with  the 
normal  fluid,  the  index  of  refraction  of  which  subse- 
quently changes,  thus  making  the  divisions  more  plainly 
visible  by  transmitted  li^ht.  Actual  opacity  now  begins 
to  occur,  the  fluid  constituents  of  the  lens  increase,  and 
its  volume  augments.  The  microscope  shows  changes 
in  the  fluid,  molecular  opacity,  and  swelling  in  the  fibres ; 
the  places  of  which  latter  in  the  cortical  are  subsequently 
occupied  by  the  products  of  degeneration,* 

But  all  this  brings  us  no  nearer  the  cause  of  cataract. 
It  is  broadly  stated  that  it  is  due  to  an  impaired  nutrition 
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of  the  lens.  This  merely  gives  the  difhculty  another 
name.  How  is  this  nutrition  effected  ?  The  crystalline 
body  possesses  neither  nei-ves  nor  vessels,  is  suspended 
between  two  fluids,  the  aqueous  humor  on  one  side  and 
the  vitreous  on  the  other,  each  similarly  devoid  of  ves- 
sels, and  probably  in  some  way  receives  its  nourishment 
through  them.  ^  That  substances  introduced  into  the  gen- 
eral circulation  may  ultimately  be  detected  in  the  lens 
has  been  shown  by  experiment,  although  a  considerable 
interval  must  elapse  before  their  arrival  occurs.  They 
are  supplied  to  the  aqueous  and  vitreous  by  the  vessels  of 
the  surrounding  parts,  and  through  them  to  the  lens  it- 
self. Impaired  nutrition  of  these  two  humors  may  there- 
fore indirectly  be  the  cause  of  cataract. 

It  is  certain,  on  the  one  hand,  that  there  must  be  some 
predisposition  in  the  system  at  large,  as  senile  cataract 
almost  invariably  attacks  both  eyes,  although  at  different 
periods.  It  is  equally  certain  that  there  must  exist  some 
local,  modifying  factor,  inasmuch  as  the  most  diseased 
eye  is  always  first  attacked.  This  statement  is  based  on 
the  well-known  fact  that  the  prognosis  in  the  second  eye 
is  usually  better  than  that  in  the  first. 

Varieties  of  Catakact.  —  Congenital. — These  are 
either  partial  or  total,  more  generally  the  former,  occur- 
ring in  the  shape  of  sharply  defined  opacities.  It  may  in 
genera'  be  said  of  cataracts  of  this  class  that  they  are  the 
result  o^  defective  formation,  and  are  accompanied  by  a 
certain  amount  of  amblyopia  or  imperfect  perception  ; 
which  not  only  persists  after  the  mechanical  obstruction 
to  the  entrance  of  light  is  removed,  but  is  apt  to  increase 
with  advancing  years,  if  the  eye  be  left  alone,  thus  ren- 
dering advisable  the  early  performance  of  the  operation. 
Very  different  in  this  respect  is  senile  cataract,  which 
may  last  without  impairing  the  functions  of  the  retina 
behind  it. 

1.  Zonular  Cataract. — This  may  be  either  congenital  or 
met  with  in  the  earliest  years  of  life,  and  is,  according  to 
Graefe,  the  most  frequent  of  all  the  forms  occurring  in 
childhood.  A  central  zone  or  shell  of  the  crystalline  is 
affected,  circular  in  shape,  surrounding  and  surrounded 
by  entirely  transparent  lens  substance.  Seen  from  the 
front,  by  oblique  light,  or  through  the  ophthalmoscopic 
mirror,  it  appears  like  an  opaque  or  partially  opaque 
nucleus  to  an  otherwise  transparent  lens ;  and  closer  ex- 
amination reveals  its  own  centre  to  be  transparent.  Its 
diameter  ordinarily  varies  between  five  and  eight  milli- 
metres. Sometimes  this  layer  is  surrounded  externally 
by  a  second,  equally  opaque  ;  sometimes,  instead  of  a 
complete  layer,  groups  of  opaque  points  or  striae  are  ir- 
regularly distributed,  with  large  intervals  of  clear  lens 
periphery  between  them.  In  many  cases  the  whole  vol- 
ume of  the  lens  has  suffered  diminution.  Zonular  cata- 
ract isjinvariably  met  with  in  both  eyes.  It  is  frequently 
found  that  the  children  in  whom  it  occurs  have  been  the 
subjects  of  convulsions.  They  are,  also,  sometimes  the 
victims  of  rachitis.  This  disease  of  the  lens,  when  con- 
genital, generally  occupies  a  lesser  area  at  birth  than  sub- 
sequently, and  is  hence  often  overlooked  in  very  early 
life.  Its  subjects  may  be  recognized  by  the  way  in  which 
they  shade  their  eyes  to  get  the  advantage  of  a  dilated 
pupil,  going  into  dark  corners  to  thread  a  needle  or  per- 
form some  task  requiring  more  than  usual  eyesight. 
And,  in  this  connection,  although  the  various  operations 
for  cataract  will  be  described  at  a  later  period,  let  it  here 
be  said  that  the  relief  afforded  by  a  dilated  pupil  indi- 
cates the  operation  for  zonular  cataract,  which  should 
never  be  treated  by  the  removal  of  the  lens.  The  forma- 
tion of  an  artificial  pupil  (see  Iridectomy)  opposite  a  trans- 
parent portion  of  the  periphery,  gives  a  permanent  open- 
ing for  rays  of  light  to  reach  the  retina  unobstructed  ;  is 
rapid  in  its  effect,  and  far  less  Ukely  to  be  followed  by 
inflammation  than  the  operation  for  absorption  or  extrac- 
tion. Even  a  successful  operation  of  the  latter  kind  en- 
tails the  use  of  at  least  two  pairs  of  heavy  cataract  glasses 
for  life. 

3.  Punctated  cata/ract  consists  in  a  large  number  of  ex- 
tremely small  points  of  opacity,  scattered  throughout  the 
lens.  At  the  anterior  and  posterior  poles  they  are  often 
grouped  into  a  triangular  figure  composed  of  short  lines, 


meeting  at  an  angle  of  120  degrees.  The  figure  at  the 
anterior  pole  has  not  the  same  direction  as  that  at  the 
posterior.  Under  strong  illumination  the  opacity  takes 
on  a  bluish  tint.  Examined  under  a  high  magnifying 
power,  these  opaque  points  present  the  appearance  of 
small  round  or  oval  drops.  Their  form  and  position  en- 
courage the  belief  that  thej  are  situated,  not  in  the  lens 
fibres,  but  in  the  interfibriUar  substance.  According  to 
Liebreich,'  from  whom  the  above  account  is  borrowed, 
this  form  of  cataract  is  frequently,  perhaps,  indeed,  gen- 
erally, overlooked. 

3.  Anterior  Polar  Cataract. — A  small,  round,  brilliant, 
white  point,  sometimes  attaining  a  diameter  of  2  to  3.5 
mm.  may  occupy  the  centre  of  the  anterior  pole  of  the 
lens.  At  times  it  projects  forward  into  the  anterior 
chamber,  and  is  then  known  as  pyramidal  cataract.  Often 
there  is  a  faint  central  corneal  opacity  in  these  cases,  and 
then,  according  to  Arlt,  the  rationale  of  the  formation  of 
this  kind  of  opacity  becomes  evident.  An  intra-uterine 
central  ulcer  of  the  cornea  is  followed  by  perforation,  the 
aqueous  escapes,  the  lens  comes  forward  into  contact 
with  the  cornea,  and  a  portion  of  the  fexudation,  caused 
by  the  ulcer,  adheres  to  the  anterior  capsule.  When  the 
ulcer  heals  and  the  anterior  chamber  is  re-established, 
the  lens  recedes  to  its  original  position,  carrying  with  it 
the  acquired  opacity.  It  is  contended  by  some  observers 
that  simple  corneal  infiammation,  unattended  by  perfora- 
tion, may  also  act  as  a  cause. 

4.  Posterior  Polar  Cataract. — This  is  a  stationary  opac- 
ity, rarely  as  small  as  the  smallest  examples  of  the  kind 
just  described,  situated  at  the  posterior  pole  of  the  lens. 
Its  outline  may  be  round  and  defined  ;  or  it  may  send  out 
striae  of  opacity  in  different  directions.  It  will  generally 
be  found  to  be  associated  with  a  persisting  hyaloid  artery. 

5.  Total  Congenital  Cataract. — This  may  differ  in  no 
respect  from  the  soft  cataract  of  the  young,  which  is  next 
to  be  described.  But  it  is  more  frequently  liquid,  or  else 
shrunken,  and  is  very  apt  to  be  adherent  to  the  iris.  The 
capsule  in  such  cases  may  be  abnormally  thickened. 
These  cataracts  are  always  double,  and  very  frequently 
hereditary. 

/Soft  Cataract  of  the  Young. — The  nucleus  of  the  lens  is 
rarely  defined  before  the  thirtieth  year.  Between  thirty 
and  forty  there  is,  in  the  majority  of  cases,  a  small  nu- 
cleus. After  forty  it  is  seldom  absent.  Cataract  occur- 
ring in  a  lens  devoid  of  nucleus  is  always  soft.  It  com- 
mences sometimes  in  the  shape  of  a  general  grayish 
opacity,  at  others  in  the  form  of  points  or  long  striae,  in 
the  external  cortical  layers,  and  advances  with  compara- 
tive rapidity  until  the  whole  lens  becomes  clouded.  It  is 
in  this  form  of  cataract  that  the  swelling  of  the  crystal- 
line, already  alluded  to,  is  most  marked ;  the  iris  during 
this  stage  being  thrown  well  in  advance  of  its  normal 
plane,  and  the  movements  of  the  pupil  becoming  restrict- 
ed in  comparison  with  those  of  the  other  eye.  An  opera- 
tion at  this  time  is  apt  to  be  followed  by  iritis,  and 
should  hence  be  avoided.  Entire  hquefaction  may  sub- 
sequently take  place,  the  whole  of  the  lens  taking  on  the 
color  of  milk,  or  of  milk  mixed  with  water.  As  has  been 
said,  soft  cataract  may  develop  very  rapidly.  It  may, 
moreover,  be  confined  to  one  eye,  and  depend  on  either  a 
general  or  a  local  cause,  the  nature  of  which  may  readily 
be  determined.     An  example  of  the  first  is  the 

Diabetic  Cataract.— As  the  soft  cataract  of  early  life  is 
so  often  confined  to  one  eye,  the  simultaneous  affection 
of  both  lenses  at  this  period  would  lead  us  to  suspect  a 
constitutional  origin,  particularly  the  existence  of  diabetes 
mellitus,  and  to  examine  the  urine  for  sugar.  This  form 
of  cataract  may  occur  at  any  age,  and,  in  the  case  of  the 
young,  progress  with  great  rapidity.  It  resembles  other 
cases  of  soft  cataract  in  all  respects,  except  that,  accord- 
ing to  some  observers,  traces  of  sugar  are  to  be  found  m 
the  lens.  The  prognosis  of  the  operation  is,  of  course, 
somewhat  modified  by  the  presence  of  so  serious  a  disease, 
but  need  not  necessarily  be  regarded  as  unfavorable, 
many  cases  making  a  rapid  and  uncomplicated  recovery 
of  sight.  It  has  been  claimed  *  that  the  use  of  the  waters 
of  Carlsbad  has  been  observed  to  arrest  diabetic  cataract, 
and  even  to  cause  its  complete  disappearance. 
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Cataract  Occurring  in  Connection  with  Separation  of  the 
Betina,  Retinitis  Pigmentosa,  or  Disease  of  the  Choroid. — 
Here  we  have  undoubtedly  to  do  with  a  local  Impairment 
of  nutrition.  And,  of  all  these  causes,  the  former  is  the 
most  frequent.  The  catjiract  exhibits  no  peculiarity  of 
appearance ;  its  cause  must  be  inferred  from  the  fact  that 
it  is  monocular,  that  the  vision  of  this  eye  had  been  con- 
siderably impaired  before  its  appearance,  and  from  the 
functional  examination  which  reveals  a  diminished  or  ex- 
tinct perception  of  light  in  one  part  of  the  field,  general- 
ly the  upper.  In  retinitis  pigmentosa  the  opacity  com- 
mences as  a  round  spot  at  the  posterior  pole  of  the  lens, 
from  which  radii  shoot  out  toward  the  periphery.  The 
anterior  portion  of  the  lens  subsequently  becomes  simi- 
larly affected,  but  total  opacity  does  not  occur. 

Traumatic  Cataract. — The  transparency  of  the  lens  de- 
pends on  the  integrity  of  its  investing  capsule.  This 
may  be  ruptured  by  a  contusion  of  the  eye,  or  wounded 
by  the  penetration  of  a  foreign  body  or  of  a  sharp  instru- 
ment. The  aqueous  humor  then  comes  into  immediate 
contact  with  the  lens,  which  imbibes  it,  swells,  and  be- 
comes opaque.  When  the  capsular  wound  is  very  small 
it  may  again  close,  and  the  opacity  remain  confined  to 
the  contiguous  portion  of  the  lens.  But  more  frequently 
the  swollen  cortical  substance  protrudes  from  and  itself 
widens  the  capsular  wound,  thus  exposing  fresh  portions 
of  the  lens  and  ending  in  its  general  obscuration.  As 
they  protrude  into  the  ianterior  chamber  these  masses  may 
be  absorbed,  and  finally  the  whole  cataract  thus  be  re- 
moved. But  more  generally,  unless  the  pupil  be  at  once 
artificially  dilated,  the  pressure  takes  place  against  the 
iris,  which  inliames  and  renders  necessary  the  operative 
removal  of  the  opaque  body. 

Senile  Cataract. — Under  this  form  we  understand  the 
opacity  of  the  cortical  substance  of  a  lens,  the  nucleus  of 
which,  with  advancing  years,  has  both  separated  and 
hardened.  It  is  necessary  to  a  proper  understanding  of 
the  subject  to  bear  in  mind  the  probability  that  only  the 
cortical  layers  become  actually  opaque,  and  that  there  is  no 
essential  difference,  in  the  transparency  of  the  nucleus, 
between  the  eye  of  an  aged  person  who  has  always  had 
good  sight,  and  the  eye  of  one  who  has  become  blind 
from  senile  cataract.'  No  precise  age  can  be  assigned  as 
that  at  which  this  form  properly  begins,  so  much  vari- 
ation is  there  in  different  individuals  as  regards  the  sepa- 
ration and  hardening  of  the  nucleus.  In  general  it  may 
be  stated  that  senile  cataract  is  most  apt  to  occur  after  the 
fiftieth  year.  Testing  the  transparency  of  the  crystalline, 
in  people  who  have  passed  this  age,  the  observer  is  often 
struck  by  the  appearance  of  a  series  of  short  bifurcating 
linear  opacities,  ranged  around  the  periphery  of  the  lens. 
They  may  be  the  most  numerous  in  either  the  upper  or 
the  lower  segment,  or  even  extend  around  its  entire  pe- 
riphery. The  practical  point  concerning  them  is  that, 
though  their  appearance  is  always  to  be  regarded  as  sus- 
picious, they  are  not  necessarily  an  indication  of  ad- 
vancing cataract.  They  may  either  remain  unaltered  for 
years,  or  they  may  increase  at  once  in  number  and  extent. 
In  the  former  case  they  are  simply  a  senile  change,  an- 
alogous to  the  arcus  senilis  of  the  cornea  ;  in  the  latter 
they  justify  the  diagnosis  of  incipient  cataract.  They, 
must  be  carefully  observed,  and  the  patient  is  not  to  be 
alarmed  with  a  positive  diagnosis  of  disease  unless  they 
are  found  to  be  increasing. 

Becker'  gives  the  resumi  of  the  various  stages  of  senile 
cataract  and  their  proper  nomenclature.  As  long  as  there 
are  a  few  opaque  striae  discernible  in  the  periphery  only, 
or  in  exceptional  cases  before  or  behind  the  nucleus,  we 
speak  of  incipient  cataract.  If  the  opacity  of  the  cortical 
substance  has  advanced,  the  expression  unripe  cataract 
is  used.  There  is  no  absolute  line  to  be  drawn  between 
these  two,  save  that  the  cataract  is  to  be  regarded  as  in- 
cipient so  long  as  the  ^eater  part  of  the  cortical  substance 
is  transparent ;  as  unripe  when  opaque  cortical  prevails. 
When  the  opacity  of  the  cortical  is  complete  the  cataract 
is  designated  ripe.  Oblique  illumination  then  reveals 
no  transparent  portion,  and  no  red  reflex  appears  when 
the  ophthalmoscopic  mirror  is  used.  The  posterior  por- 
tion of  the  lens  is  now,  of  course,  invisible,  but  it  ordi- 


narily keeps  pace  in  these  changes  with  the  anterior,  and 
may  be  assumed  to  be  in  the  same  state. 

Senile  cataract  generally  affects  both  eyes,  but  is  de- 
veloped later  in  one  than  in  the  other.  The  fact  that  the 
eye  last  affected  furnishes  the  better  result  has  already 
been  alluded  to.  That  the  tendency  to  this  disease  is 
hereditary  has  been  abundantly  demonstrated.  The 
popular  notions  that  the  left  eye  is  more  apt  to  be  first 
affected  than  the  right,  and  that  more  men  than  women 
are  the  subjects  of  cataract,  rest  on  no  reliable  foundation 

Absolute  maturity  of  the  senile  cataract  is  not  always 
to  be  waited  for,  or  indeed,  invariably  expected.  In 
certain  cases  the  complete  affection  of  the  cortical  pro- 
gresses with  extreme  slowness  ;  vision  in  each  eye  may 
have  fallen  off  to  such  an  extent  that  reading  and  writing 
are  no  longer  practicable,  and  the  patient  even  finds  it 
impossible  to  go  about  alone  in  strange  localities,  or  those 
with  which  he  is  imperfectly  familiar.  Failure  of  sight 
continues  to  progress,  but  can  only  be  made  out  with  cer- 
tainty by  comparing  the  vision  at  long  intervals  of  time. 
Meanwhile  age  creeps  on  and  the  general  health,  affected, ' 
perhaps,  by  both  moral  and  physical  causes,  commences 
to  give  way.  In  other  cases  progress  in  the  formation 
of  the  cataract  comes  to  an  absolate  standstill.  The 
sclerosis  of  the  nucleus  may  be  complete,  the  cortical 
partially  opaque,  admitting  a  considerable  red  reflex,  or 
perhaps  even  an  imperfect  view  of  the  fundus  to  the 
ophthalmoscope,  and  months  and  perhaps  years  elapse 
without  any  change  in  this  condition  of  things.  Ripe- 
ness is  here  evidently  not  to  be  expected,  and  surgical 
interference,  either  directly  or  after  the  operative  pro- 
duction of  maturity,  is  wholly  justifiable. 

Black  Cataract. — This  name  is  applied  to  those  rare 
cases  in  which  the  sclerosis  of  the  nucleus  goes  on  unin- 
terruptedly and  extends  up  to  the  capsule.  Although 
occupied  by  a  ripe  cataract,  the  pupil  appears  black,  even 
when  oblique  illumination  is  used.  Cortical  substance 
is  completely  v/anting,  and  the  whole  lens  converted  into 
one  hypertrophied  nucleus.  This  condition  is  of  most 
infrequent  occurrence. 

Capsular  Catara^ct. — Deposits  on  the  capsule  from  with- 
out have  already  been  alluded  to.  Primary  affections  of 
the  capsule  itself,  the  formation  of  opacities  in  its  proper 
substance,  are  extremely  rare.  They  are  to  be  looked 
upon  as  the  result  of  lenticular  inflammation,  and  imply 
some  further  disease  of  the  eye.  Opacity  of  the  lens 
substance  itself  is  apt  to  ensue.  But  capsular  cataract 
ordinarily  occurs  as  one  of  the  changes  consequent  on 
hypermaturity  of  an  ordinary  cataract. 

Mnal  Glianges  in  an  Over-ripe  Cataract. — Inflammation 
in  the  lens,  caused  by  this  state  of  things,  may  bring  about 
the  formation  of  capsular  opacities.  The  cortical  sub- 
stance may  undergo  partial  absorption,  this  producing 
some  improvement  in  vision,  and  leading  to  a  diminution 
in  size  of  the  lens.  It  may  become  liquid,  and  the  nucleus, 
no  longer  supported,  may  sink  to  the  bottom  of  the  intra- 
capsular space.  The  capsule  sometimes  thickens  and 
becomes  studded  with  crystals  of  cholesterine.  The 
whole  cataract  may  become  cretaceous,  or  under  very 
exceptional  circumstances,  even  osseous.  In  the  former 
case  extensive  adherences  with  the  iris  may  exist. 

Treatment  of  Cataract. — Medical  Treatment. — In 
view  of  the  great  advances  made  in  the  diagnosis  and 
treatment  of  diseases  of  the  eye  during  the  present  genera- 
tion, as  well  as  of  the  earnest  efforts  that  are  still  being 
made  in  all  directions  to  further  opthalmological  science, 
it  would  indeed  be  hazardous  to  assume  that  no  local 
application  or  general  medication  to  affect  the  progress 
of  cataract  will  ever  be  discovered.  None  the  less  must 
it  be  firmly  asserted  that,  at  the  present  day,  we  pos- 
sess no  means  whatever  of  preventing  the  formation  of 
the  disease.  Numberless  remedies  have  been  tried  in  the 
past,  but  have  all  proved  ineflicacious,  and  at  the  present 
day  none  but  charlatans  assert  their  ability  to  cure  cata- 
ract without  an  operation.  Some  administer  nostrums, 
others  make  topical  applications,  while  others  again  ex- 
tol the  virtues  of  electricity  ;  the  result  in  every  instance 
being  the  same.  If  the  cases  of  reported  cure  be 
thoroughly  sifted,  it  will  be  found  that  by  far  the  larger 
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proportion  are  based  on  a  mistaken  diagnosis ;  tliat  in 
many  instances  the  process  has  simply  come  to  a  stand- 
still ;  while  in  a  small  number  of  eyes  the  lens  has  either 
undergone  spontaneous  dislocation,  or  else  the  swelling 
of  the  crystalline  has  been  so  u;iusually  great  as  to  rup- 
ture its  capsule  and  lead  to  total  absorption.  Opacities 
of  the  layer  of  intracapsular  cells  may  wholly  disappear, 
and  traumatic  cloudiness  of  a  portion  of  the  lens  may  re- 
gain some  degree  of  transparency.  It  is  also  a  well-known 
fact  that  diabetic  cataract  may  vary  directly  with  the 
progress  of  the  disease. 

2.  Surgical  Treatment. — This  consists  in  reopening  a 
path  for  the  rays  of  light  to  reach  the  retina,  either  by  the 
side  of  the  existing  obstruction  (iridectomy)  or  by  its  ab- 
solute removal.  The  latter  may  be  efEected  in  one  of 
three  ways  :  The  cataract  may  be  left  in  the  eye,  but  be 
pushed  aside  from  the  axis  of  vision  (reclination,  depres- 
sion) ;  it  may  be  caused  to  undergo  absorption  by  being 
brought  in  direct  contact  with  the  aqueous  humor  (discis- 
sion) ;  or  it  may  be  bodily  removed  from  the  eye  through 
an  opening  made  for  the  purpose  (extraction). 

Geheral  Considerations. — The  indication  for  an  opera- 
tion for  cataract  is  a  probable  improvement  in  vision, 
combined  with  safety  to  the  general  health  of  the  indi- 
vidual. The  two  preliminary  questions,  therefore,  to  be 
settled  are,  first,  as  to  whether  a  careful  examination  of  the 
condition  and  functions  of  the  eye  renders  it  likely  that 
the  cataract  can  be  successfully  removed  ;  and  second, 
whether  the  general  health  is  likely  to  be  injuriously  af- 
fected by  the  excitement  attending  the  operation,  or  the 
subsequent  confinement  that  may  be  necessary. 

As  a  rule  it  is  undesirable  to  operate  on  a  teething 
child,  a  pregnant  woman,  or  one  who-  is  menstruating  or 
about  to  do  so.  The  general  condition  of  the  patient 
should  be  carefully  inquired  into  and  the  prognosis 
modified  if  any  general  disease  like  diabetes  or  Bright's 
disease  be  present,  and  it  is  yet  deemed  desirable  to  pro- 
ceed with  the  operation.  If  the  patient  is  fresh  from  a 
journey,  a  day  or  two's  rest  should  be  allowed.  If  the 
operation  takes  place  away  from  home,  a  sufficient  time 
should  be  afforded  the  individual  to  familiarize  himself 
with  his  new  surroundings.  On  the  Continent  of  Europe 
there  is  quite  a  general  agreement  among  ophthalmic  sur- 
geons that  serious  operations,  like  the  extraction  of  cata- 
ract, which  entail  a  lengthened  convalescence,  should  be 
performed  away  from  home  ;  generally  in  the  private 
rooms  attached  to  the  hospital  with  which  the  surgeon 
liappens  to  be  connected.  An  establishment  especially 
arranged  for  the  purpose  offers  advantages  of  light,  ven- 
tilation, quiet,  and  skilled  attendance,  with  which  no  or- 
dinary private  house  can  compete.  There  is,  moreover, 
a  freedom  from  care  and  anxiety  that  can  rarely  be  se- 
cured at  home.  For  the  first  day  or  two,  relations  and 
friends  being  excluded,  there  can  be  no  allusion  to  excit- 
ing topics  or  consultation  on  household  cares.  Distance 
from  the  latter  is  found  to  induce,  with  the  head  of  a 
family,  a  feeling  of  repose  that  close  proximity  would  go 
far  to  destroy. 

The  long-received  notion  that  the  spring  and  fall  are 
the  best  seasons  for  cataract  operations  was  undoubtedly 
based  on  the  fact  that  these  were  the  times  of  year  which 
the  peripatetic  oculists,  who  formerly  infested  the  com- 
munity, found  most  convenient  for  travelling.  In  the 
United  States  the  extreme  heat  that  may  prevail  during 
the  months  of  July,  August,  and  September  might  exert 
an  unfavorable  effect  on  a  protracted  convalescence,  arid 
therefore  renders  these  months  less  eligible  than  those  in 
which  the  weather  is  generally  cooler. 

Should  one  eye  be  operated  on  when  the  other  is  en- 
tirely normal  1  Assuming  the  cataract  to  have  been  suc- 
ceasf  uUy  removed,  there  are  certain  undeniable  advantages 
in  the  association  of  such  an  eye  with  a  normal  one. 
Although  the  lens  is  wanting  and  the  refraction  of  the 
two  eyes  thus  radically  different,  binocular  vision  is  often 
enjoyed.  When  this  is  not  possible,  double  vision  does 
not  necessarily  arise,  as  the  patient  learns  to  abstract  from 
the  image  furnished  by  the  imperfect  eye,  and  to  rely  on 
the  sound  one  for  accurate  perception.  Even  then  he 
has  a  larger  visual  field  than  if  he  had  only  one  eye,  a 


better  estimation  of  distance,  and  appreciation  of  solidity. 
He  is  no  longer  blind  on  one  side,  and,  when  moving  about, 
avoids  accidents  to  which  he  would  otherwise  be  liable. 
With  the  young,  therefore,  such  an  operation  is  always 
to  be  encouraged,  both  for  these  reasons  and,  in  the  case 
of  females,  for  those  of  a  cosmetic  nature.  But  with  the 
aged  different  considerations  must  prevail.  The  opera- 
tion, with  them,  is  neither  as  simple  nor  as  safe,  and  the 
after-treatment  is  much  more  prolonged.  The  interruption 
in  the  usual  habits  of  an  elderly  person,  the  shutting  them 
up  in  a  dark  room,  changing  their  diet,  and  depriving 
them  for  a  fortnight  of  the  air  and  exercise  on  which 
they  are  dependent,  may  exert  a  serious  influence  on  their 
health.  While  in  youth  it  is,  therefore,  advisable  to 
operate  on  asingle  eye,  the  maxim  in  age  should  be  never 
to  touch  a  cataract  on  one  eye  until  the  other  begins  to  be 
affected,  and  then  to  delay  as  little  as  possible,  bearing 
in  mind  the  fact  that  the  longer  the  operation  is  deferred 
the  older  the  patient  is,  and  the  greater  the  depressing 
effect  exerted  on  his  morale  by  impending  and  advancing 
blindness. 

Patients  are  often  encouraged  by  their  home  advisers 
to  wait  until  both  eyes  are  fully  affected,  in  order  that 
both  may  be  operated  on  at  the  same  time.  While  the 
simpler  cataract  operations  may  undoubtedly,  under  or- 
dinary circumstances,  be  performed  in  the  young  on  each 
eye  at  one  time,  without  incurring  unwarrantable  risk, 
the  extraction  of  senile  cataract  on  both  eyes  simultane- 
ously is  unjustifiable,  save  in  the  most  exceptional  cases. 
And  this  for  the  following  reasons :  If  one  eye  only  be 
operated  on,  the  symptoms  which  follow,  and  the  way 
and  manner  in  which  the  eye  rallies  from  or,  in  extreme 
cases,  sinks  under  the  violence  inflicted  on  it,  guide  us 
materially  in  what  we  are  to  do  for  the  other  eye,  and 
teach  us  to  adopt  such  precautions,  or  to  so  modify  our 
method,  as  to  give  the  patient  a  better  chance  of  sight, 
and  to  save  him  from  the  dangers  to  which  our  ignorance 
of  his  idiosyncrasies  exposed  him  the  first  time.  Again, 
a  patient  or  his  attendants,  being  little  used  to  such 
delicate  operations,  may  be  imprudent,  transgress  our 
positive  directions,  and  consequently  lose  the  eye.  If 
both  eyes  have  been  operated  on,  his  only  chance  is  gone. 
If,  however,  one  only  has  been  touched,  he  will  learn 
wisdom  by  experience,  and  ensure  success  by  being  more 
careful  the  second  time. 

It  is  true  that  the  refusal  of  the  surjgeon  to  operate  on 
both  eyes  at  the  same  time  often  practically  results  in  but 
a  single  operation  being  performed.  After  the  confine- 
ment of  a  fortnight  in  a  darkened  room  the  average  pa- 
tient  may  well  shrink  from  a  repetition  of  his  experience, 
or  fear  its  effect  on  the  general  health.  Many  people 
have  not  the  time  to  give  to  the  second  operation,  or  the 
power  of  meeting  its  attendant  expense.  These  are,  how- 
ever, minor  considerations,  and  are  not  to  be  weighed  in 
the  balance  with  those  which  have  been  brought  forward 
to  show  the  superior  safetjr  of  operating  on  but  one  eye 
at  a  time,  in  all  cases  of  senile  cataract. 

TTie  Result  of  the  Operation  for  Cataract. — In  the  most 
favorable  cases  the  obstruction  may  be  entirely  removed 
from  the  axis  of  vision  and  full  sight  be  acquired,  its 
acuteness  being  quite  equal  to  the  normal  standard.  Un- 
der such  circumstances  all  the  eye  has  lost  is  the  power 
of  accommodation,  which  must  be  met  by  the  use  of 
glasses  of  different  strengths  for  different  purposes,  or 
by  shifting  the  interval  between  the  glass  habitually  worn 
and  the  eye. 

But  not  always  is  the  result  thus  successful.  Portions 
of  the  lens  may  remain  behind  in  the  intracapsular  space, 
clots  of  blood  may  be  imperfectly  absorbed,  or  inflam- 
mation cause  a  proliferation  of  opaque  substance  on  the 
face  of  the  capsule  ;  the  whole  sometimes  becoming  more 
or  less  adherent  to  the  edge  of  the  pupil.  This  forms 
what  is  known  as  secondary  cataract,  and  demands  in  its 
turn  an  appropriate  operation,  or  the  loss  of  the  eye  may 
be  entire,  the  inflammation  following  the  original  oper- 
ative interference  being  so  violent  as  to  cause  entire  opac- 
ity of  the  cornea,  or  even  wasting  away  of  the  eye 
itself.  An  irritable  stump,  thus  left,  may  give  rise  to 
sympathetic  ophthalmia  of  the  remaining  eye,  a  condition 
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of  things  which  may  also  be  brought  about  by  the  antece- 
dent inflammation.  This  result  is  fortunately  extremely 
rare,  and  may  not  once  occur  in  the  experience  of  a  life- 
time. 

Discissiosr. — In  this  operation  the  removal  of  the  cata- 
ract is  sought  to  be  effected  by  wounding  the  anterior 
capsule,  and  bringing  the  aqueous  humor  in  direct  con- 
tact with  the  lens ;  the  object  being  to  cause  its  complete 
absorption,  without  Impairing  the  transparency  of  its 
capsular  envelope.  The  former  object  will  not  be  at- 
tained if  the  consistency  of  the  cataract  be  too  great,  its 
sclerosis  too  marked.  The  latter  cannot  be  secured  if 
the  operation  be  followed  by  serious  inflammation,  due 
to  the  excessive  effect  produced  by  its  performance,  and 
which  would  follow  a  want  of  care  in  proportioning  the 
size  of  the  opening  in  the  capsule  to  the  amount  of  tolera- 
tion the  eye  is  capable  of  exhibiting. 

The  substance  of  the  lens,  brought  into  direct  contact 
with  the  aqueous  humor,  imbibes  it  just  as  a  sponge  soaks 
up  water.  Like  the  sponge  it  swells,  and  then  slowly 
crumbles  away  and  dissolves.  It  is  the  tendency  to  swell, 
and  thus  exert  mechanical  pressure  on  the  contiguous 
parts,  that  constitutes  the  main  danger  of  the  operation  ; 
and  it  is  the  merit  of  Graefe  to  have  first  insisted  on  the 
necessity  of  proportioning  the  opening  in  the  capsule  to 
the  amount  of  lenticular  swelling  the  eye  can  safely  sus- 
tain. The  rapidity  of  absorption  depends  on  the  age  of 
the  individual,  being  most  active  with  the  young.  The 
amount  of  swelling  varies  according  to  the  maturity  of 
the  cataract  and  the  period  at  which  it  is  attacked. 

The  course  of  normal  absorption  is  as  follows :  First 
the  edges  of  the  capsular  wound  retract.  Then  the  lens 
substance  begins  to  swell  and  protrude  into  the  anterior 
chamber.  Oblique  illumination  brings  it  into  relief  as  a 
grayish  plug,  blocking  the  opening  left  by  the  needle. 
In  some  cases  the  whole  lens  gradually  swells  and  presses 
forward,  until  the  anterior  chamber  is  completely  blocked ; 
in  others  the  process  is  more  gradual,  and  each  successive 
protrusion  slowly  undergoes  absorption.  It  first  grows 
larger,  then  more  transparent,  next  its  surface  becomes 
irregular,  is  gradually  eaten  away,  and  the  mass  finally 
disappears.  Sometimes  small  fragments  are  successively 
detached,  fall  down,  and  are  dissolved.  One  mass  suc- 
ceeds another,  protrudes,  and  goes  through  the  same 
process,  until  the  whole  lens  has  been  removed.'  It  is 
evident  that  the  aqueous  humor  that  accomplishes  this 
task  is  too  insignificant  in  amount  at  any  one  time  to  do 
more  than  a  small  portion  of  it,  and'  must  hence  be 
steadily  undergoing  both  excretion  and  renewal.  As  will 
be  seen  later  on,  Arlt  bases  on  this  fact  a  recommendation 
to  hasten  absorption,  in  cases  in  which  it  is  progressing 
with  unusual  slowness,  by  occasionally  doing  paracente- 
sis of  the  anterior  chamber,  and  thus  artificially  removing 
the  saturated  aqueous. 

We  have  thus  traced  the  course  of  an  operation  fol- 
lowed by  normal  absorption.  But  all  cases  do  not  pro- 
gress thus  favorably.  The  lens  may  imbibe  the  aqueous 
humor  too  freely,  and  swell  with  a  rapidity  that  causes 
destructive  pressure  to  be  inflicted  on  the  surrounding 
parts.  The  pupil  may  then  be  seen  to  contract,  the 
ciliary  redness  that  naturally  is  present  in  some  degree 
during  so  active  a  process  as  absorption,  becomes  alarm- 
ingly ^eat,  and  even  conjunctival  chemosis  may  ensue. 
The  Iris  becomes  discolored,  the  eye  waters,  intolerance 
of  light  is  felt,  local  pain  becomes  severe,  radiating  in 
every  direction,  and  finally,  unless  proper  measures  of 
relief  are  taken,  vision  may  gradually  be  extinguished  by 
the  development  of  secondary  glaucoma,  the  legitimate 
consequence  of  the  great  increase  in  pressure.  As  has 
been  observed  by  Graefe,  these  symptoms  are  almost  ex- 
clusively met  with  in  the  young,  the  lens  in  elderly 
people  rarely  imbibing  aqueous  humor  so  rapidly,  or  to 
such  a  dangerous  extent. 

To  avoid  iritis  caused  by  direct  pressure  of  the  swollen 
cortical  mass  on  the  iris  itself,  it  is  most  necessary  that 
the  pupil  be  fully  dilated  before  the  operation,  and  kept 
so  during  the  whole  of  the  absorption.  An  important 
contra-indication  to  the  performance  of  simple  discission 
is  therefore  the  failure  of  the  pupil  to  respond  to  the 


action  of  a  mydriatic.  Cases  in  which  the  pupil  cannot 
be  readily  and  largely  dilated  are  not  those  in  which  the 
performance  of  a  simple  discission  is  at  all  admissible, 
and  this  test  should  always  be  employed  before  deciding 
on  the  character  of  the  operation  to  be  selected. 

This  operation  is  admissible  in  all  simple  lenticular 
cataracts  of  early  life,  up  to  the  twenty -fifth  or  thirtieth 
year.  It  is  especially  to  be  employed  in  the  case  of  in- 
fants, both  because  the  size  of  the  opening  in  the  eye  is 
so  trivial  as  to  obviate  the  necessity  of  attention  to  the 
healing  process,  and  because  at  this  age  absorption  takes 
place  with  such  rapidity  that  the  pressure  of  the  swollen 
cortical  mass  is  but  little  to  be  dreaded.  It  is  also  advis- 
able to  do  discission  in  lamellar  cataract  that  occupies  so 
large  an  area  as  to  render  an  iridectomy  useless,  and 
where  the  patient  has  not  passed  the  age  of  twenty.  In 
the  traumatic  cataract  of  early  life,  where  the  extent  of 
the  original  injury  has  been  so  limited  as  to  produce  an 
effect  but  slowly  progressive,  this  operation  may  be  used 
to  hasten  ripeness  of  the  cataract,  and  to  promote  rapidity 
of  absorption.  For  nearly  a  generation  it  has  been  justly 
abandoned  in  all  cases  of  senile  cataract. 

Instruments;  Preparation  of  t?ie  Patient;  Method  of 
Operation. — The  instruments  needed  for  the  performance 
of  discission  are  the  ordinary  spring  speculum,  fixation 
forceps,  and  stop-needle.  The  latter  (Fig.  572),  the  per- 
fection of  which  we  owe  to  the  inventive  genius 
of  Sir  William  Bowman,  ought  to  be  extremely 
slender,  with  a  cutting  edge  of  not  more  than  a 
millimetre  in  extent.  Its  shaft  should  so  com- 
pletely fill  the  wound  made  by  its  point  as  to 
prevent  the  escape  of  the  aqueous  humor  by  its 
side  during  the  operation.  This  would  cause 
the  lens  to  fall  forward  against  the  cornea,  and 
embarrass  the  use  of  the  needle.  Lower  down 
the  instrument  is  furnished  with  a  shoulder, 
which  renders  its  penetration  into  the  eye,  be- 
yond a  certain  depth,  impossible. 

The  patient  may  sit  in  a  chair,  facing  the 
operator,  unless  anaesthesia  be  employed,  when 
the  recumbent  position  is  of  course  preferable. 
The  objections  to  the  use  of  ansesthetics  during 
the  extraction  of  cataract  do  not  apply  to  the 
D?scMon  operation  of  discission.  Although  the  pain  is 
Needle,  uot  excessive,  the  subjects  are  young  and  con- 
sequently nervous  ;  and,  as  will  be  seen,  it  is  im- 
portant that  sudden  spasmodic  attempts  to  close  the  eye 
should  not  be  made.  Narcosis  is  therefore  generally  desir- 
able, and  its  practice  renders  an  assistant,  for  the  most  part, 
unnecessary.  The  pupil,  as  has  already  been  stated,  should 
be  fully  under  the  influence  of  atropine.  The  lids  being 
separated  by  the  introduction  of  the  speculum,  the  eye  is 
grasped  by  the  fixation  forceps  at  a  point  opposite  to  that 
selected  for  the  introduction  of  the  needle,  generally  over 
the  insertion  of  the  internal  rectus.  The  point  of  the  needle 
is  now  applied  to  the  cornea  midway  between  its  centre  and 
periphery,  downward  and  outward,  and  made  to  transfix 
it  in  the  direction  of  the  posterior  pole  of  the  lens,  and 
perpendicular  to  the  corneal  surface,  so  as  not  to  pene- 
trate it  obliquely.  As  soon  as  the  needle  has  passed  in  up 
to  its  neck  the  handle  is  lowered  and  the  point  carried 
forward  until  it  touches  the  anterior  capsule  at  a  point 
outward  from  its  centre,  perhaps  midway  between  that 
and  its  periphery.  Raising  the  handle,  and  now  regard- 
ing the  instrument  as  a  lever,  the  fulcrum  of  which  is 
where  it  passes  through  the  cornea,  the  operator  makes  its 
point  descend  along  the  face  of  the  capsule,  and  inflicts  on 
this  membrane  a  vertical  wound,  some  two  millimetres  in 
extent.  Lowering  tlie  handle  now,  and  at  the  same  time 
slightlj^  withdrawing  the  needle,  so  that  its  point  is  no 
longer  in  contact  with  the  capsule,  he  again  pushes  it  for- 
ward, directing  this  time  to  a  point  on  the  nasal  side  of 
the  horizontal  meridian  of  the  capsule,  midway  between 
its  centre  and  periphery,  and  then  making  it  inflict  on  its 
face  a  horizontal  wound,  precisely  similar  to  the  vertical 
one  already  made.  The  needle  is  then  gently  and  steadily 
withdrawn,  being  held  in  the  same  position  as  when  it 
entered  the  eye.  At  the  instant  of  withdrawal  it  is  well 
for  the  operator,  if  unassisted,  to  release  the  fixation 
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forceps  and  raise  the  speculum  slightly  from  off  the  eye, 
with  his  left  hand,  so  that  no  pressure  may  be  made  upon 
it.  The  aqueous  humor  is  thus  less  likely  to  escape,. and 
the  pupil  consequently  remains  dilated.  For  a  similar 
reason  the  removal  of  the  speculum  must  be  conducted 
•with  great  care,  and  without  touching  the  eyeball.  If 
ansesthesia  remain  profound  no  spasmodic  closure  of  the 
lids  will  occur  at  this  juncture,  and  no  aqueous  be  lost. 

Great  care  must  be  taken  not  to  bruise  or  crush  the 
cornea,  by  too  forcible  manipulation  of  the  needle,  and 
to  this  end  it  should  be  simply  allowed  to  lightly  rest  on 
the  cornea,  at  its  point  of  passage  through  it.  The  in- 
cisions should  be  as  nearly  as  possible  at  right  angles  with 
each  other,  and  should  not  be  extended  as  far  as  the  equa- 
tor of  the  lens,  in  order  to  avoid  too  rapid  swelling, 
as  well  as  adherences  between  capsule  and  iris  (Arlt). 
Should  the  needle  slip  out  of  t  le  eye  before  the  operation 
is  completed  it  may  be  reintroduced,  unless  the  aqueous 
has  escaped,  in  which  latter  case  the  operation  must  be 
desisted  from  until  the  aqueous  has  again  collected. 

When  a  single  operation  proves  sufficient  the  average 
time  necessary  for  the  absorption  of  the  lens  is  ten  weeks. 
But  the  process  does  not  always  go  on  uninterruptedly. 
A  small  capsular  opening  may  be  so  blocked  by  the  pro- 
tniding  fragment  of  lens  as  to  cut  off  the  access  of  aque- 
ous humor  to  the  parts  behind,  and  absorption  of  this 
fragment  may  be  followed  by  closure  of  the  wound.  In 
such  cases  the  operation  must  be  repeated,  and  larger  in- 
cisions made.  Occasional  paracentesis  of  the  anterior 
chamber  greatly  promotes  absorption,  but  would  be 
needed  only  in  exceptional  cases. 

After-trealment. — A  bandage  is  of  doubtful  utility. 
With  very  young  children  it  encourages  weeping,  and  its 
moral  effect  is  at  an^  age  depressing.  A  shade,  covering 
both  eyes,  may  be  given,  and  the  room  be  dimly  lighted. 
The  pupil  must  he  kept  permanently  dilated  with  atro- 
pine, a  half  per  cent,  solution  of  which  should  be  applied 
three  or  four  times  a  day,  except  in  the  case  of  very 
young  children,  in  whom  there  is  danger  that  symptoms  of 
intoxication  may  manifest  themselves.  The  atropine  is 
to  be  continued  as  long  as  the  absorption  is  going  on, 
though  after  the  first  it  need  not  be  applied  so  fre- 
quently. If  symptoms  of  reaction  occur,  as  indicated  by 
watering,  undue  ciliary  redness,  and  local  pain,  strict 
quiet  is  to  be  enjoined  and  cold  compresses  applied  to  the 
eye.  If  they  continue,  one  or  more  leeches  may  be  applied 
on  the  temple,  care  being  used  to  apply  the  leeches  as  far 
as  possible  from  the  eye  itself.  The  bowels  are  to  be 
kept  open.  If  no  relief  is  experienced,  and  the  symp- 
toms grow  more  pronounced ;  if  tension  increase,  che- 
mosis  appear,  and  pain  become  more  severe,  it  will  prob- 
ably be  necessary  to  open  the  anterior  chamber  and 
evacuate  the  aqueous  humor  through  an  opening  suffi- 
ciently large  to  allow  any  detached  fragments  of  lens  sub- 
stance to  escape  at  the  same  time.  In  extreme  cases  it 
may  be  necessary  to  practise  linear  extraction  of  the 
whole  lens,  with  or  without  iridectomy. 

Modified  Discission. — In  cases  in  which  the  pupil  fails  to 
respond  promptly  or  thoroughly  to  atropine,  or  in  which 
other  indications  of  a  tendency  to  inflammation  are  pres- 
ent, the  operation  of  discission  is  rendered  much  more 
likely  to  succeed  by  the  performance  of  an  iridectomy 
three  or  four  weeks  before  the  use  of  the  needle  is  under- 
taken. The  excision  of  iris  should  be  done  upward,  and 
the  piece  removed  be  of  good  size,  and  extend  up  to  the 
ciliary  edge  of  this  membrane.  The  increased  area  thus 
given  to  the  pupil  lessens  the  number  of  points  of  con- 
tact between  the  cortipal  substance  and  the  iris,  renders 
contraction  of  the  pupil  much  less  to  be  dreaded,  and  di- 
minishes the  danger  of  secondary  glaucoma.  This  last 
complication  is  not  infrequently  the  cause  of  the  bhnd- 
ness  that  sometimes  follows  discission,  and  the  likelihood 
of  its  occurrence  varies  directly  with  the  advance  in  age 
of  the  individual.  In  the  performance  of  this  modified 
discission  Wecker"  advises  that  the  capsule  be  opened 
principally  within  the  area  of  the  new  pupil,  thus  limit- 
ing the  precipitation  of  fragments  of  the  crystalline  into 
the  anterior  chamber,  and  regulating-  the  advance  of  the 
absorption.    When  the  upper  portion  of  the  lens  has 


thus  been  removed,   its  lower  part  may  more  advanta- 
geously be  attacked. 

With  regard  to  the  operation  of  discission  in  general, 
it  may  safely  be  stated  that,  allowing  the  cases  to  be 
properly  selected,  and  due  care  used  in  its  performance, 
it  is  the  safest  and  surest  method  at  our  command.  To- 
tal loss  of  the  eye  is,  under  these  circumstances,  exces- 
sively rare. 

In  former  times  yet  another  method  was  practised, 
having  for  its  object  the  removal  of  the  cataract  from  the 
axis  of  vision,  without  taking  it  out  of  the  eye,  namely, 
the  operation  of  recKnaiion  or  depression.  A  needle, 
specially  adapted  to  the  purpose,  was  passed  in  through 
the  sclerotic,  and  used  to  tear  the  opaque  lens  away  from 
its  attachments,  and  lay  it  at  the  bottom  of  the  eye. 
False  in  principle,  and  often  disastrous  in  result,  leading 
to  restoration  of  vision  in  but  from  fifty  to  sixty  per  cent, 
of  the  cases  in  which  it  was  used,  this  operation  has 
justly  been  abandoned,  and  is,  therefore,  no  longer  to  be 
described  among  the  methods  in  use  at  the  present  day. 
It  is  still,  however,  of  interest  in  a  historical  point  of 
view,  and  will  be  alluded  to  at  length  in  a  subsequent 
portion  of  this  article.  For  the  present  we  proceed  to 
the  consideration  of  those  operations  which  rest  on  the 
principle  of  the  total  removal  of  the  cataract  from  the 
eye,  and  commence  with  the  one  involving  the  smallest 
solution  of  continuity,  the  method  of 

Suction. — This  may  be  considered  the  operation  of 
aspiration  applied  to  cataract.  Throughout  the  series  of 
operations  that  have  for  their  object  the  extraction  of  the 
lens,  one  of  the  great  dangers  to  be  apprehended  is  that 
connected  with  the  healing  of  the  wound  necessarily  in- 
flicted on  the  eye.  The  larger  this  is,  the  greater  the 
danger  of  inflammatory  and  other  complications.  Such 
accidents  are  least  to  be  dreaded  after  a  discission,  they 
are  appreciable  with  a  linear  extraction,  and,  as  will  be 
seen,  the  risk  becomes  greatest  of  all  in  the  case  of  flap 
extraQtion.  A  method  which  should  bodily  and  entirely 
remove  the  cataract  through  the  smallest  possible  open- 
ing, avoids  at  once  the  dangers  attendant  on  slow  absorp- 
tion, and  the  chance  of  the  imperfect  healing  of  a  large 
wound.  The  operation  of  suction  fulfils  both  these  con- 
ditions. It  is  accomplished  by  means  of  an  instrument 
formed  from  the  glass  barrel  of  an  ordinary  subcutane- 
ous injection  syringe,  to  one  extremity  of  which  is  at- 
tached a  piece  of  rubber  tubing  ending  in  a  mouth-piece, 
while  on  the  other  end  is  a  bent  hollow  needle  of  large 
size,  open  at  its  extremity.  This  needle  is  passed  through 
a  small  opening  in  the  cornea  and  anterior  capsule,  the 
air  in  the  tube  is  then  exhausted,  and  the  soft  cataract 
substance  flows  in  to  take  its  place. 

This,  in  brief,  is  extraction  by  suction.  It  is  a  method 
of  great  antiquity.  Evidence  exists  of  its  having  been 
used  in  the  East  in  the  fourth  century,  and  frequent  sub- 
sequent references  are  made  to  it  in  ophthalmic  litera- 
ture. In  1846  it  was  revived  by  Laugier,  who  made  his 
opening  in  the  sclera,  and  introduced  the  point  of  the 
suction-needle  through  the  posterior  capsule.  Teale,  in 
1864,  published  a  drawing  of  an  improved  instrument, 
and  recommended  a  method  of  operating  which  is  sub- 
stantially that  in  use  at  the  present  day.  Since  then  most 
authors  refer  to  the  proceeding.  Yet  it  cannot  be  said 
to  have  ever  yet  found  its  way  into  general  favor,  or  to 
have  met  with  the  appreciation  which,  in  a  certain  class 
of  cases,  it  really  deserves. 

It  is  probable  that  extraction  by  suction  would  have  at- 
tained greater  popularity  had  the  indications  for  its  per- 
formance been  better  understood,  and  the  class  of  cases  to 
which  alone  it  was  applicable,  more  sharply  defined.  Au- 
thors, for  example,  report  instances  of  subsequent  inflam- 
mation and  failure  in  lamellar  cataract,  a  form  to  which 
this  operation  is  wholly  inapplicable.  It  should  never  be 
employed  save  in  cases  of  known  soft  or  liquid  cataract, 
and  in  the  traumatic  form  of  the  disease  occurring  in 
persons  under  the  age  of  thirty.  And  in  the  latter  class 
some  time  should  be  allowed  to  intervene  between  the 
accident  and  the  operation,  several  days,  or  even  a  week, 
being  if  possible,  suffered  to  elapse,  in  order  that  the 
whole  of  the  lens  substance  may  become  thoroughly 
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opaque.  The  instruments  needed  are  a  spring  speculum, 
fixation  forceps,  bent  broad  needle,  and  the  suction  ap- 
paratus (Fig.  573).  To  the  form  of  this  latter  especial 
attention  is  directed,  as  the  figure  here  given 
differs  materially  from  the  instrument  de- 
scribed by  Mr.  Teale,  and  generally  used 
abroad.  Our  barrel  is  shorter,  and  slightly  less 
in  diameter  than  the  English  ;  the  neck  of  the 
hollow  needle,  at  its  lower  end,  exactly  fits  the 
opening  made  by  the  broad  needle,  and  the 
opening  is  across  the  extremity  (Fig.  574)  in- 
stead of  being  on  its  front  face.  The  rubber 
tube  that  connects  with  the  mouth-piece  has 
a  coil  of  light  wire  running  the  entire  length 
of  its  interior.  Each  of  these  modifications 
ofEers  a  corresponding  advantage,  as  will  be 
seen  when  the  operation  comes  to  be  described  ; 
and  the  greater  favor  it  has  met  with  in 
America  may  with  justice  be  attributed,  at 
least  in  part,  to  the  superiority  of  the  native 
instrument.  * 

Operation. — This  is  by  no  means  devoid  of 
pajn,  and  an  anaesthetic  may  be  used  to  advan- 
tage.    The  pupil  should  of  course  be  fully  di- 
lated.    The  surgeon,  sitting  behind  the  pa- 
^  tient's  head,  fixes  the  eye  with  forceps,  and 

Fis.  573.  —  makes,  with  a  bent  broad  needle,  an  oblique 
s  n  c  t  i  o  n  incision  through  the  cornea  at  a  point  outward 
(B^dncedin  from  its  Centre  and  about  three-fifths  of  the 
size.)  distance  between  that  and  the  sclero-corneal 

junction  ;  preferably  in  the  outer-upper  quad- 
rant on  the  right  side,  in  the  upper-inner  on  the  left.  The 
point  of  the  needle  is  carried  across  the  anterior  chamber, 
made  to  penetrate  the  anterior  capsule,  and  then  with- 
drawn. If  this  be  carefully  done,  all  the  aqueous  humor 
may  be  retained.  The  suction  instrument  is  now  intro- 
duced, its  orifice  being  directed  upward,  and  its  point 
brought  in  contact  with  the  lens  substance. 
This  being  done,  the  air  is  withdrawn  by 
the  mouth,  the  force  applied  being  perhaps 
similar  to  that  used  in  smoking  a  well-made 
cigar.  The  neck  of  tfie  hollow  needle  ex- 
actly fitting  the  wound,  the  instrument  may 
be  rotated,  advanced  and  in  part  withdrawn, 
without  loss  of  aqueous ;  and  the  important 
advantage  is  thus  gained  of  not  coming  in 
contact  with  and  bruising  the  iris.  After 
the  lens  matter  has  filled  the  instrument  it 
may  be  withdrawn,  cleansed,  and  if  neces- 
sary again  inserted,  though  it  will  be  better 
if  this  can  be  avoided.  While  the  suction 
is  going  on  the  wire  in  the  flexible  tube  pre- 
vents this  from  doubling  on  itself,  and  thus 
obstructing  the  draught  of  air.  The  shape 
of  the  aperture  of  the  needle  enables  the 
surgeon  to  search  for  separate  portions  of 
lens  matter,  and  apply  the  point  directly  to 
them,  while  they  are  drawn  in  with  a  much 
greater  facility  than  would  be  the  case  with 
an  opening  differently  situated.  The  opera- 
tion completed,  the  instrument  is  withdrawn 
and  a  bandage  applied.  It  is  ordinarily  un- 
necessary to  keep  the  patient  in  bed  more  Pia.  574.— Mag- 
than  twenty-four  hours,  or  even  to  retain  a  "f^'po^f "( 
bandage  for  a  longer  period.  A  shade  may  s„oUon"'  in- 
be  worn  over  both  eyes,  until  all  redness  strument. 
has  disappeared,  but  the  amount  of  reaction 
is  often  astonishingly  slight.  A  fear  has  been  expressed 
lest  vitreous  should  be  drawn  into  the  tube.  This  seldom 
happens,  especially  with  the  instrument  here  described, 
the  length  having  been  curtailed  and  the  calibre  reduced 
in  order  to  get  less  atmospheric  pressure  and  thus  avoid 
the  accident. 

As  regards  the  results  of  the  suction  operation,  the  re- 
ports of  the  Massachusetts  Charitable  Eye"  and  Ear  In- 
firmary for  the  last  eleven  years  show  the  performance  of 

*  This  inBtniment  \a  the  one  in  use  at  the  MassnchasettB  Oharitable  Eye 
and  Bar  Infirmary,  and  the  modifications  hero  detailed  are  largely  dne  to 
Dr.  Robert  WUlard. 


one  hundred  and  seven  operations  by  suction.  In  some 
of  the  reports  the  results  of  that  year  are  given,  in  others 
the  number  of  operations  is  simply  stated ;  no  selection  in 
either  case  having  been  made.  In  the  65  recorded  cases 
the  results  are  as  follows :  full  success,  46  ;  partial,  18 ; 
loss,  1.  In  five  of  these  cases  vision  was  perfect,  that  is 
ten-tenths. 

Simple  Linear  Extractiost. — In  the  operation  just 
described  the  opaque  lens  substance  was  removed  through 
a  minute  opening,  by  being  made  to  fiow  into  a  vacuum. 
In  that  now  under  consideration  the  same  thing  is  effected 
through  a  larger  opening  and  by  pressure.  It  is  used  for 
the  same  class  of  cases,  viz.,  liquid,  soft,  and  traumatic 
cataracts,  in  those  who  have  not  yet  passed  the  age  of 


Fig.  575. — Straight  Lance  Knife. 

twenty-five  ;  and  is  moreover  applicable  to  shrunken  or 
rudimentary  cataracts,  on  which  suction  would  have  no 
effect.  And  it  is  to  be  borne  in  mind  that,  while  extrac- 
tion by  suction  has  never  yet  found  universal  favor,  or 
been  much  practised  out  of  England  and  America,  linear 
extraction  has  long  and  generally  been  regarded  as  an 
operation  both  justifiable  and  valuable. 

The  instruments  used  in  its  performance  are  a  spring 
speculum,  fixation  forceps,  straight  lance  knife,  cysti- 
tome,  and  Daviel  spoon  (Figs.  575,  576,  577).  Iris  forceps 
and  fine  scissors  should  be  in  readiness,  in  case  it  is  found 
necessary  to  excise  a  prolapse.  The  forceps  may  also  have 
to  be  used  where  a  shrunken  cataract  is  to  be  removed. 

The  patient  is  to  be  in  a  recumbent  position,  and  to 
have  the  pupil  fully  dilated.     Anaesthesia,  either  general 


Fig.  576.— Cystitome. 

or  local,  may  advantageously  be  employed.  Having 
grasped,  withthe  fixation  forceps,  a  fold  of  conjunctiva  to 
the  inside  of  the  cornea,  the  operator  makes  an  incision  with 
the  lance  knife  in  the  corneal  substance,  perpendicular  to 
the  surface  of  this  membrane ,  and  at  a  point  on  its  horizontal 
meridian  either  midway  between  its  centre  and  outer  edge 
or,  if  nearer  the  latter,  at  lea^t  two  millimetres  removed 
from  it.  As  soon  as  the  point  of  the  instrument  has  en- 
tered the  anterior  chamber  its  direction  is  changed,  and 
the  knife  is  pushed  forward  in  a  plane  parallel  to  that  of 
the  iris.  A  wound  of  from  six  to  eight  millimetres  having 
been  made,  the  lance  knife  is  slowly  and  steadily  with- 
drawn, care  being  taken  to  keep  it  always  in  the  same 
plane,  and  thus  avoid  the  too  rapid  escape  of  the  aqueous, 
an  event  which  would  be  followed  by  the  contraction  of 


Fig,  677. — Daviel  Spoon. 

the  pupil.  Owing  to  the  triangular  shape  of  the  knife  it 
is  evident  that  the  inner  wound  must  be  smaller  than  the 
outer,  and  it  is  well  to  attempt  to  equalize  the  two  by  di- 
recting the  point  of  the  lance  either  a  little  upward  or  a 
little  downward,  as  it  is  withdrawn.  But  it  should  never 
be  rotated,  and  should  exert  as  little  pressure  as  possible. 
If  the  capsule  is  opaque,  or  if  we  are  seeking  to  extract 
a  shrunken  cataract,  a  small  sharp  hook,  or  the  iris-for- 
ceps, may  now  be  introduced  through  the  wound,  and  the 
capsule  or  cataract  seized  and  withdrawn.  If,  however, 
we  are  dealing  with  an  ordinary  soft  cataract,  the  next 
step  is  the  opening  of  the  capsule.  The  cystitome  is 
passed  through  the  wound,  by  gently  pressing  it  against 
the  outer  edge,  its  cutting  edge  being  held  parallel  with 
the  face  of  the  cornea.  Once  in  the  anterior  chamber  its 
flat  is  made  to  glide  over  the  front  of  the  cataract,  until 
the  point  at  which  it  is  desired  to  commence  the  capsular 
opening  is  reached.    The  handle  of  the  instrument  is  then 
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turned  so  as  to  have  the  edge  face  the  capsule,  on  which 
a  wound  is  inflicted  by  the  withdrawal  of  the  cystitome 
in  its  new  position,  care  being  taken  that  the  handle  is 
again  rotated  just  before  the  edge  of  the  pupil  is  reached, 
so  as  to  avoid  wounding  the  iris.  If  the  cataract  be  very 
soft  the  cortical  mass  will  now  begin  to  escape,  and  rapidly 
fill  the  anterior  chamber.  Many  operators  content  them- 
selves with  this  single  opening,  which  is  quite  sufficient 
when  a  Graefe's  cystitome  is  used,  as  a  triangular  flap  is 
thus  torn  from  the  capsule.  (This  is  the  instrument  given 
in  Eig.  579.)  If  a  straight  cut  be  made  in  the  capsule  it 
must  be  supplemented  by  another  running  at  a  slightly 
different  angle  ;  a  large  capsular  opening  being  essential 
to  the  entire  removal  of  the  cataract,  as  well  as  the  pre- 
vention of  secondary  capsular  opacity.  Many  of  the 
cataracts  removed  by  this  operation  are  very  thin,  and 
care  must  be  used  not  to  sink  the  point  of  the  cystitome 
so  deeply  in  the  mass  as  to  wound  the  posterior  capsule. 

The  opaque  lens  is  next  to  be  removed  by  pressure. 
At  this  stage  of  the  operation  it  is  better  to  take  out  the 
spring  speculum,  and  to  raise  the  upper  lid  with  the 
thumb  of  the  left  hand.  The  rounded  back  of  the  Daviel 
spoon  is  now  to  be  applied  to  the  portion  of  the  cornea 
that  remains  between  the  opening  and  the  periphery  of 
this  membrane,  and  the  wound  so  made  to  slightly  gape. 
Pressure  thus  judiciously  applied,  aided  by  a  slight 
amount  of  rubbing  in  the  same  region,  will  often  cause 
the  expulsion  of  the  lens  substance.  But  if  this  takes 
place  but  slowly,  or  ceases  altogether,  counter-pressure 
may  be  applied  through  the  upper  lid,  at  the  opposite  side 
of  the  cornea,  by  means  of  the  thumb  that  is  used  to  hold 
the  lid  in  place.  The  pressure  and  counter-prcs.sure  thus 
made  must  be  used  alternately,  with  a  gentle  rocking 
motion,  until  the  last  portion  of  the  cataract  has  emerged 
and  the  pupil  has  taken  on  a  uniformly  black  appearance. 

If  the  nucleus  should  turn  out  larger  or  more  consistent 
than  was  expected,  and  hence  refuse  to  pass  through  the 
wound,  the  Daviel  spoon  may  be  gently  introduced  and 
an  attempt  made  to  extract  it,  either  whole  or  piecemeal. 
Care  must  be  taken  not  to  rupture  the  posterior  capsule, 
as  the  escape  of  vitreous  both  complicates  and  retards 
convalescence,  besides  at  once  interrupting  the  operation 
if  it  occurs  in  its  early  stages.  The  fragments  of  the 
cataract  are  then  often  driven  apart  and  away  from  the 
wound,  and  cannot  in  many  cases  be  collected  or  removed 
without  entailing  a  dangerous  loss  of  the  vitreous  humor. 
If  a  prolapse  of  the  iris  takes  place,  it  may  be  allowed  to 
remain  until  the  cataract  has  been  removed,  when  it  will 
often  return  spontaneously,  or  can  be  made  to  do  so  by 
gentle  rubbing  through  the  closed  lids.  But  if  it  ob- 
stinately retains  its  position,  it  must  be  at  once  excised. 
The  healing  of  this  into  the  wound  might  not  only  alter 
the  corneal  curve,  but  prove  a  source  of  irritation  by  the 
traction  it  would  exert,  thus  giving  rise  to  serious  trouble. 
It  might  also  increase  the  density  of  the  scar.  The  more 
peripheric  the  wound  the  greater  the  danger  of  prolapse. 

Fragments  of  the  cataract  remaining  in  the  pupil 
imbibe  aqireous  humor,  swell,  and  may  thus  give  rise 
to  grave  inflammatory  symptoms  ;  causing  iritis,  and 
delaying  or  preventing  the  healing  of  the  wound.  It 
may.  not  be  always  possible  to  effect  a  complete  removal 
of  these  portions,  owing  to  the  size  of  the  wound,  the  con- 
sistency of  the  cataract,  or  the  lodgement  of  the  smaller 
pieces  in  remote  situations,  inaccessible  to  ordinary  press- 
ure. As  Arlt,  whose  account  of  the  operation  has  largely 
here  been  followed,'  justly  observes,  simple  linear  extrac- 
tion is  by  no  means  as  universally  applicable  in  cases  of 
soft  cataract  as  the  first  accounts  of  the  operation,  given 
by  Graefe,  would  lead  one  to  suppose. 

After-treatment. — After  having  instilled  a  drop  of  a 
solution  of  atropine,  and  ascertained  that  the  lips  of  the 
wound  are  in  proper  coaptation,  as  well  as  that  no  remains 
of  the  cataract  or  coagulated  blood  are  to  be  found  in  the 
conjunctival  sac,  the  eye  is  closed,  and  a  simple  compres- 
sive bandage  applied  over  each  eye,  thus  securing  abso- 
lute repose.  An  elliptical  piece  of  linen  is  first  laid  on 
each  eye ;  on  this  are  placed  little  tufts  of  fine  charpie, 
flattened  into  smalj  disks ;  and  each  orbital  hollow  is 
gradually  built  up  with  these,  laid  the  one  on  the  other. 


and  as  evenly  distributed  as  possible.  The  hand,  passed 
over  the  summit  of  the  heap,  should  not  distinguish  the 
prominence  of  the  eyeball.  This  process  having  been 
completed,  the  whole  mass  should  be  made  to  exert  gentle 
pressure  on  the  eye  by  means  of  a  bandage,  which  may 
be  either  a  simple  cotton  or  flannel  roller,  or,  still  better, 
the  so-called  Liebreich  bandage.  The  simplest  form  of 
this  well-known  appliance  is  a  cotton  band,  about  thirty 
centimetres  long  and  six  wide,  knit  in  small  alternate 
squares,  the  threads  in  adjacent  squares  running  at  right 
angles  to  each  other.  Long  tapes  are  attached  to  each  of 
the  four  corners.  The  peculiar  construction  of  this  band 
ensures  a  considerable  degree  of  elasticity,  and  it  is  held 
in  place  over  the  eyes  by  securing  the  tapes  behind  the 
head,  the  two  upper  being  tied  above,  the  two  lower  be- 
low the  crown.  It  is  well  to  remove  the  bandage  some 
eight  hours  after  the  operation,  gently  sponge  tJEie  outer 
surface  of  the  lids,  and  apply  a  fresh  dressing.  If  no 
pain,  swelling,  or  excessive  lachrymation  be  present, 
nothing  will  be  gained  by  opening  and  examining  the  eye. 
At  the  end  of  twenty-four  hours,  during  which  time  the 
pa,tient  has  been  kept  in  a  recumbent  position,  it  wiU  be 
well  to  open  the  eye  and  instil  a  drop  of  a  solution  of 
atropine.  The  bandage  is  now  to  be  changed  once  a  day 
for  three  or  four  days,  when  it  may  be  removed  altogether 
and  a  shade  over  both  eyes  substituted.  After  the  first 
day  the  patient  may  leave  his  bed.  As  the  redness  slowly 
disappears,  more  light  may  be  admitted,  and  moderate 
use  of  the  eyes  allowed.  It  must  be  remembered  that  the 
wound  requires  several  days  to  consolidate,  and  that  dur- 
ing this  time  it  is  no  difiicult  thing  to  separate  its  edges. 

Local  pain,  redness,  and  increasing  photophobia  are 
evidences  of  excessive  reaction.  The  bandage  may  then 
be  removed  and  cold  compresses  substituted,  leeches  ap- 
plied to  the  temple,  and  even  subcutaneous  injections  of 
morphine  made  in  the  same  region  if  the  suffering  is  con- 
siderable. The  bowels  must  be  kept  open.  If  none  of 
these  measures  give  relief,  the  aqueous  humor  is  to  be 
evacuated ;  better,  according  to  Arlt,  through  a  peri- 
pheric puncture,  than  by  reopening  the  original  wound. 
In  spite  of  all  these  precautions,  irido-cyclitis  may  ensue, 
and  even  give  rise  to  sympathetic  affection  of  the  remain- 
ing eye.     Such  cases  are,  happily,  very  infrequent. 

We  now  come  to  the  consideration  of  one  of  the  most 
important  operations  on  the  eye — that  for  the  removal  of 
senile  cataract.  It  is  proper  to  consider  it  immediately 
after  linear  extraction,  just  described,  inasmuch  as  the 
most  approved  method  now  in  use  is  that  of  peripheric 
linear  extraction  ;  a  proceeding  somewhat  allied  to  the 
foregoing,  and  the  general  adoption  of  which  has  resulted 
in  the  virtual  abandonment  of  flap  extraction,  so  univer- 
sally practised  less  than  a  generation  ago.  Before,  how- 
ever, commencing  the  discussion  of  this  method,  it  is 
desirable  to  consider  one  or  two  plans  that  have  been  re- 
cently proposed  for  the  artificial  ripening  of  senile  cata- 
racts, the  formation  of  which  proceeds  with  unusual  slow- 
ness. This  delay  in  the  growth  of  cataract  has  been 
alluded  to  in  an  earlier  portion  of  this  article.  In  many 
cases,  as  was  there  stated,  it  proves  a  serious  misfortune 
to  the  patient.  All  power  of  using  either  eye  on  near  ob- 
jects may  be  gone  ;  it  may  even  be  difficult  for  the  in- 
dividual to  move  about  unattended,  especially  in  strange 
places,  and  he  may  thus  become  a  burden  to  his  family. 
Meanwhile  the  cortical  substance  still  retains  a  portion  of 
its  transparency.  The  best  years  of  life  are  passing  away, 
or  those  dependent  on  the  patient  may  be  reduced  to 
poverty  in  consequence  of  his  inability  to  continue  their 
support.  Something  ought,  under  such  circumstances, 
to  be  done ;  and  the  alternative  to  removing  an  unripe 
cataract  is  the  artificial  production  of  maturity. 

Two  methods  alone  are  regarded  at  the  present  day  as 
offering  ordinary  chances  of  safety.  The  first  is  that  pro- 
posed by  Professor  Forster,  of  Breslau,  in  1881,  and  con- 
sists in  the  performance  of  an  iridectomy  upward,  to- 
gether with  the  rubbing  of  the  cornea,  over  the  face  of  the 
lens,  with  the  angle  of  a  strabismus-hook.  There  being 
no  anterior  chamber,  the  pressure  is  directly  applied  to 
the  lens  through  the  intervening  cornea.  "  The  effect  in 
ripening  the  cataract,"  says  Forster,  "  is  frequently  to  in- 
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teiTupt  the  entire  reflex  from  the  fundus  within  six  clays. 
In  from  six  to  eight  weeks  at  fartliest  the  cataract  entirely 
matures."  At  the  time  of  his  bringing  out  this  method 
he  had  practised  it  some  five  years  and  in  about  one  hun- 
dred and  fifty  cases.  He  considered  it  chiefly  applicable 
in  cases  of  senile  cataract  with  hard  nucleus,  and  partially 
opaque  cortical ;  but  advised  that  it  be  not  employed  in 
posterior  polar  cataract.  He  warned  against  using  a 
pressure,  on  the  one  hand,  so  light  as  not  to  hasten  the 
cortical  opacity,  and  on  the  other  so  extreme  as  to  rupture 
the  zonula.  Recently  Dr.  Charles  Bull,  of  New  York,  has 
given  an  analysis  of  thirty  cases,  in  which  he  employed 
this  method.  In  addition  to  the  rupture  of  the  zonula, 
which  may  be  produced  by  too  strong  pressure,  he  alludes 
to  another  consequence,  "a  striated  or  radiating  opacity 
of  the  cornea,  which  seems  to  be  confined  to  the  anterior 
layers,  frequently  remains  for  a  long  period,  and  fades 
out  but  slowly."  He  also  recommends  a  rotatory  rubbing 
or  massage.  Slight  iritis  has  been  observed  to  follow  the 
operation  -by  several  observers,  including  the  present 
writer.  In  Dr.  Bull's  series,  iritis  occurred  five  times. 
All  his  cases  were  successful,  vision  ranging  between  J§ 
and  1%  in  all  but  three,  in  which  it  was  under  -.^'^r.  The 
average  duration  of  the  confinement,  after  the  first  opera- 
tion, was  five  days. 

The  second  metliod  of  artificially  ripening  a  cataract 
was  alluded  to  by  Forster  when  he  brought  forward  the 
operation  above  described.  It  had  been,  he  said,  observed 
by  Snellen  that  a  simple  iridectomy  would  sometimes 
hasten  the  progress  of  lenticular  opacity.  This  he  con- 
firmed from  his  own  experience.  In  a  recent  publication 
Jakobson  again  calls  attention  to  this  fact.  "It  is  well 
known,"  he  says,  "  that,  up  to  within  a  short  time,  peo- 
ple half  blind  were  obliged  for  months,  and  sometimes 
even  for  years,  to  rely  on  extraneous  aid.  By  the  per- 
formance of  an  iridectomy  we  are  now  enabled  to  offer 
them  a  prospect  of  sight  within  three  months." '"  He  goes 
on  to  say  that  his  experience  with  FSrster's  operation  has 
been  unfortunate,  iritis  and  inflammatory  thickening  of 
the  anterior  capsule  having  occurred  in  his  practice.  An 
iridectomy  alone,  in  cases  of  unripe  cataract,  has  been 
followed  by  inflammatory  reaction,  yielding,  however, 
readily  to  atropine  and  fomentations. 

Of  these  two  methods  the  second  is  undeniably  safer, 
as  offering  less  instrumental  interference  with  the  eye.  It 
possesses  the  advantage  of  being,  in  itself,  one  of  the  steps 
in  peripheric  linear  extraction,  and  its  anterior  perform- 
ance leaves  just  so  much  less  to  be  done  when  the  cataract 
is  finally  removed.  The  practical  objection  to  it  is  the 
fact  that  it  subjects  the  patient  to  two  operations  on  the 
eye,  instead  of  one ;  two  confinements  with  both  eyes 
bandaged  in  a  darkened  chamber.  The  effect  of  all  this 
on  the  general  health  and  morale  of  the  individual  will 
vary  in  different  cases  ;  and  therefore  renders  it  impossi- 
ble to  lay  down  any  fixed  rule  with  regard  to  the  pro- 
priety of  producing  artificial  maturity.  All  that  can  be 
said  "is,  that  in  ordinary  cases  of  slow  growth,  the  per- 
formance of  the  additional  operation  would  seem  a  lesser 
evil  than  weaiy  months  of  waiting  for  natural  ripening. 

A  few  general  remarks  with  regard  to  the  extraction  of 
senile  cataract  may  fitly  precede  the  descriptions  of  the 
various  operations  devised  for  this  purpose.  And  first 
with  regard  to  the  induction  of  ansesthesia.  On  this  point 
there  has  been  much  difference  of  opinion,  its  use  having 
been  comparatively  general  in  this  country,  but  far  less 
frequent  on  the  Continent  of  Europe.  The  experience  of 
the  present  writer  has  convinced  him  that  the  state  of  an- 
aesthesia throws  appreciable  obstacles  in  the  way  of  a 
successful  extraction,  and  that  its  regular  employment 
tends  to  diminish  the  number  of  favorable  results  that 
would  otherwise  be  obtained.  This  opinion  is  based  on 
several  grounds.  The  necessity  of  fasting  before  the  ad- 
ministration of  the  ether  or  chloroform,  and  the  inability 
to  retain  nourishment  for  some  time  afterward,  have  a 
depressing  eft'ect,  especially  on  the  aged  and  feeble.  The 
amount  of  congestion  induced  in  many  by  the  inhalation 
of  ether,  encourages  hffimorrhage  and  embarrasses  the 
performance  of  the  operation.  The  patient's  ability  to 
move  his  eye  at  will  being  lost  during  antesthesia,  every 


needed  motion  has  to  be  given  to  the  eye  by  traction  with 
the  fixation  forceps,  inflicting  a  fresh  bruise  at  every  ap- 
plication, and  sometimes  leading  to  a  loss  of  vitreous. 
The  collapse  due  to  anaisthesia  annuls  tension  and  ren- 
ders the  removal  of  cortical  fragments  proportionally 
difiicult.  After  the  operation  the  patient  is  incapable  of 
giving  information  with  regard  to  the  clearness  of  his  ac- 
quired sight,  and  moreover  loses  the  moral  support  of 
having  once  seen,  a  support  well  calculated  to  cheer  the 
succeeding  dark  days  of  convalescence.  The  surgeon, 
too,  is  thus  deprived  of  important  knowledge  with  regard 
to  the  result  of  the  efforts  he  has  made  to  clear  the  pupil. 
Finally,  the  nausea  that  so  often  comes  on  as  the  effect 
of  the  ether  passes  off,  the  retching  and  vomiting,  that 
sometimes  endure  for  hours,  can  only  have  an  injurious 
effect  on  an  eye  so  recently  laid  open,  besides  rendering 
the  patient  unable  to  take  nourishment  and  depressing 
his  morale.  To  ascertain  whether  these  objections  were 
more  than  theoretical,  two  series  of  cases  were  operated 
on,  a  certain  number  with  and  an  equal  number  without 
ether.  Each  series  consisted  of  one  hundred,  and  the 
great  difference  in  the  percentage  of  success  was  wholly 
in  favor  of  the  non-administration  of  the  anaesthetic. 

This  discussion,  however,  becomes  less  important  in  the 
face  of  a  discovery  published  while  this  article  is  in  the 
course  of  preparation.  Cocainum  muriaticum,  a  prep- 
aration made  from  the  alkaloid  of  Erythroxylon  coca, 
dissolved  in  distilled  water  in  a  four  per  .cent,  strength 
(0.2  to  aq.  dest.,  5.0),  and  dropped  into  the  conjunctival 
sac,  produces  local  anaesthesia  within  five  minutes,  espe- 
cially if  twice  applied  during  this  time.  The  observation 
was  originally  made  by  KoUer,  in  Vienna,  and  demon- 
strated by  Brettauer  at  the  Heidelberg  Congress,  Sep- 
tember 14,  1884.  This  renders  the  production  of  general 
insensibility  no  longer  necessary  in  operations  for  cata- 
ract. Generally  three  minutes  after  the  second  applica- 
tion the  eye  loses  all  sensitiveness.  If  the  application  of 
the  fixation-forceps  is  felt,  however,  a  third  application 
is  quickly  followed  by  entire  anaesthesia.  After  the  cor- 
neal cut  has  been  completed,  and  before  proceeding  to 
the  excision  of  the  iris,  it  is  well  to  make  a  fresh  instilla- 
tion of  the  solution ;  and  even  to  slightly  depress  the 
upper  lip  of  the  wound,  in  order  that  a  little  may  enter 
the  anterior  chamber,  and  ensure  anaesthesia  of  the  iris. 
Should  the  operation  prove  a  protracted  one,  the  applica- 
tions should  be  renewed  at  intervals  of  a  few  minutes 
until  its  conclusion. 

A  very  important  question  next  arises,  as  to  whether 
the  eye  shall  be  prepared  for  the  removal  of  the  cataract 
by  the  dilatation  of  the  pupil,  as  was  formerly  the  usual 
custom.  This  practice  was  generally  continued*  after 
the  operation  of  flap  extraction  had  given  way  to  that  in- 
troduced by  Graefe.  The  arguments  for  the  instillation 
of  atropine  before  extraction  were,  in  brief,  that  there 
would  be  more  room  for  the  knife,  in  its  passage  across 
the  anterior  chamber  ;  that  its  point  would  be  less  likely 
to  catch  in  the  iris,  and  a  wound  or  dialysis  would  conse- 
quently more  seldom  follow ;  and  that  the  secondaw  dila- 
tation that  ensues  on  the  re-establishment  of  the  anterior 
chamber,  would  tend  to  keep  the  edge  of  the  iris  clear  of 
any  fragments  of  cortical  substance  that  might  remain  be- 
hind, and  lessen  the  likelihood  of  a  closed  pupil  and  of  a 
secondary  cataract.  It  began,  however,  by  degrees  to  be 
found  that,  whefe  mydriasis  had  not  been  induced,  it  was 
easier  to  replace  the  iris  after  extraction,  and  thus  prevent 
its  healing  into  the  corners  of  the  wound.  To  pl-event 
this  accident  it  was  even  advised  to  apply  a  solution  of 
eserine,  after  the  lens  was  removed."  Acting  on  this 
hint,  the  present  writer  has  been  in  the  habit  of  applying 
the  eserine  an  hour  before  the  operation.  At  the  time  of 
its  performance  there  is  then  found  a  considerable  con- 
traction of  the  pupil,  which  does  not  in  the  least  interfere 
with  extraction,  and  which  yields  when  the  anterior 
chamber  is  re-established.  It  then  exerts  on  the  iris  a 
degree  of  traction  that  reduces  to  a  minimum  the  danger 
of  its  healing  into  the  corners  of  the  wound,  and  would 
even  seem  to  render  this  complication  less  frequent  than 
formerly.  This  contraction  of  the  pupil  readily  yields  to 
atropine,  should  it  be  found  necessary  to  employ  it  dur- 


800 


EEPERENCE  HANDBOOK   OP   THE  MEDICAL  SCIENCES. 


Cataract. 
Cataract. 


ing  the  after-treatment.  Eserin.  salicylat.  rubbed  up  with 
vaseline  in  the  strength  of  one  per  cent. ,  will  be  found  a 
convenient  preparation  to  use,  on  account  of  its  being  less 
affected  by  time  than  the  ordinary  solution.  The  appli- 
cation of  eserine  is  sometimes  followed  by  slight  tempo- 
rary pain,  and  is  hence  contra-indicated  at  the  time  of  the 
operation.  Its  use  has  been  objected  to  on  the  ground 
that  the  tendency  to  a  loss  of  vitreous  might  be  increased, 
but  this  theory  has  been  proved  unfounded. 

The  advantages  of  operating  on  senile  cataract  in  an 
establishment  especially  arranged  for  the  purpose,  have 
already  been  alluded  to.  Should  this  course  be  adopted, 
it  is  well  to  have  the  patient  occupy  his  room  the  night 
before  the  operation  is  performed.  A  certain  amount  of 
acquaintance  with  the  bed,  the  surroundings,  and  the  at- 
tendants is  thus  acquired  before  the  bandage  that  pre- 
vents all  use  of  the  eyes  for  several  days,  has  been  finally 
applied.  Another  advantage  is  that  there  may  often  be 
met,  in  the  same  place,  some  convalescent  who  has  al 
ready  passed  through  the  operation,  and  who  can  be 
brought  in  contact  with  the  intending  patient.  A  few 
words  of  encouragement  from  such  an  individual  will 
often  do  more  to  dispel  apprehension  and  establish  confi- 
dence than  anything  coming  from  the  surgeon  himself. 

If  a  trained  and  experienced  nurse  be  present,  the  ser- 
vices of  a  professional  assistant  may  readily  bo  dispensed 
with.  The  patient  awaits  the  surgeon  in  bed  and  un- 
dressed. As  the  ban- 
dage to  be  applied  K 
after  the  operation 
is  monocular,  the 
eye  that  is  not  to  be 
touched  is  closed  by 
several  short  strips 
of  isinglass-plaster, 
crossing  each  other. 
A  short  preliminary 
drill  in  turning  the 
eye  in  any  given 
direction,  without 
any  corresponding 
movement  of  the 
head,  will  be  found 
of  much  use ;  the 
patient  being  di- 
rected to  roll  the  eye 
up,  down,  or  to 
either  side  at  the  re- 
quest of  the  opera- 
tor ;  being  also  cau- 
tioned, the  while,  to 
avoid  straining,  and 
to  breathe  easily  and 
naturally.  In  the 
case  of  very  deaf  people  it  is  well  to  arrange  a  little  code 
of  signals  in  advance,  a  tap  on  the  forehead  being  under- 
stood to  mean  a  direction  to  look  up,  one  on  the  chin  to 
look  down.  Under  ordinary  circumstances  the  duty  of 
the  nurse  is  confined  to  handing  the  iced  sponges  as  they 
are  needed,  and  supporting  the  head  while  the  bandage  is 
being  applied. 

Pebiphekio  LinTeab  Extraction. — This  is  commonly 
known  as  the  method  of  Graef  e.  The  instruments  needed 
are  a  spring-speculum,  fixation-forceps,  elevator,  Graefe 
extraction  knife  (Fig.  578),  cystitome  and  rubber  spoon 
(Figs.  579  and  580),  Daviel  spoon,  iris-forceps  and  scis- 
sors, and  a  small,  straight,  flexible  rubber  spatula  (Pig. 
581).  A  few  bits  of  soft  sponge,  floating  in  ice-water,  are 
also  required,  as  well  as  charpie,  bandages,  etc. 

The  surgeon  stands  at  the  head  of  the  bed,  a,nd  should 
be  able  to  operate  on  the  right  eye  with  the  right  hand, 
on  the  left  with  the  left.  Local  ansesthesia  having  been 
fully  brought  about,  he  introduces  the  spring-speculum 
and  locks  it  in  place,  being  careful  not  to  stretch  the  lids 
to  a  distressing  extent.  Requesting  the  patient  to  look 
up,  he  firmly  grasps  the  eye  with  the  fixation-forceps,  a 
little  below  the  cornea.  Holding  the  knife  with  its  edge 
up,  he  now  proceeds  to  make  the  cut.  The  accomplish- 
ment of  this  is  not  without  its  difllculties,  and  demands  a 
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Fig.  582. — Ideal  Peripherio 
Linear  Cnt.  (CorneaL 
diameter  12  mm.)  am^  cn^ 
tangents  to  the  horizontal 
diameter  m  n  ;  de,  tan- 
gent to  the  vertical  diam- 
eter; a,  point  of  punct- 
ure ;  a,  6,  line  of  direction 
of  back  of  knife  at  time  of 
puncture ;  c,  point  of 
counter-puncture ;  a.  <2, 
A',  c,  c,  couree  of  conjunc- 
tival wound ;  a,  c,  course 
of  comea-scleral  wound 
on  outer  surface  of  sclera. 


careful  description.  It  can  best  be  understood  by  refer- 
ence to  the  following  diagram  (Pig.  582),  taken  from 
Arlt.'"  The  knife  is  entered,  with  its  blade  up,  at  the 
point  a,  one  and  one-half  millimetres  from  the  corneal 
edge,  and  two  millimetres  below  a  tangent  to  the  upper 
corneal  periphery  on  the  temporal  side,  and  directed  at 
first  toward  the  point  b,  situated  downward  and  inward 
from  the  pupil.  Having  been  carried  steadily  forward 
some  six  to  eight  millimetres  in  the 
direction  of  this  point,  the  handle 
is  lowered,  the  point  of  the  knife 
directed  to  that  of  counter-punct- 
ure c,  pushed  forward,  and  made 
to  emerge  at  this  place.  The 
wound  to  be  inflicted  will  thus  be 
some  twelve  millimetres  in  length. 
It  is  better  now  to  remove  the 
fixation  forceps,  thus  avoiding  the 
danger  of  undue  pressure,  and  to 
request  the  patient  to  look  down. 
The  wound  is  completed  by  a  saw- 
ing movement  of  the  knife,  alter- 
nately advancing  and  withdraw- 
ing it  a  little,  directing  its  cutting 
edge  toward  the  point  at,  or  just 
behind,  the  upper  corneal  edge, 
where  it  is  intended  that  it  should, 
emerge  (Fig.  583).     No  attempt 

should  be  made  to  divide  the  conjunctiva  until  the  scleral 
cut  is  complete.  The  blade  of  the  knife  may  then  still 
be  directed  upward,  but  a  little  outward,  and  a  conjunc- 
tival flap  formed  some  two  or  three  millimetres  in  height. 
Raising  the  handle  of  the  knife  abruptly,  from  the  temple, 
is  advised  by  Arlt  as  facilitating  this.  It  will  be  seen 
that  this  is  not  strictly  a  linear  wound,  as  originally  in- 
tended by  Graefe,  so  that  the  title  of  the  operation  is,  to 
some  extent,  a  misnomer.  But  the  conjunctival  flap  can 
only  be  formed  when  the  cut  is  made  as  above  described, 
and  the  advantages  of  this  flap  as  a  protection  to  the 
scleral  wound  are  at  once  evident.  A  curved  cut  is,  more- 
over, longer  than  a  linear  one.  The  external  cut  being 
twelve  millimetres  in  length,  the  inner  one  would  meas- 
ure from  nine  to  ten  millimetres,  and  as  the  diameter  of 
the  lens  rarel.  exceeds  nine  millimetres,  there  is  sufficient 
room  for  its  emergence. 

Should  there  be  considerable  haemorrhage  from  the 
conjunctival  flap  or  the  scleral  wound,  filling  the  anterior 

chamber  and  obscuring 
the  view  of  the  iris,  it  is 
better  to  temporarily  re- 
move the  specu- 
lum and  hold  soft 
iced    sponges   in 
gentle    contact 
with  the  closed  lids.     In 
a  few  minutes  the  bleed- 
ing will  cease,  the  eye 
can  be  again  opened,  the 
speculum  reinserted,  and 
the  coagulated  blood  re- 
moved with  iris  forceps. 
Ordinarily,  however,  we 
proceed  directly  to  the 
.  ,    .  ,    second  step  in  the  ppera- 
FiQ.583.-(From  Michel's  iMrtMcft.)   y^jj^  the  iridectomy: 

It  is  better  to  accomplish  this  without  resuming  fixa- 
tion. The  iris  scissors  are  taken  in  the  right  hand,  the 
forceps  in  the  left.  The  patient  being  directed  to  look  down, 
the  conjunctival  flap  is  lifted  with  the  forceps  and  laid 
backward  over  the  cornea.  The  iris  is  now  seized  at  its 
pupillary  edge,  the  forceps  being  well  carried  over  toward 
the  end  of  the  wound  at  the  operator's  right,  withdrawn, 
lifted  forward,  and  a  straight  cut,  or  rather  split,  made  in 
its  tissue  from  the  pupillary  to  the  ciliary  edge;  it  is 
then  drawn  over  toward  the  opposite  corner  of  the 
wound,  being  divided  as  it  is  thus  drawn  by  repeated 
strokes  of  the  scissors,  and  the  piece  finally  completely 
excised  by  passing  the  scissors  on  the  other  side  of  the 
forceps  and  repeating  the  first  cut  from  the  pupillary  edge 
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backward.  A  coloboma  of  from  four  to  eight  millimetres 
in  extent  is  thus  formed.  Professor  Arlt,  whose  method 
of  executing  the  iridectomy  is  here  closely  followed,  ad- 
vises strongly  against  tearing  the  iris  from  its  ciliary  at- 
tachment, rather  than  cutting  it  as  just  described.  By 
following  the  latter  course  hsemorrhage  is  far  less  likely 
to  occur.  The  edges  of  the  coloboma  are  to  converge 
toward  the  pupil,  and  if  considerable  iris  tissue  is  left  m 
the  corners  of  the  wound  it  is  to  be  separately  excised. 
At  this  stage  it  is  often  advised  to  replace  small  prolapses 
of  iris  at  the  wound  angles  with  the  rubber  spatula  ;  but 
as  the  delivery  of  the  lens  is  almost  certain  to  be  followed 
by  their  recurrence,  it  is  better  to  wait  until  this  has  taken 
place  and  the  pupil  been  cleared.  Haemorrhage  may 
now,  if  at  all  embarrassing,  be  controlled  in  the  manner 
formerly  described. 

Opening  of  t'b.e  Capsule. — Careful  watch  should  be  kept 
over  the  amount  of  pressure  which  the  spring  speculum 
exerts  on  the  eye.  If  this  organ  be  unusually  prominent, 
or  the  straining  of  the  patient  excessive,  the  speculum  may 
be  slightly  lifted  off  by  the  unoccupied  hand  of  the  oper- 
ator ;  or  even  removed  altogether  and  an  elevator  sub- 
stituted. Fixation,  which  has  been  dispensed  with  since 
the  performance  of  the  first  step  in  the  operation,  is  not 
again  to  be  employed. 

A  word,  in  passing,  on  this  subject.  Sxiffioient  stress 
has  hardly  ever  been  laid  on  the  injurious  effect  on  the 
eye  of  prolonged  fixation.  Each  grasp  of  so  delicate  and 
sensitive  a  member  with  this  rude  instrument  (toothed  or 
serrated  forceps),  causes  ciliary  injection  and  acts  as  a 
local  bruise,  the  multiplication  of  which  may  well  tend  to 
complicate  or  retard  the  healing  process.  Becker's  re- 
marks, in  this  connection,  are  most  instnictive.  He  says, 
' '  seizure  of  the  conjunctiva  bulbi,  either  alone  or  with 
the  addition  of  the  tendon  of  the  rectus  inferior,  is  ordi- 
narily looked  upon  with  indifference.  And  yet  an  appre- 
ciable injury  is  only  too  often  thus  inflicted.  Though 
the  fixation-forceps  be  used  in  the  most  careful  manner, 
the  point  which  they  seize  becomes  for  days  the  seat  of  a 
defined  redness.  If  the  teeth  of  the  forceps  are  very  sharp, 
the  patient  restless,  and 'the  conjunctiva  fragile,  as  is  often 
the  case  with  the  aged,  bleeding  follows,  and  the  tissue 
may  even  tear."  Speaking  later  of  the  wrenching  given 
the  cornea,  ciliary  body  and  iris,  by  drawing  down  the 
eye  after  the  cut  has  been  completed,  he  observes  ' '  the 
more  or  less  perfect  manner  in  which  these  secondary  in- 
juries are  avoided  goes  very  far  to  determine  the  varying 
success  met  with  by  operators  of  otherwise  equal  skill."  '* 

The  cystitome  is  introduced  flatwise,  at  one  corner  of 
the  wound,  pushed  forward  until  its  extremity  comes  op- 
posite the  lower  edge  of  the  pupil,  then  turned  With  its 
cutting  edge  toward  the  face  of  the  capsule,  and  drawn 
gently  upward  to  the  edge  of  the  wound.  To  secure  a 
free  opening  it  is  better  to  introduce  it  a  second  time, 
apply  it  at  a  point  on  one  side  of  that  first  selected,  and 
again  draw  it  upward  in  a  line  diverging  from  the  previ- 
ous one.  Care  should  be  taken  to  exert  little  or  no  press- 
ure backward,  for  fear  of  causing  dislocation  of  the  lens. 
If  the  eye  be  deep  set  it  will  be  necessary  to  bend  the 
stem  of  the  instrument  at  an  angle,  some  seven  milli- 
metres from  its  point.  Should  the  anterior  chamber  be 
filled  with  blood  that  cannot  be  cleared  away,  the  cysti- 
tome must  still  be  used  in  the  region  of  the  supposed 
pupil ;  butlt  is  well,  under  such  circumstances,  to  some- 
what-restrict its  excursions. 

Arlt  prefers,  to  the  ordinary  cystitome  of  Graefe,  a 
sharp  iris-hook  with  a  flexible  stem.  In  cases  in  which  the 
capsule  is  opaque  there  is  no  doubt  but  that  this  mem- 
brane may  be  better  seized  with  such  an  instrument,  and 
brought  to  the  edge  of  the  wound,  where  it  can  be  re- 
moved with  scissors.  The  use  of  the  hook  demands, 
however,  special  dexterity  on  the  part  of  the  operator. 

Deliiiery  of  the  Lens. — We  come  now  to  one  of  the 
most  critical  portions  of  the  operation,  during  which  the 
escape  of  vitreous  is  most  to  be  dreaded.  Should  this 
accident  happen  in  the  shape  of  a  sudden  gush,  it  is  de- 
sirable to  immediately  close  the  eye.  The  withdrawal  of 
the  spring  speculum  takes  time,  as  it  has  to  be  first  im- 
locked  and  then  carefully  removed  from  under  the  two 


lids  separately,  and  without  tilting  over  the  cartilage  of 
the  upper  lid,  a  common  occurrence.  It  has,  therefore, 
long  been  the  practice  of  the  writer  to  remove  the  specu- 
lum, before  proceeding  to  the  delivery  of  the  lens  ;  and 
either  to  raise  the  upper  lid  with  the  forefinger  of  the  left 
hand,  or  else  to  lift  it  by  means  of  a  simple  elevator,  which 
can  be  instantly  slipped  out  if  occasion  demands.  To 
effect  the  removal  of  the  lens  the  patient  is  first  directed 
to  look  down,  and  to  keep  his  gaze  fixed  in  this  direction. 
Much  difficulty  is  occasionally  experienced  in  keeping 
this  up,  the  eye  exhibiting  a  tendency  to  roll  upward. 
In  such  cases  it  may  be  found  advantageous  to  place  one 
of  the  patient's  hands  outside  the  bedclothes,  and  then 
request  him  to  look  persistently  in  its  direction.  It  may 
serve  to  fix  his  attention  if  the  nurse  smartly  taps  the 
hand,  from  time  to  time.  By  getting  the  patient  to  look 
down  we  are  able  to  exert  pressure  against  the  eye  through 
the  lower  lid,  and  to  thus  escape  the  necessity  of  bringing 
any  instrument  in  direct  contact  with  the  eyeball.  The 
convexity  of  the  Daviel  spoon  or  the  back  of  a  large  hard- 
rubber  spoon  is  laid  against  the  outside  of  the  lower  lid ; 
pressed  gently,  at  first  backward  and  then  upward,  and 
then,  if  the  lens  shows  a  tendency  to  emerge  and  the  edge 
presents  itself  at  the  wound,  used  to  assist  its  expulsion 
by  gently  rubbing  upward.  Should  the  eye  roll  up,  the 
pressure  must,  of  course,  be  applied  directly  to  the  eyeball. 
The  moment  half  the  lens  has  passed  through  the  wound, 
pressure  is  to  be  lessened,  but  not  omitted,  until  the  en- 
tire crystalline  has  emerged.  If,  in  spite  of  judicious 
pressure,  the  lens  fails  to  present  itself  at  the  wound  ;  or, 
having  presented  itself,  to  advance,  the  first  thing  to  do 
is  to  repeat  the  opening  of  the  capsule,  a  delicate  and 
often  difficult  proceeding. 

The  lens  once  removed,  the  lids  may  be  suffered  to  close 
and  the  patient  to  rest  a  few  moments.  Sponges  dipped 
in  cold  water  may  be  applied  to  the  eye  externally,  and 
frequently  changed.  When  the  eye  is  again  opened,  the 
pupil  is  to  be  carefully  examined.  If  lens-fragments  or 
coagula  occupy  its  area,  they  may  be  expelled  by  repeating 
the  manoeuvre  for  the  removal  of  the  lens,  rubbing  upward 
while  the  patient  looks  down.  They  should,  however, 
first  be  collected  in  the  centre  of  the  pupil  by  closing  the 
eye  and  rubbing  gently  over  its  convexity,  in  a  circular 
direction,  with  the  point-  of  the  forefinger.  If  the  cloudi- 
ness is  evidently  due  to  opaque  capsule,  it  is  better  to 
leave  it  alone,  and  trust  for  its  removal  to  a  secondary 
operation.  Incising  It  with  a  cystitome  or  sharp  hook, 
as  is  .sometimes  advised,  would  lead  to  an  escape  forward 
of  vitreous,  and  might  complicate  recovery.  When  the 
pupil  is  apparently  clear,  vision  must  be  tested.  If  the 
answers  are  unsatisfactory,  if  the  patient  cannot  count  or 
name  the  fingers  held  before  him,  his  head  of  course  be- 
ing turned  away  from  the  light,  the  rubbing  must  be  re- 
newed. No  inspection  of  the  pupil  by  the  surgeon  gives 
information  comparable  to  the  actual  exercise  of  vision  by 
the  patient  himself ;  nor  should  the  bandage  be  applied 
until  the  sight  seems  reasonably  good.  If,  indeed,  there 
were  no  other  reason  for  this  course,  the  advantage  of  the 
moral  effect  produced  on  the  patient  can  scarcely  be  over- 
rated. 

The  corners  of  the  wound  must  now  be  carefully  ex- 
amined to  see  whether  iris  tissue  has  become  incarcerated 
there.  Should  this  be  the  case  the  flat  rubber  spatula 
may  be  used  for  its  replacement,  pushing  it  first  out  of  the 
wound,  and  then  gently  patting  or  spreading  it  out  in  its 
proper  position.  The  importance  of  thus  clearing  the 
wound,  as  well  as  the  danger  of  allowing  a  prolapse  of 
iris  to  heal  into  the  cut,  can  scarcely  be  exaggerated.  As 
soon  as  the  anterior  chamber  has  become  re-established 
the  influence  of  the  eaerine  will  again  be  asserted,  and 
offer  an  additional  safeguard  against  this  accident.  After 
the  remains  of  the  cataract  and  coagulated  blood  have 
been  removed  from  about  the  wound  and  from  the  con- 
junctival sac,  by  means  of  the  edge  of  a  bit  of  soft  linen 
or  a  similar  fragment  of  sponge,  the  conjunctival  flap 
is  to  be  carefully  lifted  into  place  by  the  iris  forceps  and 
the  eye  closed  ;  care  being  taken  that  the  upper  lid,  in 
its  descent,  does  not  reverse  the  flap. 

Accidents  during  the  Operation. — The  most  dreaded  is 
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the  escape  of  vitreous.  This  may  be  due  to  a  faulty  posi- 
tion of  the  wound,  to  intraocular  disease  resulting  in  ab- 
normal fluidity  of  this  humor,  or  to  the  employment  of 
undue  pressure  in  expelling  the  cataract.  While  the 
moderate  loss  of  vitreous  may  be  simply  followed  by  a 
lengthened  and  irritable  convalescence,  its  escape  in  any 
considerable  quantity  is  apt  to  entail  retinal  separation, 
choroidal  disease,  or  even  general  inflammation  of  the 
eyeball.  The  accident  is  characterized  by  the  appear- 
ance in  the  wound  of  a  transparent  viscid  fluid.  If  it 
occurs  immediately  after  the  completion  of  the  cut  the 
iris  is  to  be  quickly  excised.  The  removal  of  the  lens 
has  now  to  be  efEected,  With  as  little  further  escape  of  the 
humor  as  possible.  Any  pressure  would,  of  course,  in- 
crease this  tendency.  No  attempt  is  to  be  made  to  open 
the  capsule,  and  the  lens  is  to  be  removed  by  traction 
with  an  appropriate  instrument.  For  this  purpose  the 
writer  has  always  employed  Critcheft's  scoop  (Fig.  584), 
an  instrument  that  combines  lightness  with  flexibility, 
and  effects  reliable  traction  ;  occupying  the  while  com- 
paratively little  space  in  the  eye,  and  distending  the  edge 
of  the  pupil  but  slightly.  Its  employment  demands  a 
ctuick  eye  and  a  steady  hand.  If  the  eye  is  deep  set  the 
instrument  is  to  be  somewhat  bent,  and  is  then  to  be  in- 
troduced with  the  patient  looking  down,  and  in  such  a 
direction  that  its  edge  slips  behind  the  periphery  of  the 
lens.  It  is  now  quickly  passed  down  until  its  lower  rim 
is  thought  to  be  opposite  the  base  of  the  lens,  the  handle 
is  then  to  be  sharply,  but  gently,  inclined  backward,  and 
the  instrument  at  the  same  time  drawn  up  and  out  of  the 
eye,  bringing  the  lens  with  it.  This  mancBuvre  bears  a 
distant  resemblance  to  that  by  which  a  lever  pries  a  stone 
out  of  the  ground.  A  gush  of  vitreous  generally  occurs 
at  the  instant  the  lens  emerges ;  the  eye  is,  therefore,  to 
be  instantly  closed  and  dressings  applied.     The  lens  is 


Fig.,  584. — Critchett's  Scoop, 

thus  extracted  in  its  capsule,  and  subsequent  vision  is 
apt  to  be  unusually  clear  and  distinct  in  cases  in  which 
a  good  recovery  is  made. 

Where,  after  the  operation,  vitreous  simply  projects  at 
the  edge  of  the  wound,  separating  its  lips,  some  advise  ex- 
cision of  the  prolapsed  portion  with  fine  sharp  scissors.  It 
is  better  practice  to  leave  it  alone  and  trust  to  the  influence 
of  the  pressure-bandage  to  effect  its  subsidence.  Should 
this  prolapse  occur  after  the  nucleus  has  passed  out,  but 
before  the  pupil  has  been  thoroughly  freed  from  cortical 
substance,  the  operator  finds  himself  between  the  two 
horns  of  a  dilemma.  The  lesser  evil  is  to  close  the  eye  at 
once,  and  trust  to  time  for  the  absorption  of  the  remaining 
cortical.  Bleeding  into  the  anterior  chamber  may  occur 
during  either  of  the  several  stages  of  the  operation,  and 
has  already  been  alluded  to. 

Bandage  and  After-treatment. — An  elliptical  patch  of 
soft  linen  is  to  be  laid  on  the  eye,  and  the  orbital  hollow 
filled  with  small  flattened  wads  of  charpie,  as  was  de- 
scribed in  connection  with  the  after-treatment  of  linear 
extraction.  In  the  present  case,  however,  one  eye  is 
already  closed  by  strips  of  plaster,  and  the  bandage  is, 
therefore,  to  be  monocular.  Every  surgeon  has  his 
favorite  form;  the  writer  prefers  a  flannel  roller,  4.5 
millimetres  in  width,  and  long  enough  to  encircle  the 
head  three  times  alternately  with  a  similar  number  of 
rising  turns  over  the 'eye,  one  fold  overlapping  the  other, 
the  whole  affording  moderate  compression  and  support. 
The  bandage  once  applied  the  room  is  to  be  darkened, 
and  the  patient  left  in  quiet  for  a  few  hours.  He  is  to 
avoid  turning  over  on  the  side  of  the  operated  eye.  Should 
he  desire  to  vary  his  position  by  lying  on  the  opposite 
side,  he  is  to  lift  his  head, slightly  from  the  pillow,  so  as 
to  avoid  dragging  on  the  bandage.  Should  the  opera- 
tion have  been  performed  in  the  morning,  the  patient 
may  be  seen  again  in  the  course  of  the  afternoon.  At 
this,  as  well  as  subsequent  visits,  it  is  well  to  avoid  letting 
in  daylight,  on  account  of  the  great  change  in  illumma- 


tion  that  may  unexpectedly  occur.  The  sudden  emer- 
gence of  the  sun  from  behind  a  cloud  may  unexpectedly 
flood  the  room  with  light,  and  distress  an  eye  used  to  en- 
tire darkness.  A  single  candle  is  the  best  and  most  easily 
managed  source  of  illumination.  By  the  time  of  this 
visit  the  pad  next  the  eye  will  generally  be  found  more 
or  less  stiff  and  uncomfortable,  having  become  soaked 
with  blood  and  tears.  It  should,  therefore,  be  changed. 
The  outside  of  the  lids  may  be  gently  bathed  with  a  soft 
sponge,  dipped  in  lukewarrn  water,  but  they  are  on  no 
account  to  be  separated  unless  something  unusual  has 
occurred.  To  this  end  the  patient  is  to  be  cautioned,  be- 
fore the  bandage  is  removed,  not  to  open  his  eye,  but  to 
keep  it  softly  closed.  The  feeling  of  soreness  and  the 
sensation  of  a  foreign  body  between  the  lids  will,  by  this 
time,  have  probably  died  away.  The  dressing  having 
been  renewed  a  bed-chair  may  be  brought  in,  and  the  pa- 
tient allowed  to  rest  himself  by  sitting  up  in  bed  for  a 
short  time.  Later  in  the  evening  a  dose  of  chloral  may 
be  given.  It  is  well  to  have  a  watcher  in  the  room  the 
first  one  or  two'  nights. 

At  the  visit  on  the  following  day,  if  the  case  be  progress- 
ing favorably,  the  lids  are  again  to  be  washed  and  the 
bandage  renewed,  but  the  eye  is  not  to  be  opened.  From 
this  time  forth  the  bandage  may  befchanged  once  in 
twenty-four  hours.  By  the  third  day  the  plaster,  used 
to  close  the  other  eye,  will  ordinarily  be  found  to  have 
become  quite  stiff,  and  its  edges  will  have  rolled  in,  cans 
ing  some  discomfort.  It  is,  therefore,  to  be  soaked  off. 
A  Liebreich  bandage  may  now  be  used  over  both  eyes, 
instead  of  the  flannel  roller.  By  this  time,  too,  the  pa- 
tient may  sit  up  in  an  easy  chair,  and  have  his  bed  made. 
He  is  to  spend  an  increasing  portion  of  every  day  out  of 
bed,  until  he  occupies  the  latter  only  at  night.  The  diet 
is  to  be  nutritious,  but  all  chewing  should  be  strictly 
avoided.     The  room  should  still  be  kept  darkened. 

There  is,  among  ophthalmic  surgeons,  a  great  diversity 
of  opinion  as  to  when  the  lids  should  first  be  separated 
and  the  eye  examined.  Arlt  lays  down  no  fixed  rule,  but 
intimates  that  this  may  occur  at  the  second  visit,  twenty- 
four  hours  after  the  operation  ;  and  even  sooner  if  neces- 
sary. The  experience  of  the  present  writer  has  led  him  to 
adopt  a  different  course.  He  gradually  came  to  find  that 
the  eye  did  quite  as  well  if  the  lids  were  allowed  to  re- 
main closed  two,  or  even  three  days.  As  time  went  on,  a 
new  fact  forced  itself  repeatedly  on  his  notice ;  that  in 
certain  cases,  in  which  the  healing  process  was  interrupted 
by  inflammatory  complications,  the  first  pain,  lachryma- 
tion,  or  discharge  followed  accurately  on  the  first  separa- 
tion of  the  lids,  however  carefully  managed,  and  however 
hasty  the  examination.  The  case  might  have  been  doing 
perfectly  well  for  three  or  four  days  ;  no  swelling  of  the 
lids,  lachrymation,  or  undue  discharge  being  present,  or 
the  slightest  pain  experienced ;  the  eye  might  then,  for 
the  first  time,  be  opened  and  rapidly  surveyed  by  a  weak 
light,  no  lens  being  used  and  no  trial  of  the  vision  made, 
and  yet  within  a  few  hours  pain  would  occur,  and  marked 
symptoms  of  inflammation  be  present.  This  happened 
so  frequently  that  it  became  impossible  not  to  connect  the 
examination  and  the  inflammation  as  cause  and  effect. 
Acting  on  this  belief  he  kept  prolonging  the  time  that  he 
allowed  the  eye  to  remain  unopened,  and  now  he  rarely 
makes  the  first  examination  before  the  morning  of  the 
eighth  day.  At  this  time  it  is  often  remarkable  to  see  how 
little  evidence  of  the  operation  is  present,  a  trifling  red- 
ness in  the  immediate  vicinity  of  the  wound  being  some- 
times all  there  is  to  be  seen.  This  redness,  slight  at  first, 
will  be  observed  for  several  days  steadily  to  increase  be- 
fore it  begins  to  disappear. 

The  above  course  of  treatment  is  applicable  only  to 
cases  in  which  the  healing  process  may  be  presumed  to  be 
progressing  normally.  The  writer  believes  that  the  longer 
the  examination  is  deferred,  the  more  likely  the  patient  is 
to  do  well,  and  he  bases  this  opinion  simply  on  experience. 
Of  course,  numerous  theoretical  objections  to  such  a 
method  might  be  alleged.  It  could  be  argued  that  the 
secretions  of  the  wound,  and  the  blood  left  in  the  con- 
junctival sac,  being  unable  to  escape,  might  decompose 
and  act  as  sources  of  infection.    This  and  other  objec- 
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tions  might  be  brought  forward.  To  those  urging  them 
the  writer  simply  suggests  a  fair  trial  of  the  plan  itself,  be- 
lieving that  they  will,  in  the  end,  themselves  find  that  the 
longer  they  leave  the  wound  undisturbed,  in  contact  with 
and  guarded  by  the  covering  provided  by  nature,  thus 
sealed  and  protected  from  any  germs  of  contagion  with 
which  the  atmosphere  may  be  infected,  and  which  the 
exposure  of  a  single  instant  might  attract,  the  more  suc- 
cess they  will  meet  with  in  the  after-treatment  of  extrac- 
tion. 

One  caution  must  here  be  given.  While,  as  a  rule, 
both  eyes  should  remain  covered  until  the  eighth  day,  it 
must  be  borne  in  mind  that  some  aged  and  weak  people 
are  peculiarly  sensitive  to  the  combined  effects  of  dark- 
ness and  solitude,  and  may  be  attacked  by  a  form  of  deli- 
rium which  renders  them  difficult  to  control.  If  this  oc- 
curs the  sound  eye  may  be  sooner  uncovered,  perhaps  on 
the  fourth  or  fifth  day.  After  the  removal  of  the  band- 
age from  both  eyes,  light  may  gradually  be  admitted  into 
the  room,  the  patient  wearing  a  shade,  or  a  pair  of  blue 
or  smoked  protective  glasses,  curved,  to  more  effectually 
cover  the  eye,  the  so-called  "coquille"  spectacles.  Sev- 
eral days  should  still  be  suffered  to  elapse  before  the  pa- 
tient is  discharged  from  the  immediate  supervision  of  the 
surgeon.  During  this  time  the  pupil  is  to  be  carefully 
watched,  and  atropine  used  if  it  evinces  a  tendency  to 
contract,  or  if  its  area  is  at  all  occupied  by  remains  of 
blood  or  cortical  substance.  Fifteen  days  after  the  per- 
formance of  the  operation  the  patient  may  ordinarily  go 
to  his  own  home,  but  he  is  to  wear  the  protective  glasses 
for  a  month  or  six  weeks  longer,  and  avoid  exposure  to 
bright  light,  or  any  use  of  the  eyes.  When  two  months 
have  elapsed  after  the  removal  of  the  cataract  he  may 
cautiously  commence  the  use  of  the  appropriate  glasses. 

We  have  thus  far  considered  a  case  of  uncomplicated 
recovery,  and  must  be  prepared  to  deal  with  departures 
from  this  type,  they  being  unfortunately  not  infrequent. 
Unusual  duration  of  the  pain  connected  with  the  opera- 
tion itself  may  often  be  relieved  by  removing  the  bandage 
and  sponging  the  outside  of  the  eye  with  ice-water.  If 
it  still  continues,  the  edges  of  the  lids  may  be  examined 
to  see  if  any  lashes  have  become  inverted,  and  the  under 
lid  may  be  slightly  drawn  downward  to  allow  the  escape 
of  any  accumulation  of  tears.  Cold  compresses  may  be 
alternated  with  the  compressive  bandage,  or  even  a  mor- 
phine injection  may  be  made  in  the  temple.  In  extreme 
cases  the  linen  pad  next  the  eye  may  be  thoroughly  wet 
with  atropine,  although  the  use  of  a  mydriatic  should,  if 
possible,  be  dispensed  with  for  several  days  after  the  opera- 
tion, on  account  of  the  danger  of  prolapse  into  the  cor- 
ners of  the  wound.  If  the  pain  continues,  or  even  if,  in 
the  absence  of  pain,  the  lids  swell  and  lachrymation  or 
discharge  be  present,  the  eye.  must  be  opened  and  care- 
fully examined  by  oblique  light,  the  candle  being  held  to 
one  side  and  its  rays  concentrated  on  the  eye  by  means 
of  a  convex  lens  of  short  focus.  Iritis,  if  present,  is  to 
be  treated  by  leeches  to  the  temple,  atropine,  and  the  al- 
ternation of  the  bandage  with  warm,  but  not  hot,  fomen- 
tations. If  there  are  signs  of  suppuration  in  the  wound, 
the  fomentations  are  to  be  even  more  regularly  applied, 
twenty  minutes  at  a  time,  every  four  hours,  and  the 
bandage  is  to  be  kept  on  in  the  interval,  being  applied 
even  more  tightly.  The  eye  may,  moreover,  be  bathed 
with  the  foHowing  antiseptic  solution :  Salicylate  of  so- 
dium, 1  gram  ;  boracic  acid,  3  grams  ;  dissolve  in  warm 
water,  100  grams  ;  stir  well,  cool  slowly,  and  strain. 

Compresses,  wet  with  this  solution,  may  be  constantly 
kept  on  the  eye ;  if  the  inflammatory  process  continues 
and  no  benefit  is  derived  from  the  fomentations  and  the 
bandage,  quinine  should  be  given  in  large  doses,  and  the 
general  health  supported  with  generous  diet  and  stimu- 
lants. The  previous  history  and  habits  of  every  patient 
are  to  be  well  weighed  by  the  surgeon  ;  those  addicted  to 
the  free  use  of  stimulants  would  incur  gi-eat  danger  of 
an  unfavorable  result  if  these  were  suddenly  suppressed. 
Should  any  form  of  opium  have  been  habitually  indulged 
in,  the  customary  ration  must  be  allowed. 

If  thirty-six  or  forty-eight  hours  pass  without  accident 
it  is  probable  that  the  eye  will  be  saved,  and  some  meas- 


ure of  sight  retained.  Iritis  is  still  possible,  but,  if  prop- 
erly treated,  is  unlikely  to  result  in  blindness.  One  great 
danger  to  be  guarded  agaiiist  during  convalescence  is  a 
sudden  blow  on  the  eye,  inflicted  by  the  patient  himself, 
during  sleep  or  carelessly  when  awake.  This  may  cause 
bleeding  into  the  anterior  chamber,  or  even  rupture  of  the 
wound.  The  blood  may  be  absorbed  or  the  wound  heal 
under'  a  prolonged  application  of  the  bandage,  and  no 
ultimate  ill  effect  be  experienced  ;  or  a  state  of  chronic 
irritation  may  follow,  ending  in  closure  of  the  pupil  and 
necessitating  the  performance  of  a  secondary  operation. 
Or,  at  the  worst,  irido-cyclitis  may  ensue,  the  pupil 
closing  and  the  iris  being  drawn  forward  until  the  an- 
terior chamber  is  obliterated,  all  perception  of  light  dis- 
appearing after  weeks  of  suflering.  There  are  even  in- 
stances on  record  of  this  condition  of  things  causing 
sympathetic  irritation  and  ultimate  loss  of  the  remaining 
eye.  It  would  be  well,  therefore,  to  proceed  to  enucleation 
in  the  case  of  an  eye  in  this  condition,  especially  if  ten- 
derness on  pressure  exists. 

Sbcondabt  Operations. — After  an  ordinary  extrac- 
tion the  anterior  capsule  retracts  and  leaves  the  area  of 
the  pupil  occupied,  substantially,  by  the  posterior  capsule 
only,  thus  exposing  any  portions  of  cortical  substance 
that  may  remain  behind  to  the  full  action  of  the  aqueous 
humor.  In  cases,  therefore,  in  which  the  cataract  was  not 
entirely  mature,  and  in  which  lens  substance  as  yet  clear 
has  escaped  notice  and  been  left  behind  after  the  opera- 
tion, it  may  happen  that  a  pupil  which  at  first  appeared 
clear  and  black  is  discovered,  on  removing  the  bandage, 
to  be  entirely  blocked  with  opaque  cortical  masses,  swol- 
len and  pressing  forward.  These  may  be  absorbed  quietly 
and  vision  be  slowly  gained.  But  they  are  more  apt  to  give 
rise  to  inflammation  of  the  iris,  by  the  mechanical  pressure 
which  they  exert  upon  it,  and  to  cause  this  membrane  to 
contract  adhesions  with  them.  After  the  inflammation 
subsides  we  may  thus  find  a  pupil  contracted,  drawn  up, 
and  filled  with  a  dense  membrane,  a  so-called  secondary 
cataract.  Another  form  of  secondary  cataract  is  the  opac- 
ity of  the  capsule  that  sometimes  occurs  long  after  the 
extraction,  and  that  does  not  appear  to  be  connected  with 
any  unusual  feature,  either  of  the  operation  itself  or  of 
subsequent  convalescence.  Patients  often  return,  years 
after  the  cataract  has  been  removed,  complaining  that 
their  vision,  originally  excellent,  has  gradually  undergone 
diminution.  The  power  of  reading  any  but  the  largest 
type  may  perhaps  have  entirely  disappeared.  The  cap- 
sular opacities  in  these  cases  are  often  apparently  insig- 
nificant, hardly  visible  indeed  by  oblique  illumination. 
But  the  ophthalmoscope  shows  the  outline  of  the  optic 
nerve  to  be  indistinct  and  distorted  ■,  and  the  mirror  alone, 
particularly  that  of  the  binocular  instrument,  plainly  re- 
veals a  delicate  web  of  opaque  capsule  stretched  across 
the  pupil,  now  distinct  in  one  part  and  now  in  another, 
as  the  handle  of  the  instrument  is  slightly  rotated,  and 
the  direction  of  the  reflected  light  thus  changed. 

To  bring  about  a  return  of  vision  it  is  necessary  to  se- 
cure a  permanent  opening  in  this  capsular  screen.  Nu- 
merous devices  have  been  imagined  for  the  accomplish- 
ment of  this.  Discission  with  a  single  needle  is  rarely 
sufficient.  The  introduction  of  a  hook,  through  a  small 
opening  made  for  this  purpose  at  the  edge  of  the  cornea, 
enables  us  to  tear  away  a  piece  of  the  capsule,  but  may 
give  rise  to  a  dangerous  amount  of  traction,  and  thus 
result  in  irritation  or  inflammation  of  the  ciliary  body. 
To  avoid  this,  Bowman  devised  the  so-called  "  double- 
needle  operation."  Two  Ordinary  discission  needles  are 
used  ;  one  is  taken  in  the  left  hand,  is  passed  through  the 
middle  of  the  inner  half  of  the  cornea,  and  made  to  pene- 
trate the  thickened  capsule  ;  the  other  is  held  in  the  right 
hand,  passed  through  a  corresponding  point  in  the 
middle  of  the  outer  half  of  'the  cornea,  and  introduced 
into  the  capsule  b)r  the  side  of  the  first.  One  needle  is 
then  held  still  while  the  other  tears  from  it,  or  else  each 
is  made  to  tear  the  capsule  in  an  opposite  direction.  In 
either  case  a  point  d'appui  is  gained,  and  the  strain  no 
longer  comes  on  the  ciliary  body.  Among  other  in- 
genious operations  of  this  class  is  one  devised  by  Dr. 
C.  R.  Agnew,  of  New  York.     Passing  his  first  needle 
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through  cornea  and  capsule,  as  in  Bowman's  operation, 
he  makes  an  incision  with  a  broad  needle  at  the  opposite 
corneal  edge,  being  careful  in  withdrawing  this  needle 
to  allow  no  escape  of  aqueous  by  its  side.  He  then 
passes  through  the  opening  a  sharp  and  flexible  hook, 
engages  its  point  in  the  capsule  just  where  it  is  pierced 
by  the  stop-needle,  and  tears  a  hole  from  this  needle 
which  thus  acts  as  a  point  of  support. 

Where  the  pupil  is  drawn  up  and  filled  with  tough 
membrane,  or  remnants  of  lens  substance  enclosed  in 
opaque  capsule ;  where  the  iris,  tightly  stretched  and 
thickened  by  inflammation,  obstructs  all  access  of  light 
to  the  retina,  the  operations  above  described  are  imprac- 
ticable. Simple  iridectomy  is  rarely  resorted  to,  owing  to 
the  difflcultj  experienced  in  grasping  and  withdrawing 
sufficient  iris  tissue.  Iridotomy,  incision  of  the  iris  it- 
self, is  here  to  be  advised.  Wecker's  scissors,  sometimes 
used  for  this  purpose,  are  a  pair  of  short  and  delicate 
Kades,  made  to  open  and  shut  by  the  lateral  movement 
of  the  two  sides  of  the  long  forceps  handle  to  which  they 
are  attached.  A  lance  knife  is  first  passed  through  cornea 
and  iris,  and  the  scissors  are  then  introduced  into  the  open- 
ing in  the  latter  and  used  to  give  it  increased  length,  one 
at  In  being  inserted  behind  iris  and  thickened  capsule,  the 
otiier  in  front  of  them.  If  the  wound  thus  made  gapes, 
dis'closing  a  clear  black  pupil,  no  further  interference  is 
necessary  ;  if  not,  a  second  incision  is  made  at  an  angle 
to  the  former  one.  The  included  flap  may  even  be  with- 
drawn with  iris  forceps  and  excised.  Far  simpler,  and, 
in  the  writer's  opiu'on,  safer,  is  the  incision  of  the  iris 
and  capsule  by  means  of  a  narrow  Graefe  knife  passed 
oWiquely  through  cornea  and  iris,  and  made  to  act  as  a 
lever,  incising  the  latter  by  simply  raising  or  depressing 
its  handle,  according  as  its  edge  looks  up  or  down,  the 
cornea  in  this  case  acting  as  the  fulcrum.  By  introduc- 
ing the  knife  in  a  new  place  a  second  incision  may  be 
made  at  an  angle  to  the  former  one.  Vitreous  is  much 
less  likely  to  be  lost  when  iridotomy  is  done  in  this  man- 
ner. 

It  is  impossible,  in  an  article  like  the  present,  to  re- 
view all  the  different  operations  for  the  extraction  of 
senile  cataract  that  have  been  proposed,  even  within  the 
present  generation.  That  just  described  is  the  one  in 
general  use  at  the  present  day,  and  is  considered  to  fur- 
nish, on  the  whole,  a  larger  percentage  of  success  than 
any  other.  There  are,  however,  two  methods  that  have 
attracted  a  good  deal  of  attention  and  found  influential 
advocates.  They  deserve  at  least  a  passing  notice. 
Liebreich's  method  of  extraction  is  performed  as  follows, 
the  knife  used  being  similar  to  that  in  peripheric  linear 
extraction,  only  somewhat  narrower :  The  patient  is  in 
the  recumbent  position,  the  pupil  under  the  influence  of 
atropine.  Supposing  the  right  eye  to  be  the  one  to  be 
operated  on,  the  surgeon  stands  behind  the  head  of  the 
patient.  He  raises  the  upper  lid  with  the  forefinger,  and 
steadies  the  eye  by  pressing  lightly  against  the  sclei-a 
with  the  middle  finger  of  the  left  hand.  The  right  hand 
holds  the  knife,  whose  back  is  directed  horizontally  and 
backward,  while  the  plane  of  its  blade  forms  an  angle 
of  about  forty-five  degrees  with  the  horizontal  meridian 
of  the  eye.  'The  point  is  made  to  enter  the  sclera  about 
one  millimetre  away  from  the  edge  of  the  cornea,  and 
two  millimetres  below  its  horizontal  diameter,  and  to 
emerge  at  a  similar  point  on  tlie  opposite  side.  The  knife 
is  then  made  to  cut  its  way  out  downward,  forming  a 
flap,  the  apex  of  which  is  two  millimetres  above  the 
lowest  point  of  the  cornea.  The  cut  itself  is  formed  with 
the  least  possible  sawing  motion,  the  knife  being  in  the 
first  instance  thrust  so  far  forward  that  the  section  can 
be  completed  as  it  is  withdrawn  ;  and  at  the  last  moment 
the  upper  lid  is  suffered  to  fall.  Next  the  capsule  is 
carefully  opened.  "  For  the  third  act  of  the  operation," 
says  Liebreich,  "  we  lay  the  Daviel  spoon  gently  against 
the  lower  edge  of  the  cornea  ;  while  the  left  forefinger, 
by  which  the  upper  lid  is  raised,  exercises  a  slight  press- 
ure through  the  lid  against  the  upper  part  of  the  cornea. 
The  lens  is  thus  slightly  tilted,  its  lower  edge  presses 
against  the  posterior  surface  of  the  iris,  folds  it  forward, 
glides  over  it  to  the  edge  of  the  pupil,  overcomes  the  re- 


sistance of  the  sphincter,  and  engages  itself  in  the  wound, 
which  contact  with  the  Daviel  spoon  has  already  caused 
to  open.  The  forefinger  of  the  left  hand  slightly  presses 
the  upper  lid  from  above  downward  over  the  cornea,  and 
thus  completes  the  expulsion  of  the  lens.  A  similar 
manoeuvre  with  the  lid  is  again  employed  to  extrude  the 
cortical  substance  which  has  been  left  behind,  after  a 
little  rubbing  has  been  done  to  drive  it  from  behind  the 
iris  toward  the  centre  of  the  pupil.  If,  after  this  is  com- 
pleted, the  pupil  does  not  appear  round,  but  seems  drawn 
toward  the  wound,  its  natural  shape  may  be  restored 
by  rubbing  upward  with  the  lower  lid.  If  this  does  not 
prove  effective  the  Daviel  spoon  may  be  introduced."  ■'' 

This  operation  commends  itself  by  its  simplicity,  by  the 
small  number  of  instruments  which  its  execution  requires, 
and  by  its  comparatively  slight  interference  with  the  CTe. 
No  extended  statistics  of  its  results  are  accessible.  The 
dangers  attending  it  are  obvious — the  possibility  of  the 
iris  healing  in  the  wound,  and  the  production  of  astig- 
matism due  to  the  position  of  the  corneal  cut. 

Lebrun's  operation  much  resembles  that  of  Liebreich. 
The  points  of  puncture  and  counter-puncture  are,  how- 
ever, at  the  edge  of  the  coi'nea,  one  millimetre  below  its 
horizontal  diameter,  while  the  cut  is  made  upward,  its 
apex  reaching  a  point  at  the  junction  of  the  upper  and 
middle  third  of  the  vertical  corneal  meridian.  During  the 
cutting  process  the  edge  of  the  knife  is  gradually  made  to 
change  its  direction ;  starting  from  an  angle  of  thirty 
degrees  with  the  basis  of  the  cornea  it  ends  at  right 
angles  to  it.  At  the  middle  of  the  curve,  therefore,  the 
cornea  is  divided  vertically  (Arlt).  The  same  objection 
may  be  made  to  this  operation  that  was  advanced  against 
Liebreich's,  though  its  application  here  is  even  more  for- 
cible. The  danger  of  anterior  synechia  is  greater,  that 
of  astigmatism  is  imminent,  and  corneal  opacity,  from 
imperfect  or  delayed  healing  of  the  wound,  extremely 
likely  to  occur.  In  the  opinion  of  the  writer,  and  in 
view  of  the  results  that  a  careful  collection  of  statistics 
has  proved  to  attend  the  method  of  peripheric  linear  ex- 
traction, the  operation  of  Lebrun  is  not  to  be  advised  at 
the  present  day. 

Much  more  worthy  our  serious  attention  is  the  method 
proposed  by  Wecker  under  the  name  of  "simple  extrac- 
tion," and  very  recently  published.  Assorting  that  the 
iridectomy  itself  may  prove  a  source  of  infection  to  the 
wound,  from  the  contact  between  the  cut  ed^es  of  the  iris 
and  the  capsular  sac,  and  claiming  that  the  peripheric 
position  of  the  cut  in  Graefe's  operation,  and  its  conse- 
quent vicinity  to  the  ciliary  body  has  given  rise  to  a  pos- 
sibility of  sympathetic  ophthalmia  not  previously  exist- 
ing, he  boldly  propcses  a  return  to  the  old  principle  of 
flap  extraction,  but  in  a  modified  form.  And  he  bases 
this  proposal,  in  part,  on  our  possession  of  three  agents 
formerly  unknown,  cocain,  which  destroys  pain  and  thus 
prevents  struggling  and  straining ;  eserine,  which  pre- 
vents prolapse  of  the  iris  and  itself  gains  increased  ac- 
tivity from  its  combination  with  cocain ;  and  iodoform, 
which  furthers  the  agglutination  of  the  wound.  And 
yet  other  advantages  are  to  be  gained  by  the  use  of  the 
usual  antiseptic  precautions. 

The  instruments  are  placed  in  a  two  per  cent,  bath  of 
carbolic  acid,  and  taken  from  it  as  they  are  needed.  The 
following  solution  of  cocain  is  used  on  the  eye. :  cocain 
hydrochlorat. ,  0.50  ctgr.  ;  hydrarg.  bichlorid.,  0.002 
milligr.  ;  aq.  dest.,  10  Gm.  ;  and  is  applied  five  minutes 
and  again  three  minutes  before  the  operation.  The  eye  is 
cleansed  with  a  pledget  of  lint  dipped  in  a  solution  con- 
taining four  per  cent,  of  boracic  and  one  per  cent,  of  sal- 
icylic acid.  The  dressings  to  be  subsequently  used  are 
also  soaked  in  this  solution. 

The  assistant,  whose  hands  have  been  carefully  disin- 
fected, raises  the  upper  lid.  The  eye  is  fixed  with  forceps 
tipped  with  rubber,  being  seized  below  the  horizontal  di- 
ameter and  to  the  inside  of  the  cornea,  thus  depressing 
the  lower  lid.  The  upper  third  of  the  cornea  is  then 
carefully  divided  with  a  knife  as  long  as  that  used  in 
Graefe's  operation,  but  only  half  as  wide  ;  the  puncture 
and  counter-puncture  being  made  precissely  at  the  corneal 
The  capsule  is  then  opened  with  the  simple  cysti- 
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tome,  after  which  the  crystalline  is  expelled,  pressure 
being  made  at  the  base  of  the  cornea,  through  the  lower 
lid,  while  the  upper  lip  of  the  wound  is  at  the  same  time 
slightly  depressed  by  means  of  pressure  made  through 
the  upper  lid.  The  lens  once  removed,  a  drop  of  a  half 
of  one  per  cent,  solution  of  eserine  is  applied,  after 
which  efforts  are  made  to  press  out  remaining  cortical 
masses  from  the  pupil,  no  attention  being  at  first  paid  to 
the  prolapsed  iris.  In  fact,  should  the  central  pupil  be 
spontaneously  restored,  it  may  be  necessary  to  again  pro- 
duce a  prolapse,  for  the  sake  of  the  wider  area  thus  dis- 
closed, and  the  increased  facility  with  which  cortical 
remains  may  be  evacuated.  Finally,  the  iris  may  be 
replaced,  either  by  simple  rubbing  practised  through  the 
upper  lid  over  the  corneal  surface,  or  by  the  use  of  the 
rubber  spatula.  In  the  rarer  cases,  in  which  replacement 
cannot  be  permanently  effected,  a  portion  of  the  iris  must 
be  excised. 

The  wound  is  now  covered  with  a  thin  layer  of  iodo- 
form, by  means  of  a  small  rubber  spatula  designed  for 
this  purpose.  After  this  the  dressings  are  applied,  the 
pad  and  tufts  of  charpie  having  been  soaked  in  the  solu- 
tion already  described.  Wecker  examines  the  eye  for 
the  first  time  on  the  fourth  day,  removes  the  dressings 
finally  on  the  sixth,  and  then  instils  atropine  if  cortical 
masses  are  found  in  the  pupillary  area. 

The  true  value  of  this  operation  cannot  as  yet  be  cor- 
rectly estimated.  As  has  been  seen,  it  offers  the  advan- 
tage of  a  round,  movable,  central  pupil,  and  the  draw- 
back of  an  increased  difficulty  in  the  removal  of  cortical 
masses  that  may  have  been  left  behind  after  the  escape  of 
the  nucleus.  It  would  therefore  seem  especially  applica- 
ble to  cases  in  which  the  nucleus  is  large  and  hard,  with 
very  little  adherent  corticalis.  On  one  point  its  author 
does  not  dwell,  and  that  is  the  difficulty  of  its  perform- 
ance. The  carrying  the  slender  knife  through  the  ante- 
rior chamber,  and  the  completion  of  the  cut  without 
transfixing  or  excising  part  of  the  iris,  requires  a  keen 
eye  and  a  steady  hand.  Peripheric  linear  extraction  is 
undoubtedly  an  easier  operation.  This,  however,  should 
not  weigh  in  the  balance  against  a  claim  of  positive  ad- 
vantage, both  from  non-mutilation  of  the  iris,  and  escape 
from  a  possible  danger  of  sympathetic  inflammation. 
The  statistics  collected  during  the  next  few  years  will 
settle  the  question. 

Flap  Extraction. — No  article  on  cataract  would  be 
complete  without  a  description  of  this  method,  which  for 
so  many  years  stood  at  the  head  of  all  operations  for  se- 
nile cataract,  and  whose  complete  eclipse  by  the  proceed- 
ing of  Graefe  is  due,  not  to  the  character  of  the  result 
furnished,  but  rather  to  the  increased  percentage  of  suc- 
cess that  attends  the  latter  operation.  For  it  must  be  re- 
membered that  flap  extraction,  resulting  in  recovery, 
leaves  a  better-looking  and  more  useful  eye  than  any  pro- 
ceeding for  the  removal  of  cataract  that  has  ever  yet  been 
devised,  with  the  single  exception  of  reclination.  Instead 
of  a  mutilation  of  the  iris  there  is  a  fair,  round,  central 
pupil.  Instead  of  the  disturbing  effects  of  an  iridectomy, 
there  exists  perfect  protection  against  a  sudden  excess  of 
light.  Instead  of  a  scar  across  the  face  of  the  cornea, 
there  is  simply  a  cicatricial  union  of  half  its  periphery. 
But,  on  the  whole,  this  method  loses  more  eyes  in  a  hun- 
dred than  the  peripheric  linear,  and  has  hence  yielded  to 
the  logic  of  statistics. 

It  may  still,  however,  be  required  in  the  case  of  a  lens 
dislocated  into  the  anterior  chamber. 

It  is  not  advisable  to  perform  the  operation  without  an 
assistant.  Although  the  spring  speculum  may  be  used  to 
separate  the  lids,  the  finger  is  far  preferable,  both  on  ac- 
count of  the  ready  closure  which  its  withdrawal  permits, 
and  also  owing  to  the  diminished  danger  of  pressure  on 
the  eyeball.  The  patient  being  in  a  recumbent  position, 
the  operator  sits  on  the  edge  of  the  bed  in  front  of  him, 
generally  on  his  right  side.  The  left  hand  is  employed 
for  operating  on  the  right  eye,  the  right  on  the  left.  The 
knife  used  is  shown  in  Fig.  585.  If  we  assume  that  the  left 
eye  is  to  be  operated  on,  the  assistant  takes  his  stand  be- 
hind the  patient's  head.  He  draws  down  the  lower  lid 
with  his  right  forefinger,  being  careful  not  to  evert  it,  and 


spreads  his  remaining  fingers  in  such  a  way  that  they  may 
interfere  with  the  movements  of  the  operator  as  little  as 
possible.  With  the  forefinger  of  the  left  hand  he  raises 
the  upper  lid,  drawing  it  gently  upward,  parallel  with, 
but  not  away  from,  the  eyeball,  pressure  being  made 
against  the  edge  of  the  orbit.  The  operator  fixes  the  eye- 
ball, below  the  cornea,  with  the  ordinary  fixation  forceps. 
Holding  the  knife  with  its  edge  downward,  he  introduces 
the  point  in  the  horizontal  meridian  of  the  cornea,  just  at 
its  transparent  edge,  and  having  penetrated  into  the  an- 
terior chamber,  carries  the  blade  rapidly  across  it,  keep- 
ing it  parallel  with  the  iris,  until  it  emerges  on  the  opposite 
side  at  a  point  corresponding  to  that  at  which  It  entered. 
The  eyeball,  being  now  held  on  the  knife,  is  thus  per- 
fectly controlled,  and  the  fixation  forceps  may  be  dis- 
pensed with.  The  handle  of  the  knife  is  now  slightly 
thrown  back  toward  the  temple,  and  the  blade  pushed 
gently  but  steadily  forward,  completing  the  cut,  if  possi- 
ble, without  withdrawing  the  blade  at  all  backward ;  great 
care  being  taken  to  inflict  no  unnecessary  violence  on  the 
cornea  by  pulling  or  twisting.  As  the  cut  is  completed 
the  assistant  allows  the  upper  lid  to  escape  from  his  finger 
and  gently  descend.  The  peculiar  wedge-shape  of  the 
knife  used  thus  gives  us  a  semicircular  cut,  extending 
around  the  entire  periphery  of  the  lower  half  of  the  cor- 
nea, the  length  of  the  wound  being  about  nine  millimetres, 
and  its  capacity  of  opening  in  the  vicinity  of  four  milli- 
metres ;  thus  affording  ample  space  for  the  pas- 
sage of  the  largest  cataracts. 

Great  care  must  be  taken  not  to  draw  back 
the  knife  before  the  counter-puncture  has  been 
made,  and  if  possible  before  the  completion  of 
the  cut ;  and  the  hand  of  the  operat6r  must  be 
perfectly  steady,  in  order  to  keep  the  blade  al- 
ways in  the  same  plane.  A  neglect  of  either  of 
these  precautions  might  result  in  the  premature 
escape  of  the  aqueous  humor,  and  the  folding 
of  the  iris  over  the  edge  of  the  knife.  Should 
this  latter  accident  happen,  gentle  pressure 
against  the  cornea  with  the  middle  finger  will 
often  cause  the  iris  to  recede.  If  it  is  impossi- 
ble to  effect  this,  the  cut  must  be  completed 
without  regard  to  the  slight  deformity  to  the 
pupil  that  would  result  from  the  excision  of  a 
small  piece  of  the  iris  substance. 

The  cut  just  described  can  also  be  made  up- 
ward, with  equally  good  result.  This  course 
offers  no  special  advantages  ;  and  the  execution 
in  this  direction  is,  in  many  cases,  somewhat 
more  difficult. 

Pig.  685.  The  Operator  now  himself  assumes  the  rais- 
KSr'°  ^"^^  °^  upper  lid ;  using  for  that  purpose 
the  thumb  of  the  right  hand.  Directing  the  pa- 
tient to  look  down  he  lifts  up  the  flap  with  the  back  of 
the  cystitome,  which  is  so  held  that  its  cutting  edge  looks 
downward,  and  whose  shaft  now  occupies  the  anterior 
chamber,  while  its  point  remains  external  to  the  eyeball, 
projecting  inward  from  the  inner  corneal  edge.  Drawiug 
the  instrument,  in  this  position,  from  left  to  right,  he 
causes  its  point  to  glide  into  the  anterior  chamber.  Once 
opposite  the  face  of  the  lens,  he  makes  a  half  revolution 
by  slightly  twirling  the  handle  between  the  thumb  and 
fingers,  until  the  cutting  edge  is  in  contact  with  the  ante- 
rior capsule.  The  knife  being  rapidly  drawn  along  its 
face,  a  horizontal  opening  is  made.  Another  opening 
should  be  made,  at  right  angles  to  the  first,  the  point  of 
the  cystitome  having  first  been  disengaged  from  the  lens 
substance  and  passed  upward  to  the  spot  at  which  the 
incision  is  to  commence.  The  instrument  is  then  laid 
over  on  its  back  and  withdrawn  from  the  eye,  the  pro- 
cess by  which  it  entered  being  simply  reversed. 

To  effect  the  delivery  of  the  lens  the  patient  is  directed 
to  look  up.  The  surgeon  raises  the  upper  lid  with  the 
thumb  of  one  hand,  while  he  places  the  forefinger  of  the 
other  on  the  lower  lid.  Gentle  pressure  on  the  eye,  made 
with  the  thumb  through  the  upper  lid,  causes  the  lens  to 
turn  on  its  horizontal  axis,  and  its  lower  edge  to  enter  the 
wound.  By  now  making  the  upper  lid  descend  over  the 
cornea  in  a  succession  of  sweeping  movements,  the  lens 
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is,  as  it  were,  coaxed  out  and  escapes  from  the  eye.  After 
its  greatest  diameter  lias  once  entered  the  wound,  the  rest 
passes  with  very  httle  persuasion.  If  it  was  already  dis- 
located into  the  anterior  chamber  it  will  escape  as  soon  as 
the  cut  is  completed.  After  the  removal  of  the  lens  the 
patient  is  allowed  to  take  a  brief  rest.  The  eye  must  then 
he  carefully  inspected  to  see  whether  the  pupil  is  free  from 
cortical  remains,  whether  the  iris  is  well  in  place,  and 
whether  the  edges  of  the  wound  are  in  proper  apposition. 
Much  information  as  to  the  state  of  the  pupil  may  he 
gained  by  ascertaining  whether  fingers  can  be  counted  a 
short  distance  off.  If  there  is  a  prolapse  of  the  iris,  it 
may  often  be  made  to  recede  by  lightly  rubbing  the  upper 
lid  against  the  cornea ;  but  if  this  cannot  be  effected  it 
must  be  excised. 

The  after-treatment  of  flap  extraction  is  similar  to  that 
already  described  under  the  head  of  Peripheric  Linear 
Extraction,  the  dressings  being  identical.  Less  freedom, 
however,  can  be  allowed  the  patient  immediately  after 
the  operation,  as  sudden  movements  must  be  carefully 
guarded  against,  and  the  presence  of  a  cough  might  be 
extremely  prejudicial.  In  brief,  the  proper  healing  of 
the  wound  largely  depends  on  the  preservation  of  perfect 
quiet,  on  the  part  of  the  patient,  during  the  first  twenty- 
four  hours.  Occasional  change,  for  a  few  minutes,  from 
a  recumbent  to  a  sitting  posture  may  be  allowed.  For 
several  days  the  food  should  be  liquid,  or  at  least  quite 
soft,  and  all  chewing  is  to  be  avoided. . 

Two  great  causes  of  failure — namely,  corneal  suppura- 
tion and  iritis — are  unquestionably  more  apt  to  complicate 
this  operation  than  that  of  Graefe ;  and  their  comparative 
infrequency  after  the  latter  have  led  to  its  general  adop- 
tion at  the  present  day.  Some  very  few  cases,  however, 
still  remain  in  which  flap  extraction  might  with  justice  be 
preferred.  Besides  being  applicable  to  dislocations  of 
the  lens  into  the  anterior  chamber,  it  is  especially  avail- 
able where  a  foreign  body  is  situated  in  the  lens,  and  re- 
quires to  be  extracted  with  it ;  also  where  a  cicatricial 
condition  of  the  upper  part  of  the  cornea  prevents  peri- 
pheric linear  extraction  in  this  region. 

The  description  of  a  single  remaining  operation,  wholly 
given  up  to-day  in  civilized  communities,  on  account  of 
the  dangers  to  which  it  exposes  the  eye,  but  still  in  gen- 
eral use  among  the  natives  of  India,  will  be  of  interest  in 
an  historical  point  of  view. 

Rkclination. — This  is  the  oldest  method  known,  and 
is  referred  to  by  both  Galen  and  Celsus.  It  consists,  in 
brief,  in  the  removal  of  the  opaque  lens  from  the 
axis  of  vision  by  pressing  it  downward,  or  down- 
ward and  backward,  with  a  suitably  shaped 
needle,  introduced  for  this  purpose  sometimes 
through  the  cornea,  hut  more  generally  through 
the  sclerotic. 

According  to  Arlt,  the  operation  would  be  per- 
formed in  the  following  manner :   The  pupil  is 
artificially  dilated.     The  lids  being  separated  by 
a  spring  speculum,  and  the  eyeball  seized  with  the 
fixation  forceps,  the  needle  (Fig.   586),  with  its 
convexity  directed  upward,  is  made  to  penetrate 
the  sclerotic  somewhat  below  the  horizontal  meri- 
dian, and  about  four  millimetres  from  the  corneal 
edge.-    One  cutting  edge  of  the  needle  is  directed 
toward  the  anterior,  the  other  toward  the  posterior 
pole,  and  the  point  toward  the  middle  of  the  vit- 
reous humor.     "After  it  has  passed  in  up  to  its 
neck,  the  handle  is  turned  on  its  axis  (toward  the 
thumb),  so  that  the  convexity,  formerly  upward,       » 
is  now  directed  forward.      The  handle  is  now       v 
lowered  toward  the  lobe  of  the  ear,  in  order  that  fio.686. 
the  point  may  be  pushed  forward  toward  the  — R?cii- 
edge  of  the  lens,  and  farther,  until  it  enters  the  Needle. 
posterior  chamber.    Steadily  pushed  forward,  the 
r.eedle  now  enters  the  pupil,  where  its  metallic  sheen 
is  recognized,  provided  it  emerges  external  to  the  cap- 
sule.    When  the  point  has  once  reached  the  opposite 
piupillary  edge  and  passed  behind  it,  the  instrument  is 
to  be  regarded  as  a  lever,  the  fulcrum  being  situated 
in  the  sclerotic.     The  handle  is  now  raised  toward  the 
jiasal  eminence,  and  the  lens  depressed  downward  and 


outward.  The  handle  is  to  be  raised  no  higher  than 
is  sufficient  to  form  an  angle  of  about  one  hundred  and 
twenty  degrees  with  the  corneal  basis.  A  brief  pause 
with  the  needle  in  this  position  is  necessary,  in  order  that 
the  vitreous  may  Settle  down  properly  around  the  lens. 
The  instrument,  held  thus,  is  withdrawn  up  to  its  neck, 
and  then  returned  to  the  position  which  it  occupied  before 
its  advance  toward  the  edge  of  the  lens.  If  a  single  perform  - 
ance  of  the  manoeuvre  results  in  the  lens  remaining  fixed, 
a  thing  usual  when  the  consistency  of  the  vitreous  humor 
is  normal  (always  provided  the  lens  has  been  attacked  at 
its  centre  of  gravity),  the  handle  is  to  he  twirled  round  in 
the  opposite  direction,  away  from  the  thumb,  and  with- 
drawn from  the  eye  in  the  line  of  the  original  puncture. 
Should  the  lens  rise  before  the  withdrawal  of  the  needle, 
a  second  and  third  effort  at  replacement  may  he  made. 
Further  attempts  would  hardly  accomplish  the  object, 
and  might  easily  do  harm  by  breaking  up  the  structure 
of  the  vitreous."  " 

At  the  present  day  this  operation  for  cataract  is  prob- 
ably more  largely  performed  in  India  than  in  any  other 
part  of  the  world.  The  armamentarium  of  the  native  trav- 
elling oculist  consists  of  a  sharp  knife,  the  blade  of  which 
is  wound  around  with  some  material,  so  as  to  leave  only 
the  point  free,  and  a  copper  probe  or  spatula.  With  the 
former  an  incision  is  made  through  the  sclerotic,  while 
the  latter  is  introduced  through  this  opening,  and  the 
lens  depressed.  The  inability  of  these  self-educated  prac- 
titioners to  do  extraction  is,  of  course,  one  reason  why 
this  method  is  so  generally  used.  But,  in  addition  to 
this,  we  are  told  that  suppurative  keratitis  is  exceedingly 
frequent  among  the  poor,  rice-fed  Hindoos  after  flap 
extraction.  Thirty  per  cent,  of  the  operations  formerly 
performed  in  Calcutta  are  said  to  have  failed  in  this 
way.'^  The  writer  here  quoted  also  states  that  hardly  a 
week  passes  that  he  does  not  see,  in  the  hospitals  of  Cal- 
cutta, patients,  on  whom  reclination  has  been  done,  suf 
fering  from  either  inflammation  of  the  choroid,  or  from 
retino-choroiditis. 

When  reclination  is  followed  by  success,  the  lens,  prob- 
ably becomes  encapsuled  in  its  new  position.  If,  on  the 
other  hand,  inflammation  follows,  it  ordinarily  involves 
the  iris,  choroid,  or  ciliary  body,  or  may  attack  all  three. 
The  outcome  is,  of  course,  most  serious.  Secondary 
glaucoma  may  follow. '  But  the  lens,  even  when  encap- 
suled, may  subsequently  act  as  a  foreign  body.  For  it  is 
to  be  remembered  that  the  complete  absorption  of  a  hard 
cataract  in  this  position  is  not  to  be  reckoned  on.  Destruc- 
tive inflammation  may  come  on  years  later,  and  all  vision 
be  destroyed.  Sympathetic  inflammation  of  the  other  eye 
may  even  ensue.  It  is,  therefore,  hardly  possible  to  con- 
ceive of  circumstances  in  which  the  operation  of  reclina- 
tion may,  at  the  present  day,  be  regarded  as  justifiable. 

Antiseptic  Measubbs. — The  subject  of  antiseptic  pre- 
cautions to  be  taken  in  connection  with  cataract  opera- 
tions claims  our  attention,  now  that  the  operations  them- 
selves have  been  detailed  and  described.  And  it  must  be 
premised  that,  on  the  subject  of  the  necessity  of  these 
precautions,  and  in  the  estimate  of  their  value,  there  is 
a  radical  difference  of  opinion.  While  admitting  the 
great  value  of  strict  cleanliness,  both  of  the  patient,  the 
instruments,  and  the  operator,  men  of  the  utmost  emi- 
nence and  of  the  largest  experience  have  denied  the 
necessity  of  special  antisepsis.  Knapp  has  publicly  stated 
that  he  regards  antiseptic  treatment  as  a  superfluous  com- 
plication, as  lost  time,  and  denies  that  its  introduction 
into  ophthalmological  practice  is  to  be  regarded  as  a  step 
in  advance.  Gradenigo  prefers  cleanliness  and  plenty  of 
pure  water.  Hirschberg  considers  antisepsis  unnecessary 
in  institutions  enjoying  a  good  situation.  In  the  same 
sense  speak  Brailey  and  others. 

On  the  other  hand,  men  of  equal  eminence  take  a  di- 
rectly opposite  view  of  the  subject.  Horner  has  thrown 
all  the  weight  of  his  ripened  judgment  and  large  expe- 
rience into  this  scale ;  and  he  is  corroborated  by  Sattler, 
Jakobson,  and  many  more.  Such  being  the  case,  it  is  at 
least  proper  to  give  a  list  of  the  various  substances  used, 
in  this  connection,  and  to  state  the  precautions  ordinarily 
recommended  to  be  taken. 
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Corrosive  sublimate  is  highly  praised  as  an  antiseptic 
agent,  is  readily  obtained,  and  costs  but  little.  Used  in 
the  strength  of  0,25  to  1,000,  it  may  be  employed  for 
bathing  the  hands  of  the  operator  and  assistants,  as  well 
as  of  the  attendants  in  the  wards.  But  it  injures  surgical 
Instruments.  For  these  a  three  to  four  per  cent,  solution 
of  carbolic  acid  is  better,  and  the  sponges  may  also  be 
treated  with  the  same  liquid.  Boracic  acid  in  the  strength 
of  three  to  four  per  cent.,  salicylic  acid  one-third  of  one 
per  cent.,  thymol,  and  iodoform  have  all  been  used. 

The  experience  of  Jakobson  in  this  connection  forms 
the  subject  of  a  recent  article  "  in  "  Graefe's  Archives," 
and  may  well  be  detailed.  Previous  to  his  use  of  anti- 
sepsis his  percentage  of  loss  in  peripheric  linear  extrac- 
tion varied  between  three  and  five.  Within  the  last  two 
years,  out  of  one  hundred  and  thirty-seven  extractions  of 
all  kinds,  complicated  and  uncomplicated,  he  has  not  had 
a  single  instance  of  suppuration ;  and  his  percentage  of 
good  results  has  appreciably  increased.  He  is  in  the 
habit  of  placing  all  his  instruments  in  a  two  per  cent,  so- 
lution of  carbolic  acid  one  hour  before  he  operates. 
Those  that  are  to  be  introduced  into  the  interior  of  the 
eye  are  taken  from  the  bath  five  minutes  before  the  op- 
eration, washed  in  absolute  alcohol,  and  then  replaced. 
When  required  they  are  used  on  the  eye  without  being 
dried  or  wiped.  Shortly  before  the  operation  the  freshly 
prepared  bed  and  its  surroundings  are  thoroughly  sprayed 
with  a  carbolized  solution.  Two  days  before,  the  patient 
has  had  a  bath,  and  his  eyes  have  been  bandaged  for 
twenty-four  hours,  in  order  to  see  whether  there  is  any 
disposition  to  the  formation  of  secretion.  One  day  be- 
fore, the  conjunctival  sac,  lids,  and  neighboring  parts  are 
carefully  washed  with  a  four  per  cent,  solution  of  boracic 
acid.  This  is  repeated  on  the  morning  of  the  operation. 
An  hour  beforehand  berated  cotton  is  applied  to  the  eye, 
and  kept  on  up  to  the  last  minute.  The  operator  and  the 
rest  carefully  wash  their  hands.  Instead  of  sponges  or 
cloths  only  borated  cotton  is  used  for  cleansing  purposes. 
Iodoform  is  applied  the  whole  length  of  the  wound  be- 
fore closing  the  eye.  Spray  is  not  used,  either  during  the 
operation  or  when  the  dressings  are  changed.  As  regards 
the  dressings  themselves,  the  linen  pads  that  come  next 
the  eye  may  have  been  soaked  in  the  boracic  acid  or  sub- 
limate solution,  and  borated  or  sublimated  cotton  may  be 
used,  instead  of  charpie,  to  pack  over  the  eye. 

HiSTOHT  OF  ExTKACTioisr. — It  is  uncertain  whether  the 
ancients  were  acquainted  with  this  method ;  it  is  probable, 
however,  that  they  were,  as  passages  in  Galen  and  Pliny 
have  been  thought  to  refer  to  the  removal  of  the  cataract 
from  the  eye.  At  all  events,  if  known,  it  fell  into  nearly 
complete  disuse  and  oblivion ;  and  not  until  the  time  of 
Daviel,  in  1750,  did  it  begin  to  be  cultivated  as  a  recog- 
nized procedure.  This  surgeon  used  numerous  instru- 
ments, consisting  of  narrow  sharp  and  blunt  knives,  and 
scissors  ;  he  made  at  first  a  small  opening  in  the  cornea, 
enlarged  it  afterward,  and  then  removed  the  lens.  His 
followers  sought  to  Improve  his  method  by  simplifying 
its  application ;  and  soon  superseded  the  various  instru- 
ments he  had  used  by  a  single  knife.  This  was  subse- 
quently modified,  especially  by  Beer,  to  whom  we  owe 
the  form  of  knife  used  in  flap  extraction  at  the  present 
day.  Gradually  more  exact  rules  were  laid  down  for  the 
performance  of  this  operation ;  the  situation  and  size  of 
the  cut,  the  best  method  of  opening  the  capsule  and  press- 
ing out  the  lens  were  all  perfected.  Despite  the  utmost 
care,  however,  used  in  carrying  out  the  various  steps  of 
the  operation  and  in  the  after-treatment  of  the  patient, 
there  was  an  appreciable  percentage  of  loss ;  owing  large- 
ly to  one  of  three  causes — diffuse  suppuration  of  the 
corneal  flap,  dedned  suppuration  of  the  same,  and  iritis. 
To  diminish  the  danger  of  the  second  of  these,  but  more 
particularly  to  guard  against  the  last,  Mooren  proposed, 
in  1862,  that  a  preliminary  iridectomy  be  performed  some 
two  weeks  before  the  extraction.  The  results  which  he  ob- 


tained by  pursuing  this  method  were  proved  to  be  incon- 
testably  superior  to  those  that  had  followed  the  simple 
operation.  This  was  the  first  great  step  forward  in  the  path 
now  pursued.  It  allowed  the  lens  to  emerge  more  readily, 
and  subjected  the  iris  to  less  danger  from  pressure  and 
bruising  in  the  process.  In  1863  Jakobson  proposed  the 
following  operation :  He  narcotized  his  patient,  and  made 
a  lower  section  in  the  sclero-corneal  junction,  practising  a 
broad  iridectomy  downward  after  the  removal  of  the  lens. 
He  thus  gained  the  advantage  of  doing  the  whole  opera- 
tion at  one  time,  but  Incurred  the  disturbing  efl;ect  of  an 
iridectomy  downward.  Previous  to  the  bringing  forward 
of  either  of  these  methods,  Schuft  (now  Waldau)  had  in- 
vented, and  in  1860  published,  a  series  of  spoons  intended 
to  remove  the  lens  through  a  small  wound  at  the  edge  of 
the  cornea.  These  were,  however,  large  and  clumsy,  did 
great  violence  to  the  eye,  and  were,  in  1865,  superseded 
by  others  much  more  delicate,  invented  by  Bowman  and 
Critchett.  Outspooning  remained  for  a  time  a  favorite 
method  in  England,  but  was  afterward  ^ven  up  on  ac- 
count of  the  dangers  which  it  involved.  In  1865  Graefe 
brought  out  the  method  that  bears  his  name,  and  gave  an 
account  of  it  to  the  Heidelberg  Society  at  its  annual  meet- 
ing. It  quickly  found  its  way  into  general  favor,  and, 
with  the  modification  in  the  cut  described  in  the  course 
of  this  article,  has  remained  the  popular  method  up  to 
the  present  day. 

Other  modern  procedures  demand  a  brief  notice.  In 
1866  Alexander  Pagenstecher  described  an  operation  for 
removing  the  lens  in  its  capsule  through  a  broad  incision 
made  with  a  lance-knife,  and  by  means  of  an  iridectomy 
downward  and  outward.  A  specially  constructed  scoop 
was  employed.  In  1867  Weber  devised  a  lance-knife,  twelve 
millimetres  broad  and  somewhat  concave  on  its  back. 
With  this  he  entered  the  anterior  chamber  at  the  lower  or 
lower-inner  edge  of  the  cornea,  in  the  plane  of  its  basis,  and 
made  a  wound  tenmilimetres  in  length.  If  he  thought  it 
best  to  remove  any  iris,  he  excised  but  a  small  piece,  and 
that  from  the  pupillary  edge.  The  opening  of  the  capsule 
and  removal  of  the  lens,  which  latter  was  effected  by 
pressure,  completed  the  operation.  Kuechler,  in  1868, 
proposed  to  remove  the  lens  through  the  natural  pupil, 
making  an  incision  straight  across  the  cornea  in  its  hori- 
zontal meridian.  Analogous  to  this  are  the  operations  of 
Liebreich  and  Lebrun,  already  described. 

A  consideration  of  the  following  figures  will  show  why 
flap  extraction  has  fallen  into  disuse,  and  why  the  peri- 
pheric linear  method  has  taken  its  place. 

Graefe's  own  statistics  were  as  follows :  Simple  flap  ex- 
tractions, 600 — loss,  7  per  cent.  ;  flap  extractions  with 
iridectomy,  900  —  loss,  5  per  cent.  ;  linear  extractions, 
600 — loss,  2.8  per  cent.  Horner  gives :  Linear  extrac- 
tions, 1,088 — loss,  2.67  per  cent.  Noyes  has  collected, 
from  various  sources :  Flap  extractions,  10,094^— loss, 
10.4  per  cent.  ;  linear  extractions,  10,661 — loss,  5.8^er 
cent. 

The  larger  proportion  of  loss  given,  according  to  the 
figures  of  Dr.  Noyes,  would  naturally  be  connected  with 
the  large  number  and  varying  skill  of  the  surgeons  whose 
results  are  thus  grouped.  Hadcet  Derby. 
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